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I NTRODUC T ION 

On Septembe r 1 8 ,  1 9 7 8 , the Na t ional Pe tro l e um C ounc i l  ( N PC ) , a 
f ede ral ad v i sory c omm i ttee to the S e c re tary o f  Energy , wa s reque s t ­
e d  by t h e  Secre tary t o  prepare a n  ana lys i s  o f  t h e  fac tors wh i c h  
a f f e c t  t h e  ab i l i ty o f  t h e  d ome s t i c  re f i n i ng i n d u s try t o  mee t d e ­
mands for e s sen t i a l  pe tro l e um prod uc t s . 

In reque s t i ng the s t udy , the Secre tary o f  Ene rgy spec i f i ed tha t 
t he s tud y should i n c l ud e : 

. . .  a c omprehe n s ive s t udy o f  the h i s t o r i c a l  trends a nd pr e s e n t  
s ta t u s  o f  t h e  d ome s t i c re f in i ng i ndu s t ry ' s  source s o f  c r ud e  o i l 
and i t s c apab i l i ty to proc e s s  these crud e s  i n to ma rke t a b l e  pe­
tro l e um prod uc t s .  The s t udy sho uld a n a ly ze f a c to r s  a f fe c t i ng 
the f u t ure trends i n  crude ava i l ab i l  i ty , r e f i n ing c apab i l i ty ,  
and the c ompe t i t ive economi c s  o f  smal l ,  med i um ,  and l a rge 
r e f i nery ope r a t ions through the ye ar 1 9 9 0 .  Th e s t udy should 
a l so e x amine the i ndus try ' s  fl e x ib i l i ty to mee t  d i s l oca t ions o f  
s uppl y . 

( See Appe nd i x  A f o r  the c omp l e te t e x t  o f  the  S e c re tary ' s  reque s t  
l e t ter and a f urther de scr ipt ion o f  t h e  Na t ional  Pe tro l e um 
Coun c i l . ) 

To a s s i s t  ln i t s respo n s e  to th i s  reque s t ,  the  N PC e s tabl i shed 
the Commi t tee on Re f in e ry F l e x ib i l i ty ,  w i t h  the fo l l ow i ng organ i­
z a t ion : 

C omm i ttee on Re f i nery F l e x i b i l i ty 

C h a i rman 

Je rry McAfee 
Cha i rman o f  the  Board 
Gu l f  O i l  Corpo r a t ion 

Gove rnmen t  Coch a i rman 

R. Dob ie Lange nkamp l 

Dep u ty As s i s ta n t  Secre t a ry 
Re sou r c e  Deve l opme n t and 

Opera t ion s 
Re so urce App l i c a t i o n s  
u . s . De par tme n t  o f  Ene rgy 

Coord i n a t ing S ubcomm i t tee 

Cha i rman 

Warren B .  Dav i s  
Ch i e f  Ec onomi s t  
Gul f O i l  Corpora t ion 

Gove rnme n t  Cocha i rman 

Frank A .  Ve rras tro 
Ac t i ng De p u ty As s i s t a n t  S e c r e tary 

for In terna t ional  Ene rgy 
Re sou r c e s  

Of f i c e  o f  I n terna t io n a l  Af fa irs  
u . s .  Departme n t  o f  En e rgy 

ls uc ceed ed A l v i n  L .  Alm and C .  Wi l l i am F i s c h e r . 
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Re f i ne ry C apab i l i ty Task Group 

Cha i rman 

John R. Ha l l  
V i c e  Cha i rman and 

Ch i e f  Ope r a t i ng Of f i c er 
Ashl and O i l , I n c . 

Gove rnme n t  Cocha i rman 

Euge n e  L .  Pe e r  
Direc tor , Supply I n i t i a t i ve s  

O i l  and Natural  Ga s S upply 
Deve l opme n t  

u . s . Depa r tme n t  o f  Energy 

O i l  S upply , Demand and Log i s t i c s  Task Group 

Cha i rman 

s . E .  Wa t te r so n , Jr . 
Man age r ,  Corpor ate Pl ann i ng 
S t andard O i l  Company 

of Cal i forn i a  

Gove rnme n t  C o ch a i rman 

W i l l i am R. Ve no 2 
Po l i cy and Eva l u a t ion 
Of f i ce o f  An a ly t i c a l  Se rv i c e s  
U . S .  Depar tmen t o f  Ene rg y  

( Ro s te r s  o f  a l l  s t udy par t i c i pants  are i n c l ud ed i n  Append i x  B . ) 

I NTERIM REPORT 

An i n te r im repo rt on th i s  s t udy e f fo r t  wa s approved by the N PC 
i n  De c embe r  1 9 7 9  and con ta ined the re s ul t s  o f  the Ja n u a ry 1 9 7 9  N PC 
Survey o f  Pe troleum Re f i n i ng Capab i l i t i e s  and the Apr i l  1 9 7 9  N PC 
Survey o f  U . S .  and Wo rld Ene rgy and O i l  Supply /Demand Foreca s t s . 
Th e s ummary o f  t h a t  i n te r im repo r t  i s  repr i n ted i n  Append i x  C .  

The c er t i f i ed pub l i c  accoun t i ng f i rm of Ar thur Young & Company 
wa s re ta i ned by the NPC to rece ive and agg r e g a te the s urvey r e ­
s po nse s .  Ar thur Young & Company wa s i n s t ruc ted to t r e a t  a l l  
re s ponse s i n  s tr i c te s t  con f idence and to r e l e a s e  no iden t i f i ed i n­
d iv i d ua l  company d a ta . The Coun c i l  w i she s to ackn owl edge the h ig h  
l eve l o f  coope r a t ion rece ived from t h e  re f i n e r s  a n d  o t h e r  par t i c i­
pan t s  and thank them for the i r  t ime and thoug h t f u l  con s id era t io n  o f  
the se q ue s t ionn a i re s .  

F INAL REPORT 

The f i n a l  repo r t  of the Coun c i l  cove r s  the spec i f i c  a r e a s  n o ted 
in the r eq ue s t  f r om the Secre tary of Ene rgy and i s  d i v id ed i n to 
three pr i n c ipa l par t s : 

O i l  S upply and Demand Ana l y s e s  

H i s to r i c a l  pe trol eum s upply/d emand d a ta are deve l oped for t h e  
1 9 7 2 -1 9 7 8  pe r i od and s urveys o f  s upply/d emand pro j e c t i o n s  are r e ­
ported fo r t h e  ye a r s  1 9 8 2 ,  1 9 8 5 ,  a n d  1 9 9 0 . 

2s ucceed ed Robe r t  s . Lo ng . 
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Th e f i r s t  s upply/demand s urvey wa s conduc ted i n  Ap r i l 1 9 7 9  and , 
because the pol i t ic a l  and econom i c  eve n t s  wh i c h  o c c urred d ur i ng 
1 9 7 9  we r e  not re f l e c ted i n  i t s  re spo n se s ,  a s e c ond s urvey wa s con­
d uc t ed i n  De c embe r  1 9 7 9 .  For the p urpose s o f  t h i s  repor t ,  the 
ave r age o f  the f i r s t  and s e cond s urvey s ' r e s po n s e s  are c a l led the 
h igh and med i um c a se s , r e s pe c t ive ly . A l ow case was prepared from 
the second s urvey ' s  l owe s t  qua r t i l e  of r e spo n s e s  to the 1 9 9 0  to t a l  
u.s. d emand for pe trol e um produc t s . The r a ng e  o f  s upply/d emand 
pro j e c t i o n s  provided by th i s  approach fo rms a ba s i s  for a s se s s i ng 
f u t ure re f in i ng req u i r eme n t s . 

Re f i nery C apab i l i ty and F l e x i b i l ity Ana l y s e s  

I n  January 1 9 7 9 ,  t h e  three par t N PC S u rvey o f  Pe t ro l e um Re f i n­
i ng Capab i l i t i e s  wa s d i s t r i bu ted to a l l u.s. r e f i ners  reque s t i ng : 

• Da ta o n  each u.s. r e f i nery ' s  ope r a t i o n s  f o r  1 9 7 8 ,  1 9 8 0 , and 
1 9 8 2 , i n c l ud i ng t ho s e  f ac i l i t i e s  in p l a c e  by Jan u a ry 1 9 7 9 ,  
and f ac i l i t i e s  f i rm ly c ommi tted for i n s ta l l a t i on pr ior to 
January 1 ,  1 9 8 2  

• Crude o i l and re f i n e ry oper a t i ng c o s t s  for 1 9 7 8  and re f i ne ry 
a s s e t s  a s  o f  January 1 ,  1 9 7 9  

• Es t ima t e s  o f  the fac i l i t i e s , i n  add i t i o n  t o  those i n  pl ace 
by January 1 ,  1 9 8 2 ,  wh ich wou ld be requ i r ed t o  me e t  the spe­
c i f i c a t i o n s  o f  three hypo the t i c a l  c a s e s  i nv o l v i n g  chang e s  i n  
c r ud e  o i l s upply and prod uc t d emand . 

Th i s  area o f  the s t udy a s se s se s the u.s. re f i n i ng i n d u s t ry's 
c apab i l i ty to proce s s  ava i l able c rud e o i l s  a nd to me e t  prod u c t  
d emands und e r  a var i e ty o f  s upply/d emand scenar i o s , i nc l ud i ng eme r­
gency d i srup t ions . The 1 9 7 8  c rud e o i l  and prod uc t s l a t e s  and re­
f in i ng proce s s  capac i t y  d a ta from the Jan u a ry 1 9 7 9  N PC s urvey are 
u sed to de f i ne the sys tem i n  pl ace and to ve r i fy t he analys i s  pro­
cedure s u s ed . The s t udy a l so u t i l i ze s  a ref i n e ry s imul a t io n  mod e l  
d eveloped by Bonner & Moore As so c i a te s ,  I nc . , t o  e s t im a t e  f u ture 
fac i l i ty req u i remen t s . The a n a lys i s  uses the c r ud e  o i l  s upply a nd 
produc t d emand d a t a  f rom the N PC s upply/d emand s urvey s . 

Compe t i t i vene s s  Ana l y s e s  

The compe t i t ive e conomi cs of re f in i ng w i th i n the Un i ted S t a t e s  
i s  analy zed by c ompa ny a n d  re f i ne ry s i z e  range , geog raph i c  l o c a ­
t ion , a n d  re f ine ry proce s s  comp l e x i ty . F o r  the comp ar i so n  of for­
e ign and dome s t i c  re f i n e r i e s ,  on ly the c ompe t i t io n  for U . S .  Ea s t  
Co a s t  ma rke t s  wa s ana ly zed . I n  th i s  pha s e  of the s tudy , hypo the t i ­
c a l  re f ine r i e s  we re mod e l ed , based on the typ i ca l  s i z e  and comp l e x ­
i ty of u.s. Eas t Coa s t  and Gu l f  Co a s t  re f i ne r i e s  and fore i g n  e xport 
re f i ne r i e s . The ana lys i s  compares the i n creme n t a l  e conom i c s  of  
these hypo the t i ca l  re f i ne r i e s  wh en s upply i ng prod u c t  to the U . S .  
Eas t Coas t .  
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Throug h o u t  the repo r t , var ious reg i o n s  o f  the  Un i ted S t a te s  are 
compared w i th each other and wi th fore ign r e g  i on s . The Pe tro l e um 
Adm i n i s tr a t io n  for De f e n s e  ( PAD ) d i s t r i c t s  pro v i d e the bound a r i e s  
o f  t h e  u.s. reg ions u s ed i n  the analyse s .  F ig ure 1 s h ows t h e  f i ve 
PAD d i s t r ic t s . 

N.DAK. I 

I I ------- 1 
I 
I ' 
I ' S.DAK. r' ------\ 

---- --.... IOWA • 

\II }--1 I I 
--------.\ -� ILL \IND·\ 
KANS. '1 \ 

MO. 
I --

OK LA.-J ___ __ 

F i g u re 1 .  Petro leum Ad m i n istrat ion  for Defense ( PAD)  D istr icts. 
'Guam is considered a part of  PAD V for the purposes of this study. 

PERS PECT I VE 

The u.s. pe t ro l e um re f i n i ng ind u s t ry i s  the l arge s t  and mos t 
s oph i s t i c a ted i n  the wo r l d . As o f  January 1 ,  1 9 7 9 ,  1 7 4  c ompan i e s  
opera t ed 2 8 7  re f iner i e s  i n  the con t ig uous 4 8  s ta te s ,  Al a s ka , 
Hawa i i ,  and Gu am . The total  crud e o i l proc e s s ing c apac i t i e s  o f  
the se re f iner i e s  to t a l l ed 1 7 . 3 mil l ion barre l s  pe r d ay, a n d  w i t h  
t he e x c ep t ion o f  r e s i d u a l  f ue l  o i l ,  u.s. r e f i ne r i e s  s upp l ied v i r­
t u al ly a l l  o f  the u.s. r eq u i r ements for re f ined pe trol e um produc t s . 

Over the pas t 2 0  to 3 0  ye ars the U . S .  pe t ro l e um re f i n i ng i nd u s ­
t ry has  changed d rama t i c a l ly i n  i t s s i ze a n d  c ompl e x i ty . The se 
change s h ave been the re s ul t  o f  u.s. c ompan i e s  kee p i ng pace w i th 
the rap id g rowt h  o f  the u.s. e c onomy , i nc re a s ed au tomob i l e  u s ag e , 
the i n trod uc t ion a nd gre a t  e xpan s ion o f  j e t  a i rcra f t  u s ag e , and the 
g row i ng real i z a t ion o f  the need to pro t e c t  the e nv i ro nme n t . Appen­
d ix D prov ide s  a h i s tor i c a l  r e v i ew o f  the  d eve l opme n t  o f  the c u r­
rent u.s. re f i n i ng i nd u s t ry and expl a i n s  some o f  the f undamen t a l s  
of re f in i ng operat ion s i n  general . 
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CONC LUS I ONS 

Ba s ed on the data c o l l e cted and ana lys e s  pe r fo rmed d u r i ng the 
cou rse of th i s  s t udy o f  re f i ne ry f l e x i b i l i ty and compe t i t ive ne s s ,  
the Na t iona l  Pe tro l e um Coun c i l  re spe c t f u l ly s ubmi t s  the f o l l ow i ng 
conc l u s ions for the con s iderat ion of the Se cre t ary of Energy : 

• Given the e conom i c  and po l i t i c a l  cond i t i o n s  wh i ch e x i s t  i n  
the s umme r o f  1 9 8 0 ,  i t  i s  conc l uded th a t  t o t a l  u.s. d emand 
for re f i ned .p e t ro l eum produ c t s  w i l l  be con s tant  or s l i g h t l y  
dec lining d uring t h e  decade of t h e  1 9 8 0 ' s .  The con s e n s u s  of 
fore c a s ters po l led by the Na t iona l Pe tro l e um Counc i l  a t  the 
e nd o f  1 9 7 9  is th a t  1 9 9 0 pro d u c t  d e mand w i l l  be abou t 1 8 . 9  
mi l l i on barre l s  per day -- v i rtua l ly the s ame a s  the 1 9 7 8  
l e ve l o f  1 8 . 8  m i l l ion barre l s  per d ay .  Wi th i n  th i s  group o f  
fore c a s ters  are several who , o n  the ave rag e , f e e l  t h a t  t o t a l  
pro d u c t  d emand w i l l  dec l ine to abou t 1 6 . 8  m i l l ion barre l s  
p e r  day b y  1 9 9 0 . 

• S i g n i f i c a n t  ch ange s i n  the demand for spec i f i c prod u c t s  w i l l  
occur over the next  1 0  ye ar s .  Tot a l  mo tor g a s o line d e mand 
i s  e xp e ct ed to d e c l i ne wh i l e  the propo r t ion o f  un l eaded g a s ­
o l ine i n c r e a s e s  from 3 2  perce n t  i n  1 9 7 8  t o  7 7  pe rcent i n  
1 9 8 5  a n d  8 9  perce n t  i n  1 9 9 0 .  He a t i ng o i l  a nd r e s i d u a l  f ue l  
o i l  d ema nds a l so show a s te ady d e c l i n e . The s e  d e c l i ne s  are 
proj e c ted to be o f f s e t  by a growth in d emand f o r  comme rc i a l  
j e t  f ue l , d i e s e l  f ue l , l iqu i f i ed gase s ,  and non-e ne rgy prod­
uc t s  s uch a s  pe trochem i cal feeds tock s , l u b r i c a nt s , me t a l lur­
g i c a l  c oke , and a spha l t .  

• Dur i ng the 1 9 8 0 ' s ,  the de c l i ne i n  dome s t i c  pe tro l e um l iq u i d s  
supply i s  e xp e c ted t o  b e  h a l ted b y  increased r a t e s  o f  re­
se rve additions and the beginning o f  synthe t i c s  pro d u c tion . 
From a refining s tandpoint , howe ver, the ave rage q u a l i ty o f  
u.s. supply Wil l dec line . Dome s t i c  s upply from a l l  s ource s 
was 1 0 . 3  m i l l ion barre ls per d ay i n  1 9 7 8  and i s  shown to 
range be tween 9 . 5  and 1 0 . 4  mi l l ion barre l s  pe r d ay from 1 9 8 2  
t o  1 9 9 0 . S im i l arly , the req u i reme n t  for impo r t s  was 8 .  4 
m i l l ion barre ls pe r d ay i n  1 9 7 8  and i s  e xpe c ted to be i n  the 
range of 7 . 5  to 9 . 0  mi l l i on ba rre l s  pe r d ay be twe e n  1 9 8 2  and 
1 9 9 0 .  Wh i le the vo l ume s of s upp ly f rom dome s t i c  and fore ign 
sources are s ub s t an t i a l ly unchanged th roughou t the  pe r i od o f  
th i s  s t udy , t h e  ave r age q ua l i ty of th i s  supply i s  e xpe cted 
to be h igher in s ul f ur con t e n t  and r e s i d u a l  y i e l d . For 
exampl e ,  in 19 7 8 ,  5 4  pe rcent of the s up p ly t o  u.s. re f i ne r­
i e s  wa s low- s u l f ur ( swe e t ) . By 1 9  9 0 ,  th e s e  mo re d e s i rable 
o i l s w i l l  be on ly 4 1  t o  4 5  perce n t  o f  t o t a l  s upply . 

e Ex i s t i ng c r ude o i l  d i s t i l l at ion capa c i ty w i l l  be adequate 
th rough 1 9 9 0 , bu t s ubs tan tial add i tional  d own s tream pro­
ces sing capacity Wil l be needed . Be c a u s e  of the e xpe c ted 
ch ange s i n  the composition o f  prod u c t  d emand and pe t ro l e um 

5 



s uppl y , e xpans ion w i l l  be req u i red i n  fa c i l i t i e s  f o r  upg rad ­
i ng unl e ad e d  ga s o l i n e  ( e . g . , cata ly t i c  re form i n g ) ,  d e s u l f u r ­
i z a t io n  ( e . g . ,  naph tha and d i s t i l l a te hyd ro trea t i ng ) ,  and 
r e s i d ua l  f u e l  o i l  conve r s ion ( e . g . , c ok in g ) .  Re f i n e r s ' 
pre s e n t  p l ans for  e xp an s ion o f  the s e  f ac i l i t i e s  by 1 9 8 2  w i l l  
not b e  ad e q u a te to mee t  any o f  the con s e n s u s  fore c a s t 
s upply/demand c a s e s  shown for 1 9 8 5 o r  1 9 9 0  a nd may not me e t  
t h e  c a s e s  shown f o r  1 9 8 2 .  I t  i s  e s t i ma ted t h a t  be twe e n  1 9 7 9  
and 1 9 9 0  $ 5  b i l l i on t o  $ 1 2  b i l l i on ( 1 9 7 8 d o l l ar s ) o f  i nve s t ­
me n t  i n  n e w  d own s tr e am proc e s s  f ac i l i t i e s  w i l l  b e  requ i r e d  
t o  me e t  the s e  c a s e s . 

• I n  the event  o f  an import s uppl y i n te r r upt i o n  i n  the range 
o f  2 t o  5 m i l l ion barre l s  per d ay ,  there is  s u f f i c i e n t  f l e x ­
i b i l i ty i n  the u.s. r e f i n i ng sys tem t o  r e f l ec t  7 5- 8 0  perce n t  
o f  the vo l ume l o s s  i n  reduced mo tor g a s o l i ne o u t p u t  a s  op­
po s ed to other produc t s  such as he a t 1 n g  0 1 1 . Th e Counc i l  
d id n o t  a t t emp t to dea l w i th the q ue s t i o n s  o f  whe th e r  the 
u.S. economy cou l d  f un c t ion e f f i c i e n t l y  wi th a pe trol e um 
supply l o s s  o f  th i s  magn i t ud e  o r  whe ther i t  i s  d e s i ra b l e  for  
g a so l i ne s upply to take up to 8 0  perce n t  o f  a ny l o s s . 

• I n  19 7 8 ,  sma l l  r e f iner s , e s pe c i al l y  those w i th capac i t i e s  
l e s s  than 3 0 , 0 0 0 barr e l s  pe r d ay , h a d  a compe t i t i ve advan­
t age over larger r e f iners thro ugh the sma l l  r e f 1 ne r  b 1 a s  
prov i s ions  o f  the Dome s t i c Crud e Oi l Al loca t io n  Progr am ( e n­
t i tleme n t s ) .  Th i s  ad vantage wa s e l i m i na ted i n  Jun e  1 9 7 9  
wh e n  the prog r am wa s mod i f i ed . Th e major i ty o f  t h e s e  sma l ­
l e r  re f i ne r i e s  are l ow compl e x i ty p l an t s  w i th l im i ted g a s o ­
l i n e  ma nu fac t ur 1ng capab 1 l i t i e s  a n d  re l a t 1 v e l y  h ig h  y i e l d s  
o f  he avy f u e l  o i l . The s e  l ow comple x i ty r e f i n e r i e s  wer e  
pl aced a t  a s ub s ta n t ial  compe t 1 t 1 ve d i sad va ntage a s  comp ared 
to more comp l e x  r e f iner i e s  by produc t ma rke t pr i c e s  in th e 
f ir s t  qua r te r  o f  1 9 8 0  and may face s 1m i l a r  ad ve rs e  e f fe c t s  
from the long -te rm d emand m i x  and s up p l y  qua l i ty trends  e x ­
pe c ted 1 n  t h e  1 9 8 0 ' s .  

• Be cause o f  u.s. d ome s t i c  crud e  o i l  pr ice  con trol s ,  u.s. r e ­
f i ne r i e s  n ow compe te f avorab l y  w i th typ i c a l  fore i g n  e xpor t 
re f i ne r ie s  i n  U.S. Ea s t  Co a s t  ma rke t s . Wi th the end o f  
dome s t i c c r ude o i l  pr ice  con tro l s  i n  Oc tobe r 1 9 8 1 ,  the s e  
fore ig n export re f i ne r i e s  wi l l  have a compe t i t ive advantage 
ove r u.s. re f 1 n e r 1 e s  in these marke t s . 
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SUMMARY 

PETROLEUM S UPPLY AND DEMAND 

I n t rod u c t ion 

Pe tro l e um s upply/d emand pro j e c t i o n s  are ne c e s s a ry for an a n a l y­
s i s of f u ture dome s t i c  re f ine ry req u i reme n t s . To re f l e c t  the un­
ce r t a inty o f  f u t ure s upply/d emand pa t te r n s , a range o f  pro j e c t i o n s  
w a s  deve loped from the ave rage s o f  t h e  re spo n s e s  of nume rou s orga­
n i z a t ion s , wh i ch r e g u l a r ly prepare ene rgy fore c a s t s , to q ue s t i on ­
n a i res d i s tr i bu ted b y  th e Nat ional P e t ro l e um C ou n c i l  i n  Apr i l  1 9 7 9  
and aga i n  i n  De c embe r 1 9 7 9  ( NPC Surveys o f  U . S .  and Wor l d  Ene rgy 
and O i l  Supply/Demand Forecas t s ) . Th e re s po n s e s  f rom t h e s e  orga n i ­
zat ions we re based pr ima r i ly o n  i n te r n a l  fore c a s t s  prepared i n  the  
fourth quarters  o f  1 9 7 8  and 19 7 9 ,  respe c t ive ly . Dur i ng the  i n ter­
ven i ng twe l ve mon th s , fore cas ters eva l u ated the  eme r g i ng long -term 
e f f e c t s  of the s upply d i s ru p t ions and c rud e o i l  pr i ce i n cre a s e s  
wh i ch oc curred fo l l ow i ng t h e  I ran i an revo l u t ion . 

A compari son o f  the s e cond survey w i th the f i rs t  reve a led a 
s ubs tan t i a l  downward rev i s ion of the pro j e c te d  wo r l d  a nd u.s. 
ene rgy and pe tro l e um s upply /d emand b a l an c e s . A f u r ther review of 
the data s ubm i t ted i n  the s e cond s urvey reve a l e d  a d i s t i n c t  g roup 
of fore c a s t s  wh i ch pro j e c ted ma rked l y  l owe r f u t ure U . S .  pe trol eum 
demand than the  other respo n s e s . I n  ord e r  to re f l e c t  th i s  po i n t  o f  
v i ew ,  a " low c as e "  w a s  d eve l oped from t h e  ave rages o f  t h e  l owe s t  
quar t i le of se cond s urvey respo n s e s  ( b ased  o n  1 9 9 0  u.s. t o t a l  d e ­
mand for petroleum pro d u c t s ) .  

For the p urpose s  o f  th i s  s t udy , the s uppl y/demand ba lances  o f  
the f ir s t  s urvey , second s urvey , and s e cond s urvey " low case " are 
cal l ed h igh cas e , me d i um cas e ,  and l ow c as e , r e s pe c t i ve ly . It i s  
i n  the context o f  t h e s e  three d i s t i n c t  ou t l ook s t h a t  f u t ure U . S . 
re f i n i ng requ i r eme n ts a re eva l uated . I t  mu s t  be e mph a s i z e d  t h a t  no 
one of the three pro j e c t ions is mo re or l e s s  appl i c a b l e  than the 
other two . It is recogn i zed , howeve r ,  that the me d i um and l ow 
c a s e s  are ge nera l ly more re f l e c t ive and repre s e n t a t ive of the cur­
ren t  ( s umme r 1 9 8 0 )  range o f  forecas t s . 

As a f i n a l  s tep i n  pro v i d i ng supply/demand out looks for ana l y­
s i s  of f u ture re f i ne ry req u i reme n t s , two crude o i l  s upply qual i ty 
cases  for each o f  the s upply/d emand c a s e s  ( d e s i g n ated c rude o i l  
s l a te A a nd c rud e o i l  s l a te B )  we re d eve loped . Th e two s l a t e s  are 
be l i eved to repre s e n t  a reasonable range of  q ua l i t ie s  o f  c rude o i l s 
ava i l ab l e  to u.s. r e f i ners  th rough 1 9 9 0 ,  a s sum i ng no ma j or, l ong­
te rm d i s rupt i o n s  i n  s upply source s . 

Re s u l t s  

Worl d  Pe t ro l e um Demand 

Be twe e n  1 9 6 0  and 1 9 7 2  wor l d  pe tro l e um d emand grew at an ave rage 
annual rate of 7 . 6  perce n t , bu t i n  the 1 9 7 2 - 1 9 7 8  p e r i od the rate of 
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i n c re a s e  s l owe d to 3 .  2 p e r c e n t  pe r ye a r . I n  t h e  s upply/d ema nd 
c a s e s  u t i l i zed in t h i s  s t udy , fut ure g rowth in wor l d  pe t ro l e um 
d emand s l ows fur ther to w i t h i n  a r ange o f  1 . 4  t o  2 . 2  p e r c e n t  pe r 
ye ar . The maj or i ty o f  the  d i f ference be tween the three c a s e s  i s  i n  
t he d emand pro j e c t ions for  OECD coun t r ie s . l F i g ur e  2 dep i c ts the 
trend s s i nce 1 9 7 2  and the pro j e c t ion s d eve loped for t h i s  s t udy . 
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F i g u re 2 .  World Petro leum Deman d-1972-1 990. 
NOTE: This figure was plotted from data in Table 3 of  Chapter One. 

World P e t ro l e um S uppl y  

LOW MED. HIGH 
1990 

F ig ure 3 shows the wo rld pe t ro l e um prod u c t ion e s t ima tes  wh ich 
c orre spo nd to the d ema nd case s i n  F ig u r e  2 .  I n  the med i um case , 
the membe r  coun tr ie s  o f  OECD and O PEC 2 are both e xpe c ted to s up­
ply 2 m i l l ion barre l s  per day ( MMB/D ) mor e  by 1 9 9 0  than they d id i n  
1 9 7 8 .  The O PEC coun t r i e s  s upply mo s t  o f  the i n c r emen ta l  prod u c t ion 

lorga n i z a t io n  fo r Ec onom i c  Coope rat ion and Deve l opme n t .  Th e  
member c oun t r ie s  are : Au s tr a l i a ,  Au s tr i a ,  Be lg i um ,  Canad a ,  De n­
mark , F i n l and , Fran c e , the Fe d e r al Repub l i c o f  Ge rma ny , Gree c e , 
I c e l and , Ire l and , I t aly , Japa n ,  Luxembo u rg , the Ne the r l a nd s , New 
Z e a l and , No rway , Po r t ug a l , Spa i n ,  Swe d e n , Sw i t z e r l and , Tu rkey , the 
Un i t ed K i ng d om ,  and the Un i t ed S tate s .  

2or gan i z a  t ion of Pe troleum Expo r t i ng Coun t r i e s . The member 
coun t r i e s  are : Alge r i a ,  Ecuado r ,  Gabo n , I ndone s i a ,  Iran , Iraq , 
Kuwa i t ,  L i bya , Nige r i a ,  Qa tar , Saud i Arab i a ,  Un i ted Arab Emi ra te s , 
and Vene z ue l a . 
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n eeded i n  the h igh c ase . Othe r non-Commun i s t  coun t r ie s  a re e xp e c t­
ed to prod uce abo u t  1 0  MM B/D i n  1 9 9 0  i n  each c a s e , doub l i ng the i r  
1 9 7 8  produc t io n . 
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F igure 3.  World Petroleum L iqu ids  P rod u ct ion-1 972-1 990. 

NOTE: This figure was plotted from data in Table 6 of Chapter One. 

U . S .  Pe trol e um Prod u c t  Demand 

In  the h ig h  case , u.s. pe troleum produc t d ema nd wou l d  g row f rom 
1 8 . 8 MMB/D in 1 9 7 8  to 2 1 . 2 MMB/D i n  1 9 9 0  ( se e  F i gure 4 ) . I n  the 
med i um case , howeve r ,  1 9 8 2  demand wo u l d  be s l igh t ly b e l ow the l eve l 
i n  1 9 7 8 ,  and abou t  equal to i t  i n  1 9 8 5  and 1 9 9 0 .  I n  the  l ow c a s e , 
total d emand d rop s a t  a r a te o f  abou t 0 . 7 p e rcen t per ye ar to 1 6 . 8 
MMB/D i n  1 9 9 0 . Wh i l e  the l ow c a se to t a l  d emand p ro j ec t ion for 1 9 9 0  
repr e se n t s  a 2 1  p e r c e n t  r ed uc t ion from t he h ig h  c a s e , u p  t o  5 3  p e r ­
cent r e d u c t ions a r e  noted i n  t h e  d emand for spec i f i c produc t s . 

The mo s t  s ign i f i cant  d ownward ad j u s tmen t  i n  the out look for f u ­
t ur e  u.s. produc t d ema nd among the c a se s occur red i n  r e s i d u a l  f ue l  
o i l . The h igh case  pro j e c t s  1 9 9 0  r e s i d u a l  f ue l  o i l  d emand a t  3 .  2 
MMB/D,  an ave r age annu a l  i n c re a se of 0 . 5  p e r c e n t  b e twe e n  1 9 7 8  and 
1 9 9 0 .  The med i um and l ow c a s e s  i nd i c a t e  2 - 4  percent  pe r ye ar d e ­
c l i n e s  over the s ame pe r iod , w i th 1 9 9 0  d emand pro j e c t i o n s  o f  2 . 3 
and 1 . 5 MMB/D , re spec t ive ly . In  the se c a se s ,  l ow-s u l f ur f ue l  o i l  
( 1 . 0  wt % max imum ) a c coun ted fo r 9 6  and 6 9  p e r c en t ,  r e spec t ive l y , 
o f  the d e c re a se f r om the h igh case pro j e c t io n  o f  to t a l  re s id ual 
f ue l  o i l  d emand . 
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F igure 4. U .S .  Petro leu m Demand by P ri n c i pa l  P roducts-1 972-1 990 ( Exc l u d i ng Exports) . 
NOTE: This figure was plotted from data in Tables 14-1 6 of Chapter One. 

Demand for d i s t i l l a te fue l o i l s  i s  pro j e c ted to i n c r e a s e  2 .  5 
pe rcent annu a l l y  be twe e n  1 9 7 8  and 1 9 9 0  i n  the h igh c a s e , r i s i ng 
f rom 3 . 4  t o  4 . 5  MMB/D . The med i um case i nd i c a t e s  a n  ave rage annu a l  
growt h  rate o f  1 . 5 pe rcent t o  1 9 9 0 , and the l ow c a s e  proj e c t s  m i d ­
d le d i s t i l l a te d emand t o  b e  e s s e n t i a l ly un changed over the 1 9 7 8 -
1 9 9 0  per i od . O f  the d i s t i l l a te f ue l  o i l s , o n l y  o n-h ighway d ie s e l  
d emand i s  expe c ted t o  i n c re a se s ig n i f i c an tl y  f rom 1 9 7 8  t o  1 9 9 0  i n  
al l three pro j e c t i on s . 

I n  the h igh c a s e , mo tor ga sol ine d emand i s  pro j e c ted to d e c l i ne 
a t  an ave r ag e  annua l  rate o f  0 . 8  percen t over the 1 9 7 8 -1 9 9 0  p e r iod , 
from 7 . 4 t o  6 . 7  MM B/D . The h igh case  a l so ind i c a t e s  that u n l e ad ed 
mo tor g a so l i n e  d emand wou l d  ac cou n t  for abou t 8 4  p e r c e n t  o f  t o t a l  
mo tor g a s o l i n e  d emand by 1 9 9 0 ,  c ompared t o  on ly 3 2  p e r c e n t  i n  1 9 7 8 .  

In th e med i urn and l ow c a se s ,  d emand f o r  mo tor g a so l ine i s  
a n t i c ipa ted to d e c l i n e  a t  an ann u a l  r a te o f  abou t 1 . 6 to 1 . 7  p e r­
cent per ye ar f r om the 1 9 7 8  l eve l ( a  d e c r e a s e  o f  1 . 6  to 1 . 8  MMB/D 
ove r the pe r iod ) . Pr o j e c ted d e c r e a s e s  i n  d emand f o r  l e aded mo tor 
ga sol i ne account for mo s t  o f  the reduc t ion i n  t o t a l  mo tor g a s o l i n e  
d emand i n  t h e  med i um and low c as e s  vs . t h e  h igh c a se . Un l e aded 
mo tor gasol ine d emand accoun t s  for 8 9  pe rcen t and 9 2  percent o f  
total mo tor g a so l i n e  d emand i n  1 9 9 0  i n  the me d i um and l ow c ase s ,  
re spe c t ive ly .  
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u.s. Pe trol e um S upp ly 

u.s. pe trole um s up pl y  for 1 9 7 2  and 1 9 7 8  and the e s t ima te s to 
1 9 9 0  are  shown in F ig ur e  5 .  In the med i  urn c ase , d ome s t i c  pro­
d uc t ion and impo r t s  are e xpec ted to r ema i n  at about 1 9 7 8  l eve l s  
through 1 9 9 0 .  I n  the h igh c a se , v i r tua l ly a l l  the add i t ional 
s upply is  from impor t s .  Impl i c i t  i n  the d ome s t i c prod u c t ion d a t a  
i s  a subs tan t i a l improveme n t  i n  annu a l  r e s e rve add i t i on s  ove r the 
per iod . 
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F igure 5 .  U .S. Petroleum Su p ply- 1 972-1 990. 
1 990 

'Includes: crude oil, condensate, and natural gas liquids; processing gain; stock change; and synthetic crude oil. 
NOTE: This figure was plotted from data in Table 13 of Chapter One. 

C rude O i l  Qua l i ty 

Over a l l ,  the qual i ty o f  the c r ud e  o i l s  ava i l able to u.s. re f i n­
e r s  i s  e xpe c ted to d e c l i ne over the s t ud y  p e r iod . To c o n s truc t a 
rea sonable range o f  qua l i t i es wh ich re f i n e r s  c o u ld expect  through 
1 9 9 0 ,  two c rud e o i l  q u a l i ty s l a te s  we re d eve l oped . Crud e o i l s l ate 
A is a con t i nu a t ion o f  h i s tor ical  trend s i n  c r ude o i l  q u a l i ty 
whe r e i n  the propo r t ion o f  swe e t  c rud e o i l s ( 0 .  5 wt % s ul f ur o r  
le s s ) ava i l able t o  u.s. r e f i n e r s  d e c l i n e s  f rom 5 4  pe r c e n t  i n  1 9 7 8  
to 4 5  percent  i n  1 9 9 0 . In c rud e o i l  s l a te B ,  ad j u s tme n t s  are  mad e  
in s l a t e  A for l i ke ly o r  po s s ible s ig n i f i c a n t  f u ture s up ply d eve l ­
opme n t s . The maj o r  ad j u s tme n t s  i n c l ud e : h ig h e r  volume s o f  d ome s­
t i c  he avy , h igh-s ulf ur and Alas kan Nor t h  S lope c r ud e  o i l ; s yn t he t i c  
c rud e o i l ; and sh i f t s  i n  impo r t  qual i t i e s  a s  e xpo r t i ng c ou n t r i e s  
move t o  produce the i r  d i f ferent c r ud e  o i l s  i n  propor t ion to the i r  
reserve s .  The n e t  e f f e c t  o f  t h e s e  ad j u s tme n t s i s  t o  reduc e the 
1 9 9 0  propor t io n  of s we e t  c rud e o i l s  f r om 4 5  pe r c e n t  in s l a t e  A to 
4 1  percent  in s l a te B .  
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Tab l e  1 s ummar i z e s the h i s to r i c a l  c rud e o i l  q ua l i ty d a ta and 
the s l a t e  A a nd s l a t e  B pro j e c t ion s . I t  i s  b e l i eved t h a t  the  me t h ­
odology u sed i n  deve l op i ng s l a te A t e nd s  to ove rs ta te the  amoun t o f  
swe e t  c rud e o i l  wh i ch w i l l  b e  ava i l able t o  U . S .  re f in er s , wh i l e  
s we e t  c rud e o i l vol ume s t e n d  to b e  und e r s ta te d  i n  s l a te B .  

TABLE 1 

Quality Composition of Petroleum Liquids Supply in the United States -- 1 96 9 - 1 990* 
( Percentage of Total Petroleum Liquids Supply ) t  

Actual 1982§ 1 985§ 1990§ 
1 969 1978 S late A S late B S late A S late B S late A S late B 

Domestic 
Sweet� 5 7 . 0  32 . 5  2 7 .  1 2 5 . 7  2 5 .  1 2 2 .  1 2 4 . 3  2 0 . 8  
Sour 29 . 0  25 . 0  2 5 . 6  27 . 1  2 5 . 8  2 8 . 8  26 . 8  30 .3 

Subtotal 86 . 0  5 7 . 5 5 2 . 7  5 2 . 8  5 0 . 9  5 0 . 9  5 1 .  1 5 1 .  1 

Foreign 
Sweet� 7 . 5  2 2 . 0  2 2 . 2  2 0 . 9  2 2 . 7  2 2 . 7  2 0 . 4  2 0 . 4  
Sour 6 . 5  2 0 . 5  2 5 . 1  26 . 4  26 . 4  2 6 . 4  28 . 5  28 . 5  

Subtotal 1 4 . 0  4 2 . 5  4 7 . 3  4 7 . 3  4 9 .  1 4 9 . 1 4 8 . 8  4 8 . 8  

Total 
Sweet� 64 . 5  5 4 . 5  49 . 3  4 6 . 6  4 7 . 8  4 4 . 8  44 . 7  4 1 . 2  
Sour 3 5 . 5  4 5 . 5  5 0 . 7  53 . 4  5 2 . 2  5 5 . 2  5 5 . 3  5 8 . 8  

Total 1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0 1 0 0 . 0  1 0 0 . 0  

*Condensate and Natural Gas Liquids inc luded in sweet category . 
tPercentages may not sum to 1 0 0 . 0  due to rounding .  
§Based o n  the medium case . 
�0 . 5  wt % sulfur or les s .  

CAPAB I LI T I ES OF THE U . S .  REF I N ING INDUS TRY 

I nt roduc t ion 

The capab i l i ty o f  the  u.s. r e f in ing indu s t ry t o  proc e s s  av a i l ­
able c r ud e  o i l and mee t  pro d u c t  d emand for the 1 9 8 2 - 1 9 9 0  per i od wa s 
a n a l y z e d  fo r each o f  t he three s upply /d emand c a s e s  and the i r  two 
c r ud e  o i l qual i ty s l a te s .  The u t i l i za t ion r a te s o f  e x i s t i ng capac­
i ty and the need s for  ad d i t ional proce s s i ng c apab i l i t i e s  we re de­
te rmined i n  the con t e x t  o f  the se o u tlook s . Re s ul t s  were aggre g a t ed 
f rom s eparate analy s e s  o f  the c apab i l i t i e s  o f  r e f i n e r i e s  e a s t  o f  
the Ro ck ie s ( PADs I - IV )  and on t h e  We s t  Coa s t  ( PAD V ) . 

In add i t ion to the se c apab i l i ty ana lyse s , the s t udy e x am i n ed 
t he impac t  o f  short- te rm s upply d i s rupt ions and the s e n s i t iv i t ie s  
o f  r e f ine ry opera t ion s t o  c e r ta i n  r e g u l a tory progr ams . 

Re f in i ng i nd u s t ry l i near prog r amm i n g  ( LP )  mod e l s  were u sed to 
d e te rm i n e  the ad d i t ional proce s s i ng capac i ty needed und e r  each o f  
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t he s upply /d emand case s . Proce s s  c apac i t i e s  f o r  the 1 9 7 8 -1 9 8 2  
pe r iod were obta i ned from the January 1 9 7 9 N PC Survey o f  Pe tro l e um 
Re f i n i ng Capab i l i t i e s  and bu i l t i n to t he mod e l s . I n  order to 
reduce ove r-op t im i za t ion , each geograph i c  mod e l  u t i l i zed a thre e ­
r e f i nery c o n f i g ur a t ion . Un l e s s  o t he rw i se noted , ad d i t ional  c apac­
i ty requ i r emen t s  s ummar i zed b e l ow are spec i f i c a l l y  for the  med i um 
s uppl y/d emand case ( se cond s urvey ) and c rud e o i l  s l a te B ( t he h igh­
er s u l f ur ,  he av i e r  s l a t e ) .  

Re s u l t s  

F u t ure Proc e s s  Fac i l i ty Need s 

Crud e  o i l  d i s t i l l a t ion and c a t a ly t i c  crack i ng c apac i t ie s  i n  
1 9 7 8  appe ar mo re than adequa te fo r the n e x t  d ec ad e . Capac i t i e s  fo r 
c a t a lyt i c  re fo rm i ng , naph tha hyd ro tre a t i ng , d i s t i l l a te h yd ro trea t­
i ng , and r e s i d u a l  fuel o i l  conve rs ion , howe ve r , w i l l  req u i re s ub ­
s tan t i al e xpan s ion to mee t  U . S .  product n e e d s . F ig ure 6 shows t h e  
requ i reme n t s  fo r these proce s s e s  a s  a pe rcen tage o f  the i r  to tal 
U . S .  capac i ty i n  1 9 7 8 .  I n  F igure 7 ,  the se re s ul t s  are s hown i n  
barre ls per day o f  new c apac i ty requ i red and are compared w i t h  the 
pl anned e xpan s ions re por ted in the January 1 9 7 9  N PC s u rvey . In the 
pas t 18 mon ths , a nd in re spo n se to the c h ang i n g  s upply/d ema nd s i tu­
a t ion , re f i ner s may a l re ady h ave plans und e rway to bu i ld s ome o f  
t h e  n ew pro c e s s  fac i l i t ie s  i nd i c ated i n  t h i s  a n a ly s i s .  
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Figu re 6.  U .S. Ref i n i n g  I ndustry Chan ges in Process ing  Capacity Needed to Meet Futu re Demand 
( Based on Med iu m  Supp ly/Demand Case and Crude O il S late B ) .  

NOTE: This figure was plotted from data in Tables 69, 76, and 83 of Chapter Two. 
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I n  a l l  c omb i n a t i o n s  o f  s upply/d emand c a se s and c rud e o i l q ua l ­
i ty s l a te s  e x am ined , s ign i f i c a n t  capac i ty i ncrea s e s  are c a l l ed for 
i n  ca talyt i c  re fo rm i ng , n aph tha and d i s t i l l a te hyd ro t re a t i ng , a nd 
re s idual conve r s ion . 

I n  e a r ly 1 9 7 9 ,  re f iners  were plann i n g  to e xpand naph tha re­
form i ng c apa c i ty by 4 7 2  MB/D pr ior to 1 9 8 2 .  Th i s  appe a r s  to be 
adequa te in 1 9 8 2 ; howeve r , by 1 9 8 5  the cumu l a t ive e xpan s ion re­
q u i reme n t  wi l l  be 8 5 6  M B/D and by 1 9 9 0  i t  wi l l  b e  1 , 2 5 6  M B/D . 

I n ad equac i e s  i n  hyd ro trea t i ng ( bo t h  n aphtha and d i s t i l l a te )  and 
res idual f ue l  o i l  co nvers ion ( e . g . , c ok i ng ) w i l l  become a probl em 
by 1 9 8 2  un l e s s  r e f i n e r s  e xpand beyo nd the pl a n s  i nd i ca ted in the 
January 1 9 7 9 N PC s urvey . 

Th e cumu l a t ive e xpans ion needed for naph tha hyd ro trea t i ng w i l l  
be 1 ,  0 2 9 MB/ D i n  1 9 8  2 ( vs . 6 4 1  MB/D re ported a s  be ing p l anned i n  
the Ja nuary 1 9  7 9  N PC s urvey ) a nd w i  1 1  i n c r e a s e  t o  1 ,  1 6  6 M B/ D  i n  
19 9 0 ; e xpan s ion o f  h yd ro tre a t i ng fac i l i t i e s  needed for d i s t i l l a te s  
( and for c a t a ly t i c  cracker feeds tock s ) w i l l  be 7 3 1 M B/ D  i n  1 9 8 2  
( vs .  3 4 1  MB/D reported a s  be ing p l anned i n  the  January 1 9 7 9  N PC 
s urvey ) a nd w i l l  increase to 1 , 6 8 5 MB/D i n  1 9 9 0 . 

The cumu l a t ive e xpan s ion needed for re s i d u a l  f ue l  o i l  conver­
s io n  ( cok i ng or equ iva l en t  proce s s e s )  w i l l  be 3 6 0  M B/D in 1 9 8 2  ( vs .  
4 6  MB/D re ported a s  be i ng p l anned i n  the Jan uary 1 9 7 9  N PC s urve y ) 
and w i l l increase to 6 8 9  M B/D by 19 9 0 . 

The cumul a t ive c o s t  i n  1 9 7 8  d o l lars  for a l l requ i red new pro­
c e s s  f ac i l i t i e s  is e s t ima ted to be $ 1 . 5  b i l l ion by 1 9 8 2  a nd $ 3 . 8 
b i l l i on by 1 9 9 0  f o r  the med i um c a se and c rud e o i l  s l a te B .  The 
co s t  i s  probably und e r s ta t ed , howeve r ,  b e c a u se the opt imi z a t ion o f  
the mod e l  conc e n t r a te s e xpa n s ion a t  t h e  l arge r r e f i n er i e s  t o  
ach i eve econom i e s  i n  c on s t r uc t io n . I n  real i ty ,  con s tr u c t i o n  w i l l  
take pl a c e  i n  a bro ad r ange o f  r e f i n ery s i z e s wh e r e  the s e  e conom i e s  
w i l l  no t b e  f ul ly ava i l able . Furthe r ,  t h i s  i n ve s tme n t  i s  o n l y  for 
t he r eq u i red pro c e s s  f ac i l i t ie s  and d o e s  n o t  i nc l ud e  any o f  the 
ve ry l a rge i nves tme n t  requ i r emen t s  for s u s ta i n i ng e x i s t i n g  f ac i l i­
t ie s ,  i mpr ov i ng e f f i c i en cy , e nergy c on s e rva t i on , e n v i ronme n ta l  pro­
te c t ion , s a fe ty , and a ny f ac i l i t ie s  o u t s ide the re f inery . The 1 9 7 9  
N PC Survey o f  u.s. Pe tro l e um Re f i n ing Capab i l i t i e s  a ske d seve r a l  
q ue s t ions r egard i n g  add i t ional f ac i l i ty requ i r emen t s  under hypo­
t he t i c a l  s upply /d emand s i tu a t i on s . Appe nd i x  F c ompa r e s  the s ur­
vey ' s  re s ul t s  wi th those ob ta ined from the mod e l . Ba s ed on the se 
two approache s ,  i t  is  conclud e d  tha t ac t u a l  cos t s  f o r  new r e f i ne ry 
proce s s  capac i t ie s  be tween 1 9 7 9  and 1 9 9 0  w i l l  be i n  the range o f  
$ 5 -1 2 b i l l io n  ( co n s t a n t  1 9 7 8  d o l lars ) .  

I mpact o f  C rude O i l  S uppl y  D i srupt ions 

Th ree type s o f  d i s rup t io n s  we re cons id ered : a loss  o f  2 ,  0 0 0  
MB/D o f  fore ign s we e t  c r ud e  o i l , w i th and w i t ho u t  repl a c emen t by 
o ther type s ,  and a l o s s  o f  5 , 0 0 0  M B/D o f  fore ig n c rud e o i l  of ave r­
age qual i ty .  It  wa s a s s umed t h a t  d i s t i l l a t e  wou ld be a pr i or i ty 
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produc t ,  and t h u s , r e f i n e r s  wou l d  s t r ive to m i n im i ze the l o s s  o f  
i t s  prod uc t ion d ur i ng the d i s rupt ion . The spec i f ic re s ul t s  r e ­
ported b e l ow are b a sed o n  1 9 8 2  med i um s upply/d emand and c rud e o i l  
qual i ty s l a t e  B .  

In the c a s e  o f  a 2 , 0 0 0  M B/D l o s s  o f  fore i g n  s wee t c rud e o i l ,  
1 ,  5 9 3  MB/D o r · 8 0  p e r c e n t  o f  the r e s u l t i ng produc t l os s  c ou l d  be 
ga so l ine , wh i le s t i l l  mee t i ng the c r i ter ion of c on s t an t  d i s t i l l a t e  
s uppl y . Th i s  r epr e sen t s  2 3 pe r c e n t  o f  t o t a l  g a s o l ine d emand i n  
1 9 8 2 . 

I f  a h igher s ul f ur c r ud e  o i l  ( e . g . , S a ud i  Ar ab i an L ig h t  q u a l ­
i ty )  could be obta ined to s ub s t i tute f o r  the l o s t  2 , 0 0 0  M B/D o f  
fore ign s we e t  c r ud e  o i l , the shor t f a l l  i n  g a s o l ine s upply c o u ld be 
reduced to neg l ig i b l e  propo r t ions . Howe ve r ,  a r e l a x a t i o n  of r e s id ­
u a l  f ue l  o i l  s ul f ur spec i f i c a t ions wou ld b e  requ i red to make the  
c rud e o i l  s ub s t i tu t ion po s s ib l e . 

Wi th a l o s s o f  5 , 0 0 0 MB/D o f  fore i g n  crude o i l  impo r t s  o f  aver­
age qua l i ty ,  it i s  more d i f f i c u l t  to take the pro d u c t  shor t f a l l 
pred om i nan t l y  i n  ga so l i ne i n  order to pro t e c t  the d i s t i l l a te sup­
ply . Howe ve r ,  a t tach i ng a 5 0  perce n t  h i gh e r  va l ue to d i s t i l l a te i n  
the mode l s  wa s s u f f i c i e n t  t o  e conom i ca l ly ma i n t a i n  near ly a l l  r e ­
qu i r ed d i s t i l la te prod uc t io n , a t  the e xpe n s e  o f  g a s o l i n e . Under 
the se cond i t ions , 3 , 7 1 1  M B/ D ,  or 7 5  perc e n t  o f  the to t a l  prod u c t  
los s , could b e  g a so l i n e . Th e Counc i l  d id n o t  a t t e mp t  t o  dea l w i th 
the que s t ions o f  wh e th e r  the U . S .  e conomy cou l d  f u n c t ion e f f i ­
c i e n t ly w i th a pe t ro l e um s upply loss  o f  th i s  mag n i t ud e  or whe ther 
it  is  d e s i rable  fo r g a so l i ne s upply to take up to 8 0  percent o f  any 
los s . 

Reg u l a tory S e n s i t i v i t i e s  

Re f i nery c o n s t ruc t ion , ope r a t i o n , produc t q u a l i ty ,  and co s t s  
are a l l  a f fec ted by n umerous l aws and r e g ul a t i o n s  ( se e  Appe nd i x  D 
for  a l i s t  o f  l eg i sl a t io n  s ig n i f i c a n t ly a f f e c t i n g  the u.s. r e f i n i n g  
i nd u s t ry ) . Wh i l e  d e t a i led a n a l y s e s  o f  these e f fe c t s  a r e  not par t  
o f  t h i s  s t ud y ,  two spe c i f ic areas we re e x am i n ed q u an t i ta t iv e l y  be­
cause of the i r  i mpor tance to gasol ine s upply : the e l im i n a t ion o f  
the pha sed own o f  the l ead conte n t  i n  l e ad ed g a s o l i ne ;  and the add i ­
t ion o f  MMT 3 to u n l e aded gasol i n e .  

The s t udy o f  the l e ad pha sed own impac t wa s l im i ted to 1 9 8 2  be­
c au s e  o f  t he d e c re a s i ng f r ac t ion o f  l e ad ed g a s o l i ne i n  the to t a l  
gasol ine pool i n  l a te r  ye ars  ( 3 6 pe rcent l e ad e d  g a s o l i ne i n  1 9  8 2  
vs . 1 1  pe rcen t i n  1 9 9 0  i n  the me d i um c a se ) . The t o t a l  hyd roc arbon 
s av i ng i n  1 9 8 2 ,  mad e by d i scon t in u i ng the l e ad pha s ed own , wa s 3 5  
MB/D . Th i s  s av i ng i s  r e l a t ive ly sma l l  i n  1 9 8 2  b e c ause the c a l cu-

3Me thyl cyc l open t ad i e ny l  mangane se t r i c arbonyl a g a s ol i n e  
add i t ive w i t h  o c tane impr ov i ng q ua l i t i e s  s im i l ar t o  l e ad . 
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l a ted opt imum l e ad l eve l for the to tal u.s. g a s o l ine pool i s  only 
0 . 2  g r ams pe r g a l l on h ig h e r  than the  ph asedown l eve l . 4 

A l l ow i ng the add i t io n  of 1/1 6 g r am of MMT i n  un l e ad ed g a so l ine 
m ight s ave as  much a s  80  M B/D o f  hyd rocarbon s and 'up to $ 7 7 5  m i l­
l ion wo r th of n ew proce s s i ng fac i l i t i e s . The se proc e s s  fac i l i ty 
s avi ngs i n c l ud e  a r e d u c t ion o f  4 3 4  M B/D i n  c a t a ly t i c  re fo rm i ng 
c apac ity . 

C OMPET I T I VE POS IT IONS OF VARIOUS S E GMENTS OF THE U . S . REF INING 
INDUSTRY 

I n t rod u c t ion 

The r e l a t ive c ompe t i t ive po s i t i o n s  o f  va r iou s segme n t s  o f  t he 
d ome s t i c  re f in ing i n d u s t ry were analy zed by c ompar i n g  the to t a l  
cos t s  of manu f a c t ur i ng , ad j u s ted fo r va l u e  d i f fe renc e s  i n  produc t 
slate s .  Th i s  c ompar i son i s  based on d a ta prov i d ed by d ome s t i c r e ­
f i ners par t i c ipa t i ng i n  the Janu a ry 1 9 7 9  N PC Survey o f  Pe tro l e um 
Re f in i ng Capab i l i t ie s ,  toge ther w i th s uppl emen ta l  p ub l i s hed d a t a  
r eg a rd i ng value s o f  produc t s  and feeds tocks o the r t h a n  c r ud e  o i l .  
The s urvey covered a c t u a l  oper a t ions i n  1 9 7 8 , a year i n  wh i ch c r ud e  
o i l of s u i tab l e  qual i ty wa s g e ne ra l ly ava i l ab l e  to t h e  va r iou s c a t­
ego r i e s  o f  r e f i n i ng c ompan ie s . The data  i n  th i s  s e c t ion o f  the 
report are based on the responses of 1 8 6  r e f i n e r i e s  repre s e n t i ng 
1 4 . 8 MMB/D o f  re f i n i ng capac i ty . 

The i n i t i a l  analys i s  wa s based on the produc t marke t pr i ce s ,  
r e f inery ope r a t i ng c os t s ,  and gove r nme n ta l  regul a t i o n s  t h a t  a c t ua l ­
l y  e x i s ted f o r  c alendar ye ar 1 9 7 8 .  Add i t ional a n a l y s e s  were mad e 
to e xam i ne the impl i c at i o n  o f  change s mad e  by the  Depa r tme n t  o f  
Ene rgy i n  m i d - 1 9 7 9  t o  the r eg ul at ion s govern i ng t h e  sma l l  re f in e r  
b ia s  prov i s i o n s  o f  t h e  Dome s t i c Crud e O i l  A l l o c a t i o n  Prog ram ( en t i­
tl ement s )  and the i mpl i c a t ion s o f  chang e s  i n  pro d u c t  pr i ce pa t te r n s  
e xpe r ie nced i n  the f i r s t  quarter o f  1 9 8 0 .  Upd a t i n g  o f  o ther prod ­
uc t co s t  e l emen t s  ( e . g . , re s u rvey i ng c r ud e  o i l  co s t s  and re f i n e ry 
ope ra t i ng e xpe n s e s ) by i ndu s try segme n t s  wa s no t po s s i b l e  i n  the 
t ime fr ame of the s t udy . 

C r ud e  o i l  cos t for the u.s. ref i n ing i nd u s t ry aver aged $ 1 2 . 71/ 
bbl i n  1 9 7 8  and repr e se n ted 7 5  percent o f  the t o t a l  cos t o f  r e f i ned 
prod uc t s . S i nc e  1 9 7 8 ,  c r ude o i l c o s t s  h ave more than d oubled a nd 

4 In th i s  s t udy , the po ten t i al h yd rocarbon s av in g s  a t tr i b u t ed 
t o  e l im i n a t ion o f  the l e ad phasedown we re d e te rm i n e d  i n  the c o n te x t  
of a g rowi ng d emand f o r  u n l e aded gasol ine . Other s t ud ie s  have r e ­
por ted tha t the po ten t i a l  ove r a l l  impac t o f  e l im i n a t io n  o f  l ead r e ­
s tr i c t ion s , s uch a s  m igh t o c c u r  i n  a n a t i o n a l  eme rgency , c o u ld be 
c on s ide rab ly l arge r  than the amoun t noted above . Th e se o ther s t ud ­
i e s  general l y  a s s ume e s se n t i al ly no requ i r emen t  for u n l e ad ed g a s o­
l in e  and pe rm i t  the u s e  o f  a s  much a s  3 g r am s  o f  l e ad per ga l lon 
for all  grad e s . 
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i n  the f i r s t  qua r t e r  o f  1 9 8 0  ave r ag e d  $ 2 5 . 9 3/bb l . The se e sc a l a­
t ions f ur th e r  i n c r e a s ed the r e l a t ive impor tance o f  raw ma t e r i a l  a nd 
r e f i n e ry f ue l  cos t s  to the c ompe t i t iv e n e s s  o f  e ve ry r e f i n e ry . Dur ­
i ng th i s  s ame pe r iod , the co s t  d i f feren t i a l s  be twe e n  s wee t and sour  
c rud e o i l s  i ncreased f rom $ 2 . 0 0 - $ 3 . 0 0/bb l  to $ 7 . 0 0 - $1 0 . 0 0/b b l  i n  
some r eg ion s .  On the prod uc t s id e , the d i f fe r en t i a l  b e tween g a s o­
l in e  pr i c e s  a nd r e s idua l f ue l  o i l  pr i c e s  we n t  f rom $ 0 . 2 2  p e r  g a l lon 
in  1 9 7  8 t o  $ 0 .  4 S pe r g a l l on i n  the  f i r s t  q u a r t e r  o f  1 9 8 0 .  A f t e r  
t h e  f i r s t  h a l f  o f  1 9 8 0 ,  t h e se d i f feren t i a l s  b e g a n  to r e t u r n  c l o s e r  
t o  the i r  h i s tor i c a l  l eve l s .  The r e l a t ive econom i c s  o f  the  var i o u s  
s i z e s a n d  type s o f  u.s. r e f ine r ie s  i s  ve ry s en s i t ive t o  c h an g e s  i n  
the se d i f f erent i a l s . 

The re s ul t s  o f  the se analyses are pre s e n ted i n  te rms o f  the 
advan tage o r  d i s ad va n tage o f  va r ious g roups of r e f i n e r s  or r e f i n ­
e r ie s ,  re l a t ive to t h e  to t a l  u.s. re f i n i n g  i n d u s t ry . The s e  r e l a­
t ive po s i t i ons are  n o t  to be confused w1 t h  ove r a l l  prof i tab i l i ty :  
a s eg me n t  o f  the i nd u s t ry may be sh own to h ave an advan t ag e  ove r 
o ther segme n ts b u t  s t i l l  be i n  a l o s s  s i t u a t i o n  o r  v i c e  ve r sa . 
Fur the r ,  the an alys i s  i s  based on the agg r e g a te po s i t io n  o f  e a ch 
s egme n t  o f  t he indu s t ry wh i ch may ma s k  s ig n i f i c an t  d i f fe r e n c e s 
among i nd i v idual  c ompa n i e s  or fac i l i t ie s  w i t h i n  any g iven s egmen t .  
F i n a l ly , the analy s i s  d o e s  no t i n c lud e  the e f f e c t s  o f  s pe c i f i c  
r e l ie f grant ed i nd i v i d u a l  r e f i n e r s  o r  groups o f  re f i n e r i e s  t h ro ugh 
the DOE e n t i t l eme n ts e x cept ions and appe a l s  prog r am s . Appe nd i x  G 
de ta i l s  the en t i tl emen t s  c a l c u l a t ions u s ed i n  t h i s  r e por t and s um­
mar i z e s the mag n i tud e o f  the spec i a l  bene f i t s  g ran t s  to s ome c om­
pan i e s  in 1 9 7 8 .  

Re s u l t s  

C ompany S i z e S 

I n  1 9 7 8 ,  the mo s t  
.
favorab l e  compe t i t ive po s i t io n  wa s he l d  by 

the sma l l e s t  c ompany s 1 ze range ( 0 -1 0 MB/D o f  agg r e g a te re f i n e ry 
c apac i ty ) , w i th a produc t cos t advan tag e r e l a t ive to the ave r ag e  o f  
a l l  c ompan i e s  o f  $ 0 . 3 7/bbl o f  c r ud e  o i l  proce s s ed . The c o s t s  o f  
r e f i ned produc t s  fo r the c ompany s i ze c a teg o r i e s  s t ud i ed are c om­
pared i n  F ig ure 8 .  The f avorable po s i t ion o f  t h e  0 -1 0  MB/D re f i n­
i ng c ompan ie s wa s s ig n i f i c an tly i n f l ue n ced by t he ave r ag e  n e t  c rud e 
o i l  cost s ,  wh ich were $ 2 . 1 9/bbl b e l ow the ave r ag e  for a l l  c ompa n­
i e s . Th i s  c rud e o i l  cos t advan tag e  wa s l arge l y  d ue to the sma l l  
re f iner b i a s , b u t  a l s o  re fle c ted other f a c to r s  s uch a s  c r ud e  o i l 
qua l i ty .  

I f  the 1 9 7 8  d a ta are  ad j u s ted to re f l e c t  o n l y  the ch ange i n  the 
sma l l  re f i n e r  b i a s  wh i ch o c c urred on June 1 ,  1 9 7 9 ,  r e l a t ive c ompe t­
i t ive po s i t ions  s h i f t . For e x ampl e ,  in the sma l l e s t  c ompany s i z e  
ca tegory , 0 -1 0  MB/D , the c r ud e  o i l  co s t  e l emen t  o f  prod u c t  cos t 
i n c re ased s ig n i f i c antly , a l t houg h i t  i s  s t i l l  $ 1 .  2 9/bbl b e l ow the 

SA re f in i ng c ompa ny ' s  s i ze is  c a tegor i z ed by the aggr e g a t e  
c apac i ty o f  a l l  o f  i t s r e f i n er ie s .  
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i nd u s t ry aver age . As s h own i n  F ig ure 9 ,  the re s ul t  o f  t h i s  c hange 
i s  to d rop the 0 -1 0  M B/0 company s i ze r ange to the poore s t  c ompe t ­
i t ive pos i t io n ,  w i th prod uc t co s t s  $ 0 .  5 3/bbl above t h e  i nd u s t ry 
ave r ag e . In  t h i s  c ase , c ompan i e s  i n  the 5 0 -1 0 0  M B/0 s i z e  c a te g o ry 
bec ame the  mo s t  c ompe t i t ive , but o n l y  by a s l igh t marg i n  o f  
$ 0 . 0  6/b b l . 
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Fig u re 9. Effect of Changes i n  the Smal l  Ref iner  B ias and F i rst Quarter 1980 Prod uct Pr i ces on Refi ned 
Product Costs-Agg regated by Company S ize Range.  

NOTE: This figure was plotted from data i n  Table 93 of Chapter Three. 

Whe n  the e f f e c t s  of t he b ia s  prog r am c h ange s are  c omb i ned 
wi th f i r s t  quar t e r  1 9 8  0 pe t ro l e um product p r i ce s , those sma l l e r  
c ompa n i e s  wi th l im i ted g a so l ine and other l igh t produc t y i e ld s  are 
pl aced at a s ub s t an t i a l  d i s advan t age . The d i s ad v an t age of the 
ave r ag e  o f  compa n ie s  i n  the sma l l e s t  c ompa ny s i z e  c a te g o ry ( 0 -1 0  
MB/0) i s  $ 4 .  5 3/bb l  c ompared to the i nd u s t ry ave rage under the s e  
c ond i t ions . 6 Pl a n t s  own ed by t h e s e  c ompan ie s g e n er a l ly l ack 
prod uc t upg r ad i ng capab i l i t ie s  to ad j u s t  prod u c t m i x  to take adva n ­
t age o f  marke t cond i t io n s . Th e 1 9 8 0  d i sadva n tage d e c l i ne s  r a p id ly 
with  c ompa ny s i ze to $ 1 .  5 7  /bb l  for c ompan i e s  in the 3 0 - 5  0 MB/0 
c ateg ory . Th i s  c ompa r i so n  has  n o t  been ad j u s ted for c hange s i n  
r e l a t ive c r ude o i l  co s t  and other fac tors s uc h  a s  the bene f i t  o f  

6As noted i n  the s e c t ion o n  re f i ne ry s i ze ,  there i s  a w id e  
d ive r s i ty o f  pl a n t s  i n  the sma l l e r  s i ze c ategor i e s  wi th a s im i l ar ­
l y  w i d e  d ive r s i ty o f  pro d u c t  cos t va l ue s .  
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spe c i a l  e n t i t l eme n t s  wh i ch could a f fe c t  i n d i v i d u a l  r e f i n er s ' 
pos i t i on s . 

The analys i s  o f  c ompe t i t ivene s s  by c ompany s i ze i s  s umma r i z ed 
i n  Tab le 2 .  

TABLE 2 

Range o f  Compe t i t i ve Pos i t i ons o f  u.s. Re f i n i ng Compa n i e s * 

B a s i s  

1 9 7 8 Da t a  

1 9 7 8  Da ta Ad j us ted f o r  Jun e  1 9 7 9  
Sma l l  Re f ine r B ia s  

1 9 7 8  Da ta Ad j u s ted fo r Jun e  1 9 7 9  
Sma l l  Re f in e r  B i a s  and 
F i r s t  Qua r te r  1 9 8 0  Produc t Pr i c e s  

C ompany 
S i z e  Ran g e  

0 - 1 0  
1 0 0 -1 7 5 

MB/D 
M B/D 

5 0 -1 0 0  MB/D 
0 - 1 0  M B/D 

5 0 -1 0 0  M B/D 
0- 1 0  M B/D 

Gre a te s t  
Ad va n tage 

( D i sadvantage ) t  

0 . 3 7  
( 0 . 4 9 )  

( 0 . 0 6 ) 
( 0 . 5 3 )  

0 . 2 9 
( 4 .  5 3 ) 

*Compar i so n s  are  wi th the ave r ag e  o f  a l l  U . S .  r e f in ing c ompan­
ie s .  Cap i t a l  recove ry is based on or ig i n a l  undepre c i a ted a s se t s . 

tin $ /bb l o f  c rud e o i l  proc e s sed . 

Re f i ne ry S i ze 

In 1 9 7 8 , re f in e r i e s  w i t h  1 0 - 3 0  MB/D o f  c apac i ty h ad the  l owe s t  
prod u c t  cos t ,  w i th a $ 0 . 5 9/b b l  adva n tage ove r  the i nd u s t ry ave r ag e , 
and the l arge s t  re f i ne ry s i ze range , 1 7 5 +  MB/D , had the h ig he s t  
c os t ,  a t  $ 0 . 0 6/b b l  above the i nd u s t ry ave r ag e  ( s ee F i g u r e  1 0 ) .  

Whe n  the 1 9 7 8  d a ta are ad j u s ted fo r the Jun e  1 9 7 9  ve r s ion o f  
the sma l l  re f i n e r  b ia s  prog r am ,  a $ 0 . 0 5  c ompe t i t ive advan t age 
s h i ft s  to the 1 7 5 +  M B/D r e f i nery s i ze c a tegory and the 0 -1 0  M B/D 
category has  a $ 0 . 7 2  d i s ad van tage vs . the ave r ag e . 

Fur ther ad ju s t i ng the 1 9 7 8  data for f i r s t  q u a r t e r  1 9 8 0  pro d u c t  
pr i c e s  pl a c ed t h e  0 -1 0  MB/D re f i ner ie s a t  a $ 3 . 8 3/bb l  d i s a d va n tag e . 
The 1 9 8 0  d i s advan t ag e  d im i n i shes a s  s i z e  i nc r e a s e s ,  b u t  was s t i l l  
$ 1 .  2 9/bb l  fo r the 3 0 - 5 0  M B/D s i ze c a te gory . The advan tage o f  the 
1 7 5 + MB/D re f in e r i e s  over the aver age i nc r e a s ed by $ 0 . 2 2  when f i r s t  
q u a r ter 1 9 8 0  produc t pr i c e s  we r e  used . The pr i n c i pa l  c au s e  o f  t h i s  
increase i s  the f a c t  t h a t  l arger re f i n e r i e s  t e nd t o  b e  mor e  c omp l e x  
a nd t o  have a g r e a te r  y i e ld of gaso l ine a n d  muc h  r educ e d  y i e ld s  o f  
he avy f ue l  o i l  and a s ph a l t .  
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NOTE: This figure was plotted from data i n  Table 98 of Chapter Three. 

The re are , howeve r ,  re f i ner i e s  even i n  the sma l l e s t  s i ze c a t e ­
g o r i e s  wi t h  h igh y i e ld s  o f  g a so l i ne , l ub r i c a t i ng o i l s , and  o ther 
premi um va l ued prod uc t s  wh ich are sma l l  because of  l oc a t i o n , ma r­
ke t ,  or o ther fac to r s . The c ompe t i t ive po s i t io n  o f  the se pl an t s  
c a n  b e  ma rked l y  d i f f erent f rom the aver ag e  o f  the i r  s i z e  c a t egory . 
Fo r exampl e ,  wh i l e  the ave r ag e  0 -1 0  M B/D r e f i ne ry wa s a t  a $ 3 . 8 3  
d i sadva n t ag e  i n  the 1 9 7 9  b i a s/ f i r s t  quarter 1 9 8 0  p r i ce c a s e , those 
plan t s  capable o f  prod uc i ng the h igher va lue prod u c t s  h ad an ave r­
a ge d i sadva n tag e o f  $ 0 .  4 1/b bl . S im i l arly , the ave r ag e  1 0 - 3  0 M B/D 
re f i n e ry wa s $ 1 . 7 1  b e l ow the aver ag e , b u t  the more c ompl e x  p l a n t s  
w e r e  $ 0 . 1 0  b e l ow t he ave r age . 

Re f i ne ry Loca t i on 

I n  1 9 7 8 , r eg i onal d i f ferences  i n  produc t c o s t  we re no t l arge 
whe n  c ompared to other f a c tor s . As shown in F igure 1 1 ,  the max i mum 
p roduc t cos t d i f feren t i a l  b e twe e n  ma j o r a r e a s  of t h e  U . S .  wa s 
$ 0 . 3 0/bb l ( PAD I V  advan t age over PAD I I  d i s ad van t ag e ) .  Howe ve r ,  
throughou t  the 1 9 7 8 -1 9 8 0  p e r iod , r e f i n e r s  o f  he avy Cal i fo rn i a  c rud e 
o i l were gran ted spec i a l  bene f i t s  by the e n t i t l emen t s  program , 
wh i ch we r e  n o t  i n c luded i n  the N PC c al cu l a t io n . Th i s  prov i s io n  
would h ave l owered the c r ud e  o i l  cos t o f  s ome PAD V re f i n e r s  b y  a 
total  o f  $ 1 8 5  m i l l io n  i n  1 9 7 8 .  

2 2  
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REF I N ERY LOCAT I O N  ( PA D) 
F igure 1 1 . Effect of Changes i n  the Sma l l  Ref i ner Bias and F i rst Quarter 1 980 Prod uct P rices on Ref i ned 

P rod u ct Costs-Agg regated by Refi nery Locat ion .  
NOTE: This figure was plotted from data in Table 1 05 o f  Chapter Three. 

Ad j u s t i ng the 1 9 7 8  cos t s  for the June 1 9 7 9  sma l l  re f iner  b ia s  
program d id no t s ign i f i c an tly a l ter t h e  cos t  d i f fe r en t i a l  be twe e n  
PAD d i s t r i c t s , b u t  d id change the po s i t io n  o f  i n d iv id ua l  d i st r i c ts . 
PAD IV wa s mos t  a f fec ted a s  i t  sh i f ted to the po s i t ion o f  h ig he s t  
d i s adva n tag e , pr ima r i ly because  o f  t he prepo nd er a n c e  o f  sma l l e r  
re f i ne r i e s  i n  the d i s tr i c t . 

A var i e ty o f  f a c to r s  a f fe c ted re s i d u a l  f u e l  o i l  va l ue s a ro u nd 
t he coun try i n  the f i r s t  quarter o f  1 9 8 0 ,  a n d  we r e  pr i n c ipa l ly 
accountable for s ub s tan t i a l  d i f ference s i n  t h e  1 9 8 0  r eg ional ana ly­
s i s .  PADs I a nd V s how s ig n i f i c an t  d i sadva n tage s ( $ 1 . 5 6/bbl and 
$ 1 . 2 2/bbl , respect ive ly ) ,  and PADs I I I  and · I I  s how advan tage s of 
$ 0 . 7 1/bbl and $ 0 . 5 4 /bb l , r e spe c t ive ly . 

Re f i n e ry Proce s s  Comp l e x i ty 

In t h i s  s t ud y , r e f i n ery c ompl e x i ty i s  me a s u r ed by a nume r i c a l  
fac tor wh ich ind i c a te s t h e  c apab i l i ty t o  produc e var ied  pe t ro l e um 
produc t s . Re f i ner i e s  und e r  3 compl e x i ty a r e  norma l ly c apab l e  o f  
manu fac t ur i ng re s idual f u e l  o i l ,  No . 2 f u e l  o i l , d ie s e l  f ue l , n aph­
tha , and a sph a l t . Re f i ner ie s in the 5 - 7  compl e x i ty c a teg ory pro­
d uce a wide range o f  prod uc t s  inc l ud i ng u n l e ad e d  g a s o l i n e . Tho s e  
i n  the 7 - 9  c a tegory , i n  add i t ion t o  t h e  fac i l i t i e s  o f  a 5 - 7  com­
pl e x i ty range re f in e ry ,  h ave d e s ul f ur i za t ion c ap ab i l i t i e s  for manu­
f ac tur i ng low-s ul f ur fuel  o i l s and f e e d s tock s . Re f i n e r i e s  in the 
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ove r- 9  c a t egor ie s ,  i n  add i t ion to d e s u l f ur i za t ion and a w i d e  r a nge 
o f  produc t y i e ld s , have hyd roc rack i ng un i t s wh i ch i nc re a s e  un l e ad ed 
gasol ine prod uc t ion . 

H igher c ompl e x i ty i s  i ncorpora ted i n to r e f i n e r i e s  to a ch i e ve 
the c apab i l i ty t o  enhance o r  d ive r s i fy produc t s l a te s ,  i mprove 
y i e l d s  o f  pre f e r  red pro d uc t s ,  or acc ommod a te l ower q u a l i t y  c r ud e  
o i l s . H i g h e r  c ompl e x i ty g e n e ra l ly r e s ul t s  i n  g re a t e r  c ap i ta l  out­
l ays and i n c re a s ed ope r a t i ng e xpense s . W i t h  s ome e x c ep t ion s , as  i n  
the  c ase o f  sma l l e r  l ub r i c a t ing o i l  manu fac t ur i n g  pl an t s  o r  sma l l  
l o c a l  marke t s ,  h igh c ompl e x i ty i s  general ly mo r e  c ommon to l arg e r  
re f i n e r i e s . 

Und er the cond i t ions e x i s t i ng i n  1 9 7 8  ( F igure 1 2 ) and und e r  
t ho s e  a f te r  ad j u s t ing fo r t h e  June 1 9 7 9  rev i s io n  t o  t h e  sma l l  re­
f i ner b i a s  prog r am ,  r e l a t ive c ompe t i t ive adv an t age s of $ 0 .  2 1/bbl 
and $ 0 . 2 7/bb l  r e s i d ed w i th i n te rmed i a te proc e s s  c ompl e x i ty r e f i n e r ­
ie s ( 7 - 9  f a c to r ) .  The s e  re f iner i e s  are g e n e r a l l y  i n  the 1 0 0 - 1 7 5  
MB/D r ange , l oc a ted near ma rke t s ,  and produc e r s  o f  a f u l l r ange o f  
prod uc t s . 

F i r s t  quarter 1 9 8 0  product p r i ce s ,  f e a tur i ng h igh d i f feren t i a l s  
b e twe e n  l ig h t and he avy produc t s ,  i n c re a sed t h e  ad van tage o f  t he se 
i n t e rmed i a t e  c ompl e x i ty re f iner i e s  to $ 0 . 7 4 /bbl . Conver s e ly , they 
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placed the l ow c onve r s ion ( 1 - 3  compl e x i ty fac tor ) 
h igh , he avy f ue l  o i l  y i e ld s  a t  a s ub s tan t i a l  
$ 3 . 7 2/bbl r e l a t ive t o  t h e  indus try ave r ag e . 

r e f i n e r i e s  wi th 
d i s advan t ag e  o f  

1 9 7 8  C OMPET IT I VE ECONOM IC S  OF SUPPLYING INCREMENTAL U . S .  EAS T 
C OAST PRODUC T DEMAND F ROM DOMES TIC REF INERIES AN D FORE I GN EXPORT 
REF INER I ES 

I n trod u c t ion 

The analys i s  o f  the c ompe t i t ive po s i t ions  of d ome s t i c and fo r ­
e ig n  r e f i ner ie s  wa s c onduc ted i n  seve r a l  f un d ame n ta l ly d i f fe r e n t  
way s  t h a n  wa s t h e  a n a ly s i s  o f  t h e  c ompe t i t ive po s i t io n  o f  d ome s t i c 
r e f iner ie s .  F i r s t ,  n o  comparabl e s urvey d a ta we r e  ava i l ab l e  o n  
fore ign e xpor t re f i n e r ie s .  Second , because o f  the lack o f  da t a , 
hypo the t i c a l  re f i ner i e s  we re mod e l ed to a ppro x ima t e  the typ i c a l  
s i ze s and c ompl e x i t ie s  o f  t h e  c ompe t i ng re f i n e r ie s .  Th i rd , the 
d ome s t i c analys i s  wa s based on aver age cos t s  fo r the va r iou s seg­
men t s  o f  the i nd u s t ry wh i l e  th i s  analy s i s  e x am ined the  7 0 - 8 5  a nd 
8 5 -1 0 0  p e rc e n t  c apac i ty u t i l i z a t ion i n c reme n t s . Th i s  i s  s im i l ar to 
a ma rg inal  cos t analys i s  though i t  d e a l s  w i th l arge s egme n t s  of 
c apac i ty u t i l i za t io n  r a ther than the l a s t  b a r r e l  proc e s s e d . F i n a l ­
ly , and mos t  impor tan tly , t h e  analys i s  wa s made on ly o f  t h e  cond i ­
t ions wh i ch e x i s ted i n  1 9 7 8 .  The resul t s  o f  the s e  proced ur e s  i s  an 
analys i s  wh i c h  i s  b ro ad ly use f ul i n  und e r s tand ing the r e l a t ion sh i p s  
wh ich e x i s ted fo r t h e  ye ar 1 9 7 8 .  Ex t r apo l at ion o f  t h e s e  r e l a t i on­
ships  to curren t  or f u t ure s i t ua t ion s  w i t h  d i f f eren t marke t co nd i ­
t i ons and reg u l a tory f a c to r s  may b e  m i s l ead i ng .  Compe t i t io n  fo r 
prod uc t ma rke t s  i n  other PAD d i s t r i c t s  wa s not s t ud i ed and may n o t  
be s im i l a r to that shown fo r PAD I .  

The ob j e c t ive o f  t h i s  phase of the s t udy i s  t o  c omp a r e  the c o s t  
of incr emen tal pro d uc t s  d e l ivered t o  t h e  New York Ha rbor from a 
typ i c a l  r e f i nery i n  PADs I o r  I I I  w i th a typ i c a l  re f i nery l o c a ted 
in the Car ibbe a n , e a s te r n  Canad a ,  the Ne therl and s ,  or I t a ly . The 
fore ign o f f sho re areas se lec ted we re tho s e  wh i c h  may h ave the c a­
pac i ty to s upply pe troleum produc t s  to the u . s .  Ea s t  Coas t .  

Re s u l t s  

The U . S .  v s . fore ign e xpo r t  re f i ne ry c ompe t i t ivene s s  analy s i s  
wa s conducted for a base case a s  de scr i bed above and for two s ub­
s id i ary c ase s .  Ea ch o f  t he se three c a s e s  wa s c o n s i d e r ed s epar ate ly 
for two capac i ty u t i l i za t ion i nc r emen t s  - - 7 0 - 8 5 pe r c e n t  and 8 5 -1 0 0  
percen t .  Th e r e s ul t s  c ompa re the ave r ag e  ec onom i c s  o f  the se i n c re­
men t s  o f  capac i ty and are s umma r i zed i n  F ig ure 1 3 .  S i nce the fo r­
e ig n  e xpo r t  r e f iner i e s  we r e  ope r a t ing a t  a n  ave r age o f  abou t 6 5  
pe rc e n t  o f  capac i ty i n  1 9 7 8 ,  the i r  7 0 - 8 5  perce n t i n c r emen t  i s  c om­
pared w i th the 8 5 -1 0 0  pe rcen t i n c reme n t  o f  the u . s .  r e f i n e r ie s .  

1 9 7 8  Base Case  Analys i s  

The re s ul t s  o f  th i s  analy s i s  show t h a t  the typ i c a l  fo re ig n e x ­
por t  re f i ner i e s  were not c ompe t i t ive w i th t h e  typ i c a l  r e f i n e r i e s  i n  
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PADs I a nd I I I  s uppl y i ng produc t to the New Yo rk Harbor . The PAD I 
re f i n e ry h ad a c ompe t i t ive advan t age o f  $ 0 . 4 7/bbl over PAD I I I ,  
$ 0 . 8 4/bb l  ove r the C a r i bbean , and $ 1 . 4 4/b b l  ove r I ta l y . The re we r e  
two pr ima ry reason s : 

Crud e  O i l  Pr i c e  Con t ro l s . Pr ice  c o n t ro l s  o n  d ome s t i c  c r ud e  o il 
gave u.s. r e f 1ner i e s  an adva n tage ove r fore i g n  e xpo r t  r e f i n e r ie s .  
The se contro l s  re s ul ted in an en t i t l emen t s  r u n  cred i t  o f  $ 1 . 6 1/bb l  
i n  1 9 7 8  f o r  t h e  u.s. r e f i ner ie s .  

Compl e x i ty .  Th e fore i g n  e xpo r t  r e f i n e r i e s t e nd to b e  o f  l owe r 
c ompl e x i ty than u.s. re f iner ie s ,  wh i c h  l im i t s  the i r  c apab i l i ty to 
produce g a so l i ne and other h ig h e r  value produc t s . The c ompl e x i ty 
factors for the se typ i c a l  r e f iner i e s  are s umma r i zed be l ow : 

Loc a t i on 

PAD I 
PAD I I I  
C a r ibbean 
Ea s te r n  Canad a  
The Ne t he r l ands 
I taly 

C ompl e x i ty 
F a c tor 

7 . 2 2 
6 . 1 2  
3 . 0 7 
4 . 3 6  
2 . 9 4 
2 . 2 2  

The fol l ow i ng are other fac to r s  i n f luenc i n g  the r e l a t ive c om ­
pet i t ive pos i t io n  o f  t h e  typ i c al r e f i n e r i e s : 

Tr an spo rtat ion . Fo re ig n e xpo r t  r e f i ner ie s h ave a s ig n i f i c a n t ly 
l ower t r an s por t a t i o n  c o s t  than u.s. re f i n e r ie s .  Th i s  i s  due  to the 
ab i l i ty o f  the fore ig n e xpo r t  re f in e r i e s  to u se ve ry l arge c rud e 
o i l tanke r s  and the d i f ference i n  prod uc t transpor t a t ion c o s t s  b e ­
twe e n  fore ign and Jo n e s  Ac t ,  u.s. f l ag tanke r s .  

Re f i nery Fue l .  Be c au s e  o f  e nv i ronme n ta l  regul a t i o n s , PAD I 
re f in e r i e s  are requ i red to use h igher cos t ,  l ow-s ul f ur f u e l  o i l  
wh ich prod uc e s  a $ 0 . 2 6  t o  $ 0 . 3 6 d i s ad van tage pe r b a r r e l  o f  c rud e 
o i l proce s s ed a s  c ompared to the other typ i c a l  re f in er i e s . 

Impo r t  F e e s  and Du t i e s . Wh i l e  the d ome s t i c  re f i ne r i e s  s u f f e red 
a d i s advan t age of abou t $ 0 . 1 1 /bbl because of c r ud e  o i l  i mpo r t  fee s  
and d u t i e s , t h i s  wa s l argely o f f s e t  r e l a t ive t o  the  o f f s h o re r e f i n­
e r i e s  by the fee s and d u t i e s  charged on imported prod u c t s . 

Re t ro f i t t i n g  C a r i bbean and E a s tern Canada Re f i n e r i e s  

Because the 1 9 7 8  l owe r c ompe t i t ive pos i t io n  o f  fore i g n  e xpor t  
r e f iner ie s i s  l arge ly d ue t o  the i r  l owe r c ompl e x i ty and re s u l t a n t  
l ower prod uc t m i x  va l ue , the Car ibbean and e a s tern C an ad a r e f i n e r­
i e s  we r e  hypo the t i c a l ly r e trof i t ted wi t h  d own s tream proc e s s ing 
fac i l i t ie s  to enable t h em to produce a prod uc t m i x  c ompar able to 
PADs I and I I I .  Th i s  r e t ro f i t t i ng improve d  the i n c reme n ta l  c ompe t­
i t ive po s i t ion for both are a s . The Car ibbean d i s ad van t ag e  d ropped 
from $ 0 .  8 4/b b l  to $ 0 .  0 8/bb l  r e l a t ive to PAD I ,  and mo ved i n to an 
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ad van t ag e  s i t u a t ion over PAD I I I  o f  $ 0 . 3 9/bbl . I n  e a s tern Canad a ,  
t he d i sadvan tage d e c r e a s e d  from $ 0 . 7 5/b b l  to $ 0 . 2 8/b b l  r e l a tive to 
PAD I ,  and bec ame a $ 0 . 1 9 /bbl advan t ag e  over PAD I I I .  

I n c re me n t a l  Proce s s i ng o f  S aud i Arab i a n  L igh t C rud e O i l  

I n  the 1 9 7 8  base  c a s e  analys i s , e ach hypo the t i c a l  re f i ne ry wa s 
t e s ted whe n  runn ing c rud e o i l  o f  a qual i ty e q u a l  t o  the ave r age m i x  
o f  i n c r emen t a l  c r ud e  o i l s  r u n  i n  i t s  r eg ion f o r  e ac h  o f  the  capac­
i ty u t i l i za t io n  i n c reme n t s .  As these m i x e s  are  d i f f e r e n t  in the 
var ious  r eg i on s ,  a s ub s id i a ry case was prepared wh i c h  te s t ed e a c h  
r e f inery whe n  runn ing an i d e n t i c al i n c reme n ta l  barre l .  Fo r t h i s  
case , Saud i Arab i an L ig h t  c r ud e  o i l  was s e l e c ted a s  repre s e n t a t i ve 
o f  the qual i ty o f  c rud e o i l mo s t  l ike ly to be ava i l ab l e  o n  an i n ­
c r eme n t a l  ba s i s .  

The e f fe c t  o f  u s ing i n c r emen tal S a ud i Ar ab i a n  L ig h t  c rude o il 
r athe r  than the typ i c a l  i n c reme n tal m i x  of c rud e o i l s  i s  s ummar i ze d  
i n  t h e  f o l l owi ng tabul a t ion : 

I n creme n ta l  Ad van tag e ( Di sadvan tag e ) Re l a t ive to PAD I ( $/Bb l ) 

Loc a t i o n  

Pad I I I ( 8 5- 1 0 0  p e r­
c e n t  i nc r emen t )  

Car ibbe a n  ( 7 0 - 8 5 pe r­
c e n t  i n c reme n t ) 

E a s t e r n  Canad a  ( 7 0 - 8 5  
percen t i n c r eme n t ) 

B a s e  Case  Saud i Arab i a n  L igh t C ase 

( 0 . 4 7 )  ( 0 . 7 5 )  

( 0 . 8 4 )  ( 1 . 0 2 )  

( 0 . 7 5 )  ( 0 . 6 9 ) 
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C HAPTER ONE 

AGGREGATED WORLD AN D U . S .  
ENERGY AND PETROLEUM SUPPLY/DEMAND PROJEC T I ONS 

INTRODUCT ION 

Pe troleum s upply/d emand pro j e c t ions are n e c e s s ary for the a n a l ­
ys i s  of f u t ure d ome s t i c re f i nery requ i r eme n t s . To re f l e c t  t h e  u n­
certa i n ty of f u ture s uppl y/d emand patterns , a r ange of pro j e c t ions 
wa s d eve l oped . The c omprehens ive data  base  u s ed to d eve l op the s e  
pro j e c t ion s  wa s obt a i ned f rom t h e  ave rag e s  of t h e  r e s po n s e s  to two 
s urvey s ( N PC Surveys of U . S .  and Wor l d  Ene rgy a nd O i l  Supply/Dema nd 
Fore c a s t s ) d i s t r ibuted by the Na t i onal Pe t ro l e um Coun c i l  i n  Apr i l  
1 9 7 9  and De c embe r 1 9 7 9 ,  respe c t ive ly , t o  n ume r ous o rgan i z a t ions  
w h i ch regul a r ly prepare s uch fo recas ts ( fo r  a l i s t o f  o rga n i z a t i ons  
s urveyed , s e e  Appe nd i x  E ) . Th e ad j u s ted ave r age s o f  the  f i r s t  a nd 
second s urvey s we re d e s i g n a ted the h igh and med i um s upply /d ema nd 
cas e s ,  respe c t ive ly . In add i t i on , a l ow c a s e  was d eve l oped from 
d a t a  s ubm i t ted i n  re sponse to the s e cond s urvey , t h u s  prov i d i ng 
three s e t s  of s upply/d emand pro j e c t i ons to the yea r  1 9 9 0 . 

Re s pon s e s  to the f i r s t  s urvey we re rece ived i n  the spr i ng and 
s umme r of 1 9 7 9 . Dur i ng the prev i ou s  s eve r a l  mon th s , howeve r ,  
po l i t i cal  t urmo i l  i n  Iran h ad re s ul ted i n  d e creased p e t ro l e um pro­
d u c t ion in th a t  cou n t ry , and by January l ,  1 9 7 9 , e xpo r t s  f rom Iran 
we re g r e a t ly reduced . The re s ul t i ng d i s rup t i on in  wor l d  pe t ro l e um 
mark e t s  and the react ion i n  the Un i ted S t a t e s  we re not recog n i z e d  
or r e f l e c ted i n  t h e  f i r s t  s urvey re s ul t s  be c a u s e  a l mo s t  a l l  r e ­
spo n s e s  we re based on fore c a s t s  mad e i n  t h e  s e cond h a l f  o f  1 9 7 8 . 
Be cause of the se and other e conomi c and po l i t i c a l  even t s  wh i ch 
occur red i n  1 9 7 9 ,  the f i r s t  s urvey re sul t s  we re cons i d e red to be 
h i gh . Accord i ng ly , a se cond , l e s s  d e ta i l ed , s urvey wa s und e r t ake n , 
based on foreca s t s  prepared i n  l a te 1 9 7 9  o r  ve ry e a r ly 1 9 8 0 . 

A c ompa r i son of resul t s  of the se cond s ur ve y  wi t h  those o f  the 
f i r s t  s urvey reve a l s  a s ubstan t i a l  d ownward r e v i s ion o f  the pro­
j e c ted wo rld and u . s .  e n e rgy and pe t ro l e um s uppl y/d emand balance s . 
In f ur ther revi ewi ng the d a ta s ubmit ted i n  the s e cond s urvey , a 
w id e  d ivergence wa s noted among the re spond e n t s ; r e s po nd e n t s  i n  the 
l owe s t  quar t i le s ubmi t ted fore c a s t s  wh i c h  were ma rked ly l owe r than 
the other re spo ns e s . I n  order to refl e c t  th i s  po i n t  o f  v i ew , the 
l ow case wa s d eve l oped from the ave r age s o f  the l owe s t  q u a r t i l e  
respo n s e s  ( ba s ed o n  1 9 9 0  total  U . S .  d emand f o r  pe trol eum produc t s ) 
from the second s urvey . 

In  order to pre s e n t  supply /d emand pro j e c t i on s  wh i ch re pre sent  
both con s e n s u s e s  o f  the  repl i e s  rece ived and  i nt e rnal ly cons i s te n t  
balance s ,  " ad j u s ted ave r ag e "  balances we re d eve l oped f o r  t h e  ar i t h­
me t i c  ave r ag e s  of the f i r s t  and s e cond s urveys and the l ow c a se . 
Th i s  chapter s umma r i ze s  the s ign i f i c an t d a t a  and f i nd i ng s  o f  the  
s urvey resul t s . Al l data are based on the ad j u s ted ave rag e b a l ­
ance s for t h e  f i r s t  and se cond s urvey s ( h igh and me d i um c a s e s ) and 
the l ow c a se . 
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Th e s e  d a t a  we r e  d eve l oped for use  i n  the a n a ly s i s  o f  f u t ure 
U . S .  re f i n e ry capac i ty and proc e s s  hardware r eq u i r emen t s  to 1 9 9 0 ,  
wh ich i s  pr e se n ted i n  Chapter Two . I t  i s  conc lud e d  tha t t h e  three 
d e ta i l ed pro j e c t i on s  d eve l oped from re s po nd e n t s ' i np u t s  to the two 
s urveys b racke t the po te n t i a l  r ange o f  U . S .  e n ergy s upply /d emand 
tha t may be ant i c i pa t ed by 1 9 9 0 .  

I t  mu s t  be empha s i z ed that no one o f  the three pro j e c t ion s i s  
mor e  o r  l e s s  appl i c ab l e  than the o ther two . I t  i s  r e cogn i z e d , h ow­
eve r ,  that the med i um and low c a s e s  are g e n e r a l ly more re f l e c t ive 
and repr e s e n ta t ive o f  the curren t ( s umme r 1 9 8 0 ) range o f  f o r e c a s t s . 

Appe nd i x  E provid e s  a d e t a i l ed e xpl ana t i on o f  t h e  me thodol ogy 
and pro c e d ure s employed to obta i n  and d eve l op t h e s e  pro j e c t i on s . 
Appe nd i x  E a l so conta i n s  the c ompl e te d e ta i l s o f  t h e  ad j u s ted ave r ­
age b a l a n c e s  for a l l  three case s and t h e  tabul a t ion s o f  t h e  h i gh , 
low , a r i thme t i c ave r ag e , and s tandard d ev i a t io n  o f  e ach c e l l  o f  the 
second s urvey . S im i l ar range d a ta on the re s po n s e  ce l l s to t h e  
f i r s t  s urvey we r e  prev i ou s ly p ub l i shed i n  Append i x  H o f  Re f i n e ry 
F l e x ib i l i ty , An I n te r im Report . 

WORLD PE TROLEUM SUPPLY/DEM'AN Dl 

World P e t roleum Consump t ion 

Wo rld pe tro l e um consump t ion i s  pro j e c ted to i nc re a s e  f rom 6 3 . 6 
MMB/D i n  1 9 7 8  to 8 2 . 2 MMB/D i n  1 9 9 0  i n  the h igh c a s e , to 7 6 . 4 MMB/D 
i n  the med i um c as e , and to 7 5 . 5 MMB/D i n  the l ow c a s e  ( s e e  Tabl e  
3 ) . The po l i t i c al and economi c eve n t s  wh i ch began i n  the f a l l  o f  
1 9 7 8  l ed s urvey r e spo nd e n t s  to reduc e the i r  1 9 9 0  wo r l d  pe tro l e um 
consump t ion pro j e c t ion s by almos t 6 MMB/D be twe e n  the h i gh and 
med i um c a se s ,  and the 1 9 9 0  l ow c a s e  pro j e c t i o n  i s  a lmo s t  7 MMB/D 
l owe r than that of the h igh c a s e . 

Although the re s po nd e n t s  were no t a s ked to pro v i d e  e xp l a n a t ion s 
for  the ch ange s i n  the i r  f i r s t  and s e c ond s urvey s ubmi s s i on s , the 
fol l owi ng r e a sons  for the r e d uc t ion i n  pro j e c ted pe trole um cons ump­
t io n  are s ug ge s ted . Th e pr i c e  o f  i n terna t i onal ly t r aded pe trol e um 
has incre a s ed r ap id ly s i n c e  m i d -1 9 7 8  ( world  pr i ce s  i n  1 9 8 0  are a t  
l eve l s  mos t  i n te rn a t ional pe trol e um expe r t s  d id no t e xpe c t  to be 
reached un t i l  1 9 9 0 ) .  In add i t ion , the w i l l i ng ne s s  of O PE C  to i n ­
c re a s e  s u s t a ined pe tro l eum produc t ion s ig n i f i c an tly above 1 9 7 9  pro­
d uc i ng r a te s i s  now be i ng s e r i ou s ly que s t ioned . He nce , the 
i n f l a t ion-ad j u s ted pr i c e s  o f  i n terna t ional ly - t r ad e d  pe tro l e um are 
e xpec t ed to con t i n ue to i n c re a s e , albe i t  a t  l owe r r a t e s  than e xp e ­
r ie nced i n  t h e  r e c e n t  pa s t .  Th e pro j e c ted con t i nu e d  i n c r e a s e  i n  

lThe wor ld pe t rol e um s upply /d ema nd d a t a  r e po r t ed i n  t h e  l ow 
c a se are based on the wo rldw i d e  pro j e c t i o n s  o f  those  r e spond e n ts 
who h ad the lowe s t  to tal U . S .  prod uc t d emand i n  1 9 9 0 .  The s e  r e ­
s po nd e n ts d id n o t  n e c e s sar i ly h ave t h e  l owe s t  wo r l dw i d e  s upply I 
d ema nd pro j e c t ion s . 
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TABLE 3 

Wor l d  P etroleum C onsurnEtion 
( MMB/D ) 

1 982 * 1 985 * 1 99 0 * 
High Medium Low High Medium Low High Medium Low 

1 9 7 2  1 978 C ase C ase C ase Case C ase C ase C ase Case C ase --- ---

OECD 3 7 . 5 4 1 . 4 44. 0 4 1 . 4  4 0 . 7 46. 1 4 2 . 5 4 1 . 3 48. 1 43. 3 4 2 . 2 

u. s. 1 6. 4 1 8. 8 2 0 .  1 1 8. 4  1 7. 8  2 0 . 5 1 8. 8 1 7. 4 2 1 .  2 1 8. 9  1 6. 8  
West Europe 1 4. 1 1 4. 6  1 5. 2 1 4. 6  1 4. 4  1 6. 0  1 4. 8  1 4. 9  1 6. 8  1 5. 3  1 5. 6  
other 7. 0 8. 0 8. 7 8. 4 8. 5 9. 6 8. 9 9. 0 1 0 .  1 9. 1 9. 8 

w 
1-' Non-OECD 7. 3 1 0 .  0 1 1 . 6 1 2 . 0 1 1 . 8 1 3 .  3 1 3 .  1 1 3 . 5 1 5. 9  1 5. 9  1 6. 1 

Subtotal 44. 8 5 1 .  4 5 5 . 6 5 3 . 4 5 2 .  5 59. 4 5 5 . 6 54. 8 64. 0 5 9 . 2 58. 3 

Sino-Soviet 8. 0 1 2 . 2 1 4 . 6 1 3 . 9  1 3 . 9 1 6. 1 1 5 . 4 1 5 . 3 1 8. 2 1 7. 2  1 7. 2 

To tal 5 2 . 8 6 3 . 6 7 0 . 2 67. 3 66. 4 7 5 . 5 7 1 . 0 7 0 .  1 82 . 2  76. 4 7 5 . 5 

Dif ference from High Case 

MMB/D ( 2. 9 )  ( 3 .  8 )  ( 4. 5 )  ( 5 . 4 )  ( 5 . 8 )  ( 6 .  7 )  
% ( 4 . 1 )  ( 5 .  4 )  ( 6 .  0 )  ( 7 .  1 )  ( 7 .  1 )  ( 8 .  1 ) 

*Proj ec ted data derived from the Apr i l  1 979 and December 1 979 N PC  Surveys of u. s .  and World Energy and Oil 
Supply/Demand Fo recast s .  



pe tro l e um pr i c e s  w i l l  a f fe c t  cons um i ng cou n t r i e s  by ( l )  d e c r e a s i ng 
the i r  rate of e conomi c growt h , ( 2 )  acce l e r a t i ng the i r  d eve l opme n t  
o f  pe troleum s ub s t i t u te s ,  a nd ( 3 )  mak i ng c o n s e rva t i on me a s ur e s  mor e  
economi c a l ly a t t r a c t i ve . 

Tabl e 3 a l so s h ows th a t  mos t  o f  the r e d uc t ion i n  g r owth i n  
p e t ro l e um cons ump t ion i s  pro j e c ted t o  occur wi t h i n  t h e  O E C D  coun­
t r ie s ,  curre n t ly the pr i n c ipal cons ume r s  of pe t ro l e um . Wh i l e  total 
world pe t ro l e um c o n s ump t ion is  pro j e cted to i nc r e a s e  be tween 1 9 7 8  
and 1 9 9 0 ,  i n  ab so l u te te rms i n  a l l  three pro j e c t i on s ,  the a n n u a l  
r a te of g rowt h  i s  pro j e c ted t o  d e c l i ne s ig n i f i c a n tly , ave rag i n g  
o n ly 2 . 2  pe rcent  t o  1 9 9 0  i n  t h e  h i gh c a s e  and 1 . 5  and 1 . 4  pe rcen t 
i n  the me d i um and the l ow c a se s ,  r e spe c t ive ly . Th e se pro j e c t ions 
may be compared wi th th e 7 . 6  percent annual g r owth rate e xper i e nced 
f rom 1 9 6 0  t o  1 9 7 2  a nd the 3 .  2 p e r c e n t  e xp e r i e nced f rom 1 9 7 2  t o  
1 9 7 8 . Pro j e c t ed a n n u a l  g r owth rates a l so e xh i b i t  con s i d e r ab l e  
r eg ional var i a t i o n ,  a s  shown i n  Tab l e  4 .  

I n  a l l  three pro j e c t ions , i t  i s  ant i c ipated t h a t  the member 
coun t r i e s  o f  t h e  OECD wi l l  reduce the i r  ave r age annual pe t ro l e um 
con s ump t i on growth r a te i n  the 1 9  7 8 - 1 9  9 0 p e r i od . Th e s e  reduced 
r a t e s  o f  g r owth are a t t r i buted to a c omb i n a t ion o f  pro j e c ted l owe r 
e conom i c  g rowth , i n c re a s i ng e ne rgy pr i c e s , volun tary a nd 
gove r nme n t-manda ted con s e rvat ion me a s ur e s ,  and g r e a t e r  ava i l ab i l i ty 
o f  non-pe t ro l e um ene rgy s uppl i e s . 

Th e non-OECD coun t r i e s , o n  the o ther hand , are pro j e c ted to 
ma i n t a i n  r e l a t i ve ly h i gh annua l growth r a t e s  i n  pe tro l e um cons ump­
t i on , a l t hough a t  somewh a t  l owe r r a t e s  than r e c e n tly e xp e r i enced . 
The se growth rate s appe ar re a l i s t i c  for a t  l e a s t  two rea son s : ( 1 )  
the i r  capac i ty for e conom i c  g rowth i s  s ig n i f i c antly h ig h e r  than 
that of OECD c o un t r i e s  a nd , th u s ,  the i r  rate o f  pe t ro l e um con s ump­
t i on wi l l  also be g r e a te r ; and ( 2 ) those non-OECD coun t r i e s  s e l f ­
s u f f i c i e n t  i n  pe t ro l e um ( e . g . , OPEC countr i e s  and Me x i co ) w i l l  h ave 
p r i or i ty a c c e s s  to l owe r cos t pe t ro l e um s uppl i e s .  Ac cord i ng to the 
s urvey pro j e c t i on s , the S i n o-So v i e t  c o un t r i e s  ( US S R ,  Ea s t  Europe , 
and Ch i na ) w i l l  a l s o  ma i n t a i n  re l a t ive ly h ig h e r  r a t e s o f  g rowt h  i n  
pe t ro l e um cons umpt ion than w i l l  t h e  OECD coun t r i e s . 

Und e r s tandab ly , b e c a u s e  o f  d i f f e re n c e s  1 n  i n d i v idual  re spon­
d en t s ' a s s e s sme n t s  o f  e conom i c  growth , e n e rgy pr i ce s ,  and 
pe t ro l e um/ene rgy ava i l ab i l i ty ,  there i s  cons i d e rabl e var i a t i on i n  
p ro j e c ted wo rld pe t ro l e um cons ump t ion l eve l s  i n  the r e s po n s e s  to 
the two s urvey s . As shown in Table  5 ,  th e va r i a t ion in the range 
( h igh to low ) i nc re a s e s  ove r t ime , and the mag n i t ud e  o f  the va r i ­
ance i n  range and the coe f f i c i e n t s  o f  var i a t i on are almo s t  twi c e  a s  
l arge i n  1 9 9 0  a s  i n  1 9 8 2 .  S i g n i f i can tly , t h e  d e g r e e  o f  va r i a t ion 
be twe e n  the f i r s t  and second s urveys for the ye a r s  1 9 8 2 ,  1 9 8 5 ,  and 
1 9 9 0  is qu i te s im i l a r . Reg i ona l ly , the d e g r e e  of var i a t ion d i f f e rs 
wid e ly . Where the coe f f i c i e n t s  o f  var i a t ion are r e l a t i ve ly h i gh e r  
there i s  l i ke ly t o  b e  g re a t e r  unce rta i n ty a s  to f u t u r e  con s ump t i on 
l e ve l s . 
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OECD 

u . s .  
West Europe 
Other 

Non-OECD 

Subtotal 

Sino-Soviet 

Total 

OECD 

u . s .  
West Europe 
Other 

Non-OECD 

Subtotal 

Sino-Soviet 

Total 

TABLE 4 

Annual Growth in World Petroleum Consumption* 

( Percent ) 

Actual 1 978- 1 982 
1960/ 1 9 72/ High Medium Low H i gh 

1 972 1 978 Case Case Case Case 

7 . 5 1 .  7 1 .  5 0 ( 0 .  4 )  1 . 6 

4 . 4  2 . 3  1 . 7  ( 0 .  5 )  ( 1 .  4 )  0 . 7  
1 1 . 3 0 . 6  1 . 0  0 ( 0 .  3 )  1 . 7 
1 1 . 6 2 . 3  2 .  1 1 . 2 1 . 5 3 . 3  

7 . 5 5 . 4  3 . 8  4 . 7  4 .  1 4 . 7  

7 . 5  2 . 3  2 . 0  1 . 0  0 . 5  2 . 2  

7 . 8  7 . 3  4 . 6  3 . 3  3 . 3  3 . 3  

7 . 6  3 . 2  2 . 5  1 . 4 1 . 1  2 . 5  

1 985- 1 990 
Hi gh Medium Low High 
Case Case Case Case 

0 . 9 0 . 4 0 . 4 1 . 3 

0 . 7  0 .  1 ( 0 .  7 )  1 . 0 
1 . 0 0 . 7  0 . 9 1 . 2  
1 . 0 0 . 4 1 . 7 2 . 0  

3 . 6  4 . 0  3 . 6 3 . 9  

1 .  5 1 . 3 1 . 2 1 . 8 

2 . 5  2 . 2  2 . 4  3 . 4  

1 . 7 1 . 5 1 . 5 2 . 2  

1 982- 1 985 
Medium Low 

Case Case 

0 . 9 0 . 5  

0 . 7 ( 0 . 8 )  
0 . 5  1 • 1 
1 . 9 1 . 9 

3 . 0  4 . 6  

1 . 4 1 . 4 

3 . 5  3 . 3  

1 . 8 1 . 8 

1 978- 1 990 
Medium Low 

Case Case 

0 . 4  0 . 2  

0 ( 0 .  7 )  
0 . 4  0 . 6  
1 . 1  1 . 7 

3 . 9  4 . 0 

1 . 2 1 . 1  

2 . 9 2 . 9 

1 .  5 1 .  4 

* Pro j ected data derived from the Apr i l  1979 and D e c embe r  1979 NPC Surveys o f  

U . S .  and Wor l d  Energy and O i l  Supply/Demand Forecas t s . 
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u . s .  
West Europe 
Japan 
Other OECD 
Non-OECD 

Subtotal 

USSR 
East Europe 
China 

Subtotal 

Total 

u . s .  
West Europe 
Japan 
Other OECD 
Non-OECD 

Subtotal 

USSR 
East Europe 
China 

Subtotal 

Total 

TABLE 5 

Ranges and Coefficients of Variation in NPC Surveys of 
World Petroleum Consumption Forecasts* 

First NPC Surve:i: ( Hi9:h Cas e )  
1 982 1 985  1 99 0  

Actual Range Range Range 
1 978 ( MMB/D ) c .  v .  t ( MMB/D ) c .  v .  t ( MMB/D ) ---

1 8 . 8  1 7 .  3-2 0 .  9 4 . 8  1 7 . 3-2 1 . 8  5 .  1 1 7 . 1 -2 3 . 0  
1 4 . 6  1 4 . 1 - 1 6 . 4  3 . 7  1 4 . 2- 1 7 . 6  5 .  1 1 4 . 3- 1 9 . 7  
5 . 4  5 . 4- 6 . 7  6 . 4  5 . 6- 8 . 6  1 0 . 0  5 . 5- 9 . 4  
2 . 6  2 . 6- 3 . 3  6 . 7  2 . 7 - 6 . 9  3 1 . 0  2 . 4- 8 . 4  

1 0 . 0  9 . 7 - 1 4 . 1 9 . 7  1 0 . 3- 1 6 . 3  1 1 . 8  1 1 . 4 - 1 9 . 8  

5 1 . 4 5 2 . 6-5 9 . 4  3 . 5  5 5 . 2-64 . 6  4 . 6  5 5 . 7-7 2 . 1 

8 . 4  9 . 1 - 1 0 . 1 3 . 5  9 . 6- 1 1 . 7  6 . 3 1 0 . 1 - 1 3 . 8  
2 .  1 2 . 3- 3 . 1 9 . 3  2 . 4- 3 . 4  1 0 . 7  2 . 6- 3 . 9  
1 . 7 1 . 9- 2 . 8  1 0 . 5  2 . 2- 3 . 8  1 5 . 8  2 . 8- 5 . 3  

1 2 . 2  1 3 . 4- 1 5 . 4  4 . 0  1 4 . 3- 1 8 . 1 6 . 5 1 5 . 5 -2 1 . 2  

63 . 6  66 . 4-73 . 3  3 . 0  6 9 . 9-79 . 9  4 . 3  7 4 . 9-89 . 1 

Second NPC Survey ( Medium Cas e )  
1 982 1 985  1 990 

Range Range Range 
( MMB/D ) c .  v .  t ( MMB/D ) c .  v .  t ( MMB/D ) 

1 7 . 4- 1 9 . 6  3 . 3  1 6 . 6-20 . 2  5 .  1 1 5 . 9-20 . 4  
1 4 . 1 - 1 6 . 1  3 . 6  1 3 . 3- 1 7 . 4  5 . 7  1 2 . 9 - 1 8 . 9  
5 . 3- 6 . 5  6 . 5  5 . 2- 7 . 5  9 . 4  4 . 8- 8 . 2  
2 . 3- 2 . 9  7 . 1 2 . 5- 3 .  1 7 . 4  2 . 4- 3 . 5  

1 1 . 0- 1 4 . 1 8 . 3  1 1 . 4- 1 6 . 0 9 . 9  1 4 . 3- 1 8 . 5 

5 1 . 3-5 7 . 7  3 . 2  5 1 . 6-62 . 8  4 . 5  52 . 4-6 8 . 1 

8 . 9- 9 . 5  2 . 4  9 . 4- 1 0 . 5  4 . 0  9 . 4- 1 1 . 8 
2 . 3- 2 . 8  7 . 2  2 . 1 - 3 . 0  1 0 . 5  2 . 0 - 3 . 4  
2 . 0- 2 . 7  9 . 4  2 . 4- 3 . 5  1 1 . 7  3 .  1 - 4 . 7  

1 2 . 0 - 1 4 . 6  5 . 9  1 2 . 7 - 1 6 . 7  6 . 7  1 3 . 0 - 1 9 . 3 

64 . 0-72 . 3  3 . 4  66 . 7-79 . 2  4 . 6  7 1 . 0-8 7 . 1 

c . v . t ---

7 . 3  
8 . 4  

1 3 . 6  
39 . 5  
1 5 . 2  

7 . 0  

1 0 . 3  
1 4 . 3  
2 2 . 2  

9 . 7  

6 .  1 

c . v . t 

7 . 3  
8 . 6  

1 2 . 4  
1 2 . 9  
9 . 0  

6 .  1 

8 .  1 
1 5 . 7  
1 2 . 7  

1 1 .  2 

6 .  1 

*Proj ected data derived from the Apri l  19 79 and December 19 79 NPC Surveys of 
U . S .  and World Energy and Oil Supply/Demand Forecasts . Components do not add to 
totals because some respondents did not provide figures for all components . 

tcoefficient of variation ( s tandard deviation as a percentage of the mean) . 
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World Pe t ro l eum L iqu i d s  ( C rude O i l  and Natural  Gas L iq u i d s ) S upp ly 

Th e geopo l i t i c a l  d i s t r ibu t ion o f  t he pro j e c te d  f u t ur e  g lobal 
pe tro l e um l iq u ids prod uc t ion is shown in Tabl e 6 .  The fo l l owi ng 
d i scu s s ion focu s e s  upo n the reasonab l e n e s s  o f  the  pro j e c ted pe t ro­
l e um l i qu ids s uppl i e s  o f  the Free Wor l d  from a techn i c a l  po i n t  of 
v i ew . ( No te : t he S i no-Sov i e t  g roup of c oun t r i e s  i s  r ev i ewe d s ep­
ara t e ly . ) 

The prod uc t ion pro f i l e  d eve loped f rom the r e s pon s e s  to the two 
s upply /d ema nd s urvey s impl i e s  a cumu l a t ive wo r l d  produc t io n  r e ­
qu i r emen t  o f  2 4 0  to 2 6 0  b i l l ion barre l s  be twe e n  1 9 7 9  and 1 9 9 0 , or a 
d r awd own o f  4 9  to 5 2  p e r c e n t  of cur r e n t  proved r e s e rve s . I f  the 
recent rate o f  annual rese rve add i t i on s  ( ave r ag i ng 14 b i l l io n  bar­
rels per ye ar dur ing the 1 9 7 2- 1 9 7 8  pe r iod ) c a n  b e  ma i n ta ined , how­
eve r , the d r awd own in proved c r ude o i l  re s e rve s would be l e s s  than 
20  pe r c e n t  by 1 9 9 0 . 

Al t hough the wo r l d  s upply o f  c rud e o i l  s e ems to b e  ad equ a te , 
po ten t i al t rouble s po t s  appe ar when s upply d a ta are e x amined on a 
reg i onal bas i s .  Tab l e  7 d i spl ay s , by reg io n , proved re serve s  a s  o f  
January 1 ,  1 9 7 9 ,  cumul a t ive prod uc t io n  pro j e c ted by t h e  s urveys 
b e twe e n  1 9 7 9  and 1 9 9 0 ,  t he pe rcentage o f  c u r r e n t  prove d r e s e rve s o f  
c r ude o i l  prod uced d ur i ng the for e c a s t  per i od , annual  c rud e o i l 
proved re serve add i t i on s  req u i red for e i th e r  t e ch n i c a l  reasons  or 
to ke ep the re se rve d r awd own to po l i t i c a l ly acceptable l eve l s , a nd 
annual c rud e o i l re se rve add i t ions ach i eved dur i n g  the 1 9 7  2 - 1 9 7 8  
per iod . 

For the  M idd l e  Ea s t  and Mex i c o , and pos s i b ly Afr i c a ,  i t  i s  
re asonable to a s s ume t h a t  the phys i c al produc i ng c apab i l i ty e i ther 
alre ady e x i s t s  or c an be d eve l oped to prod uce at the pro j e c ted 
r at e s  impl ied by t he s urvey s . Fo r the o ther r eg i o n s , s ig n i f i c an t  
improveme n t s  i n  the rate o f  n ew re se rve add i t ion s w i l l  b e  requ i r ed 
i f  the pro j e c ted produc t i on i s  to ma te r ia l i ze . Th e Un i ted S t a t e s  
in par t i cular i s  i n  a precar ious pos i t ion . Un l e s s  the  r a t e  o f  n ew 
r e s e rve add i t ions improve s s ub s t an t i a l ly ,  t he produc t io n  l ev e l s  
impl ied by t h e  s urveys canno t be real i zed . As to the o th e r  OECD 
c oun t r ie s ,  the requ i red f u t ur e  new r e s e rve ad d i t i o n s  may b e  d i f f i ­
c u l t  to ach i eve ; for e x ampl e , a sharp d rop i n  n ew f ie ld d i scove r i e s  
i n  the No rth Se a h a s  recen tly been e xpe r i e nced . 

The produc t ion l eve l s  pro j e c ted for the M i d d l e  E a s t  and Af r i c a  
are no t wi thou t r i s k  a s  we l l . The f ut ure prod uc i ng r a te s o f  the se 
reg ion s , wh i l e  not g e n e r a l ly r e s t r i c t ed by phys i c al resource l im­
i t s , w i l l  be governed l a rge ly by i n te r n a l  econom i c  and pol i t i c a l  
c o n s i d e r a t ions and d e c  i s  ion s . Al thoug h i n  tern  a t  ional pr e s s ur e  to 
i ncrease prod uc t ion r a t e s  to the l eve l c l o s e  to the max imum t e c h ­
n ic a l ly s u s t a inable i s  e xpe c ted to con t i nue , t h e  s ta ted goal  o f  
almo s t  eve ry o n e  o f  the se countr ies i s  to l im i t pe t r o l e um e xpor t s  
t o  vo lume s cons i s t e n t  and compa t i bl e  wi th d ome s t i c reve nue needs . 
Th u s , the d e s i r e  o f  s ome o f  the maj or c r ud e  o i l e xpor t i ng countr i e s  
t o  l im i t ,  i f  n o t  r ed uc e , f u ture produc t io n  and e xpo r t  l eve l s  con­
fl i c t s  wi th the pro j e c ted prod uc t ion rates requ i red to me e t  f u t ure 
consump t ion d emand s , wh i c h  are incre a s i ng ove r t ime . 
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OECD 

u . s . §  
Canada 
West Europe 
Other 

OPEC 

Venezuela 
Indonesia 
Algeria 
Libya 
Nigeria 
Iran 
Kuwait 
Saudi Arabia 
Iraq 
United Arab 

Emirates 
Other 

Non-OPEC 

Mexico 
Other 

Subtotal 

Sino-Soviet 

Total 

Actual 
1 97 2  1 978 

1 4 . 2  

1 1 . 6 
1 . 8 
0 . 4  
0 . 4  

2 7 . 4  

3 . 3  
1 .  1 
1 .  1 
2 . 2  
1 . 8 
5 . 0  
3 . 1 
5 . 8  
1 .  5 

1 . 2  
1 . 3 

3 . 4  

0 . 6  
2 . 8  

45 . 0  

9 . 0  

54 . 0  

1 4 . 7  

1 0 . 8  
1 . 6 
1 .  8 
0 . 5  

3 0 . 1 

2 . 2  
1 . 6 
1 . 2  
2 . 0  
1 . 9 
5 . 2  
1 . 9 
8 . 3  
2 . 6  

1 . 8 
1 .  4 

4 . 7  

1 .  3 
3 . 4  

49 . 5  

1 4 . 0 

63 . 5  

TABLE 6 

World P etroleum Liquids* Productiont 
( MMB/D ) 

High 
Case 

1 6 . 6  

1 0 . 5  
1 .  7 
3 . 8  
0 . 6  

33. 1 

2 . 3  
1 . 7 
1 .  4 
2 . 3  
2 . 3  
4 . 3  
2 .  1 
9 . 6  
3. 5 

2 .  1 
1 .  5 

7 . 0  

2 . 6  
4 . 4  

56 . 7  

1 5 . 6  

7 2 . 3  

1 98 2  
Medium 

Case 

1 5 . 9  

1 0 . 3  
1 . 7 
3 . 3  
0 . 6 

30 . 2  

2 . 3  
1 . 7 
1 .  2 
2 . 1 
2 . 2  
3 . 2  
1 . 9 
9 .  1 
3 .  1 

2 . 0  
1 . 4 

6 . 8  

2 . 6  
4 . 2  

5 2 . 9  

1 4 . 8  

67 . 7  

Low 
Case 

1 5 . 5  

1 0 . 1 
1 . 7 
3 . 1 
0 . 6  

2 9 . 3  

2 . 2  
1 . 6 
1 .  3 
2 .  1 
2 . 2  
3 .  1 
1 .  7 
8 . 7  
3 .  1 

1 . 9 
1 . 4 

7 .  1 

2 . 6  
4 . 5  

5 1 . 9 

1 4 . 5  

6 6 . 4 

High 
Case 

1 6 . 9  

1 0 . 3 
1 . 8 
4 . 2  
0 . 6  

3 5 .  1 

2 . 3  
1 .  7 
1 . 3 
2 . 3  
2 . 3  
4 . 6  
2 . 2  

1 0 . 5  
4 . 0  

2 . 4  
1 .  5 

8 . 0 

3 .  1 
4 . 9  

60 . 0  

1 6 . 6  

76 . 6  

1 985 
Medium 

Case 

1 6 . 0  

1 0 .  1 
1 . 6 
3 . 8  
0 . 5  

30 . 8  

2 . 2  
1 . 7 
1 .  1 
2 . 1 
2 . 2  
3 . 3  
1 . 9 
9 . 4  
3 . 5  

2 . 0  
1 .  4 

8. 0 

3 .  1 
4 . 9  

5 4 . 8 

1 5 . 6  

7 0 . 4  

*Crude oil and natural gas liquids . 

Low 
Case 

1 5 . 9  

9 . 8  
1 . 7 
3 . 8  
0 . 6  

30 . 4  

2 . 2  
1 . 7  
1 . 3 
2 . 1  
2 . 2  
3 . 3  
1 .  8 
8 . 9  
3 . 5  

2 . 0  
1 .  4 

8 . 5  

3 . 3  
5 . 2  

54 . 8  

1 5 . 5  

7 0 . 3  

High 
Case 

1 7 . 4  

1 0 . 3  
1 . 8 
4 . 6  
0 . 7  

36 . 7  

2 . 3  
1 . 6 
1 .  3 
2 . 2  
2 . 2  
4 . 6  
2 . 3  

1 1 . 7 
4 . 4  

2 . 6  
1 .  5 

9 . 7  

4 . 2  
5 . 5  

63 . 8  

1 8 . 5 

82 . 3  

1 99 0  
Medium 

Case 

1 6 . 8  

9 . 9  
1 . 8 
4 . 5  
0 . 6  

32 . 5  

2 . 2  
1 .  6 
1 • 1 
2 . 2  
2 . 2  
3 . 6  
2 .  1 

1 0 . 2  
3 . 8  

2 . 2  
1 . 3 

1 0 .  1 

4 . 2  
5 . 9  

59 . 4  

1 7 . 3  

76. 7 

tProj ected data derived from the April 1 9 79 and December 1 9 79 NPC Surveys of u . s .  and World Energy and Oil 
Supply/Demand Forecast s .  

§ Includes 0 . 5  MMB/D processing gain. 

Low 
Case 

1 5 . 4  

9 . 0  
1 .  7 
4 . 0  
0 . 7  

3 1 . 9  

2 . 2  
1 .  6 
1 .  3 
2 . 0  
2 . 2  
3 . 4  
1 .  9 
9 . 9  
3 . 9  

2 .  1 
1 . 4 

1 0 . 4  

4 .  1 
6 . 3  

5 7 . 7 

1 7 . 7  

7 5 . 4  
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TABLE 7 

Required Annual Crude Oil Reserve Additions -- 1 979- 1 99 0 *  
( Billions o f  Barrels ) 

Other 
United Other Latin 
States OECD Mexico America Africa 

Proved Reserves as of 1 / 1 /7 9 t  2 7 . 8 24 . 7  28 . 4  26 . 3  56 . 3  

Cumulative Production ( 1 979- 1 990 ) 

High Case 37 27 1 3  1 8  3 3  
Medium Case 3 6  2 5  1 3  1 8  3 2  

Percentage of Current Reserves 
Produced by 1 990 

High Ca se 1 32 1 1 0 46 70 58 
Medium Case 1 29 1 0 1 46 70 5 7  

Required Annual Reserve Additions 

High Case 2 . 7  2 . 4  1 .  3 1 . 6 1 . 3 
Medium Case 2 . 6  2 . 2  1 . 3 1 . 6 1 . 2 

Average Annual Reserve 
Additions ( 1 972- 1 97 8 ) § 1 . 7 2 .  1 3 . 9  1 .  2 2 . 6  

*Proj ected data derived from the April 1 979 and December 1 979  NPC Surveys of u . s .  
and Oil Supply/Demand Forecast s .  

tWorld Oil ,  August 1 5 ,  1 97 9 .  
§Based on World O i l  reserve est imate s .  

Middle 
East Asia 

3 1 1 . 3  1 3 . 6  

1 1 5 1 3  
1 0 2  1 3  

3 7  93 
33 93 

5 . 8  1 . 1  
4 . 6  1 . 1  

1 . 8 0 . 6  

and World Energy 



As shown i n  Tab l e  8 ,  both s upply/d emand s ur ve y s  i nd i c a t e  t h a t  
the S i no-Sov i e t  coun t r i e s  w i l l  con t i nue a s  a g roup to be n e t  c rud e 
o i l  e xpo r t e r s , a l t hough a t  d e c l i n ing r a te s . Howe ve r ,  and pe rhaps 
more s ign i f i c an t ly , both s urveys pro j e c t  that the USS R  a nd Ea s t  
European coun t r i e s  wi l l  become n e t  impo r ters  o f  c ru d e  o i l  some t ime 
be twe e n  1 9 8 5  and 1 9 9 0 .  I t  mus t  be emphas i ze d  that w i d e l y  d i ve rg e n t  
v i ews e x i s t  among We s te r n  p e t roleum e xpe r t s  a s  t o  f u ture S i no­
Sovi e t pe tro l e um s upply a nd d eve l opme n t .  Some pre d i c t  that the 
USSR a nd Ea s t  Eu ropean c ou n t r i e s  wi l l  be ne t c rud e o i l  e xpo r te rs 
through the 1 9 8 0 ' s  and i n to the e ar ly 1 9 9 0 ' s , wh i l e  o th e r s  be l i e ve 
t h a t  they w i l l  be come n e t  impo r t e rs a s  e a r ly a s  1 9 8 2 .  Th e s i ng l e  
mos t  depe nd e n t  var i ab l e  i n  t h e  S i no-So v i e t  b a l a nc e  i s  the f u t ur e  
r a t e  o f  USSR c rud e o i l d eve l opme n t  and produc t io n ,  a l though the 
f u t ur e  rate of c r ud e  o i l  d eve l opme n t  and produc t i on i n  Ch i n a  i s  
a l so a f a c tor . 

The range o f  d a t a  r e c e ived i n  both s upply /d ema nd s ur ve y s  o n  
f u t ure g lobal pe t ro l e um l iq u i d s  s uppl i e s  i s  s umma r i zed i n  Tab l e  9 .  
Th e range o f  total  s upply d a t a  c los e ly ma t c h e s  t h a t  obse rve d i n  
to t a l  wor ld pe t ro l e um consump t ion . The range i n  s upply c ompone n t  
d a t a , al though a f fe c ted by ove r a l l  va r i a t ion t o  s ome e x te n t ,  i s  
be l i eved to re f l e c t  d i f fe r e n t  a s s e s sme n t s  o f  f u t ure c rud e o i l  d i s ­
cove ry and deve lopme n t  rate s and economi c/po l i t i ca l  d e c i s i o n s  r e l a ­
t ive to pro d uc t ion rate s . 

U . S .  ENERGY CONSUM PT I ON 

F ig ur e  1 4  a nd Tab l e  1 0  p r e s e n t  the u . s .  e ne rgy c o n s ump t i on 
re s ul t i ng f r om the f i r s t  and s e cond s upply/d emand s urvey s . 
Gro s s  Na t ional Produc t ( GN P ) a s s ump t ions  und e r ly i ng the e n e rgy 
j e c t ions are a l so shown . 

d a ta 
Re a l  
pro-

Dur i ng the 1 9 7 8 - 1 9 9 0  per i od , u . s .  ene rgy cons umpt ion i s  e x ­
pected t o  e xpe r i ence  a 2 .  3 p e r c e n t  annual r a te o f  g rowt h  i n  the 
h i gh ca s e , a 1 . 5  pe r c e n t  rate i n  the med i um c a s e , and a 1 . 0  pe rcen t 
rate i n  the low c a s e . Comparable r e a l  GNP g rowt h  for the t h r e e  
c a s e s  i s  3 . 2 , 2 . 6 ,  and 2 . 3  pe rcent  pe r ye a r ,  re spe c t i ve ly . 

Also sh own i n  F i g ure 1 4  i s  the to t a l  e n e rgy consump t ion pe r 
d o l l a r  of real GNP . I n  the long t e rm ,  the d e c l i n e  rate s a r e  s imi ­
lar i n  the three pro j e c t i on s .  In  the h i gh c a s e ,  the 1 9 7 8  t o  1 9 9 0  
d e c l i ne wa s 0 . 9  p e r c e n t  pe r ye ar ; i n  the med i um c a s e , th i s  r a t e  was 
increased t o  1 . 1  pe r c e n t  pe r yea r ; and i n  the l ow c a s e ,  it bec ame 
1 . 2  p e r c e n t  pe r ye ar . Th e three c a s e s  pro j e c t  the ene rgy/e conom i c  
a c t ivi t i e s  shown i n  Tab l e  1 1 .  

u . s .  ene rgy consumpt ion for the three c a s e s  i s  c ompared by type 
of e n e rgy i n  F i g ur e  1 5 .  In a l l  three c a se s , o i l  a nd ga s c omb i ned 
cons t i tu t e  a d e c l i n i ng share of the pro j e c t e d  t o t a l  U . S .  ene rgy 
consump t i on .  I n  1 9 7 8 ,  o i l  and g a s  comp r i sed 7 4  p e r c e n t  o f  the 
to tal e n e rgy cons umed . In  the h i gh ca s e , that p e r c e n tage d ec l i n ed 
to 6 2  p e r c e n t  by 19 9 0 ; i n  the med i um ca s e , the 1 9 9 0  share wa s o n ly 
6 1  percen t ;  and i n  the l ow case i t  wa s 6 0  pe rcen t .  The c omb i ne d  

3 8  



TABLE 8 

Sino-Soviet Petroleum SuEEly/Demand -- 1 978- 1 99 0 *  
(MMB/D - - Average Al l Respondents )  

1 982 1 985  1 990  
Actual High Medium Low High Medium Low High Medium Low 

1 978 Case Case Case Case Case Case Case Case Case 

USSR 
Production 1 1 . 7 1 2 . 4  1 1 . 7 1 2 . 0  1 2 . 7  1 2 .  1 1 2 . 3  1 3 . 6  1 2 . 6  1 3 . 0  
Demand 8 . 4  9 . 5  9 . 2  8 . 9  1 0 . 2  9 . 9  9 . 7  1 1 . 2 1 0 . 5  1 0 . 4  

-- --

Net Exports ( Imports )  3 . 3  2 . 9  2 . 5  3 .  1 2 . 5  2 . 2  2 . 6  2 . 4  2 .  1 2 . 6 

East  Europe 
Production 0 . 4  0 . 4  0 . 4  0 . 4 0 . 4  0 . 4  0 . 4 0 . 4  0 . 4  0 . 4  

w 
\.0 Demand 2 .  1 2 . 6  2 . 4  2 . 7  2 . 9  2 . 5  2 . 4  3 . 2  2 . 8  2 . 7  

--- --- -- --- --- --- ---

Net Exports ( Imports )  ( 1 .  7 )  ( 2 .  2 )  ( 2 .  0 )  ( 2 . 3 )  ( 2 . 5 )  ( 2 .  1 ) ( 2 . 0 )  ( 2 . 8 )  ( 2 . 4 )  ( 2 .  3 )  

USSR/East Europe 
Net Exports ( Imports )  1 . 6 0 . 7  0 . 5  o . 8  0 0 .  1 0 . 6 ( 0 . 4 )  ( 0 .  3 )  0 . 3  

China 
Production 1 . 9 2 . 8  2 . 7  2 .  1 3 . 5  3 . 2  2 . 8  4 . 5  4 . 3  4 . 3  
Demand 1 . 7 2 . 5  2 . 3  2 . 3  3 . 0  3 . 0  3 . 2  3 . 8  3 . 8  4 .  1 

--

Net Exports ( Imports )  0 . 2  0 . 3  0 . 4  ( 0 . 2 )  0 . 5  0 . 2  ( 0 .  4 )  0 . 7  0 . 5  0 . 2  

Sino-Soviet 
Net Exports ( Imports ) 1 . 8 1 . 0 0 . 9 0 . 6  0 . 5  0 . 3  0 . 2  0 . 3  0 . 2  0 . 5  

*Projected data derived from the Apri l  1 9 79 and December 1 979 NPC Surveys of u . s .  and World 
Energy and Oi l Supply/Demand Forecast s .  



TABLE 9 

Ranges and Coe f f i c i ents of Variation in NPC Surveys of 

World Petroleum Supply Forecasts* 

First NPC Survey { High Cas e } Second NPC Survey { Medium Case } 

OECD 

u . s . §  
Canada 

Wes t  Europe 

Other 

OPEC 

Venezuela 

I ndonesia 

Algeria 

Libya 

Nigeria 

Iran 

Kuwait 

Saudi Arabia 

Iraq 

United Arab 

Emi rates 

Other 

Non-OPEC 

Mexico 

Other 

S i no-Soviet 

Total 

Actual 

1 97a 

1 4 . 7  

1 0 . a  

1 . 6 

1 . a 

0 . 5  

2 . 2  

1 . 6 

1 . 2  

2 . 0  

1 . 9  

5 . 2  

1 . 9 

a . 3  

2 . 6  

1 . a 

1 . 4  

4 . 7  

1 . 3 

3 . 4  

1 4 . 0  

63 . 5 

1 9a2 

Range 

{ MMB/D } 

1 4 . 9 - 1 a . 4  

1 0 . 0 - 1 1 . 4 

1 . 5 - 2 . 1 

3 . 2 - 4 . 2  

0 . 4 - 1 . 1  

3 1 . 2 - 3 a . a  

2 . 2- 2 . 4  

1 . 4- 2 . 0  

1 . 0 - 1 . 9 

2 . 0 - 2 . 7  

1 . a- 2 .  7 

3 . 3- 6 . 6  

1 . 9- 2 .  7 

a . 9 - 1 2 . a  

2 . a- 4 . 1 

1 . 9- 2 . 4  

1 .  1 - 2 .  0 

5 . a- 9 . 2  

2 . 2- 3 . 3  

3 . 2- 5 . 4  

1 5 . 0 - 1 6 . 3  

67 . 7 - a 1 . 3  

c . v . t 

5 .  1 

4 . 4  

a . 2  

a . 6  

2a . 6  

6 . a  

3 . 2  

9 . 6  

2 0 . 3  

7 . 9  

9 . a  

1 9 . a  

9 . 0  

1 1 .  1 

1 0 . 4  

7 . a  

NA 

1 2 . 3  

1 3 . 5  

NA 

3 . 0  

5 . 6  

1 9a 5  

Range 

{ MMB/D } 

1 5 .  1 - 1 a . 9  

9 . 3 - 1 1 . a 

1 . 5 - 2 . 1 

3 . 5- 5 . 1 

0 . 4 - 1 . 0 

3 1 . 6 -4 1 . 2  

1 . 9 - 2 . 6  

1 . 4- 2 .  3 

0 . 9- 2 . 1 

2 . 0 - 2 . 6  

1 . 6- 2 . 6 

3 . 6 - 6 . a  

1 . a - 2 . 9  

7 . 6 - 1 4 . 3  

3 . 2- 4 . 7  

1 . 9 - 3 . 2  

1 . 1 - 2 . 3  

6 . 6- 9 . 9  

2 . 5 - 4 . 2  

3 . 2 - 6 . 3  

1 4 . 6 - 1 a . 2  

7 1 . 4 - a 3 . 5  

c . v . t 

5 . a  

7 . 2  

1 0 .  1 

9 . a  

29 . 0  

a . 3  

6 . 1 

1 3 . 6 

2 5 . a  

a . 4  

1 0 . 4 

1 9 . 0  

1 1 . 3 

1 5 . a  

1 0 . a  

1 3 . 7  

NA 

1 0 . 4  

1 4 . 5  

NA 

6 . 1 

5 . 1 

1 990 

Range 

{ MMB/D } 

1 6 . 0 - 1 9 . 9  

a . 1 - 1 2 . a  

1 . 6- 2 . 3  

3 . a- 5 . 7  

0 . 4 - 1 . 5 

3 1 . 3-44 . 2  

1 . a- 2 . 5  

0 . 9- 2 . 2  

0 . 7 - 2 . 3  

1 . 5 - 2 . 7  

1 . 4- 2 . 9 

3 . 7 - 6 . 0  

2 . 0 - 2 . 9  

7 . a - 1 5 . 5  

3 . 5 - 5 . 1 

1 . a- 3 . 7  

o . a- 2 . 2  

7 . 6 - 1 2 . 4  

3 . 5- 6 . 4  

3 . 1 - a . 4  

1 5 . 0 - 2 2 . 0  

7 4 . a -90 . 7  

c . v . t  

6 . a  

1 1 . 3 

1 2 . 3  

1 1 . 0 

4 3 . 0  

1 0 . a 

9 . 2  

2 0 .  1 

29 . 5  

1 4 . 5  

1 4 . 6  

1 5 . 6  

1 1 . 9 

1 9 . 3  

1 1 . 7 

1 9 . 4  

NA 

1 2 . 7  

1 7 . 4  

NA 

9 . a  

1 9a2 1 9a5 

Range 

{ MMB/D } 

1 4 . 6 - 1 6 . 7  

1 0 . 0 - 1 1 . 0  

1 . 5 - 1 . 9 

2 .  3- 4 . 1 

o . 4 - o . a  

2 a . 0 - 3 4 . 1 

2 . 0 - 2 . 7  

1 . 6- 1 . 9  

1 . 0 - 1 . 5 

1 . a - 2 . 6  

2 . 0 - 2 . 6 

2 . 2- 4 . a  

1 . 6- 2 . 5  

a . 5 - 1 o . o  

2 . 7 - 4 . 0  

1 .  7 - 2 . 5  

1 . 2- 1 . 6 

5 . a - a . 6  

2 . 2- 3 . 3  

3 . 1 - 5 . 6  

1 3 . 6 - 1 6 . 0  

6 4 . a - 7 3 . 5  

c . v . t  

3 . 7  

3 . 0  

6 . 6  

1 3 . 7  

2 0 . 3  

5 . 9  

7 . 5  

6 . 6  

1 2 . 0  

1 1 . 2 

a .  1 

1 9 . 4  

1 3 . 6  

5 . 3  

1 0 . a  

1 1 . 6  

NA 

1 0 . a  

1 1 . 3  

NA 

5 . 6  

3 . 4  

Range 

{ MMB/D } 

1 4 . 2 - 1 a . 5  

a .  1 - 1 1 . 0 

1 . 4- 2 . 0  

3 . 3- 5 . 0  

0 .  2- 1 .  0 

2 7 . 2 - 3 7 . 6  

L a - 2 .  7 

1 .  5- 2 .  0 

0 . 9- 1 . 5 

1 . 9- 2 . a  

1 . 9- 2 .  7 

2 . 2- 5 . 3  

1 . 6- 2 . 5  

a . 1 - 1 1 . 6  

3 . 2- 4 . 7  

1 . 6- 3 . 2  

0 .  9- 1 .  a 

6 . 6 - 1 0 . 0  

2 . 6- 3 . 9  

3 . 1 - 6 . 6  

1 4 . 4 - 1 7 . 6  

5 a . 2-79 . 9  

c . v . t  

6 . 0  

5 . 6  

1 0 . 6  

1 0 . 7  

3 1 . a 

7 . 2  

1 0 . 0  

7 . 5  

1 4 . a  

1 2 . 6  

a . 2  

2 1 . 4  

1 3 . 7  

1 0 . 4  

1 0 . 9  

1 a . 3  

NA 

9 . 2  

1 1 . 5 

NA 

6 . 5  

6 . 7  

1 99 0  

Range 

{ MMB/D } 

1 3 . 2 - 1 9 . 0  

7 . 1 - 1 1 . a 

1 . 3 - 2 . 3  

3 . 3- 5 . 3  

0 . 2 - 1 . 2 

27 . 2 - 4 1 . 2  

1 . 5 - 2 . 6  

1 .  3- 2 .  0 

0 . 7- 1 . 4 

1 . 7 - 3 . 0  

1 . a- 2 . 5  

3 . 0- 5 . 2  

1 . a- 3 . 0  

9 . 0 - 1 3 . 4  

3 . 1 - 4 . 9  

1 . 7 - 3 . 7  

o . a- 2 . 0  

7 . 3 - 1 3 . 7  

3 . 4- 6 . 1 

3 . 4- a . 1 

1 4 . 7 - 2 0 . 0  

7 1 . 5 -a 7 . 5  

*Pro jected data derived from the Apr i l  1 9 7 9  and December 1 9 7 9  NPC Surveys o f  u . s .  and World Energy and O i l  Supply/Demand Forecasts . 

Components do not add to totals because some respondents did not provide figures for a l l  components . 

t Coe f f ic i ent of variation { standard deviation as a percentage of the mean ) .  

§ Includes 0 . 5  MMB/D processing ga i n .  

c . v . t 

9 . 2  

1 1 .  1 

1 5 . 1 

1 2 . 0  

3 a . 4 

9 . 1 

1 3 . 4  

1 0 . 0  

1 9 . 4  

1 6 . 6  

2 . 5  

1 9 . 4  

1 4 . 0  

1 3 . 1  

1 3 . 6  

2 2 . 6  

NA 

1 5 . 3  

1 5 . 7  

NA 

1 0 . 3  

5 . 6  
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NOTE: Projected data derived from the April 1 979 and December 1 979 NPC Surveys of U.S. and World Energy and Oil 

Supply/Demand Forecasts. 
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TABLE 1 0  

u . s .  Energy Consumption and Gross National Product* 

GNP Total Energy 
( Quadrillion Btu ' s )  ( Bil lion 1 97 2  Dollars ) 

Medium Medium 
High Case Case Low Case High Case Case Low Case 

Actual 1 978 -----------------7 8 . 44---------------- -----------------1 , 3 86----------------

1 982 86 . 52 81 . 62 8 0 . 28 1 , 562 1 ' 5 0 3  1 , 490  

1 985 92 . 0 1  86 . 32 82 . 92 1 ' 742 1 ' 64 7 1 , 6 3 0  

1 990 1 0 2 . 09 93 . 89 88 . 59 2 , 0 1 8 1 ' 88 3  1 , 8 2 0  

Annual Average Percent Change 

1 978- 1 982 2 . 5  1 . 0 0 . 6 3 . 0  2 . 0  1 . 8  

1 982- 1 985 2 .  1 1 . 9 1 . 1  3 . 7  3 .  1 3 . 0  

1 985- 1 990 2 .  1 1 . 7 1 . 3  3 . 0  2 . 7  2 . 2  

1 978- 1 990  2 . 3  1 . 5 1 .  0 3 . 2  2 . 6 2 . 3  

*Pro jected data derived from the April 1979 and December 1 97 9  NPC Surveys of u . s .  and World 
Energy and Oil  Supply/Demand Forecasts . 



TABLE 1 1  

C omparison of E nergy/E conomic A ctivity -- 1 97 8- 1 990 * 

Actual Decline , High to Decl ine , High to 
1 978 Medium C ase L ow C ase 

% of % o f  
Units Units 
--- H igh C ase Units H igh C ase 

Re al GNP ( Bi l l ion 1 972 
Dollar s )  1 1 3 86 1 35 6. 7 1 98 9. 8 

Energy Cons umption 
(Quadril l ion Btu' s )  78 . 4 8 .  2 8 . 0 1 3 . 5 1 3. 2 

En ergy/GNP (Thousand 
Btu' s per Dollar)  5 6. 6 0 . 7 1 .  4 1 .  9 3. 8 

*Proj ected data der ived from the Apri l  1 979 and Dec ember 1 979 NPC Surveys o f  
u . s .  and Wb rld En ergy and Oil SUpply/Demand Fo recasts . 
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shares of coal and nuc l e ar energy we re e xp e c ted to i ncre ase f rom 
the 19 7 8  l eve l of 2 2  percen t ,  to a l mo s t  3 4  p e r c e n t  i n  the h igh and 
med i um case s ,  and to 3 5  percent i n  the l ow c a s e . Howeve r ,  be twe e n  
the h i gh and med i um c a s e s  there wa s a ma rked r e d uc t ion i n  the 
respond e n t s ' e xpe c ta t ions for nuc l e ar e n e rgy ( s hown in Ta b l e  1 2 ) .  

In the h igh c a se , u . s .  pe troleum c o n s ump t ion ( s hown i n  F i gure 
1 6 )  i s  e xpe cted to i ncrease on ly abou t 1 perc e n t  p e r  ye a r  be tween 
1 9 7 8  and 1 9 9 0 .  In the med i um case no g rowt h  i s  a n t i c ipa ted , and 
the l ow case i nd i c a t e s  a d e c l ine o f  1 pe r c e n t  pe r ye a r .  By 1 9 9  0 ,  
u . s .  pe troleum con s ump t i on i s  pro j e c ted to be a l mo s t  5 q u ad r i l l ion 
Btu ' s  l owe r i n  the med i um case than i n  the h igh c a s e ,  and the l ow 
case  respo n s e s  ave r age abou t 9 quad r i l l i on B t u ' s  l owe r than those 
o f  the h igh c a s e . 

U . S .  PETROLEUM SUPPLY 

Fig ure 1 7  c ompares the s upply pro j e c t i o n s  o f  d ome s t i c  l iq u id s  
produc t io n  ( c rud e  o i l  and cond ensate and n a t ur a l  g a s  l iq u i d s ) and 
pe troleum impo r t s  to 1 9 9 0  wh i ch corre spo nd to the d emand pro j e c­
t ions deve l oped from the s upply/d emand s urvey s . The d e t a i l s  o f  the 
u . s .  pe t ro l e um s upply pro j e c t ions of the three c a s e s  are  pre s e n ted 
in Table 1 3 .  

In the h igh c as e ,  conve n t ion a l  l iq u i d s  prod uc t i on i s  pro­
j e c ted to de c l i ne f rom 1 0 . 3  MMB/D in 1 9 7 8  to 9 .  8 MMB/D i n  1 9 9 0 .  
The med i urn case ant i c ipate s a sl i gh t ly s h a rpe r d e c l i n e , to 9 .  4 
MMB/D by 1 9 9 0 , and the l ow c a s e  an eve n s ha rp e r  d e c l i n e , t o  8 .  5 
MMB/D .  Syn the t i c  c r ud e  o i l  prod uc t ion i s  pro j e c ted to i nc re a s e  
f rom z e ro i n  1 9 7 8  to 0 . 3  MMB/D i n  t h e  h igh c a s e , a nd to 0 . 5  MMB/D 
in the med i um and l ow case  pro j e c t i on s . 

To t a l  u . s .  i mpo r t s  ( c rude and un f i n i shed o i l s , and f i n i shed 
p roduc t s  and NGL ) are pro j e c ted to i nc r e a s e  i n  the h igh c a s e  f rom 
8 . 4  MMB/D i n  1 9 7 8  to 1 0 . 9  MMB/D i n  1 9 9 0 .  Th e med i um c a s e  i nd i c a t e s  
t h a t  total u . s .  impo r t s  wi l l  g row t o  8 . 9  MMB/D by 1 9 8 5  and hold 
v i r t ual ly constant at 8 . 8  MMB/D to 1 9 9 0 .  The l ow c a s e  pro j e c t s a 
d ec l i ne i n  t o t a l  u . s .  impo r t s  to 7 . 5 MMB/D by 1 9 9 0 .  

U . S .  PETROLE UM DEMAN D 

The med i um and l ow case  pro j e c t ions o f  to t a l  U . S .  d ome s t i c  pe­
troleum demand are compared w i th those o f  the h igh c a s e  in  F i g ure 
1 8 .  Th e more con s e r va t ive th i nk i ng o f  r e s po nd e n t s  fo l l ow i n g  the 
Iran ian revolu t ion is  i l lu s tra ted by th i s  c omp a r i son . Th e h igh 
case pro j e c t s  t o t a l  u . s .  d ome s t i c  pe t ro l e um d emand at 2 1 . 2  MMB/D i n  
1 9 9 0 ,  a n  annual g rowth rate o f  l p e r c e n t  be twe e n  1 9 7 8  a nd 1 9 9 0 .  
Th e med i um case  pro j e c t s  1 9 9 0  dome s t i c  pe t ro l e um d emand a t  1 8 . 9  
MMB/D , e s sent i a l ly unchanged f rom 1 9 7 8 ,  and 2 . 3  MMB/D ( l l perce n t ) 
l owe r than the h i gh c a s e . The l ow c a s e  pro j e c t ion o f  d ome s t i c  
petroleum d emand i n  1 9 9 0  i s  even more pe s s im i s t i c a t  1 6 . 8 MMB/D,  
4 . 4  MMB/D ( 2 1 per c en t ) l owe r than the  h i gh c a s e . 
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TABLE 1 2  

Comparison of u . s .  Energy Consumption Projections to 1 99 0 *  

1 990  Energy Consumption 
Decline , High to Medium 

Case Decline , Hig:h to Low Case 
Actual 1 97 8  High Case % of High % of High 

( Quad .  Btu ' s )  (Quad . Btu ' s )  Quad . Btu ' s  Cas e Quad.  Btu ' s  Cas e 

Petroleum 38 . 0 1  4 2 . 64 4 . 8 1  1 1 . 3  8 . 96 2 1 . 0  

Natural Gas 2 0 . 04 2 0 . 49 0 . 7 2 3 . 5  0 . 90  4 . 4 

Coal 1 4 . 0 7  2 5 . 1 5  0 . 82 3 . 3  0 . 97 3 . 9  

Nuclear 2 . 98 9 . 1 7  1 .  7 2  1 8 . 8  2 . 1 5  2 3 . 4 

Hydro and Other 3 . 34 4 . 64 0 .  1 3  2 . 8  0 . 52 1 1 . 2 ---

Total 7 8 . 44 1 0 2 . 09 8 . 2 0 8 . 0  1 3 . 5 0 1 3 . 2  

*Proj ected data derived from the April 1 9 79 and December 1 979  NPC Surveys of u . s .  and World Energy and Oil 
Supply/Demand Forecast s .  
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Supply/Demand Forecasts; percentages are share o f  total imports f o r  years shown.  
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TABLE 1 3  

u . s .  Petroleum Supply* 
( MMB/D ) 

Actual Hi9:h Case Medium Case Low Case 
1 972 1 978 1 982  1 985 1 990 1 982 1 985  1 990 1 982 1 985  1 990  

Domestic Production 
Crude Oil and Condensate 9 . 4  8 . 7  8 . 5  8 . 4  8 . 5  8 . 3  8 . 2  8 . 0  8 . 3 8 . 0  7 . 5  
NGL 1 .  7 1 .  6 1 . 5 1 . 4 1 .  3 1 .  5 1 . 4 1 .  3 1 . 4 1 .  2 1 .  0 
Syncrude Production o . o  o . o  t t 0 . 3  t 0 .  1 0 . 5 o . o 0 .  1 0 . 5 

-- -- -- --

Subtotal 1 1 . 2 1 0 . 3  1 0 . 0  9 . 8  1 0 . 3  9 . 8  9 . 7  9 . 9  9 . 6  9 . 4  9 . 0  

Imports 
Crude and Unfinished Oils 2 . 3  6 . 4  7 . 7  8 . 2  8 . 5  6 . 4  6 . 8 6 . 6  6 . 1  6 . 0  5 . 7  
Products and NGL 2 . 4  2 . 0  2 . 2  2 . 3  2 . 4  2 . 0  2 . 2  2 . 2  1 .  8 1 • 7 1 . 8 

-- -- --

Subtotal 4 . 7  8 . 4  9 . 9  1 0 . 4 1 0 . 9 8 . 4  8 . 9  8 . 8  7 . 9 7 . 7  7 . 5  

Processing Gain and Stock Change 0 . 7  0 . 5  0 . 5  0 . 5 0 . 5 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  

Total Petroleum Supply 1 6 . 8  1 9 . 2  2 0 . 5  20 . 8  2 1 . 5 1 8 . 8  1 9 . 1 1 9 . 2  1 8 . 0  1 7 . 6  1 7  . o  

*Projected data derived from the April  1 97 9  and December 1 979  NPC Surveys o f  u . s .  and World Energy and Oil 

Supply/Demand Forecasts . Columns may not add due to rounding. 

tLess than 0 . 1 MMB/D . 
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NOTE: Projected data derived from the Apri l 1 979 and December 1 979 NPC Surveys of U . S. World E n e rgy and O i l  
Supply/Demand Forecasts. 

Th e mo s t  s ig n i f i cant  d ownwa rd ad j u s tme n t  i n  t h e  ou t l ook for 
f u t ur e  u . s .  pro d u c t  d emand among the cases  oc c ur s  in  re s id u a l  f ue l  
o i l . Th e h igh c a s e  pro j e c t s  1 9  9 0 r e s i d u a l  f u e l  o i 1 d emand a t  3 .  2 
MMB/D , an aver age annual  i n c re a s e  of 0 . 5  p e r c e n t  be twe e n  1 9 7 8  and 
1 9 9  0 .  Th e rned i urn and l ow case pro j e c t  ions i nd i ca t e  a d e c l i ne o f  
ove r  2 pe rcent  a n d  almos t 4 pe rcent  pe r ye a r , r e s pe c t i ve ly , ove r 
the s ame pe r i od , w i th 1 9 9 0  d emand d own f rom t h e  h ig h  c a s e  by 0 .  9 
and 1 . 8  MMB/D,  t o  2 . 3  and 1 . 5  MMB/D,  r e s pe c t i ve ly . Low- s u l f ur f ue l  
o i l ( 1 . 0  w t  % max imum ) a c coun t s  for 9 6  a nd 6 9  p e r ce n t ,  r e s pe c t ive ­
ly , o f  the d e c r e a s e  f r om the h i gh case i n  t o t a l  r e s idual  f ue l  o i l  
d emand . Also , the h igh c as e  i nd i c a t e s  that l ow- s u l f ur f u e l  o i l , 
wh i ch ac c ounted for 5 2  percent o f  total r e s i d u a l  f u e l  o i l  d emand i n  
1 9 7 8 , wou l d  accoun t for  6 0  p e r c e n t  o f  to tal  re s id u a l  f u e l  o i l  d e­
mand by 1 9 9 0 .  In contras t ,  as shown i n  F i g ur e  1 9 ,  the med i um c a s e  
and l ow c a s e s  i nd i c a te t h a t  l ow- s ul f ur f u e l  o i l  w i l l  accou n t  f o r  
o n l y  4 7  and 5 0  perce n t ,  respe c t i ve ly , o f  to t a l  re s i du a l  f ue l  o i l  
d emand by 1 9 9 0 .  

Demand for m i d d l e  d i s t i l l a te s  ( ke ros i ne and h e a t i ng o i l  No . 1 ,  
kero s i n e - type j e t  f ue l , and d i s t i l l a te f ue l s ) i s  pro j e c ted to i n­
c re a s e  2 . 4  p e r c e n t  annu a l ly b e twe e n  1 9 7 8  a nd 1 9 9 0  i n  the h igh c a s e  
-- r i s i ng from 4 . 7  t o  6 . 2 MMB/D . Th e med i um c a s e  a n d  the l ow c a s e s  

5 0  
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Fig u re 1 9. U .S. Res idua l  Fuel  O i l  Demand .  

NOTE: Low sulfur-max. 1 .0 w t  %; high sulfur-over 1 .0 w t  %. 

1 990 

NOTE: Projected data derived from the Apri l 1 979 and December 1 979 NPC Su rveys of U.S. and World Energy and Oi l  
Supply/Demand Forecasts. 

s ubs tan t i a l ly redu c e  the demand ou t l ook for mi d d le d i s t i l la t e s  vs . 
the h igh case . Th e med i um case ind i c a t e s  an ave rage a n n u a l  g rowth 
rate of only 1 . 5  pe rce n t , to 5 . 6  MMB/D i n  1 9 9 0 , and the l ow c a s e  
pro j e c t s  midd le d i s t i l l a t e  d emand t o  r ema i n  e s sen t i a l ly con s t a n t  
ove r the 1 9 7 8 -1 9 9 0  p e r iod . As shown i n  F i g u r e  2 0 ,  o n ly on-h ighway 
d i e s e l  d emand is e xpe c ted to increase s ign i f i c an t ly f r om 1 9 7 8  to 
1 9 9 0  in the three pro j e c t ions , accoun t i ng for 3 0 ,  3 1 ,  and 24 p e r ­
cen t ,  respe c t ive ly , o f  to t a l  m i d d l e  d i s t i l l a t e  d emand i n  1 9 9 0 ,  c om­
pared w i th only 8 percent in 1 9 7 8 .  

The h igh c a se pro j e c t s  a n  annu a l  d e c l i ne i n  mo tor ga s o l ine d e ­
ma nd o f  0 . 8  pe rcent ove r  t h e  1 9 7 8 -1 9 9 0  per i od , f r om 7 . 4 to 6 . 7  
MMB/D . Th i s  de crease of abou t 0 . 7  MMB/D repre s e n t s  a l mo s t  3 0  per­
cent of the  over a l l  d ec l i ne i n  total  d ome s t i c  pe t ro l e um d emand dur­
i ng the  s ame p e r i od . Th e h igh case  a l s o  i nd i c a t e s  t h a t  u n l e aded 
mo tor g a so l ine d ema nd w i l l  accoun t  for 7 2  and 84  percent o f  t o t a l  
motor gaso l i n e  d emand i n  1 9 8 5  and 1 9 9 0 , c ompared to o n ly 3 2  percent 
i n  1 9 7 8 . 

As shown i n  F i gure 
about the s ame l eve l s  
de c l i ne o f  1 . 6  pe r c e n t  
6 .  0 MMB/D ( a  d e c re a s e  

2 1 ,  mo tor ga so l i ne d emand i s  pro j e c ted at  
in  the me d i um and l ow c a s e s ; by 1 9 9 0 ,  a 
pe r ye ar from the 1 9 7 8  l e ve l ,  f r om 7 .  4 to 
of abou t 1 . 4  MMB/D ove r the pe r i od ) , i s  

5 1  
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e xpe c ted . Th e 1 9 9 0  mo tor ga so l i ne d emand pro j e c te d  by the med i um 
and l ow c a s e s  i s  abou t 0 . 7 5 MMB/D lowe r than the h ig h  c a s e  pro j e c­
t ion . An an t i c ipated d e crease i n  d emand for l e ad e d  mo tor g a so l i n e  
accoun t s  for  mo s t  o f  t h e  reduc t i on i n  t o t a l  mo tor ga s o l i n e  d emand 
i n  the rned i urn and l ow c a s e s  vs . the h i gh c a s e . Unl e ad e d  mo tor 
g aso l i ne dema nd accou n t s  for 8 9  percent a nd 9 2  p e r c e n t  o f  t o t a l  
mo tor g a so l i ne d emand i n  1 9 9 0  i n  th e med i um c a s e  a n d  the l ow c a s e , 
respect ive ly . 

Comp l e te d e t a i l s  o f  total  u.s. pe trol eum d emand for the ye ars  
1 9 7 8 ,  1 9 8 2 ,  1 9 8 5 ,  and 1 9 9 0  a s  d eve l oped from the three pro j e c t ions 
a re shown in  Tab l e s  1 4- 1 9 .  

REGI ONAL PETROLEUM SUPPLY/DEMAN D 

The f i r s t  pe t ro l e um s upply /d emand s urvey r eq u e s ted d e ta i l ed 
reg ional  s upply/d ema nd balances  for e ach of the  f ive PAD d i s t r i c t s  
as we l l  a s  for the to t a l  Un i ted State s f o r  the ye a r s  1 9 8 0 ,  1 9 8 2 ,  
1 9 8 5 ,  and 1 9 9 0  ( se e  F i g u r e  1 fo r a map o f  the PAD d i s t r i c t s ) .  Mo s t  
re s pond e n t s  t o  the s urvey were un able t o  pro v i d e  the req ue s ted PAD 
d i s tr i ct d e ta i l s . They we re , howeve r ,  a b l e  to prov i d e  i n forma t ion 
for PADs I - IV ( the area e a s t  of the Ro ck i e s ) and PAD V ( U . S .  We s t  
Coa s t  and A l a ska and Hawa i i ) . Th e s e cond s upply /d ema nd s urvey 
reque s ted d e t a i led b a l an c e s  for PADs I - IV i n  agg r e g a te and PAD V ,  
i n  add i t i on t o  the t o t a l  Un i ted S t a te s ,  for the ye a r s  1 9 8 2 ,  1 9 8 5 ,  
and 1 9 9 0 . Wi th the a s s i s tance and cooperat ion o f  the Depar tmen t  o f  
Ene rgy , the total  U . S .  s upply /d ema nd d a t a  f rom t h e  l ow c a s e  we re 
apport ioned to PADs I - IV and V for the ye ars  1 9 8 5  and 1 9 9 0  o n ly . 

Reg iona l Pe tro l e um Supp l y  

Tot a l  pe t ro l e um s upply f o r  PADs I - IV i n c re a s e s  i n  the h igh c a s e  
b y  abou t 2 . 2 MMB/D be twe e n  1 9 7 8  a n d  1 9 9 0 ,  f rom 1 6 . 4 6  t o  1 8 . 5 7 MMB/D 
( s ee F ig ure 2 2 ) . Th e rned i urn case i nd i ca t e s  t h a t  t o t a l  pe t ro l e um 
s upply wou l d  v i r t ua l ly f l a t te n  ove r the s ame pe r i od , wh i l e  the l ow 
case pro j e c t s  a d e c l ine  i n  to t a l  pe tro l e um s up p ly t o  1 4 . 4 7 MMB/D by 
1 9 9 0 ,  a decre a s e  of s l igh t ly ove r  1 . 8  MMB/D . 

Tab l e  2 0  s umma r i z e s  the ma j o r e leme n t s  o f  the  pro j e c t i o n  of the 
pe tro l e um s upply o f  PADs I - IV by pe r c e n t age share in 1 9 7 8  and 1 9 9 0 . 
As shown i n  the tab l e , the  percen tage con t r i bu t ion o f  i nd ig e nou s 
l iq u ids produc t ion to the pe t r o l e um s upply o f  PADs I - IV d e c l i ne s  i n  
e ach o f  the three c a s e s  be twe e n  1 9 7 8  a nd 1 9 9 0 ,  wh i l e  the share of 
c r ude o i l and un f in i shed o i l  imports and c r ud e  o i l  rece i p t s  from 
PAD V i n c rease s .  

Th e ne t pe t ro leum s upply o f  PADs I - IV ( to t a l  pe t r o l e um s upply 
l e s s  c r ude o i l  and pe tro l e um produc t  e xpor t s ,  s h i pmen t s  to PAD V ,  
and c rud e o i l  l o s s e s ) c o rre sponds ve ry c l os e ly t o  t o t a l  pe t r o leum 
s upply i n  each o f  the three cases  over the 1 9 7 8 - 1 9 9 0  per iod , a s  
shown i n  Tab l e  2 1 . Th i s  table prov i d e s  s uppl eme n ta ry i n forma t ion 
to  that  shown in  F i gure 2 2 . 

Tot a l  pe t ro l e um s upply i n  PAD V i s  pro j e c ted to i nc r e a se 
be twe e n  1 9 7 8  and 1 9 9 0  i n  a l l  three pro j e c t ion s ( s e e  F i g u r e  2 3 ) . 

5 3  



TABLE 1 4  

Domestic Demand for Products -- Total u . s .  
(MB/D ) 

Motor Gasoline : Leaded - Premium 
- Non-premium 

Subtotal 
Unleaded - Premium 

- Non-premium 
Subtotal 

Total Motor Gasoline 
Aviation Gasoline 
Jet Fuel : Naphtha Type 

Kerosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oil # 1  
Distillate Fuel Oi l :  # 2  Oi l 

#4 Oil 
Di esel - On-Highway 

- Off-Highway 
Other Distil late 

Total Distillat e Fuel Oil 
Residual Fuel Oil : 0 - 0 . 5%S 

0 . 5 1 - 1 . 0%S 
1 . 1  - 2 . 0%5 
2 . 0%S  + 

Total Residual Fuel Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane 

Total Liquifi ed Gases 
Mix 

Petrochemical Feedstocks : Still Gas 
400  EP Naphtha 
Other 

Total Petrochemical Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fuel 
Mi scellaneous Products 

Total Domestic Demand for Products 

Actual* 
1 978 

934 
4 , 1 06 
5 , 040 

1 8 5  
2 ,  1 8 7  
2 , 3 72 
7 , 4 1 2  

39 
1 99 
858 

1 , 05 7  
1 03 
2 1 5  

1 ' 385 
6 1  

797 
1 9 1  
958 

3 , 392 
862 
7 1 6  
64 1 
804 

3 , 0 2 3  
433 
778 
1 67 

35 
1 ' 4 1 3  

55  
205  
335  
595 
1 7 2  

1 7  
2 56 
479 
548 
1 2 8  

1 8 , 847 

Hiqh Case Proiectiont 
1 982 1 985 1 990 

1 54 
2 , 868 
3 , 022  
1 , 342 
3 ,  1 89 
4 , 5 3 1  
7 , 55 3  

4 3  
184 

1 , 0 0 1  
1 , 185  

1 0 3  
233 

1 , 292 
67 

1 , 088 
206 

1 , 1 09 
3 , 762 
1 ' 0 7 1  

840 
65 1 
679 

3 , 24 1  
403 
94 1 
1 7 0  

23 
1 , 537 

58 
272 
439 
769 
1 8 0  
20  

277 
488 
5 8 1  
1 76 

2 0 , 148 

22 
1 , 9 5 0  
1 , 972 
1 , 883  
3 , 302  
5 '  1 85 
7 , 1 57 

45 
1 7 1  

1 , 1 0 2  
1 , 273 

1 04 
2 1 5  

1 , 28 0  
7 0  

1 , 35 2  
2 2 1  

1 , 1 26 
4 , 049 
1 , 1 38 

876 
654 
660 

3 , 328 
402 

1 , 0 1 8 
1 9 3  

2 4  
1 ' 637 

5 1  
3 1 9  
554 
924 
1 9 0  
2 1  

284 
508 
582 
204 

2 0 , 52 1  

0 
1 , 089 
1 , 089 
2 , 235  
3 , 429 
5 , 664 
6 , 75 3  

49 
1 40 

1 , 298 
1 , 438 

1 1 3 
2 1 2  

1 , 2 1 8 
74 

1 ' 822 
2 5 1  

1 , 1 8 0  
4 , 545 
1 , 049 

898 
644 
634 

3 , 225  
390 

1 , 1 24 
2 1 0  

27  
1 , 75 1  

47 
436 
7 7 1  

1 , 254 
2 1 0  

24 
3 0 5  
544 
600  
207  

2 1 , 2 3 0  

*Total u . s.  per Petroleum Statement , Annual ,  Final Summary , November 7 ,  1 97 9 .  
tProj ected data derived from the April 1 9 79 NPC Survey o f  u . s .  and World Energy and 

Oil Supply/Demand Forecasts . Components may not add to subtotals due to independent 
rounding. 
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TABLE 1 5  

Domestic Demand for Products -- Total u . s .  
(MB/D ) 

Motor Gasoline : Leaded - Premium 
- Non-premium 

Subtotal 
Unleaded - Premium 

- Non-premium 
Subtotal 

Total Motor Gasoline 
Aviation Gasoline 
Jet Fuel : Naphtha Type 

Kerosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oil # 1  
Distillate Fuel Oil : #2  Oil 

#4 Oil 
Diesel - On-Highway 

- Off-Highway 
Other Distil late 

Total Distillate Fuel Oil 
Residual Fuel Oil : 0 - 0 . 5%S 

0 . 5 1  - 1 . 0%S 
1 . 1 - 2 . 0%S 
2 . 0%S + 

Total Residual Fuel Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane Mix 

Total Liquified Gases 
Petrochemical Fe�dstock s :  Stil l  Gas 

40 0 EP Naphtha 
Other 

Total Petrochemical Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fuel 
Miscellaneous Products 

Total Domestic Demand for Products 

Actual* 
1978 

934 
4 , 1 06 
5 , 040 

185  
2 , 187 
2 , 3 72 
7 , 4 1 2  

39 
199 
858 

1 , 057 
1 0 3 
2 1 5  

1 , 385 
6 1  

797 
1 9 1  
958 

3 , 392 
862 
7 1 6  
64 1 
804 

3 , 0 23 
433 
778 
167  
35  

1 ,  4 1 3  
55  

205 
335 
595 
1 7 2  

1 7  
256 
479 
548 
1 28 

1 8 , 847 

Medium Case Pro ' ectiont 
1 982 1 985 1 990 

679 
1 , 832  
2 , 5 1 1 

282 
4 , 1 26 
4 , 408  
6 , 9 1 9  

43 
1 85 
946 

1 ,  1 3 1  
1 02 
208  

1 , 2 1 8 
72  

1 , 0 09 
198 
934 

3 , 4 3 1  
762 
596 
527 
7 1 5 

2 , 60 0  
438 
897 
193 
42 

1 , 57 0  
52  

245 
47 1  
768 
1 82 

1 9  
267 
489 
535 
1 54 

1 8 , 4 1 8  

1 5 8  
1 , 386 
1 , 544 
1 , 454 
3 , 653 
5 , 1 07 
6 , 65 1  

46 
1 7 1  

1 , 0 34 
1 , 2 0 5  

1 1 0 
206 

1 , 1 78 
85 

1 , 3 0 3  
2 1 6  
9 1 3  

3 , 695 
833 
498 
720 
575 

2 , 626 
39 1 

1 , 0 30 
2 1 1  

48 
1 , 680 

7 1  
303  
495 
869 
192  
2 1  

2 74 
5 1 0  
540 
1 5 6  

1 8 , 78 1  

59  
624 
683 

1 , 8 0 7  
3 , 634 
5 , 44 1 
6 ,  1 24 

5 1  
1 24 

1 , 2 0 3  
1 , 327 

1 20 
203  

1 , 082 
93 

1 , 7 32 
256 
909 

4 , 072  
695 
408 
7 56 
485 

2 , 344 
374 

1 , 1 34 
237 

48 
1 , 793 

69 
393 
622 

1 , 084 
2 1 2  

23  
289 
539 
558 
1 5 8  

1 8 , 897 

*Total u . s .  per Pet�oleum Statement , Annual , Final Summary , November 7 ,  1 9 79.  
tProj ected data derived from th e Dec ember 1979 NPC Survey of u . s .  and World Energy 

and Oil Supply/Demand Forecasts . Components may not add to subtotals due to independent 
rounding. 
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TABLE 1 6  

Domestic Demand for Products - - Total u . s .  
{MB/D ) 

Motor Gasoline : Leaded - Premium 
- Non-premium 

Subtotal 
Unleaded - Premium 

- Non-premium 
Subtotal 

Tota l Motor Gasoline 
Aviation Gasoline 
Jet Fuel : Naphtha Type 

Kerosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oil # 1  
Distillate Fuel Oil : #2 Oil 

#4 Oil 
Diesel - On-Highway 

- Off-Highway 
Other Distil late 

Total Dist illate Fue l Oil 
Residual Fuel Oil : 0 - 0 . 5%S 

0 . 5 1  - 1 . 0%S 
1 . 1  - 2 . 0%S 
2 .  0%S + 

Total Residual Fuel Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane 

Total Liquified Gases 
Mix 

Petrochemical Feedstock s :  Stil l Gas 
40 0 EP Naphtha 
Other 

Total Petrochemica l Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fuel 
Mi scellaneous Products 

Total Domestic Demand for Products 

Actual* 
1 978 

934 
4 , 1 0 6  
5 , 040 

185 
2,  187 
2 , 372 
7 , 4 1 2  

39 
199 
858 

1 , 057 
1 0 3 
2 1 5  

1 , 385 
6 1  

797 
1 9 1  
958 

3 , 392 
862 
7 1 6  
64 1 
804 

3 , 023 
433 
778 
1 67 

35 
1 ,  4 1 3  

55 
205 
335 
595 
1 72 

1 7  
256 
479 
548 
1 28 

1 8 , 847 

Low Case Projectiont 
1 982 1 985 1 990 

5 0 0  
2 ,  1 0 0  
2 , 60 0  

3 0 0  
4 , 00 0  
4 , 30 0  
6 , 90 0  

45 
1 9 5  
885 

1 , 080 
95  

1 76 
1 , 1 9 0  

6 0  
8 9 0  
2 0 0  
924 

3 , 264 
720  
5 1 5  
430 
735  

2 , 40 0  
440 
890 
1 3 0  

40 
1 ,  5 0 0  

50  
265 
435 
750  
1 7 5  
2 0  

250  
490 
5 1 0  
1 4 0  

1 7 , 795 

0 
1 ,  600  
1 ,  600  
1 , 7 0 0  
3 , 2 0 0  
4 , 9 00  
6 , 5 0 0  

4 0  
2 0 0  
9 0 0  

1 , 1 0 0  
1 00 
1 63 

1 , 1 2 0 
65 

1 , 0 0 0  
2 1 5  
962 

3 , 362 
555  
440 
380 
625 

2 , 0 0 0  
420 

1 , 0 3 0  
1 45 

50  
1 , 645 

55  
280 
465 
800  
180  
20  

265 
530  
520  
1 5 0  

1 7 , 375 

0 
500  
5 0 0  

2 , 0 0 0  
3 , 50 0  
5 , 5 0 0  
6 , 0 0 0  

55  
2 1 5  
985 

1 , 20 0  
1 1 5 
1 5 5  

1 , 040 
65 

1 , 1 5 0 
230  
975 

3 , 460 
4 1 0  
3 1 0  
250  
480 

1 ,  450 
4 1 5  

1 , 065 
1 75 
45 

1 , 700  
5 5  

340 
555 
950 
1 9 0  
20  

260 
550  
500  
190 

1 6 , 795 

*Total u . s .  per Petroleum Statement , Annual ,  Final Summary , November 7 ,  1 9 79 . 
tProjected data derived from the December 1979  NPC Survey of u . s .  and World Energy 

and Oil Supply/Demand Forecasts . Components may not add to subtotals due to independent 
rounding. 
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TABLE 1 7  

u . s .  Motor Gasoline . Octane Levels - - 1 978- 1 99 0 *  
( R+M ) 

High Case 
Leaded Premium 
Leaded Non-premium 
Unleaded Premium 
Unleaded Non-premium 

Medium Case 
Leaded Premium 
Leaded Non-premium 
Unleaded Premium 
Unleaded Non-premium 

Low Case 
Leaded Premium 
Leaded Non-premium 
Unleaded Premium 
Unleaded Non-premium 

Actual 
1 978 

94 . 2  
89 . 5  

88 . 6  

94 . 2  
89 . 5  

88 . 6  

94 . 2  
89 . 5  

88 . 6  

2 

Projection* 
1 98 2  1 985 

94  95  
89  89  
9 2  9 2  
8 7  8 7  

94  9 5  
89  8 9  
92  92  
87  8 7  

9 4  0 
89 89 
9 3  9 4  
8 7  8 7  

1 99 0  

9 5  
8 9  
9 2  
8 7  

9 5  
89  
92  
87  

0 
89 
94 
87 

*Proj ected octane levels are not avai lable disaggrega ted by PAD distr i ct . 

TABLE 1 8  

Amount of Liquified Petroleum Gas es 
Consumed for Chemical Uses in  the United States 

(MB/D ) 

Actual Projection 
1 978 1 982 1 985 1 99 0  

High Cas e  
Ethane 4 3 3  389 3 7 0  3 3 7  
Propane 8 5  1 76 2 1 6  259  
Butane 1 36 1 04 1 0 5 1 09 
Propane/Butane Mix 1 1  3 4 5 

Total 665 6 7 2  6 9 5  7 1 0  

Medium Cas e 
Ethane 4 3 3  4 3 7  3 8 1  3 3 2  
Propane 85 1 36 2 1 3  3 0 4  
Butane 1 3 6  1 5 0  1 7 0 1 90 
Propane/Butane Mix 1 1  1 0  1 1  1 2  

Total 665 7 3 3  7 7 5  8 3 8  

Low Case 
Ethane 433  430  4 1 0  355  
Propane 85 145 2 1 0  2 6 5  
Butane 1 36 1 0 5 1 2 0  1 45 
Propane/Butane Mix 1 1  1 1  1 1  1 1  

Total 665 6 9 1  7 5 1  7 7 6  
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TABLE 1 9  

Total u . s .  BTX* Demand -- 1 978- 1990 
(MB/D ) 

Actual Projection 
1 978 1 982 1 985 

High Case 
Other Petrochemical 

Feedstocks 335  439 554 
BTX 1 8 0  1 92 197  

Medium Case 
Other Petrochemical 

Feedstocks 335  47 1 495 
BTX 1 8 0  2 1 2  2 1 8 

Low Case 
Other Petrochemical 

Feedstocks 335  435  465 
BTX 1 8 0  1 8 5  1 9 0  

*BTX - Benzene , Toluene , and Xylene . 

TABLE 2 0  

To t a l  Pe t ro l e um Supply PADs I - I V  
( Percen t age s ) 

Liqu i d s  Product i o n  ( In c l ud i ng 
Syn c rud e ) 

Impo r t s  

Crude and Unf i n i s hed O i l s  
NGL and F i n i shed Product s 

Sub to t a l  Impo r t s  

Rece i p t s  from PAD V ( Pr i nc ipa l ly 
Crude O i l ) 

Proce s s i ng Ga i n  

To t a l  

1 9 7 8  

4 9 .  3 

3 5 . 1  
1 1 . 3  

4 6 . 4 

1 . 9  

2 . 4  

1 0 0 . 0  

H igh 
C a s e  

3 7 . 3 

4 3 . 3  
1 2 . 3  

5 5 . 6 

4 . 7  

2 . 4  

1 0 0 . 0 

1 9 9 0 *  
Me d i um 
Case  

4 1 . 4  

3 8 . 4  
1 2 . 8  

5 1 . 2  

4 . 7  

2 . 7  

1 0 0 . 0 

1 990 

7 7 1  
2 0 5  

622 
225  

555  
195  

Low 
C a s e  

4 1 . 8 

3 7 . 8  
1 1 . 9  

4 9 . 7 

5 . 5 

3 . 0  

1 0 0 . 0 

*Pro j e c ted data  d e r ived from the Apr i l  1 9 7 9  a nd De c ember 1 9 7 9  
N PC Surveys o f  u . s .  and Wo rld Ene rgy and O i l  Supply/Demand 
Foreca s t s . 
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TABLE 2 1  

Regional Petroleum Supply -- PADs I-IV* 
( MB/D ) 

1 978 1 982 1 985 1 990 
High Medium High Medium Low High Medium Low 
Case Case Case Case Case Case Case Case 

Crude Oil Runs 1 2 , 3 2 1  1 3 , 3 74 1 2 , 2 1 0  1 3 , 782 1 2 , 459 1 1 , 843 1 4 ,309 1 2 , 589 1 1 , 6 54 

Liquid Production 
Crude Oil and Lease Condensate 6 , 523 5 , 928 5 , 634 5 , 59 1  5 , 366 5 , 29 0  5 , 447 4 , 986 4 , 57 0  
NGL 1 , 586 1 , 465 1 , 4 7 0  1 ,  360 1 , 40 2  1 , 230 1 , 234 1 , 3 0 5  97 1 

Subtotal 8 , 1 0 9  7 , 393 7 , 1 0 4 6 , 9 5 1  6 , 768 6 , 5 2 0  6 , 68 1  6 , 29 1  5 , 54 1  
Syncrude 4 3 46 1 1 0 7 5  2 53 54 1 5 0 0  

Total 8 , 1 09 7 , 39 7  7 , 1 0 7  6 , 997 6 , 878 6 , 59 5  6 , 934 6 , 832 6 , 04 1  

Imports 
Crude and Unfinished Oils 5 , 781 7 , 240 6,  1 1 2 7 , 7 1 0  6 , 464 5 , 7 5 0  8 , 0 5 0  6 , 338 5 , 47 5  
NGL and Finished Products 1 , 85 7  2 , 1 02 1 , 9 54 2 , 138 2 , 086 1 , 630 2 , 267 2, 1 03 1 , 7 2 1  

Total 7 , 638 9 , 342 8, 0 66 9 , 848 8 , 5 5 0  7 , 380 1 0 , 3 1 7  8 , 44 1  7 , 1 9 6  
0') 
0 Receipts from PAD V 

Crude Oil ,  NGL, and Unfinished Oil 30 1 476 459 583 5 0 4  530 82 1 7 5 5  784 
Finished Products 1 5  27 24 32 1 9  1 6  4 5  22 1 8  

Total 3 1 6  503 483 6 1 5  5 23 546 866 777 80 2 

Processing Gain 393 479 475 448 449 435 455 442 430 

Total Supply 1 6 , 456 1 7 , 72 1  1 6 , 1 3 1  1 7 , 908 1 6 , 40 0  1 4 , 956 1 8 , 572 1 6 , 49 2  1 4 , 469 

Les s :  Crude O i l  and Product Exports 199 203 183 1 54 1 6 1  9 5  1 66 1 78 1 1 5 
Crude Oil , NGL, and Unf inished Oil 

Shipments to PAD V 4 1 0  3 3 
Finished Product Shipments to PAD V 1 55 132 1 03 1 20 1 03 9 0  1 24 99 85 
Crude Losses 1 4  7 1 5  2 0  1 7  1 1  2 1  1 6  1 1  

Total 37 2 352 302 297 282 1 9 7  3 1 4  294 2 1 2  

Net Supply 1 6 , 084 1 7 , 369 1 5 , 829 1 7 , 6 1 1 1 6 , 1 1 8 1 4 , 7 59 1 8 , 258 1 6 ,  198 1 4 , 2 57 

Memo : Local Demand 1 6 , 2 1 5 1 7 , 3 1 9 1 5 , 79 3  1 7 , 596 1 6 , 080 1 4 , 806 1 8 , 240 16,  1 80 1 4 , 249 

*Projected data derived from the Apr il 1979 and December 1 97 9  NPC Surveys of u . s . and Worl d  Energy and Oi l Supply/Demand 
Forecasts.  



>-
<( 
0 

a: 
w 
a... 

UJ 
_J 
w 
a: 
a: 
<( 
co 

z 
0 
_J 
_J 

� 

5 .0r-------------------------------------------------------------� 

4 .5 

4 . 0  

LEGEND 

� PROC ESS I N G  G A I N  

� R E C E I PTS F R O M  PADS I - I V  

I M PO RTS ( N G L  A N D  
F I N I S H E D  P R O D U CTS)  

�/��� I M PO RTS ( C R U D E A N D  
U N F I N I S H E D  O I LS )  

3 . 5  1----------

3.0 

2 . 5  

2 . 0  

1 . 5 

1 . 0 

0 . 5  

!;::::::::::::::::::::::) L I Q U I DS P R O D U CT I O N  
( I N C L  S Y N C R U D E )  

� E X PORTS ( I N C L  S H I P M EN T S  T O  
P A D S  I - I V .  C R U D E  O I L  
L O S S E S )  

-1 .5L--------------------------------� 

1 978 
H I G H  M E D .  

1 982 

H I G H  M E D. LOW 
1 985 

YEAR 

H I G H  M E D .  LOW 
1 990 

F igure 23. Reg i ona l  Petro leum S u pply-PA D V. 
NOTE: Projected data derived from t h e  A p r i l  1 979 and December 1 979 NPC S u rveys o f  U .S.  and World Energy and Oi l  

Suppl y/Demand Forecasts. 

6 1  



The h igh c a s e  pro j e c t s  an i n crease o f  0 . 7 5 MMB/D be twe e n  1 9 7 8  and 
1 9 9 0 , f rom 3 . 2 1 t o  3 . 9 6  MMB/D . The med i um c a s e  re s u l t S  i nd i c a te an 
increase o f  0 . 4  MMB/D,  t o  3 . 6 1 MMB/D , and the l ow case i nd i c a t e s  a 
mod e s t  increase  o f  0 . 2 5 MMB/D , to 3 . 4 6 MMB/D by 1 9 9 0 . 

As s hown i n  Tab l e  2 2 ,  the percentag e  of i nd i g e no u s  l iq u i d s  pro­
d uc t ion in the to t a l  pe t ro l e um s upply of PAD V i n c re a s e s ma rked ly 
b e twe e n  1 9 7 8  a nd 1 9 9 0 , a s  impo r t s  a nd r e c e i p t s  f rom PADS I - I V 
d e c l i n e . The increase  i n  the perce n t age con t r i bu t ion o f  PAD V 
l iq u i d s  produc t ion i s  mo re pronounced i n  the me d i um a nd l ow c a s e  
pro j e c t i on s . 

TAB LE 2 2  

T o t a l  Pe t ro l e um S upply - - PAD V 
{ Percen tage s )  

1 9 9 0 * 
Hi g h  Me d i um Low 

1 9 1 8  C a s e  C a S e  C a se 

Li qu id S  Prod uc t io n  6 9 .  2 7 9 . 4 8 5 .  0 8 5 .  9 
( In c l ud ing Syn c r ud e )  

Impo r t s  2 2 . 6 1 4 . 8 9 .  5 9 . 4 

Re ce i p t s  from PA Ds I - I V  5 . 0 3 .  2 2 .  8 2 ii 5 

Pr oce s s i ng Ga i n  3 . 2  2 . 6_  2 i 7  2 . 2  

To tal 1 0 0 . 0 l o o . o 1 0 0 . 0 l o o . o 

*Projec ted d a ta d e r ived from the Apr i l  1 9 7 9  a nd De c ember 1 9 7 9 
N PC Surveys o f u . S .  a nd Wo r l d  En ergy and Oi l Suppl y/Demand 
Foreca s t s . 

Ad d i  t icn a 1  d a t a  on the tot a l  petro l e um s upply b f  PAb v are 
presen ted in Table 2 3 . Th e PAD V ne t pe troleum S upply i s  s ig n i f­
i c a n t ly and i n c re a s i ng ly a f fe c ted over the fore c a s t  pe r iod by the 
i ncrease  in s h i pme n t s  of  pe troleum f rom PAD v t o  PADS I - I V .  

Reg ional  Re f i ne ry Crude Oj l Runs 

Th e h igh case i nd i c a t e s  that the r e f i n e ry c rude b i i  :�:uns o f  
PADs I - IV would i ncrease about 2 . 0 MMB/D be twe e n  1 9 7 8 a n d  1 9 9 0 , 
f rom 1 2 . 3 2  to 1 4 . 3 1  MMB/D ( see F i g u re 2 4 ) .  Th e med i um C: a S e  pro-" 
j e c t s  t h a t  PADs I - I V  c r ud e o i l  runs would i nc re a s e  on ly s l i gh t ly , 
t o  1 2 . 5 9 MMB/D by 1 9 9 0 ,  rema i n i ng re l a t ive ly l eve l i n  the i n t e r im 
per iod . The l ow case  s h ows c r ude o i l  run s  i n  PADs I - IV d e c l i n i ng 
to 1 1 . 6 5 MMB/D i n  1 9 9 0 ,  a de crease of 0 . 6 7 MMB/D f rom 1 9 1 8 .  

Th e h igh and me d i urn c a s e s  pro j e c t  an i nc r e a s e  i n  PAD V c rud e 
o i l  run s  from 1 9 7 8  to 1 9 9 0  o f  0 .  3 4  MMB/D and 0 .  2 MMB/D,  respe c­
t ive ly . Al s o  1 a s  shown i n  F i g ure 2 5 ,  the l ow c as e  pro j e c t  ion 
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Crude Oil Runs 

Liquids Production 
Crude Oil and Lease Condensate 
NGL 

Subtotal 
Syncrude 

Total 

Imports 
Crude and Unfinished Oils 
NGL and Finished Products 

Total 

Receipts from PADs I - IV 
Crude Oil ,  NGL , and Unfinished Oil 
Finished Products 

Total 

Proces sing Gain 

Tota l Supply 

Les s :  Crude Oil and Product Exports 
Crude Oil ,  NGL, and Unfinished Oil 

Shipments to PADs I - IV 
Finished Product Shipments to PADs I-IV 
Crude Oil Loss es 

Total 

Net Supply 

Memo : Local Demand 

TABLE 2 3  

Regiona� Petroleum Supply -- PAD V* 
( MB/D ) 

2 , 3 3" 4  

2 ,  1 8 5  

3 4  

2 , 2 1 9 

2 , 2 1 9' 

6 0 2  

1 2 3  

7 2 5  

4 

1 55 

1 59 

1 0 3  

3 , 2 06 

1 6 3  

3 0 1 

1 5  

480 

2 , 7 26 

2 , 6 3 1  

High 
Case 

2 , 5 3 0  

2 , 6 1 7  

35 

2 , 6 5 2  

2 , 6 5 2  

4 2 6  

1 2 2 

548 

1 0  

1 3 2 

1 4 2  

1 0 6 

3 , 448 

1 09 

476 

27 

6 

6 18 

2 , 8 3 0  

2 , 8 29 

1 98 2  

Medium 
Case 

2 , 448 

2 , 7 0 0  

1 4  

2 , 7 1 4  

2 , 7 1 4  

3 1 1  

65 

3 76 

1 

1 0 3 

1 04 

3 , 26 5  

1 5 1  

459 

2 4  

2 

636 

2 , 6 29 

2 , 6 2 6  

High 
Case 

2 , 6 3 1  

2 , 789 

43 

2 , 83 2  

2 , 832 

4 7 1  

1 2 7 

598 

3 

1 2 0  

1 2 3 

1 09 

3 , 662 

1 0 7  

583 

32 

1 0  

7 3 2  

2 , 9 3 0  

2 , 9 2 5  

1 985 

Medium 
Cas.e 

2 , 5 0 9  

2 , 78 8  

1 8  

2 , 8 0 6  

2 , 80 6  

2 9 2  

78 

370 

1 0 3  

1 04 

84 

3 , 364 

1 3 3 

5 0 4  

1 9  

4 

660 

2 , 7 0 4  

2 , 7 0 2  

Low 
Cas e  

2 , 39 0  

2 , 73 5  

1 5  

2 , 75 0  

2 , 7 5 0  

2 7 0  

7 0  

3 4 0  

1 

90 

9 1  

80 

3 , 2 6 1  

1 3 0 

5 3 0  

1 6  

4 

680 

2 , 5 8 1  

2 , 569 

High 
Case 

2 , 6 7 0  

3 , 0 8 1  

63 

3 , 1 4 4  

3 , 1 44 

442 

1 46 

588 

3 

1 24 

1 2 7  

1 0 2 

3 , 96 1  

93 

82 1 

45 

8 

967 

2 , 994 

2 , 9 9 1  

1 99 0  

Medium 
Case 

2 , 5 3 3  

3 , 0 4 6  

1 7  

3 , 0 6 3  

5 

3 , 068 

2 6 1  

8 1  

342 

99 

1 00 

99 

3 , 60 9  

1 1 0 

756 

2 2  

5 

893 

2 , 7 1 6 

2 , 7 1 7  

Low 
Case 

2 , 3 7 5  

2 , 95 5  

1 4  

2 , 969 

5 

2 , 9 7 4  

2 5 0  

74 

324 

85 

86 

80 

3 , 46 4  

1 1 0  

7 8 4  

1 8  

5 

9 1 7  

2 , 5 47 

2 , 54 6  

*Proj ected data derived from the April 1 97 9  and Dec ember 1 9 7 9  NPC Surveys of u . s . and World Energy and Oil Supply/Demand 

Forecasts . 



20r---------------------------------------------------------------� 

>­
<( 
0 

a: 
w 
a_ 12 
(/) 
_J 
w 
a: 
a: 
<( 
Cl] 

z 
0 
_J 
_J 

� 

8 

4 

LEGEND 

1978 

H I G H  CASE 

1 982 

V/(///1/J M E D I U M  CASE 

� LOW CAS E 

YEAR 1 985 

F igure 24. Reg ional Crude O i l  R u ns-PADs I - I V . 

1 4 .31 

1990 

NOTE: Projected data derived from the Apri l  1 979 and Decem ber 1 979 NPC Surveys of U.S. and World Energy and O i l  
Supply/ Demand Forecasts. 

4r-----------------------------------------------------------------� 
LEGEND 

H I G H  CAS E 

f/f/111/A M ED I U M  CAS E 

� LOW CASE 

>­
<( 

3�----------------------------------------------------------------� 
0 

a: 
w 
a_ 
(/) 
_J 
w 
a: 2 
a: 
<( 
Cl] 

z 
0 
_J 
_J 
� 

1978 

2.63 

1982 YEAR 1 985 
Fig u re 25. Regiona l  Crude O i l  R u ns-PAD V.  

2.67 

1 990 

NOTE:  Projected data derived from the April 1 979 and December 1 979 NPC S u rveys of U .S .  and World E nergy a nd O i l  
S u pply/Demand Forecasts. 

6 4  



i nd i c a t e s  that PAD V r e f i nery c rude o i l  r u n s  w i l l  i nc r e a s e  only 
sl i gh t ly by 1 9 9 0 ,  appro x ima te ly 5 0  MB/D . 

Reg i onal Pe t ro l e um Prod u c t  Demand 

The h igh , med i um ,  and l ow case pe t ro l e um d e mand for PADs I - I V  
a nd PAD V are  pre s e n ted i n  F i gure 2 6 .  

Th e h igh case  pro j e c t s  that produc t d emand i n  PADs I - I V  w i l l  
i ncrease from 1 6 . 2 MMB/D i n  1 9 7 8  t o  1 8 . 2 MMB/D by 1 9 9 0 ,  an ave rage 
annual i n c re a s e  o f  abou t 1 perce n t .  Produc t d emand i n  PAD v i s  
pro j e c ted to i ncrease from 2 . 6 to 3 . 0 MMB/D ove r  the s ame per i od , 
a lso an ave rage annu a l  i ncrease of abou t 1 p e r ce n t . 

Th e me d i um c a s e  i nd i c a t e s  no g rowt h  i n  PADs I - I V produc t d emand 
to 1 9 9 0 ,  and on ly a ve ry modes t g rowth in PAD V ( 0 . 3  p e r c e n t  pe r 
yea r ) , to 2 . 7  MMB/D i n  1 9 9 0 ,  c ompared to 2 . 6 MMB/D i n  1 9 7 8 . 

Th e l ow c as e  pro j e c t s  PADs I - IV produc t demand to d e c l ine to 
1 4 . 3 MMB/D i n  1 9 9 0 ,  a de crease o f  a l mo s t  2 . 0 MMB/D ( 1 2 pe rcen t ) 
f rom 1 9 7 8 .  PAD V p rodu c t  d emand i s  i nd i c a te d  to d e c l i ne o n ly 
s l i gh t ly ove r the s ame per iod , d own from 2 . 6 3 MMB/D t o  2 . 5 5 MMB/D . 

In both the h i gh and med i um case s ,  the r e g i on a l  share o f  t o t a l  
u.s. pe troleum d emand rema i n s  cons tan t ove r the 1 9 7 8 -1 9 9 0  p e r iod , 
abou t 8 6  percent for the area eas t o f  the Ro ck i e s  and 1 4  pe r c e n t  
f o r  t h e  We s t  Coa s t  and A l aska and Hawa i i .  Th e l ow c a s e  p ro j e c t s  
the reg ional  shares a t  8 5  and 1 5  perc e n t , r e s pe c t i ve ly , i n  1 9 8 5  and 
1 9 9 0 .  

Tab l e  2 4  s umma r i z e s  PADs I - IV produc t d ema nd change s be twe en 
1 9 7 8  and 1 9 9 0  for the three cases and a l so compares  the med i um and 
l ow c ase pro j e c t ions for  PADs I - IV w i th tho s e  o f  the h igh case . 
Tab l e  2 5  s umma r i ze s  the s ame pro j e c t ions for PAD V .  

Complete d e t a i ls o f  d ome s t i c  produc t  d emand i n  
PAD V for  the ye ars  1 9 7 8 , 1 9 8 2 ,  1 9 8 5 ,  and 1 9 9 0  a s  
h i gh and med i um c a s e s  are sh own i n  Tab l e s  2 6 - 3 3 .  
a re the low c a s e  pro j e c t ions for 1 9 8 5  a nd 1 9 9 0 .  

CRUDE O I L  TYPES AND QUAL I T I E S 2 

PADs I - IV and 
d eve l oped f rom 
A l s o  pre s e n t ed 

To dete rmi ne po ten t i a l f u t ure u.s. re f i n i ng c apac i ty and pro­
c e s s  hardware req u i reme n t s  i t  is nece s s a ry to cons i d e r  not only the 
ava i l ab i l i ty and d emand for c r ude o i l , bu t a l so the type s and q u a l ­
i t i es o f  crude o i l  ava i l able  to b e  run i n  u.s. r e f i ne r i e s  t o  me e t  
pro j e cted product d emand req u i remen t s . 

2F i e ld cond e n s a te i s  c l a s s i f i ed a s  s we e t  c rude o i l  for the 
purpo s e s  of th i s  s t ud y . 
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TABLE 24 

L ocal P roduct D emand -- PAD s I-IV * 

( MMB/D ) 

Increase ( De crease ) Di fference From 
1 97 8  1 99 0  1 99 0 /1 97 8  H i9:h C ase ( 1 990 ) 

High Medium ID w  Hi gh Me dium low Medium IDw 
C ase C ase C ase C ase  C ase C ase C ase C ase  

Motor Gasoline 
Le ad ed 4 . 25 0 . 93 0 . 60 0 . 4 1  ( 3 .  32 ) ( 3 .  65 ) ( 3 .  84 ) ( 0  .. 33 ) ( 0 .  52 )  
Unleaded 2 . 0 3  4 .7 5  4 .54 4 .62 2 . 72  2 . 5 1  2 .59 ( 0 . 2 1 ) ( 0 . 1 3 ) --

To tal 6 . 28  5 . 68 5. 1 4  5 . 03  ( 0 .  60 ) ( 1 . 1 4 )  ( 1 .  25 ) ( 0 . 54 ) ( 0 .  65 ) 

Middle Distil lates 
Jet Fuel ( Kero sine )  o .  6 1  o .  90 o.  84 o .  63 o .  2 9  0 . 23  o.  02 { o .  06 ) ( o .  27 ) 
Diesel-On Highway 0 . 68 1 .  56 1 .  44 0 . 89 0 . 88 o .  76 o.  2 1  ( 0 . 1 2 ) ( 0 .  67 ) 

O't No .  2 Fuel Oil 1 .  34  1 .  1 8  1 . 04 1 .  0 0  ( 0 . 1 6 )  (, o .  30 ) ( o .. 34 ) ( o� 14  > ( 0. 1 8 ) -....] 
ot her Di stillates 1 .22  1 .5 1  1 . 32  1 . 2 8  0 . 29 0 . 1 0  0 . 06  { 0 . 1 9 ) ( 0 . 23' ) 

Total 3. 85  5 .  1 5  4. 64 3. 8 0  1 .  3 0  0 . 79 ( o .  05 ) ( 0. 51 )  ( 1 .  35 ) 

Residual Fuel Oil 
< 1 . 0% Sul fur 1 .  2 1  1 .  56 0 . 88 0 . 53  0 . 3 5  ( 0 .  33 ) ( 0  .. 68 ) ( 0  .. 68 ) ( 1 .  03 ) 
> 1 .  0 %  Sulfur 1 . 33  1 . 1 2  1 . 0 1  0 .59 ( 0 . 2 1 ) ( 0  . 3 2 ) ( 0 . 74 )  ( 0 . 1 1 ) ( 0  . 5 3 ) --

To tal 2 . 54 2 . 68 1 .  89 1 .  1 2  o .  1 4  ( 0 .  65 ) o .  42 ) ( 0 •· 79 ) ( 1 .  5 6 ) 

LPG 1 .  36 1 .  68  1 .  72  1 .  60 0 . 32 o. 36 0 . 24 0 . 04  ( 0 . 0 8 ) 

Pe trochemical Fe edstocks 0 . 5 9  1 .  2 0  1 . 05 0 . 92 0 . 6 1  0 . 46 o .  33 ( 0 . 1 5 )  ( 0 . 28 )  

Al l other Produc ts 1 .  60 1 .  85 1 . 74 1 .  7 8  0 . 25 o .  1. 4  0 .. 1 8  ( G  .. 1'1 )  ( 0 .  0 7 ) 

To tal IDeal Pr oduct Demand 1 6. 22  1 8  •. 24 1 6. 1 8'  1 4 . 2 5  2. 02  ( 0 .  04 ) ( 1.. 97 ) ( 2 .  06 ) (3 . • 99 ) 

*Proj ec ted data derived from the Apri l  1 9>79 and Dec ember 1 97 9  N PC  Surveys o f  u. s .  and World Energy and Oi l 
Supply/Demand Fo recasts . 



TABLE 25  

Local Product Demand -- PAD V* 

(MMB/D ) 

Increase ( Decrease )  Difference From 
1 97 8  1 990  1 990/1 978  Hi9:h Case ( 1990 ) 

High Medium Low High Medium Low Medium Low 
Case Cas e Case Case Cas e Case Case Case 

Motor Gasoline 
Leaded 0 . 78 0 . 1 5  0 . 0 8 0 . 1 0  ( 0 . 6 3 )  ( 0 . 7 0 )  ( 0 . 68 )  { 0 . 0 7 )  { 0 . 0 5 )  
Unleaded 0 . 35 0 . 92 0 . 9 1  0 . 88  0 . 57 0 . 56 0 . 5 3 { 0 . 0 1 ) ( 0 . 04 )  

--

Total 1 . 1 3 1 .  0 7  0 . 99 0 . 98 { 0 . 0 6 )  { 0 . 1 4 )  { 0 . 1 5 )  { 0 . 0 8 )  ( 0 . 09 )  

Middle Distillates 
0'\ Jet Fuel { Kerosine ) 0 . 25 0 . 40 0 . 36 0 . 36 0 . 1 5  0 .  1 1  0 .  1 1  { 0 . 04 )  { 0 . 04 )  
co 

Diesel-On Highway 0 . 1 2  0 . 26 0 . 29 0 . 26  0 .  1 4  0 . 1 7  0 . 1 4  0 . 0 3  
Other Distillates 0 . 24 0 . 25 0 . 1 9 0 .  1 8  0 . 0 1  { 0 . 0 5 )  { 0 . 06 )  { 0 . 06 )  { 0 . 07 )  

-- --

Total 0 . 6 1  0 . 9 1  0 . 8 4  0 . 8 0  0 . 3 0  0 . 2 3 0 .  1 9  { 0 . 0 7 )  { 0 . 1 1 )  

Residual Fuel Oil 
< 1 . 0 % Sulfur 0 . 27 0 . 39 0 . 2 2 0 . 1 9  0 . 1 2  ( 0 . 0 5 )  ( 0 . 08 )  { 0 . 1 5 )  { 0 . 20 )  
> 1 . 0% Sulfur 0 . 22 0 .  1 6  0 . 23 0 . 1 4 ( 0 . 06 )  0 . 0 1  { 0 . 08 )  0 . 06 { 0 . 02 )  

--

Total 0 . 49 0 . 5 5 0 . 45 0 . 3 3 0 . 06 ( 0 . 04 )  { 0 . 1 6 )  ( 0 . 0 9 )  { 0 . 2 2 )  

All Other Products 0 . 40 0 . 46 0 . 44 0 . 44 0 . 06 0 . 04 0 . 04 ( 0 . 0 2 ) { 0 . 0 2 )  

Total Local Product Demand 2 . 6 3  2 . 99 2 .  72 2 . 5 5 0 . 36 0 . 0 9 { 0 . 0 8 )  ( 0 . 26 )  ( 0 . 44 )  

*Proj ected data derived from the April 1 9 79 and Dec ember 1 9 79 NPC Surveys of u . s .  and World Energy and Oil 
Supply/Demand Forecasts .  



TABLE 26 

Domestic D emand for Products -- PAD s I-IV 
( MB;t> ) 

!lbtor Gasol ine : Leaded - Premium 
- Non-premium 

Subtotal 
Un leaded - Pr emium 

- Non-premi um 
Subtotal 

Total Motor Ga soline 
Aviation Ga so line 
Jet Fuel : Naphtha Type 

Ke rosine Type 
Total Jet Fuel 

Spec ial Naphtha 
Kero sine & Heating Oil #1  
Di stil late Fuel Oi l :  #2 Oil 

#4 Oil 
Diesel - On-Highway 

- Off-Highway 
other Di stil late 

Total · Distillate Fuel Oil 
Re sidual Fuel Oi l :  0 - 0. 5%8 

0. 51 - 1 .  0 %S 
1 .  1 - 2 .  0%8 
2. 0 %8  + 

Total Re sidual Fue l Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane 

Total Liquified Gases 
Mix 

Petrochemical Fe edstocks : st il l Ga s 
4 0 0  EP Naphtha 
other 

Total Petrochemical Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fue l 
Mi sc ellaneous Products 

Total Domestic Demand for Products 

Actual* 
1 978 

656 
3 , 600  
4,  256 

0 
2 , 026 
2 , 026 
6, 2 83 

30 
1 43 
6 1 3 
756 

88 
1 94 

1 1 344 
58 

679 
1 65 
80 1 

3 , 047 
64 1 
672 
426 
796 

2 , 535 
432 
729 
1 62 

3 1  
1 , 355 

53 
2 0 1  
3 3 1  
586 
1 53 

1 4  
2 1 5  
4 0 1  
444 
1 1 7  

1 6 , 2 1 6  

H igh Case Projectiont 
1 982 1 985 1 990 

1 1 7  
2 , 480 
2 , 597 
1 1  1 35 
2 , 6 72 
3 , 807  
6, 404  

33  
1 32 
707  
83 9 

92 
2 1 3  

1 1 247 
63 

92 9 
1 80 
969 

3, 388 
688 
803 
5 1 8  
650 

2 , 659  
40 1  
888 
1 65 

1 9  
1 1 4  73 

56 
268 
42 7 
7 5 1  
1 64 

1 6  
228 
4 1 9  
477  
1 63 

1 7 , 3 1 9  

13  
1 1 683 
1 1 696 
1 , 559 
2 , 785 
4 , 344 
6, 040 

34 
1 22 
775 
897 

93 
1 92 

1 , 235  
67 

1 1 1 55 
1 94 
987 

3, 638 
72 7 
836 
524 
631  

2 , 7 1 8  
400 
960 
1 87 

2 1  
1 , 568 

48 
309 
534  
891  
1 72 

1 7  
234 
436 
475 
1 9 1 

1 7 1 596 

0 
93 9 
93 9 

1 1 81 3 
2 , 932 
4 , 745 
5 , 684 

38 
1 04 
898 

1 , 0 0 2  
1 00 
1 8 8 

1 1 1 78 
7 1  

1 1 560 
220 

1 1  0 3 1  
4 , 060 

703 
854 
5 1 3  
609 

2 , 679 
388 

1 , 062 
202  

24  
1 1 676  

45 
4 1 9  
738 

1 , 202  
1 90 
2 0  

250 
467 
490 
1 94 

1 8 , 24 0  

*To tal u. s .  per Petroleum S tatement , Annual , Fi nal Summary , N:>vember 7 ,  1 979. 
Detail for u. s. PAD districts per PAD D istrict S upply/D isposition , Annual, December 2 9 ,  
1 979, adj usted to conform with Total u. s.  Petroleum S tatement , Annual , Final Summary 
figures . 

tProj ected data derived fr om the Apr il 1 979 NPC Survey of u. s.  and Wb rld En ergy and 
Oil Suppl y/Demand Forecasts . Components may not add to subtotals due to independent 
rounding . 
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TABLE 27 

Domestic D emand for Products -- PAD s I-IV * 
( t-iB;b )  

�tor Gasol ine : Leaded - Pr emium 
- Non-premium 

Subtotal 
Unl eaded - Pr emium 

- Non-premium 
' Subtotal 

Total Motor Ga sol ine 
Av iation Ga soline 
Jet Fuel : Naphtha Type 

I<e rosine '!Ype 
Total Jet Fuel 

Spec.ial Naphtha 
Kero sine & Heating Oil #1  
Di stil late FUel Oil : #2 Oil 

#4 Oil 
Di e se l  - On-Highway 

- Of f-Highway 
other Di stillate 

Total Distillate Fuel Oil 
Re sidual Fue l Oi l :  0 - 0 . 5%5 

0. 5 1 - 1 . 0 %S 
1 .  1 - 2. 0%5 
2 .  0%5 + 

Total Re sidual Fuel Oil 
Liquified Ga ses :. Ethane 

Propane 
Butane 
Propane/Butane 

Total r.iquified Gases 
Mix 

Pe trochemical Fe ed stocks � St il l Ca s  
4 0 0  EP Naphtha 
ot her 

Total Petrochemical Feedstocks 
Lubricants 
Waxes 
Coke 
Asphal t & Road Oil 
st ill Gas fo r Fuel 
Miscellaneous Products 

Total Danestic Demand for Products 

Ac tual* 
1 978 

656 
3 , 60 0  
4, 256 

0 
2, 026 
2 , 026 
6, 2 83 

30  
1.43 
6 1 3  
756 

88 
1 94 

1 , 344 
58 

679 
1 65 
80 1 

3 , 047 
64 1 
672 
426 
796 

2,. 535 
432 
729 
1 62 

3 1  
1 , 355 

53 
2 0 1  
3 3 1  
586 
1 53 

1 4  
2 1 5  
4 0 1  
444 
1 1 7  

1 6, 2 1 6  

Medium C ase Pro; ectiont 
1 982 1 985 1 990 

644 
1 1 468 
2, 1 1 2 

88 
3 , 64 1 
3 , 729 
5 , 841  

34 
1 3 7  
672 
80 9 

87 
1 88 

1 1  1 72 
69 

8 1 1 
1 73 
84 0 

3 , 065 
547 
566 
305 
695 

• 21 1 1 3  
436 
84 5 
1 88 

39 
1 , 508 

5 1  
242 
46 1 
754 
1 64 

1 7  
2 1" 8 
420 
440 
1 35 

1 5 , 793 

1 52 
1 1  1 72 
1 , 324 
1 1  1 35 
3 , 1 42 
4 , 27"7 
5 , 6 0 1  

36  
1 22 
735  
857  

92 
1 85 

1 1  1 3 5  
83 

1 , 065 
1 89 
82 8 

3 , 3 0 0  
563 
4 73 
5 1 8  
555 

2 , 1 0 9  
389 
976 
204 

45 
1, 6 1 4  

69 
299  
485 
853 
1 7 1  

1 8  
223  
437 
44 7 
1 3 7  

1 6 , 080 

5 9  
543 
60 2 

1 1  391 
3, 1 4 5  
4 , 536 
5 ,  1 3 8  

40 
1 0 7  
83 8 
94 5 

99 
1 8 1  

1 , 043 
90 

1 1 440 
224 
82 6 

3 , 623 
496 
388 
538 
470 

1 1 892 
3 7 2  

1 , 0 74 
229 

45 
1 1 72 0  

67  
380  
599 

1 1 046 
1 89 
2 0  

2 3 7  
460 
450 
140  

1 6 , 1 8 0  

*Total u. s .  per Petroleum S tatement , Annual,  Final Summary ,  Novembe r  7 ,  1 97 9 .  
De tail fo r U. S. PAD d istricts per PAD D istrict S upply;b isposition , Annual , � cember 2 9, 
1 97 9 ,  adjusted to con form with Total u. S. Petroleum S tatement , Annual ,  Final Summary 
f:igures.  

tProj ected data der ived fran the December 1 979 NPC Survey of  u. s .  and World Energy 
and Oi l SUpply/Demand Fo recasts.  COmpo nents may not add to sub total s due to independent 
rounding. 
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TABLE 28 

Domestic Demand for Products -- PADs I-IV 
(MB/D ) 

Motor Gasoline : Leaded - Premium 
- Non-premium 

Subtotal 
Unleaded - Premium 

- Non-premium 
Subtotal 

Total Motor Gasoline 
Aviation Gasoline 
Jet Fuel : Naphtha Type 

Kerosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oil # 1  
Distillate Fuel Oil : #2 Oil 

#4 Oil 
Diesel - On-Highway 

- Off-Highway 
other Distillate 

Total Distillate Fuel Oil 
Residual Fuel Oil : 0 - 0 . 5%S 

·O .  51  - 1.  0%S 
1 . 1  - 2 . 0%S 
2 . 0% S  + 

Total Residual Fuel Oil 
Liquified Gases ·: Ethane 

Propane 
Butane 
Propane/Butane Mix 

Total Liquified Gases 
Petrochemical Feedstocks _: Still Gas 

40 0 EP Naphtha 
Other 

Total Petroch.emica1 Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fuel 
Miscellaneous Products 

Total Domestic Demand for Products 

Actual* 
1978 

65.6 
3 , 6 0 0  
4 , 256 

0 
2 , 026 
2 , 0 26 
6 , 283 

30  
143 
6 1 3  
756 

88 
1 94 

1 , 344 
58 

679 
1 65 
80 1 

3 , 047 
641 
672 
426 
796 

2 , 5 35 
432 
729 
162  

3 1  
1 , 35 5  

53  
20 1 
3 3 1  
586 
1 53 

1 4  
2 1 5  
40 1 
444 
1 1 7 

Low Case Proiectiont 
1 982 1 985 1 990  

NOT 
.AVAILABLE 

0 
1 , 365 
1 , 365  
1 , 340 
2 , 785  
4 , 1 25 
5 , 490  

30  
1 5 0  
6,00 
750  

82 
143 

1 ,  080  
63  

795  
189  
872  

2 , 999 
3 1 0  
4 1 2  
2 1 4 
602 

1 , 5 38 
4 1 8  

1 , 0 84 
1 39 

47 
1 , 688 

54 
275  
455 
784 
160 

1 7  
2 1 5  
455 
430 
1 33 

1 4 , 806 

0 
405 
40 5  

1 , 580 
3 , 040 
4 , 620  
5 , 025 

45 
184 
626 
8 1 0  

95 
1 3 5  

1 , 0 0 3  
63  

890 
2 0 0  
885 

3 , 04 1  
245 
289 
1 20 
462 

1 ,  1 1 6 
4 1 2  
999 
1 67 

42 
1 , 620  

53 
329 
533 
9 1 5  
1 69 

1 7  
2 1 0  
470 
406 
175 

1 4 , 249 

*Total u. s.  per Petroleum Statement , Annual ,  Final Summary , November 7 ,  1 979 . 
Detail for u . s .  PAD districts per PAD District Supply/Disposition, Annual , December 29 , 
1979,  adjusted to conform with Total u . s .  Petroleum Statement , Annual,  Final Summary 
figures . 

tProj ected data derived from the Dec ember 1979 NPC Survey o.f U . s .  and World Energy 
and Oil Supply/Demand Forecasts . Components may not add to subtotals due to independent 
r.ounding. 
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TABLE 29 

D omestic D emand for Products -- PAD V 
( MB;b ) 

l>btor Ga sol ine : Leaded - Premium 
- Non-pr emium 

Subtotal 
Un l eaded - Pr emium 

- Non-premi um  
Subtotal 

'Ibtal l>btor Ga sol ine 
Av iation Ga so l ine 
Jet Fuel : Naphtha Type 

Ke rosine Type 
'Ibtal Jet Fuel 

Spec ial Naphtha 
Kerosine & Heating Oil # 1  
Di stil late Fuel Oil : #2 Oil 

#4 Oil 
Di esel - On-Highway 

- Of f-Highway 
other Di stil late 

'Ibtal Distillate Fuel Oil 
Re sidual Fuel Oil : 0 - 0. 5%8 

0. 5 1 - 1 . 0 %S 
1 .  1 - 2. 0%8 
2. 0 %S + 

To tal Re sidual Fuel Oil 
Liquified Gases : Ethane 

Pr opane 
Butane 
Propane/Butane 

'Ibtal Liquified Gases 
Mix 

Pe trochemical Fe edstocks : st il l Ga s  
4 0 0  E P  Naphtha 
other 

'Ibtal Petrochemical Feedstocks 
Lubricants 
Waxes 
Co ke 
Asphalt & Road Oil 
still Gas for Fue l 
Miscell aneous Products 

'Ibtal Domestic Demand for Products 

Ac tual* 
1 978 

278 
506 
784 
1 84 
1 6 1 
345 

1, 1 2 9  
9 

56 
245 
3 0 1  

1 5  
2' 1  
4 1  

3 
1 1 8 
26 

1 57 
345 
2 2 1  

44 
2 1 5  

8 
488 

1 
49 

5 
3 

58 
2 
3 
4 
9 

1 9  
3 

4 1  
78  

1 04 
1 1  

2 , 63 1  

H igh C ase P rojectiont 
1 982 1 985 1 990  

38  
388 
426 
2 0 6  
5 1 7 
72 3 

1 ,  149  
1 0  
52 

294 
346 

1 1  
20  
45 

3 
1 6 1  
26  

1 40 
3 75 
382 

37  
1 33 
29  

581  
2 

54 
5 
3 

64 
2 
5 

1 1  
1 8  
1 7  
4 

49 
69 

1 04 
1 2  

2 , 829  

8 
267 
2 7 5  
323  
5 1 8  
84 1 

1 ,  1 1 6 
1 1  
49 

327 
3 76 

1 2  
23 
44 

3 
1 97 
2 7  

1 4 0  
4 1 1 
4 1 1 

40 
1 30 
28  

609  
2 

56 
7 
3 

68 
2 

1 0  
2 1  
33 
1 8  
4 

5 1  
72 

1 0 8 
1 3  

2 , 925 

0 
1 50 
1 5 0  
422 
497  
91 9 

1 ,  069 
1 1  
36  

400  
436 

1 3  
24 
4 1  

3 
262 

3 1  
1 48 
485 
346 

44 
1 3 1  
2 5  

546 
2 

62 
8 
3 

75  
2 

1 7  
33 
52 
20 

5 
55  
76 

1 1 0 
1 4  

2 , 99 1  

*'Ibtal U. S. per Petroleum S tatement , Annual ,  Final Summary , Nov ember 7 ,  1 979 . 
De tail fo r u. S. PAD d istricts per PAD D istrict S upply;b isposition , Annua l ,  Ce cember 2 9, 
1 97 9 ,  adjusted to con fonn with 'Ibtal u. S. Petroleum S tatement , Annual,  Final Summary 
figures . 

tProj ected data der ived from the Apr il 1 979 NPC Survey of u. s .  and World Energy and 
Oi l Suppl y/Demand FO recasts . Components may not add to subtotal s due to independent 
rounding. 
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TABLE 30 

Domestic D emand for Products -- PAD V 
( MB;b ) 

M:>tor Ga soline : Leaded - Premium 
- No n-premium 

Subtotal 
Un l eaded - Pr emium 

- Non-premium 
Subtotal 

Total M:>tor Ga soline 
Aviation Ga soline 
Jet Fuel : Naphtha Type 

Ke rosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oil # 1  
Distil late Fuel Oi l :  #2 Oil 

#4 Oil 
Di esel - On-Highway 

- Of f-Highway 
other Di stil late 

Total Distillate Fuel Oil 
Re sidual Fuel Oil : 0 - 0 . 5%S 

O. 5 1  - 1 . 0 %S 
1 .  1 - 2 .  0%S 
2. O %S  + 

To tal Re sidual Fuel Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane 

Total Liquified Gases 
Mix 

Pe trochemical Fe edstocks : still Ga s  
4 0 0  E P  Naphtha 
other 

Total Petrochemic al Feedstocks 
Lubricants 
Waxes 
Cbke 
Asphalt & Road Oil 
st ill Ga s  fo r Fuel 
Mi scellaneous Products 

Total Domestic Demand for Products 

Ac tual* 
1 978 

278 
506  
784 
1 84 
1 61 
345 

1 ,  1 2 9  
9 

56 
245 
3 0 1  

1 5  
2 1  
4 1  

3 
1 1 8 
26 

1 57 
345 
22 1 

44 
2 1 5  

8 
488 

1 
49 

5 
3 

58 
2 
3 
4 
9 

1 9  
3 

4 1  
78 

1 04 
1 1  

2 , 63 1  

Medium C ase P ro ' ectiont 
1 982 1 985 1 990 

35  
364 
399 
1 93 
486 
679 

1 , 078 
9 

48 
2 74 
322 

1 5  
20 
46 

3 
1 98 
25  
95 

367 
2 1 4  

30  
223 

2 0  
487 

2 
52  

5 
3 

62 
2 
3 
9 

1 4  
1 8  
3 

48 
69 
95 
1 9  

2 , 626 

7 
2 1 2  
2 1 9  
3 1 9  
5 1 1 
830 

1 ,  049 
1 0  
49  

299 
348 

1 8  
2 1  
43 

2 
237  

26 
86 

3 94 
2 70 

25  
202  

2 0  
5 1 7  

2 
54 

7 
3 

66 
1 
5 

1 0  
1 6  
2 1  

3 
5 1  
74 
94 
20  

2 , 702 

0 
81  
8 1  

4 1 6  
489 
90 5 
986 

1 0  
1 7  

364 
3 8 1  

2 1  
2 2  
3 9  

3 
292 

32  
84 

450 
200  

20  
2 1 8  

1 5  
453 

2 
6 1  

8 
3 

74 
2 

1 2  
24 
38 
23 

3 
52 
79 

1 08 
1 7  

2 , 7 1 7 

*Total u. s. per Petroleum S tatement , Annual, Final Summary , November 7, 1 979 . 
Detail for U. s. PAD d istricts per PAD D istrict S upply/Disposition , Annual , De cember 2 9,  
1 979 ,  adj usted to conform with Total u. S. Petroleum S tatement , Annual , Final Summary 
figur e s .  

tProj ected data derived from the December 1 979 N PC  Survey o f  u. s.  and World Energy 
and Oil SUpply/Demand Fb recasts . COmponents may not add to subtotals due to independent 
rounding.  
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TABLE 3 1  

Domestic Demand for Products -- PAD V 
(MB/D ) 

Motor Gasoline : Leaded - Premium 
- Non-premium 

Subtotal 
Unleaded - Premium 

- Non-premium 
Subtotal 

Total Motor Gasoline 
Aviation Gasoline 
Jet Fue l :  Naphtha Type 

Kerosine Type 
Total Jet Fuel 

Special Naphtha 
Kerosine & Heating Oi l # 1  
Distil late Fuel Oil : # 2  Oil 

#4 Oil 
Diesel - On-Highway 

- Off-Highway 
Other Distillate 

Total Distillate Fuel Oil 
Residual Fuel Oil : 0 - 0 . 5%S 

0.  51  - 1 .  0%S 
1 . 1  - 2 . 0%S 
2·. O%S + 

Total Residual Fuel Oil 
Liquified Gases : Ethane 

Propane 
Butane 
Propane/Butane 

Total Liquified Gases 
Mix 

Petrochemical Feedstocks : Still Gas 
400  EP Naphtha 
Other 

Total Petrochemica l Feedstocks 
Lubricants 
Waxes 
Coke 
Asphalt & Road Oil 
Still Gas for Fuel 
Miscellaneous Products 

Total Domestic Demand for Products 

Actual* 
1 978 

278 
506 
784 
1 84 
1 6 1  
345 

1 , 1 29 
9 

56 
245 
30 1 

1 5  
2 1  
4 1  

3 
1 1 8 
26 

1 57 
345 
2 2 1  

44 
2 1 5  

8 
488 

1 
49 

5 
3 

58 
2 
3 
4 
9 

1 9  
3 

4 1  
7 8  

1 0 4 
1 1  

2 , 63 1  

Low Case Proj,ectiont 
1 982 1 985  1 990 

NOT 
AVAILABLE 

0 
2 3 5  
235  
360  
4 1 5  
7 7 5  

1 , 0 1 0  
1 0  
5 0  

3 0 0  
3 5 0  

1 8  
2 0  
4 0  

2 
2 0 5  

2 6  
90  

363 
245 

28 
1 66 
2 3  

462 
2 

54 
6 
3 

65  
1 
5 

1 0  
1 6  
2 0  

3 
5 0  
7 5  
9 0  
1 7  

2 , 569 

0 
95 
95 

420 
460 
880 
975 

1 0  
3 1  

359 
390 

20 
20 
37  

2 
260 

30 
90 

4 1 9  
1 65 
2 1  

1 30 
1 8  

334 
3 

66 
8 
3 

80 
2 

1 1  
2 2  
3 5  
2 1  

3 
5 0  
80  
94 
1 5  

2 , 546 

*Total u . s .  per ?etroleum Statement , Annual , Fina l Summary , November 7 ,  1 97 9 .  
Detai l for u . s .  PAD districts per PAD District Supply/Disposition , Annual , December 29 , 
1979,  adjusted to conform with Total u . s .  Petroleum Statement , Annual , Fina l Summary 
figu.res.  

tProjected data derived from the December 1 97 9  NPC Survey of u . s .  and World Energy 
and Oil Supply/Demand Forecasts . Components may not add to subtotals due to independent 
rounding. 
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TABLE 3 2  

Regi onal D ema nd for Liqui f i ed Petroleum Ga s es for 
Chemical Uses 

( ME/D ) 

PADs I-IV PAD v 
Actua l Project ion Actua l Projection 

1978  1 982 1 985 1 99 0  1 97 8  1 982  1 985  1 990  
High Ca s e  

Ethane 432  387 369 336  2 2 1 
Propane 8 1  1 68 208 248 4 8 9 1 1  
Butane 1 3 3 1 0 2  1 03 1 0 7 3 1 2 2 
Propane/Butane Mix 1 0  3 3 4 1 1 1 

Total 656 660 683 695 9 1 2  1 4  1 5  
-...! 
Ul 

Medium Case 
Ethane 432 435  379  3 3 1  2 2 1 
Propane 8 1  1 29 203  29 1 4 7 1 0  1 3  
Butane 1 33 1 48 1 68 1 8 8  3 2 2 2 
Propan e/Butane Mix 1 0  9 1 0  1 1  1 1 

Total 656 7 2 1  760  8 2 1 9 1 2  1 5  1 7  

Low Ca s e  
Ethane 432  NA 408 354  NA 2 1 
Propane 8 1  NA 2 0 0  2 6 3  4 NA 1 0  1 2  
Butane 1 3 3  NA 1 1 8 1 43 3 NA 2 2 
Propane/Butane Mix 1 0  NA 1 0  1 0  1 NA 1 1 

- -

Total 656 NA 736 7 7 0  9 NA 1 5  1 6  



TABLE 33  

PADs I-IV and PAD V BTX* Demand -- 1 978- 1 990  
( MB/D ) 

Actual Projection 

High Ca s e  
Other Petrochemica l 

Fe edstock s 
BTX 

Medium Ca s e  
Other Petrochemical 

Feeds tocks 
BTX 

Low Ca s e  
Other Petrochemical 

Feedstocks 
BTX 

1 97 8  
PADs 
I-IV 

33 1 
1 78  

33 1 
1 7 8  

33 1 
1 78 

PAD 
v 

4 

4 

4 

*BTX - Benz en e ,  toluene, and xyl ene .  

1 982 
PADs 
I-IV 

427 
186 

46 1 
207  

NA 
NA 

PAD 
v 

1 1  
6 

9 
5 

NA 
NA 

1 985  
PADs 
I-IV 

5 34 
187  

485 
2 1 1  

455 
1 84 

PAD 
v 

2 1  
1 0  

1 0  
7 

1 0  
6 

1 990  
PADs 
I- IV 

7 38 
189  

599 
2 1 4  

533  
185  

PAD 
v 

3 3  
1 6  

24 
1 1  

22  
1 1  

I t  i s  d i f f i c ul t ,  i f  not impo s s i b l e , to pre c i s e ly quan t i fy the 
type s and qual i t i e s  of c r ud e o i l  wh i c h  wi l l  be run in U . S .  re f i n­
e r i e s  i n  the f u ture . The fol low i ng f actors c on t r i bu t e  to th i s  
d i f f i cu l ty : 

• The large numbe r o f  d i f ferent c r ude o i l s ( both d ome s t i c  and 
fore ign ) a c ce s s i b l e  to and used by U . S .  r e f i n e r s , and the 
uncer t a i n t y  of the i r  ava i l ab i l i ty over the l o ng t e rm 

• The uncer t a i n  s i ze and ava i l ab i l i ty o f  recen t ly d i scovered 
and d eve l op i ng c rud e o i l  re s e rve s 

• The l a ck o f  d a t a  on the vo lume and c rud e o i l  type s and q u a l ­
i t i e s  of o i l  ye t to b e  d i scovered a n d  d eve l oped i n  t h e  pe r i ­
od be fore 1 9 9 0 . 

In v i ew o f  th i s  d i f f i c u l ty and uncerta i n ty i t  wa s d e te rm i ned that 
the pre s e n t a t ion o f  a pot en t i a l  range o f  c r ude o i l  types and qua l i ­
t ie s  ava i l able t o  u . s .  r e f i ne r i e s  wou l d  con t r i bu te t o  the analys i s  
o f  f u t ure re f i n i ng h a rdware requ i r eme n t s  i n  a mor e  me an i n g f u l  way 
than wou l d  an a t temp t to deve lop a prec i se quan t i f i c a t ion of f u ture 
crude o i l  type s and qual i t i e s . 

I t  wa s i mportant a t  the ou t s e t  to d e f i ne the c rud e o i l  type s 
and q u a l i t i e s  wh i ch wou l d  be mo s t  u s e f u l  to the analy s i s  and wh i ch 
could be deve l oped wi th rea sonab le a c c ura cy from ava i l able i n fo rma-
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t ion sour c e s . Th e f i ve c rude o i l  type s and q ua l i t i e s  u sed i n  the 
analy s i s  fo l l ow : 3 

• Swee t C rud e O i l  - - Und e r  0 . 5  wt % s u l f ur 

• Med i um- S u l f ur - - Be twe e n  0 . 5  and 1 . 0 wt % s u l f ur 

- L igh t Med i um 

- He avy Med i um 
@ 1 0 5 0 ° F  

1 5  percen t  o r  l e s s  re s i d u um a s s ay @ 1 0 5 0 ° F  

Greater than 1 5  p e r c e n t  re s i du um a s s ay 

• H igh-S u l f u r  - - I n  e x c e s s  of 1 . 0 wt % s u l f ur 

- L i gh t H igh 

- He avy H i gh 
@ 1 0 5 0 ° F . 

1 5  percent or l e s s  re s id u um a s s ay @ l 0 5 0 ° F  

Grea ter than 1 5  perce n t  r e s i d u um a s s ay 

An aly s i s  of Re c e n t  Trends i n  Swe e t  vs . Sou r  C r u d e  O i l  Run s  i n  u . s .  
Re f i n e r i e s : 1 9 6 9- 1 9 7 8  

The fo l l owi ng i n format ion s ources we re u t i l i zed i n  th i s  
analys i s :  

• U . S .  Depar tme n t  of Ene rgy repo r t  da ted De c embe r 1 9 7 7 ,  e n t i ­
tled Tren d s  i n  De s u l f ur i za t i o n  Capab i l i t i e s , Proce s s i ng 
Technolog i e s , and the Ava i l ab i l i ty o f  C rude O i l s  

• Na t i onal  Pe trol eum Re f i ne r s  As soc i a t i on repo r t s  da ted 
May 1 7 ,  1 9 7 3 ,  and March 1 5 ,  1 9 7 8 , e n t i t l e d  Capab i l i ty o f  
u . s .  Re f i ner i e s  to Proce s s  Swe e t/So u r  Crude O i l 

• Na t i onal  Pe tro l e um Cou n c i l  repo r t  d a ted De c emb e r  1 9 7 9 , e n t i ­
tled Re f i ne ry F l e x ib i l i ty ,  An I n t e r im Repor t ,  Vo lume s  I & 
I I .  ( Spe c i f i c a l ly ,  Append i x  C ,  Crud e O i l  a nd O t h e r  Feed­
s to ck Slate s . ) 

F i g ure 2 7  i l l u s t r a t e s  the proport i on o f  d ome s t i c  and fore ign 
swe e t/sour c rud e o i l  ava i l able to and ru n i n  U . S .  r e f i ne r i e s  dur i ng 
the 1 9 6 9 -1 9 7 8  per i od . From 1 9 6 9  t o  1 9 7 8 ,  s we e t  c r ud e o i ls ava i l­
able to U . S .  re f i ne r i e s  i ncreased f rom abou t 6 .  9 MMB/D t o  8 .  2 
MMB/D,  and sour c r ud e  o i ls ava i l able to u . s .  re f i n e r i e s  i nc r e a s ed 
f rom 3 . 8  MMB/D to 6 . 9  MMB/D . Dur i ng th i s  s ame pe r i od , the  propor­
t ion of s we e t  c rud e o i ls to total ava i l a b l e  c r ud e  o i l s d e creased 
f rom 6 4 . 5  percent to 5 4 . 5  percen t ,  wh i l e ,  c o nve r s e ly , the propor­
t ion o f  sour c r ud e o i ls i n cre a s ed from 3 5 . 5 pe rcent to 4 5 . 5 pe r­
c e n t . In 1 9 6 9 ,  fore i g n  c rud e o i l  impo r t s  t o t a l led o n ly abou t 1 . 5 
MMB/D ( 5 3 .  3 perce n t  s we e t  and 4 6 .  7 pe rce n t  s o ur ) vs . 9 .  2 MMB/D 
( 6 6 . 3 percent swe e t  and 3 3 . 7 perce n t  sour ) f rom d ome s t i c  source s .  

3The s e  c a t egor i e s  are the s ame a s  those u s ed i n  the Jan u a ry 
1 9 7 9  N PC Survey o f  u . s .  Pe troleum Re f i n i ng Capab i l i t i e s . 
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F igure 27.  Sweet/Sour  Crude Oil  Runs in  U .S. Ref i neries- 1 969-1 978. 
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By 1 9 7 8 ,  fore ign c r ud e  o i l  i mports had i nc r e a s ed to 6 . 4 MMB/D ( 5 1 . 6 
percent swe e t  and 4 8 . 4  p e r c e n t  sour ) c ompared to 8 . 7  MMB/D ( 5 6 . 3 
pe rce n t  s we e t  and 4 3 .  7 pe rcent sour ) from d ome s t i c  s ource s .  Thu s ,  
the percen tage of fore ign c rud e o i l  impo r t s  to t o t a l  c rude o i l  pro­
c e s s ed by u.s. r e f i ne r s  i ncreased from abou t 1 4  pe r c e n t  i n  1 9 6 9  to 
4 2 . 5 pe rcent in 19 7 8 .  Tab l e  34 s umma r i z e s  the amo u n t s  o f  swe e t/ 
sour c r ud e  o i l ava i l able to u.s. re f i ne r i e s  i n  1 9 6 9  and 1 9 7 8  f rom 
both d ome s t i c  and f o re ig n sou r ce s .  

TABLE 3 4  

Swee t/Sour Crude O i l s Ava i l able  to u.s. Re f i n e r s  -- 1 9 6 9  and 1 9 7 8  

1 9 6 9  1 9 7 8  
MMB/D % MMB/D . % 

Dome s t ic 
Swe e t  6 . 1  5 7 . 0  4 . 9  3 2 . 5 
Sour 3 . 1  2 9 . 0  3 . 8  2 5 . 0  

Subto t a l  9 . 2  8 6 . 0 8 . 7  5 7 . 5  

Fore i g n  
Swe e t  0 . 8  7 . 5 3 . 3  2 2 . 0 
Sour 0 . 7  6 . 5  3 . 1  2 0 . 5  

S ub to t a l  1 . 5  1 4 . 0  6 . 4 4 2 . 5 

Tot a l  
Swe e t  6 . 9  6 4 . 5 8 . 2 5 4 . 5  
Sour 3 . 8  3 5 . 5  6 . 9  4 5 . 5  

To t a l  1 0 . 7  1 0 0 . 0 1 5 . 1 1 0 0 . 0 

F ig ure 2 8  p r e s e n t s  the propo r t i on s  o f  d ome s t i c a nd f o re i g n  
swee t/so ur c rud e o i l s a va i l able to PADs I - IV re f i n e r i e s  f rom 1 9 6 9  
t o  1 9 7 8 .  Dur i ng the 1 9 6 9- 1 9 7 8  pe r i od , t o t a l  swe e t  crud e o i l s  run 
by PADs I-IV re f i ne r ie s  i n c reased from 6 . 5 MMB/D to 7 . 6 MMB/D , and 
total sour c rud e o i l s  run i n c reased from 2 .  6 MMB/D to 4 .  7 MMB/D.  
The pe rcen t age o f  s we e t  c r ud e  o i ls to to t a l  c r ud e  o i l s ava i l ab le t o  
PADs I - I V  re f i ne r i e s  d e c l i ned f rom abou t 7 1 . 5  p e r c e n t  to 6 2 . 0 per­
cen t ove r  th i s  per iod , a s  the  proport i on o f  sour c r ud e  o i l  i n ­
c reased f rom 2 8 . 5 pe r c e n t  t o  3 8 . 0  pe rcen t .  I n  1 9 6 9 , d ome s t i c c r ud e  
o i l  runs tota l led 8 .  0 MMB/D ( 7 3 .  8 pe r c e n t  s we e t  and 2 6 .  2 perc e n t  
sou r ) wh i le fore i g n  c rud e o i l  impo r t s  accoun ted for o n l y  1 . 1  MMB/D 
( 5 4 . 5 pe rcent s we e t  and 4 5 . 5 percent s o u r ) of PADs I - IV t o t a l  c rud e 
o i l  run s . By 1 9 7 8 , fore ig n c rud e o i l  impo r t s  h ad i ncreased to 5 . 8 
MMB/D ( abou t  5 0/ 5 0  s wee t/so ur ) wh i l e  d ome s t i c  c r ud e  o i l  r un s  d e­
c l i ned to 6 . 5  MMB/D ( 7 2 . 3  p e r c e n t  swe e t  a nd 2 7 . 7 p e r c e n t  sour ) .  
Th u s , the pe rcentag e  o f  fore ign c rud e o i l  impo r t s  of t o t a l  c rud e 
o i l  ava i lable to PADs I - IV re f i ner i e s  i ncreased from abou t 1 2  pe r­
c e n t  i n  1 9 6 9 t o  4 7  p e r c e n t  i n  1 9 7 8 .  Tab l e  3 5  s umma r i z e s  the 
change s i n  the type s o f  c r ud e  o i ls run in PADs I - IV re f i ne r i e s  f r om 
d ome s t ic and fore i g n  sour c e s  f rom 1 9 6 9  t o  1 9 7 8 . 
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TABLE 3 5  

Swee t/Sour Crude O i l  Runs i n  PADs I - I V  -- 1 9 6 9  and 1 9 7 8  

1 9 6 9  1 9 7 8  
MMB/D % MMB/D % 

Dome s t i c  
Swe e t  5 . 9  6 5 . 0 4 . 7 3 8 . 5  
Sour 2 . 1  2 3 . 0  1 . 8  1 4 . 5  

Subtotal  8 . 0  8 8 . 0 6 . 5 5 3 . 0  

Fore ign 
Swe e t  0 . 6  6 . 5  2 . 9  2 3 . 5  
Sour 0 . 5  5 . 5  2 . 9  2 3 . 5  

S ub to t a l  1 . 1  1 2 . 0  5 . 8  4 7 .  0 

To t a l  
Swe e t  6 . 5  7 1 . 5 7 . 6  6 2 . 0 
Sour 2 . 6  2 8 . 5  4 . 7  3 8 . 0  

To t a l  9 . 1  1 0 0 . 0 1 2 . 3 1 0 0 . 0  

F i gure 2 9  i l lu s t r a t e s  the propo r t ions of swe e t/sour crude o i l s 
ava i l able to PAD V re f i ne r i e s  from d ome s t i c  and fore ign sources  i n  
1 9 6 9  and 1 9 7 8 .  To t a l  c rud e o i l  ava i l a b l e  t o  PAD V re f i ne r i e s  
( a f ter a l l owing for s h i pme n t s  t o  PADs I - IV )  tot a l l e d  1 . 6 MMB/D i n  
1 9 6 9 , i ncrea s i ng t o  2 . 8  MMB/D i n  1 9 7 8 . O f  the se amoun t s , d ome s t i c  
sour c r ude o i l acc o unted for 1 .  0 MMB/D i n  1 9 6 9  ( 6 2 . 5 pe r c e n t  o f  
total crude o i l  r u n s ) ,  d o ub l i ng to 2 . 0 MMB/D i n  1 9 7 8  ( 7 1 . 5 percent  
of to t a l  c r ude o i l  runs ) wi th the  i n t ro d uc t i on of  Al a s ka n  Nor t h  
S l ope c r u d e  o i l  i n to U . S .  s uppl i e s  dur i ng t h a t  ye a r . Fo re ign sour 
c r ude o i l  i mports rema i ned r e l a t ive ly l eve l over the pe r iod at 0 . 2 
MMB/ D .  Th u s , t o t a l  sour c rude o i l  ava i la b l e  t o  PAD V r e f i n e r i e s  
accounted for abou t 7 5  percent o f  to t a l  c r ud e  o i l  runs i n  1 9 6 9 ,  
i nc reas i ng to 7 8 . 5 percent  i n  1 9 7 8 . Tab l e  3 6  s umma r i z e s  the 
changes i n  the type s o f  c r ud e  o i ls r un in PAD V re f i ne r i e s  f r om 
d ome s t i c  and fore ign sou r c e s  f rom 1 9 6 9  to 1 9 7 8 .  

Pro j e c t ions of Crude Oi l Ava i l ab i l i ty by Type and Qua l i ty 

1 9 7 8 , 1 9 8 0 ,  and 1 9 8 2  

The fo l l owi ng data  are d r awn f rom the re s ul t s  o f  the Jan u a ry 
1 9 7 9  NPC Survey o f  Pe t ro l e um Re f i n i ng C apab i l i t i e s ,  wh i ch sough t 
spec i f i c i n fo rma t ion on the c r ud e  o i l  type s and q u a l i t i e s  run o r  
e xpe cted t o  be r u n  i n  t h e  ye ars 1 9 7 8 ,  1 9 8 0 ,  a nd 1 9 8 2 .  

Th e N PC s urvey re s ul t s  for the ye a r  1 9 7 8  we re compared w i th the 
Na t ional Pe t ro l e um Re f i ne r s  As soc i a t ion repo r t ,  Capab i l i ty o f  u . s .  
Re f i ne r i e s  to Pro ce s s  Swe e t/Sour C rude O i l ,  d a t e d  March 1 5 , 1 9 7 8 . 
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TABLE 3 6  

Swee t/Sour Crude O i l  Run s  i n  PAD v -- 1 9 6 9  and 1 9 7 8  

1 9 6 9  1 9 7 8  
MMB/D % MMB/D % 

Dome s t i c  
Swe e t  0 . 2 1 2 . 5  0 . 2 7 . 0  
Sour 1 . 0  6 2 . 5  2 . 0  7 1 . 5  

S ubtot a l  1 . 2 7 5 . 0 2 . 2  7 8 . 5  

Fore ign 
Swe e t  0 .  2 1 2 . 5 0 . 4  1 4 . 5  
Sour 0 . 2'  1 2 . 5  0 . 2  7 . 0  

Sub total 0 . 4  2 5 . 0 0 . 6  2 1 . 5  

To t a l  
Swe e t  0 . 4  2 5 . 0  0 . 6 2' 1 .  5 
Sour 1 . 2 7 5 . 0  2 •. 2 7 8 . 5  

Tot a l  1 . 6 1 0 0 . (1)  2 . 8  10 0 . 0  

The r e s u l t s  of th i s  compa r i son are br i e f ly s umma r i ze d  i n  Tab l e  3 7 .  
Wh i le the compar i so n  s e rved to conf i rm s ub s t a n t i a l ly the swe e t/sour 
c rude oil  m i x  reported for 1 9 7 8 ,  d i f ferences  in  c r ude o i l  type a nd 
qual i ty d e f i n i t ions  be twe en the two survey s rende red the compa r i son 
impra<e·t i c a l  for conf i rrni ng spe c i f i c sour c r ud e  o i  1 type and qua l i ty 
data  obt a i ned f rom t he NPC s urvey . 

Al though there a.re some re l a t ive ly m i no r  d i f fe re n c e s  i n  t o t a l  
pe tro l e um s upply l e ve l s  be twe e n  th e two i nd epend e n t  s urvey s , t h e  
percentage re l a t i on s h ips a r e  ve ry c lose . Suc h  sma l l  d i f f e renc e s  a s  
do e x i s t  i n  perce n t age r e l a t ionsh ips be twe e n  the two s urvey s may b e  
due i n  p a r t  to t h e  d i f f e re nce i n  d i s tr i bu t i on d a te s . I t  wa s con­
e l l!lded' that the c ompar i son e s s en t i a l ly conf i rrns the res u1  ts O' f  bo-t h  
i nd epende n t  s urveys a nd , there fore , t h e  r e s ul ts of the NPCC s urvey 
for 1 9 7 8  are cons ide red rea sonable . 

Tab l e  3 8  s umma r i ze s  the re s ul t s  o f  the  N PC s urvey for trhe years 
1 9 7 8 ,  1 9 8 0 ,  a nd 1 9 8 2 ,  and d iv i d e s  the total sour c rud e o i l  vo lume s 
i n to the med i um- a nd h igh-s u l f ur and l igh t a nd h e avy c r ud e o i l c a t­
e go r i e s  a s  prev i ous ly d e f i ned . 

1 9 8 5  and 1 9 9 0  

I n  order to provi d e  a range of f u ture c rud e o i l  s upply q u a l i ­
t ie s  ava i lable t o  u . s .  re f i ne r i e s  i n  1 9 8 5  a n d  1 9 9 0  ( a s s umi ng n o  
maj·o r long-te rm o r  pe rma n e n t  s upply d i s rupt i o n s ) , two c rude o i l  
qua l i ty s upply s l a t e s  we re d e ve l oped . 

Crud e  o i l  s l a t e  A re f l e c t s  a pro j e c t ion o f  the h i s to r i c a l  trend 
of U . S .  c rude o i l  q ua l i ty s upply ( d ome s t i c  a nd fore i g n ) for the 
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TABLE 37 

C omparison of NPRA and NPC S urvey Data* on 1 978  S weet/S our C rude O il Mixt 

NPC S urvey NPRA S urvey 
PAD s I - IV PAD V Total u .s .  PAD s I-IV PAD V Total 

MMB /D  % MMB /D  % MMB /D  % MMB /D  % MMB /D  % MMB /D  

Danes tic 
Sweet 4. 52§  36. 7 0 . 25  1 o .  7 4. 76§ 32. 5 4. 67 3 7. 3 o .  1 6  6 .  5 4. 83 
Sour 2 . 1 4 1 7 .4 1 .53  65 .2  3 . 67 25 .0  2 . 34 1 8 . 7 1 .49 60 . 0  3 . 83 

Subtotal 6. 66 54. 0 1 .  77 75 . 9 8. 43 57. 5 7. 00  55. 9 1 .  66 66. 9 8. 66 

Foreign 
Sweet 2 .  7 1  2 2. 0 0. 50  2 1 . 5 3. 2 1  2 1 . 9  2. 7 1  2 1 . 6  0. 55 2 2. 2 3. 26 
Sour 2 . 96 24 . 0  0 . 06 2 .6 3 . 0 2  20 .6  2 . 82 22 . 5  0 . 27 1 0 . 9  3 . 09  

Subtotal 5. 67 46. 0 0. 56 24. 1 6. 23 42. 5 5. 53 44. 1 0. 82 3 3. 1 6. 35 

Total 
Swe et 7 . 23  58. 7 0 . 75  32. 2 7. 97 54. 4 7 .  39 59. 0 o .  71  28. 6 8. 1 0  
So ur  5 . 1  0 4 1 .4 1 . 59 67 . 8  6 .69 45 .6 5 . 1 6  4 1 .2  1 . 76 7 1 .4 6 . 92 

Total 1 2 . 32 1 0 0 .  0 2 .  33 1 00 . 0 1 4. 66 1 0 0 .  0 1 2. 53 1 o o .  0 2 . 48 1 00 . 0 1 5 .  0 1  

*National Petroleum Re finers Assoc iation report , entitl ed Capability of u .s .  Refineries to Process S weet/S our 
C rude Oil , March 1 5 , 1 978;  National Pe troleum Cbuncil SUrvey of Pe troleum Re fining capabil itie s ,  Ja nuary 1 979. 

t Canponents may not sum to totals due to ro unding. 
§Includes field condensate . 

u .s .  
% 

32. 2 
25 .5  
57. 7 

2 1 . 7 
20 .6 
42. 3 

54. 0 
46 .0  

1 00 . 0 



TABLE 38 

J a nuary 1 979 N a t i o n a l  Petro l eum Counci I Survey Resu I ts* 

Crude 0 I I Types and Qua l  i t l es -- 1 97 8 ,  1 98 0 ,  ond 1 982 

( MB/D l 

1 978 1 980 1 982 

PADs I - I V  PAD Tot a l  u . s .  PADs 1 - 1  v PAD Tota l u . s . PADs I - I V  PAD Tota l u . s . 
MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % 118/D % MB/D % 

Sweet Crude 0 I I  7 , 1 39 5 7 . 9  744 3 1 - 9  7 , 883 5 3 . 8  7 , 338 5 5 . 4  666 2 5 . 5  8 , 004 5 0 . 5  7 , 404 5 3 . 0  687 2 4 . 9  8 , 091 48 . 3  

Med i um-Su I f ur Crude 0 I I  

L i g h t  Med i um-S u i  fur 698 5 .  7 1 36 5 . 8  834 5. 7 6 5 7  s . o  1 8 1 6 . 9  838 5 .  3 7 1 8 5 . 1  2 1 9  7 . 9  937 5 . 6  

Heavy Med i um-Su l f ur 342 2 . 8  822 35 - 2  1 , 1 64 7 . 9  382 2 . 9  1 , 000 38 . 3  1 , 382 a. 1 446 3 .  2 1 , 0 1 6  3 6 - 9  1 , 462 8 . 7  

co H i gh-Su I f ur Crude 0 I I  

Ul 
L i gh t  H I g h - S u I  fur 2, 438 1 9 . 8  5 3  2 . 3  2 ,  491 1 7 . 0  3 ,  1 5 1 2 3 . 8  4 1  1 .6 3 , 1 92 2 0 . 1 3,  5 3 1  2 5 . 3  4 1  1 . s  3, 5 72 2 1 . 3  

Heavy H I gh-Su I f ur � 1 3 . 1  5 7 9  24 .a  � 1 5 .0 � 1 2 - 2  720 27 .6 � 1 4 . 7 � 1 2 .6 802 29 . 1  2 , 568 1 5 . 3 

Subtot a l  1 2, 234 9 9 . 3  2 , 33 4  1 00 . 0  1 4 , 568 9 9 . 4  1 3 , 1 39 99 . 1  2 , 608 1 00 . 0  1 5 '  7 4  7 9 9 . 3  1 3 , 865 9 9 . 2  2 , 765 1 0 0 . 0  1 6 , 630 99. 3 

F I e l d  Condensate 87 o. 7 <N i l l 87 0 . 6  1 1 5  0 . 9  <N i l )  1 1 5  0 . 7  1 1 0 o . a  ( N i  I )  1 1 0 0 . 7  

Tot a l  1 2 , 32 1  1 00 . 0  2 , 334 1 00 . 0  1 4 , 655 1 00 . 0  1 3, 254 1 0 0 . 0  2 , 608 1 00 . 3  1 5 , 862 1 00 . 0  1 3 , 975 1 00 . 0  2 ,  765 1 00 . 0  1 6 , 740 1 00 . 0  

Memo: Other Feedstockst I ,  1 79 1 95 1 , 374 1 , 1 36 1 84 I ,  320 I , 067 1 77 I ,  244 

*Na t i on a l  Petro I eum Counc i I Survey of Petro l eum Ref I n i ng Capab i I i t  1 e s ,  J a n uary 1 97 9 .  

t l  nc I udes f i e l d  natur a l  gaso I i n e ,  butanes, and other b I end stocks and feedstocks . 



f i ve c r ud e  o i l  type s d e f i ned e ar l ie r  for PADs I - IV and PAD V s ep a ­
r a t e ly . The pe r c e n t age of t h e  f ive c rud e o i l  type s wa s h e ld con­
s tant in  the  1 9 8 5 and 1 9 9 0 pro j e c t i on s , e x cept t h a t  the l i ke ly 
c o n t i n u e d  d e c l i ne i n  PADs I - I V  swe e t  c rud e o i l  prod u c t i on wa s r e c ­
ogn i zed . Th i s  d e c l i n e  i s  d u e  t o  t h e  requ i r emen t  for s i z e a b l e  
amoun t s  o f  " new " o i l  to me e t  pro j e c ted produc t d emands a nd r e f i n e ry 
c r ude o i l  r un l e ve l s ,  wh i le ne i ther the s o u r c e  nor the q ua l i ty o f  
t h e  " new " o i l  c a n  be pred i c ted . Tab l e  3 9  s umma r i z e s  t h e  pe r c e n tage 
propo r t ion o f  the f ive c r ud e  o i l  type s d eve l oped for PADs I - IV and 
PAD V i n  c rud e o i l  s l a te A for the ye a r s  1 9 8 5  a nd 1 9 9 0 .  

TABLE 3 9  

Pe r c e n t ag e s *  o f  Crude O i l  Type s and Qua l i t i e s  
Ava i l ab l e  t o  U . S .  Re f i ne r i e s  -- S l a te A 

PADs I - IV PAD v 
1 9 8 5  1 9 9 0  1 9 8 5  & 1 9 9 0  

Swee t C rude O i l 5 1 . 0  4 9 . 0 2 4 . 5  

Med i um-S u l f ur C rude O i l  

L i gh t  Med i um- S u l f u r  5 . 0  5 . 0  8 . 0 

He avy Med i um -S u l f u r  3 . 5  3 . 5  3 7 . 0 

H igh-S u l f ur Crude O i l  

L i gh t H igh-S u l f u r  2 6 . 0  2 7 . 0  1 . 5 

He avy H igh- S u l f u r  1 3 . 5  1 4 . 5  2 9 . 0  

F i e ld Conde n s a t e  l . O  l . O  N i l  

Tot a l  1 0 0 . 0  1 0 0 . 0 1 0 0 . 0 

* Th e se pe r c e n tag e s  have been rounded and vary s l i g h t ly f rom the 
spec i f i c pe r c e n t ag e s  u sed in the de t a i l ed t a b l e s pre s e nt e d  in the 
fol low i ng s e c t i on . The spe c i f i c  pe rcentag e s  · r e cogn i z e  the d i f fe r ­
e n t  r e f i ne ry c rude o i l  r un l eve l s  and vary i ng d ome s t i c/fore i g n  
crude o � l  m i x  inherent  i n  the three c a s e s . 

Crude o i l  s l a te B ad j u s ted the h i s to r i ca l  t rend a s  d eve l oped 
in c r ude o i l  s l a t e  A for l i ke ly or s ign i f i c a n t  pos s i b l e  c rude o i l  
q ua l i ty s upply d eve l opme n t s  to 1 9 9 0 .  Th e ma j o r ad j u s tme n t s  i n ­
c luded a l l owan c e s  f o r  h ighe r  vo l ume s o f  dome s t i c  h e a vy ,  h i gh-s u l f u r  
c rude o i l  and A l askan North S l ope c rude o i l  than pro j e c ted by the 
s upply/d emand s urvey s , i n t r o d uc t i on o f  s yn c r ud e  from s h a l e  and coal 
into u . s .  c rud e o i l  s uppl i e s ,  and l arge r vol ume s o f  heav i e r  and 
h igher s u l f ur fore ign c r ud e  o i l s uppl i e s  a s  maj o r  fore i g n  c rude o i l  
p roduc e rs move t o  prod u c e  the i r  d i f fe r e n t  c rud e o i l  type s a nd q u a l ­
i t ie s  i n  propo r t ion to the i r  reserve s .  Tab l e  4 0  s ummar i ze s  t h e  
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TABLE 4 0  

Pe rcentag e s *  o f  Crude O i l  Type s and Qu a l i t i e s  
Ava i l ab l e  t o  U . S .  Re f i ne r i e s  S l at e  B 

Swee t Crude O i l 

Med i um-S u l f ur C rude O i l  

L i gh t  Med i um-S u l f u r  

He avy Med i um-S u l f u r  

H igh-Su l f ur Crude O i l  

L igh t H igh-Sul f u r  

He avy H igh-S u l f ur 

F i e ld Conden s a t e  

Tot a l  

PADs I - I V  
1 9 8 5  1 9 9 0  

4 8 . 0  4 4 . 0  

4 . 0  3 . 5  

4 . 5  4 . 0  

2 8 . 0  3 2 . 5 

1 4 . 5  1 5 . 0 

1 . 0  1 . 0  

1 0 0 . 0  1 0 0 . 0  

PAD V 
1 9 8 5  1 9 9 0  

2 1  1 9  

9 9 

3 5  3 5  

2 2 

3 3  3 5  

N i l  N i l  

1 0 0 . 0  1 0 0 . 0  

*The se pe rcentag e s  have been rounded and va ry s l i g h t ly f rom the 
spe c i f ic pe r c e n t ages  u sed in the de t a i l ed t a b l e s pre sented in the 
fol low ing s e c t i on . The spe c i f i c pe rce n tage s  re cogn i z e  the d i f f e r ­
e n t  re f i ne ry c rude o i l  run l eve l s  and va ry i ng dome s t i c/fore ign 
c rude oil  mi x inherent i n  the three c a s e s . 

percentage propo r t ion o f  the f i ve crud e  o i l  type s p l u s  f i e ld con­
densate deve l oped for PADs I-IV and PAD V i n  c r ud e  o i l  s l a t e  B for 
the ye ars 1 9 8 5 a nd 1 9 9 0 .  

Da ta on the crude o i l  runs  and c rude o i l  types a nd q u a l i t i e s  
for PADs I - I V ,  PAD V ,  a nd the total Un i ted S t a t e s  t o  1 9 9 0  a re shown 
i n  Tab l e s  4 1- 5 2 . 4 I t  shou l d  be emphas i z e d  t h a t  the  c rude o i l  
qua l i ty data  we re d eve l oped for use i n  d e t e rmi n i ng f u t ure u . s .  re­
f i ne ry c apac i ty and proc e s s  hardwa re req u i reme n t s  to 1 9 9 0 ,  wh i ch 
are pre sen ted i n  Chapt e r  Two . The two c r ud e  o i l  q u a l i ty s l a t e s  d e ­
l i neated above a r e  be l i eved t o  pre s e n t  a reasonable  range o f  f u ture 
c r ude o i l  s upply q u a l i t i e s  ava i l able to u . s .  re f i n e r i e s  t o  1 9 9 0 ,  
a s s um i ng no ma j or long - t e rm o r  perma n e n t  s upply d i s ru p t ion . Th e 
me thodol ogy fo l l owed to d e ve l op c rude o i l  s l a t e  A may t e nd to ove r­
s tate somewh a t  the propo r t ion of swe e t  c rude o i l  in  the t o t a l  U . S .  
c r ude o i l  s upply by 1 9 9 0 ,  and conve r se ly , c r ud e  o i l  s l a t e  B may 
tend to und e r s t a te somewha t  the propo r t ion o f  swe e t  c rude o i l  
ava i l able t o  U . S . re f i ne r s  by 1 9 9 0 .  I t  i s  be l i eved t h a t  the a c t u a l  
f uture s upply l i e s  w i th i n  t h e  range pre se n ted . 

4The 1 9 8 2  l ow case  i s  pre sented for t o t a l  u . s .  o n l y  ( Ta b l e  
5 0 ) • 
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TABLE 4 1  

Actual Refinery Crude Oil Runs and Crude Oil  Supply Qua l i ty -- 1 97 8 *  

PADs I-IV PAD v Total u . s .  
MB/D % MB/D % MB/D % 

Refinery Crude Oil Runs 1 2 , 3 2 1  2 , 3 3 4  1 4 , 6 5 5  

Crude Oi l Supply 

Domestic 
Sweet Crude Oil  4 , 42 6  66 . 5  245 1 3 . 8 4 , 6 7 1 5 5 . 4  
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 286 4 . 3  1 2 5  7 . 0  4 1 1  4 . 9  
Heavy Medium-Sulfur 1 44 2 . 2  8 1 0  4 5 . 7 954  1 1 .  3 

High-Sulfur Crude Oil 
Light H i gh-Sulfur 852  1 2 . 8  2 4  1 . 4 8 7 6  1 0 . 5  
Heavy High-Sulfur 858 1 2 . 9 569 3 2 . 1  1 , 4 2 7  1 6 . 9  

Fi e l d  Condensate 8 7  1 .  3 8 7  1 . 0 
Total Domestic 6 , 6 5 3  1 0 0 . 0  1 , 7 7 3  1 0 0 . 0  8 , 4 2 6  1 0 0 . 0  

Forei gn 
Sweet Crude Oil 2 , 7 1 3  4 7 . 9  499 89.  1 3 , 2 1 2  5 1 . 6  
Medium- Sulfur Crude Oil  

Li ght Medium-Sulfur 4 1 2  7 . 3  1 1  1 . 9 4 2 3  6 . 8  
Heavy Medium-Sulfur 1 98 3 . 4  1 2  2 . 0 2 1 0 3 . 4  

Hi gh-Sulfur Crude Oil 
Light High-Sulfur 1 ,  586 28 . 0  29 5 . 2  1 ,  6 1 5  25 . 9  
Heavy Hi gh-Sulfur 759  1 3 . 4  1 0  1 .  8 7 6 9  1 2 . 3  

Field Condensate 
Tota l Foreign 5 , 668  1 0 0 . 0  56 1 1 0 0 . 0  6 , 2 2 9  1 0 0 . 0 

Domestic and Fore ign 
Sweet Crude Oil  7 , 1 39 57 . 8  744 3 1 . 9 7 , 88 3  5 3 . 8  
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 698 5 . 7  1 36 5 . 8  8 34 5 . 7  
Heavy Medium-Sulfur 342 2 . 8  8 2 2  3 5 . 2 1 , 1 6 4 7 . 9  

High-Sulfur Crude Oil 
L i ght H i gh-Sulfur 2 , 43 8  1 9 . 9  5 3  2 . 3 2 , 49 1  1 7 . 0  
Heavy High-Sul fur 1 ,  6 1 7  1 3 .  1 5 7 9  2 4 . 8  2 ,  1 9 6  1 5 . 0  

Field Condensate 87 0 . 7  8 7  0 . 6  

Total Crude Oil Supply 1 2 , 3 2 1  1 0 0 . 0  2 , 3 3 4  1 0 0 . 0  1 4 , 6 55 1 0 0 . 0  

*Data derived from the January 1 9 7 9  NPC Survey of Petro leum Refining Capabilitie s .  
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TABLE 4 2  

Projected Refinery Crude Oil Runs and Crude Oil Supply Quality 

High Case -- 1 98 2 *  

PADs I-IV PAD v Total u . s .  
Slate A Slate B Slate A Slate B Slate A Slate B 

MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % 

Refinery Crude Oil Runs 1 3 , 3 7 4  1 3 , 3 74 2 , 5 3 0  2 , 5 3 0  1 5 , 9 0 4  1 5 , 9 04 

Crude Oil Supply 

Domestic 

Sweet Crude Oil 3 , 86 0  6 1 . 4  3 , 6 65 58 . 3  3 2 3  1 5 . 3  282 1 3 . 4  4 , 1 8 3  49 . 9  3 , 947 4 7 .  1 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 2 2 5  3 . 6  2 2 5  3 . 6  1 69 a .  1 1 9 1  9 .  1 3 9 4  4 . 7  4 1 6  4 . 9  

Heavy Medium-Sulfur 1 5 1  2 . 4  2 1 3  3 . 4  9 0 2  4 3 . 0  8 8 0  4 1 . 9  1 , 0 5 3  1 2 . 5  1 , 0 93 1 3 . 0  

High-Sulfur Crude Oil 
co Light High-Sulfur 1 ' 1 1 3  1 7 . 7  1 '  1 7 3  1 8 . 7  2 3  1 .  1 2 3  1 .  1 1 '  1 36 1 3 . 6  1 '  1 96 1 4 . 3  1..0 

Heavy High-Sulfur 8 0 1  1 2 . 8  8 74 1 3 . 9 6 8 3  3 2 . 5  7 2 4  3 4 . 5  1 , 4 84 1 7 . 7  1 , 5 98 1 9 .  1 

Field Condensate 1 34 2 .  1 1 34 2 .  1 1 34 1 . 6 1 34 1 . 6 

Total Domestic 6 , 284 1 0 0 . 0  6 , 28 4  1 0 0 . 0  2 , 1 0 0  1 0 0 . 0  2 , 1 0 0  1 0 0 . 0  8 , 3 8 4  1 0 0 . 0  8 , 384 1 0 0 . 0  

Foreign 

Sweet Crude Oil 3 , 2 28 4 5 . 5  3 , 0 2 2  4 2 . 6  3 1 0  7 2 . 1  3 0 0  7 0 .  1 3 , 5 3 8  4 7 . 1 3 , 3 2 2  4 4 . 2  

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 444 6 . 3  444 6 . 3  3 3  7 . 7  3 7  8 . 7  4 7 7  6 . 3  4 8 1  6 . 4  

Heavy Medium-Sulfur 2 5 0  3 . 5  3 2 2  4 . 5  3 4  7 . 9  3 0  6 . 9  2 8 4  3 . 8  3 5 2  4 . 7  

High-Sulfur Crude Oil 

Light High-Sulfur 2 , 2 3 0  3 1 . 5 2 , 3 0 4  3 2 . 5  28 6 . 5  28 6 . 5  2 , 2 5 8  3 0 . 0  2 , 3 3 2  3 1 . 0  

Heavy High-Sulfur 9 3 8  1 3 . 2  998 1 4 .  1 25 5 . a  3 5  7 . 8  9 6 3  1 2 . 8  1 ' 0 3 3  1 3 . 7  

Field Condensate 

Total Foreign 7 , 0 90 1 0 0 . 0  7 , 0 90 1 0 0 . 0  4 3 0  1 0 0 . 0  4 3 0  1 0 0 . 0  7 , 52 0  1 0 0 . 0  7 , 5 2 0  1 0 0 . 0  

*Proj ected data derived from the April 1 9 79 NPC Survey of u . s .  and World Energy and Oil Supply/Demand Forecas t s .  



1.0 
0 

Refinery Crude Oil Runs 

Crude Oi l Supply 

Domestic 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oi l 

Light High-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Domestic 

Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude Oi l 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oil 

Light High-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Fore-ign 

Domestic and Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

!tigh-Sulfur Crude Oil 

Light High-Sulfur 

Heavy High-Sulfur 

Fi eld Condensate 

Total Crude Oil Supply 

TABLE 4 3  

Proj ected Refinery Crude Oil Runs and Crude Oi l Supply Quality 

High Case -- 1 98 5 *  

PADs I - IV PAD V 
Slate A Sla.te B Slate A Slate. B 

t 3 , 7 82 

3 , 68 3  

2 2 t  

1 7 8 

1 '  1 6 0  

8 2 2  

1'38 

6 , 2 0 2  

3 , 346 

468 

304 

2 , 42 3  

1 , 0 3 9  

7 r 58 0  

7 , 0 2 9  

6 8 9  

4 8 2  

3 , 5 8 3  

1 , 86 1 

1 38 

1 3 , 78 2  

5 9 . 4  

1 8 . 7  

1 3 . 2  

2 . 2  

1 0 0 . 0  

4 4 .  1 

6 . 2  

4 . 0  

3 2 . 0  

1 3 . 7  

1 0  o .  0 

5 1 . 0 

5 . 0  

3 . 5  

2 6 . 0  

1 3 . 5  

r . o  

1 0 0 . 0  

1 3 , 782 

3 , 2 2 0  

1 1 9 

3 0 0  

1 , 46 5  

9 6 0  

138 

6 r 2 0 2  

3 , 3 9 5  

4 3 2  

3 2 0  

2 , 3 94 

1 ' 0 3 9· 

7 , 5 8 0  

6 , 6 1 5  

5 5 1  

6 2 0  

3 , 8 5 9  

1 ,. 999 

1 38 

1 3 , 78 2  

5 2 . 0  

1 . 9 

4 . 8  

2 3 . 6  

1 5 . 5  

2 . 2  

1 0 0 . 0  

4 4 . 8  

5 . 7  

4 . 2  

3 1 . 6 

1 3 . 7  

1 0 0  •. 0 

4 8 . 0  

4 . 0  

4 . 5  

2 8 . 0  

1 4 . 5 

1 . 0 

1 0 0 . 0  

2 , 6 3 1  

3 0 5  

1 7 1  

93 1 

T8 

7 3 2  

2 , 1 5 7 

3 4 0  

3 9  

4 2  

2 2  

3 1  

474 

6 4 5  

2 1 0 

9 7 3  

4 0  

7 6 3  

2 , 6 3 1  

1 4 . t  

7 . 9  

4 3 . 2  

o . 8  

3 4 . 0  

1 0 0 . 0  

7 1 . 7  

8 . 2  

8 . 9  

4 . 6  

6 . 5  

1 0 0 � 0  

2 4 . 5  

9· . o  

3 7 . 0  

1 . 5 

2 9 . 0  

r o o . o  

2 , 6 3 1' 

2 74 

1 95 

885 

2 0  

7 8 3  

2 '  1 5 7 

3 3 0'  

4 2  

36 

25 

4 1  

474 

6 04 

2 3 7  

92 1 

2 , 6 3 1  

9 . 0  

4 1 . 0  

0 . 9  

3 6·. 3 

r o o . o  

6 9 . 6  

8 . 9  

7 . 6  

5 . 3  

8 . 6  

1 0 0 . 0  

2 3 . 0  

9 . 0  

3 5 . 0  

t . 7  

3 1 . 3  

1 0 0 . 0  

Total IJ . S .  

Slate A 

1 6 , 4 1 3  

3 , 988 

392 

1 '  1 09 

1 '  1 78 

1 , 5 5 4  

1 38 

8 , 3 59 

3 , 686 

5 0 7  

3 4 6  

2 , 4 4 5  

1 , 0 7 0  

8 , 0 5 4  

7 , 67 4  

8 9 9  

1 , 45 5  

3 , 62 3  

2 , 62 4  

1 38 

1 6 , 4 1 3  

4 7 . 7  

4 . 7  

1 3 . 3  

1 4 .  1 

1 8 . 6  

1 . 6 

1 0 0 . 0  

4 5 . 7  

6 . 3  

4 . 3  

3 0 . 4  

T3 . 3  

1 0 0 . 0  

46 . 8  

5 . 5  

8 . 8  

2 2 . 1  

1 6 . 0  

0 . 8  

1 0 0 . 0  

S·late B 

1 6 , 4 t 3  

3 , 494 

3 1 4  

1 '  1 8 5 

1' , 48 5  

1 ' 7 4 3  

1 3 8 

8 , 3 5 9  

3 ,  7 2 5  

474 

3 5' 6  

2 , 4 1 9  

1 , 0 8 0  

8 , 0 5 4  

7 , 2 1 9  

788 

t , 54 1  

3 , 90 4  

2 , 8 2 3  

1 38 

1 6 , 4 1 3  

4 1 . 8' 

3 . 8  

1 4 . 2  

1 7 . 8  

2 0 . 8'  

1 . & 

1 0 0 . 0  

46 . 3  

5 . 9  

4 . 4  

3 0 . 0  

1 3 . 4  

1 0 0 . 0  

44 . 0  

4 . 8  

9 . 4  

2. 3' . 8  

1 7 . 2  

o . 8  

1 0 0 . 0  

*Projected data derived from the Apri l  1 9 7 9  NPC Survey o f  u . s . and World Energy and Oil Supply/Demand Forecas t s .  



Refinery Crud.e- O:i:L Runs. 

Domesti.c 

Sweet Crude Oil 

Med±um,-Sulfm: Crude Oil 

Light Medium-Sulfur 

Heavy Medi.um-S.ulfur. 

High-Sulfur Crude Oil 

L±ght High-Sulfur 

HeayY High-Sulfur 

F'i el d- Condensa-te. 

Tot<l'l Qomes.tic 

Eoreign-

Sw.eet. Crudeo Oil 

Medi.um-Sulfur Crude Oil 

Li.ght Medium-aulfur 

Heavy Medium-Sulfur 

High-Sulfur Crud·e Oil. 

Light H±gh-Sulfur 

HeayY Hi.gh-Sulfur 

Field Condensate 

Total Fore.ign 

Domestic and Foreign 

sw.eet Crude Oil 

Medium-Sulfur Crude Qi.L 
Light Medi.um-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oil 

Light High-Sulfur 
Heavy High-Sulfur 

Field Condens.at.e 

Total. Crude Oil Supply 

1 4., 30.9 

3 , 695 

23 1 

1 85 

1 ' 2:6.8_ 

9 1 "7'  

1 "43 

6 , 4:39. 

3 , 3 1 7  

484 

3"1 6.  

2 , 592 

1 '  1 6 1' 

7 ' 8_7 0  

7 , 0. 1 2  

7 1 5-

50 1 

3. , 8.6.0 

2. , 0 7 8.  

1 43 

1 4 '  3. 0.9" 

TABLE. 44 

Eroj ectedl. Refi.ne;r::rr Crude, Oil Run& and. Crude, Oil SupP.ly· Q_uality 

High Cas� -- 1 99 0 *  

EADs- L-IV 

57 .A. 

3. .  6-

2 •. 9-

1 9  •. 7 
1 4 .  2. 

2 . • 2. 

1 0 0  . • 0 

4 2. •. 2. 

6 •. 1' 

4 •. 0_ 

3.2. •• 9' 
1 4. 8  

49 •. 0. 

s-•. 0 

3: .  5· 

2. 7'. 0 

1 4  • .5: 
1 •. 0 

1 0 0  •. 0 

Slate, B. 

1 4. ,"3:091 

3 '  1 74. 

1 3.-5 

2.1 9.·  

1 ,,7 1 9  

1 ,  CT 4-9.  
1 4 .3. 

6 , 4.39 

3 ,  12.3 

36.6 

3.5.3.. 

2 , 9 _3 1  

1 ' 0.97 

7 , 8_ 7 0.  

6 , 2.97 

50.1 

572. 

4 '  65.0. 

2., 1 4.6 

l4.3 
1 4 , 3 0.9 

49 . 3  

2.� 1 

3 . 4-

2 5. � 3:  

1 4.-9. 

2 •. 2 

1 0 0 . 0  

4 • •. 7 

4 • .5 

3 7 . 2 

1 3 . 9  

1 0 0 .  0. 

4.4 . 0  

3 . 5:  

4 . •. 0 

3 2 ..5. 

1 5  •. 0 

1 .  0. 

1 0. 0  •. 0 

EAD V 
Slatec A 

2 ,.6 7 0" 

2.94 

2 0 5:  

978 

la 

74B: 

2 ,  2.43 

3.60. 

9-
1D. 

2.2 

2.6. 

427' 

654. 

2 1 4 

9.88 

4.0 

774. 

2 , 6. 7 0  

1 3. .  t 

o � a 

3 3 . 3  

1 0.0 •. 0 

84 •. 3.. 

5 •. 2 

6 1 

1 0 0. .  0. 

24 .• 5: 

1 � s-

29 . 0  

1 0.0 •. 0. 

Slate B 

2.21 

233. 

8.74. 

2.3 

892 

2., 2.43 

34.0 

7 

7 

30 

43 

42.7 

5 6 1  

24.0 

8.8 1 

5.3" 

935 

2 , 670 

9 . 9  

1 0 .  4, 
3.9 .  0 

1 00 •. o 

7 9 . 6  

7 . 0.  
tO . Q  

1 0 0  •. 0 

2.1 . 0 

9 . 0  

3 .3  •. 0 

1 0 0  •. 0 

Total u . s �  

Siate A 

t 6 , 979. 

3 , 989. 

436. 

1 '  1 63 

1 ' 286· 

1 , 665: 

1 43 

8 , 682 

3 , 677 

49-3 

32.6 

2.,  6 l4. 
1 '  187 

8 ,.297 

7 ,.666 

929-

1 ' 4:89: 

3. , 90 0  

2. ,  85'2 

1 4 3  

1 6 , 979 

s. o. 

1 3 . 4.  

1 4. �8. 

1 9 . 2  

1 . 6 

1 oo �o 

4.4�3 

5 . 9  

3 . 9  

3 1  •. 5 

1 4 . 4  

5 . 5  

8 •. 8 

2.3�0 

1 6 . 7  

o . 8 

1 0 0 . 0  

Slate B 

1 6 ,_9•79 

3., 395 

368 

1 ' 0.9-3 

1 ' 742. 

1 , 94 1 

1 4 3  

8 , 682 

3., 46 3  

373 

360 

2 , 96 1  

1 '  1 4.0 

8 '  297' 

6 , 8.58 

74 1 

1 , 4.53 

4. , 7 03 

3 , 0 8 1  

1 4 3  

1 6 , 979 

3.9 � 1' 

20 . 1 
22. 4. 

1 . 6 

1 0 0 .  o. 

4. 1 . 7  

4.0 . 4.  

27. 7  

1 8  � 1 

o . 8 

1.0 0 . 0 

*'PIZ.oj ect.ed· data derived from theo AEri l  1979 NEC. Survey o£ u�s .. and. World Energy and. Oil SuEpl.y/Demand Forecast s . 



Refinery Crude Oil Runs 

Crude Oil Supply 

Domestic 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oil 

Light High-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Domestic 

Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oil 

Light High- Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Foreign 

Domestic and Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 

Heavy Medium-Sulfur 

High-Sulfur Crude Oil 

Light High-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Crude Oil Supply 

TABLE 45 

Projected Refinery Crude Oil Runs and Crude Oil Supply Quality 

Medium Case -- 1 982* 

PADs I - IV PAD V 
Slate A S late B Slate A Slate B 

1 2 , 2 1 0  

3 , 748 

220 

1 4 5  

1 ,  080 

790 

1 2 2  

6 , 1 0 5  

2 , 723 

391 

2 2 1  

1 , 97 3  

797 

6, 1 0 5  

6 , 47 1 

6 1 1 

366 

3 , 0 5 3  

1 , 587 

1 22 

1 2 , 2 1 0  

6 1 . 4 

3 . 6  

2 . 4  

1 7 . 7  

1 2 . 9  

2 . 0  

1 0 0 . 0  

44 . 7  

6 . 4  

3 . 6  

3 2 . 3  

1 3 . 0 

1 0 0 . 0  

5 3 . 0  

s . o  
3 . 0  

2 5 . 0  

1 3 . 0  

1 . 0  

1 0 0 . 0  

1 2 , 2 1 0 

3 , 565 

220 

207 

1 ,  1 4 1  

850 

1 22 

6 , 1 0 5 

2 , 540 

3 9 1  

281  

2 , 034 

859 

6, 1 0 5  

6 ,  1 0 5  

6 1 1  

488 

3 , 1 7 5 

1 , 7 0 9  

1 22 

1 2 , 2 1 0 

5 8 . 4  

3 . 6  

3 . 4  

1 8 . 7  

1 3 . 9  

2 . 0  

1 0 0 . 0  

4 1 . 6  

6 . 4  

4 . 6  

3 3 . 3  

1 4 .  1 

1 0 0 . 0  

s o . o  

s . o  
4 . 0  

26 . 0  

1 4 . 0  

1 . 0  

1 0 0 . 0  

2 , 448 

372 

1 84 

894 

35 

669 

2 , 1 54 

240 

1 2  

1 2  

1 4  

1 6  

294 

6 1 2  

1 9 6  

9 0 6  

4 9  

6 8 5  

2 , 448 

1 7 . 3  

8 . 5  

4 1 . 5  

1 . 6 

3 1 .  1 

1 00 . 0  

8 1 . 6  

4 .  1 

4 . 1  

4 . 8  

5 . 4  

1 0 0 . 0  

2 5 . 0  

8 . 0  

3 7 . 0  

2 . 0  

28 . 0  

1 0 0 . 0  

2 , 448 

3 2 7  

206 

873 

3 5  

7 1 3  

2 ,  1 54 

2 3 6  

1 4  

9 

1 4  

2 1  

294 

563 

220 

882 

49 

734 

2 , 44 8  

1 5 . 2  

9 . 6  

40 . 5  

1 . 6 

3 3 .  1 

1 0 0 . 0  

80 . 2  

4 . 8  

3 . 1  

4 . 8  

7 .  1 

1 0 0 . 0  

2 3 . 0  

9 . 0  

36 . 0  

2 . 0  

30 . 0  

1 0 0 . 0  

Total u . s .  

S late A 

1 4 , 65 8  

4 ,  1 2 0  

4 0 4  

1 ,  039 

1 ,  1 1 5 

1 , 459 

1 22 

8 , 259 

2 , 963 

403 

233 

1 , 987 

8 1 3  

6 , 399 

7 , 083 

807 

1 , 272 

3 , 1 02 

2 , 2 72 

1 22 

1 4 , 658 

4 9 . 8  

4 . 9  

1 2 . 6  

1 3 . 5  

1 7 . 7  

1 . 5 
1 0 0 . 0  

46 . 3  

6 . 3  

3 . 6  

3 1 . 1  

1 2 . 7  

1 0 0 . 0  

48 . 3  

5 . 5  

8 . 7  

2 1 . 2  

1 5 . 5  

0 . 8  

1 0 0 . 0  

Slate B 

1 4 , 658 

3 , 892 

426 

1 , 0 80 

1 , 1 76 

1 , 56 3  

1 22 

8 , 259 

2 , 776 

405 

290 

2 , 048 

880 

6 , 399 

6 , 668 

8 3 1  

1 ,  370 

3 , 2 24 

2 , 443 

1 22 

1 4 , 658 

47 . 1 

5 . 2  

1 3 .  1 

1 4 . 2  

1 8 . 9  

1 . 5  

1 0 0 . 0  

43 . 4  

6 . 3  

4 . 5  

32 . 0  

1 3 . 8  

1 0 0 . 0  

45 . 5  

5 . 7  

9 . 3  

22 . 0  

1 6 . 7  

o . 8 

1 0 0 . 0  

*Projected data derived from the December 1979 NPC Survey o f  u . s .  and World Energy and Oil Supply/Demand Forecast s .  



Refinery Crude Oi l Runs 

Crude Oi l Supply 

Domestic 

Sweet Crude O i l  

Medium- Sulfur Crude Oil 

L i ght Medium-Sulfur 

Heavy Medium- Sulfur 

High-Sul fur Crude O i l  

L i ght H i gh-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Dome stic 

Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude O i l  

L i ght Medium- Sulfur 

Heavy Medium-Sul fur 

H i gh-Sulfur Crude Oil 

L ight H i gh-Sulfur 

Heavy H i gh-Sulfur 

Field Condensate 

Total Fore i gn 

Domestic and Foreign 

Sweet Crude Oil 

Medium- Sulfur Crude O i l  

L i gh t  Medium-Sul fur 

Heavy Medium- Sulfur 

High-Sulfur Crude O i l  

L i ght H i gh-Sulfur 

Heavy H i gh-Sulfur 

Fi eld Condensate 

Total Crude Oil Supply 

TABLE 4 6  

Pro j e cted Re f i nery Crude O i l  Run s  a n d  Crude O i l  Supply Qua lity 

Medium Case -- 1 98 5 *  

PADs I - IV PAD V 
S late A Slate B Slate A Slate B 

1 2 , 4 5 9  

3 , 5 5 0  

2 1 2  

1 7 1  

1 '  1 1 9 

8 0 3  

1 2 5  

5 , 98 0  

2 , 8 0 4  

4 1 1  

2 6 5  

2 '  1 2 0  

8 7 9  

6 , 4 7 9  

6 , 3 5 4  

6 2 3  

4 3 6  

3 , 2 3 9  

1 , 682 

1 2 5  

1 2 , 4 5 9  

5 9 . 4  

3 . 5  

2 . 9  

1 8 . 7  

1 3 . 4  

2 .  1 

1 0 0 . 0  

4 3 . 3 

6 . 3  

4 .  1 

3 2 . 7  

1 3 . 6  

1 0 0 . 0  

5 1 . 0  

5 . 0  

3 . 5  

2 6 . 0 

1 3 . 5  

1 . 0 

1 0 0 . 0  

1 2 , 4 59 

3 , 3 7 7  

1 5 4 

2 3 2  

1 , 24 0  

8 5 2 

1 2 5  

5 , 9 8 0  

2 , 6 0 3  

344 

329 

2 , 24 9  

9 5 4  

6 , 47 9  

5 , 9 8 0  

4 98 

5 6 1  

3 , 48 9  

1 , 8 0 6  

1 2 5  

1 2 , 4 5 9  

5 6 . 5  

2 . 6  

3 . 9  

2 0 . 7  

1 4 . 2  

2 .  1 

1 0 0 . 0  

4 0 . 2  

5 . 3  

5 . 1 

3 4 . 7  

1 4 . 7  

1 0 0 . 0  

4 8 . 0 

4 . 0  

4 . 5  

2 8 . 0  

1 4 . 5  

1 .  0 

1 0 0 . 0  

2 , 5 0 9  

3 9 0  

1 9 0  

9 1 7  

2 6  

7 1 0  

2 , 2 3 3  

2 2 5  

1 1  

1 1  

1 2  

1 7  

2 7 6  

6 1 5  

2 0 1  

928 

38 

7 2 7  

2 , 5 0 9  

1 7 . 4  

8 . 5  

4 1 . 1  

1 . 2  

3 1 . 8 

1 0 0 . 0  

8 1 . 5  

4 . 0  

4 . 0  

4 . 4  

6 . 1 

1 0 0 . 0  

2 4 . 5  

8 . 0  

3 7 . 0  

1 . 5  

29 . 0  

1 0 0 . 0  

2 , 5 0 9  

3 0 6  

2 1 0  

8 7 9  

3 0  

8 0 8  

2 , 3 3 3  

2 2 1 

1 4  

5 

1 3  

2 3  

2 7 6  

5 2 7  

2 24 

884 

43 

8 3 1  

2 , 5 0 9  

1 3 . 7  

9 . 4  

3 9 . 4  

1 . 3  

3 6 . 2  

1 0 0 . 0  

8 0 . 0  

5 . 2  

1 . 9 

4 . 6  

8 . 3  

1 0 0 . 0  

2 1 . 0  

9 . 0  

3 5 . 2  

1 . 7  

3 3 .  1 

1 0 0 . 0  

Total u . s .  
Slate A 

1 4 , 9 68 

3 , 9 4 0  

4 0 2  

1 , 0 88 

1 '  1 45 

1 , 5 1 3  

1 2 5 

8 , 2 1 3  

3 , 0 2 9  

4 2 2  

2 76 

2 , 1 3 2 

896 

6 , 75 5  

6 , 9 6 9  

8 2 4  

1 , 3 64 

3 , 2 7 7  

2 , 4 0 9  

1 2 5  

1 4 , 968 

4 8 . 0  

4 . 9  

1 3 . 3  

1 3 . 9  

1 8 . 4  

1 . 5 

1 0 0 . 0  

4 4 . 8  

6 . 2  

4 .  1 

3 1 . 6 

1 3 . 3  

1 0 0 . 0  

46 . 6  

5 . 5  

9 . 1 

2 1 . 9  

1 6 .  1 

0 . 8 

1 0 0 . 0  

S late B 

1 4 , 9 68 

3 , 68 3  

3 6 4  

1 , 1 1 1  

1 '  2 7 0  

1 , 6 6 0  

1 2 5  

8 , 2 1 3  

2 ,  824 

3 5 8  

3 3 4  

2 , 2 6 2  

9 7 7  

6 , 7 5 5  

6 , 5 0 7  

7 2 2  

1 , 44 5  

3 , 5 3 2  

2 , 6 3 7  

1 2 5 

1 4 , 968 

4 4 . 8  

4 . 5  

1 3 . 5  

1 5 . 5  

2 0 . 2  

1 . 5 

1 0 0 . 0  

4 1 . 8  

5 . 3  

4 . 9  

3 3 . 5  

1 4 . 5  

1 0 0 . 0  

4 3 . 5  

4 . 8  

9 . 7  

2 3 . 6  

1 7 . 6  

0 . 8 

1 0 0 . 0  

*Proj ected data de rived from th e Dec ember 1 9 7 9  NPC Survey o f  u . s .  and Wor l d  Energy and O i l  Supply/Demand Forecas t s .  



TABLE 47 

Prodected Refinery Crude Oil Runs and Crude Oil Supply Quality 

Medium Case -- 1 990* 

PADs I-IV PAD v Total u . s .  
Slate A Slate B Slate A Slate B Slate A Slate B 

MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % 

Refinery Crude Oil Runs 1 2 , 589 1 2 , 589 2 , 5 3 3  2 , 5 3 3  1 5 , 1 22 1 5 ,  1 2 2  

Crude Oi l Supply 

Domestic 

Sweet Crude Oil 3 , 6 1 7  5 7 . 5  3 , 304 5 2 . 5  4 1 7  1 8 . 3  288 1 2 . 6  4 , 0 34 47 . 1  3 , 592 4 1 . 9  

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 225 3 . 6 1 3 1  2 .  1 1 9 1  8 . 4  2 1 5  9 . 4  4 1 6  4 . 8  346 4 . 0  

Heavy Medium-Sulfur 1 8 1  2 . 9  2 1 3  3 . 4  926 4 0 . 6  88 1 3 8 . 7  1 , 1 0 7 1 2 . 9  1 ,  094 1 2 . 7  

High-Sulfur Crude Oil 

Light High-Sulfur 1 , 26 1  2 0 . 0  1 , 587 25 . 2  2 6  1 .  1 39 1 .  7 1 , 287 1 5 . 0  1 , 626 1 9 . 0 

Heavy High-Sulfur 885 1 4 . 0  934 1 4 . 8  7 19 3 1 . 6 856 3 7 . 6  1 , 6 04 1 8 . 7  1 ,  790 2 0 . 9  

Field Condensate 1 26 2 . 0  1 26 2 . 0  1 2 6  1 . 5  1 26 1 . 5 

1..0 Total Domestic 6 , 29 5  1 0 0 . 0  6 , 2 9 5  1 0 0 . 0  2 , 2 79 1 00 . 0  2 , 2 79 1 0 0 . 0  8 , 574 1 0 0 . 0  8 , 574 1 0 0 . 0  

� 
Foreign 

Sweet Crude Oil 2 , 55 3  40 . 6  2 , 235 35 . 5  204 80 . 3  1 94 7 6 . 4  2 , 75 7  42 • . 1 2 , 429 3 7 . 1  

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 404 6 . 4  3 1 0  4 . 9  1 2  4 . 7  1 3  5 . 1  4 1 6  6 . 4  323 1 4 . 9  

Heavy Medium-Sulfur 260 4 . 1 29 1 4 . 6  1 1  4 . 3  5 2 . 0  2 7 1  4 . 1 296 4 . 5  

High-Sulfur Crude Oil 

Light High-Sulfur 2 , 1 6 2  34 . 4  2 , 504 39 . 8  1 2  4 . 7  1 2  4 . 7  2 , 1 74 33. 2 2 , 5 1 6 3 8 . 4  

Heavy High-Sulfur 9 1 5  1 4 . 5  954 1 5 . 2  1 5  6 . 0  3 0  1 1 . 8 930 1 4 . 2  984 1 5 .  1 

Field Condensate 

Total Foreign 6 , 294 1 0 0 . 0  6 ., 294 1 0 0 . 0  254 1 0 0 . 0  254 1 0 0 . 0 6 , 548 1 0 0 . 0  6 , 548 1 0 0 . 0  

Domestic and Foreign 

Sweet Crude Oil 6 , 1 7 0  49 . 0  5 , 5 39 44 . 0  6 2 1  24 . 5  482 1 9 . 0  6 , 79 1  4 4 . 9  6 , 0 2 1  4 0 . 1 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 629 5 . 0  4 4 1  3 . 5  2 0 3  8 . 0  228 9 . 0  832 s . s  669 4 . 4  

Heavy Medium-Sulfur 44 1 3 . 5  504 4 . 0  93 7 3 7 . 0  886 3 5 . 0  1 , 378 9 . 1 1 , 390 8 . 9  

Hi gh-Sulfur Crude Oil 

Light High-Sulfur 3 , 42 3  2 7 . 2  4 , 0 9 1  32 . 5  38 1 .  5 5 1  2 . 0  3 , 46 1  2 2 . 9  4 , 1 4 2  2 7 . 4  

Heavy High-Sulfur 1 , 8 0 0  1 4 . 3  1 , 888 1 5 . 0  734 29 . 0  886 35 . 0  2 , 534 1 6 . 8  2 , 774 1 8 . 4  

Field Condensate 1 26 1 . 0  1 26 1 . 0  1 26 0 . 8  1 2 6  0 . 8  
Total Crude Oil Supply 1 2 , 589 1 00 . 0  1 2 , 589 1 00 . 0  2 , 5 3 3  1 00 . 0  2 , 5 3 3  1 0 0 . 0  1 5 , 1 2 2  1 0 0 . 0  1 5 , 1 22 1 0 0 . 0  

*Proj ected data derived from the December 1979 NPC Survey o f  u . s .  and World Energy and Oil Supply/Demand Forecas t s .  



1.0 
Ul 

Refinery Crude Oil Runs 

Crude Oi l Supply 

Domestic 

Sweet Crude Oil 

Medium- Sulfur Crude Oi l 

L i ght Medium- Sulfur 

Heavy Medium- Sulfur 

H i gh-Sulfur Crude O i l  

L i gh t  H i gh-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Total Domestic 

Foreign 

Sweet Crude Oil 

Medium-Sulfur Crude Oil 

L i ght Medium- Sulfur 

Heavy Medium-Sulfur 

H i gh-Sulfur Crude Oi l 

L i ght High-Sulfur 

Heavy High-Sulfur 

Field Condensate 

Tota l For e i gn 

Domestic and Foreign 

Sweet Crude O i l  

Medium-Sulfur Crude Oil 

L i ght Medium-Sulfur 

Heavy Medi um- Sulfur 

High-Sulfur Crude O i l  

Light H i gh-Su lfur 

Heavy High-Sulfur 

Fi e l d  Condensate 

Total Crude Oil Supply 

TABLE 4 8  

Pro j e cted Refinery Crude O i l  Runs a n d  Crude O i l  Supply Qua lity 

Low Case -- 1 98 5 *  

PADs I - IV PAD V 
Slate A Slate B S l ate A S late B 

1 1 , 84 3  

3 , 5 2 9  

2 1 5 

2 1 0  

1 '  1 1 9 

8 4 3  

1 1 4 

6 , 0 3 0  

2 , 464 

3 5 4  

2 3 3  

1 , 9 5 3  

8 0 9  

5 , 8 1 3  

5 , 99 3  

569 

443 

3 , 0 7 2  

1 , 6 5 2  

1 1 4 

1 1 , 8 43 

5 8 . 5  

3 . 6  

3 . 5  

1 8 . 6  

1 4 . 0  

1 . 8 

1 0 0 . 0  

4 2 . 4  

6 . 1 

4 . 0  

3 3 . 6  

1 3 . 9  

1 0  o .  0 

5 0 . 6  

4 . 8  

3 . 7  

2 5 . 9  

1 4 . 0  

1 . 0 

1 0 0 . 0  

1 1  ' 8 43 

3 , 3 4 9  

1 68 

26 1 

1 , 24 4  

8 9 4  

1 1 4 

6 , 0 3 0 

2 , 286 

296 

286 

2 , 068 

877 

5 , 8 1 3  

5 , 6 3 5  

4 64 

5 4 7  

3 , 3 1 2  

1 , 7 7 1  

1 1 4 

1 1  ' 84 3  

5 5 . 6  

2 . 8  

4 . 4  

2 0 . 6  

1 4 . 8  

1 . 8 

1 0 0 . 0  

3 9 . 3  

5 . 1 

4 . 9  

3 5 . 6  

1 5 .  1 

1 0 0 . 0  

4 7 . 6  

3 . 9  

4 . 6  

2 7 . 9  

1 5 . 0  

1 . 0  

1 0 0 . 0  

2 , 3 9 0  

3 7 6  

1 8 5 

8 7 7  

2 5  

6 7 7  

2 , 1 4 0 

2 0 4  

1 0  

1 0  

1 1  

1 5  

2 5 0  

580 

1 9 5  

887 

36 

692 

2 , 3 90 

1 7 . 6  

8 . 6  

4 1 . 0  

1 . 2  

3 1 . 6 

1 0 0 . 0  

8 1 . 6  

4 . 0  

4 . 0  

4 . 4  

6 . 0  

1 0 0 . 0  

2 4 . 3  

8 . 2  

3 7 . 1 

1 . 5 

2 8 . 9 

1 0 0 . 0  

2 , 3 90 

295 

200 

842 

3 0  

7 7 3  

2 '  1 4 0  

2 0 0  

1 3  

5 

1 2  

2 0  

2 5 0  

4 9 5  

2 1 3  

847 

42 

793 

2 , 3 90 

1 3 . 8 

9 . 4  

3 9 . 3 

1 . 4 

3 6 .  1 

1 0 0 . 0  

80 . 0  

5 . 2  

2 . 0  

4 . 8  

8 . o  

1 0 0 . 0  

2 0 . 7  

8 . 9  

3 5 . 4  

1 . 8 

3 3 . 2 

1 0 0 . 0  

Total u . s .  
Slate A 

1 4 , 2 3 3  

3 , 9 0 5  

4 0 0  

1 , 0 87 

1 '  1 44 

1 , 5 2 0  

1 1 4 

8 , 1 7 0  

2 , 668 

364 

2 4 3  

1 , 96 4  

8 2 4  

6 , 0 6 3  

6 , 5 7 3  

7 64 

1 , 3 3 0  

3 , 1 0 8 

2 , 34 4  

1 1 4  

1 4 , 2 3 3  

4 7 . 8  

4 . 9  

1 3 . 3  

1 4 . 0  

1 8 . 6  

1 . 4 

1 0 0 . 0  

4 4 . 0  

6 . 0  

4 . 0  

3 2 . 4  

1 3 . 6  

1 0 0 . 0  

46 . 2  

5 . 4  

9 . 3  

2 1 . 8  

1 6 . 5  

o . 8 

1 0 0 . 0  

S late B 

1 4 , 2 3 3  

3 , 64 4  

3 68 

1 '  1 0 3 

1 , 2 74 

1 , 66 7  

1 1 4 

8 , 1 7 0 

2 , 486 

3 0 9  

29 1 

2 , 0 8 0  

897 

6 , 0 6 3  

6 ,  1 3 0  

6 7 7  

1 , 394 

3 , 3 5 4  

2 , 5 6 4  

1 1 4 

1 4 , 2 3 3  

4 4 . 6  

4 . 5  

1 3 . 5  

1 5 . 6  

2 0 . 4  

1 . 4 

1 0 0 . 0  

4 1 . 0  

5 .  1 

4 . 8  

34 . 3  

1 4 . 8  

1 0 0 . 0  

4 3 . 1 

4 . 8  

9 . 8  

2 3 . 5  

1 8 . 0  

o . 8  

1 0 0 . 0  

*Proj e cted data derived from the Dec ember 1 9 7 9  NPC Survey o f  u . s .  and Wor l d  Energy and O i l  Supply/Demand Foreca st s .  



Refinery Crude Oil Runs 

Crude Oi l Supply 

Domestic 
Sweet Crude Oil 
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude O i l  
Light High-Sulfur 
Heavy High-Sulfur 

Field Condensate 
Total Domestic 

Foreign 
Sweet Crude Oil 
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude Oil 
Light High-Sulfur 
Heavy High-Sulfur 

Field Condensate 
Total Foreign 

Domestic and Foreign 
Sweet Crude Oil 
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude Oil 
Light High-Sulfur 
Heavy High-Sulfur 

Field Condensate 
Total Crude Oil Supply 

TABLE 49 

Projected Refinery Crude Oil Runs and Crude O i l  Supply Quality 
Low Case -- 1 99 0 *  

PADs I - IV PAD V 
Slate A Slate B Slate A Slate B 

1 1  1 654 

3 1 383 

1 87 
1 72 

1 1 186 
850 
1 1 2 

5 1 89 0  

2 1 33 0  

379 
230 

1 1 988 
837 

5 1 764 

5 1 7 1 3  

566 
4 0 2  

3 1 1 7 4  
1 1 687 

1 1 2 
1 1  1 65 4  

5 7 . 4  

3 . 2  
2 . 9  

2 0 . 2  
1 4 . 4  

1 . 9 
1 00 . 0  

4 0 . 4  

6 . 6  
4 . 0  

34 . 5  
1 4 . 5  

1 0 0 . 0  

4 9 . 0 

4 . 9  
3 . 4  

2 7 . 2  
1 4 . 5, 

1 . 0  
1 0 0 . 0  

1 1 1 6 54 

3 1 0 8 5  

1 1 1 
1 9 7  

1 1 49 0  
8 9 5  
1 1 2  

5 1 890 

2 1 0 3 9  

288 
265 

2 1 288 
884 

5 1 764 

5 1 1 24 

3 99 
462 

3 1 778 
1 1 779 

1 1 2 
1 1  1 6 54 

5 2 . 4  

1 . 9 
3 . 3  

2 5 . 3  
1 5 . 2  

1 . 9 
1 0 0 . 0  

3 5 . 4  

5 . 0  
4 . 6  

3 9 . 7  
1 5 . 3  

1 0 0 . 0  

4 4 . 0  

3 . 4  
4 . 0  

3 2 . 4  
1 5 . 2  

1 .  0 
1 0 0 . 0  

2 1 3 7 5  

3 89 

1 9 0  
863 

2 6  
667 

2 1  1 35 

1 92 

1 1  
1 0  

1 1  
1 6  

240 

5 8 1  

2 0 1  
8 7 3  

3 7  
683 

2 1 3 75 

1 8 . 2  

8 . 9  
4 0 . 4  

1 . 2 
3 1 .  1 

1 0 0 . 0  

8 0 . 0  

4 . 6  
4 . 2  

4 . 6  
6 . 6  

1 0 0 . 0  

2 4 . 5  

8 . 5  
3 6 . 7  

1 .  5 
2 8 . 8  

1 0 0 . 0  

2 1 3 '7 5  

2 69 

2 1 0 
822 

35 
799 

2 1 1 3 5 

1 82 

1 2  
5 

1 2  
29 

240 

4 5 1 

2 2 2  
827 

4 7  
8 2 8  

2 1 3 7 5  

1 2 . 6  

9 . 8  
38 . 5  

1 . 6 
3 7 . 5  

1 0 0 . 0  

7 5 . 8  

5 . 0  
2 . 1 

5 . 0  
1 2 .  1 

1 0 0 . 0  

1 9 . 0  

9 . 3  
3 4 . 8  

2 . 0  
3 4 . 9  

1 0 0 . 0  

Total u . s .  
S late A 

1 4 1 0 29 

3 1 77 2  

3 77 
1 1 0 3 5  

1 1 2 1 2  
1 1 5 1 7  

1 1 2 
8 1 0 2 5  

2 1 5 2 2  

3 9 0  
240 

1 1 999 
8 5 3  

6 1 0 04 

6 1 294 

767 
1 1 27 5  

3 1 2 1 1  
2 1 3 70 

1 1 2 
1 4 1 0 2 9  

47 . 0  

4 . 7  
1 2 . 9  

1 5 .  1 
1 8 . 9  

1 . 4  
1 0 0 . 0  

4 2 . 0  

6 . 5  
4 . 0  

3 3 . 3  
1 4 . 2  

1 0 0 . 0  

44 . 9  

5 . 5  
9 . 1 

2 2 . 8  
1 6 . 9  

o . 8  
1 0 0 . 0  

Slate B 

1 4 1 0 2 9  

3 1 3 5 4  

3 2 1  
1 1 0 1 9  

1 1 525 
1 1 694 

1 1 2 
8 1 0 2 5  

2 , 22 1  

3 0 0  
2 7 0  

2 , 3 0 0  
9 1 3  

6 , 0 04 

5 , 57 5  

6 2 1  
1 , 289 

3 1 825 
2 , 60 7  

1 1 2 
1 4 , 0 2 9  

4 1 . 8  

4 . 0  
1 2 . 7  

1 9 . 0 
2 1 . 1  

1 . 4 
1 0 0 . 0  

3 7 . 0  

5 . 0  
4 . 5  

3 8 . 3 
1 5 . 2  

1 0 0 . 0  

3 9 . 7  

4 . 4  
9 . 2  

2 7 . 3 
1 8 . 6  

0 . 8 
1 0 0 . 0  

*Projected data derived from the Dec ember 1 97 9  NPC Survey o f  u . s . and Wor l d  Energy and Oil Supply/Demand Forecasts . 



Refinery Crude O i l  Runs 

Crude Oi l Supply 

Domestic 
Sweet Crude O i l  
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude O i l  
Light High-Sulfur 
Heavy High-Sulfur 

Field Condensate 
Total Domestic 

Foreign 
Sweet Crude Oil 
Medium-Sulfur Crude Oil 

L i ght Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude Oil 
Light High-Sulfur 
Heavy High-Sulfur 

Fi eld Condensate 
Total Foreign 

Domestic and Foreign 
Sweet Crude O i l  
Medium-Sulfur Crude O i l  

Light Medium-Sulfur 
Heavy Medium-Sulfur 

High-Sulfur Crude O i l  
Light High-Sulfur 
Heavy High-Sulfur 

Field Condensate 
Total Crude Oil Supply 

TABLE 5 0  

Projected Total u . s .  Refinery Crude O i l  Runs and Crude O i l  Supply Quality 
High Case -- 1 982 , 1 985 , and 1 99 0 *  

1 982 1 985 
Slate A Slate B Slate A Slate B Slate A 

1 5 , 90 4  

4 , 1 83 

394 
1 , 0 5 3  

1 , 1 3 6  
1 , 484 

1 34 
8 , 384 

3 , 53 8  

4 7 7  
284 

2 , 258 
963 

7 , 52 0  

7 , 7 2 1  

87 1 
1 , 3 3 7  

3 , 394 
2 , 447 

1 34 
1 5 , 9 04 

4 9 . 9  

4 . 7  
1 2 . 5  

1 3 . 6  
1 7 . 7  

1 . 6 
1 0 0 . 0  

4 7 . 1 

6 . 3  
3 . 8  

3 0 . 0  
1 2 . 8  

1 0 0 . 0  

4 8 . 5 

s . s  
8 . 5  

2 1 . 3  
1 5 . 4  

0 . 8  
1 0 0 . 0  

1 5 , 9 0 4  

3 , 947 

4 1 6 
1 ' 093 

1 '  196 
1 , 5 98 

1 34 
8 , 384 

3 , 32 2  

4 8 1  
3 5 2  

2 , 3 3 2  
1 ' 0 3 3  

7 , 52 0  

7 , 2 69 

897 
1 , 44 5  

3 , 52 8  
2 , 6 3 1  

1 34 
1 5 , 9 0 4  

47 . 1  

4 . 9  
1 3 . 0  

1 4 . 3 
1 9 .  1 

1 .  6 
1 0 0 . 0  

44 . 2  

6 . 4  
4 . 7  

3 1 . 0  
1 3 . 7  

1 0 0 . 0  

4 5 . 7  

5 . 6  
9 .  1 

2 2 . 2  
1 6 . 6  

0 . 8  
1 0 0 . 0  

1 6 , 4 1 3  

3 , 988 

392 
1 , 1 0 9  

1 '  1 78 
1 , 5 54 

1 38 
8 , 3 5 9  

3 , 686 

5 0 7  
346 

2 , 445 
1 , 07 0  

8 , 054 

7 , 6 7 4  

899 
1 ' 455 

3 , 62 3  
2 , 624 

1 38 
1 6 , 4 1 3  

47 . 7  

4 . 7  
1 3 . 3  

1 4 .  1 
1 8 . 6  

1 . 6 
1 0 0 . 0  

45 . 7  

6 . 3  
4 . 3  

3 0 . 4  
1 3 . 3  

1 0 0 . 0  

46 . 8  

s . s  
8 . 8  

2 2 . 1 
1 6 . 0  

0 . 8  
1 0 0 . 0  

1 6 , 4 1 3  

3 , 494 

3 1 4 
1 '  1 85 

1 , 485 
1 ' 7 43 

1 38 
8 , 3 5 9  

3 , 7 2 5  

4 7 4  
3 5 6  

2 , 4 1 9 
1 ' 080 

8 , 054 

7 , 2 1 9 

788 
1 ' 54 1  

3 , 9 0 4  
2 , 8 2 3  

1 38 
1 6 , 4 1 3  

4 1 . 8  

3 . 8  
1 4 . 2  

1 7 . 8  
2 0 . 8  

1 . 6 
1 0 0 . 0  

46 . 3  

5 . 9  
4 . 4  

3 0 . 0  
1 3 . 4  

1 0 0 . 0  

44 . 0  

4 . 8  
9 . 4  

2 3 . 8  
1 7 . 2  

0 . 8  
1 0 0 . 0  

1 6 , 9 79 

3 , 989 

436 
1 '  1 63 

1 '  286 
1 , 665 

1 4 3  
8 , 682 

3 , 677 

493 
326 

2 , 6 1 4  
1 , 1 87 

8 , 297 

7 , 666 

929 
1 , 489 

3 , 90 0  
2 , 8 5 2  

1 43 
1 6 , 9 79 

46 . 0  

s . o  
1 3 . 4  

1 4 . 8  
1 9 . 2  

1 . 6 
1 00 . 0  

44 . 3  

5 . 9 
3 . 9  

3 1 . 5  
1 4 . 4  

1 0 0 . 0  

45 . 2  

5 . 5  
8 . 8  

2 3 . 0  
1 6 . 7  

0 . 8  
1 0 0 . 0  

*Pro jected data derived from the Apr i l  1 9 7 9  NPC Survey o f  u . s. and Worl d  Energy and Oil Supply/Demand Forecasts .  

1 99 0  
Slate B 

1 6 , 979 

3 , 39 5  

368 
1 , 093 

1 ' 742 
1 , 94 1 

1 4 3  
8 , 682 

3 , 463 

3 7 3  
3 6 0  

2 , 9 6 1  
1 , 1 4 0  

8 , 297 

6 , 858 

7 4 1  
1 , 4 5 3  

4 , 7 0 3  
3 , 08 1  

1 4 3  
1 6 , 979 

39 . 1 

4 . 2  
1 2 . 6  

2 0 . 1  
2 2 . 4  

1 . 6 
1 0 0 . 0  

4 1 . 7  

4 . 6  
4 . 3  

3 5 . 7  
1 3 . 7  

1 0 0 . 0  

4 0 . 4  

4 . 4  
8 . 6  

2 7 . 7 
1 8 . 1 

0 . 8  
1 0 0 . 0  



TABLE 5 1  

Projected Total u . s .  Refinery Crude Oil Runs and Crude Oil Supply Quality 

Medium Case -- 1 982 , 1 985 , and 1 99 0 *  

1 982 1 985 1 990 

Slate A Slate B Slate A Slate B Slate A Slate B 

MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % 

Refinery Crude Oil Runs 1 4 , 658 1 4 , 658 1 4 , 968 1 4 , 968 1 5 , 1 22 1 5 , 1 2 2  

Crude O i l  Supply 

Domestic 

Sweet Crude Oil 4 , 1 20 49 . 8  3 , 892 47 . 1  3 , 940 48 . 0  3 , 683 44 . 8  4 , 034 47 . 1  3 , 592 4 1 . 9  

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 404 4 . 9  426 5 . 2  402 4 . 9  364 4 . 5  4 1 6  4 . 8  346 4 . 0  

Heavy Medium-Sulfur 1 , 0 39 1 2 . 6  1 , 080 1 3 . 1 1 , 088 1 3 . 3  1 ,  1 1 1  1 3 . 5  1 , 1 07 1 2 . 9 1 ,  094 1 2 . 7  

High-Sulfur Crude Oil 

Light High-Sulfur 1 ,  1 1 5 1 3 . 5  1 , 1 76 1 4 . 2  1 , 1 45 1 3 . 9  1 , 270 1 5 . 5  1 , 287 1 5 . 0  1 , 626 1 9 . 0  

Heavy High-Sulfur 1 , 459 1 7 . 7  1 , 56 3  1 8 . 9  1 , 5 1 3  1 8 . 4  1 , 660 20 . 2  1 , 6 0 4  1 8 . 7  1 ,  790 20 . 9  

Field Condensate 1 22 1 .  5 1 2 2  1 . 5  1 25 1 . 5 1 25 1 . 5  1 26 1 . 5 1 26 1 . 5 

1.0 Total Domestic 8, 259 1 0 0 . 0  8 , 259 1 00 . 0  8 , 2 1 3  1 00 . 0  8 , 2 1 3  1 0 0 . 0  8 , 5 74 1 0 0 . 0  8 , 574 1 0 0 . 0  

CX> 
Foreign 

Sweet Crude Oil 2 , 96 3  46 . 3  2 , 776 43 . 4  3 , 029 44 . 8  2 , 824 4 1 . 8  2 , 757 42 . 1  2 , 429 3 7 . 1 

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 403 6 . 3  4 0 5  6 . 3  422 6 . 2  358 5 . 3  4 1 6  6 . 4  323 1 4 . 9  

Heavy Medium-SUlfur 233 3 . 6 290 4 . 5  276 4 . 1  334 4 . 9  2 7 1  4 . 1 296 4 . 5  

High-Sulfur Crude Oil 

Light High-SUlfur 1 , 987 3 1 . 1  2 , 0 48 3 2 . 0  2 , 1 32 3 1 . 6 2 , 262 3 3 . 5  2 , 1 7 4  3 3 . 2  2 , 5 1 6 38 . 4  

Heavy High-Sulfur 8 1 3  1 2 . 7  880 1 3 . 8  896 1 3 . 3  977 1 4 . 5  930 1 4 . 2  984 1 5 . 1 

Field Condensate 

Total Foreign 6 , 399 1 0 0 . 0  6 , 399 1 0 0 . 0  6 , 755 1 0 0 . 0  6 , 755 1 0 0 . 0  6 , 548 1 0 0 . 0  6 , 548 1 0 0 . 0  

Domestic and Foreign 

Sweet Crude Oil 7 , 083 48 . 3  6 , 668 4 5 . 5  6 , 9 69 46 . 6  6 , 5 0 7  4 3 . 5  6 , 79 1  44 . 9  6 , 0 2 1  40 . 1  

Medium-Sulfur Crude Oil 

Light Medium-Sulfur 807 5 . 5  8 3 1  5 . 7  824 5 . 5  722 4 . 8  832 5 . 5  669 4 . 4  

Heavy Medium-Sulfur 1 , 2 72 8 . 7  1 , 3 7 0  9 . 3  1 , 364 9 . 1 1 , 445 9 . 7  1 ,  378 9 . 1 1 , 390 8 . 9  

High-SUlfur Crude Oil 

Light High-Sulfur 3 , 1 0 2  2 1 . 2  3 , 224 22 . 0  3 , 277 2 1 . 9  3 , 5 32 2 3 . 6  3 , 46 1  22 . 9  4 , 142 2 7 . 4  

Heavy High-Sulfur 2 , 272 1 5 . 5  2 , 443 1 6 . 7  2 , 409 1 6 .  1 2 , 6 37 1 7 . 6  2 , 5 34 1 6 . 8  2 , 774 1 8 . 4  

Field Condensate 1 2 2  0 . 8  1 22 o . 8  1 2 5  0 . 8  1 25 o . 8  1 26 0 . 8  1 26 0 . 8  

Total Crude Oil Supply 1 4 , 658 1 00 . 0  1 4 , 658 1 0 0 . 0  1 4 , 968 1 0 0 . 0  1 4 , 9 68 1 00 . 0  1 5 , 1 22 1 0 0 . 0  1 5 , 1 22 1 00 . 0  

*Projected data derived from th e December 1979 NPC Survey of u . s . and World Energy and Oil Supply/Demand Forecast s .  



TABLE 5 2  

Project ed Total u . s .  Refinery Crude Oil Runs and Crude Oil Supply Quality 

Low Case -- 1 982 1 1 98 5 1 and 1 99 0 *  

1 9 8 2  1 98 5  1 9 9 0  
S late A Slate B S late A Slate B S late A Slate B 

MB/D % MB/D % MB/D % MB/D % MB/D % MB/D % 

Refinery Crude Oil Runs 1 4 1 365 1 4 1 36 5  1 4 1 2 33 1 4 1 2 3 3  1 4 1 0 2 9  1 4 1 029 

Crude Oi l Supply 

Domestic 

Sweet Crude Oil 4 1 1 22 49 . 9  3 1 890 4 7 . 1 3 1 90 5  4 7 . 8  3 1 644 44. 6  3 1 7 7 2  47 . 0  3 1 3 54 4 1 . 8  
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 4 0 5  4 . 9  438 5 . 3 4 0 0  4 . 9  368 4 . 5  377 4 . 7  3 2 1  4 . 0  
Heavy Medium-Sulfur 1 1 04 1  1 2 . 6  1 1 082 1 3 .  1 1 1 08 7  1 3 . 3  1 1  1 0 3  1 3 . 5  1 1 0 35 1 2 . 9  1 1 0 1 9 1 2 . 7  

High-Sulfur Crude Oil 

Light High-Sulfur 1 1 1 1 5  1 3 . 5  1 1  1 7 3  1 4 . 2  1 1 1 44 1 4 . 0 1 1 2 74 1 5 . 6  1 1 2 1 2  1 5 .  1 1 1 525 1 9 . 0 
Heavy High-Sulfur 1 1 46 2  1 7 . 7  1 1 56 2  1 8 . 9  1 1 52 0  1 8 . 6  1 1 667 2 0 . 4 1 1 5 1 7  1 8 . 9  1 1 694 2 1 .  1 

Field Condensate 1 1 5 1 . 4 1 1 5  1 . 4 1 1 4 1 . 4 1 1 4 1 . 4 1 1 2 1 . 4 1 1 2  1 . 4 
Total Domestic 8 1 2 6 0  1 0 0 . 0  8 1 260 1 00 . 0  8 1  1 7 0  1 0 0 . 0  8 1 1 7 0  1 00 . 0  8 1 0 2 5  1 00 . 0  8 1 0 2 5  1 00 . 0  

\.0 
\.0 

Foreign 

Sweet Crude Oil 2 1 80 8  4 6 . 0 2 1 6 3 1  4 3 . 1 2 1 668 4 4 . 0 2 1 486 4 1 . 0  2 1 52 2  4 2 . 0  2 1 22 1  37 . 0  
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 385 6. 3 3 9 1  6 . 4  364 6 . 0  309 s .  1 390 6 . 5  3 0 0  s . o 
Heavy Medium-Sulfur 2 1 4  3 . 5  269 4 . 4  243 4 . 0  29 1 4 . 8  240 4 . 0  270 4 . 5  

High-Sulfur Crude Oil 

Light High-Sulfur 1 1 9 1 7  3 1 . 4  1 1 9 72 3 2 . 3  1 1 964 3 2 . 4  2 1 0 80 3 4 . 3  1 1 999 3 3 . 3  2 1 300 38 . 3  
Heavy High-Sulfur 7 8 1  1 2 . 8  842 1 3 . 8  824 1 3 . 6  897 1 4 . 8  8 5 3  1 4 . 2 9 1 3  1 5 . 2  

Field Condensate 

Total Foreign 6 1 1 0 5 1 0 0 . 0 6 1 1 0 5  1 0 0 . 0  6 1 06 3  1 0 0 . 0 6 1 063 1 0 0 . 0 6 1 0 0 4  1 0 0 . 0  6 1 0 0 4  1 0 0 . 0  

Domestic and Foreign 

Sweet Crude Oil 6 1 93 0  48 . 2  6 1 5 2 1  4 5 . 4  6 1 5 7 3  4 6 . 2  6 1 1 3 0  4 3 . 1 6 1 294 44 . 9  5 1 5 7 5  3 9 . 7 
Medium-Sulfur Crude Oil 

Light Medium-Sulfur 790 s . s  829 5 . 8  764 5 . 4  677 4 . 8  767 s . s  62 1 4 . 4  
Heavy Medium-Sulfur 1 1 25 5  8 . 7  1 1 35 1  9 . 4  1 1 33 0  9 . 3 1 1 394 9 . 8  1 1 2.7 5  9 .  1 1 1 289 9 . 2  

High-Sulfur Crude Oil 

Light High-Sulfur 3 1 0 3 2  2 1 . 2  3 1 1 45 2 1 . 9 3 1 1 08 2 1 . 8  3 1 3 54 2 3 . 5 3 1 2 1 1  2 2 . 8  3 1 825 27 . 3  
Heavy High-Sulfur 2 1 2 4 3  1 5 . 6  2 1 4 0 4  1 6 . 7  2 1 344 1 6 . 5  2 1 564 1 8 . 0 2 1 3 7 0  1 6 . 9  2 1 6 0 7  1 8 . 6  

Field Condensate 1 1 5 o . 8  1 1 5  0 . 8  1 1 4 o . 8 1 1 4 0 . 8  1 1 2  0 . 8  1 1 2 0 . 8  
Total Crude Oil Supply 1 4 1 36 5  1 0 0 . 0  1 4 1 3 65 1 0 0 . 0  1 4 1 2 3 3  1 0 0 . 0  1 4 1 2 3 3  1 00 . 0  1 4 1 0 2 9  1 00 . 0  1 4 1 0 2 9  1 00 . 0  

*Proj ected data derived from th e December 1 9 7 9  NPC Survey of u . s .  and World Energy and Oil Supply/Demand Forecasts . 





C HAPT ER TWO 

U . S .  DOM E S T IC REF IN ING INDUS TRY CAPA B I L I TY TO 
PROC ESS AVAI LAB LE C RUDE O I L  TO MEET F UT URE PROD UC T  DEMAND 

INTRODUC T ION 

Th e ob j e c t ive of t h i s  chapter i s  to a n a l y ze the  c apab i l i ty o f  
the U . S .  d ome s t i c re f i n i ng i ndus t ry t o  mee t req u i r emen t s  und e r  a 
var i e ty o f  scenar i o s  o f  c rud e o i l  ava i l ab i l i ty and produc t d emand , 
so a s  to d e t e rmine pos s ible  fac i l i ty requ i r eme n t s  and a s soc i a ted 
i n s t a l l a t ion cos t s  for the 1 9 8 2- 1 9 9 0  p e r i od . I n  add i t i o n ,  t h i s  
chapter c over s  the e f fe c t s  o f  c r ude o i l  s up p l y  d i s r upt i o n s  and ce r­
t a i n  fed e r a l  regu l a to ry prog rams . 

Cr ude o i l  s uppl y  and prod u c t  dema nd pro j e c t i o n s  we re obta i ned 
from responses to the two s upply/d emand s urveys wh ich were d i s ­
cus sed i n  Ch ap ter One . From the se s ur veys , three s upply /demand 
cases were deve l oped for each o f  three yea r s  1 9 8 2 ,  1 9 8 5 ,  and 
1 9 9 0 . In add i t ion , two crud e o i l  s uppl y  q ua l i ty s l a t e s  ( d es i g na ted 
c rude o i l  s l ate A a nd c r ud e  o i l  s l a t e  B )  wer e  d e vel oped for each o f  
the three s uppl y/d ema nd c a s e s  i n  each o f  the three year s . 

Th e pr inc ipal 11 Va r iable 11 on the c rud e o i l s upply s id e  o f  the 
s upply/d emand equa t ion i s  the type and ava i l ab i l i ty o f  c r ud e  o il .  
De c l i n ing s uppl ie s o f  swe e t  c rud e o i l  from both d ome s t i c  and for­
e ign source s req u i r e  that the propor t ion o f  l ow- s u lf ur c rud e o i l  be 
d ec reased . Po s s i b ly o f  g r e a te r  impo r tance i s  the i n c re a s i ng per­
cen tage o f  he avy c rud e o i l .  The se rang e s  i n  e s t ima ted c ompo s i t ion 
are b racketed i n  th i s  s t udy by c rud e o i l  s l a te s  A a nd B ,  t he l a t t e r  
re fle c t i ng t h e  g r e a te s t  change toward he avy , h i g h -s u l f ur c r ud e  o i l . 
The c rud e o i l impo r t  d i s rupt ion i s  b r acke ted w i th i n  a m i n imum to 
max imum range o f  2 to 5 MMB/D . On the prod uc t d emand s id e , the  
p r i n c ipal concern o r ig i na ted w i th u n l e aded g a so l i n e  and l ow- s u l f ur 
f ue l  o i l ; howeve r , because o f  the chang i ng prod uc t m i x  requ i r e ­
men ts , var ious leve l s  o f  d emand fo r ma j or produc t s  a r e  e xam i ned to 
de t e rmine the i r  e f fe c t s  on f ac i l i ty req u i r emen t s . 

The i mpact upon proce s s  capab i l i ty o f  g a s o l ine l e ad add i t ive 
reg ul a t io n  i s  e xam i n ed i n  th i s  chapte r .  Th e u s e  o f  MMTl i n  un­
l e aded g a so l i ne i s  a l so cove r ed . 

In general , the De c embe r 1 9 7 9  N PC repo r t ,  e n t i t l ed Re f in e ry 
F l ex ib i l i ty ,  An I n te r im Re po r t , provided a p i c t ur e  o f  the  d ome s t 1 c 
i ndu s t ry a s  i t  e x i s t ed i n  1 9 7 8 .  Th i s  chapte r d e a l s  w i th how the 
i nd u s t ry might adapt to me e t  pro j e c ted f u t ur e  r eq u i remen t s .  Are a s  
of i n ad equacy a s  t o  fac i l i ty fl e x ib i l i ty ,  prod uc t m i x , a n d  geo­
g raph i c  bal ance are iden t i f i ed . Th e mag n i t ud e  and c o s t  o f  req u i r ed 
proce s s  capac i ty add i t ion s are a l so d eve l oped . 

lMe thyl cyc l ope n tad i enyl mangane se t r i c arbonyl - - a g a so l i ne 
add i t ive w i t h  oc t ane i mpro v i ng qual i t i e s  s im i l ar t o  l e ad . 
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METHODO LOGY 

The approach take n in th i s  s t udy wa s to u s e  the Bo n n e r  & Moo r e  
As soc i a te s , Inc . ,  Re f i ne ry and Pe trochemi c a l  Mod e l i ng Sys t em t o  
b u i ld a compo s i te L P  mod e l  of t h e  re f i n ing i nd u s t ry . Tw o  separate 
mod e l s  were d eve l oped , one for PADs I - I V  and one for PAD V .  Th i s  
s epara t io n  recogn i z e s the proc e s s i n g  d i f f e r e n c e s  b e twe e n  the two 
r eg ions and the f a c t  that there i s  l imi ted i n te r r e g i o n a l  moveme n t  
o f  produc t .  I n  o rd e r  to reduc e ove r-op t im i z a t i o n , e ach g e og r aph i c  
mod e l  u t i l i zed a thre e-re f i ne ry con f i g ura t io n ; howeve r ,  r e s ul t s  a r e  
repo r ted on a n  ag g regated bas i s .  On ly l im i ted i n ter-re f i n e ry 
tran s f e r  o f  f e e d s tocks wa s a l l owed . Th i s  i s  more r e a l i s t i c  than a 
s i ng l e-re f i ne ry repr e se n t a t i o n  wh i ch impl i e s  un l im i te d  a c c e s s  to 
all d own s tre am capac i ty .  For e x ampl e ,  a s impl e re f ine ry w i th o u t  
c a ta ly t i c  ( c a t ) c r ack i ng u s ua l ly rou te s t h e  c a t  f e e d s tock po r t i o n  
o f  t h e  c rude o i l t o  re s idual f ue l  o i l ,  unl e s s  i t  c a n  be sold to 
ano the r re f i nery . 

The i nd u s t ry r e f i ne r i e s  wi th t he i r  c o r re spond i ng c apa c i t i e s  
were d iv id ed i n to three c l a s s e s  o f  c ompl e x i ty . The f i r s t  type wa s 
e s sen t i a l ly a hyd ros k immi ng ope r a t ion wi th t opp i ng un i ts a nd may 
i n c l ud e  naphtha re fo rmi ng capab i l i ty and d i s t i l l a te d e s u l f ur i z a­
t io n ; the  se cond added c a ta ly t i c  c rack i ng and a lkyl a t i o n ; the  th i rd 
add ed hyd ro c r a ck i ng and bo t toms proce s s i ng ( pr imar i ly c ok i ng ) .  Fo r 
reasons o f  c on f id e n t i a l i ty ,  the proce s s  c apac i ty i n forma t io n  i n  the 
January 1 9 7 9  N PC S urvey o f  Pe tro l e um Re f i n i ng Capab i l i t i e s  wa s 
repo r ted o n ly i n  ag g rega te s accord i ng to PAD l oc a t i o n , r e f i nery 
s i z e , and c ompl e x i ty i nd ex . Th i s  b re akd own wa s i n s u f f ic i e n t  by 
i t se l f  to provi d e  the proce s s i ng c apa c i ty d e ta i l  by the  r e f i n e ry 
c l a s s e s  w i t h i n  the mod e l s . A l so , the NPC s urvey d id no t rece i ve a 
1 0 0  p e r c e n t  r e spo n s e . I nd u s t ry d a ta f rom the O i l  & G a s  Jo u r n a l ' s  
March 2 6 ,  1 9 7 9 ,  Ann u a l  Re f i n i ng Survey a ugme n t ed the  N PC d a t a  i n  
d eve l opme n t  o f  the c apac i t i e s  fo r the mod e l .  The f i n a l  bre akd own 
of the u . s .  c rud e o i l c apac i ty accord i ng to the  mod e l  c l a s s i f i c a ­
t io n  wa s 9 p e r c e n t  i n  t h e  f i r s t  type o f  r e f i nery , 2 9  p e r c e n t  i n  the 
second , and 6 2  percen t i n  the th i rd . 

Ava i l ab i l i ty o f  proce s s  capac i ty and un i t  pe r fo rmance we re a f­
f e c ted by n e c e s s a ry d own t ime for un i t  ma i n te n an c e , both schedul ed 
and un s c h e d ul e d ; s h i pmen t  i r r egular i t ie s ; equ i pmen t  or c a t a ly s t 
d e te r iorat ion ; and o ther uncon tro l l able  f a c to r s . To repr e s e n t  the 
l o s s  o f  capac i ty from sched ul ed d own t ime ,  a 5 pe rcen t d i scoun t wa s 
appl i e d  to the c rud e o i l  d i s t i l l a t ion s tr e am d ay c apac i ty r a t ing , 
and a 1 0  pe rcen t d i scoun t  to other proce s se s .  A s e cond d i scount  o f  
7 pe rcen t ,  appl ied un i fo rmly , repre s e n ted the o ther typ e s  o f  l o s s e s  
a s  we l l  a s  the f a c t  t h a t  t h e  mod e l  re f l e e ted mod ern t e c h no l ogy , 
whe r e a s  the a c t u a l  i ndu s t ry proc e s s i ng c apac i ty wa s o f  vary i ng v i n ­
t age and e f f i c i e n cy . The ne t re s ul t  wa s te rmed " e f fe c t ive capac­
i ty , "  wh i c h  wa s the b a s i s  used i n  the mod e l s . 

I n  a ttemp t i ng to va l i d a te the mod e l ,  u s i ng 1 9 7 8  ac t u a l  prod u c ­
t ion d a t a  from the Jan uary 1 9 7 9  N PC s u rvey , var i o u s  approache s were 
t r ied , i nc lud ing a s i n g l e-re f i nery mod e l , three-re f i n e ry mod e l ,  
d emand-d r iven mod e l ,  pr i c e-dr ive n mod e l ,  e tc .  A thre e-re f i ne ry 
mod e l , e s sen t i a l ly d emand d r iven , wa s found to be mos t  appropr i a te . 
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Th e mode l  runs  for de term i n i ng f u t ur e  proc e s s  capa c i ty r eq u i re ­
me n t s  we re d emand d r ive n , e xcept f o r  LPG ,  coke , s u l f u r , a n d  r e s i d ­
ual f ue l  o i l , wh ich we re a l lowe d t o  va ry w i th i n l im i ts . To the e x ­
te n t  t h a t  opt im i za t ion w i th pr ice  wa s i nvol ve d , a c t u a l  1 9 7 8  pr ice s 
we re us ed . Th e s e  d a ta we re d e r ived f rom pub l i c  source s , par t i cu­
larly from DOE Energy In forma t io n  Ad m i n i s tr a t i o n  publ i ca t ions  and 
Pl a t t ' s  1 9 7 8  O i l  Pr i c e  Ha ndbook and Oi l ma nac , 5 5t h  ed i t i on .  In the 
s upply d i s rupt io n  c a se s ,  a s s umed nat ional  pr ior i t i e s  we re re f l e c ted 
by chang i ng r e l a t ive prod u c t  dema nd and pr i c e s . Fo r cases where i n  
t h e  mod e l  ind i ca ted that add i t iona l proce s s i n g  c apac i ty was neede d , 
opt im i z i ng runs  wi th cap i ta l  ch arge s for new o r  d e bo t t l e necked ca­
pac i ty we re mad e . Th i s  procedure s e l e c ted the mos t  e conomi c way o f  
mee t ing the re f i n i ng req u i reme n t s . Co n s true t i o n  cos ts we re based 
on 1 9 7 8  Gu l f  Coa s t  data ad j u s ted for r e g ional  d i f fe r e n ce s , ran g i n g  
u p  t o  1 5  percen t .  De bot t l e ne ck i ng cos t s  we re a s s ume d to be appl i ­
cable t o  e xpan s ion up t o  2 0  percent o f  or i g i n a l  capac i ty , new un i t  
cos t s  to expan s ion o f  6 0  percent or g r e a te r , a nd i n t erpo l a ted c o s t s  
to the i n te rmed i a te range . The n ew un i t s  were s i z ed to s u i t  the 
typ i cal re f i ne ry in each comp l ex i ty category . De bo t t l eneck i ng 
cos t s  we re a s s umed to b e  7 0  percent o f  new un i t  c o st s . 

The 1 9 7 8  c rud e o i l  s upply , from Chap ter One , wa s a l l oca ted by 
r e f i nery c l a s s  w i t h i n  the PAD d i s t r ic t s  f rom d a t a  d e r ived from the 
Oil and Ga s Journa l  a n d  t h e  Depar tme n t  o f  Ene rgy . Al a s kan Nor t h  
S l ope c rud e o i l  s urpl u s  to t h e  We s t  C o a s t ' s n e e d s  wa s c o n s i d e red 
ava i l able to PADs I - I V .  For the mod e l  val i d a t ion , u s i ng 1 9 7 8  d a t a , 
the quan t i ty o f  i n c reme n ta l  c rud e o i l  wa s a l l owe d to vary to s a t i s­
fy the ma te r i al b a l a nce . For th i s  rea son , the 1 9 7 8  c r ud e  o i l i np u t  
d ata i n  th i s  chapter may vary sl igh t ly f rom t h a t  shown i n  Chapter 
One . The i n c r emen t a l  c r ud e  o i l s , a s s umed to be ava i l ab l e , we re of 
a qual i ty s im i l ar to Saud i Arab i a n  L i g h t  c rud e o i l  for PADs I - I V  
and Alas kan Nor t h  S l ope c r ud e  o i l for PAD v .  C r ud e  o i l prope r t i e s  
we re obta ined f rom i ndu s t ry a s s ay d a ta a nd the c rud e o i l s  we re then 
cla s s i f i ed accord i ng to the f ive N PC qual i ty c a t eg o ry d e f i n i t ion s 
a s  1 i s  ted i n  Ch apter On e .  In the s t ud i e s  o f  f u t u r e  s i tu a t i o n s , 
crud e  o i l s upply var i a t ion s we re po s t ul a t ed i n  t e rms o f  va ry i ng 
propo r t ions o f  the N PC -d e f i n ed c a tegor i e s . 

Th e c a tegor i e s  o f  c rud e o i l  we re a l located to e ach o f  the  three 
re f iner i e s  i n  the  mod e l s  accord i ng t o  1 9 7 8  d a ta f r om the Jan ua ry 
1 9 7 9  NPC Survey o f  Pe t ro l e um Re f i n ing Capab i l i t i e s ,  a ug me n ted by 
1 9 7 8  re f i n e ry d a ta from the O i l  & Gas Journ a l . The fore ign c r ud e  
o i l a l l oc a t io n  wa s d e r ived f rom d a ta 1 n  t h e  Pe t r o l eum Impo r t  Da ta 
Book 1 9 7 8 ,  John G .  Ye ager and As soc i a te s , I n c . For f u t ure ye a r s , 
the d i s t r ibu t io n  o f  c rud e o i l  c a tegor i e s  acros s re f i n ery c l a s s e s  
wa s ass umed t o  r ema in i n  proport ion t o  the 1 9 7 8  d i s tr i but ion . 

As i n  prev ious  a t temp t s  by o thers to mod e l  the re f i n ing i nd u s ­
t ry , t h i s  s t udy e ncoun tered d i f f i c ul t ie s  a n d  uncer ta i n t i e s .  Ove r­
s impl i f i c a t ion to ke ep the mod e l  to a man ag e a b l e  s i z e  is inhe ren t 
in a s imul a t ion o f  an e n t ire i n du s t ry . Da ta i n ad eq uac i e s  a l so 
impo se prac t i c a l  1 imi t s . Fo r examp l e , u t i l i z a t i o n  r a t e s  o f  d own­
s tre am capac i ty ind i c a t ed by the mod e l  val id a t ion runs c o u l d  n o t  be 
con f i rmed by a c tual  1 9 7 8  e xpe r ience , b e c au s e  s uc h  d a ta we re not 
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par t o f  the Jan u a ry 1 9 7 9  N PC s urvey . In th i s  a nd o th e r  i n s tanc e s  
qua l i t a t i ve j ud g me n t s  had t o  b e  appl ied a s  t o  t h e  r e a so nabl e n e s s  o f  
re s ul t s .  Appe nd i x  F c ompare s t h e  mod e l s ' output w i t h  re s pon s e s  r e ­
c e ived i n  t h e  January 1 9 7 9  N PC s urvey to q ue s t i o n s  regard i ng f a c i l ­
i ty reque s t s  und er s ever a l  hypo the t i c a l  s upply /d emand s i t ua t ion s . 
Co n s id e r ing the d i f f i cu l t i e s  i n  ma tch i ng the mod e l  to obse rved 1 9 7 8  
opera t ion s ,  pred i c t ion s of f u t ure s i t u a t i o n s  c anno t be prec i se .  
The r e fore , i n  v i ew i ng the r e s ul t s  o f  the var ious  s tudy c a se s ,  the 
d i f f e r e nce s among cases s hould be recogn i zed a s  be i ng mor e  me an i ng ­
f ul than the abs o l u t e  va l ue s .  

EXPANDE D D I S C US S ION 

F u ture Proce s s  F a c i l i ty Need s 

As expl a i n ed ab ove , a re f i n i ng i nd u s t ry mod e l wa s u s ed to te s t  
the indus try ' s  c apab i l i ty to me e t  f u t ur e  chang e s  i n  c rud e o i l  s up­
ply c ompo s i t ion , prod uc t d emand , prod uct spec i f ic a t i on s , and i n­
c rease s i n  the propo r t ion o f  un l eaded g a so l i n e  i n  the to t a l  poo l . 
Al though the mod e l  s ta r t s  w i th the 1 9 7 8  e f fe c t ive c apac i t ie s  ( Table  
5 3 ) ,  it  is  a l l owe d to empl oy add i t ional c apac i ty prov id ed by c on­
s tr uc t ion i f  n e ed ed . 

The needs for n ew f ac i l i t i e s  were d e te rmined on a cumul a t i ve 
b a s i s  a s  o f  three po i n t s  i n  t ime - - 1 9 8 2 ,  1 9 8 5 ,  and 1 9 9 0 .  Th e 
prod uc t d emand var i a t i o n s  and the range o f  c rud e o i l  s upply c ompo­
s i t ions tha t we re s t ud i ed are the s ame as those d i s c u s s ed in Ch ap­
ter One . The mod e l  s e l e c t s  the l e a s t-c o s t  route to mee t  the  
requ i reme n t s , c on s ider i ng proce s s  y i e lds , ope r a t ing c os t s ,  and  con­
s tr uc t io n  co s t s .  Of the se factor s ,  proce s s  y i e ld is the  mo s t  
impo r tan t i n  fac i l i ty s e l e c t io n ,  because o f  the  ove r r id i ng requ i re­
men t  to mee t  prod uc t d emand and proce s s  the ava i l abl e c r ud e  o i l 
type s .  Th e spec i f i c  cons truc t i o n  cos t d a t a  we r e  those conta ined i n  
t h e  Bonn e r  & Moore As soc ia t e  s ,  Inc . , Re f in e ry and Pe t ro c h emi c a l  
Mod e l i ng Sys tem . The se d a ta we re compared aga i n s t  o ther sour c e s  
and found t o  b e  i n  reasonable ag re emen t .  Howeve r ,  t h e  d a ta repr e ­
s e n t  c a l endar ye ar 1 9 7 8  cos t s  o f  cons truc t i o n ;  f u t ur e  changes  i n  
the re l a t ive cos t s  o f  t h e  var ious k i nds o f  proce s s  un i t s  could 
a f f e c t  the  u l t i ma t e  c ho i c e s .  

I n  general , the mod e l  chose to e xpand c apac i ty o n ly wh e n  pro­
ce s s  u t i l i za t ion exceed ed the 1 9 7 8  e f fe c t ive c apac i ty .  Howeve r ,  
the re we re i n stanc e s  i n  wh i ch a proc e s s  area wa s e xpanded to take 
ad van t age of new te chnology ( e . g . , l ow pre s s ure naph t h a  re fo rm i ng ) 
o r  to ma i n ta i n bal anced crud e o i l  run n i n g  among the three re f i nery 
c l a s se s , even t hough some e x i s t i ng capac i t y  wa s id l ed . 

Tab l e s  5 4  t h rough 6 2  s how the mod e l - i nd i c a ted e xpa n s i o n s  o f  
proce s s  capac i ty for t h e  var ious c omb in a t i o n s  o f  fore c a s t  prod uc t 
d emand and c rud e o i l  s upply c ompo s i t ion . I n  the se tabl e s  t he 
capac i t ie s  are e xpre s s ed i n  te rms o f  f u l l  s tre am d ay ra t i ng , and 
t he expan s ion shown for any g iven ye ar i s  the cum ul a t ive i n c rease 
to that po i n t  i n  t ime f rom 1 9 7 8 .  For c ompar i so n  w i t h  the mod e l­
i nd i c a ted e xpan s i on s , t he 1 9 8 2  e xpan s ion pl a n s  d rawn f rom the 
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TABLE 53 

E f fective C apacity* for 1 9 7 8  P roce s s  F ac ilities 
( Capac ities in MB/b ) 

R e finery L ocation 
P rocess F acil ity 

Cr ude Oil Di stillat ion 
catalytic Re forming 
Catal yt ic Crac king 
Alkyl ation 
Pol ymeri zation 
Isomer i za tiont 
Hydro treating 

Naphtha§ 

Di stillate�! 
Vi sb reaking/Th ermal Cr ac ki ng 
Hydrore fining 

Gas Oil* * 
Re s idual Oil t t  

Co king ( Fe ed Pa te )  
Hydrogen Manufactur i ng 

( MMSCF/D ) 

*Th e effectiv e capac itie s 
day capac ity as fol lo ws : 

Cr ud e  Oi l Di stil l ation Un its 

PAD s I - IV 

1 3 , 1 3 7 
2 , 588 
3 , 61 7  

662 
39 
90 

2 , 6 3 0  
2 , 2 6 5  

1 67 

368 
78 

648 

5 7 5  

as used in the 

PAD V T otal u . s .  

2 , 83 1 1 5 , 96 8  
5 3 5  3 ,  1 2 3 
524 4 ,  1 4 1  
1 0 3 765 

2 4 1  
1 0  1 0 0 

5 2 2  3 ,  1 52 
3 90 2 , 6 5 5  

94 2 6 1  

2 8 1  649 
3 8  1 1 6 

3 3 4  982 

6 0 3  1 ,  1 78 

study are der iv ed fr om 

Effective Capac it y = Act ual capac ity X 9 5  percent X 9 3  percent 
Al l Other Pr oc ess Un it s  

Effec t ive capac it y = Actual capac ity X 9 0  percent X 9 3  percent 
t c4 through c6 naphtha isomer i zatio n .  
§Pr imarily re former feeds tock treating . 

ac tual str eam 

�l ea talytic cracke r  fe edstoc ks and l ight distil l ate pr oduc ts tr eating . 
* * Pr imarily h ydrocrac ki ng to l ighter products . 
t tHyd rotreating re sidual oil . 

January 1 9 7 9  N PC S urvey o f  Pe trol e um Re f i n i ng Capab i l i t ie s 2 are 
a l so shown . Fac i l i ty needs are shown separa te ly fo r PADs I - I V  and 
PAD V re f i n e r i e s ,  a s  we l l  a s  for the to t a l  Un i ted S t a te s .  The cor­
r e spond i ng cos t e s t ima te s o f  the cons truc t io n  prog ram are i n  con­
s tan t 1 9 7 8 do l l ar s .  I t  should be no t ed t h a t  con s t r uc t io n  co s t s  
h ave been i n c re a s ing a t  a n  annu a l  r a te o f  8 pe r c e n t  pe r ye a r  s i n c e  
1 9 7  6 .  The c o s t s  are und o ubt ed ly l ow b e c a u s e  the  mod e l  opt imi z ed 
approach tends to p l a c e  the new o r  e xpand ed fac i l i t i e s  pre feren­
t i al ly at  the l a rger re f iner ie s ,  wh i ch leads to l a rger un i t s  a nd 
l owe r per-barre l cos t s  than might a c t ua l ly o c cu r . Al s o , t h e  e s t i ­
ma te s do no t i n c l ude a ny o f  the ve ry l a rge i nve s tme n t  req u i r emen t s  
for s u s ta in ing e x i s t i ng fac i l i t i e s ,  impro v i ng e f f i c i ency , e n e rgy 
con s e rva t io n , e nv i ro nme n t a l  pro te c t ion and s a fe ty , and a ny f ac i l i ­
t i e s  ou t s id e  the r e f i n e ry . 

2s urvey d a ta are pre sen ted i n  Chap t e r  Three o f  Re f in e ry 
F l e x i b i l i ty ,  a n  I n te r im Re po r t ,  pub l i shed by the Na t i onal  Pe t ro l e um 
Counc i l  i n  De c ember 1 9 7 9 .  
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TABLE 5 4  

PADs I - IV 
Process Capacity N eeded Over 1 9 7 8  C apacity -- H igh C a s e* 

( MB/SD ) 

Proc ess Faci l ity 

Crude Oil Distil lation 
Vacuum Distil lation 
Catalyt i c  Reforming 
Catalytic Crack i ng 
Alkylation 
Isomerization 
Polymer ization 
Hydrotreat ing 

Naphtha 
Distil late 

Hydrorefining 
Gas Oil 
Res i dua l Oil 

Residual Conversion 

Estimated Cos t§ 

Planned 
1 9 8 2 t  

9 3 7  
3 5 2  
4 0 6  
382 

48 
22 

8 

6 0 4  
2 6 0  

3 
0 

3 7  

C rude Oil Slat e A 
Cumulative Expansion 

1 98 2  1 985 1 99 0  

5 1 4  
2 0 6  
7 0 6  

0 
2 3 9  

0 
0 

1 ,  266 
1 , 4 2 1  

1 5  
0 

1 7 5  

2 , 68 6  

8 9 0  
3 5 6  
7 0 6  

0 
2 6 0  

0 
0 

1 , 26 6  
1 , 5 6 1  

1 5  
0 

1 7 5 

2 , 9 0 6  

1 , 446 
5 7 8  

1 ,  0 5 3  
0 

2 9 5  
0 
0 

1 , 26 6  
1 , 7 2 3  

4 6  
0 

3 0 0  

3 , 9 1 0  

Crude Oil Slate B 
Cumulative Expansion 

1 98 2  1 98 5  1 99 0  

5 1 6  
2 0 7  
7 0 0  

0 
2 9 1  

0 
0 

1 ,  3 1  0 
1 ,  3 5 0  

2 
0 

2 48 

2 , 7 7 5  

9 3 8  
3 7 5  
7 0 0  

0 
2 9 1  

0 
0 

1 ,  3 1  0 
1 , 5 0 2  

2 
0 

248 

2 , 9 5 7  

1 , 39 5  
5 5 8  
9 5 3  

0 
4 1 5  

0 
0 

1 , 3 1 0  
1 , 5 6 0  

7 
0 

3 4 9  

3 , 7 69 

*Data deriv ed from the Apr i l  1 9 79 NPC Survey of u . s .  and Wor l d  Energy and O i l  
Supply/Demand For ecasts . 

t Ea s ed on respons e to the January 1 9 79 NPC Survey of P etro l eum Ref ining Capabi lities . 
§ Est imated cost bas ed on 1 9 7 8  construction cost s . Cost i s  in mi l l ions of dol lars . 
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TABLE 5 5  

PAD V 
Process C apac ity Needed Over 1 9 7 8  C apacity -- H i gh C a s e* 

( MB/SD ) 

C rude Oi l Slat e  A C rude Oi l S late B 
Planned Cumulative ExEansion Cumulative ExEansion 

Process Fac i l ity 1 9 8 2 t  1 9 8 2  1 98 5  1 99 0  1 98 2  1 98 5  1 99 0  

Crude O i l  Distil lation 1 5 6 0 5 8 0 1 
Vacuum Distil lation 5 6  0 2 3 0 0 0 
Catalyt i c  Reformi ng 6 6  6 6  1 5 3  5 5 2  4 9  1 5 2 5 0 4  
Catalyti c  Cracking 2 5  24 2 7  3 3  1 0 5 1 0 5 1 0 5 
Alkylation 0 1 6  1 6  1 6  1 4  1 4  1 4  
Isomerization 0 1 1 1 1 
Polymer ization 0 0 0 0 0 0 0 
Hydrotreating 

Naphtha 3 7  3 3  5 3  1 0 4 3 0  5 8  8 7  
Di stil late 8 1  7 7 9  8 7 2  8 8 7  7 0 5  8 0 8  893 

Hydrorefining 
Gas O i l  1 8  0 0 3 0  0 0 2 3  
Res i dua l Oil 0 0 0 0 0 0 0 

Residual Convers ion 9 1 1 2 1 39 1 7 9 8 3  1 1 2 1 8 8 

Estimated Cost§ 8 1 1 1 , 0 7 8  1 ,  644 8 1 4  1 , 0 6 1  1 , 8 0 2  

* Data derived from the Apr i l  1 9 79 NPC Survey of u . s .  and Wor l d  Energy and O i l  
Supply/D emand Forecasts . 

t Ea s ed on respons e to th e January 1 9 79 NPC Survey of P etro l eum Ref i ni ng Capabilities . 
§ Est imat ed cost bas ed on 1 9 7 8  construction cost s . Cost i s  in mil lions of dol lars . 
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TABLE 5 6  

Total u . s .  
P rocess Capacity N eeded Over 1 9 7 8  C apacity -- H igh C a s e* 

( MB/SD ) 

C rude Oi l Slat e A C rude Oi l Slate B 
Planned Cumulative ExEansion Cumulative ExEansion 

Proc es s Faci lity 1 9 8 2 t  1 98 2  1 9 85 1 99 0  1 98 2  1 985 1 99 0  

Crude Oi l Distil lation 1 1 0 9 3  5 1 4  895 1 1 4 5 4  5 1 6  9 3 9  1 1 39 6  
Vacuum Distil lation 4 0 8  2 0 6  3 58 5 8 1  2 0 7  3 7 5  5 5 8  
Catalyt i c  Reforming 4 7 2  7 7 2  859 1 1 6 0 5  749 852 1 1 4 5 7  
Catalyt ic Cracking 4 0 7  2 4  2 7  3 3  1 0 5 1 0 5 1 0 5 
Alkylation 48 2 5 5  2 7 6  3 1 1  3 0 5  3 0 5  4 2 9  
Isomerization 2 2  1 1 1 1 1 1 
Po lymeri zation 8 0 0 0 0 0 0 
Hydrotreating 

Naphtha 64 1 1 1 29 9  1 1 3 1 9 1 1 3 7 0  1 1 3 4 0  1 1 3 6 8  1 1 39 7  
Disti l lat e 3 4 1 2 1 2 0 0  2 1 4 3 3  2 1 6 1 0  2 1 0 5 5  2 1 3 1 0 2 1 4 5 3  

Hydroref i n i ng 
Gas Oil 2 1  1 5  1 5  7 6  2 2 3 0  
Res idua l Oil 0 0 0 0 0 0 0 

Residual Conversion 46 2 8 7  3 1 4 4 7 9  3 3 1  3 6 0  5 3 7  

Est imat ed Cos t§ 3 1 49 7  3 1 98 4  5 1 5 5 4  3 1 5 8 9  4 1 0 1 8  5 1 5 7 1  

*Data derived from the Apr i l  1 9 79 NPC Survey of u . s .  and Wor l d  En ergy a n d  O i l  
Supply/Demand Forecasts . 

t Ba s ed on respons e to th e January 1 9 79 NPC Survey of P etro l eum Ref ining Capabi l i ti es . 
§ Est imat ed cost bas ed on 1 9 7 8  construction cost s . Cost i s  i n  mi l lions of dol lar s . 



TABLE 5 7  

PADs I - IV 
Proc ess C apacity Needed Over 1 9 78 Capacity -- Medium C as e* 

( MB/SD ) 

C rude Oi l Slat e A Crud e Oi l S late B 
Planned Cumulative ExEansion Cumulative ExEans ion 

Process Facil ity 1 9 8 2 t  1 98 2  1 9 85 1 99 0  1 98 2  1 9 85 

Crude Oi l Distil l ation 9 3 7  0 0 0 0 0 
Vacuum Distillation 3 5 2  0 0 0 0 0 
Catalyt i c  Refo rmi ng 4 0 6  3 7 9  6 7 8  8 4 3  3 9 1  6 9 5  
Catalytic Crack ing 382 0 0 0 0 0 
Alkylation 48 5 2 3  2 6  7 2 5  
Isomeri zation 2 2  0 0 0 0 0 
Polymeri zation 8 0 0 0 0 0 
Hydrotreating 

Naphtha 6 0 4  9 7 1 9 7 1 9 8 0  1 ,  0 2 9 1 , 0 2 9  
Di s t i l late 2 6 0  746 783 865 7 04 7 56 

Hydrorefining 
Gas Oil 3 7 4  7 4  1 1 3 6 8  6 8  
Res idua l Oil 0 0 0 0 0 0 

Residual Convers ion 3 7  2 1 3  3 0 1  4 2 2  2 74 3 6 3  

Estimated Cost § 1 , 3 2 7  1 , 8 5 5  2 , 3 5 2  1 ,  2 4 4  1 ,  9 3 7  

* Data derived from the D ecember 1 9 79 N PC  Survey of u . s .  a nd Wor ld Energy and O i l  
Supply/D emand Forecast s . 

1 9 9 0  

9 9  
4 0  

8 7 6  
0 

2 5  
0 
0 

1 ,  0 2 9  
886 

8 0  
0 

464 

2 , 369 

t Ea s ed on response to the January 1 9 79 NPC Survey of P etro l eum Ref ining Capabi lities . 
§ Est imated c ost bas ed on 1 9 7 8  construction cost s . Cost is in mi l lions of do l lars . 
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TABLE 5 8  

PAD V 
Process Capacity Needed Over 1 9 7 8  Capacity -- Medium Cas e* 

( MB/SD ) 

Crud e O i l  Slate A C rud e Oi l Slate B 
Planned Cumulative ExEansion Cumulative ExEansion 

Proc ess Faci l ity 1 9 8 2 t  1 9 8 2  1 98 5  1 99 0  1 98 2  1 985 

Crude Oil Distil lation 1 5 6 0 0 0 0 0 
Vacuum Distil lation 56 0 0 0 0 0 
Cata lytic Re formin g  6 6  3 3  1 4 2  3 3 0  3 6  1 6 1  
Cata lytic C rack ing 2 5  1 7  1 7  1 7  2 3  2 3  
A lkylation 0 0 5 5 0 0 
Isomerization 0 2 2 2 0 0 
Po lymerization 0 0 0 0 0 0 
Hydrotreating 

Naphtha 3 7  1 4  2 4  9 1  0 1 1  
Distil late 8 1  1 6  5 5  4 2 3  2 7  1 1 6 

Hydrorefining 
Gas Oil 1 8  0 0 2 5  0 0 
Res idua l Oil 0 0 0 0 0 0 

Residual Conversion 9 4 0  1 0 9 1 1 9 8 6  1 7 4 

Estimated Cos tt 1 6 3  4 8 7  1 , 0 4 5  2 3 1 6 2 0  

*Data derived from th e D ecember 1 9 7 9  NPC Survey of u . s .  and Wor l d  Energy and O i l  
Supply/Demand Forecasts . 

1 99 0  

0 
0 

380 
23 

0 
0 
0 

1 3 7 
799 

0 
0 

2 2 5  

1 , 46 5  

tEased o n  respo ns e  t o  th e January 1 9 79 NPC Survey o f  P etro l eum Ref ining Capabi l i t i es . 
§ Est imat ed cost bas ed on 1 9 7 8  construction cost s .  Cost i s  i n  mil lions of dol lar s . 
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TABLE 5 9  

Total u . s .  
Process C apacity N eeded Over 1 9 7 8  Capacity -- Medium Cas e* 

( MB/SD ) 

C rude O i l  S lat e A C rude O i l  Slate B 
Planned Cumulative ExEansion Cumulative ExEansion 

Process Fac i l i ty 1 98 2 t  1 98 2  1 98 5  1 99 0  1 98 2  1 98 5  

Crude O i l  Distil lation 1 , 0 9 3  0 0 0 0 0 
Vacuum Distil lation 4 0 8  0 0 0 0 0 
Catalyt i c  Reforming 4 7 2  4 1 2  8 2 0  1 , 1 7 3  4 2 7  8 5 6  
Catalytic C racking 4 0 7  1 7  1 7  1 7  2 3  2 3  
Alkylation 4 8  5 2 8  3 1  7 2 5  
Isomerizat ion 2 2  2 2 2 0 0 
Polymer i zation 8 0 0 0 0 0 
Hydrotr eating 

Naphtha 64 1 9 8 5  9 9 5  1 , 0 7 1  1 ,  0 2 9 1 , 0 4 0  
Distil late 3 4 1 7 6 2  8 3 8  1 ,  2 8 8  7 3 1 8 7 2  

Hydror efining 
Gas O i l  2 1  74 7 4  1 38 68 68 
Res i dual Oil 0 0 0 0 0 0 

Res i dual Convers ion 46 2 5 3  4 1 0  5 4 1 3 6 0  5 3 7  

Est imated Cos t§ 1 , 49 0  2 , 34 2  3 , 39 7  1 , 4 7 5  2 , 5 5 7  

* Data derived from th e December 1 9 79 NPC Survey o f  u . s .  and Wo rld Energy and O i l  
Supply/D emand For ecas t s .  

1 99 0  

9 9  
4 0  

1 , 2 5 6  
2 3  
2 5  

0 
0 

1 ,  1 6 6  
1 , 6 85 

80 
0 

689 

3 , 8 3 4  

t Ba s ed on respons e t o  t h e  January 1 9 79 NPC Survey of P etro l eum Refining Capabi lities . 
§ Est imated cost bas ed on 1 9 7 8  construction cost s . Cost i s  in mil lions of dol lars . 



TABLE 6 0  

PADs I - IV 
Proces s C apacity N e eded Over 1 9 7 8  Capacity -- Low C a s e* 

( MB/SD ) 

C rude Oi l Slat e A Crude Oi l Slate B 
Planned Cumulative ExEansion Cumu lative ExEans ion 

Process Fac i l ity 1 98 2 t  1 98 2  1 985 1 99 0  1 9 8 2  1 98 5  

Crude Oi l Distil lation 9 3 7  0 0 0 
Vacuum Distil lation 3 5 2  0 0 0 
Catalyt i c  Reforming 4 0 6  5 5 6  8 6 9  5 5 4  
Catalyti c  Crack i ng 382 0 0 0 
Alkylat ion 48 1 8  1 8  2 2  
Isomerization 2 2  0 0 0 
Po lymeri zation 8 0 0 0 
Hydrotreati ng 

Naphtha 6 0 4  5 6 2  5 7 0  5 8 4  
Di sti l lat e 2 6 0  6 2 6  6 7 5  5 2 4  

Hydror efining 
Gas Oil 3 2 7  1 0 4 29 
Residua l Oil 0 0 0 0 

Res idual Conversion 37 3 0 2  3 5 2  3 4 0  

Est imat ed Cost§ 1 1 3 7 5  2 1 0 2 9  1 1 4 0 4  

*Data derived from th e December 1 9 79 N PC  Survey of u . s .  a nd Wo rld Energy and Oi l 
Supply/D emand For ecast s . 

1 99 0  

0 
0 

8 8 1 
0 

2 3  
0 
0 

5 8 8  
6 3 3  

1 0 0 
0 

4 3 4  

2 1  1 44 

t Ea s ed on respons e to the January 1 9 79 NPC Survey of Petroleum Ref ining Capabi l i t i es . 
§Estimated cost bas ed on 1 9 7 8  construction cost s .  Cost i s  in mi l lions of dol lars . 



TABLE 6 1  

PAD V 
Process C apacity N eeded Over 1 9 7 8  C apacity -- Low Case* 

( MB/SD ) 

C rude O i l  Slat e  A Crude Oi l Slate B 
Pl anned Cumulative ExEansion Cumulative ExEansion 

Process Facil ity 1 98 2 t  1 98 2  1 98 5  1 99 0  1 98 2  1 9 85 

Crude Oil Distil lation 1 5 6  0 0 0 
Vacuum Distil lat ion 56 0 0 0 
Cata l yt i c  Reforming 6 6  1 1 4 3 0 6  1 3 4 
Catalytic Cracki ng 2 5  2 4  2 4  1 5  
A lkylation 0 2 2 0 
Isomerization 0 3 3 3 
Polymer i zation 0 0 0 0 
Hydrotreating 

Naphtha 3 7  3 8  9 3  3 7  
Di sti l late 8 1  4 1  5 58 3 8  

Hydror ef i n i ng 
Gas Oi l 1 8  6 2 3  4 
Res i dua l Oil 0 0 0 0 

Residual Convers ion 9 9 2  1 44 9 8  

Est imated Cos t§ 4 2 4  1 1  1 3 3 4 0 3  

* Data derived from th e December 1 9 79 NPC Survey of u . s . a nd Wor l d  Energy a nd Oil 
Supply/D emand Forecasts . 

1 99 0  

0 
0 

298 
1 8  

0 
3 
0 

8 5  
7 2 0  

3 0  
0 

2 0 5  

1 1 2 6 2  

t Ea s ed o n  response t o  the January 1 9 79 N PC  Survey o f  P etro l eum Ref i ning Capabi l i t i e s . 
§ Est imated c ost bas ed on 1 9 7 8  construction costs . Cost is i n  mi l lions of dollars . 



TABLE 6 2  

Total u . s .  
Process C apac ity N eeded Over 1 9 7 8  C apacity -- Low C a s e* 

( MB/SD ) 

C rude Oi l Slat e A C rude O i l  S late B 
Planned Cumulative ExEansion Cumulative ExEansion 

Proc ess Fac i l i ty 1 9 8 2 t  1 98 2  1 9 85 1 99 0  1 98 2  1 98 5  

Crude O i l  Dist i l l at ion 1 , 0 93 0 0 0 
Vacuum Distil lation 4 0 8  0 0 0 
Catalyt i c  Reforming 4 7 2  6 7 0  1 ,  1 7 5 688 
Catalyti c  Crack i ng 4 0 7  2 4  2 4  1 5  
Alkylation 48 2 0  2 0  2 2  
Isomerization 2 2  3 3 3 
Polymeri zation 8 0 0 0 
Hydrotr eating 

Naphtha 64 1 6 0 0  6 6 3  6 2 1 
Di sti l late 3 4 1 667 1 , 2 3 3 5 6 2  

Hydror efining 
Gas O i l  2 1  3 3  1 2 7 3 3  
Res idua l Oil 0 0 0 0 

Residual Conv ers ion 46 394 4 96 4 38 

Est imat e d  Cost§ 1 ,  799 3, 1 6 2  1 ,  8 0 7  

* Data derived from th e December 1 9 79 NPC Survey o f  u . s .  and Wor l d  E nergy and Oil 
Supply/D emand Forecast s .  

1 99 0  

0 
0 

1 , 1 7 9 
1 8  
2 3  

3 
0 

6 7 3  
1 , 3 5 3  

1 3 0 
0 

6 3 9  

3 , 4 0 6  

t Ba s ed on respo ns e  to th e January 1 9 79 N PC  Survey of P etro leum Refining Capabi lities . 
§ Est imated cost bas ed on 1 9 7 8  construction cost s .  Cost i s  in mil lions of dol lars . 



Th i s  s t udy found tha t  no e xpan s ion o f  c rud e o i l  d i s t i l l a t ion 
capac i ty per se is requ i r ed e xcept in  the h igh c a s e , wh i c h  n e e d s  
a 6 . 9 pe rcent i ncrease i n  1 9 9 0  ove r 1 9 7 8  a c t u a l  c apac i ty for PADs 
I - I V .  In the  med i um c a s e , no increase i n  c r ud e  o i l  d i s t i l l a t ion 
wou l d  be requ i red , a l thoug h the mod e l , for  e c onom i c  reasons , 
chooses to e xpand the h igh c ompl e x i ty re f in e r i e s  a mod e s t  amount 
and sl ack o f f  ope r a t ions  at the s impl e r  r e f i n e r i e s . In  l igh t o f  
t h e  re f iner s ' e xpan s ion pl ans ind i c a t ed b y  the Ja nuary 1 9 7 9  N PC 
s urvey , c rud e o i l  d i s t i l l a t ion c apac i ty should  no t b e  a bot t l en eck 
under any fore s e e ab l e  c i r c ums tance s .  

Al l the scenar io s ,  howeve r , c a l l  for s ig n i f i c a n t  c apac i ty i n­
c re a se s  i n  c at a ly t i c  re fo rm i ng , hyd ro t r e a t ing , and r e s i d ua l c onve r­
s ion ( e . g . , c ok i ng ) ( F igur e s  3 0 ,  3 1 ,  and 3 2 ) .  The h igh c a se a l so 
c a l l s  fo r e xpan s ion o f  a lkyl a t i on c apac i ty .  I n  v i ew o f  t he r e f in­
e r s ' pl ans for e xpan s ion o f  d owns tre am f ac i l i t ie s  i nd i c a t ed by the  
January 1 9 7 9  N PC s urvey , the e xpe c t a t ion is  t h a t  n aphtha r e form i ng 
capac i ty w i l l  be ad equate i n  1 9 8 2 ,  but t h a t  re s i d u a l  conve r s ion and 
hyd ro treat i ng w i l l  rema i n  bottl enecks un l e s s  r e f i n e r s  e xpand beyo nd 
the i r  e a r l i e r  pl an s . The apparent i n ad eq u a cy i s  t r ac e a b l e  in part  
to the  mo re op t im i s t i c  o u t l ook for  crude o i l  q u a l i ty that  i nd i v i d ­
u a l  re f iners  he ld a t  t h e  t ime o f  the Jan u a ry 1 9 7 9 N PC s urvey . 

As shown i n  Tab l e  5 9 ,  u. s .  re f iners w i l l  need to ad d $ 3 . 8  b i l­
l ion ( 1 9 7 8  d o l l ar s ) o f  pro c e s s  mod i f i c a t ions  by 1 9 9 0  t o  me e t  the 
foreca s t  med i um prod uc t d emand and proce s s  c r ud e  o i l  s l a t e  B .  The 
pr inc ipa l  re f i ne ry chang e s  are a 3 4  p e r c e n t  i nc re a s e  ( 1 , 2 5 6  M B/S D ) 
i n  c a talyt i c  re form i ng and an a s soc i a ted 3 1  p e r c e n t  i n c r e a s e  ( 1 , 1 7 0  
MB/S D ) i n  naphtha h yd ro trea t i ng ; a 6 3  pe r c e n t  i nc re a s e  ( 1 , 6 8 5  
MB/S D ) i n  d i s t i l l a te hyd ro treat ing ; and a 5 8  pe rcen t i n c re a s e  ( 6 8 9  
MB/S D ) i n  r e s idual conve r s ion . Roughly two-th i r d s  o f  t h i s  con­
s truc t ion prog ram needs to be i n  pl ace by 1 9 8 5 .  

Tab l e s  6 3  t hroug h 8 3  s how the re f i n i ng i n p u t/o u tput  b a l an c e s  
and proce s s  u t i l i za t ion for t h e  var ious c a se s .  Fore c a s t  d emands 
for the  maj o r  produc t s  are  e x a c t ly me t .  Th e d ev i a t i o n s  a l l owe d on 
re s idual f ue l  o i l and LPG c an be tran s l a ted i n to ad j u s tme n t s  o f  
impo r t s  of t ho s e  produc t s . To tal produc t d emand i s  f ul f i l led by 
ref inery output c omb i n e d  wi th prod uc t i mpo r t s  and LPG from n a t u r a l  
g a s  proc e s s i ng p l a n t s . Re f i nery output eq u a l s  r e f i n e ry i nput plus  
vo l ume g a i n  i n  proce s s i ng .  The tabul at ed d eman d s  re f l e c t  av i a t ion 
gaso l i ne a s  par t o f  l e ad ed prem i um g a s o l i n e , and the i tern " o ther 
spec i a l  and pe trochemi c a l "  i n c l udes  spec i a l  naph thas  and pe t roch em­
i c al feeds tock s , both d i s t i l l a te and naph tha type s ( e x c l u s ive of 
BTX a roma t ic s ,  shown separa tely ) .  

I f  prod uc t d emand and c rud e o i l  s upply ava i l ab i l i t i e s  i n  1 9 8 2  
ma te r i a l i z e  a s  fo recas t ,  but r e f iners ' e xpan s io n s  are  1 im i ted to 
j u s t  those r e por ted in the January 1 9 7 9  N PC s urvey , the i nd u s t ry 
may not be c apab l e  o f  f ul f i l l i ng a l l  produc t r eq u i remen t s . Ta b l e  
8 4  i l lus trate s  th i s  f o r  the h igh c a s e  and c r ud e  o i l  s l a te B ,  the 
comb i nat ion that taxe s r e f inery capab i l i ty mos t  seve r e ly . In th i s  
i n s tance the mod e l  shows the i ndu s t ry f a l l i ng s ho r t  o f  mee t i ng 
d emand s for l ig h t  produc t s  by 5 2 1  M B/D . Al t hough f o r  th i s  i l lu s ­
trat ion i t  i s  a s s umed t h a t  t h e  d i s t i l l a te prod uc t ion would c a r ry a 

1 1 5  
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h igher pr ior i ty than ga so l i n e ,  i ndu s t ry f l e x i b i l i ty e x i s t s  to vary 
the c ompo s i t ion of t h i s  s hort f a l l  be twe e n  ga sol ine and d i s t i l l a te s 
d epend i ng on the re l a t ive va lue s pl aced the reon . 

Impact o f  C r ude O i l  S upply D i s rupt ion 

Th e impac t  upo n ma j or produc t s  ( i . e . , motor gasol i n e ,  d i s t i l ­
late , and re s idual  f ue l  o i l ) o f  var i ou s  d i s r upt ions i n  fore ign 
c rud e o i l  s uppl y  has a l so been exam i ned . Th e c rud e o i l  l o s s e s  we re 
s uper impo s ed on the med i um c a se in 1 9 8 2  ( Ta b l e  8 5 )  and 1 9 8 5  ( Table  
8 6 )  wi th t he base c rude o i l  volume s be i ng tho s e  i n  c rude o i l  s l ate 
B .  The type s o f  d i s rupt ion s con s idered were a 2 , 0 0 0  MB/D shor t f a l l 
o f  fore ig n swe e t  c rud e o i l , w i th and w i thou t r epl a c emen t  by o ther 
type s ,  and a 5 , 0 0 0  M B/D s hor t f a l l  o f  fore ign aver age c r ud e  o i l .  As  
a po i n t  of referenc e ,  2 , 0 0 0  M B/D of c rud e o i l repr e s e n t s  1 3 . 8 pe r­
cen t o f  the tot a l  pro j ec ted 1 9 8 2  c r ud e  o i l runs i n  the u . s .  and 
1 3 . 4 pe rcen t o f  the 1 9 8 5  t o t a l , wh e r e a s  5 , 0 0 0  M B/D repr e se n t s  3 4 . 4  
pe rcen t o f  the 1 9 8 2  to t a l  and 3 3 . 6 pe r c e n t  o f  the 1 9 8 5  to t a l . 

The re s ul t s  shown ind i ca te the ne t i mpac t  on an average d a i ly 
b a s i s  apa r t  from the u s e  o f  e i ther i ndu s t ry o r  g ove r nme n t  c rud e o i l  
o r  prod uc t rese rve s to ck s . The se rese rve s wou l d  o f fer s omewh a t  o f  
a b u f f e r  fo r t h e  c o n s ume r depend ing upo n the l en g t h  o f  any d i s rup­
t ion of c r ude o i l  s upply . 

I n  the d i srupt ion c a s e s  an a t temp t wa s mad e to te s t  r e f i ne ry 
fl e x ib i l i t y by decre a s i ng prod uc t ion o f  ga sol i n e  o n ly , wh i l e  ma i n­
t a in ing produc t ion o f  the other ma j or produc t s  t o  the e x t e n t  f e a s­
i bl e . I f  i t  wa s nece s s a ry to shor t other prod uc t s , the a l l oc a t i o n  
o f  t h e  sho r t f a l l ,  by produc t ,  wa s s e t  b y  e c onom i c s . Th e rema i n i ng 
mo tor ga so l i ne pro d uc e d  wa s requ ired to be i n  the s ame propor t ion , 
by g rade , a s  i n  the b a se case . Be c a u s e  the d i s ru p t i on s  a r e  unpre­
d ic table i n  the i r  t imi ng , and pre s umab ly , too i n frequen t to j u s t i fy 
r e f inery mod i f i c a t ions , the pro c e s s  c apac i t i e s  are  the s ame a s  i n  
the respe c t ive b a s e  c a s e . 

In the case o f  a 2 , 0 0 0  M B/D l o s s  o f  fore ign s we e t  c r ud e  o i l in 
1 9 8 2  i t  wa s fe a s i b l e  to a l l ow a bou t 8 0  p e r c e n t  o f  the ma j or produc t 
shor t f a l l  to show up a s  mo tor g a sol ine . Th i s  re pre s en t s  a 2 3  pe r­
c e n t  sho r t fal l in the 1 9 8 2  t o t a l  pro j e c ted mo t o r  g a so l i n e  poo l . 
The upper s e c t ion o f  Tab l e  8 5  shows th i s  c a s e . I t  wa s a s s umed that 
the 2 , 0 0 0  MB/D loss  o f  fore ign swe e t  c rud e o i l  wo u l d  b e  a l l oc a ted 
be tween PADs I - IV and PAD V i n  propor t ion to the i r  no rma l d e pe n­
dence o n  such c r ud e  o i l . PAD V,  b e i ng l e s s  depe nd e n t  o n  fo re ig n  
s upply source s ,  s u f fe r s  r e l a t ive ly l i t tl e  o n  t h i s  ba s i s . 

I f  t h i s  c r ud e  o i l r e d uc t io n  o f  2 ,  0 0 0  MB/D i s  a l l owed to be 
mad e up w i th the fore i g n  l igh t ,  h igh- s ul f ur c rud e o i l  a s s umed to be 
ava il ab l e , the to t a l  prod uc t short f a l l  i s  n e g l i g i b l e  w i t h  l owe r 
gaso l ine produc t io n  o f f se t  by h igher volume s o f  d i s t i l l a te and re­
s idual f ue l  o i l . Th i s  is shown i n  the cen ter s e c t ion o f  Tab l e  8 5 .  
Also , i f  h igher than norma l va lue s we re pl aced o n  g a so l i ne r e l a t ive 
to d i s t i l l a t e , re f i ne r ie s  c o uld und o ub ted ly r e b a l ance prod u c t ion 
b e twe e n  the two . I t  is  no tewo r thy , howe ve r ,  t h a t  t he ave rage 
s u lf ur l eve l o f  re s idual f ue l  o i l has to r i se in o rd er to make 
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Refiner:t I neuts - C rude Oil 

Danes tic 
SWeet 
Light Medium-Sulfur 
Heavy Medium-Sul fur 
Light High-Sulfur 
Heavy High-Sulfur 

Total Danes tic Crude 

Fore ign 
SWe et 
Light Medi urn-Sulfur 
Heavy Me dium-Sulfur 
Light High-Sulfur 
He avy High-Sulfur 

Total Foreign Crude 

Total Crude Oil 

Refine!):: I n_Euts - Other 

Danestic Condensate 
Natural Ga so line 
Butanes 
OUtside FUel 

and Plant Liquid Fuel 
Total Other Inputs 

To tal Pe finery Inputs 

TABLE 63 

PAlls I-IV 
I ndustry I nput 1 982 

( MB/D ) 

Projected 1 982 
Estimated 

1978 

4, 426 
286 
144 
852 
858 

6, 566 

2 , 7 1 3  
4 1 2  
1 98 

1 , 363 
758 

5, 444 

1 2 , 0 1 0  

87 
350 
260 

277 
974 

1 2 , 984 

C rude Oil S late A 
H igh Medium Low 

3 , 860 3, 748 
225 220 
1 5 1  145  

1 '  1 1 3 1 '  0 80 
80 1 790 

6, 1 50 5, 983 

3 , 228 2, 723 
444 3 9 1  
250 22 1 

2, 230 1' 973 
938 797 

7 , 090 6, 1 05 

1 3, 240 1 2 , 088 

1 34 1 22 
350 350 
807 597 

298 298 
1 , 589 1 , 367 

1 4 , 829 1 3 , 455 

1 2 0  

C rude Oil  S late B 
H igh Medium Low 

3 , 665 3 , 565 
225 220 
2 1 3  2 0 7  

1 , 1 73 1 , 1 4 1  
874 850 

6, 1 50 5, 983 

3 , 022 2 , 540 
444 39 1  
322  281 

2, 304  2, 034 
990 859 

7 ,  090 6, 1 05 

1 3, 240 1 2, 088 

1 34 1 22 
350 350 
831  608 

298 298 
1 '  6 1 3  1 , 378 

1 4 , 853 1 3 , 466 



Product Demands 

Liquified Petroleum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Premium Unleaded 
Premium Leaded 

Total Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No . 
Diesel Fuel 
No. 2 Distillate 
Heavy Fuel Oil 

Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt % Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2 . 0+ wt % Sulfur 

Total Heavy Fuel Oil 

No. 4 Fuel Oil 
Asphalt 
Lubricants 
other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Gas to Fuel ( FOE )  

Total Product Demands ( MB/D ) 

Indicated Surplus ( Deficit ) 

LPG ( Gas Plants & Imports ) 
Fuel Oils ( Imports )  

Refinery OUtput 

Volume Percent 
OUtput/Input 

Refinery 

*Sulfur - 1 long ton � 3 . 2  bbl . 
tCoke - 1 short ton � 4 . 72 bbl . 
§All product imports in 1978.  

TABLE 64 

PADs I - IV 
Industr:t OutEuts -- 1 982 

(MB/D) 

Estimated Crude Oil Slate 
1978 High Medium 

1 , 355 1 '  473 1 , 508 

2 , 026 2 , 672 3 , 64 1  
3 , 600 2 , 480 1 , 468 

0 1 '  1 35 88 
686 150  678 

6 , 3 1 2  6 , 437 5 , 875  

1 43 1 32 1 37 
6 1 3  707 672 
756 839 809 

194 2 1 3  188 
844 1 '  1 09 984 

2, 1 45 2 , 2 1 6  2 , 0 1 2 

641  688 547 
672 803 566 
426 5 1 8  305 
796 650 695 

2 , 535 2 , 6 59 2 ,  1 1 3  

58 63 69 
4 0 1  4 1 9  420 
153  164 1 64 
559 764 7 18 
1 78 186 207  

14  16  17  
7 7 6 

27 34 35 
254 395 309 

1 5 , 907  1 6 , 563 1 4 , 954 

( 1 ' 094 )  ( 8 43 ) ( 926 ) 
( 1 , 876  l § ( 1 , 534 ) ( 1 , 244 ) 

1 2 , 876 1 4 , 759 1 3 , 407  

99 . 2  99. 5 99. 6 

1 2 1  

Projected 1 982 
A Crude Oil Slate B 

Low High Medium Low 

1 , 47 3  1 , 508 

2 , 672  3 , 64 1  
2 , 480 1 , 468 
1 , 1 35 88 

1 50 678 
6 , 43 7  5 , 875  

1 32 1 3 7  
7 0 7  672 
839 809 

2 1 3  1 88 
1 '  1 0 9  984 
2 , 2 1 6  2 , 0 1 2 

688 547 
803 566 
5 1 8  305 
650 695 

2 , 659 2 ,  1 1 3 

63 69 
4 19 420 
1 64 1 64 
764 7 1 8  
186 207  

16  17  
7 7 

38 38 
400 3 1 0  

1 6 , 587 1 4 , 97 3  

( 8 30 ) ( 9 1 4 )  
( 1 , 534 ) ( 1 , 25 8 )  

1 4 , 796 1 3 , 424 

99 . 6  99. 7 



R efiner:t I n12uts - Crude Oil 

Domestic 
Swe et 
Light Medium-Sulfur 
Heavy �dium-Sul fur 
Light High-Sulfur 
Heavy High-Sul fur 

Total Domestic Crude 

Foreign 
Sweet 
Light Medium-Sulfur 
Heavy �dium-Sul fur 
Light High-Sulfur 
Heavy High-Sul fur 

Total Foreign Crude 

Total Crude Oil 

R efiner;t I n12uts - Other 

Domestic Condensate 
Natural Ga so l ine 
Butanes 
Outside Fuel 

and Plant Liquid Fuel 
To tal Other In puts 

Total lle finery Inputs 

'l'ABLE 65 

PAD V 
I ndustry I nput -- 1982 

( MB/D ) 

Projected 1982 
Es timated 

1978 

245 
1 2 5  
739 

0 
569 

1 ,  678 

499 
1 1  
0 

4 1  
1 0  

561 

2 ,  239 

0 
195 

15 

44 
254 

2 ,  493 

High 

328 
1 72 
939 

0 
693 

2 ,  1 32 

3 1 5  
33 

0 
63 
25 

436 

2 , 568 

0 
1 95 
93 

44 
332 

2 , 90 0  

C rude O i l  S late A 
Medium Low 

3 78 
1 87 
887 

0 
679 

2 ,  1 3 1 

244 
1 2  

0 
26 
16 

2 98 

2 , 429 

0 
1 95 

1 2  

44 
2 5 1  

2 , 680 

1 2 2  

C rude Oil S late B 
H igh Medium Low 

286 332 
1 94 209 
91 7 872 

0 0 
735 724 

2 , 1 32 2 , 1 3 7  

3 0 5  2 4 0  
38  14  

0 0 
59 2 3  
3 5  2 1  

437 2 98 

2, 569 2 , 435 

0 0 
1 95 1 95 
1 05 1 3  

44 44 
344 252 

2 , 9 1 3  2 , 687 



Product Demands 

Liquified Petroleum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Premium Unleaded 
Premium Leaded 

Total Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No . 
Diesel Fuel 
No . 2 Distillate 
Heavy Fuel Oil 

Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt % Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2 . 0+ wt \ Sulfur 

Total Heavy Fuel Oil 

No. 4 Fuel Oil 
Asphalt 
Lubricants 
Other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Ga s  to Fuel ( FOE ) 

Total Product Demands ( MB/D ) 

Indicated Surplus ( Deficit)  

LPG ( Gas Plants & Imports ) 
Fuel Oils ( Imports ) 

Refinery Output 

Volume Percent 
Output/Input 

Refinery 

*Sulfur - 1 long ton = 3 . 2  bbl . 
tCoke - 1 short ton = 4 . 72 bbl . 
§All product imports in 1978.  

TABLE 66 

PAD V 
I ndustr:z: 0Utj2UtS -- 1 982 

(MB/D ) 

Estimated Crude Oil Slate 
1978 High Medium 

60 66 64 

1 6 1  5 1 7  486 
506 388 364 
184 206 193 
287 48 44 

1 , 1 38 1 , 1 59 1 , 087 

56 52 48 
245 294 274 
30 1 346 322 

2 1  20 20 
144 187 223 
198 185  1 4 1  

2 2 1  382 2 1 4  
44 37 30 

2 1 5  1 33 223 
8 29 20 

488 5a1 487 

3 3 3 
78 69 69 
19 1 7  1 8  
32 28 37 

1 1  9 
3 4 3 

2 2 
1 6  2 3  1 9  

1 1 4 1 5 0  1 1 9 
2 , 678 2 , 94 1  2 , 698 

0 0 0 
( 1 46 > § ( 1 6 )  0 

2 , 532 2 , 925 2 , 698 

1 0 1 . 5  1 0 0 . 9  1 0 0 . 7  

1 2 3  

Projected 1 982 
A Crude Oil S late B 

Low High Medium Low 

66 64 

5 1 7  486 
388 364 
206 193 

48 44 
1 , 1 5 9  1 , 087  

52  48 
294 274 
346 322 

20 20 
187 223 
185 1 4 1  

382 2 1 4  
3 7  3 0  

1 33 223 
29 20 

581  487 

3 3 
69 69 
1 7  18  
28 "37 
1 1  9 
4 3 
2 2 

2 1  2 1  
1 50 1 2 1  

2 , 932  2 , 7 0 7  

0 0 
( 2 )  0 

2 , 930 2 , 7 0 7  

1 0 0 . 6  1 0 0 . 7  



TABLE 67 

To tal u. s. 
I ndustr:i I n12ut 1982 

( MB/D ) 

P rojected 1 982 
Es timated C rude Oil S late A C rude Oil S late B 

1978 H i<Jh Medium Low H i<Jh Medium Low 

Refine� I nJ2UtS - C rude Oil  

Domestic 
SWe et 4, 671 4,  1 88 4, 1 26  3 , 95 1  3 , 897 
Light Medi urn-Sulfur 4 1 1 397 407 41 9 429 
Heavy Medium-Sul fur 883 1 ,  090 1 , 032 1 '  1 3 0  1 , 079 
Light High-Sulfur 852 1, 1 1 3 1 ,  0 80 1 ,  1 73 1 , 1 4 1  
Heavy High-Sul fur 1 ,427 1 ,494 1 ,469 1 ,609 1 ,5 74 

Total Domestic Crude 8, 244 8,  2 82 8, 1 1 4 8, 2 82 8, 1 20 

Foreign 
SWeet 3 , 2 1 2  3 , 543 2 , 967 3 , 327 2 , 780 
Light Medi urn-Sulfur 423 477 403 4 82 405 
Heavy Medium-Sul fur 1 98 250 22 1 322 281 
Light High-Sulfur 1 , 404 2, 293 1 , 999 2 , 363 2 , 057 
Heavy High-Sul fur 768 963 8 1 3  1 , 0 33 880 

Total Foreign Crude 6, 005 7, 526 6 , 4 03 7, 52 7 6, 403 

Total Crude Oil 1 4, 249 1 5, 808 1 4 , 5 1 7  1 5, 809 1 4, 523 

R efiner:i I n12uts - Other 

Domestic Condensate 87 1 34 122  1 34 1 22 
Natural Ga so l ine 545 545 545 545 545 
Butanes 275 900 609 936 621 
Outside FUel 

and Plant Liquid Fuel 3 2 1  342 342 342 342 
To tal Other Inputs 1 , 228 1 '  92 1 1 , 6 1 8  1 ,  957 1;630 

To tal Fe finery Inputs 1 5 , 477 1 7, 729 16, 1 35  1 7, 766 1 6 ,  1 53 

1 2 4  



Product Demands 

Liquified Petroleum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Pr emium Unleaded 
Premium Leaded 

Total Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No . Fuel Oil 
Diesel Fuel 
No . 2 Distillate 
Heavy Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt % Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2 . 0+ wt % Sulfur 

Total Heavy Fuel Oil 

No . 4 Fuel Oil 
Asphalt 
Lubricants 
Other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Gas to Fuel ( FOE ) 

Total Product Demands ( MB/D ) 

Indicated Suq�lus ( Deficit ) 

LPG ( Gas Plants & Imports ) 
Fuel Oils ( Imports ) 

Refinery Output 

Volume Percent Refinery 
Output/Input 

*Sulfur - 1 long ton = 3 . 2  bbl . 
tCoke - 1 short ton = 4 . 7 2 bbl . 
§All product imports in 1978.  

TABLE 68  

Total u . s .  
Industry Outputs 1 982 

(MB/D ) 

Projected 1 982 
Estimated 

1 978 

1 , 4 1 5  

2 , 187 
4 , 1 06 

184 
973 

7 , 450 

199 
858 

1 , 0 57 

2 1 5  
988 

2 , 343 

862 
7 1 6  
641 
804 

3 , 0 23 

6 1  
479 
1 72 
59 1 
1 79 

1 7  
8 

43 
368 

1 8 , 585 

( 1 , 094)  
( 2, 083 ) § 

1 5 , 408 

9 9 . 6  

Crude Oil Slate A 
High Medium Low 

1 , 539 1 , 572 

3, 189 4, 1 2 7  
2 , 868 1 , 832 
1 , 34 1  281  

198 722 
7 , 596 6 , 962 

1 84 185 
1 , 0 0 1  946 
1 ,  185  1 ,  1 3 1  

233 208 
1 , 296 1 , 207 
2 , 4 0 1  2 ,  1 53 

1 , 0 70 761  
840 596 
6 5 1  528 
679 7 1 5  

3 , 240 2 , 6 0 0  

66 72 
488 489 
1 8 1  1 82 
792 755 
197 2 1 6  
2 0  2 0  

9 8 
57 54 

545 428 
19 , 504 1 7 , 652 

( 84 3 )  ( 9 26 ) 
( 1 , 550 ) ( 1 ,  1 3 4 ) 

1 7 , 634 1 6 , 2 1 5  

9 9 . 7  1 0 0 . 5  

1 2 5  

Crude Oil Slate B 
High Medium Low 

1 , 539 1 , 572 

3, 189 4 , 1 27 
2 , 868 1 , 8 32 
1 , 34 1  2 8 1  

1 98 722 
7 , 596 6 , 962 

1 84 185  
1 , 0 0 1  946 
1 ,  1 8 5  1 ,  1 3 1  

233 208 
1 , 296 1 , 2 07 
2 , 4 0 1  2 ,  1 53 

1 , 0 7 0  7 6 1  
840 596 
6 5 1  528 
679 7 1 5  

3 , 240 2 , 6 0 0  

66 72 
488 489 
1 8 1  1 82 
792 755 
1 97 2 1 6  
2 0  2 0  

9 9 
59 59 

550 431  
1 9 , 5 19 1 7 , 680 

( 8 3 0 ) ( 9 1 4 )  
( 1 , 536 ) ( 1 ,  148 ) 

1 7 , 726 1 6 , 24 1  

9 9 . 8  1 0 0 . 5  



Refiner:r: I n12uts - C rude Oil 

Danestic 
SWeet 
Light Medium-Sulfur 
Heavy Medium-Sul fur 
Light High-Sulfur 
Heavy High-Sul fur 

'Ibtal Danes tic Cr ude 

Foreign 
SWeet 
Light Medium-Sulfur 
Heavy Medium-Sul fur 
Light High-Sulfur 
Heavy High-Sul fur 

'Ibtal Foreign Cr ude 

'Ibtal Crude Oil 

Refiner:r: I nj2UtS - Other 

Danestic Condensate 
Natural Ga so l ine 
Butanes 
Outside FUel 

and Plant Liquid Fuel 
'Ib tal ot her Inputs 

'Ibtal IE finery Inputs 

TABLE 69 

PADs I-IV 
I ndustr:t: I n12ut 1 985 

( MB/D ) 

Projected 1 985 
Es timated C rude Oil S late A 

1 978 

4 , 426 
286 
1 44 
852 
858 

6, 566 

2 , 7 1 3  
4 1 2  
1 98 

1 , 363 
758 

5, 444 

1 2 , 0 1 0  

87 
350 
260 

277 
974 

1 2 , 984 

H igh 

3, 683 
221  
1 78 

1 ,  1 60 
822 

6, 064 

3 , 346 
468 
304 

2, 423 
1 ,039 
1 ,  s a o  

1 3 , 644 

138  
350 
763 

298 
1 '  549 

1 5, 1 93 

1 2 6  

Medium L ow H igh 

3 , 550 3 , 529 3 , 220 
2 1 2  2 1 5  1 1 9  
1 71 2 1 0  300  

1 , 1 1 9  1 , 1 1 9  1 , 465 
803 843 960 

5, 855 5, 91 6 6, 064 

2 , 804 2 , 464 3 , 395 
4 1 1  354 432 
265 233 320 

2 , 1 2 0  1 ,  953 2 , 3 94 
879 809 1 ,039 

6, 479 5, 8 1 3  7, 580 

1 2, 334 1 1 , 729 1 3 , 644 

1 2 5  1 1 4 1 3 8  
350 350 350 
560 536 789 

298 298 298 
1, 333 1 ,  298 1 , 575 

1 3 , 667 1 3 , 027 1 5, 2 1 9  

C rude O i l  S late B 
Medium L ow 

3, 377 3 , 349 
1 54 1 0 8  
232 261 

1 , 240 1 , 244 
852 894 

5, 855 5, 856 

2 , 603 2 , 286 
344 296 
329 286 

2, 24 9  2 ,  068 
954 877 

6 , 4 79 5, 8 1 3  

1 2, 334 1 1 , 669 

125  1 1 4  
350 350 
559 537 

298 298 
1 ,  332 1, 299 

1 3 , 666 1 2 , 968 



Product Demands 

Liquified Petroleum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Premium Unleaded 
Premium Leaded 

Total .Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No . 
Diesel Fuel 
No . 2 Distillate 
Heavy Fuel Oil 

Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt % Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2. 0+ wt % Sulfur 

Total Heavy Fuel Oil 

No . 4 Fuel Oil 
Asphalt 
Lubricants 
other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Gas to Fuel ( FOE ) 

Total Product Demands ( MB/D ) 

Indicated Surplus ( Deficit ) 

LPG ( Gas Plants & Imports ) 
Fuel Oils ( Imports )  

Refinery Output 

Volume Percent 
Output/Input 

Refinery 

*Sulfur - 1 long ton ; 3 . 2  bbl . 
tCoke - 1 short ton ; 4 . 7 2  bbl .  
§All product imports i n  1978.  

TABLE 70 

PADs I-IV 
Industry Outputs -- 1 985 

(MB/D ) 

Projected 1 985 
Estimated 

1978 

1'  355 

2 , 026 
3 , 6 00 

0 
686 

6 , 3 1 2  

143  
6 1 3  
756 

194 
844 

2 , 145  

641  
672 
426 
796 

2 , 535 

58 
4 0 1  
153  
559 
178 

14 
7 

27 
254 

1 5 ,907  

( 1 , 094 )  
( 1 , 93 7 l § 

1 2 , 876 

99 . 2  

Crude Oil Slate A 
High Medium Low 

1 ' 568 

2 , 785 
1 , 683 
1 , 593 

1 3  
6 , 074 

1 22 
775 
897 

192 
1 , 349 
2 , 222 

727 
836 
524 
63 1 

2 , 7 1 8 

67 
436 
1 72 
940 
187 

17  
7 

33 
4 1 4  

1 6 , 860 

( 895 ) 
( 1 , 440 ) 

1 5 , 096 

99. 4 

1 2 7  

1 , 6 1 4  

3,  142 
1 , 1 72 
1 , 1 7 1  

1 52 
5 , 637  

1 22 
735 
857 

185 
1 , 254 
1 , 963 

563 
473 
5 1 8  
555 

2 ,  1 09 

83 
437 
1 7 1  
802 
2 1 1  

18  
7 

38 
3 3 1  

1 5 , 3 1 8 

( 965 ) 
( 1 ,  288 ) 

1 3 , 62 1  

99 . 7  

1 , 580 

2 , 785 
1 , 365 
1 , 370 

0 
5 , 52 0  

1 50 
600 
750 

1 43 
984 

1 , 952 

3 1 0 
4 1 2  
2 1 4 
602 

1 '  538 

63 
455 
1 60 
7 6 1  
1 8 4  

1 7  
6 

38 
307 

1 4 , 0 1 6 

( 945 ) 
( 6 9 1 ) 

1 2 , 977 

99 . 6  

Crude Oil Slate B 
High Medium Low 

1 , 568 

2 , 785 
1 , 683 
1 , 593 

1 3  
6 , 074 

122 
775 
897 

192  
1 ,  349 
2 , 222 

727 
836 
524 
6 3 1  

2 , 7 1 8  

67 
4 36 
1 72 
940 
187 

1 7  
7 

36 
4 1 9  

1 6 , 879 

( 897 ) 
( 1 , 440 ) 

1 5 , 1 1 3  

99. 3 

1 , 6 1 4  

3 ,  142 
1 , 1 72 
1 , 1 7 1  

1 5 2  
5 , 637 

1 2 2  
735 
857 

185 
1 , 254 
1 , 963 

563 
473 
5 1 8  
555 

2 , 1 09 

83 
437 
1 7 1  
802 
2 1 1  

1 8  
7 

4 1  
333 

1 5 , 334 

( 946 ) 
( 1 '  304 ) 

1 3 , 640  

99 . 8  

1 , 580 

2 , 785 
1 , 365 
1 , 370 

0 
5 , 520 

1 50 
600 
750 

1 43 
984 

1 , 952 

3 1 0  
4 1 2 
2 1 4  
602 

1 '  538 

63 
455 
160  
761  
184  

1 7  
7 

40 
308 

1 4 , 030 

( 942 ) 
( 76 1 )  

1 2 , 924 

99 . 7  



TABLE 71 

PAD V 
I ndustr;t I n,Eut -- 1 985 

( MB/D ) 

P rojected 1 985 
Es timated C rude Oil S late A C rude Oil S late B 

1 978 H i9:h Medium Low H i9:h Medium Low 

Refiner;t I n,Euts - C rude Oil 

Domestic 
Swe et 245 3 1 0  396 382 2 78 3 1 1 299 
Light Medi urn-Sul fur 1 25 1 74 1 93 1 88 1 98 2 1 3  203  
Heavy Medium-Sul fur 739 963 95 1 894 91 'l 92 3 862 
Light High-Sulfur 0 0 0 0 0 0 0 
Heavy High-Sul fur 569 743 72 1 687 795 820 785 

'Ibtal Dome stic Cr trle 1 , 678 2, 1 90 2 , 2 6 1  2 ,  1 5 1  2 ,  1 90 2, 267 2, 149 

Fore ign 
SWe et 499 345 228 207 335 224 203 
Light Medi urn-Sulfur 1 1  40 1 1  1 0  43 1 4  1 3  
Heavy Medium-Sul fur 0 0 0 0 0 0 0 
Light High-Sulfur 4 1  65 23 2 1  62 1 8  1 7  
Heavy Hi gh-Sul fur 1 0  3 1  1 7  1 5  4 2  23  20  

'Ibtal Foreign Crude 56 1  48 1  279  253 4 82 279 253 

'Ibtal Crude Oil 2, 239 2, 671  2, 540 2, 404 2, 672 2, 546 2, 402  

R efiner;t I n,Euts - Other 

Domestic Condensate 0 0 0 0 0 0 0 
Natural Ga so l ine 1 95 1 95 1 95 1 95 1 95 1 95 1 95 
Butanes 1 5  1 03 1 3  1 2  1 03 1 6  1 1  
Outside FUel 

and Plant Liquid Fuel 44 44 44 44 44 44 44 
'Ib tal ot her Inputs 254 342 252 25 1  342 255 250 

'Ib tal le finery Inputs 2, 493 3 , 0 1 3  2 ,  792 2 , 655 3 , 0 1 4  2 , 80 1  2 , 652 

1 2 8  



TABLE 7 2  

PAD V 
Industry out12uts -- 1 985 

{MB/D) 

Projected 1985 
Estimated Crude Oil Slate A Crude Oil Slate B 

1978 Hi9:h Medium Low Hi9:h Medium Low 

Product Demands 

Liquified Petroleum Gases 60 70 67 66 70 67 66 
Motor Gasoline 

Regular Unleaded 1 6 1  5 1 8  5 1 1 4 1 5  5 1 8  5 1 1  4 1 5  
Regular Leaded 506 267 2 1 2  235 267 2 1 2  235 
Premium Unleaded 184 323 3 1 9  360 323 3 1 9 360 
Premium Leaded 287 1 9  1 7  1 0  1 9  1 7  1 0  

Total Gasoline 1 , 1 38 1 '  1 2 7  1 , 059 1 , 020  1 '  1 2 7  1 , 059 1 , 020 

Jet Fuel 
Naphtha 56 49 49 50 49 49 5 0  
Kerosine 245 327 299 300  327  299 300  

Total Jet Fuel 30 1 376 348 350  376  348 350 

Kerosine and No. Fuel Oil 2 1  23 2 1  20  2 3  2 1  20  
Diesel Fuel 144 224 263 23 1 224 263 2 3 1  
No. 2 Distillate 198 184 1 29 1 3 0  184  1 29 1 3 0  
Heavy Fuel Oil 

0 to 0 . 5  wt % Sulfur 2 2 1  4 1 1 270 245 4 1 1  270  245 
0 . 5  to 1 . 0  wt % Sulfur 44 40 25  28 40 25 28 
1 . 0  to 2 . 0  wt % Sulfur 2 1 5  130  202 166 1 30 202  1 66 
2 . 0+ wt % Sulfur 8 28 20 23 28 20 23 

Total Heavy Fuel Oil 488 609 5 1 7  462 609 5 1 7  462 

No . 4 Fuel Oil 3 3 2 2 3 2 2 
Asphalt 78 72 74 75  7 2  7 4  75  
Lubricants 1 9  1 8  2 1  2 0  1 8  2 1  20  
other Special and Petrochemical 32 35 43  40 35 43 40 
Aromatics 1 2 1  1 0  1 0  2 1  1 0  1 0  
Wax 3 4 3 3 4 3 3 
Sulfur { Long Tons ) *  1 2 2 2 2 2 2 
Coker Coke { Short Tons ) t  1 6  24 23 2 2  2 3  25  22 
Still Gas to Fuel { FOE ) 1 1 4 1 7 7  1 5 1  143  1 8 2  1 5 1  1 47 

Total Product Demands { MB/D) 2 , 678 3 , 063 2 , 823 2 , 682  3 , 063 2 , 832 2 , 686 

Indicated Sur12lus { Deficit ) 

LPG { Gas Plants & Imports )  0 0 0 0 0 0 0 
Fuel Oils { Imports )  { 1 46 ) § { 2 1 )  0 0 { 1 6 )  0 0 

Refinery Output 2 , 532 3 , 042 2 , 823 2 , 682 3 , 047 2 , 83 2  2 , 686 

Volume Percent Refinery 
Output/Input 1 0 1 . 5  1 0 1 . 0  1 0 1 . 1  1 0 1 . 0  1 0 1 . 1  1 0 1 . 1  1 0 1 . 3  

*Sulfur - 1 long ton = 3 . 2  bbl . 
tCoke - 1 short ton = 4 . 72 bbl. 
§All product imports in 1978.  

1 2 9  



TABLE 73 

Total U. S .  
I ndustr:t I neut 1 985 

{ MB/0 ) 

Estimated Crude Oil S late 
1 978  Hish Medium 

Refiner:t rneuts - C rude Oil 

Domestic 
Sweet 4 , 67 1  3 , 993 3 , 946 
Light Medium-Sulfur 4 1 1 395 405 
Heavy Medium-Sul fur 883 1 , 1 4 1  1 '  1 22 
Light High-Sulfur 852 1 '  1 60 1 , 1 1 9  
Heavy High-Sul fur 1 ,427 1 , 565 1 , 524 

Total Domestic Crude 8 , 244 8, 254 8 , 1 1 6 

Foreign 
Sweet 3 , 2 1 2  3 , 691  3 , 032 
Light Medium-Sulfur 423 508 422 
Heavy Medium-Sul fur 198 304 265 
Light High-Sulfur 1 , 404 2 , 488 2, 1 43 
Heavy High-Sul fur 768 1 , 070  896 

Total Fore ign Crude 6, 005 8 , 0 6 1  6, 758 

Total Crude Oil 1 4 , 249 1 6, 3 1 5  1 4 , 874 

Refiner:t I neuts - Other 

Domestic Condensate 87 138  125  
Natural Ga soline 545 545 545 
Butanes 275 866 573 
Outside Fuel 

and Plant Liquid Fuel 3 2 1  342 342 
Total Other Inputs 1 , 2 28 1 , 891  1 '  585 

Total Re finery Inputs 1 5 , 477 1 8 , 206 1 6, 459 

1 3 0  

Projected 1 985 
A 

Low 

3 , 9 1 1 
403 

1 '  1 04 
1 , 1 1 9  
1 , 530  
8 , 067 

2 , 67 1  
364 
233 

1 , 974 
824 

6, 066 

1 4 ,  1 3 3  

1 1 4 
545 
548 

342 
1 , 549 

1 5 , 682 

Hish 

3 , 498 
3 1 7  

1 , 2 1 9  
1 , 465 
1 , 755 
8 , 254 

3 , 730 
475 
320 

2 , 456 
1 , 0 8 1  
8, 0 62 

1 6 , 3 1 6  

138  
545 
892 

342 
1 , 9 1 7  

1 8 , 233 

Crude Oil S late B 
Medium Low 

3 , 688 3 , 648 
367 3 1 1  

1 '  1 55 1 '  1 2 3  
1 , 240 1 , 244 
1 ,672 1 , 679 
8, 1 22 8 , 005 

2 ,  82 7 2 , 489 
358 309 
329 286 

2 , 267 2 , 085 
977 897 

6, 758 6, 066 

1 4 , 880 1 4 , 07 1  

1 25  1 1 4  
545 545 
575 548 

342 342 
1 '  587 1 , 549 

1 6, 467 1 5 , 62 0  



Product Demands 

Liquified Petrol eum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Premium Unleaded 
Premium Leaded 

Total Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No. 
Diesel Fuel 
No . 2 Distillate 
Heavy Fuel Oil 

Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt %  Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2 . 0+ wt % Sulfur 

Total Heavy Fuel Oil 

No. 4 Fuel Oil 
Asphalt 
Lubricants 
other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Gas to Fuel ( FOE ) 

Total Product Demands ( MB/D ) 

Indicated Surplus ( Deficit ) 

LPG ( Gas Plants & Imports ) 
Fuel Oils ( Imports )  

Refinery Output 

Volume Percent 
Output/Input 

Refinery 

*Sulfur - 1 long ton � 3 . 2  bbl . 
tCoke - 1 short ton � 4 . 72 bbl .  
§All product imports i n  1978.  

TABLE 74  

Total u . s .  
Industry Outputs 1 985 

(MB/D ) 

Projected 1 985 
Estimated 

1 978 

1 , 4 1 5  

2 ,  187 
4 , 1 06 

184 
973 

7 , 450 

199 
858 

1 , 057  

2 1 5  
988 

2 , 343 

862 
7 1 6  
64 1 

� 
3 , 023 

6 1  
479 
172  
59 1 
179 

17  
8 

43 
368 

1 8 , 585 

( 1 , 094 )  
( 2 , 083 ) § 

1 5 , 408 

99.6  

Crude Oil Slate A 
High Medium Low 

1 , 638 

3 , 303  
1 , 950 
1 , 9 1 6  

32 
7 , 2 0 1  

1 7 1  
1 , 1 02 
1 ' 2 7 3  

2 1 5  
1 , 57 3  
2 , 406 

1 '  1 38 
876 
654 
659 

3 , 327 

70  
508 
190 
975 
208 

21  
9 

57 
591 

1 9 , 923  

( 895 )  
( 1 , 461 ) 

1 8 , 1 3 8  

99 . 6  

1 3 1  

1 , 68 1  

3 , 653 
1 , 384 
1 , 490 

169 
6 , 696 

1 7 1  
1 , 034 
1 , 205 

206 
1 , 5 1 7  
2 , 092 

833 
498 
720 
575 

2 , 626 

85 
5 1 1  
1 92 
845 
2 2 1  

2 1  
9 

6 1  
482 

1 8 ,  1 4 1  

( 965 )  
( 1 ' 28 8 )  

1 6 , 444 

99.9  

1 , 646 

3 , 20 0  
1 , 600 
1 , 730  

1 0  
6 , 540 

200 
900 

1 '  1 0 0  

1 63 
1 , 2 1 5  
2 , 082 

555 
440 
380 
625 

2 , 0 00 

65 
530  
1 80 
8 0 1  
194 

20 
8 

60 
450 

1 6 , 698 

( 94 5 )  
( 69 1 ) 

1 5 , 659 

99 . 9  

Crude Oil Slate B 
High Medium Low 

1 , 638 

3 , 303 
1 , 950 
1 , 9 1 6  

3 2  
7 , 20 1  

1 7 1  
1 '  1 0 2  
1 , 27 3  

2 1 5  
1 , 57 3  
2 , 406 

1 , 1 38 
876 
654 
659 

3 , 3 27  

70  
508  
190 
975 
208 

2 1  
9 

59 
60 1 

1 9 , 942 

( 897 ) 
( 1 , 45 6 )  

1 8 , 160  

99 . 6  

1 , 68 1 

3 , 653 
1 , 384 
1 , 490 

1 69 
6 , 696 

1 7 1  
1 , 034 
1 , 20 5  

206 
1 , 5 1 7  
2 , 092 

833 
498 
720 
575 

2 , 626 

85 
5 1 1  
1 92 
845 
2 2 1  

2 1  
9 

66 
484 

1 8 , 1 66 

( 946 ) 
( 1 , 30 4 )  

1 6 , 472  

1 00 . 0  

1 , 646 

3 , 20 0  
1 , 60 0  
1 ' 730  

10  
6 , 540 

200 
900 

1 '  1 0 0  

1 63 
1 , 2 1 5  
2 , 082 

555 
440 
380 
625 

2 , 00 0  

65 
530 
180 
8 0 1  
1 94 

20 
9 

62 
455 

1 6 , 7 1 6 

( 94 2 )  
( 76 1 )  

1 5 , 6 1 0  

99.9  



TABLE 75 

PADs I-IV 
I ndustr;t I nEut 1 990 

( MB/D ) 

Projected 1990 
Estimated C rude Oil S late A Crude Oil S late B 

1 978 High Medium Low H igh Medium Low 

Refiner;t I nEuts - Crude Oil 

Domestic 
Sweet 4 , 426 3 , 695 3, 6 1 7  3 , 383 3 , 1 74 3 , 304 3 , 085 
Light Medium-Sulfur 286 2 3 1  225 1 87 135  1 3 1  1 1 1  
Heavy Medium-Sul fur 1 44 1 85 1 8 1  1 72 2 1 ')  2 1 3  1 97 
Light High-Sulfur 852 1 , 268 1 , 2 61  1 , 1 86 1 '  7 1 9  1 , 587 1 , 490 
Heavy High-Sul fur 858 9 1 7  885 850 1 , 049 934 895 

Total Domestic Crude 6, 566 6, 296 6, 1 69 5 , 778 6, 296 6 , 1 69 5, 778 

Foreign 
SWeet 2 , 7 1 3  3 ,  3 1 7  2 , 553 2 , 320 3 ,  1 2 3  2 , 235 2 , 039 
Light Medium-Sulfur 4 1 2  484 404 3 79 366 3 1 0  288 
Heavy Medium-Sul fur 1 98 3 1 6  260 230  353  29 1  265 
Light High-Sulfur 1 , 363 2 , 592 2 , 1 62 1 , 988 2 , 93 1  2 , 504 2 , 288 
Heavy High-Sul fur 758 � 9 1 5  837 1 , 097 954 884 

Tctal Foreign Crude 5, 444 7 , 870 6, 294 5 , 754 7 , 870 6 , 294 5, 764 

Tctal Crude Oil 1 2 , 0 1 0  1 4 ,  1 66 1 2, 463 1 1 , 5 32 1 4 , 1 66 1 2 , 463 1 1 , 54 2  

Refiner;t I nEuts - Other 

Domestic Condensate 87 143 126  1 1 2  1 43 1 2 6  1 1 2  
Natural Ga soline 350 350 350 350 350 350 350 
Butanes 260 749 536 49 1  839 533 485 
Outside FUel 

and Plant Liquid Fuel 277 298 298 298 298 298 298 
Tctal other Inputs 974 1 '  540 1 , 3 1 0  1 '  2 5 1  1 '  630 1 , 30 7  1 , 245 

To tal Re finery Inputs 1 2 , 984 1 5 , 706 1 3 , 773 1 2 , 783 1 5 , 796 1 3 , 770 1 2 , 787 

1 3 2  



TABLE 76  

PADs I-IV 
Industry Out12uts - - 1 990 

( MB/D) 

Projected 1 990 
Estimated Crude Oil Slate A Crude Oil Slate B 

1 978 High Medium Low High Medium Low 

Product Demands 

Liquified Petrol eum Gases 1 ' 355 1 , 676 1 , 720 1 ' 620  1 , 676 1 ' 72 0  1 , 620 
Motor Gasoline 

Regular Unleaded 2 , 026 2 , 932 3,  145 3 , 040 2 , 93 2  3 '  1 4 5  3 , 040 
Regular Leaded 3 , 600 939 543 405 939 543 405 
Pr emium Unleaded 0 1 , 85 1 1 , 4 3 1  1 , 625 1 , 85 1 1 , 4 3 1  1 , 625 
Premium Leaded 686 0 59 0 0 59 0 

Total Gasoline 6 , 3 1 2  5 , 722 5 , 1 7 8  5 , 0 70  5 ,  722  5 , 1 78 5 , 070 

Naphtha 1 43 1 04  1 0 7 184 1 04 1 07 184 
Kerosine 6 1 3  898 838 626 898 838 626 

Total Jet Fuel 776 1 , 0 0 2  945 8 1 0  1 , 0 0 2  945 8 1 0  

Keros ine and No. Fuel Oil 194 188 1 8 1  1 35 188 1 8 1  1 35 
Diesel Fuel 844 1 , 780 1 , 664 1 , 090 1 , 780 1 , 664 1 , 090 
No . 2 Distillate 2 , 145  2 , 209 1 , 869 1 , 888 2 , 209  1 , 869 1 , 888 
Heavy Fuel Oil 

0 to 0 . 5  wt % Sulfur 64 1  703 496 245 703  496 245 
0 . 5  to 1 . 0  wt % Sulfur 672 854 388 289 854 388 289 
1 . 0  to 2 . 0  wt % Sulfur 426 5 1 3  538 1 20 5 1 3  538 1 2 0  
2 . 0+ wt % Sulfur 796 609 470 462 609 470 462 

Total Heavy Fuel Oil 2 , 535 2 , 679 1 , 892 1 '  1 1 6 2 , 679 1 , 892 1 , 1 1 6 

No . 4 Fuel Oil 58 7 1  90 63 7 1  90 63  
Asphalt 40 1 467 460 470 467 460 470 
Lubricants 153  190  1 89 169 190 1 89 169 
Other Special and Petrochemical 559 1 , 26 1  1 , 0 04 947 1 , 2 6 1  1 , 0 04 947 
Aromatics 1 78 190  2 1 4  185 1 90 2 1 4  1 85 
Wax 1 4  2 0  2 0  1 7  2 0  20  1 7  
Sulfur ( Long Tons ) * 7 8 7 7 8 8 7 
Coker Coke ( Short Tons ) t  27 40 42 39 43 45 43 
Still Gas to Fuel ( FOE ) 254 462 364 336 475 367 337 

Total Product Demands ( MB/D ) 1 5 , 907 1 7 , 577 1 5 , 480 1 3 , 5 33 1 7 '  604 1 5 , 500  1 3 , 553 

Indicated SurElus ( Deficit ) 

LPG ( Gas Plants & Imports ) ( 1 , 094 )  ( 959)  ( 1 ' 0 62 ) ( 98 0 )  ( 9 7 1 ) ( 1 ' 0 5 7 )  ( 9 7 5 )  
Fuel Oils ( Imports ) ( 1 , 937 ) § ( 1 , 52 8 )  ( 1 , 2 0 0 )  ( 389 ) ( 1 , 483 ) ( 1 ' 22 3 )  ( 40 6 )  

Refinery Output 1 2 , 876 1 5 , 644 1 3 , 749 1 2 , 753 1 5 , 704 1 3 , 75 1  1 2 , 7 6 1  

Volume Percent Refinery 
Output/Input 99 . 2  99 . 6  99 . 8  9 9 . 8  99 .4  99 . 9  99 . 8  

*Sulfur - 1 long ton = 3 . 2  bbl. 
tCoke - 1 short ton = 4 . 72 bbl . 
§All product imports in 1978.  

1 3 3  



TABLE 77 

PAD V 
Industr;t InEut -- 1 990 

( MB/D ) 

Projected 1 990 
Es timated Crude Oil S late A Crude Oil S late B 

1 978  Hi9:h Medium Low Hi9:h Medium Low 

Refiner;t I nEuts - C rude Oil 

Dome stic 
Swe et 245 298 423 395 224 292 2 73 
Light Medium-Sulfur 1 25 208 1 94 1 93 237 2 1 8  2 1 3  
Heavy Medium-Sul fur 739 1 '  0 1 1 966 903 91 1 934 870 
Light High-Sulfur 0 0 0 0 0 0 0 
Heavy High-Sul fur 569 759 730 677 906 869 8 1 1  

Total Domestic Crude 1 , 678 2, 276 2 , 3 1 3  2 , 1 68 2 , 278 2 , 3 1 3  2 , 1 67 

Foreign 
Sweet 499 365 207 1 95 345 1 97 1 85 
Light Medium-Sulfur 1 1  9 1 2  1 1  7 1 3  1 2  
Heavy Medium-Sul fur 0 0 0 0 0 0 0 
Light High-Sulfur 4 1  32 23 2 1  3 7  1 7  1 7  
Heavy High-Sul fur 1 0  26 1 5  16  44  30 29 

Total Fore ign Crude 561  432 257 243 433 257 243 

Total Crude Oil 2 , 239 2 , 708 2 , 570 2 , 4 1 1 2, 7 1 1 2 , 570 2,  4 1 0 

Refiner;t InEuts - Other 

Domestic Condensate 0 0 0 0 0 0 0 
Natural Gasoline 195 195 1 9 1  1 88 1 95 1 95 1 93 
Butanes 1 5  128  23  24  128  32 3 1  
Outside Fuel 

and Plant Liquid Fuel 44 44 44 44 44 44 44 
Total Other Inputs 254 367 258 256 367 27 1  268 

Total Re finery Inputs 2 , 493 3 , 075 2 , 82 8  2 , 667  3 , 078 2 , 84 1  2 , 678 

1 3 4  



TABLE 78 

PAD V 
Industr:z: 0Utj2UtS -- 1 990 

(MB/D) 

Projected 1 990 
Estimated Crude Oil Slate A Crude Oil Slate B 

1 978 High Medium Low High Medium Low 

Product Demands 

Liquified Petroleum Gases 60 75 76 82 75 76 82 
Motor Gasoline 

Regular Unleaded 1 6 1  497 489 460 497 489 460 
Regular Leaded 506 1 5 0  8 1  9 5  1 50 8 1  95 
Premium Unleaded 184 422 4 1 6  420 422 4 1 6  420 
Premium Leaded 287 1 1  1 0  1 0  1 1  1 0  1 0  

Total Gasoline 1 , 1 38  1 , 080 996 985 1 , 08 0  996 985 

Jet Fuel 
Naphtha 56 36 1 7  3 1  36 1 7  3 1  
Kerosine 245 400 364 359 400  364 359 

Total Jet Fuel 3 0 1  436 381 390 436 381 390 

Kerosine and No. Fuel Oil 2 1  24 22 20 24 22 20 
Diesel Fuel 144 293 324 290 293 324 290 
No. 2 Distillate 198 189 123 1 27 1 89 123  1 27 
Heavy Fuel Oil 

0 to 0 . 5  wt % Sulfur 2 2 1  346 200 165 346 200 165 
0 . 5  to 1 . 0  wt % Sulfur 44 44 20 2 1  44 20 2 1  
1 . 0  to 2 . 0  wt % Sulfur 2 1 5  1 3 1  2 18 1 30 1 3 1  2 1 8  1 30 
2. 0+ wt % Sulfur 8 25 1 5  1 8  25 1 5  1 8  

Total Heavy Fuel Oil 488 546 453 334 546 453 334 

No. 4 Fuel Oil 3 3 3 2 3 3 2 
Asphalt 78 76 79 80 76 79 80 
Lubricants 1 9  2 0  2 3  2 1  2 0  2 3  2 1  
other Special and Petrochemical 32 44 50 46 44 5 0  4 6  
Aromatics 1 1 7  24 22 1 7  24 22 
Wax 3 5 3 3 5 3 3 
Sulfur ( Long Tons ) *  2 2 2 3 2 2 
Coker Coke ( Short Tons ) t  16  26  23 24 26 26 27 
Still Gas to Fuel ( FOE ) 1 1 4 2 1 3  1 94 1 93 2 1 2  20 1 2 0 1  

Total Product Demands ( MB/D ) 2 , 678 3 , 1 50 2 , 866 2 , 7 1 5  3 , 1 5 3  2 , 887 2 , 737 

Indicated Sur12lus ( Deficit ) 

LPG ( Gas Plants & Imports ) 0 0 0 0 0 0 0 
Fuel Oils ( Imports )  ( 1 46 ) § 0 0 0 0 0 0 

Refinery Output 2 , 532 3 , 1 5 0  2 , 866 2 , 7 1 5  3 , 1 5 3 2 , 887 2 , 737 

Volume Percent Refinery 
Output/Input 1 0 1 . 5  1 0 2 . 4  1 0 1 . 3 1 0 1 . 8 1 0 2 . 4  1 0 1 . 6 1 0 2 . 2  

*Sulfur - 1 long ton = 3 . 2  bbl .  
tCoke - 1 short ton = 4 . 72 bbl . 
§All product imports in 1978.  

1 3 5  



TABLE 79 

Total u . s. 
Industr:t InEut 1990 

( MB/D ) 

Projected 1 990 
Es timated C rude Oil S late A C rude Oil S late B 

1978 Hig:h Medium Low H ig:h Medium Low 

Refiner:t I nEuts - C rude Oil 

Domestic 
Sweet 4 , 671 3 , 993 4 , 040 3 , 778 3 , 398 3 , 596 3 , 358 
Light Medium-Sulfur 4 1 1  439 4 1 9  3 8 0  3 72 349 324 
Heavy Medium-Sul fur 883 1 '  1 96 1 '  147 1 '  075 1 '  1 3 0  1 '  147 1 , 067 
Light High-Sulfur 852 1 , 268 1 , 26 1  1 , 1 8 6  1 '  7 1 9  1 , 587 1 , 4 90 
Heavy High-Sul fur 1 ,427 1 ,676 1 , 6 1 5  1 ,527 1 ,955 1 ,803 1 , 706 

Total Domestic Crude 8, 244 8 , 572 8 , 4 82 7 , 946 8 , 574 8 , 4 82 7' 945 

Foreign 
Sweet 3 , 2 1 2  3 , 682 2 , 76 0  2 , 5 1 5  3 , 468 2, 432 2 , 224 
Light Medium-Sulfur 423 4 93 4 1 6  390 373 323 300 
Heavy Medium-Sul fur 1 98 3 1 6  260 230  353  291  265 
Light High-Sulfur 1 , 404 2 , 624 2 , 1 85 2 , 009 2 , 968 2 , 52 1  2 , 305  
Heavy High-Sul fur 768 1 ' 1 87 930 853 � 984 9 1 3  

Total Fore ign Crude 6 , 005 8, 302 6 , 5 5 1  5 , 997 8 , 303 6 , 551  6,  007  

Total Crude Oil 1 4 , 249 1 6, 874 1 5 , 033 1 3 , 943 1 6 , 8 77 1 5 , 033 1 3, 95 2  

Refiner:t I nEuts - Other 

Domestic Condensate 87 1 43 126  1 1 2 143  1 2 6  1 1 2  
Natural Ga soline 545 545 541 538 545 545 543 
Butanes 275 877 559 5 1 5  967 565 5 1 6  
Outside Fuel 

and Plant Liquid Fuel 32 1 342 342 342 342 342 342 
Total Other Inputs 1 , 228 1 , 90 7  1 '  568 1 , 507 1 , 997 1 , 578 1 , 5 1 3  

Total Re finery Inputs 1 5 , 477 1 8 , 781 16 , 60 1  1 5 , 450 1 8 , 874 1 6 , 6 1 1 1 5 , 465 

1 3 6  



Product Demands 

Liquified Petroleum Gases 
Motor Gasoline 

Regular Unleaded 
Regular Leaded 
Premium Unleaded 
Premium Leaded 

TotaL Gasoline 

Jet Fuel 
Naphtha 
Kerosine 

Total Jet Fuel 

Kerosine and No. 
Diesel Fuel 
No . 2 Distillate 
Heavy Fuel Oil 

Fuel Oil 

0 to 0 . 5  wt % Sulfur 
0 . 5  to 1 . 0  wt % Sulfur 
1 . 0  to 2 . 0  wt % Sulfur 
2. 0+ wt % Sulfur 

Total Heavy Fuel Oil 

No . 4 Fuel Oil 
Asphalt 
Lubricants 
Other Special and Petrochemical 
Aromatics 
Wax 
Sulfur ( Long Tons ) *  
Coker Coke ( Short Tons ) t  
Still Gas to Fuel ( FOE ) 

Total Product Demands ( MB/D ) 

Indicated Surplus ( Deficit ) 

LPG ( Gas Plants & Imports )  
Fuel Oils ( Imports ) 

Refinery Output 

Volume Percent 
Output/Input 

Refinery 

*Sulfur - 1 long ton = 3 . 2  bbl .  
tCoke - 1 short ton = 4 . 7 2 bbl . 
§All product imports in 1978. 

TABLE 8 0  

Total u . s .  
Industry Outputs 1990 

(MB/D) 

Projected 1990 
Estimated 

1978 

1 , 4 1 5  

2 , 187 
4 , 1 06 

184 
973 

7 , 450 

199 
858 

1 , 0 57 

2 1 5  
988 

2 , 343 

862 
7 1 6  
641 
804 

3 , 023 

6 1  
479 
1 72 
591 
179 

17  
8 

43 
368 

1 8 , 585 

( 1 , 094)  
( 2 , 083 ) § 

1 5 , 408 

99.6  

Crude Oil  Slate A 
High Medium Low 

1 ' 75 1  

3 , 429 
1 , 089 
2 , 273  

1 1  
6 , 802 

140 
1 , 298 
1 , 438 

2 12 
2 , 073 
2 , 250 

1 , 0 49 
898 
644 
634 

3 , 225 

74 
543 
2 1 0  

1 , 3 05 
207 

25 
1 0  
66 

675 
2 0 , 727 

( 9 59 ) 
( 1 , 528)  

1 8 , 794 

1 00 . 1  

1 3 7  

1 ' 796 

3 , 634 
624 

1 , 847 
69 

6, 1 74 

1 24 
1 , 2 02 
1 , 326 

203 
1 , 988 
1 , 908 

696 
408 
756 
485 

2 , 345 

93  
539  
212  

1 , 0 54 
238 

23 
9 

65 
558 

1 8 , 346 

( 1 , 062 ) 
( 1 , 20 0 ) 

1 6 , 6 1 5  

1 0 0 . 1  

1 ' 70 2  

3 , 50 0  
5 0 0  

2 , 045 
1 0  

6 , 055 

2 1 5 
985 

1 , 200  

1 55 
1 ' 380 
1 , 925 

4 1 0  
3 1 0  
350 
480 

1 , 5 5 0  

65 
550 
190  
993 
207 

20 
9 

63  
529 

1 6 , 248 

( 9 8 0 )  
( 38 9 )  

1 5 , 468 

1 00 . 1  

Crude Oil Slate B 
High Medium Low 

1 ' 75 1  

3 , 429 
1 , 0 89 
2 , 273 

1 1  
6 , 802 

140 
1 , 298 
1 , 438 

2 1 2  
2 , 073  
2 , 250 

1 , 049 
898 
644 
634 

3 , 2 25 

74 
543 
2 1 0  

1 , 30 5  
207 

25 
1 1  
69 

687 
20 , 757 

( 97 1 ) 
( 1 , 483 ) 

1 8 , 85 7  

99.9  

1 , 796 

3 , 634 
624 

1 , 847 
69 

6 , 1 74 

1 24 
1 , 202 
1 , 3 26 

203 
1 , 988 
1 , 908 

696 
408 
756 
485 

2 , 345 

93 
539 
2 1 2  

1 , 0 54 
238 

23 
1 0  
7 1  

568 
1 8 , 387 

( 1 , 0 5 7 )  
( 1 , 223 ) 

1 6 , 638  

1 0 0 . 2  

1 , 7 5 1  

3 , 50 0  
500 

2 , 045 
1 0  

6 , 055 

2 1 5  
985 

1 , 2 00 

1 55 
1 , 380 
1 , 925 

4 1 0  
3 1 0  
350 
480 

1 , 550 

65 
550 
190 
993 
207 

20 
9 

70 
538 

1 6 , 290 

( 97 5 )  
( 40 6 )  

1 5 , 498 

1 0 0 . 2  



TABLE 81  

Utilization of Process EguiErnent 1 982 
( Percentage of 1 978 Capac ity)  

Projected 19.82 
Est imated C rude Oil S late A C rude Oil S late B 

1 978 H igh Medium Low H igh Medium Low 

PAD s I-IV 

Crude Oil Distil lation 91  1 0 1  93 1 0 1  93 
Catalytic Re forming 99 123  1 1 2 1 2 3  1 1 2 
catalytic Cr ac king 86 92 80 92 80 
Residual Conversion 1 0 0  1 2 3  1 2 7  1 32 1 35 
Hydrotrea ting 

Naphtha 1 0 0  1 4 1  1 3 1  1 42 1 33 
Di stillate 86 1 53 1 28 1 50 126  

Hydrore fining 
Gas Oil 1 00 1 0 3  1 1 7 1 0 1  1 1 6  
Residual Oil 1 0 0  1 0 0  1 00 1 0 0  1 0 0  

Alkylation 93 1 33 1 03  1 3 9  1 0 3  
Polymeri zation 5 5 5 5 5 
Isomerization 50 71 71 71 71 

PAD V 

Cr ude Oil Distillation 79 89 85 89 85 
catalytic Re fo rming 87 1 1 3  1 06 1 09 1 ll6 
Catal ytic Cracking 1 00 1 0 5 1 03  1 20 1 04 
Re sidual Conversion 1 0 0  1 34 1 1 2 1 25 1 22 
Hydro treating 

Naphtha 86 1 02 91  98 91  
Distillate 1 0 0  298 1 04 281  1 0 6  

Hydrorefining 
Gas Oil 64 68 79 67 81 
Re sidual Oil 5 5 5 5 5 

Alkylation 80 1 0 7  8 0  1 1 4 80 
Po lymerization 6 6 6 6 6 
Isomerization 5 1 3  24 1 0  1 5  

Total U .s .  

Crude Oil Di stil lation 89 99 92 99 92 
Catalytic Re forming 97 1 2 1  1 1 0 1 20 1 1 0 
catalytic Cr acking 88 94 83 96 83 
Residual Conversion 1 0 0  1 2 7  1 2 1  1 30 139 
Hydrotreating 

Naphtha 98 1 35 124 135  126  
Distil late 88 1 74 124 1 69 123  

Hydrorefining 
Gas Oil 84 88 1 0 1  86 1 00 
Residual Oil 69 69 69 69 69 

Alkylation 91  1 29 1 00 1 36 99 
Polymeri zation 5 5 5 5 5 
Isomerization 46 65 66 65 65 

1 3 8 



TABLE 82 

Utilization of Process E�uiErnent 1 9 85 

( Percentage of 1 97 8  Capac it y )  

Es timated C rude Oil S late A C rude Oil  s late B 
1 9 78 Hish Medium L ow Hish Medium L ow 

PAD s I-IV 

Crude Oil Distillation 9 1  1 0 3  94 90 1 0 4  94 89 

Catalytic Re forming 99 1 22 1 2 2 1 1 8 1 2 1  1 2 2 1 1 8 

Catalytic Cracking 86 92 81 81 92 82 82 

Re sidual Conversion 1 0 0  1 1 5  1 3 9  1 3 9 1 2 2 1 4 7  1 44 

Hydrotreating 
Naphtha 1 0 0  1 2 7  1 2 3  1 1 8 1 2 7  1 24 1 1 9 

Distillate 86 1 58 1 2 9  1 2 3  1 5 5 1 2 8  1 2 0  

Hydrorefining 
Gas Oil 1 0 0 1 0 0  1 0 6 1 0 6 1 0 0 1 0 6 1 0 6  

Re sidual Oil 1 0 0 1 0 0 1 0 0  1 0 0 1 0 0 1 0 0  1 0 0  

Alkylation 93 1 3 1  1 0 6 1 0 5 1 3 7  1 0 6 1 0 5  

Po lymerization 5 5 5 5 5 5 5 

Isomerization so 7 1  7 1  7 1  7 1  7 1  7 1  

PAD V 

Crude Oil Di stil lation 79 93 88 84 93 89 84 

Catalytic Reforming 87 1 2 9  1 2 7  1 2 1  1 2 8  1 .'! 5  1 2 1  

Catalytic Cr acking 1 0 0 1 0 5 1 0 0  1 0 5  1 0 8 1 0 0 1 0 3  

Residual Conversion 1 0 0 1 42 1 3 3  1 2 8  1 34 1 44 1 2 9  

Hydrotreating 
Naphtha 86 1 0 6  1 0 0  1 0 0  1 0 3 1 0 2  9 4  

Distil late 1 0 0 3 2 4  1 1 4  1 1 1  3 0 7  1 25 1 1 0  

Hydrorefining 
Gas Oil 64 7 9  8 7  85 8 5  9 0  9 4  

Residual Oil 5 5 5 5 5 5 5 

Alkylation 80 1 0 2 74 69 9 8  8 0  69 

Pol yrneri zation 6 6 6 6 6 6 6 

Isomerization 5 1 1  1 6  3 6  1 1  1 2  3 4  

Total u . s .  

Crude Oil Di stil lation 89 1 0 1  93 89 1 0 2 93 88 

Catalytic Reforming 97 1 2 3 1 2 3  1 1 9 1 2 2  1 2 2  1 1 9 

Catalytic Cracking 88 94 83 84 94 84 85 

Re sidual Conversion 1 0 0  1 2 4  1 3 7  1 3 5 1 2 6  1 4 6  1 39 

Hydrotreating 
Naphtha 98 1 2 4  1 1 9  1 1 5 1 2 3  1 2 0  1 1 5  

Di stillate 8 8  1 82 1 2 7  1 2 1  1 77 1 2 8  1 1 9  

Hydrore fining 
Gas Oil 84 9 1  98 97 94 96 1 0 2  

Residual Oil 69 69 69 69 69 69 69 

Alkylation 9 1  1 2 7  1 0 2  1 0 0 1 3 2  1 0 3 1 0 0 

Polyrneri zation 5 5 5 5 5 5 5 

Isorneriza tion 46 65 66 68 65 65 64 

1 3 9  



TABLE 83 

Utilization of Process EguiEment 1 990 
( Percentage of 1978 Capacity) 

Es timated C rude Oil S late A C rude Oil  S late B 
1978 High Medium L ow High Medium L ow ----

PAD s I-IV 

Crude Oil Distillation 91 1 08 95 89 1 0 8  95 8 9  
Catalytic Re forming 99 1 34 1 28 1 28 1 30 1 29 1 2 9  
Catalytic Crac king 86 96 80 80 85 79 82 
Re sidual Conversion 1 0 0  1 40 1 55 1 45 1 45 1 60 1 56 
Hydro treating 

Naphtha 1 00 1 24 1 1 6 1 1 4 1 25 1 1 9 1 1 6  
Distillate 86 1 54 1 32 1 24 1 53 129  120  

Hydrorefining 
Gas Oil 1 0 0  1 1 0 1 1 6  1 24 1 02 1 1 8  1 2 3  
Re sidual Oil 1 00 1 00 1 0 0  1 00 1 00 1 0 0  1 00 

Alkylation 93 127  1 04 1 04 1 46 1 0 4  1 0 5  
Po lymerization 5 5 5 5 5 5 5 
Isomeri zation so 71 7 1  7 1  7 1  7 1  7 1  

PAD V 

Crude Oil Distillation 79 94 90 84 94 90 84 
Catalytic Re forming 87 203 1 62 1 57 1 94 1 60 1 5 6  
Catalytic Cr acking 1 00 90 1 0 0  1 05 1 0 1  1 0 0  1 0 3  
Res idual Conversion 1 0 0 1 54 1 36 1 43 1 56 1 57 1 6 1  
Hydrotreating 

Naphtha 86 1 1 1  1 1 2 1 1 0 1 1 0 1 2 2  1 0 9  
Di stillate 1 0 0  3 2 7  209 243 329 2 72 285 

Hydrore fining 
Gas Oil 64 1 07 1 0 5  1 08 1 05 97 1 1 1  
Residual Oil 5 5 5 5 5 5 5 

Alkylation 80 82 57 59 93 6 1  6 3  
Pol ymeri zation 6 6 6 6 6 6 6 
Isomerization 5 1 0  1 3  5 1 0  26 5 

T otal U .s .  

Crud e Oil Di stil lation 89 1 06 94 88 1 0 6  94 88 
Catalytic Re forming 97 146 1 34 1 3 3  1 4 1  1 32 134 
Catalytic Cr acking 88 95 83 83 87 83 85 
Re sidual Conversion 1 0 0  1 4 5  1 4 9  1 44 146 1 59 1 5 8  
Hydrotreating 

Naphtha 98 1 22 1 1 5 1 1 3 123  1 2 0  1 1 5  
Di stil late 88 1 79 143 1 4 1  1 79 1 5 1  1 44 

Hydrore fining 
Gas Oil 84 109  1 1 1  1 1 7  1 03 106  1 1 8 
Residual Oil 69 69 69 69 69 69 69 

Alkylation 91  1 2 1  98 98 1 3 9  98 99 
Polymeri zation 5 5 5 5 5 5 5 
Isomerization 46 65 65 64 65 67 64 

1 4 0  



TABLE 8 4  

Product Shortfall in 1 9 82 i f  Re finery Expans ions 
are Limited to 1 9 78 Construction Plan s *  

( Hi gh Cas e  and Crude Oil S late B )  

MB/D Shortf a l l t  
PADs I - IV PAD V 

---

Products 

LPG ( 1 ) 0 
Butanes ( 1 94 )  ( 94 )  
Ga sol ine 388 1 3 3 
Distil lates 0 0 
Re sidual Fuel ( 1 9 0 )  ( 7 0 ) 
Coke ( M  Ton s/D ) 6 4 
Fuel Gas ( Plant ) 47 30 

Total u . s .  

( 1 )  
( 2 8 8 ) 

5 2 1 
0 

( 2 6 0 )  
1 0  
7 7  

* Data from NPC December 1 9 79 Refinery F lexibi l i ty, An I nterim Report , 
Vo lume I ,  Table 7 ,  page 39 . 

t Shortfall vs . optimized case per Tables 6 4 ,  66 , and 6 8 .  Numbers i n  
parentheses denote gains . Distil late supply protected a t  expense o f  
ga so line . 

pos s ib l e  the proc e s s i ng o f  the h ig h e r  s ul f ur c rud e o i l s l a te . I n  
PADs I - I V ,  t h e  re s idual  s u l f ur l eve l i nc re a s e s  f r om 1 .  6 1  wt % to 
2 . 0 0  wt % ,  and in PAD V, i t  i nc reased f rom 0 . 9 9 wt % to 1 . 0 3  wt % .  
Th i s  i nd i c a t e s  t h a t  s ome r e l axat ion o f  e nv i ro nme n t a l  re s tr i c t io n s  
may b e  nece s sa ry i n  an eme rgency . 

The lowe r s e c t i o n  o f  Tab l e  8 5  s hows the impac t o f  a 5 , 0 0 0  MB/D 
los s of fore ign ave r age c r ud e  o i l .  In the c a s e  of t h i s more s eve re 
d i srup t ion it  is  a s s umed that the gove r nme n t  wou l d  a l l oc a te a l l  
ava i l able c r ud e  o i l ,  i n c l ud i ng d ome s t i c , among the PAD d i s tr i c t s  i n  
propo r t ion to normal re f i n ery r un s , r a ther than t o  h i s t o r i c a l  con­
s umpt ion o f  fore ign c r ud e  o i l . Th i s  requ i r e s  PAD V to tran s fe r  
about 8 0 0 MB/D o f  c rud e o i l  ( e . g .  , A l a skan No r th S l ope ) t o  the 
other PAD d i s tr i c t s .  With a c r ud e  o i l l o s s  as l a rge as 5 , 0 0 0  MB/D , 
the f l ex ib i l i ty to t ake the bulk o f  the shor t f a l l  i n  mo to r g a so l i ne 
i s  stra ined . As the table d emon s trate s ,  howeve r ,  the  g a s o l ine po r­
t i on c an appro ach 80  percent i f  s uf f i c ie n t  val ue is  a t tached to 
pro tec t i ng d i s t i l l ate s upply . Th i s  can  be done , for e x ampl e , by 
r a i s i ng the r e l a t ive pr i c e  of d i s t i l l a te by 5 0  p e r c en t .  

Ta b l e  8 6  d e a l s  w i th t he d i srupt ions i n  1 9 8 5 .  Th e uppe r s e c t i o n  
shows t h e  impac t  o f  a 2 , 0 0 0  M B/D l o s s  o f  fore ign s we e t  c r ud e o i l . 
As i n  the 1 9 8 2  re s ul t s , the bulk o f  the reduc t i o n  appe ars  a s  mo tor 
gasol ine , a 3 2  pe r c e n t  r e d u c t ion in the to t a l  pro -j e c ted ga sol i n e  
demand . Al though the case  o f  s ub s t i tu t ing h ig h e r  s u l f u r  c rud e o i l  
wa s no t r un , re s ul t s  s im i l ar to tho s e  for c a l e nd a r  ye a r  1 9 8 2  c an b e  
e xpec ted . The c a s e  o f  a 5 ,  0 0 0  M B/D l os s  o f  fore ig n ave r ag e  c rud e 
o i l  i n  1 9 8 5  i s  s hown i n  the l owe r s e c t ion . 

1 4 1  



TABLE 85 

Crude Oil Disruption Impact on the Medium Case 
and Crude Oil Slate B -- 1 982 

Crude Oi l Shortfall 
Foreign Sweet* 

Product Shortfall 
Motor Gasoline 
Distillates 
Residual Fuel Oil 
Otherst 

Total Products 

Crude Oil  Shortfall 
Foreign Sweet* 
Arabian Light§ 

Product Shortfall• 
Motor Gasoline 
Distillates 
Residual Fuel Oil** 
Otherst 

Crude Oil Shortfall 
Foreign Averagett 
Foreign Sour 
Alaskan North Slope 

Total Shortfall 

Product Shortfall  if 
Prices Unchanged 

Motor Gasoline 
Distillates 
Residual Fuel Oil 
otherst 

Product Shortfall if 
Distillate Price 
up 50%  

Motor Gasoline 
Distillates 
Residual Fuel Oil 
otherst 

2 , 0 0 0  MB/D Los s  
PADs I-IV PAD V Total U . S .  

1 , 83 0  1 7 0  2 , 0 0 0  

1 , 48 0  1 1 3 1 , 59 3  
227 0 227  

6 0  0 6 0  
98 75  1 73 

1 , 865 188  2 , 0 5 3  

2 , 0 0 0  MB/D Substitution§ 
PADs I-IV PAD V Total U. S .  

1 , 8 3 0  
( 1 , 83 0 ) 

362 
( 29 4 )  

( 4 7 )  
( 9 )  

PADs I-IV 

5 , 0 0 0  
( 58 )  

� 
4 , 1 79 

1 , 66 0  
2 , 080 

65 
198  

3 , 362 
522 

65 
58 

1 7 0  
( 1 7 0 ) 

3 
0 
0 

( 6 )  

5 , 0 0 0  MB/D Los s  
PAD V 

5 8  
763 
82 1 

543 
154 
32 
7 1  

543 
1 54 
32  
7 1  

2 , 0 0 0  
( 2 , 00 0 )  

365  
( 29 4 )  

( 4 7 )  
( 1 5 )  

Total u. s .  

5 , 0 0 0  

5 , 00 0  

2 , 2 0 3  
2 , 2 3 4  

9 7  
269 

3 , 9 0 5  
706  

97 
1 29 

*Sweet Crude Oil -- under 0 . 5  wt % sulfur . 
tincludes adjustments for plant fue l ,  butane purchases , 

and changes in other products .  
§crude o i l  substituted for the foreign sweet crude  oil 

shortfall .  
•Figures shown i n  parenthesis for Product Shortfall are 

a gain rather than a los s .  
* *Average sulfur level was 1 . 6 1  w t  % before substitution 

and 2 . 0 0  wt % after for PADs I-rv ;  for PAD V average sulfur 
level was 0 . 99 wt % before substitution and 1 . 0 3  wt % a fter. 

t tAverage Crude Oil -- the percentage of each crude oil is 
the same as  i n  the imported crude oil supply before disruption. 

1 4 2  



TABLE 86 

Crude Oil Disruption Impact on the Medium Case 
and C rude O i l  S l ate B -- 1 985 

Crude Oi l Short fal l 
Forei gn Sweet* 

Product Shortfal l 
Motor Gasol i ne 
Di stil lates 
Res idua l Fuel Oil 
Other st 

Total Products 

Crude Oi l Shortf a l l  
Foreign Average§ 

Foreign Sour 
Alaskan North Slope 

Total Short fall 

Pro duc t Short f a l l  if 
Prices Unchanged 

Motor Ga so line 
Di stil lates 
Res idua l Fuel Oil 
Otherst 

Product Shortfal l i f  
Dist i l late Price 
up 5 0 %  

Motor Ga soline 
Di stil lates 
Res idua l Fuel Oil 
Otherst 

PADs I-IV 

1 ,  843 

1 ,  686 
6 1  
1 0  

1 1 3 
1 ,  870 

PADs I-IV 

5 , 0 0 0  
( 5 5 )  

( 7 83 ) 
4 , 1 6 2  

1 ,  568 
2 , 1 29 

1 1 2  
2 2 1  

3 , 1 3 0  
634 
1 7 4  
1 0 6 

2 , 0 0 0  MB/D Los s  
PAD V Total U . S .  

1 5 7 2 , 0 0 0  

1 3 7 1 ,  8 2 3  
0 6 1  
0 1 0  

2 6  1 3 9 ---

1 6 3  2 , 0 3 3  

5 , 0 0 0  MB/D Los s 
PAD V Total U . S .  

5 5  
783 
838 

4 6 7  
264 

0 
99 

576 
1 24 

0 
1 4 5 

5 , 0 0 0  

5 , 0 0 0  

2 , 0 3 5  
2 , 3 9 3  

1 1 2  
3 2 0  

3 , 7 0 6  
7 5 8  
1 7 4 
2 5 1 

* Sweet Crud e Oil - - under 0 . 5 wt %  s ulfur . 
t i nc ludes adj ustments for plant fuel and butane pur ch a s es ,  

as wel l as other product s .  
§Average Crude Oil - - the percentage of each crude o i l  i s  

the same as in the import ed crude o i l  supply before di s rupt i o n .  

1 4 3  



Regu l a to ry S e n s i t i v i t i e s  

A s  d i s c u s s ed above , t h e  change s i n  prod uc t s  a n d  c r ud e  o i l s  
e xpec ted dur ing the 1 9 8 0 ' s  wi l l  nec e s s i tate add i t i o n a l  proce s s ing 
fac i l i t ie s .  The n a t ure of  these fac i l i t ie s ,  the phy s i c a l  and e c o­
nom i c  f e a s i b i l i ty o f  i n s ta l l a t ion , a s  we l l  a s  the  r equ i red l e ad 
t ime for con s t r uc t ion , w i l l  be i n f l uenc ed by gover nme n t  r e g ul a­
t io n s . Exampl e s  o f  s uc h  regu l a tory a r e a s  are : 

• Mo tor f ue l ad d i t ive s 

• S u l f ur conte n t  o f  produc t s  

• Re f i nery a i r  emi s s i on s , wa ter e f fl ue n t  q u a l i ty ,  a n d  h a z a r d ­
ous wa s t e  d i s po s a l  

• Product pr i c e  con t ro l s  { Depar tme n t  o f  Ene rgy a nd t h e  Counc i l  
on Wag e  and Pr i c e  S tab i l i ty ) .  

In  t h i s  s t ud y  the o n ly regul a tory areas  c ove r ed quan t i tat ive ly 
d e a l t  with l e ad and MMT add i t ive s in mo tor ga sol i n e . The i mpact  o f  
t h e  l ead ph asedown regul a t ion wa s l im i ted to 1 9 8 2  b e c a u s e  t h e  d e ­
creas i ng f r a c t ion o f  l e ad ed ga sol ine in  the  mo tor g a s o l i ne poo l  
w i l l  grad ua l ly make th i s  r e s t r i c t ion l e s s  c on s t r a i n ing . Ta b l e  8 7 
shows the hyd roc arbon s av i ng s  that could be re a l i zed by e l imina t i ng 
the 0 . 5 g r ams pe r g a l lon ( gm/ga l ) po o l  l e ad l eve l re s t r i c t i on ( th i s  
w i l l  be a n  ave r age o f  0 . 6 gm/ga l  a f ter e xc e p t ions  are g ran ted for 
c e r ta in r e f i n e r s , perm i t t i ng h igher l eve l s ) . Th e e 1 im i n a  t i on o f  
th i s  reg ulat ion could re s ul t  in  a hyd rocarbon s av i ng o f  3 5  MB/D , 
b ased on op t imum l e ad u s ag e , 0 .  8 gm/g a l . I f  the  add i t i on o f  3 .  0 
gm/ga l  in  the l e ad ed g r ad e s  we re econom i c a l  the t o t a l  ga sol ine poo l 
wou l d  be a t  1 .  0 9  gm/ga l  l e ad and proc e s s  r eq u i reme n t s  wou l d  d e ­
c r e a s e  b y  0 .  7 c l e a r  oc tane ( [R+M ] / 2 ) .  The h yd roc a rbon s a v i ng s  
wou l d  t h e n  be about 7 0  p e r c e n t  g r e a te r  t h a n  t h e  c a l cu l a ted opt imum 
case . 

TABLE 87 

I mpact of D eregulation of Gasoline L ead A dditive - - 1 982 
( Medium Case and Crude Oil Slate B)  

Pool Le ad Level ( gm/ gal ) * 

Phasedown Case 
Calcul ated Optimum 

Hydrocarbon Savings ( MB/D ) 
Cr ude Oil Savings 
Butane Savings 

Total Savings 

PAD s I-IV 

0 . 60 
0 . 75  

1 8  
0 

1 8  

PAD V 

o .  6 1  
0 . 95 

1 5  
2 

1 7  

*Grams per gallon for the total ga soline pool . 

1 4 4  

T otal U .s .  

3 3  
2 

3 5  



By 1 9 8 5 ,  the le aded ga sol ine frac t ion w i l l  d e c l ine f ur t he r , 
thus a t  the s ame r eg u l a ted poo l  l ead l ev e l  o f  0 .  6 gm/g a l  there 
could be 2 .  6 gr ams o f  l e ad per gallon of g a s o l ine . Even a l l ow i ng 
max imum l e ad u s age o f  3 .  0 gm/ga l wou l d  d ec re a s e  proc e s s  o c tane 
requ i r emen t s  by o n ly 0 . 1 octane n umbe r ,  and there fore y i e ld ve ry 
sma l l  hyd roc arbon s av i ng s . Conve r s e ly , r e l a x i ng r e s tr i c t io n s  i n  
1 9 8 0 -1 9 8 1  would b e  o f  much greater bene f i t  than i n  1 9 8 2 ,  because o f  
a h igher frac t ion o f  l e aded g a so l ine i n  the t o t a l  poo l .  

Th e e f fe c t s  o f  a l l ow i ng the use o f  MMT i n  un l e ad ed g a so l ine 
were con s idered for a l l  three t ime per iod s , beca u se the r emova l o f  
t he ban wi l l  b e  o f  c on t i nu i ng ben e f i t .  Th e u s e  o f  MMT a t  a l eve l 
of 1/1 6 gm/gal i n  un l e aded gasol ine wa s a s s umed , and d oe s not n e c­
e s s ar ily repr e s e n t  an econom i c  opt imum . Th e i n c en t ive c o n s i s t s  of 
the hyd roc arbon and fac i l i ty i nve s tme n t  s av i ng s  shown i n  Tab l e  8 8 .  
Th e max imum s avi ngs range up to 8 0  MB/D for h yd roc arbo n s  in 1 9 8 5 ,  
4 3 4 MB/D o f  n ew c a taly t i c  r e fo rm i ng c apac i ty ( wh i ch i s  t he ma j o r 
process  un i t  s av i ng ) i n  1 9 8 5 ,  and up to $ 7 7 5  m i l l ion o f  corre s pond­
i ng i nve s tme n t  in 1 9 9 0 . Depe nd i ng on the c o s t  o f  MMT , however , op­
t imum u s age may we l l  be l ower than 1/1 6 gm/g a l , in wh i c h  case the 
poten t i a l  s av i ngs wou l d  a l so be lowe r . 

Survey respo nden t s  i nd i c a ted tha t i f  the c u r r e n t  DOE and COWPS 
pr i c i ng regul a t ions we re no t j udged to be j u s t  tempor a ry , re f i ners  
m i g h t  be re luc t a n t  to make s ubs tan t i a l i nve s tme n ts t o  i n c re a se 
the i r  ab i l i ty to proce s s  the l e s s  e xpen s ive b u t  l ower q u a l i ty c rud e 
o i l s  wh i c h  are pro j e c ted to become an i n c re a s i n g  p a r t  o f  the s up­
ply . Current regul a t i on s , where i n  much of the r aw ma te r i a l  s av i ng s  
n eeded to obta i n  an a c c e p t a b l e  r e t ur n  o n  t h e  i nve s tme n t  mu s t  b e  
pa s s ed th rough i n  l owe r prod uc t pr i ce s ,  make s uch i nve s tme n t s  une c ­
onom i c al or o n ly marg i n a l ly a t trac t ive . 

Env i ro nme n t a l  regu l a t ions we re c i ted a s  obs t a c l e s  to mod i f i c a­
t ions o f  c e r ta i n  re f iner i e s  to proce s s  more h igh-s u l f ur c r ud e o i l ,  
a l t hough mos t  respo nd e n t s  to the January 1 9 7 9  N PC s ur vey thoug h t  
they could obta i n  the n e ce s s a ry pe rmi t s .  I n  a ny even t ,  the t ime ­
t ab l e  for cons truc t i on o f  new fac i l i t i e s  i s  a f fe c ted by the pe r­
mi t t i ng proce s s .  Re s pond e n t s  to the s urvey e s t ima ted l e ad t ime s 
ave r ag i ng 4 3  mon t h s  over al l fo r autho r i z a t i o n ,  p e rm i t t i ng , d e s ig n ,  
eng ineer i ng ,  pro c ur emen t ,  and cons t r uc t ion . 

Above al l ,  the re s pond en t s  no ted that s t ab i l i ty o f  gove r nmen t  
pol i cy and regu l a t ions , e spe c i a l ly t hose a f f e c t ing cap i ta l  fo rma­
t io n , is nece s s a ry for sound i nve s tme n t  plann i ng and a v i able do­
me s t i c re f i n ing indus try . 

1 4 5  



TABLE 88 

E ffect of MMl' in Unleaded G asoline at 1 /1 6  Gram/Gallon 
( Medimn Case and Crude Oil Slate B )  

1 982 1 985 1 990  
PADs PAD Total PADs PAD Total PADs PAD Total 

I-IV v u . s .  I-IV v u . s .  I-IV v u .s .  --- ---

Crude Oil Savings ( MB/D ) 3 8  1 9  5 7  34 1 3  47  3 1  32  

Butane Savings ( MB/D ) 1 7  0 1 7  1 4  1 9  33  2 1  4 25 

To tal Hydrocarbon Savings 55 1 9  7 4  4 8  32  80  52  5 5 7  

Capac ity Expan sion Savings ( MB/SD )  
Cr ude Oil Distillation 0 0 0 0 0 0 7 8  0 7 8  

I-' Re fo rming 223  36  259  320  1 1 4 4 34 2 65 1 34 3 99 ""' 
0"1 Res idual Convers ion 1 6  (4 ) 1 2  2 1  ( 7 )  1 4  9 ( 5 ) 4 

Catalytic Cr acking 0 23  2 3  0 2 3  2 3  0 1 8  1 8  
Hydro treating 

Naphtha 3 0 5  0 3 0 5  1 3 1 5 1 36 47  1 9  66 
Distillate 24 1 8  42 ( 15 ) 3 8  2 3  2 6  3 8  64 

Hydrorefining 
Gas Oil ( 14 ) 0 ( 1 4 ) ( 2 )  0 ( 2 )  52 0 5 2  
Re sidual Oil 0 0 0 0 0 0 0 0 0 

Alkylation 7 0 7 25  8 33  1 2  0 1 2  
Hydrogen Manufactur ing ( MMSCF/SD ) 0 0 0 0 0 0 0 2 2 

Estimated Investment Cost Savings* 3 0 1  97 3 98 325 240  565  535  240 775  

* Cost is in  mill ions of 1 978 dollars . 



INTRODUC TION 

CHAPTER THREE 

COMPE T I T I VE POS IT I ON OF VARI OUS S EGMENTS OF 
THE U . S .  REF INING IN DUSTRY 

An analy s i s  o f  the compe t i t ive e conom i cs w i th i n  the d ome s t i c  
re f i n i ng i ndu s t ry i s  a pr inc ipal e l eme n t  i n  t h e  c omprehens ive s t udy 
of ref inery c apab i l i ty .  Spe c i f i c a l ly , t h i s  c h a p t e r  i nve s t ig a te s  
the e f fe c t s  o f  s i ze ,  loc a t ion , and re f i ne ry proc e s s  c ompl e x i ty u pon 
c ompe t i t ive pos i t i ons . 

Th e compe t i t ive pos i t ion o f  any re f ine ry o r  segme n t  o f  the 
re f in i ng i ndu s t ry is  l a rge l y  d e t e rmined by the to t a l  cost o f  pro­
duc ing s im i l a r  pe trol e um produc t s  r e l a t ive to i t s  c ompe t i to r s . Al l 
o ther fac tor s be i ng the s ame , the l ower t h i s  cos t o f  produc t ion , 
the better the c ompe t i t ive pos i t ion . The a n a ly s i s  wh i ch i s  pre­
sented i n  t h i s  chapter r e l i e s  upon th i s  concept o f  c ompe t i t ivene s s . 

Of cour s e , other con s id era t ion s ,  s uch a s  prod uc t l og i s t i c a l  ad­
vantag e s  o r  d i s ad va n t ag e s ,  produc t  qua l i ty ,  s e rv i c e , r ep u t a t i o n  for 
rel i ab i l i ty and f a i rne s s , and marke t i ng and man ag emen t  s k i l l s , are 
a l so qu i te impo r t a n t  in d e term i n i ng the ove ra l l c ompe t i t ive po s i ­
t ion o f  a ny re f in e ry o r  re f in i ng c ompa ny . Howeve r ,  s uc h  f a c to r s  
are d i f f i cu l t  to quant i fy a n d  a r e  not s ub j e c t  to aggrega t ion . In­
d i v idual re f i ner i e s  we re not e x amined i n  r e s pe c t  to the s e  fac to r s  
i n  wh i c h  t h e y  may d i f f e r  s ig n i f i c antly f rom t h e  ave r ag e  o f  an 
ag grega t ion . 

Wi t h i n  a g ive n c apac i ty s i ze range there are g r e a t  var i a t i on s  
i n  pro c e s s  comp l e x i ty b e twe en pl an t s .  Co n s eque n tly the c ompe t i t ive 
pos i t ion be tween i nd i v idual re f iner i e s  o f  s im i l ar s i z e  may d i f fe r  
g reatly . 

Compe t i t i ve n e s s  mu s t  a l so be v i ewe d a s  a dyn am i c  concept : i n­
d iv idual c ompan i e s  r e s pond to changes i n  the i r  perce ived e n v i ron­
men t s  w i th d i f f e r i ng bu s i ne s s  s t rateg i e s , i nve s tme n t  d e c i s i ons , and 
produc t iv i ty improveme n t  e f for t s . 

Quan t i f i able cos t fac tors wh i ch i n f l uence re f iner i e s ' c ompe t i­
t ive po s i t ions and are cons id e red i n  th i s  chapter are  c rud e o i l  and 
o ther feeds tock cos t s , operat i ng expense s ( f u e l  and p urchased u t i l ­
i t i e s ,  deprec i a t i on ,  ma i n tenanc e ,  e tc . ) ,  a nd c ap i ta l  cos t s . In  
add i t io n ,  the a n a ly s i s  prov id e s  for ad j u s tme n t s  to re f l e c t va ry i ng 
prod u c t  y i e ld s truc t ur e s  and i nputs  o f  feeds tock o th e r  than c rud e 
o i l . 

I t  would be i nappropr i a te to a t t empt to c a l c u l a te a c t u a l  e a r n­
i ng s  for an indu s t ry segme n t  s o l e ly o n  t he b a s i s  o f  i n forma t ion 
generated by or ava i l able to th i s  s t udy o f  c ompe t i t i ve po s i t ion s . 
Comp u t a t ion o f  e ar n i ng s  requ i re s  c e r ta i n . d a ta wh i ch we r e  not  n e c e s ­
s a ry for t h e  c ompe t i t i ve a n a lys i s  o f  the var i ous s eg me n t s  o f  the 
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i ndu s t ry , wh i ch emp l oy s  the c r i te r i a  o f  r e l a t ive cos t o f  manu f ac ­
t ur i ng s im i l ar prod uc t s  ad j u s ted f o r  prod uc t va lue o f  the d i f fe re n t  
prod u c t m i x e s .  Fo r e xampl e ,  d u e  t o  ma rke t i ng j ud gme n t s  and o th e r  
fac to r s ,  pr i c i ng p a t terns f o r  i nd i v idual prod uc t s  may h ave d i f f e r ed 
s ig n i f i cantly b e twe en va r iou s company s i z e  r ange s o r  o th e r  i nd u s t ry 
s egme n t s .  Ac t u a l  prod uc t revenue i n fo rma t i o n  r e f l e c t i ng s uc h  pr i c­
i ng d i f f e re n c e s  wou l d  be needed to compl eme n t  prev i ou s ly prov i d ed 
r aw ma t e r i al and ope r a t i ng co s t  d a t a  i f  one were t o  a t t empt c omp u­
t a t ion o f  e a rn i ng s  by c ompany o r  r e f i ne ry agg rega t i on s .  

METHODOLOGY 

The Jan u a ry 1 9 7 9  N PC Survey of Pe t ro l e um Re f i n i ng Capab i l i t i e s  
p rov id e s  much o f  the b a s i c  econom i c  d a t a  req u i red f o r  t h i s  chapter 
wi th r e s pe c t  to the cos t o f  c r ude o i l and ope ra t i ng e xpen s e s  e xp e ­
r ienced by var ious  segme n t s  of t h e  re f in i ng i nd u s  t ry i n  1 9  7 8 .  I t  
i s  the pr inc i p a l  d a ta source s uppor t i ng th i s  compe t i t i ve ana lys i s  
o f  d ome s t i c r e f iner i e s .  The r e s ul t s  o f  the s ur ve y  we r e  p ub l i shed 
by the N PC a s  an i n te r im r e port i n  De c embe r  1 9 7 9  ( Re f i n e ry F l e x i ­
b i l i ty ,  An I n t e r im Repo r t ) .  The i n t e r im repo r

.
t s hows ag g rega ted 

co s t  d a ta on 1 5 , 4 4 5  MB/D o r  8 9  percen t of the to t a l  1 9 7 8  e s t imated 
r e f i n ing c apac i ty i n  the 50  s t ates  and Gu am . Re s po n s e s  to s ome o r  
a l l  e l eme n t s  o f  t h i s  p a r t  o f  the s urvey we re rece ived f r om 2 0 3  r e ­
f iner ie s .  Th e s urvey , i n  Par t  I ,  a ske d re f i ne r s  for  the i r  a c tual 
197  8 prod uc t y i e l d s .  Par t  I h ad a s l igh t ly h i ghe r  re s ponse  r a t e , 
w i th 2 4 6  r e f i ne r i e s  repo r t i ng on a to tal  c apac i ty o f  1 6 , 8 7 6  M B/D . 

Fo r the purpo s e s  o f  th i s  analy s i s  o f  comp e t i t i ve po s i t i on , c om­
p l e te Par t I and Par t  I I  d a ta were r equ i re d  from e a c h  re f i ne ry . In 
s ome c a se s , a re f i ne r  s uppl ied comp l e te d a ta on e i th e r  Pa r t  I o r  
Par t I I ,  b u t  no t bot h . The n umbe r  o f  r e f i ne r i e s  t h a t  re p l ied to 
both Pa r t s  I a nd I I  wa s 1 8 6  and the i r  ag greg a te c apac i ty wa s 1 4 , 8 1 1  
MB/D . The cos t d a ta sh own i n  Tab l e s  8 9 - 1 1 1  are for  th i s  sma l l e r  
g roup o f  r e f i ne r s . Al l t a b l e s  a f ter Tab l e  1 1 1 are  f rom t h e  i n t e r im 
repo r t  and show a l l  o f  the cos t d a ta rece i ved i n  the s urvey . Th e 
m i nor d i f f e r e n c e s  b e twe en the two groups o f  tab l e s  are d u e  to the 
d i f fe r e n t  s ample s i ze s . 

As no ted , the Jan u a ry 1 9 7 9  NPC s urvey i s  the source o f  i n fo rma­
t ion fo r re f i ned produc t y i e ld s  and throug h p u t s  of f e e d s tocks o ther 
than c r ud e  o i l .  S i nce the m i x  o f  other f e e d s tocks and o f  prod uc t s  
var i e s  among r e f i ne r i e s ,  r easonable ad j u s tme n t  f o r  the se f a c tors 
mu s t  b e  mad e be fore costs of  manufac t ured prod uc t s  can be c ompared 
i n  a me an ing f u l  manne r .  Pr i c e s  for other f e e d s t o ck s  and for prod ­
uc t s  were not r e po r t ed i n  the N PC s urvey and we re t h e re fore ob­
ta ined from p ub l i c  sour ce s , par t i cu l a r ly f rom DOE Ene r gy I n f o rma­
t ion Admin i s tr a t i on p ubl i c a t ions and Pl at t ' s  1 9 7 8  O i l  Pr i c e  Hand­
book and O i lmanac , 55th ed i t ion . 

A " va l ue " o f  produc t per barrel o f  c rud e o i l  r e f i ned for e ach 
re f i n e ry wa s c ompu t ed by s umma t ion of the re s ul t s o f  mul t i pl y i ng 
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produc t percen tage y i e ld s  by the mon thly we i g h t e d  ave r ag e  produc t 
pr ice s d e r ived from the a fo r emen t ioned p ub l i c  s ource s for the PAD 
d i s t r i c t  in wh i ch the re f inery was l oc a ted . Th en produ c t va lue 
ad j u s tments were d e t e rmined a s  the d i f f e rence be twe en the " va l ue s "  
o f  produc t pe r barre l o f  c rud e o i l  for the s ev e r a l  c ompany a nd 
re f in e ry ca t egor i e s  and the we ighted ave r ag e  " va l u e "  o f  prod u c t  pe r 
barrel of c rud e o i l  for a l l  d ome s t i c  r e f i ne r ie s .  Th e se produc t 
value ad j u s tme n t s  to the to t a l  prod uc t co s t  are appropr i a t e  re f l e c ­
t ions of vary i ng produc t m i x e s  fo r t h e  re f i ner i e s .  

I t  shou l d  be emph a s i z e d  that the a c t u a l  produc t revenue e xpe ­
r i enced by the re f iner i e s  par t i c ipa t i ng in  the s urvey may h ave d i f ­
fe red from the " va lue " o f  produc t s  c omp u ted a s  d e s c r i bed above . 
Th i s  i s  d ue to the f a c t  that a c t ua l  pro d u c t  pr i c e s  for a re f i n e ry 
may have d i f f e red f rom the ave rage produc t  pr i c e s  o b t a ined f rom the 
publ i c  source s .  Con sequen t ly , the " va l u e "  of prod uc t s  d e t e rmined 
a s  set forth above c annot be used i n  d e te rm i n i ng b o t tom l i ne e arn­
i ng o f  any indu s t ry s egmen t .  

Th e " other f e e d s tock "  ad j u s tmen t  i s  the re s u l t  o f  m ul t i pl y i ng 
the pe rcentage i np u t  o f  that feeds tock for the i nd i v i d u a l  re f i nery 
by the un i t  cos t  o f  that feeds to ck appropr i a te for the geograph i c  
reg ion ( PAD d i s t r i c t ) i n  wh ich the re f i ne ry i s  l o c a ted . 

I n asmuch a s  re f i ner i e s  d i f f er cons id erably i n  the amoun t o f  
capi tal i za t ion pe r barrel  o f  c rud e o i l  proce s sed , f ur ther ad j u s t­
men t  wa s made for the cos t o f  cap i tal emp l oye d , b a sed upo n c ap i ta l  
a s se t  i n fo rma t ion s uppl i ed by re f i ner i e s  par t i c i pa t i ng i n  t h e  N PC 
s urvey . Th e cos t o f  c ap i tal was a s s umed to be 2 0  p e r c e n t  o f  g ro s s  
or ig inal  und e pre c i a ted i nve s tments pe r ye ar be fore t ax for the u s e  
o f  ref inery f ac i l i ty a s s e t s . On e o f  the  s en s i t iv i ty s t ud i e s  o f  
th i s  c ompe t i t ive a n a ly s i s  empl oyed co s t  o f  cap i ta l  c omputed on t h e  
bas i s  o f  curren t rep l ac eme n t  inve s tme n t . To o b t a i n  g re a te r  con s i s­
ten cy , the r e pl a c ement i nve s tments for each re f in e ry s i z e  range and 
c ompl ex i ty we re d e r ived by a reg r e s s  ion analy s i s  of repl a c eme n t  
cost  d a ta pro v id ed by re f iners par t i c i p a t i ng i n  the s urvey . 

One o f  the fac to r s  d e t e rmin i ng the ne t c r ud e  o i l and pro d u c t  
cos t s  to u . s .  r e f i ner i e s  i n  1 9 7 8  wa s t h e  u . s .  Departme n t  o f  E n e r ­
gy ' s  c r ude o i l  en t i tl emen t s  progr am and i t s  sma l l  re f i n e r  b i a s  pro­
v i s ions . Th e e f f e c t s  of the e n t i t l eme n t s  program we r e  i n c l ud ed i n  
the c a l c u l a t ion s ; howeve r , the bene f i t s  o f  spec i al en t i  t l emen t s  
prov i s ions ( e x cept ions and appe a l s  r e l i e f ,  e n t i tl eme n t s  f o r  Ca l i ­
forn i a  cr ud e o i l , ad j u s tme n t s  for re s idual f ue l  o i l  ma rke ted on the 
Ea s t  Co a s t ,  and naph tha impo r ted i n to Pue r to Ri c o ) we r e  not  d i s­
t r i bu ted to the re c i p i en t s .  The e f fe c t  o f  the e x c l u s ion o f  the s e  
bene f i t s i s  t o  ove r s ta te net  c rud e o i l  cos t s  for spec i f i c re f i ne r s  
and t h e  c a t ego r i e s  i n  wh ich they f a l l , l e ad i ng i n  t urn to a r e l a­
t ively sma l l  ove r s ta teme n t  of  indu s t ry -w i d e  c rud e o i l  cos t s . See 
Append ix G for a d i scus s ion of the ent i tl eme n t s  c a l c u l a t ion and the  
e s t imated impa c t  o f  t h e s e  s pe c i al programs . 
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Th e c ompe t i t ive po s i t ions o f  the var ious  a g g r ega t i on s  we r e  
a s se s sed b y  c ompar i ng the  " c o s t  o f  re f ined prod uc t s "  c omp u ted i n  
ac cord ance w i th t he fol l ow i ng fo rma t : 

Crud e O i l  C o s t  
Ot he r Fee s tock Cos t 
To tal  Inp u t  Co s t  

Ope rat i ng Exp e n s e  
F u e l  a n d  Purchased Ut i l i t ie s  
Depr e c i a t io n  
Ma i n te nance and Other Expense s 

To tal  Ope r a t i ng Expense 

Cos t of Cap i ta l  Emp l oyed 
Produc t  Va lue Ad j u s tment s ! 
To t a l  Produ c t  Cos t s  

Re l a t ive Ad vantage 
( Di s ad van t age ) vs . Ave r age 

$ /B b l  of Crude O i l  

x x . x x 
x . xx 

x x . x x 

x . x x 
x . x x 
x . xx 
x . x x 

x . x x 
x . x x 

x x . x x 

x . xx 

The c e r t i f ied pub l i c  accou n t i ng f i rm of Ar thur Young & Company pe r­
fo rmed the above c a l c u l a t ion s and agg regated the re s ul t i ng d a t a  
under i n s t ruc t ion t o  t r e a t  a l l  i nd i v i d u a l  re f i n ery d a ta i n  s t r i c t­
e s t  con f ide nce and to r e l e a s e  no id en t i f i ab l e  c ompany d a t a . 

Ba s ed on d a t a  prov id ed by the Jan u a ry 1 9 7 9  N PC S u rvey o f  Pe t r o­
l eum Re f i n i ng Capab i l i t ie s  and the produc t pr i c e s  d eve l oped f rom 
DOE d a ta and Pla t t ' s  p ub l i c a t ion , the c o s t  o f  re f i n ed prod u c t s  wa s 
c al c u l a ted by ( 1 )  company s i ze ,  ( 2 )  r e f i nery s i z e , ( 3 )  r e f i n e ry l o­
c a t i o n  ( PAD d i s t r i c t ) ,  and ( 4 ) r e f ine ry c ompl e x i ty .  The ave r age 
produc t cos t s  for  re f iner i e s  wi th in va r ious s ub s e g me n t s  we re c a l cu ­
la ted and c ompared w i th t h e  c o s t s  for o t h e r  s ub s eg me n t s  and ave r age 
cos t s  for e ach c a tegory for u.s. r e f iner i e s . 

S i nce e ar ly 1 9 7 9 ,  wh en the s urvey d a ta we r e  s ubm i t ted , there 
h ave been a number of  c hange s in the va lue s a s soc i a te d  w i th fac to r s  
d e term i n ing the re l a t i ve econom i c  po s i t i ons o f  r e f i ner ie s .  On e o f  
the mo s t  s ig n i f i c a n t  chang e s  and one t h a t  l e n d s  i t se l f  to q u an t i f i ­
c a t ion wi thout f ur ther s urvey i s  the rev i s ion t o  the sma l l  r e f iner  
b ia s  prov i s ion s  o f  the  DOE ' s  en t i t l emen t s  pro g r am wh i ch r e d uc ed the  
s uppl eme n ta l  e n t i tl eme n t s  rece ived by re f i n i ng c omp an i e s  o f  l e s s  
than 1 7 5  MB/D sys t em capac i ty .  Ar t h ur Young & C ompa ny f ur th e r  c om­
puted and repo r ted , on an agg rega ted b a s i s ,  the cos t of r e f ined 
produc t s  for the hypo the t i cal  s i t ua t ion that th i s  change h a s  been 
i n  e f fe c t  fo r all  o f  c a l endar ye ar 1 9 7 8 .  

lTh e produc t  va lue ad j u s tme n t s  we re d e te rm i ned to be the 
d i f f erence be twe e n  " va l u e "  o f  prod uc t per barrel  o f  c r ud e  o i l  
r e f i ned for the seve r al company and r e f i n e ry c a tegor i e s  and the 
we i gh ted ave r age " va l u e "  o f  produc t  per barrel of c r ude o i l for a l l  
d ome s t i c  r e f iner i e s . 
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Fur ther cons id er i ng the impl i c a t ion o f  c h a ng e s  s i nce 1 9 7 8 ,  
prod uc t va l ue ad j u s tmen t s  based upo n  maj or pro d uc t  pr i c e s  p ub­
l i shed dur i ng the f i r s t  quarter of 1 9 8 0  we r e  d e te rm i ned , and the 
cost of re f ined produc t s  wa s recompu ted as though t h i s  cha nge h ad 
been i n  e f fe c t  for c a l endar ye ar 1 9 7 8 .  He avy f u e l  o i l  pr i c e s  we re 
depre s s ed r e l a t ive to l i gh te r produc t s  in the f i r s t  q u a r t e r  o f  
1 9 8 0 . No other ad j u s tme n t s we re made to r e f l e c t  ch ange s i n  ope ra­
t ion s , c r ud e o i l pr i ce s ,  or opera t i ng cos t ,  wh i c h  c o uld be o f f se t­
t i ng or ag grava t i ng f a c to r s  to some e xt e n t .  

EXPAN DE D D I S C USS ION 

Cost o f  Re f i ned Prod u c t s  

Da ta showi ng r e l a t ive c ompe t i t ive pos i t i on s , a s  de te rmined by 
the cos t s  of r e f i ned produc t s  for 1 9 7 8 ,  a r e  s umma r i z e d  i n  T a b l e s  
8 9 ,  9 5 ,  1 0 2 ,  a n d  1 0 7  f o r  compan ie s agg regated by s i ze a n d  f o r  re ­
f i ner i e s  ag g rega ted by s i z e , l o c a t ion ( PA D  d i s t r i c t ) , and pro c e s s  
compl e x i ty . 

De t e rmi n a t ion o f  the sens i t i v i t y  o f  c ompe t i t ive po s i t ions  to 
( l )  the rev i s ion to the sma l l  r e f iner b i a s  prov i s i on s  of the  e n t i ­
tleme n t s  prog r am a s  o f  June 1 ,  1 9 7  9 ,  and ( 2 )  who l e s a l e prod uc t 
p r i c e  pa tterns  dur i ng the f i r s t  quarter of 1 9 8 0  a r e  s umma r i z e d  i n  
Table s 9 3 ,  9 8 ,  1 0 5 ,  and 1 1 0 . The se c ompe t i t ive po s i t io n  d a ta are 
d i spl ayed for two bases of comp u t i ng cos t o f  c a p i t a l ; the  pr imary 
bas i s  wa s or i g i n a l  und e pre c i ated a s se t s  and the s e cond a ry bas i s  
prov ided a se n s i t iv i ty analy s i s  us i ng repl a c eme n t  i nve s tme n t .  Ea ch 
of the e l eme n t s  of produc t  c o s t  ( c r ud e  o i l and o ther f e e d s tock 
c os t s , ope r a t i ng e xp e n s e s , and cost  of c ap i ta l  emp l oye d ) are d i s­
cus sed i n  some d e ta i l  l a t e r  i n  th i s  chapte r .  

Company S i z e  Agg re g a t ions 

Compan i e s  i n  the two sma l l e r  s i ze c a t egor i e s ,  0 -1 0  MB/D and 
1 0 -3 0 MB/D , we re in mo re favorab l e  c ompe t i t i ve po s i t i o n s  than we re 
larger c ompan i e s  und er 1 9 7 8  cond i t ion s .  Re f i n i ng c ompa n i e s  of 1 0  
MB/D o r  l e s s  i n  c apac i ty appe ar on the ave r ag e  t o  h ave been a b l e  to 
manufac t ure produc t s  at cos t s  of $ 0 . 3 7 /bb l  of c r ud e  o i l  l e s s  than 
the ave rag e , wh i l e  r e f i ne r s  i n  the 1 0 0 -1 7 5  MB/D s i z e  c a teg ory had 
the h ighe s t  produc t cos t i n  1 9 7 8  at $ 0 . 4 9/bb l  o f  c r ud e  o i l above 
the ave r age . Compan i e s  o f  g r e a t e r  than 1 7 5  M B/D c apac i ty ,  the 
i ndus t ry s egme n t  w i th the greate s t  frac t ion o f  the n a t ion ' s  capac­
i ty ,  i ncur red s l i g h t ly l owe r c os t s  ( $ 0 .  0 2/bb l ) than the ave r age 
( Tabl e 8 9 ) . 

The f avor able c ompe t i t ive po s i t ion o f  the  0 - 1 0  MB/D r e f i n e r s  
w a s  s ig n i f i c antly i n f l ue n c ed by the i r  ave r ag e  n e t c rud e o i l  cos t s , 
wh i ch wer e  $ 2 . 1 9/bbl be l ow the ave r age for a l l  c ompan ie s .  Th i s  
c rud e o i l cos t advan tage was l arge ly d ue t o  the sma l l  r e f i n e r  b i as 
but a l so re f l e c t s  c r ud e  o i l  qual i ty ( i . e . , h igher s u l f ur c o n te n t  
and lowe r A P I  g r av i ty ) and other factors . Crud e o i l  cos t s  for  ag ­
grega t i ons o f  c ompan i e s  h av i ng l e s s  than 5 0  M B/D capac i ty ranged 
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TABLE 89 

1 978 Competitive Pos itions of Refining Companies 
Aggregated by Company Size Range 

{ All Figures Other Than Company Size and Complexity are $/Barrel of Crude Oil and Field Condensate ) 

Com,12an:t: Size Ran9:e { MB/D ) 
0- 1 0  1 0-30 30-50 5 0 - 1 0 0  1 0 0 - 1 75 1 75+ All 

Weight Average Complexity 1 0 5 0  2 . 88 4 . 78 5 . 68 7 . 2 1  7 0 7 2  7 . 27 

Crude Oil Cost* 1 0 . 54 1 1 . 5 5  1 2 . 2 5  1 3 . 0 0 1 2 . 92 1 2 . 78 1 2 . 7 3  
Other Feedstock Costt 1 . 56 0 . 9 1  o . 88 1 . 36 0 . 93 1 0 2 3  1 . 20  
Total Input Cost 1 2 . 1 0  1 2 . 46 1 3  0 1 3  1 4 . 36 1 3 . 85 1 4 . 0 1  1 3 . 9 3  

Operating Expenses 
Fuel and Purchased Utilities 0 . 42 0 . 7 0  0 0 7 2  0 . 84 o . 8s 1 . 1 3 1 . 0 7  
Depreciation 0 . 1 1  0 . 1 9 0 . 2 1  0 . 1 3 0 . 1 7 0 . 20 0 0 1 9  
Maintenance and Other Expenses o . 85 0 . 98 0 . 96 1 . 04 o . 8s 1 . 0 3  1 . 02  

Subtotal , Operating Expenses 1 . 38 1 .  8 7  1 . 89 2 . 0 1  1 . 8 7  2 . 36 2 . 28 

Cost of Capital Employed 0 . 38 0 . 7 0 0 . 68 0 . 67 0 . 9 2  0 . 9 0  o . 87 

Product Value Adj ustment 2 . 85 1 . 8 7  1 . 64 o . o s 0 . 93 ( 0 . 2 1 )  0 

Total Product Cost 1 6 . 7 1  1 6 . 9 0  1 7  0 34 1 7 . 0 9  1 7 . 5 7  1 7 . 06 1 7 . 0 8 

Relative Company Advantage 
{ Disadvantage ) VS o Average 0 . 37 0 . 1 8  { 0 . 26 )  { 0 . 0 1 ) { 0 . 49 )  0 . 0 2 Bas e  

Number of Companies 2 1  25 1 1  1 1  5 1 8  9 1  

Number of Refineries 2 2  3 1  1 1  1 9  8 95 1 8 6  

Crude Charge Capacity { MB/D ) 1 6 7  55 1 424 765 670 1 2 , 23 4  1 4 , 8 1 1 

*Crude oil expense includes crude oil and field condensate after entitlements including small refiner bias 
and exc luding the benefits of all other special entitlements programs . 

tOther feedstock acquisition expense i s  the e stimated cost of other hydrocarbon f eedstock purchased for 
processing or blending. 



f rom $ 1 0 . 5 4 /bbl to $ 1 2 . 2 5/b b l  net  a f ter e n t i tl eme n t s ,  wh i l e  comp any 
agg r ega t ions of grea ter than 5 0  MB/D e xpe r i enced ne t a f te r  en t i t l e ­
me n t  cos t s  o f  $ 1 2 . 7 8/bb l  to $ 1 3 . 0 0/bb l .  Th e ave r ag e  c rud e o i l  cos t 
for a l l  c ompa n i e s  wa s $ 1 2 . 7 3 /b b l  { Table  8 9 ) . 

The n e t  a f ter en t i tl emen t s  c r ud e  o i l  and a s soc i a ted re f i ned 
p roduc t cos t s  men t i oned above i nc lud e  the e f f e c t s  o f  the sma l l  
re f iner b i a s  prov i s ion s o f  the e n t i tl eme n t s  prog r am .  In  the a b­
sence o f  the sma l l  r e f i n e r  b i a s  provi s i ons , the  r ange o f  the cos t 
of r e f i n ed prod uc t s  for c ompa ny s i ze c a t egor i e s  wo uld h ave been 
f rom $ 1 6 . 9 3  to $ 1 8 . 4 8/bb l  of c rude o i l . Und e r  tha t hypo the t i c a l  
s i tuat ion , t h e  c ompan i e s  i n  t h e  1 7 5 +  MB/D s i ze c a t eg o ry wo uld h ave 
occup ied the mos t  c ompe t i t ive po s i t ion , wh i l e  those i n  the 0 -1 0  
MB/D s i ze range would h ave been i n  the l e a s t  c ompe t i t ive po s i t ion 
{ Table 9 0 ) .  

To d ocume n t  the impact  of c er ta in r eg u l a to ry programs a s  t hey 
e x i s ted in 1 9 7 8 ,  Tab l e  9 0  and F ig ure 3 3  pre s e n t  the re l a t i ve c om­
pe t i t ive pos i t 1ons of c ompan i e s  und er seve r a l  s c e n a r io s  r egard ing 
crude o i l cos t .  In  Sce nar i o  A,  n e t  a f te r  e n t i tl emen t s  c r ud e  o i l  
c os t s  r e f l e c t  the program a s  ac tual ly admi n i s t e r ed i n  1 9 7 8  to the 
extent that sma l l  re f iner  bene f i ts are i n c l ud ed . The n e x t  two s c e ­
nar ios are hypo t he t i c a l : Scenar io B i s  a f te r  e n t i tl eme n t s  bu t 
wi thout the sma l l  re f iner  b i a s , and Scena r i o  C i s  be fore e n t i t l e ­
me n t s . In these s c enar ios , the compe t i t ive ad va n tag e i s  shown to 
h ave re s id ed in  1 9 7 8  w i th the sma l l e r  c ompa n i e s  when the c r ud e  o i l 
c o s t  b a s e s  we re n e t  a f ter e n t i tleme n t s  ( S c enar io A ) . Wi thou t the 
sma l l  r e f iner  b i a s  ( Scena r i o  B ) , there wo uld h ave been a d r ama t i c  
sh i f t , w i th the sma l l e r  c ompan i e s  a t  a pro noun ced d i s ad va n tag e . 
The c o s t  of prod uc t s  from the 0 -1 0  MB/D c ompany s i ze c a t eg o ry would 
have been $ 1 .  4 4/bb l  h ig h e r  than the  ave r ag e . Th e r e  is  n o t  a d i s­
t i ngui shable pat te rn for the hypo the t i c a l  s i t u a t i o n  be fore en t i t l e ­
men t s  i n  1 9 7 8 ;  t he r e f iner i e s  hav i ng g re a t e r  t h a n  1 7 5  MB/D o f  
capac i ty would h ave h ad the l owe s t  cos t  prod uc t s  and c ompa n i e s  i n  
the 3 0 - 5 0  M B/D s i ze r ange had the h ighe s t  cos t produc t s . Th e d i f­
ference shown i n  c o s t s  be fore and a f te r  e n t i tl eme n t s  i s  d ue to the  
procedure used fo r the e n t i t l eme n t s  c a l cul a t i on s  ( s e e  Append i x  G ) . 

In m i d - 1 9 7 9 ,  the sma l l  re f iner b i a s  prov i s i o n s  o f  the en t i tl e ­
men t s  progr am we re s ub s tan t i a l ly mod i f i ed , red uc i ng t h e  bene f i t s  to 
a l l  compan i e s  in the prog r am w i th g r e a te s t  imp a c t  on tho s e  w i t h  c a­
pac i t ie s  of 5 0  MB/D o r  l e s s .  For the 0 -1 0  M B/D c ompany ca tegory , 
the reduc t ion amounted to $ 0 . 9 0/bb l . Th i s  four th c rud e o i l  cos t 
bas i s  scenar i o  ( Scenar io D )  i s  pre sen ted i n  Tab l e  9 0  and F i g ure 3 4 ; 
the 1 9 7 8  d a t a  have been ad j u s ted to re f l e c t  only the  change i n  the 
sma l l  re f iner b i a s prog r am as admi n i s te red a f ter June 1 ,  1 9 7 9 . 

In the smal l e s t  c ompa ny s i ze c a t egory , 0 -1 0  MB/D , the c r ud e  o i l 
c os t  e l emen t  of produc t cos t i n c reased by $ 0 . 9 0 /bb l ,  bu t wa s s t i l l  
$ 1 .  2 9/bbl b e l ow the ind u s t ry average { Table  9 3 ) .  Be cause o f  the 
c rude o i l cos t sh i f t ,  howeve r ,  t he rev i s i o n  o f  the  sma l l  re f iner  
b i as progr am d ropped the 0 -1 0  MB/D c ompany s i z e  range to the  poo r­
est compe t i t ive po s i t io n ,  w i th produc t cos t s  $ 0 . 5 3/b b l  above the 
ind u s t ry ave rag e . In  th i s  conte x t , the 5 0 -1 0 0  M B/D c ompa ny s i ze 
range bec ame the mos t  c ompe t i t ive , with prod uc t c o s t s  $ 0 . 0 6/b bl 
below the ave rage . 
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TABLE 9 0  

Competitive Pos itions o f  Refining Companies Under Various Crude Oil Cost Scenarios 
Aggregated by Company Size Range 

Basis of Crude Oil Cost* 

I. Total 1 9 7 8  Refined Products 
Costs i n  $ /Barrel of Crude 
Oil Processed 

A .  Net After Entitlements t 

B .  Afte r Entitlements 
Without Sma l l  Refiner 
Bias 

c .  Be for e Entitl ements 

D. Net After Enti tlements t  
Adjusted for June 1 9 7 9  
Smal l Refiner Bias 

I I .  Relative Company Advantage 
( Disadvantage ) vs . Average 
in Ref ined Products Costs 
in $/Barrel of Crude Oil 
Processed 

A .  Net Afte r Entitlement s t  

B .  Afte r Entitlements 
Without Sma l l  Refiner 
Bias 

c .  Before Entitlements 

D. Net Afte r Entitl ements t  
Adjusted for June 1 979 
Smal l Refiner Bias 

0- 1 0  

1 6 . 7 1  

1 8 . 48 

1 7 . 0 6 

1 7 . 6 1  

0 . 3 7 

( 1 . 44 )  

( 0 . 3 5 )  

( 0 . 5 3 ) 

Company Size Range ( MB/D ) 
1 0- 3 0  3 0- 5 0  5 0 - 1 0 0  1 0 0 - 1 7 5  

1 6 . 9 0  1 7 . 34 1 7 . 0 9 1 7 . 57 

1 8 . 0 6 1 7 . 99 1 7 . 26 1 7 . 5 5 

1 7 . 2 7 1 8 . 1 8  1 6 . 98 1 8 . 0 3 

1 7 . 4 1  1 7 . 58 1 7 . 0 2  1 7 . 4 2  

0 . 1 8  ( 0 . 2 6 )  ( 0 .  0 1 ) ( 0 . 4 9 )  

( 1 . 0 2 )  ( 0 . 9 5 ) ( 0 . 2 2 )  ( 0 .  5 1 ) 

( 0 . 5 6 )  ( 1 . 4 7 )  ( 0 . 2 7 )  ( 1 . 3 2 ) 

( 0 . 3 3 )  ( 0 . 5 0 )  0 . 0 6 ( 0 . 3 4 )  

1 7 5+ 

1 7 . 0 6 

1 6 . 93 

1 6 . 59 

1 7 . 0 4 

0 . 0 2  

0 . 1 1  

0 .  1 2  

0 . 04 

Average 

1 7 . 08 

1 7 . 0 4 

1 6 . 7 1  

1 7 . 0 8 

Bas e  

Bas e 

Base 

Base 

*Al l entitlements calculations exclude the benefits of special entitlements programs except the 
small ref iner bia s ,  whi ch is inc luded where noted.  

t includes small refiner bia s .  
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1 75 +  

F i g u re 33. Tota l 1 978 Ref i ned P rodu cts Costs i n  $/Barre l  of Crude O i l  P rocessed for 
Ref i n i n g  Compan ies-Ag g regated by Company S ize Range.  

NOTE:  This f igure was p lotted from data i n  Table 90. 
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F i g u re 34. Effect of the Change in the S m a l l  Refi ner  B i as on Ref i ned P rod u cts Costs in $/Barrel 
of Crude O i l  P rocessed for  Refi ner ies-Agg regated by Com pany S ize Range.  

NOTE: T h i s  fig u re was p lotted from d a t a  in  Table 90. 
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Ope r a t i ng cos t s  and cos t of c ap i ta l  empl oye d i nc r e a sed w i th 
company s i z e ,  f rom a l ow of $ 1 . 7 6/bbl to a h igh of $ 3 .  2 6/bbl o f  
c rud e o i l ( Table  8 9 ) . Increas i ng comp l ex i ty w i th i nc re a s i ng c om­
pany s i ze s ign i f i c an tly i n f l uenced th i s  trend ( Table  1 0 7 ) .  

Enhanc ed prod uc t m i x  va l ue i s  r e a l i zed a s  one re s ul t  o f  the 
g re a ter c ap i ta l  ou t l ay and ope rat i ng cos t s  i ncurred by the l arger 
compan ie s .  Tab l e  91  s hows g r e a te r  y i e l d s  o f  h ighe r va lue prod uc t s  
a s  company s i z e  i n c re a se s ,  u p  t o  a t  l e a s t  t he 5 0 -1 0 0  M B/D s i z e  
range . 

The enhanc eme n t  of prod uc t slate  w i t h  c ompa ny s i ze gene r a l l y  
more than o f f s e t  the added cos t s  a s so c i a ted w i th t h a t o f  upg rad i ng 
for compan i e s  of 1 0 0  MB/D capac i ty or l e s s .  Th i s  may be i l lu s­
t r a ted by c ons i d e r i ng the s um o f  the ne t ad j u s tme n t s  fo r produc t 
va lue and for other feeds tocks added to opera t i ng e xpen s e s  and cap­
i ta l  cos t s , as in the fo l l ow i ng tabul a t ion : 

Company S i ze Ra nge ( M B/ D )  0 - 1 0  1 0- 3 0  3 0- 5 0  5 0- 1 0 0  1 0 0 - 1 7 5  1 7 5+ 

Ave rag e Comp l e x i ty 1 .  5 0  2 . 8 8  3 .  9 8 5 . 6 1  7 . 2 1  7 . 7 2  

Ne t Produc t & Fe ed s tock 
Ad j us tmen t ( $/Bb l ) 4 . 4 1 2 . 7 8 2 . 5 2 1 .  4 1  1 .  8 1  1 .  0 2  

Pl u s  Operat ing Exp e n s e  
and Cos t  o f  Cap i ta l  
( $/Bb l ) 1 .  7 6  2 . 5 7 2 . 5 7 2 . 6 8 2 . 7 9 3 . 2 7 

Tot a l  6 . 1 7 5 . 3 5 5 . 0 9 4 . 0 9 4 . 6 0 4 . 2 9 

Among the fac to r s  i n f l uenc i ng c ompe t i t ive po s i t ions wh i c h  h ave 
changed marked ly s i nce 1 9 7 8  and wh i ch may be appr o x ima t e l y  quan t i ­
f i ed are p ubl i shed maj or prod uc t pr i ce s .  The r e  wa s a much w i d e r  
s pread i n  t h e  f i r s t  q u a r t e r  o f  1 9 8 0  than i n  1 9 7 8  b e twe e n  t h e  pr i c e s  
of l igh ter prod uc t s  s uch a s  g a sol ine or d i s t i l l a te and t h e  he av i e r  
petroleum f r act ions s uch a s  heavy f ue l  o i l  ( Ta b l e  9 2 ) .  

As a sen s i t iv i ty analy s i s ,  the impac t o f  c omp u t i ng produc t 
va l ue ad j u s tme n t s  wa s d e t e rmined a s  t hough the se 1 9 8 0  prod uc t 
p r i c e s  h ad been i n  e f f e c t  i n  1 9 7 8 .  As wou l d  be e xpe c ted , the  c om­
pan i e s  wi th smal l e r , l e s s  c ompl ex re f i n e r i e s  and g re a t e r  y i e l ds o f  
heav i e r  produc t s  are pl aced a t  a pronoun c ed d i s ad van tage i n  s uc h  
c i r cums tance s .  

Und er the c omb ined e f fe c t s  of ad j u s tme n t s  to the 1 9 7 8  d a t a  for 
the Jun e  1 ,  1 9 7 9 ,  sma l l  re f i ner b i a s  rev i s i o n  and the f i r s t  q u a r t e r  
1 9 8 0  prod uc t ma rke t s ,  t h e  sma l l e s t  c ompa ny s i ze r a nge , 0 -1 0  MB/D , 
i s  a t  an ave rage d i sadvan tage of $ 4 . 5 3 /bb l  c omp a red to the i nd u s t ry 
ave r age . Pl an t s  own ed by the se c ompan i e s  gene r a l l y  l a ck conver s i on 
capab i l i t i e s  to ad j u s t  prod uc t m i x  to take adva n tage of marke t con­
d i t ion s . Th i s  c ompar i son is e x c l u s ive of any ad j u s tme n t  for 
change s i n  re l a t ive c rud e o i l  cos t and other f a c to r s . The 1 9 8 0  
d i s ad van tage d e c l ine s r ap id ly w i th c ompa ny s i ze t o  $ 1 . 5 7/bb l  for 
compan i e s  i n  the 3 0 - 5 0  MB/D c a tegory . 

1 5 7  



f--' 
U1 
(X) 

Product Yields 
LPG 
Mo tor Ga so line 
Jet Fuels 
Middle Di stillate 
Heavy Fuel Oils 
Asphalt 
Finished Lubricants 
BTX 
Feedstocks Sold to Others 
other Saleable 
Re finery Fuel Produced 
To tal (Except SUl fur , Wax ,  

and Coke )  

Other F eedstocks 
Natural Ga so l ine 
Butanes 
other Fe edstocks 
Other Blendstocks 
To tal 

TABLE 9 1  

1 97 8  Pr oduc t and ot her Feedstock Sl ates 
A9:gre9:ated bJ:: C om12anJ:: s ize Ran9:e 

( Vo l .  % of 'lb tal Input) 

C om12anl S ize Ran9:e 
0- 1 0  1 0-3 0  3 0-5 0  5 0- 1 0 0 

0 . 2 0 . 8  1 .  5 1 .  8 
1 4 . 7 26. 6 29. 0 48. 4 

7 . 7 6 . 0 8 . 3 4 . 3 
1 6. 2  2 2 . 6 2 5 . 2 24 . 0 
3 4 . 0 2 5 . 7 1 8. 5  1 0 . 8  

9 . 4 5 . 7 5 . 0 2 . 3 
3 . 5 * * 

* * * 

5 . 2 3 .  1 2 . 5 1 .  9 
3 . 9 * * * 

1 . o  3 . 2 3 .5 4 .5 

95 . 9 99. 6 99. 8 1 0 1 . 3  

4 . 4 1 .  9 2 . 4 1 .  7 
1 .  0 1 .  5 2 . 9 

* * 2 .  2 3 . 6 
2 .8 1 . 3 * 0 .6 

-- -- --

* * * 8 . 8 

*Data withheld to protect confidential ity . 

( MB /D ) 
1 0 0- 1 75 1 75+ Avera9:e 

1 .  2 2 . 0 1 .  9 
48. 2 46. 7 4 5 .  1 

6. 7 6. 3 
2 7 .  1 1 9. 4 2 0 . 2 

7 . 8 8 . 8 1 o .  1 
3 . 7 2 . 5 2 . 8 

1 .  3 1 .  2 
* 0 . 8  0 . 7 

5 . 0 3 . 9 3. 8 
* 3 . 7 3 . 5 

5 . 3 5 . 7 5 .4 

99. 8 1 0  1 .  5 1 0  1 .  2 

1 .  7 2 . 3 2 . 2 
2 .  1 1 .  7 1 .  7 
2 .  1 3 . 6 3. 4 

* 1 . 3  1 . 2 --
* 8 . 9 8. 5 



TABLE 9 2  

New York Harbor Prod u c t  P r i c e s  
( ¢/Gal lon ) 

Re f i nery Prod u c t s  

LPG 
Mo tor Ga sol i n e  
Je t Fue l -Naph tha 
Je t Fue l -Ke ro s ine 
Ke ros i ne ,  No . 1 H e a t i ng O i l  
Die s e l  
Di s t i l l a te No . 2 
He avy Fue l O i l  
Asph a l t  
F i n i shed Lubr i c a n t s  
BTX 

Feed s tock Other Than C rude O i l  

Bu tane s 
Na t ur a l  Ga sol ine 

Cal end ar 
1 9 7 8  

2 3 . 2- 2 7 . 2  
4 0 . 1 -4 3 . 5  
4 0 . 7 -4 2 . 8 
3 6 . 7 -4 0 . 8  
3 7 . 5 -4 1 . 6 
3 4 . 3 - 3 8 . 4  
3 4 . 2 - 3 8 . 3  
2 0 . 0 - 3 1 . 6  
3 5 . 0 
7 0 . 0 - 7 5 . 0 
6 1 . 3 

2 3 . 2- 2 7 . 2  
3 3 . 3 - 3 7 . 3 

F i r s t  Quar te r 
1 9 8 0  

4 0  
8 6 . 5  
8 0  
7 8  
7 9  
7 7  
7 6 . 5 
4 2  
4 5  

1 2 0  
1 2 5  

6 0  
7 5  

Tab l e  9 3  p r e s e n t s  d a ta d e ta i l i ng the imp a c t  o f  th i s  c hange i n  
prod uc t  pr i c e s  when coupl e d  wi th the a fo r eme n t i oned 1 9 7 9  mod i f i c a­
t ion o f  the sma l l  re f i ner b i a s . Th i s  t a b l e  a l s o  shows the c ap i ta l  
cost  e l emen t  o f  prod uc t cos t c omputed o n  two ba se s ; the pr ima ry 
b a s i s  r e f l e c t s  a 2 0  percent  per ye ar charge upo n o r ig i n a l  undepre­
c i a ted a s s e t s  and the se cond a ry bas i s  employ s  c urren t r e pl ac eme n t  
i nve s tme n t . Th e c ompe t i t ive rank i ng o f  c ompany s i z e  r ange s i s  
qu i te sens i t ive to the b a s i s  u sed for the cap i t a l  c o s t  c omp u t a t ion . 
Th e po s i t ion o f  the sma l l e r  compa n i e s  wi th l owe r i nve s tme n t  l eve l s  
i s  enhanced i f  the c ompar i son i s  o n  a curren t r e pl ac emen t c o s t  
ba s i s .  The analys i s  o f  c ompe t i t ive n e s s  b y  c ompany s i ze i s  rec apped 
in  Tabl e  9 4 .  

Re f i ne ry Aggrega t ions 

Re f i ne ry S i ze .  S im i l ar to the trend no ted w i th respe c t  to c om­
pany s 1 ze , th 1 s  s t udy shows , a s  pre sen ted in  Tab l e  9 5 ,  t h a t  r e f in­
eries o f  lowe r cr ud e o i l  c apac i t i e s  h ad an econom i c  ad van t age i n  
the 1 9 7 8  env i ronmen t .  The cos t of re f ined produc t s  g e n e r a l ly i n ­
creased wi th re f i n e ry s i ze , from a low o f  $ 1 6 . 4 9/bb l  o f  c r ud e  o i l 
for re f iner ies o f  1 0 - 3 0 MB/D c apac i ty to a h ig h  o f  $ 1 7 .  1 4 /b b l  o f  
crud e  o i l f o r  re f i ner i e s  o f  greater than 1 7 5  MB/D capac i ty .  The 
we igh ted aver age produc t cos t s  of a l l  re f i ner i e s  wa s $ 1 7 . 0 8 /b b l  of 
crud e  o i l . 

1 5 9  



TABLE 9 3  

Implications o f  Changes Since 1 978 in Competitive Factors and Varying Bases for 
Computing Cost of Capital for Refining Companies Aggregated by Size Range 

( All Figures Other Than Company Size and Complexity are $/Barrel of Crude Oil and Field Condensate ) 

Weight Average Complexity 

1 .  1 978 Data 

A .  Capital Cost Based Upon 
Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

B .  Capital Cost Based Upon 
Replacement Investment 

Crude Oil Expense 
Cost of Capital Employed 
other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

2 .  1 978 Data Adjusted for June 1 979 
Small Re finer Bias 

A.  capital Cost Based Upon 
Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

B .  Capital Cost Based Upon 
Replacement I nvestment 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

3 .  1978 Data Adjusted for June 1979 
Sma l l  Refiner B i a s  and First 
Quarter 1 980 Product Prices 

A . Capital Cost Based Upon 
Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capita l Employed 
Other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

B .  Capi ta l Cost Based Upon 
Replacement Investment 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Company Advantage 

( Disadvantage ) vs . Average 

0 - 1 0  

1 . 50 

1 0 . 54 
0 . 38 
5 . 79 

1 6 . 7 1  

0 . 3 7 

1 0 .54 
1 . 06 
5 . 79 

1 7 . 39 

1 . 29 

1 1 . 44 
0 . 38 
5 . 79 

1 7 . 6 1  

( 0 . 5 3 )  

1 1 . 44 
1 . 06 
5 . 79 

1 8 . 29 

0 . 39 

1 1 .44 
0 . 38 

1 1 . 33 
2 3 . 1 5  

( 4 . 5 3 )  

1 1 . 44  
1 . 06 

1 1 . 33  
2 3 . 83 

( 3 . 6 1 ) 

Company Size Range ( MB/D ) 
1 0-30 30-50 50- 1 0 0  1 00- 1 75 

2 . 88 

1 1 . 55 
0 . 70 
4 . 65 

1 6 . 9 0  

0 . 1 8 

1 1 . 55 
2 . 1 3  
4 . 65 

1 8 . 33 

0 . 35 

1 2 . 06 
0 . 70  
4 . 65 

1 7 . 4 1  

( 0 . 3 3 )  

3 . 98 

1 2 . 25 
0 . 68 
4 . 4 1  

1 7 . 34 

( 0 . 2 6 )  

1 2 . 25 
2 . 1 4 
4 . 4 1  

1 8 . 80 

( 0 . 1 2 )  

1 2 . 49 
0 . 68 
4 . 4 1  

1 7 . 58 

( 0 . 5 0 )  

1 2 . 06 1 2 . 49 
2 . 1 3  2 . 1 4  
4 . 65 4 . 4 1  

1 8 . 8 4  1 9 . 0 4  

( 0 . 1 6 )  ( 0 . 36 )  

1 2 . 06 
0 . 70 
8 . 36 

2 1 .  1 2  

( 2 . s o )  

1 2 . 06 
2 . 1 3  
8 . 36 

2 3 . 55 

( 3 . 33 ) 

1 6 0  

1 2 . 49 
0 . 68 
7 . 02 

20 . 1 9 

( 1 . 5 7 )  

1 2 . 49 
2 . 1 4 
7 . 0 2  

2 2 . 65 

( 2 . 4 3 )  

5 . 6 1  

1 3 . 00 
0 . 67 
3 . 42 

1 7 . 09 

( 0 . 0 1 )  

1 3 . 0 0  
2 . 4 0  
3 . 4 2  

1 8 . 82 

( 0 . 1 4 )  

1 2 . 9 3  
0 . 67 
3 . 42 

1 7 . 0 2  

0 . 06 

1 2 . 9 3  
2 . 40 
3 . 42 

1 8 . 75 

( 0 . 0 7 )  

1 2 . 9 3  
0 . 6 7  
4 . 73  

1 8 . 33 

0 . 29 

1 2 . 93 
2 . 40 
4 . 7 3  

20 . 06 

0 . 1 6 

7 . 2 1  

1 2 . 9 2  
0 . 92 
3 . 73 

1 7 . 5 7  

( 0 . 49 )  

1 2 . 92 
2 . 42 
3 . 73 

1 9 . 07 

( 0 . 39 )  

1 2 . 77 
0 . 92 
3 . 7 3  

1 7 . 4 2  

( 0 . 3 4 )  

1 2 . 77 
2 . 42 
3 . 7 3  

1 8 . 92 

( 0 . 2 4 )  

1 2 . 7 7  
0 . 92 
4 . 99 

1 8 . 68 

( 0 . 0 6 )  

1 2 . 7 7 
2 . 42 
4 . 99 

20 . 1 8 

0 . 04 

1 75+ 

7 . 72 

1 2 . 78 
0 . 9 0  
3 . 38 

1 7 . 06 

0 . 02 

1 2 . 78 
2 . 5 2  
3 . 38 

1 8 . 68 

o . oo 

1 2 . 76 
0 . 90 
3 . 3 8  

1 7 . 04 

0 . 04 

1 2 . 76 
2 . 52 
3 . 38 

1 8 .66 

0 . 0 2  

1 2 . 76 
0 . 9 0  
4 . 76 

1 8 . 4 2  

0 . 20 

1 2 . 76 
2 . 52 
4 . 76 

2 0 . 04 

o. 1 8  

7 . 2 7  

1 2 . 7 3  
0 . 87 
3 . 48 

1 7 . 08 

Base 

1 2 . 7 3 
2 . 47 
3 . 48 

1 8 .68 

Base 

1 2 . 7 3  
0 . 8 7  
3 . 48 

1 7 . 08 

Base 

1 2 . 7 3  
2 . 47 
3 . 48 

1 8 .68 

Base 

1 2 . 7 3  
0 . 87 
5 . 02 

1 8 . 62 

Base 

1 2 . 7 3  
2 . 47 
5 . 02 

20 . 22 

Base 



TABLE 9 4  

H i gh e s t  and Lowe s t  Produc t M i x  Cos t 
Agg reg a ted by Company S i z e Rang e 

( $/Bb l Crude O i l  Th roughpu t )  

1 9 7 8  Da ta 

Cap i ta l  Cos t B a s ed Upon : 

Or ig i na l  Undepr e c i a ted 
As s e t s  

Rep l a c emen t  I nve s tme n t  

1 9 7 8  Da ta Ad j u s ted f o r  
J une 1 9 7 9  Sma l l  Re f i ne r B i a s  

Cap i t a l  Cos t Based Upon : 

Or ig i na l  Undepre c i ated 
As s e t s  

Rep l aceme n t  I nve s tme n t  

1 9 7 8  Dat a  Ad j u s ted for 
June 1 9 7 9  Sma l l  Re f i ner B i as 
and F i rs t  Quarter 1 9 8 0 
Produc t Pr i c e s  

Cap i tal Cos t  Ba sed Upo n : 

Or ig i na l  Undepr e c i ated 
As s e t s  

Re placeme n t  I nve s tme n t  

Company S i z e 
Range 

0- 1 0  M B/D 
1 0 0 - 1 7 5  MB/D 

0- 1 0  MB/D 
1 0 0-1 7 5  MB/D 

5 0 - 1 0 0  MB/D 
0- 10 MB/D 

0- 10 M B/D 
3 0 - 50 MB/D 

5 0- 1 0 0  M B/D 
0- 1 0  MB/D 

1 7 5+ MB/D 
0 - 1 0  MB/D 

Adva n t age 
( Di s ad va ntage ) 

v s . Ave rage 

0 . 3 7 
( 0 . 4 9 )  

l .  2 9  
( 0 . 3 9 )  

0 . 0 6 
( 0 . 5 3 )  

0 . 3 9 
( 0 .  3 6 )  

0 . 2 9 
( 4 .  5 3 ) 

0 . 1 8 
( 3 . 6 1 )  

The co s t  o f  c rud e o i l  i s  aga i n  the maj or f a c to r  i n f luenc i ng the 
t rend of produc t  cos t by re f i nery s i ze , r ang i ng f rom a l ow of 
$ 1 1 .  0 3 /bbl for pl an t s  o f  unde r  10 MB/D capac i ty to a h igh of 
$ 1 2 . 8 7/bb l  for re f i ner i e s  hav i ng mo re than 1 7 5  M B/D c apac i ty ( Ta b l e  
9 5 ) . I n  c ompu t i ng c r ud e o i l c o s t s  for a l l  re f i n e ry agg r e g a t ion s 
( a s d i f feren t i a  ted from company ag greg a t ions ) ,  e n t i t l eme n t s  we re 
c a l c ul a ted on a hypothe t i c al bas i s  a s  though e a c h  re f i n e ry ,  regard­
l e s s  of s i z e , we r e  a se parate company . The s pr e ad b e twe en the 

1 6 1  
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TABLE 95 

Competitive Pos itions of Refineries 
A��re�ated by Refinerx Size Ran�e 

( All Figures Other Than Refinery Size and Complexity Are $/Barrel of Crude Oil and Field Condensate ) 

Refinery Size Ran�e ( MB/D ) 
0- 1 0  1 0-30 30-50 50- 1 00 1 0 0- 1 75 1 75+ All 

Weight Average Complexity 2 . 34 3 . 3 3 5 . 39 7 . 8 3  8 . 46 7 . 59 7 . 27 

Crude Oil Cost* 1 1 . 0 3  1 1 . 55 1 2 . 4 1  1 2 . 8 5 1 2 . 7 5  1 2 . 8 7  1 2 . 7 3  
other Feedstock Costt 1 .  59 0 . 93 0 . 86 1 .  37 1 . 30 1 . 1 9 1 . 20 
Subtotal Input Cost 1 2 . 62 1 2 . 48 1 3 . 2 7  1 4 . 2 2 1 4 . 0 5 1 4 . 06 1 3 . 93 

Operating Expenses 
Fuel and Purchased Utilities 0 . 85 0 . 80 0 . 88 1 .  1 1  1 . 29 1 . 05 1 . 0 7 
Depreciation 0 . 20 0 .  1 6  0 .  1 5  0 . 1 6 0 . 2 2  0 . 2 1  0 . 1 9 
Maintenance and Other Expenses 1 . 29 0 . 93 0 . 94 1 . 07 1 . 1 0 0 . 98 1 . 02 

Subtotal ,  Operating Expenses 2 . 34 1 . 89 1 . 97 2 . 34 2 . 6 1  2 . 24 2 . 28 

Cost of Capital Employed 0 . 7 8  0 . 6 2  0 . 69 0 . 8 1  1 . 0 1  0 . 89 0 . 87 

Product Value Adjustment 1 .  22 1 . 5 0  0 . 90 ( 0 . 26 )  ( 0 . 55 )  ( 0 . 0 5 )  0 

Total Product Cost 1 6 . 96 1 6 . 4 9  1 6 . 8 3  1 7 . 1 1  1 7 . 1 2  1 7 . 1 4  1 7 . 08 

Relative Refinery Size Advantage 
( Disadvantage ) vs . Average 0 .  1 2  0 . 59 0 . 25 ( 0 . 03 )  ( 0 . 04 )  ( 0 . 06 )  Base 

Number of Refineries 3 1  45 30 33  24 2 3  186 

Number of Companies 27 36 24 2 1  1 6  1 1  9 1  

Crude Charge Capacity ( MB/D ) 209 93 1 1 , 3 1 7  2 , 30 7  3 , 084 6 , 962 1 4 , 8 1 1 

*Crude oil expense includes crude oil and field condensate after entitlements including small refiner bias 
program and excluding the benefits of all other special entitlement programs . 

tOther feedstock acquisition expense is the estimated cost of other hydrocarbon feedstocks purchased for 
blending or processing. 



h ighe s t  and l owe s t  c r ud e  o i l co s t  agg r ega t ion s  was s l i gh t ly l e s s  on 
a re f i nery s i ze b a s i s  than on a company s i z e  b a s i s .  One f a c to r  
con tr i bu t i ng to th i s  e f fe c t  i s  a r e d uced r ange o f  var i ance s w i t h  
respe c t  to pe rcentag e s  o f  pr i ce-contro l led ( uppe r a n d  l owe r t i e r )  
crud e  o i ls re f i n ed by the s ever a l  re f ine ry s i ze agg r eg a t ions  a s  
compared t o  c ompany s i ze agg reg a t ions . Th i s  r e fl e c t s  the  fac t t h a t  
some sma l l e r  re f iner i e s  a r e  owned b y  l arger c ompan i e s .  

Table 9 6  and F i g ur e s  3 5  and 3 6  show the r e l a t ive c ompe t i t ive 
pos i t ion for r e f i n e ry s i z e  ag greg a t ions und e r  the s ame s c enar ios 
regard i ng c rud e o i l cos t a s  pr eviou s ly shown for c ompan i e s ; i . e . , 
Scena r i o  A - - n e t  a f te r  en t i tl eme n t s ,  Scenar i o  B - - w i th e n t i t l e­
men t s  but e x c l ud i ng smal l re f iner  b i a s , Scenar i o  C - - be fore e n t i ­
t leme n t s , and S c e n a r i o  D -- n e t  a f te r  e n t i tl eme n t s , ad j u s ted f o r  
t h e  June 1 9 7 9  sma l l  re f i n e r  b i a s . In the absence o f  any e n t i t l e ­
men t s ,  t h e  3 0 - 5 0  M B/D r e f iner i e s  wou l d  have h a d  t h e  c ompe t i t ive 
advan tage by h av i ng l owe r  c r ud e  o i l co s t  than l ar g e r  re f i ne r i e s  a nd 
be tter produc t m i x  than sma l l er r e f iner ie s .  Had the e n t i t l eme n t s  
prog r am n o t  i n c l ud ed a sma l l  re f i n e r  b i a s , the ad van t ag e  i n  c ompe t­
i t ive po s i t ion wou l d  have s h i f ted to the 1 7 5 +  M B/D r e f i ne r ie s .  
Those re f iner ie s  o f  l e s s  than 1 0  MB/D capac i ty e nj oyed a s ubs tan­
t ia l  compe t i t ive ad va n tage unde r  actual 1 9 7 8  cond i t i on s , w i th c rud e 
o i l c o s t s  ne t a f te r  en t i tl emen t s  i nc l ud i ng the sma l l  re f i n e r  b i a s . 
The impl i c a t ion o f  the mod i f i c a t i on o f  the sma l l  r e f i n e r  b i a s  a s  o f  
June l ,  1 9 7 9 ,  wa s t o  c ompre s s  the rang e  o f  prod uc t c o s t  f o r  re f i n­
e r ie s  o f  g re a te r  than 1 0  M B/D c apac i ty .  Howe ve r ,  d ue to a l owe r 
prod uc t mix  va l ue , c ompan i e s  o f  l e s s  than 1 0  MB/D c apac i ty were n o t  
compe t i t ive und er the se c i rcums tances . Tab l e  9 7  s hows g re a te r  
y i e l d s  o f  h ighe r va l ued prod uc t s  a s  re f i ne ry s i ze i nc r e a s e s  a f te r  
t he 1 0 -3 0 MB/D s i ze range . 

Tab l e  9 8  reve a l s  the compe t i t ive impac t upo n r e f i n e r i e s  by s i ze 
range c ompar i ng cap i t al co s t  based on or i g i n a l  und e pre c i a ted a s s e t s  
and c ap i tal  cos t based upon repl a c eme n t  i nve s tme n t s  b e twe e n  1 9 7 8  
d a ta and 1 9 7 8  d a t a  ad j u s t ed for the June 1 9 7 9  sma l l  re f i n e r  b i a s  
and for f i r s t  quarter 1 9 8 0  produc t pr i c e s . 

Ope r a t i ng expe n s e s  and cos t o f  c ap i ta l  emp l oye d a l so gene r a l ly 
increase with  r e f i n e ry s i z e  ( Table 9 5 ) .  Th i s  i s  no t con trary to 
e conom i e s  o f  s c al e , b u t  r a ther re f l e c t s  the fac t t h a t  l arger r e f i n ­
er ie s tend t o  b e  more c ompl ex i n  ord e r  t o  e f f i c i e n t l y  proce s s  c rud e 
o i l  to a h ig h e r  value produc t m i x  or to be c apab l e  o f  hand l i ng a 
le s s  a t trac t ive c r ud e  o i l  s l a t e . La ter i n  th i s  chapter an e x ten­
s ive d i sc u s s ion o f  ope r a t i ng e xpe nse s and a s s e t  cos t s  i s  pr e s e n ted , 
wh ich addre s se s  the separate e f fe c t s  o f  re f ine ry s i ze and c ompl e x ­
i ty .  Th a t  analys i s  does show e conom i e s  o f  s c a l e  u p  t o  the 5 0  M B/D 
re f i n e ry s i ze r a nge ; above th i s  l eve l ,  some econom i e s  o f  sc a l e  may 
e x i s t bu t are not apparent from the se d a ta . 

Re f i ne r i e s  i n  the 1 0 0 -1 7 5  MB/D s i z e  r ange show the g re a t e s t  
ad van t age i n  c ompe t i t ive pos i t ion w i th re s pe c t  t o  t h e  prod uc t m i x  
value ad j u s tme n t . Th e produc t s l ate f o r  th i s  s i z e  r ange a l s o  shows 
the greate s t  perc e n t age y i e ld o f  gasol i n e  ( 5 1 percen t ) and the l ow­
e s t  y i e ld o f  l owe r value r e s idual f ue l  o i l  ( 7 p e r c en t ) . Th e l e a s t  
ad van t ageous prod uc t m i x  va lue ad j u s tme n t  re s id e d  w i t h  t h e  1 0 - 3 0  

1 6 3  



TABLE 9 6  

Competitive Positions o f  Refineries Under Various Crude Oil Cost Scenarios 
Aggregated by Refinery Size Range 

Basis of Crude Oil Cost* 

I .  Total 1 97 8  Refined Products 
Costs in $/Barre l of Crude 
Oil Processed 

A. Net Afte r Entitlementst 

B .  Afte r Entitl ement s 
Without Small Re finer 
Bias 

c .  Be for e Entitlements 

D .  Net Afte r Entitlementst 
Adj usted for June 1 9 79 
Smal l Refiner Bias 

I I .  Relative Re finery Size 
Advantage ( Disadvantage ) 
vs . Average in Refined 
Products Costs in $/Barrel 
of Crude Oil Processed 

A .  Net After Entitlementst 

B.  Afte r Entitlements 
Without Sma l l  Refiner 
Bias 

c .  Be fore Entitlements 

D. Net Afte r Entitlements t  
Adjusted for June 1 979 
Small Re fine r Bias 

0 - 1 0  

1 6 . 96 

1 8 . 64 

1 7 . 6 5  

1 7 . 80 

0 .  1 2  

( 1 . 56 )  

( 0 . 9 0 ) 

( 0 .  7 2 ) 

Refinery Size Range ( MB/D ) 
1 0- 3 0  3 0 - 5 0  5 0- 1 0 0 1 0 0 - 1 7 5  

1 6 . 49 1 6 . 83 1 7 .  1 1  1 7 . 1 2  

1 7 . 5 7 1 7 . 2 3  1 7 .  1 3  1 7 . 0 0 

1 6 . 8 0  1 6 . 0 7 1 6 . 79 1 7 . 2 3  

1 7 . 1 6  1 7 .  1 1  1 7 .  1 7  1 7 . 0 9 

0 . 59 0 . 2 5  ( 0 . 0 3 )  ( 0 . 0 4 )  

( 0 . 4 9 )  ( 0 .  1 5 )  ( 0 . 0 5 )  0 . 0 8 

0 . 0 5  0 . 68 ( 0 . 0 4 )  ( 0 . 4 8 )  

( 0 . 0 8 )  ( 0 . 0 3 )  ( 0 . 0 9 )  ( 0 .  0 1 )  

1 75+ 

1 7 .  1 4  

1 6 . 9 1  

1 6 . 6 1  

1 7 . 0 3  

( 0 . 0 6 )  

0 .  1 7  

0 . 1 4 

0 . 0 5 

Average 

1 7 . 0 8 

1 7 . 0 8 

1 6 . 7 5  

1 7 . 0 8 

Base 

Bas e  

Bas e 

Base 

*All entitlements calculations exclude the benefits of special entitlements programs except the 
small refiner bias, which is inc luded where noted . 

tincludes sma l l  ref iner bias . 
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L E G E N D  

t<>J N ET A F T E R  E N T I T L E M E N T S  ( I N C L U D E S 1 978 S M A L L  R E F I N E R B I AS )  

D A F T E R  E N T I T L E M ENTS W I T H O U T  S M A L L  R E F I N E R B I AS • B E F O R E  E N T I T L E M E N T S  

1 0-30 30-50 50- 1 00 1 00- 1 75 

R E F I N E R Y  S I Z E  R A N G E  ( M B/ D )  

1 75+ 

F i g u re 3 5 .  1 9 78 R ef i n e d P ro d u c t s  Costs in S/ B a r re l of C r u d e  O i l  P rocessed for R e f i n e r i e s ­
A g g re g a ted by R e f i n e ry S i ze R a n g e .  

NOTE T h 1 s  1g u re w a s  p l aned from data  1 n  Ta ble 96 
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LEGEN D  

ftittJ N ET AFTER E N T I T L E M ENTS ( I N C LU DES 1 978 S M A L L  R E F I N ER B I AS )  

IIIII N ET AFTER E N T I T L E M ENTS A DJ U STED F O R  J U N E  1 979 S M A L L  R E F I N E R  B I AS 

1 0-30 30-50 50-1 00 1 00-1 75 
R EF I N ER Y  S IZE RA N G E  ( M B/D)  

1 75+ 

F igure 36 . Effect of the Change i n  the S m a l l  Ref i ner B ia;; on Ref ined P rod uets Costs i n  $/Barrel of C rude 
O i l  Processed for Refi ner ies-Agg regated by Refi nery S ize Range .  

N OTE: This fig u re was p lotted from data i n  Table 96. 
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TABLE 97 

1 978 Produc t and other Fe edstock Slates 
Aggre9:ated b:t Refiner::t S ize Ran9:e 

(Vo l .  % of 'lb tal Input) 

Refinery S ize Ran9:e ( MB /D ) 
0 - 1 0  1 0-3 0  30-50  50- 1 0 0 1 00 - 1 75 1 75+ Avera9:e 

Product Yields 
LPG 0 . 7 1 .  7 1 .  3 3 . 7 1 .  6 1 .  4 1 .  9 
Mo tor Ga soline 1 8. 2 3 3 . 7 42 . 0 48. 9 5 0 . 5  44 . 1 45 .  1 
Jet Fuels 7 . 3 5 . 0 6. 7 4 .  1 5 . 8 7 . 6 6. 3 
Middle Di stillate 1 8 . 7 2 1 . 9  2 2 . 6 2 2 . 0 2 0 . 9  1 8. 4  2 0 . 2 
Heavy Fuel Oils 2 5 . 2 1 8 . 2  1 1 . 5  7 . 7 6. 8 1 0 . 9  1 0 .  1 
Asphalt 8 . 7 7 . 0 4 . 6 1 .  9 2 . 5 2 . 2 2 . 8 1--' 

0"1 Finished Lubricants 6 . 4 * * 0 . 6 1 .  0 1 .  7 1 .  2 
-...) BTX * * 0 . 5 0 . 8 0 . 9 0 . 7 

Feedstocks Sold to Others 5. 1 3 . 0 2 . 0 3 .  1 1 .  7 5 . 6 3 .  8 
other Sa l eable 3 . 3 5 . 4 4 . 3 3 . 2 3 . 4 3 . 4 3 . 5 
Refinery Fuel Produced 2 . 1  3 . 8 5 . 0 5 .6 6 . 5 5 . 3 5 .4 

--- ---

'lb tal (Except SUl fur , Wax 
and Coke ) 95 . 9 1 0  0 .  1 1 0 0 . 7  1 0 1 . 3  1 0  1 .  6 1 0 1 . 5  1 0 1 . 2  

O ther F eedstocks 
Butanes 1 .  3 1 .  9 2 . 2 1 .  7 1 .  7 1 .  7 
Natural Gasoline 4 . 2 2 . 4  1 .  5 5 . 6 0 . 4  1 .  7 2 . 2 
other Feedstocks 0 . 9 2 . 4 2 . 2 4 . 4 3 . 9 3 . 2 3 . 4 
other Blendstocks 3 . 2 0 .6 0 . 2 * * 1 . 2 1 . 2 

-- --

To tal 8 .  3 6 . 7 5 . 8 * * 7 . 8 8 . 5 

*Data withheld to protect confidential ity . 



TABLE 98 

Implications of Changes Since 1 9 78 in Competitive Factors and Varying Bases for 
Computing Cost of Capital for Refineries Aggregated by Size Range 

( All Figures Other Than Crude Oil Throughput and Complexity are $/Barrel of Crude O i l  and Field Condensate) 

Weight Average Complexity 

1 .  1 978 Data 

A. Capital Cost Based Upon 

Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Refinery Size 

Advantage ( Disadvantage ) vs. 
Average 

B .  Capit a l  Cost Based Upon 
Replacement Investment 

Crude Oil Expense 
Cost of Capi tal Employed 
Other Costs 
Total Product Cost 
Re lative Refinery Size 

Advantage ( Disadvantage ) v s .  
Average 

2 .  1 9 78 Data Adjusted for June 1 9 79 

Smal l Refiner Bias 

A. Capit a l  Cost Based Upon 
Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Refinery Size 

Advantage ( Disadvantage ) vs . 
Average 

B .  Capital Cost Based Upon 
Replacement I nvestment 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Re lative Refinery Size 

Advantage ( Disadvantage ) vs . 
Average 

3 .  1 978 Data Adjusted for June 1 979 

Small Refiner Bias and First 
Quarter 1 98 0  Product Prices 

A .  Capital Cost Based Upon 
Original Undepreciated Assets 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Re lative Refinery Size 

Advantage ( Disadvantage) vs . 
Average 

B .  Capital Cost Based Upon 
Replacement Investment 

Crude Oil Expense 
Cost of Capital Employed 
Other Costs 
Total Product Cost 
Relative Refinery Size 

Advantage { Disadvantage) v s .  
Average 

0 - 1 0  

2 . 34 

1 1 . 0 3  

0 . 78 

5 .  1 5  

1 6 . 96 

0 . 1 2  

1 1 . 0 3  

1 . 60 

5 . 1 5  

1 7 . 78 

0 . 9 0  

1 1 . 87 

0 . 78 

� 
1 7 . 80 

( 0 .  7 2 )  

1 1 . 8 7  

1 . 60 

5 . 1 5  

1 8 . 62 

0 . 0 6 

1 1 . 8 7  

0 . 7 8 

9 . 80 

2 2 . 4 5  

( 3 . 8 3 )  

1 1 . 87 

1 . 60 

9 . 80 

2 3 . 2 7 

( 3 . 0 5 )  

Refinery Size Range ( MB/D ) 
1 0- 3 0  3 0 - 5 0  50 1 0 0  1 0 0  1 7 5  

3 . 3 3 

1 1 . 5 5 

0 . 6 2  

4 . 32 

1 6 . 49 

0 . 59 

1 1 . 5 5  

2 . 3 0 

4 . 3 2 

1 8 . 1 7  

0 . 5 1  

1 2 . 2 2  

0 . 6 2 

__i,_ll_ 
1 7 . 1 6  

( 0 . 08 )  

1 2 . 2 2 

2 . 3 0 

4 . 3 2 

1 8 . 8 4  

( 0 . 1 6 )  

1 2 . 22 

0 . 6 2 

7 . 49 

20 . 3 3  

( 1 .  7 1 ) 

1 2 . 22 

2 . 3 0  

7 . 49 

22 . 0 1  

( 1 .  7 9 )  

16 8 

5 . 1 9 

1 2 . 4 1  

0 . 69 

3 . 73 

1 6 . 8 3  

0 . 2 5  

1 2 . 4 1  

2 . 3 3 

3 . 7 3  

1 8 . 47 

0 . 2 1  

1 2 . 69 

0 . 69 

3 . 7 3  

1 7 . 1 1  

( 0 . 0 3 )  

1 2 . 69 

2 . 3 3  

3 . 7 3  

1 8 . 7 5  

( 0 . 0 7 )  

1 2 . 69 

0 . 6 9  

5 . 5 3  

1 9 . 9 1  

( 1 .  2 9 )  

1 2 . 69 

2 . 3 3  

5 . 5 3 

2 0 . 5 5 

( 0 . 3 3 )  

7 . 0 3  

1 2 . 8 5  

0 . 8 1  

3 . 45 

1 7 . 1 1  

( 0 . 0 3 )  

1 2 . 8 5  

2 . 48 

3 . 4 5  

1 8 . 78 

( o .  1 0 )  

1 2 . 9 1  

0 . 8 1  

3 . 45 

1 7 . 1 7  

( 0 . 0 9 )  

1 2 . 9 1  

2 . 4 8  

3 . 4 5  

1 8 . 84 

( 0 . 1 6 )  

1 2 . 9 1  

0 . 8 1  

4 . 78 

1 8 . 5 0 

0 . 1 2  

1 2 . 9 1  

2 . 48 

4 . 7B 

2 0 . 1 7  

0 .  0 1  

8 . 2 3  

1 2 . 7 5  

1 .  0 1  

3 . 3 6  

1 7 .  1 2  

( 0 . 0 4 )  

1 2 . 7 5  

2 . 6 0  

3 . 36 

1 8 . 7 1  

( 0 . 0 3 )  

1 2 . 7 2 

1 . 0 1  

3 . 3 6  

1 7 . 0 9  

( 0 .  0 1 )  

1 2 . 7 2  

2 . 6 0  

3 . 3 6  

1 8 . 68 

( 0 .  0 1 )  

1 2 . 7 2 

1 .  0 1  

4 . 74 

1 8 . 47 

0 . 1 5  

1 2 . 7 2  

2 . 60 

4 . 74 

2 0 . 0 6 

0 . 1 3 

1 75+ 

7 . 49 

1 2 . 8 7  

0 . 8 9  

3 . 38 

1 7 . 1 4 

( 0 . 06 )  

1 2 . 8 7  

2 . 49 

3 . 38 

1 8 . 74 

( 0 . 06 )  

1 2 . 7 6  

0 . 8 9  

3 . 3 8  

1 7 . 0 3  

o . os 

1 2 . 7 6  

2 . 4 9  

3 . 38 

1 8 . 63 

o . os 

1 2 . 76 

0 . 8 9  

4 . 70 

1 8 . 3 5 

0 . 27 

1 2 . 7 6 

2 . 49 

4 . 7 0  

1 9 . 95 

0 . 0 2 

7 . 2 7  

1 2 . 7 3  

0 . 87 

3 . 4 8  

1 7 . 08 

Base 

1 2 . 7 3 

2 . 47 

3 . 4 8  

1 8 . 68 

Base 

1 2 . 7 3 

0 . 8 7  

3 . 48 

1 7 . 0 8 

Base 

1 2 . 73 

2 . 47 

3 . 4 8  

1 8 . 68 

Base 

1 2 . 7 3  

0 . 8 7  

5 . 02 

1 8 . 6 2 

Base 

1 2 . 7 3  

2 . 4 7  

5 . 0 2  

2 0 . 22 

Base 



MB/D s i ze . rang e , wh i ch had only 3 4  p e rcen t g a so l i ne and a r e l a t ive­
ly h igh 1 8  pe rcen t he avy f ue l  o i l  y i e l d  wi thou t the bene f i t  of s p e ­
c ia l t i e s  s uch a s  lub r i c ants  a n d  pe t rochem i c a l s . Y i e ld s truc t u r e s  
are d i scus sed i n  g r e a t e r  d e ta i l  l a ter i n  th i s  chapte r . 

Ad j u s t i ng the 1 9 7 8  d a ta for the f i r s t  q u a r t e r  1 9 8 0  pro d uc t ma r­
ket pr i c e  s t ruc ture ( and the June 1 9 7 9  sma l l  re f i ner b i a s  change ) 
pl ace s the sma l l e s t  s i ze r a nge re f i ne r i e s ,  0 -1 0  M B /D ,  a t  a d i sad­
van tage o f  $ 3 . 8 3 /bb l . The 1 9 8 0  d i s ad va n tage f o r  sma l l e r  c ompany 
s i ze d imin i she s to $ 1 . 2 9/bb l  for the 3 0 - 5 0  MB/D s i z e  c a t egory b a s ed 
on undepr ec i a ted a s s e t s . 

Tab l e s  9 9  and 1 0 0  s how the adva n tage ( d i s ad va n tage ) f o r  com­
pl e x i ty fac to r s 2 of 1 - 3  and over 3 for the 0 -1 0  and 1 0 - 3 0  MB/D 
s i ze range r e f i ne r ie s .  The ave r ag e  d i s ad va n t ag e  o f  $ 3 . 8 3/bb l  for 
the 0 -1 0  M B/D re f i n e r i e s  i n  the June 1 9 7 9  sma l l re f i n e r  b i a s / f i r s t 
quarter 1 9 8 0  produc t pr ice  c ase wa s $ 4 . 4 2/bb l  for  the 1 - 3  comp l e x ­
i ty re f in e r i e s  a n d  $ 0 . 4 1/bb l  for those ove r  3 .  Th i s  d i f fe rence wa s 
d ue to the va lue o f  the produc t m i x . Pl an t s  i n  the 1-3  c omp l e x i ty 
range prod uced 3 .  8 pe rcen t l ube s and 3 4 . 8 pe r c e n t  t r an s por t a t ion 
f ue l s , t hose ove r 3 produced 1 7 . 7 p e r c en t l ub e s  and 4 5 .  9 pe r c e n t  
tran s po r t a t ion f ue l s .  Th i s  t r e n d  was s imi l i a r  f o r  t h e  1 0 - 3 0  MB/D 
r e f i n er i e s ; the ave r ag e  d i s ad va n tage wa s $ 1 .  7 1 /b b l , bu t the 1 - 3  
c ompl e x i ty plants were $ 3 . 7 5/bb l above the ave r ag e  wh i l e  t h e  ove r 3 
wer e  $ 0 . 1 0/bbl below the ave r age o f  a l l  d ome s t i c r e f i n e r i e s . To 
recap the c ompe t i t ivene s s  by re f i n e ry s i ze r a ng e , Tabl e  1 0 1  i s  
pre s e n ted . 

Larger r e f i ner ie s  t e nd to be more c ompl e x  and to h ave a g r e a t e r  
y i e ld o f  gasol i n e  a n d  much reduc ed y i e l d s  o f  he avy f ue l  o i l  and 
asph al t .  There fore , the i r  r e l a t ive c ompe t i t ive po s i t io n s  we re s ig ­
n i f i can tly enhanced b y  t h e  f i r s t  q u a r t e r  1 9 8 0  produc t marke t pr i c e  
s tr uc t ure . 

Re f in e ry Loc a t i o n . S egmen tat ion o f  the d ome s t i c  re f i n i ng i n­
dus t ry c ompe t i t ive po s i t io n s  on a geograph i c  b a s i s  ( s uch a s  by PAD 
d i s tr ic t ) re f l e c t s  l o c a l  c r ud e  o i l ava i l ab i l i ty and prod uc t s upply 
l og i s t ic s . Some ope r a t i ng cos t s , s uc h  as pur c h a sed f u e l  and man ­
powe r , vary geograph i c a l ly . Compar i son o f  c ompe t i t ive po s i t io n s  
be twe e n  PAD d i s t r i c t s  ( Ta b l e  1 0  2 )  i s  u s e ful  par t i c u l a r ly whe re 
there i s  s ubstan t i a l  moveme n t  o f  prod uc t s  from one PAD d i s t r i c t  to 
another , as is the c a se be twe e n  PADs I and I I I .  It i s  a l s o  u se ful 
for c ompar i ng the c ompe t i t ivene s s  o f  d ome s t i c  vs . fore ign e xpor t  
r e f iner i e s  ( s ee Chapter Four ) .  PAD I i s  the pr i n c i pl e  U . S .  marke t 
for fore ign e xpor t  re f i ne r ie s  i n  c ompe t i t ion w i th produc t moveme n t s  
f rom PAD I I I .  

Th e r e l a t ive cos t o f  r e f i ned produc t s  b e twe e n  the sever a l  PAD 
d i s tr i c t s  r a nged from a l ow o f  $ 1 6 . 8 8/bb l  o f  c r ud e  o i l i n  PAD I V  to 
a h igh of $ 1 7 . 1 8/bb l  in PAD I I .  PAD I V  wa s f avored by produc t 
y i e ld s tr uc t ure , prod uc t pr i ce s ,  a nd c r ud e  o i l co s t s  b e l ow the 
average . PAD I r e f i ne r i e s  e xpe r ien c ed f a i r ly h ig h  c rud e o i l  cos t 
and the mos t  unf avorable prod uc t m i x  va l ue ad j u s tme n t s  ( Table  1 0 2 ) . 

2see d i scu s s i o n  o f  c ompl e x i ty fac tor s i n  Appe nd i x  D . 

1 6 9  
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TABLE 99 

1 978 Competitive Positions of Sma l l  Refineries by Size and Complexity , 

Adjusted for June 1 9 79 Sma l l  Refiner Bias and First Quarter 1 980 Product Prices 

( All Figures Other Than Refinery Size , Complexity , and Yield Percentages 
are $/Barrel of Crude Oil and Fie l d  Condensate ) 

0- 1 0  MB/D Refineries 1 0- 3 0  MB/D Refineries 

1 -3 3+ 1 - 3  3+ 
Com12lexity ComElexity All ComElexity Com12lexity 

Weight Average Complexity 1 . 36 5 . 69 2 . 34 1 . 44 5 . 3 3 

Lube Yield ( % )  3 . 8  1 7 . 7  6 . 6  0 0 . 8  

Transportation Fuel Yield ( % ) *  3 4 . 8  4 5 . 9  3 7 . 0  2 8 . 6  64 . 4  

Crude Oi l Costt 1 1 . 53 1 2 . 94 1 1 . 87 1 1 . 79 1 2 . 60 

Other Feedstock Cost§ 3 . 48 3 . 63 3 . 5 1 1 . 44 2 . 65 
Subtotal Input Cost 1 5 . 0 1  1 6 . 57 1 5 . 38 1 3 . 23 1 5 . 25 

Operating Expenses 
Fuel and Purchased Utilities 0 . 56 1 .  76 o . 8 5  0 . 46 1 . 1 0 
Depreciation 0 . 1 5 0 . 36 0 . 20 0 .  1 4  0 . 1 8 
Maintenance and Other Expenses 1 . 07 1 . 98 1 .  29 o .  72 1 .  1 2  

Subtotal , Operating Expenses 1 .  78 4 . 1 0  2 . 34 1 .  3 2  2 . 40 

Cost of Capita l Employed• 0 . 53 1 .  56 0 . 78 0 . 5 3  0 . 7 0  

Product Value Adjus tment 5 . 72 ( 3 . 2 0 )  3 . 95 7 . 29 0 . 37 

Total Product Cost 2 3 . 0 4 1 9 . 0 3  2 2 . 45 2 2 . 37 1 8 . 72 

Relative Refinery Size Advantage 
( Disadvantage ) vs . Average ( 4 . 42 )  ( 0 . 4 1 ) ( 3 . 8 3 )  ( 3 . 75 )  ( 0 .  1 0 )  

Number of Refineries 24 7 3 1  24 2 1  

Crude O i l  Charge Capacity ( MB/D ) 1 6 2  4 7  2 0 9  480 4 5 1  

*Transporation fuels are motor gasoline , j et fue l s , and diese l .  

All 

3 . 3 3 

0 . 4  
47 . 7  

1 2 . 2 2  
2 . 1 0  

1 4 . 32 

o . 8o 
o .  16 
0 . 93 
1 . 89 

0 . 6 2  

3 . 50 

2 0 . 3 3  

( 1 .  7 1 )  

45 

9 3 1 

tCrude oil expense inc ludes crude oil and field condensate after entitlements including small refiner bias 
and excluding the benefits of a l l  other special entitlements programs . [Note : These crude oil costs are 
estimate s .  They are based upon a tabulation which ( 1 )  was subdivided at a 2 . 5  complexity level ( rather than 
3 . 0 ) ; and ( 2 )  had 8 percent more crude oil charge capacity than the data set used to compile the remainder of 
this table .  Estimates of crude oil cost had to b e  use d ,  because this table was requested after the original 
data base had been destroyed . ]  

§other feedstock acquisition expense is the estimated cost of other hydrocarbon feedstocks purchased for 
blending or processing. 

•Based on original undepreciated assets . 



TABLE 1 00 

Implications of Changes Since 1978 in Competitive Factors and Varying Bases for 
Computing Cost of Capital for Sma l l  Refineries Aggregated by Size and Complexity 

( A l l  Figures Other Than Crude Oil Throughput , Compl exity , and 
Yield Percentage are $/Barrel of Crude Oil and Fi eld Condensate) 

Weight Average Complexity 

Lube Yield ( % )  
Transportation FUel Yield ( % ) *  

1 .  1978 Data 

Crude Oil Expenset 
Cost of Capital§ 

other Costs 
Total Product Cost 
Relative Refinery 

Advantage ( Disadvantage) vs . 
Average 

2.  1978 Data Adjusted for June 1979  
Sma ll Refiner Bias 

Crude Oil Expenset 
Cost of Capital § 
other Costs 
Total Product Cost 
Relative Refinery 

Advantage ( Disadvantage) vs . 
Average 

3 .  1978  Data Adjusted for June 1979  
Smal l  Refiner Bias and First 
Quarter 1980 Product Prices 

Crude Oi l Expenset 
Cost of Capital§ 

other Costs 
Total Product Cost 
Relative Refinery 

Advantage ( Disadvantage) vs . 
Average 

0 - 1 0  MB/D Refineries 
1 -3 3+ 

Compl exity 

1 . 36 

3 . 8  
3 4 . 8  

1 0 . 75 
0 . 5 3  
5 . 32 

1 6 . 60 

0 . 48 

1 1 . 5 3  
0 . 53 
5 . 32 

1 7 . 38 

( 0 . 38 )  

1 1 . 53 
0 . 53 

1 0 . 98 
2 3 . 04 

( 4 . 42 )  

Compl exity 

5 . 6 9  

1 7 . 7  
4 5 . 9  

1 1 . 9 1 
1 . 56 
3 . 96 

1 7 . 4 3  

( 0 . 3 5 )  

1 2 . 9 4  
1 . 56 
3 . 96 

1 8 . 46 

( 1 .  3 8 )  

1 2 . 94 
1 . 56 
4 . 53 

1 9 . 0 3  

( 0 . 4 1 ) 

*Transportation fuels are motor gaso lin e ,  jet fue l s ,  and diesel . 

A l l  

2 . 34 

6 . 6 
3 7 . 0 

1 1 . 0 3 
0 . 78 
5 . 1 5  

1 6 . 96 

o .  1 2  

1 1 . 8 7  
0 . 78 
5 . 1 5 

1 7 . 8 0  

( 0 . 7 2 )  

1 1 . 8 7  
0 . 78 
9 . 80 

2 2 . 45 

( 3 . 8 3 )  

1 0-30 MB/D Refineries 
1-3 3+ 

Complexity 

1 . 44 

0 
28 . 6  

1 1 . 0 7 
0 . 53 
5 . 00 

1 6 . 60 

0 . 48 

1 1 . 79 
0 . 53 
5 . 00 

1 7 . 32 

( 0 . 24 )  

1 1 . 79 
0 . 5 3  

1 0 . 05 
22 . 37 

( 3 . 75 )  

Complexity 

5 . 3 3  

0 . 8  
64 . 4  

1 1 . 97 
0 . 7 0 
3 . 74 

1 6 . 4 1  

0 . 67 

1 2 . 60 
0 . 70 
3 . 7 4  

1 7 . 04 

0 . 04 

1 2 . 6 0  
0 . 70 
5 . 42 

1 8 . 72 

( 0 .  1 0 )  

A l l  

3 . 3 3  

0 . 4  
4 7 . 7  

1 1 . 55 
0 . 62 
4 . 32 

1 6 . 49 

0 . 59 

1 2 . 22 
0 . 62 
4 . 32 

1 7. 1 6  

( 0 . 08 )  

1 2 . 22 
0 . 62 
7 . 49 

2 0 . 33  

( 1 .  7 1 )  

tCrude oil expense includes crude oil and field condensate after entitlements including sma l l  refiner bias and 
exluding the benefits of all other special entitl ement programs . [Note : These crude o i l  costs are estimates . They 
are based upon a tabulation which ( 1 )  was subdivided at a 2 . 5  complexity level ( rather than 3 . 0 ) ;  a nd ( 2 )  had 8 per­
cent more crude charge oil capacity than the data set used to compile the r emainder of this tab l e .  Estimates of 
crude oil cost had to be used, because this table was requested after the original data bas e had been destroyed . ]  

§Based on original undepreciated asset s .  

1 7 1  



TABLE 1 0 1  

H i gh e s t  and Lowe s t  Produc t M i x  Cos t 
Agg regated by Re f i nery S i z e Range 

( $/Bb l Crude O i l  Th roughpu t )  

1 9 7 8  Da t a  

Cap i ta l  Cos t  B a s ed Upon : 

Or ig i na l  Undepre c i ated 
As s e t s  

Rep l a c eme n t  I nve s tme n t  

1 9 7 8  Dat a  Ad j u s ted for 
June 1 9 7 9  S ma l l  Re f i ner B i a s 

Cap i ta l  Cos t B a sed Upon : 

Or ig i nal Undepr e c i ated 
As s e t s  

Re p l ac eme n t  Inve s tme n t  

Re f i ne ry S i z e 
Range 

1 0 - 3 0  MB/D 
1 7 5 + MB/D 

0 - 1 0  MB/D 
5 0 - 1 0 0  MB/D 

1 7 5+ MB/D 
0- 10 MB/D 

0- 1 0  MB/D 

Ad va n t ag e  
( D i s ad va n t age ) 

vs . Ave rage 

0 . 5 9 
( 0 . 0 6 )  

0 . 9 0 
( 0 . 1 0 )  

0 . 0 5 
( 0 . 7 2 )  

1 0 - 3 0  & 5 0 -1 0 0  M B/D 
0 . 0 6 

( 0 . 1 6 )  

1 9 7 8  Data Ad j u s ted for 
J une 1 9 7 9  Sma l l  Re f i ne r B i as 
a nd F i rs t  Quarter 1 9 8 0  
Pro d u c t  P r i ces  

Cap i t a l  Cos t Based Upon : 

Or i g i nal Undepre c i a te d  
As s e t s  

Rep l a ceme n t  I nve s tme n t  

1 7 5+ MB/D 
0- 10 MB/D 

1 0 0- 1 7 5  M B/D 
0- 1 0  MB/D 

0 . 2 7 
( 3 • 8 3 ) 

0 . 1 3 
( 3 . 0 5 )  

Wi th r e s pec t to PADs I and I I I ,  the c o s t  o f  re f i n ed prod uc t s  1 s  
$ 1 7 . 1 4 and $ 1 7 . 0 1/b b l  o f  c rud e o i l , r e spe c t ive l y . Th i s  i s  a d i f­
feren t i al o f  $ 0 . 1 3 /bbl , o r  $ 0 . 0 0 3  pe r gal lon . C ompar i ng o n ly the se 
two areas , PAD I I I  r e f iner ie s have ad vantag e s  wi t h  r e s pe c t  to c rud e 
o i l cos t , opera t i ng e xpen s e , and cos t o f  cap i ta l  empl oyed , wh i l e  
PAD I h a s  a produc t m i x  va l ue ad vantage . Con s i d e r i ng t h a t  tanke r 
tran s po r t a t ion c o s t s  from the Gul f Coa s t  to the E a s t Coa s t  are on 
the o rder o f  $ 0 . 0 3 per g a l lon , the PAD I r e f i ne r i e s  should have 
been in a rela t ive ly f avorabl e pos i t ion i n  1 9 7 8  to c ompe t e  wi t h  

1 7 2  



TABLE 1 0 2 

Competitive Pos itions of Refineries 
Aggregated by Refinery Location 

( Al l  Figures Other Than Ref inery Location and Complexity are $/Barrel of 
Crude Oil and Field Condensate ) 

Refiner� Location 
PAD I PAD I I  PAD III  PAD IV PAD V 

Weight Average Complexity 7 . 08 7 .  1 6  7 . 4 1  5 . 24 7 . 63 

Crude Oi l Cost* 1 2 . 94 1 3 . 0 2 1 2 . 78 1 2 . 46 1 1 . 82 
Other Feedstock Costt 1 . 26 0 . 9 0  1 . 3 5  0 . 76 1 . 35 
Subtota l  Input Cost 1 4 . 20 1 3 . 92 1 4 .  1 3  1 3 . 22 1 3 . 1 7  

Operating Expenses 
Fuel and Purchased Utilities 1 . 1 2 1 • 1 1  0 . 9 7  0 . 94  1 . 29  
Depreciation 0 .  1 9  0 .  1 6  0 . 20 0 .  1 9  0 . 24 
Maintenance and Other Expenses 1 .  2 0  0 . 94 0 . 9 6  1 . 1 2 1 . 1 4 

Subtotal , Operatin g  Expenses 2 . 5 1  2 . 2 1  2 .  1 3  2 . 25 2 . 67 

Cost of Capital Employed 0 . 9 3  0 . 8 3  0 . 8 3  0 .  7 2  1 .  0 3  

Product Value Adjustment ( 0 . 5 0 )  0 . 2 2  ( 0 . 08 )  0 . 69 0 . 1 5  

Total Product Cost 1 7 .  1 4  1 7 .  1 8  1 7 . 0 1  1 6 . 88 1 7 . 0 2 

Relative PAD Advantage 
( Disadvantage ) vs . Average ( 0 . 0 6 )  ( 0 . 1 0 )  0 . 0 7 0 . 20 0 . 06 

Number of Refineries 26 5 0  58  1 8  34 

Number of Companies 1 7  3 0  46  1 4  24 

Average 

7 . 2 7 

1 2 . 7 3  
1 . 2 0  

1 3 . 93 

1 . 0 7  
0 .  1 9  
1 . 0 2  
2 . 28 

0 . 8 7  

0 

1 7 . 08 

Base 

1 8 6  

9 1  

Crude Charge Capacity ( MB/D ) 1 ,  8 5 7  3 , 688 6 , 5 1 7 5 0 3  2 , 2 46 1 4 , 8 1 1 

*Crude oil expense includes c rude oil  and field condensate after entitlements including small 
refiner bias and exc luding the benefits of all other special entitlements programs . 

tOther feedstock acquisition expense i s  the estimated cost of other hydrocarbon feeds tocks 
purchased for processing or blending.  



produc t f rom PAD I I I ,  notw i t h s t and i ng the f a c t  t h a t  PAD I I I  r e f i n­
e r ie s  e n j oyed advan t age s i n  c r ud e o i l and opera t i ng c o s t s . 

Tabl e  1 0 3  and F igure s 3 7  and 3 8  pre s e n t  c ompu ted c ompe t i t i ve 
pos i t io n s  und e r  the four c rud e o i l cos t s c e na r i o s  prev i ou s l y  d e ­
f ined i n  d i s c u s s ions  o f  other aggr ega t ion s o f  t h e  i n d u s t ry . The 
s ma l l  r e f iner  b i a s  prov i s ions  o f  the e n t i t l emen t s  prog r am h ad some ­
wha t  l imi ted i mpact  u pon the c ompe t i t ive o rd e r  o f  PAD d i s tr i c t s : 
they s e rved to redu c e  the cos t o f  r e f i ned produc t s  i n  PAD I V  a nd 
increase i t  i n  PAD I I I  r e l a t ive to the o th e r  d i s t r i c t s .  Wi thout 
a ny e n t i t l eme n t s  program ,  PADs I I ,  I I I ,  and IV,  w i th s ub s ta n t i a l  
t hroughp u t s  o f  pr i c e -con t rol l ed d ome s t i c o i l s , would h ave e xper i ­
e nc ed a m u c h  more f avorab l e  cos t o f  r e f i ned produc t s . 

PAD I V  r e f i ne r i e s  ave rage 1 9  MB/D o f  c apac i ty ,  we l l  b e l ow t he 
nat ion a l  ave r age o f  6 1  MB/D. Con seq ue n t ly , the  June 1 ,  1 9 7 9 ,  
change i n  the sma l l  r e f iner  b i a s  prov i s i o n s  o f  the  e n t i t l emen ts 
prog r am mo s t  ad ve r s e ly a f fe c ted tha t  a re a , sh i f t i ng i t  f r om the 
mos t  advan tag e o u s  to the  least  ad van tageous po s i t ion . Howe ve r , the 
June 1 9 7 9  sma l l  re f i n e r  b ia s  provi s ion s d id not s ig n i f i c a n t l y  a l te r  
the po s i t i on among re f i ner i e s  i n  compe t i ng PAD d i s t r i c t s . PAD I I I  
prod uc t co s t s  improved r e l a t ive to PAD I ,  b u t  o n l y  to $ 0 . 1 8/bb l . 

Table  1 0 4  s hows the prod uc t m i x  for PADs I t hrough V .  The 
t o t a l  percen tage y i e ld s  showed l i t t l e  va r ia t i on ( 1 0 1 . 1 pe r c e n t to 
1 0 1 . 7 percen t ) .  Table  1 0 5  pre s e n t s  a c ompar i so n , be twe e n  1 9 7 8  d a t a  
and 1 9 7 8  d a ta ad j u s ted for t h e  June 1 9 7 9  sma l l  re f i ne r  b ia s , o f  the 
impac t of c ap i t a l  cos t b a s ed on or i g i n a l  und e pr e c i a ted a s s e t s  and 
c ap i tal c os t s  based on repl aceme n t  i nve s tme n t s . A c omp a r i son i s  
a l so mad e a s s umi ng that f i r s t  quar ter 1 9 8 0  pro d uc t  pr i c e s  were i n  
e f f�ct a l ong w i th the June 1 9 7 9  sma l l re f i n e r  b i a s  r ev i s io n . From 
Tab l e s  1 0 4  and 1 0 5 ,  i t  may be obse rved t h a t  PADs I I  and I I I  par t i c­
u l arly bene f i ted from the sh i f t i n  produc t pr i c e s  be twe e n  1 9 7 8  and 
e a r ly 1 9 8 0 ,  wh i l e  PAD I and PAD V were e spec i al l y  d i s ad v an t ag ed . 
Th e analy s i s  o f  c ompe t i t iven e s s  by r e f inery l oc a t i o n  ( PA D  d i s t r i c t )  
i s  recapped i n  Tabl e  1 0 6 .  

Re f in e ry Proc e s s  C ompl e x i ty . H igher c ompl e x i ty ,  a s  pr e v i ou s l y  
obse rved , i s  i n corpo r a ted i n to re f iner i e s  t o  a ch i eve the c apab i l i ty 
to enhance o r  d iver s i fy prod uc t s l a t e , i mprove y i e ld o f  pre ferred 
produc t s , o r  accommod a te l owe r qua l i ty c rud e o i l s . H i g h e r  c omp l e x ­
i t y  gener a l ly re s ul t s  i n  grea ter cap i t a l  ou tl ay and i nc r e a s ed ope r­
a t ing e xpense s .  Wi t h  some e x cept ions , as in t he c ase o f  sma l l e r  
l ubr i ca t i ng pl ant s ,  h igh c ompl ex i ty i s  gener a l l y  more c ommon to 
l arge r  rang e s  of r e f i ne ry s i ze . 

As d eve l oped i n  Table 1 0 7 ,  those r e f i n e r i e s  i n  the r e l a t ive ly 
h igh c ompl e x i ty r ange s ( 7-9 and 9 -1 1 ) h ad the more advan t ageous 
compe t i t ive po s i t i o n  und e r  cond i t i ons e x i s t i ng in 1 9 7 8 .  It  i s  
in tere s t i ng to note that the ad van t ag e  for the s e  re f i n e r i e s  wa s 
l arge ly due  to a f avorab l e  produc t m i x  wh i ch mo re than c omp e n s a ted 
for add ed oper a t i ng e xpen s e s  and c ap i t a l  c os t s .  The c r ud e  o i l cos t 
advan tage repo rted for the l e s s  comp l e x  r e f iner i e s  i s  c on s id e red to 
be more the re s ul t  of r e g ul a to ry progr ams ( e . g . , sma l l  re f i n e r  
b i a s ) t h a n  o f  c ompl e x i ty .  

1 7 4  
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TABLE 1 03 

Competitive Positions of Refineries Under Various Crude Oil Cost Scenarios 
Aggregated by Refinery Location 

Refiner:r:: Location 
Basis of Crude Oil Cost* PAD I PAD I I  PAD I I I  PAD IV PAD V Avera9:e 

I .  Tota l  1978 Refined Products 
Costs in $/Barrel of Crude 
Oil Processed 

A .  Net After Entitlementst 1 7 . 1 4 1 7 . 1 8  1 7  . o  1 1 6 . 88 1 7 . 02 1 7 . 08 

B .  Afte r Entitlements 
Without Sma l l  Refiner 
Bias 1 7 . 08 1 7 . 2 1  1 6 . 93 1 7 . 45 1 7. 07 1 7 . 08 

c .  Before Entitlements 1 8 . 1 8  1 6 .63 1 6 . 35 1 5 . 5 3  1 7 . 03 1 6 . 75 

D .  Net After Entitlementst 
Adjusted for June 1979 
Smal l  Refiner Bias 1 7 . 1 5  1 7 . 22 1 6 . 97 1 7 . 30 1 7 . 1 1  1 7 . 08 

I I .  Relative PAD Advantage 
( Disadvantage ) vs . Average 
in Refined Products Costs 
in $/Barrel of Crude Oil 
Processed 

A .  Net After Entitlementst ( 0 . 06 )  ( 0 .  1 0 )  0 . 07 0 . 20 0 . 06 Base 

B .  Afte r Entitlements 
Without Sma l l  Refiner 
Bias o . o o ( 0 . 1 3 )  0 . 1 5  ( 0 . 3 7 )  0 . 0 1  Base 

c .  Before Entitlements ( 1 . 4 3 )  0 . 1 2  0 . 40 1 . 22 ( 0 . 2 8 )  Bas e  

D .  Net After Entitl ement st 
Adjusted for June 1979 
Smal l Refine r Bias ( 0 . 0 7 )  ( 0 . 1 4 )  0 . 1 1  ( 0 . 22 )  ( 0 . 0 3 )  Base 

*All entitlements calculations exclude the benefits of special entitlements programs except the sma l l  
refiner bia s ,  which is inc luded where noted . 

t includes sma ll refiner bias . 
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I l l  IV 
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Fig u re 37. 1 978 Refi ned P rod ucts Costs i n  $/Barrel of Crude O i l  P rocessed fo r Ref iner ies­
Agg regated by Refi nery Locat ion .  

TOTAL 

NOTE:  This  f igure was p lotted from data i n  Table 1 03. 
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R E F I N ER Y  LOCAT I O N  ( PA D )  

F i g u re 3 8 .  Effect o f  the  Change i n  t h e  S ma l l  Ref iner  B ias on Ref iner  P rod ucts Costs i n  
$/Barre l  o f  C rude O i l  Processed f o r  Ref i ner ies-Aggregated by Refi nery Locat ion . 

N O T E: T h i s  f ig u re w a s  p l otted f r o m  d a ta in Ta b l e  1 03.  

TOTA L 



TABLE 1 04 

1 97 8  Pr oduc t  and ot her Feedstock Sl ates 
A<;r<;rre<;rated by R e finerx L ocation 

(Vo l .  % o f  'lb tal Input) 

R e finer� L ocation 
PAD I PAD I I  PAD I I I  PAD IV PAD V Avera9:e ---

P roduct Yields 
LPG 1 .  7 1 .  5 2 .  3 1 .  1 1 .  7 1 .  9 
Mo tor Ga soline 42. 4 53 . 3 42. 5 48.  1 4 1 .  1 45.  1 
Jet Fuels 3. 5 4. 4 6. 7 5. 0 1 o .  5 6. 3 
Middle Di stil late 24. 6 22 . 5 2 0 . 2 24. 0 1 3 . 0 2 0 . 2 
Heavy Fuel Oils 1 1 . 6 4. 8 9. 9 4. 8 1 9. 3  1 o.  1 
Asphal t 5 .  0 4 .  1 1 .  5 5 . 7 2 . 4 2 .  8 

1-' 
....J Finished Lubricants 1 .  9 o. 8 1 .  6 0 . 3 o .  5 1 .  2 
co BTX * o .  5 1 .  2 * o .  7 

Feedstocks Sold to others 1 .  4 1 .  1 6. 8 3. 6 1 .  5 3. 8 
other Sal eable * 1 .  9 4 . 2 1 .  5 * 3 .  5 
Re f inery Fuel Produced 6 .4 6 .4 4 .4 6 . 4 5 . 8 5 .4 

--- --- ---

To tal (Except SUl fur , 
Wax , and Co ke )  1 0  1 .  7 1 0 1 .  3 1 0 1 .  1 1 0 0 . 4 1 0 1 .  3 1 0 1 .  2 

Other F eedstocks 
Butanes o .  7 2 .  9 1 .  7 2 .  1 o .  8 1 .  7 
Natural Gasol ine 1 .  4 4. 0 0 . 8 0 . 4 2. 2 
other Fe edstocks 5 . 4 1 .  6 3 . 7 1 .  5 4 . 4 3 . 4 
Other · Blendstocks 1 . 2 0 . 7 1 . 2 0 . 7 2 . 2 1 . 2 --

To tal 7 . 3 6 . 6 1 o .  6 5.  1 7 .  8 8 . 5 

*Data withheld to protect confidential ity . 



TABLE 1 0 5  

Implications o f  Changes Since 1 978 in Competitive Factors and Varying Bases for 
ComEutin2 Cost of CaEital for Refineries Ag9!egated b� Refiner� Location 

( All Figures Other Than Complexity are $/Barrel of Crude Oil and Field Condensate) 

Refiner� Location 
PAD I PAD II PAD I I I  PAD· IV PAD V Average 

Weight Average Complexity 7 . 08 7 . 1 6 7 . 4 1  5 . 24 7 . 63 7 . 27 

1 .  1978 Data 

A.  Capital Cost Based. Upon 
Original Gross Assets 

Crude Oil Expense 1 2 . 94 1 3 . 02 1 2 . 78 1 2 . 46 1 1 . 82 1 2 . 73 
Cost of Capital Employed 0 . 9 3  0 . 83 0 .8 3  o .  72 1 . 0 3  0 . 87  
Other Costs 3 . 27 3 . 33 3 . 40 3 . 70 4 . 17 3 . 48 
Total Product Cost 1 7 . 14  1 7 . 1 8  1 7 . 0 1  1 6.88 1 7 . 02 1 7 . 08 
Relative Location ( PAD ) 

Advantage ( Disadvantage ) vs . 
Average ( 0 . 06 )  ( 0 . 1 0 )  o .  07· 0 . 20 0 . 06 Base 

a. Capita l Cost Based Upon 
Replacement Investment 

Crude Oil Expense 1 2 . 94 1 3 . 02 1 2 . 78 1 2 . 46 1 1 . 82  1 2 . 73 
Cost of Capita l Employed 2 . 42 2 . 5 1  2 .49 2 . 55  2 . 4 1  2 . 4 7  
Other Costs 3 . 27 3 . 33 3 . 40 3 . 70 4 . 1 7  3 . 48 
Total Product Cost 1 8.63  18.86 1 8.67  1 8 . 7 1  1 8. 4 0  1 8 . 68 
Relative Location ( PA D )  

Advantage ( Disadvantage ) vs . 
Average 0 . 05 ( 0 . 1 8 )  0 . 0 1  ( 0 . 03 )  0 . 28 Base 

2 .  1 978 Data Adjusted for June 1979 
Small Refiner Bias 

A. Capital Cost Based Upon 
Original Gross Assets 

Crude Oil Expense 1 2 .95  1 3 . 06 1 2 . 7 4  1 2 . 88 1 1 . 9 1  1 2 . 7 3  
Cost o f  Capita l Employed 0 . 93 0 . 83 0 .83 0 . 72 1 . 0 3  0 . 87 
Other Costs 3 . 27 3 . 33 3 . 40 3 . 70  4 . 1 7  3 . 48 
Total Product Cost 1 7 . 1 5  1 7 . 22 1 6 . 97 1 7 . 30 � 1 7 . 08 
Relative Location ( PAD ) 

Advantage ( Disadvantage ) vs . 
Average ( 0 . 0 7 )  ( 0 . 1 4 )  0 . 1 1  ( 0 . 2 2 )  ( 0 .  0 3 ) Base 

B .  Capital Cost Based Upon 
Replacement Investment 

Crude Oil Expense 1 2 . 95 1 3 . 06 1 2 . 74 1 2 .88 1 1 . 9 1  1 2 . 7 3  
Cost of Capital Employed 2 . 42 2 . 5 1  2 . 49 2 . 55 2 . 4 1  2 . 47 
Other Costs 3 . 27 3 . 33 3 . 40 3 . 70 4 . 1 7 3 . 48 
Total Product Cost 1 8 . 64 1 8 . 9 0  1 8 . 6 3  1 9 . 1 3  1 8 . 49 1 8 . 68 
Relative Location ( PAD ) 

Advantage ( Disadvantage ) vs. 
Average 0 . 04 ( 0 . 22 )  0 . 05 ( 0 . 4 5 )  0 . 19 Base 

3 .  1978 Data Adjusted for June 1979 
Small Refiner Bias and First 
Quarter 1980 Product Prices 

A .  capital Cost Based Upon 
Original Gross Assets 

Crude Oil Expense 1 2 .95 1 3 . 0 6  1 2 . 74 1 2 . 88 1 1 . 9 1  1 2 . 73 
Cost of Capita l Employed 0 .93 0 . 83 0 . 8 3  a .  72 1 . 0 3  0 .87  
Other Costs 6 . 32 4 . 2 1  4 . 36 5 . 34 6 . 92 5 . 04 
Total Product Cost 2 0 . 2 0  1 8 . 1 0  1 7 . 9 3  1 8 .94 1 9 . 86 1 8 .64 
Relative Location ( PAD ) 

Advantage ( Disadvantage ) vs . 
Average ( 1 . 56 ) 0 . 54 0 . 7 1  ( 0 . 30 )  ( 1 . 2 2 )  Base 

B. capital Cost Based Upon 
Replacement Investment 

Crude Oil Expense 1 2 .95  1 3 . 06 1 2 . 74 1 2 . 88 1 1 . 9 1  1 2 . 73 
Cost of Capital Employed 2 . 42 2 . 5 1  2 . 49 2 . 55 2 . 4 1  2 .47  
other Costs 6 . 3 2  4 . 2 1  4 . 36 5 . 34 6 . 92 5 . 04 
Total Product Cost 2 1 .69 1 9 . 78 1 9 . 59 2 0 . 77 2 1 . 24 2 0 . 24 
Relative Location ( PAD ) 

Advantage ( Disadvantage) vs . 
Average ( 1 . 45)  0 . 46 0 . 6 5  ( 0 . 5 3 )  ( 1 . 0 0 )  Base 

1 7 9  



TABLE 1 0 6  

H i gh e s t  and Lowe s t  Produc t M i x  C o s t 
Agg regated by Re f i ne ry Loc a t i o n  

( $ /Bbl Crude O i l  Throughp u t )  

1 9 7 8  Da t a  

Cap i t a l  Cos t Ba s ed Upon : 

Or i g i nal Undepre c i ated 
I nve s tme n t  

Rep l ac eme n t  I nve s tme n t  

1 9 7 8  Dat a  Ad j u s ted for 
June 1 9 7 9  Sma l l  Re f i ne r B i as 

Cap i tal  Cos t B a sed Upo n : 

Or ig i nal Undepr e c i a ted 
I nve s tme n t  

Rep l a c eme n t  Inve s tme n t  

1 9 7 8  Da ta Ad j u s ted for 
J une 1 9 7 9  Sma l l  Re f i ne r B i a s  
a nd F i rs t Quarter 1 9 8 0  
Pro d u c t  P r i ce s  

Cap i t a l  Cos t Based Upon : 

Or i g i nal Undepre c i ated 
Inve s tme n t  

Rep l a ceme n t  I nve s tme n t  

Re f i ne ry 
Loc a t ion 

PAD IV 
PAD I I  

PAD V 
PAD I I  

PAD I I I  
PAD I V  

PAD V 
PAD IV 

PAD I I I  
PAD I 

PAD I I I  
PAD I 

Ad van t a g e  
( Di s a d va n t ag e ) 

vs . Ave rag e 

0 . 2 0 
( 0 . 1 0 )  

0 . 2 8 
( 0 . 1 8 )  

0 . 1 1 
( 0 . 2 2 )  

0 . 1 9 
( 0 . 4 5 )  

0 . 7 1 
( 1 . 5 6 )  

0 . 6 5 
( 1 . 4 5 )  

Tab l e  1 0 8  and F i g u r e s  3 9  and 4 0  d i spl ay comp u ted compe t i t ive 
pos i t ions under the four c r ud e  o i l cost scenar i o s  prev i ou s ly d i s­
c u s sed . Low c ompl e x i ty r e f iner ie s ,  wh i c h  g e ne r a l ly tend to be 
smal l ,  wer e  mos t ad ve r s e ly a f fec ted by the sma l l  re f i n e r  b i a s  r e v i ­
s ion mad e  i n  Jun e  1 ,  1 9 7 9 .  Af t e r  th i s  d a te , r e f i n er i e s  i n  t h e  7 - 9  
c ompl ex i ty range a t t a i n ed s t i l l  f ur ther ad van t age i n  the i r  c ompe t i ­
t ive po s i t ions a s  me a s ur ed by the cos t o f  r e f ined produc t .  

1 8 0  



TABLE 1 0 7 

Competitive Pos itions of Ref ineries 
Aggregated by Complexity Factor 

( Al l  Figures Other Than Compl exity are $ /Barre l of Crude O i l  and Field Condensate ) 

Weight Average Complexity 

Crude Oil Cost* 
Other Feedstock Costt 
Subtota l  Input Cost 

Operating Expenses 
Fuel and Purchased Utilities 
Depreciation 
Maintenance and Othe r Expenses 

Subtota l ,  Operating Expenses 

Cost of Capital Employed 

Product Value A d j ustment 

Total Product Cost 

Relative Refinery Complexity 
Advantage ( Disadvantage ) 
vs . Average 

Number of Ref ineries 

Number of Companies 

1 - 3 

1 . 6 2  

1 1 . 4 6 

0 . 7 1  

1 2 . 1 7 

0 . 5 1  

0 . 1 5 

0 . 8 3  

1 . 4 9  

0 . 56 

2 . 9 1  

1 7 . 1 3  

( 0 . 0 5 )  

5 3  

4 8  

3 - 5  

4 . 29 

1 2 . 5 9 

1 . 1 2 

1 3 . 7 1  

0 . 7 6 

0 .  1 8  

0 .  7 2  

1 . 6 6 

0 . 7 6 

1 . 0 6 

1 7 . 1 9  

( 0 .  1 1  ) 

2 9  

2 1  

Complexity Factor 
S - 7  7 - 9  

6 . 2 0 

1 2 . 9 0 

0 . 76 

1 3 . 6 6 

0 . 92 

0 .  1 7  

1 . 0 7 

2 . 1 6  

0 . 8 2  

0 . 5 7 

1 7 . 2 1  

( 0 .  1 2 )  

45 

2 5  

7 . 8 0  

1 2 . 8 0  

1 . 46 

1 4 . 2 6 

1 .  1 7  

. 2 0 

1 . 0 2  

2 . 3 9 

0 . 8 8  

( 0 . 6 6 )  

1 6 . 8 7 

0 . 2 1 

3 6  

2 0  

9 - 1 1  

1 0 . 0 4 

1 2 . 7 0  

1 .  9 5  

1 4 . 6 5 

1 .  3 3  

0 . 2 1  

1 . 0 2 

2 . 5 6 

1 .  1 0  

( 1 . 2 8 )  

1 7 . 0 3 

o . o s 

1 3  

1 2  

1 1 + 

1 2 . 9 6 

1 2 . 46 

1 .  4 3  

1 3 . 8 9 

1 . 5 5 

0 . 2 7 

1 . 2 2 

3 . 0 4 

1 .  0 3  

( 0 . 8 1 ) 

1 7 . 1 5  

( 0 . 0 7 )  

1 0  

9 

Average 

7 . 2 7  

1 2 . 7 3 

1 . 2 0  

1 3 . 9 3  

1 . 0 7  

0 . 1 9 

1 . 0 2 

2 . 2 8 

0 . 8 7  

0 

1 7 . 0 8 

Base 

1 86 

9 1  

Crude Charge Capacity ( MB/D )  894 1 ,  1 7 0  4 , 7 9 0  5 , 2 8 5  1 , 4 8 7  1 , 1 8 5  1 4 , 8 1 1  

* Crude oil expense inc ludes c rude oil and field condensate after entitl ements inc luding sma l l  refiner bias and 
excluding the benefits of all other special entitlements programs . 

t other feeds to cks a cquisition expense is the est imated cost of other hydrocarbon feedstocks purchased for proces s i ng or 
blending . 
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TABLE 1 0 8  

Competitive It> sitions of !€ fineries b y  Size Under Va rious crude Oil Cb st Sc enarios 
Aggregated by C omplexity F actor 

B asis of C rude Oil C ost* 

I .  'lb tal 1 978 Re fined Pr oduc ts 
Costs in $/Barrel of crude 
Oil Processed 

1 -3 

A. Ne t  After En titl ementst 1 7. 1 3  

B .  After En titl ements 
Witho ut  Snall Re finer 
Bia s  

c .  Be fo re En titl ements 

D. Net After En titl ementst 
Adj usted for June 1 979 

1 8. 1 3  

1 7. 69 

smal l Ie finer Bias 1 7. 66 

I I .  Ie l ative Ie finery 
Complexity Advantage 
(Disadvantage) vs . Average 
in Ie fined Products Co sts 
in $ /Barrel of crude Oi l 
Processed 

A. Net After Enti tlementst ( 0. 05 ) 

B .  After Entitl ements 
Wi thout Snal l Ie finer 
Bias 

c. Be fore Entitl ements 

D. Net After Enti tlement st 
Ad j usted fo r Jun e  1 97 9  
Snall Re f iner Bias 

( 1. 05 ) 

( 0. 94 )  

( 0. 58 ) 

3-5 

1 7. 19 

1 7. 53 

1 7. 08 

1 7. 38 

( o. 1 1 )  

( 0. 48 )  

( o. 33 ) 

( 0. 30 ) 

C omplexity F actor 
5-7 7-9 

1 7. 2 1  1 6. 87 

1 7. 1 7  1 6. 73 

1 6. 88 1 6. 58 

1 7. 22 1 6. 81  

( o. 1 3 ) o. 2 1  

( o .  0 9 )  o .  3 5  

( o .  1 3 )  0. 1 7  

( o .  14 ) 0. 3 7  

9- 1 1  1 1 + 

1 7. 0 3  1 7. 1 5  

1 6. 93 1 7. 0 8  

1 6. 37 1 7. 2 3  

1 7. 0 2 1 7. 1 2  

o .  0 5  ( 0. 07 ) 

o. 1 5  o. 0 0  

o. 38 ( 0. 48 )  

0. 06 ( 0 . 04 ) 

Averag� 

1 7. 08 

1 7. 08 

1 6. 75 

1 7. 08 

Base 

Base 

Base 

Base 

*Al l entitl ements calcul ations exclude the benefits of spec ial entitl ements programs except the smal l 
refiner b ias , which is included where not ed .  

tincludes small refiner bia s .  
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1 7 . 80 

1 -3 3-5 

L E G E N D  

!::: :: ::::: ::1 N ET A F T E R  E N T I T L E M E N T S  ( I N C L U D E S  1 978 S M A L L  R E F I N E R B I AS )  

C:J A F T E R  E N T I T L E M E N TS W I T H O U T  S M A L L  R E F I N E R B I AS 

IIIII B E F O R E  E N T I T L E M E N T S  

5 - 7  7 -9 9- 1 1  1 1  + 

R E F I N E R Y  C O M P L EX I T Y  R A N G E  

F i g u re 39 . 1 97 8  R e f i n e d  P r o d u c t s  Costs i n  S/ Ba r re l  o f  C r u d e  O i l  P rocessed f o r  R e f i n e r i es­
A g g re g a t e d  by C o m p l e x i t y .  

N OT E :  T h r s  f r g ure was p l o tted f r o m  d a t a  r n  Ta b l e  1 08 .  

T O T A L  
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1 7 . 80 1---------------------- - N ET A F T E R  E N T I T L E M E N T S  A D J U S T E D  F O R  J U N E  1 979 S M A L L  R E F I N E R B I A S 

1 7 . 40 

1 7 . 0 0  

1 6 . 60 

1 - 3 3-5 5-7 7-9 9 - 1 1 1 1 + 

R E F I N E R Y  C O M P L EX I TY R A N G E  

F i g u re 4 0 .  Effect  o f  t h e  C h a n g e  i n  t h e  S m a l l  R ef i n e r  B i a s  o n  R ef i n e d  P rod u c ts Costs i n  
S / B a r r e l  o f  C r u d e  O i l P ro cessed f o r  R e f i n e r i e s - A g g reg ated b y  C o m p l e x i ty .  

N O T E : T h i s  f i g u re w a s  p l otied f r o m  d a ta 1 n  Ta b l e 1 08 . 

T O T A L  



Tab l e  1 0 9  i l lu s t r a t e s  t h a t  the r e f iner i e s  i n  the 1 - 3  c omp l e x i ty 
range h ave a l owe r y i e ld percen t age and a l ow p e r c e n t age o f  h igher 
value produc t s .  Tab l e  1 1 0  c omp a r e s  the d a ta based on undepr e c i a ted 
a s s e t s  and cap i t a l  c o s t  based on r e pl a c emen t  c o s t s  w i th 1 9 7 8  d a t a  
and w i th 1 9 7 8  d a ta ad j u s ted f o r  the J u n e  1 9 7 9  sma l l  r e f i n e r  b i a s  
and f i r s t  quarter 1 9 8 0  produc t pr i ce s . 

F i r s t  quar ter 1 9 8 0  prod uct pr i ce s ,  fe a t ur i ng h igh d i f fe r en t i a l s  
betwe en l ig h t  and he avy produc t s , pl ace t he l ow c ompl e x i ty ( low 
conver s ion ) re f iner i e s  wi th h i gh he avy o i l  y i e l d s  a t  a s ub s t an t i a l  
d i sad vantage . For e x ampl e ,  t he l e a s t  c omp l e x  re f i nery c a tegory 
e xpe r i e nced a $ 3 . 7 2 /bbl d i s ad van t age re l a t ive to the ind u s t ry ave r­
age . Tab l e  111 s umma r i z e s the analy s i s  o f  c ompe t i t ivene s s  a s  a 
f un c t ion o f  c ompl e x i ty . 

Prod u c t  Va l ue and Other F e e d s tock Adju s tme n t s  

The r e l a t ive c ompe t i t ivene s s  o f  a c ompany o r  re f i n e ry i s  i n f l u ­
e nc ed s ig n i f i c antly b y  t h e  value o f  the m i x  o f  produc t s  wh i c h  i t  
der ive s from c r ud e  o i l  proce s s ed . H igh c ompl e x i ty r e f i ne r i e s  y i e ld 
l arge percentag e s  o f  h ig h e r  va lue f ue l  produc t s  s uc h  a s  motor g a so­
l ine , jet  f ue l s , d i s t i l l a t e , and spec i a l t i e s  s uch a s  pe t roch em i c a l  
i n te rmed i a te s  and lube o i l s , wh i l e the l e a s t  c omp l e x  pl a n t s  are  
or ien ted toward l ower pr i c e  re s idua l  pro d uc t s . In  o rd e r  to ach i eve 
h igh conve r s ion and enhanceme n t  o f  produc t  m i x ,  the  h igh c omp l e x i ty 
re f ine r ie s  i n cur g re a t e r  cap i t a l  c o s t s  and h igher e xpen s e s  o f  ope r ­
a t io n .  Conseque n t ly , t h e  m i x  o f  produc t s  mus t  b e  c on s ide red i n  
con j un c t ion w i t h  s everal c o s t  f a c tors when s t ud y i ng c ompe t i t ive 
pos i t ions . S im i l ar ly , s uc h  s t ud i e s  mu s t  g i ve the prope r we ight  to 
the cos t o f  s uppl eme n t a l  feeds tocks other than whol e  c r ud e  o i l . 

F i n i shed produc t  pr i c e s  and s uppl emental  f e e d s tock va l ue s vary 
b e twe e n  PAD d i s t r i c t s , r e f l e c t i ng local  d emand for the ind i v i d u a l  
prod uc t s , tran s por t a t i on and l og i s t i c con s id er a t i on s , r e g ul a to ry 
constr a i n t s , e tc .  Tab l e  1 1 2  1 i s t s  produc t va l ue s  b a sed pr ima r i ly 
upon p ub l i shed r e po r t s  for t e rmi n a l s  i n  pr inc i p a l  c i t ie s  i n  the 
several PAD d i s tr ic t s . Pl a t t ' s  1 9 7 8  O i l  Pr i c e  Hand book and O i l ­
manac , 5 5th ed i t ion , s howi ng annual h igh and l ow ave r age s for 1 9 7 8 ,  
was the pr inc ipa l  d a t a  source for prod uc t pr i c e s . Th e ma i n  s uppl e ­
men tal source wa s the De par tme n t  o f  Ene rgy • s Energy In forma t i o n  
Adm i n i s t r a t ion wh i c h  prov ided annual ave r ag e  who l e sa l e  pr i c e s  
aggrega ted b y  c ompany s i ze . The DOE doe s not h ave s im i l a r  i n fo rma­
t ion fo r the PAD d i s t r i c t s . For c e r ta in s pe c i a l ty produc t s , s uc h  
as b e n zene , toluene , xyl ene , coke , and asphal t ,  o th e r  p ub l i c a t ion s 
were con s ul ted . 

I t  i s  recogn i z e d  tha t i nd iv id u a l  c ompa n i e s  and r e f iner i e s  e xpe ­
r ience prod uc t re a l i za t ion s d i f fe r i ng to s ome e x te n t  from those o f  
o ther f i rms a n d  p l a n t s  i n  t h e  same are as . Howe ve r ,  the c oncept o f  
c ompe t i t ivene s s  empl oyed i n  t h i s  s t udy focuse s a t te n t ion u pon the 
cost of manufac t ur ing produc t rather than upo n i nd i v i d u a l c ompany 
pr ice re al i za t i on s .  I t  i s  be l i eved that the u s e  o f  t he se r e g ional  
p r i c e s  der ived f rom p ub l i c  sou r c e s  for pr i n c i p a l  produc t s  should 
g ive mean i ngf ul produc t  d i f feren t i a l s for d e te rm i n i ng prod uc t m i x  
and s uppl emen ta l  feeds tock ad j u s tme n t s  to produc t c o s t  i n  t h e  PAD 
d i s tr i c t s . 

1 8 5  



TABLE 1 0 9  

1 978 Pr oduc t and Other Fe edsto ck Slates 
A��re�ated by C omElexity F actor 

(Vo l .  % o f  'lb tal Input) 

C omElexitl F actor 
1 -3 3-5 5-7 7-9 9- 1 1  1 1 + Average 

Product Yields 
LPG 0 . 9  1 .  1 1 .  6 2 . 6  1 .  1 2 . 2 1 .  9 
Mo tor Ga so line 1 5 . 9  38 . 3 44 . 9 48. 9 49. 9 5 3 . 2 4 5 .  1 
Jet Fuels 9 . 8 3 . 3 7 . 0 6 . 5 6. 9 2 . 6 6 . 3 
Middle Distil late 2 1 . 2 2 5 . 3 2 2 .  1 1 8 . 7 1 6. 0 1 9 . 2 2 0 . 2 
Heavy Fuel Oils 3 1 . 4  1 4 . 6  9 . 8 7 . 2  9 . 0 4. 9 1 o .  1 
Asphalt 6 . 9 4 . 5 3 . 5 1 .  9 * * 2 . 8 

I-' 
Finished Lubricants 1 .  0 * 1 .  6 1 .  4 * 1 .  2 00 

0"1 BTX * 0 .  1 0 . 7 1 .  7 * 0 . 7 
Feedstocks Sold to Others 4 . 0 3 . 7 2 . 9 4 . 0 4 . 9 4 . 8  3 . 8 
other Sal eable 5 . 6 s .  1 2 . 6 3 . 8  3 . 7 3 . 2 3 . 5 
Refinery Fuel Produced 1 . 8 4 . o  5 .3 5 . 8 5 . 9 7 . 8 5 .4 

--- --- ---

'Ib tal (Except SUl fur , Wax ,  
and Coke ) 98. 5 1 0 0 . 7 1 0 1 . 3  1 0 1 . 4  1 0 2 . 1 1 0 1 . 7  1 0  1 .  2 

Other F eedstocks 
Butanes 0 . 2 1 .  2 1 .  5 2 . 4 2 . 0 1 .  3 1 .  7 
Natural Gasoline 1 .  8 1 .  5 1 .  4 3 . 4  1 .  7 1 .  9 2 . 2 
other Feedstocks 1 .  8 2 . 5 1 .  8 4 . 2 6 . 8 3 . 9  3 . 4 
Other Blendstocks 1 . 0 1 .9 0 .6 * * 2 . o  1 . 2 -- --

'Ib tal 4 . 8 7 .  1 5 . 3 * * 9 .  1 8 . 5 

*Data withheld to protect confidential ity . 



TABLE 1 1 0  

Impl ications o f  Ch anges Si nce 1 978 in Cbmpetitive Factors and Varying Ba se s  for 
C orn,Euting C ost of C aEital for Refineries ASf2:e�ated br C om12lexit� F actor 

( Al l  Figures are $ /Barrel of crude Oil and Field Oo ndensate) 

ComElexity F actor 
1 - 3  3 - 5  5 - 7  7 - 9  9 - 1 1 1 1 + Average 

Weight Av erage Oompl ex ity 1. 62 4. 29 6 .  0 5  7 .  8 0  1 o. 04 1 2 . 96 7 . 2 7  

1 .  1978 Data 

A .  capital Oo st Ba sed Upon 
original Gross Assets 

crude Oil Expense 1 1 . 46 1 2. 59 1 2 . 90 1 2 . 80 1 2. 70 1 2. 46 1 2 . 7 3  

Cost of capital Elnployed 0 . 56 o. 76 o. 82 o.  88 1. 1 0  1 .  0 3  o.  87 

other Oo sts 5 . 1 1  3 . 84 3 .4 9  3 . 1 9 3 . 2 3  3 . 66 3 .4 8  

To tal Product Oo st 1 7. 1 3  1 7. 1 9  1 7. 2 1  1 6. 8 7  1 7. 0 3  1 7. 1 5  1 7 . 0 8  

Relative Refinery Canplexity 
Advantage ( D i sadvantage) vs . 
Average ( o. 05 ) ( o. 1 1 )  ( 0. 1 3 )  o .  2 1  0. 0 5  ( o .  0 7 ) Base 

B. Capital Clost Based Upon 
Pe pl acement Investment 

Crude Oil EKpense 1 1 . 46 1 2 . 5 9  1 2 . 90 1 2 . 80 1 2 . 70 1 2 . 46 1 2. 7 3  

Clost of capital Elnployed 1. 2 2  2 . 2 0  2. 3 7  2. 5 6  2 .  8 1  3 .  1 3  2 . 4 7  

other Oo sts 5 . 1 1  3 . 84 3 .4 9  3 . 1 9  3 . 2 3  3 .66 3 .4 8  

Total Product Clost 1 7. 79 1 8. 63 1 8. 76 1 8. 55 1 8. 74 1 9. 2 5 1 8. 68 

Re l ative Je finery Oompl ex ity 
Advantage ( Dis advantage) vs . 
Av erage 0 . 8 9  0 . 0 5  (0 . 0 8 )  o .  1 3  ( 0 .  0 6 )  ( 0 .  5 7 ) Ba se 

2 .  1978 Da ta l\d jus ted for Jun e  1 9 7 9  

an all Re finer Bias 

A. capital Cost Ba s ed  Upon 
Original Gross As sets 

Crude Oil EKpense 1 1 . 99 1 2. 78 1 2 . 9 1  1 2. 74 1 2 . 69 1 2 . 4 3  1 2 . 7 3 

Clost of capital Elnployed 0 . 5 6  0 . 76 o. 82 0. 88 1 .  1 0  1 .  0 3  o. 8 7  

other Oo sts 5 . 1 1  3 . 84 3 .4 9  3 . 1 9 3 . 2 3  3 .66 3 .4 8  

Total Product Cost 1 7. 66 1 7. 38 1 7. 22 1 6. 8 1 1 7. 02 1 7. 1 2  1 7. 0 8 

Re l ative Je finery Oompl ex ity 
Advantage ( Disadvantage) vs . 
Av erage ( 0 .  5 8 )  ( 0 .  30 ) (0 . 1 4 )  0 . 2 7  0 . 06 ( 0 .  0 4 )  Ba se 

B. capital Clost Based Upon 
Replacement Investment 

crude Oi l EKpense 1 1 . 99 1 2. 78 1 2 . 9 1  1 2. 74 1 2 . 69 1 2 . 43 1 2 . 7 3  
Clost of capital Elnployed 1 .  2 2  2. 2 0  2 . 3 7  2. 5 6  2. 8 1  3 .  1 3  2 . 4 7  
ot her Oo sts 5 . 1 1  3 . 84 3 .49 3 . 1 9  3 . 2 3  3 . 66 3 .4 8  
Total Product Cost 1 8. 32 1 8. 82 1 8. 77 1 8. 4 9  1 8. 7 3  1 9. 22 1 8. 68 
Re lative � finery OJmpl exity 

Advantage ( Disadvantage) vs .  
Av erage o. 36 ( 0 .  1 4 )  ( 0 .  0 9 )  o.  1 9  0 . 0 5  ( 0 .  54 ) Ba se 

3 .  1978 Data l\d j usted for Jun e  1 97 9  

Snall Re finer Bias and First 
Quarter 1 980 Produc t Pr ices 

A .  capital Clo st Based Upo n 
Original Gross Assets 

crude Oil Expense 1 1 . 99 1 2. 78 1 2. 9 1 1 2 . 74 1 2 . 69 1 2. 4 3  1 2 . 7 3  
Co st of capital Elnployed 0 . 56 0 . 76 o. 82 o. 88 1 .  1 C  1 .  0 3  0 . 8 7 
other Oosts 9_. 79 6 . 2 3  5 . 1 0  4 . 26 4 . 3 5  4 .46 5 . 0 2  
To tal Produc t Clo st 2 2 . 34 1 9 . 77 1 8. 83 1 7. 88 1 8. 1 4  1 8. 92 1 8. 62 
Relative Re f inery Canpl exity 

Advantage (Di sadvantage) vs . 
Average ( 3. 72 ) ( 1. 1 5 ) ( o. 1 9 )  o .  74 0. 4 8  ( o. 30 ) Base 

B. capital Clost Based Upon 
Repl acement Investment 

Crude Oil EKpense 1 1 . 99 1 2 . 78 1 2. 9 1  1 2 . 74 1 2 . 69 1 2 . 43 1 2 .  73 
Clost of capital Elnplo yed 1 . 22 2. 2 0  2 . 3 7  2. 56 2. 8 1  3 .  1 3  2 . 4 7  
other Oo sts 9 . 7 9  6 . 2 3  2._,_!Q_ 4 . 26 4 . 3 5  4 .46 5 . 0 2  
Total Product Clost 2 3. 0 0  2 1 . 2 1 2 0 . 3 8  1 9. 56 1 9. 85 2 0 . 0 2  2 0 . 2 2  
Re lative Je finery Oompl exity 

Advantage ( Disadvantage) vs . 
Av erage ( 2 .  7 8 )  ( 0 .  99 ) o. 1 6  0 . 66 o. 3 7  0 . 2 0  Ba se 

1 8 7  



TABLE 1 1 1  

H i gh e s t  and Lowe s t  Produc t M i x  Co s t  
Agg reg a ted by Comp le x i ty F a c t o r  

( $ /Bb l  C rude O i l  Through p u t ) 

1 9 7 8  Data 

Cap i ta l  Cos t s  Ba s ed Upo n : 

Or ig i na l  Undepr e c i a ted 
As s e t s  

Rep l aceme n t  I nves tme n t  

1 9 7 8  Dat a  Ad j us ted for 
June 1 9 7 9  Sma l l  Re f i ne r B i as 

Cap i ta l  Cos t s  Ba s ed Upon : 

Or ig i na l  Undepr e c i a ted 
As s e t s  

Rep l a c eme n t  Inve s tme n t  

1 9 7 8  Data Ad j u s ted for 
June 1 9 7 9  Sma l l  Re f i ne r B i a s  
and F i rs t Qua r t e r  1 9 8 0  
Pro d u c t  Pr i ce s  

Cap i ta l  Co s t s  Based Upon : 

Or ig i na l  Undepre c i a td 
As s e t s  

Rep l a ceme n t  I nve s tme n t  

Comp le x i ty 
Fac tor 

7 - 9  
5- 7 

1 - 3  
1 1+ 

7 - 9  
1 - 3  

1 - 3  
1 1+ 

7 - 9  
1 - 3  

7 - 9  
1- 3 

Ad va n t ag e  
( D i s ad va n t age ) 

vs . Ave rage 

0 . 2 1 
( 0 . 1 3 )  

0 . 8 9 
( 0 . 5 7 )  

0 . 2 7 
( 0 . 5 8 )  

0 . 3 6 
( 0 . 5 4 )  

0 . 7 4 
( 3 . 7 2 )  

0 . 6 6 
( 2 . 7 8 )  

Tab l e s  9 1 ,  9 7 ,  1 0 4 , and 1 0 9  s ummar i ze the y i e ld s  o f  pr inc ipal  
produc t s  and  throug h p u t s  o f  o the r feeds tocks as  pe rcen tag e s  of  
to tal inputs  for  the aggregat ions for  c ompan ie s by  s i ze and  for 
r e f iner i e s  by s i z e , l oc a t ion , and compl e x i ty .  

C ompany S i z e  

Gen e r a l ly , a s  c ompany s i z e  i n c r e a s e s  t h e  produc t s l a t e s  s e t  
forth i n  Tab l e  9 1  s how greater y i e l d s  o f  h ighe r va l ue prod uc t s  and 
a n  a s so c ia ted favorab l e  produc t mix va l ue . Th i s  i s  r e f l e c t ive o f  
the typ i c a l  tre nd toward h igher c ompl e x i ty , more f ul ly in tegra ted 

1 8 8  



Products 

L PG 

Motor Gasoline 
Jet Fuel 

Naphtha 
Kerosine 

Kerosine/No . 1 Heating O i l  
Diesel 

Distillate , No . 2 
H . F  . 0 .  ( No .  4, 5, and 6 )  

Asphalt 
Llbe Base Stocks 
Waxes* 
BTX 
Other Specialties and 

Petrochem Int . 
Feedstocks Sold to Others 
Sul fur* 
Coke* 
Miscellaneous 
Blendstocks Sold to Others 
Refinery Fuel 

Other R aw Materials 

Butanes 

Natural Gasol ine 

Other Feedstocks 

Other Blendstocks 

*Conversion Factors 

Sul fur - 1 . 0 ST 

Coke - 1 .  0 LT 

TABLE 1 1 2  

1 97 8  P r ices for P roducts and 
( t/Gallon) 

R efiner� L ocat ion 
PAD I PAD I I  PAD I I I  PAD 

27. 2 2 3 . 7  2 3 . 7  2 3 . 7  
41 . 6  40 . 1  40 . 7  41 . 9  

39 . 5  4 1 . 4  39 . 3  4 1 . 4  
40 . 8  3 8 . 8  3 8 . 1 3 9 . 2  
41 . 6  39 . 6  38 . 9  40 . 0  
3 8 . 4  3 6 . 4  3 5 . 7  3 6 . 8  

38 . 3  36. 3 35 . 6  36. 7 
3 1 . 6  2 6 . 0  2 6 . 5  2 0 . 0  

35 . 0  35 . 0  35 . 0  3 5 . 0  
7 1 . 8  7 0 . 0  7 0 . 0  7 1 . 0  

64 . 6  6 3 . 0  63 . 0  6 3 . 9  
6 1 . 3  6 1 . 3  61 . 3  6 1 . 3  

4 8 . 3  4 5 . 1 4 5 . 8  4 7 . 3  
39 . 3  3 5 . 3 36. 2 3 7 . 7 
2 9 . 5  2 9 . 5  2 9 . 5  2 9 . 5  
1 8 . 8  1 8 . 8  1 8 . 8  1 8 . 8  
3 7 . 2 3 7 . 2  3 7 . 2  3 7 . 2  
39 . 3  3 5 . 3 36. 2 37 . 7  
3 1 . 2  29. 3 2 6 . 8  2 4 . 9  

2 7 . 2  2 3 . 7  2 3 . 7  2 3 . 7  
37 . 3  3 3 . 3 34 . 2  35 . 7  
39. 3 3 5 . 3 3 6 . 2  3 7 . 7  
39 . 3  3 5 . 3 36. 2 37. 7 

. 0032 Mbbl liquid equivalent . 

. 0049 Mbbl liquid equivalent . 

Waxes - 1 . 0  S T  . 0068 Mbbl liquid equival ent . 
t1 0% premi lJJI l e ad ed , 35% unl e ad ed .  

"Other Feedstocks" 

I V  PAD V Basis 

2 3 . 2  Plat t ' s  ex PAD I V  
43 . 9  Platt ' s  and DOEt 

4 1 . 6  Defense Fuel Suppl y Center 
3 6 . 7  0 . 8 ¢/gal . under No .  1 Heat i ng O il (DOE ) 
3 7 . 5 3 . 3  t/gal . above No . 2 Dist illate (DOE ) 
34. 3 Plat t ' s  and DOE 

34 . 2  Platt ' s  and DOE 
2 1 . 7  Platt ' s  

3 5 . 0  $82/Ton 
7 5 . 0  Plat t ' s 

67. 5 0 . 9 x lube base stock prices 
6 1 . 3  1 /3 Bz . ® 7 2  t/gal . ,  2/3 T X  ® 56 t/gal . 

4 8 . 5  5 t/gal . above avg . gasolin e 
3B . 8  3 t/gal . under regul ar gaso line 
2 9 . 5  
1 8 . 8  $40/Ton 
3 7 . 2  Weighted Aver age Product Pr ic e 
38 . 8  3 t/gal . under regular gasoline 
3 0 . 7  NPC Survey Part I I  $/MMBt u 

2 3 . 2  Equal to L P G  pr ic e 
36. 8 5 t/gal . under regular gaso l ine 
3 8 . 8  3 t/gal . under regular gasoline 
38 . 8  3 t/gal . under regular gaso line 



r e f i ner i e s  w i t h i nc r e a s ing c ompany s i z e . Be l ow S O  M B/D c ompany 
capac i ty ,  the ave r age re f i n e ry s i ze i s  l S . 8 MB/D and c ompl e x i ty i s  
3 . 4 , wh i l e  above S O  M B/D c ompany c apac i ty ,  the ave r ag e  r e f i n e ry 
s i ze i s  1 1 3 . 7 MB/D and c ompl e x i ty i s  7 . 5 .  

The y i e ld o f  the h ighe s t  va l ue f ue l  prod uc t ,  g a s o l i n e , var ie s  
marke d ly b e twe e n  c omp any s i z e  c a tegor ie s ,  r ang i ng f rom a l ow o f  l S  
pe rcen t for the 0 -1 0  MB/D capac i ty c a t eg o ry t o  4 6  t o  4 8  p e r c e n t  fo r 
c ompan i e s  o f  g re a t e r  than S O  MB/D c apac i ty .  Ty p i c a l ly , r e f i ne r i e s  
owned by smal l e r  c ompan ie s do no t h ave a s  much capac i ty f o r  con­
ver t i ng h e av i e r  s tocks t o  g a so l ine a s  r e f i ner i e s  own ed by the  l arg­
e r  c ompan ie s .  Con sequen t ly , the se plan t s d i s pl ay a h igher y i e ld o f  
the heav i e r  produc t s  wh i ch command lowe r ma rke t pr i c e s . 

Th e y i e ld s  o f  lube o i l s  and BTX3 should be n o ted i n a smuch a s  
the se prod uc t s  c ommand re l a t ive ly h igh pr i ce s .  Wh i l e  t h e s e  prod­
ucts  are  mo re abundantly produced by the l arge r r e f i ne r ie s ,  a num­
be r of the c ompan i e s  unde r  10 MB/D capac i ty a l so bene f i t  f rom 
upg rad i ng of c rud e o i l f r ac t i ons to manu f ac t ur e  l ub e s tocks . 

Re f i nery S i z e  

Produc t y i e ld s truc tures  fo l low roug h l y  t h e  s ame trend a s  for 
c ompany s i ze ;  that i s ,  l arger re f iner ie s gener a l l y  man u fac t ur e  more 
g a so l i n e , s pe c i a l t i e s ,  and o ther l ig h t  produc t s  o f  h ig h e r  marke t 
va l ue than do the sma l l e r  pl an t s .  Con seque n t ly , the  over a l l  tre nd 
i s  fo r the l arge r re f iner i e s  to enj oy a produc t v a l ue adva n t ag e . 
The prod uc t va l ue ad j u s tment s range from a $ 0 .  S S/bbl o f  c r ud e  o i l 
advan tag e  for the 1 0 0 -1 7 S  M B/D r e f inery s i ze r ange to a $ 1 . 5 0 /bbl  
d i s ad van t age for the 1 0 -3 0  M B/D s i ze range ( Ta b l e  9 S ) . 

Pr i n c ipal e x c e p t i o n s  to t h i s  general i z a t i o n  are f o r  r e f iner ie s 
o f  l e s s  than 1 0  M B/D capac i ty and for t ho s e  o f  g re a te r  than 1 7 S  
MB/D c apac i ty .  As prev i ou s ly observed , s ome o f  the  fo rme r s i ze 
ca tegory e n j oy an ad van t age ove r  some l arger pl a n t  s i ze s  d ue to 
l ub r i c an t  produc t ion . W i th re spe c t  to the l a t t e r ,  t h e s e  l arge re­
f i ner i e s ,  a s  a g roup , are  not a s  c ompl e x  a s  those re f i n e r i e s  i n  the  
1 0 0 - 1 7 S  M B/D c l a s s  and hence d o  no t have a s  h igh a value fo r prod ­
uc t m i x . 

R� f i ne ry Loc a t ion 

Compu ted ad j u s tme n t s  for prod uc t value r a nge f r om a f avorable 
value o f  $ 0 . 5 0 /bbl  for PAD I t o  an un f avorab l e  $ 0 . 6 9/bb l  f o r  PAD I V  
re f iner i e s  ( Table 1 0 2 ) . PAD I I I  re f i ner i e s  a l so s how a f avorable 
ad j u s tme n t  wh i l e  t ho s e  i n  PADs I I ,  I V ,  and V h ave a produc t va l ue 
b e l ow the ave r age for u.s. re f iner i e s . 

The gre a te s t  s ign i f i c ance from a c ompe t i t ive a n a ly s i s  s tand­
po i n t  r e l a t ive to i n te rreg ional produc t va lue appe r ta i n s  t o  PA Ds I 
and I I I .  The e xpen se o f  prod uc t trans por t a t ion f r om the Gul f Coa s t  
t o  the Ea s t  Co a s t  i s  re f l e c ted i n  the r e s pe c t ive produc t m i x  va lue 

3B e n z e ne , toluene , and xyl ene . 
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for these two are a s . The produc t va l ue for the o t h e r  PAD d i s tr i c t s  
i s  cons ide red t o  b e  more r e f l ec t ive o f  l o c a l  marke t d emand and 
pr ice s rather than maj or c ompe t i t ive force s conn e c t e d  w i t h  in terre­
g ional produc t moveme n t s . 

Re f i ne ry Comp le x i ty 

Re f i nery c omp l e x i ty g re a tly a f f e c t s  produc t s l a te and produc t 
mix  value . The 1 - 3  c ompl e x i ty re f i n e ry c a t eg o ry ha s an un f avor a b l e  
produc t va l ue o f  $ 2 .  9 1/bbl o f  c rud e o i l  wh i l e  r e f iner i e s  i n  the 
9 -1 1  c ompl e x i ty r ange h ave a f avorabl e  prod uc t va lue of $ 1 . 2 8/bbl . 
Th i s  i s  a s ub s t an t i a l  range , amoun t i ng t o  $ 4 . 1 9 /b b l  ( Ta b l e  1 0 7 ) . 

The r e  i s  a corre spo nd i ng marke d d i f fe rence i n  the produc t 
slate s for the re f ine r ie s  repre sen t i ng the  e xt r eme s i n  re f i n e ry 
c ompl e x i ty me n t i oned above . Tho se p l an t s  i n  the 1 - 3  c omp l e x i ty 
c a t egory manu fac t ured 1 5 . 9 percen t gasol ine and 3 1 . 4 pe rcen t j e t  
f ue l  and mid d l e  d i s t i l l a te . Th i s  con t ra s t s  s ig n i f i c an tly w i t h  the 
y i e lds from the re f in e r i e s  o f  9 -1 1  c ompl e x i ty wh i c h  prod uc ed 4 9 . 9 
percen t g a so l ine and 1 6 . 0 pe r c e n t  j e t  f ue l  and m id d l e  d i s t i l l a te 
( Table 1 0 9 ) . 

Impl i c a t ion o f  Ot h e r  Cha nge s i n  Econom i c  Fac tors S i nce 1 9 7 8  o n  
Compe t i t i vene s s  

I n  1 9 7 8 ,  c rud e o i l  c o s t  fo r the indu s t ry ave r aged $ 1 2 . 7 3 /bb l ; 
th i s  r e presen ted 7 5  pe rcent o f  the to t a l  c o s t  o f  re f ined prod uc t s . 
S i nc e  the n ,  c rud e o i l  cos t s  h ave e sc a l ated rap id ly , i n  some in­
s tance s to  ove r $ 4 0 . 0 0 /bbl . Th i s  obv iou s ly i nc r e a se s the r e l a t ive 
impo r tance of r aw ma te r i a l  and energy cos t s . The e f fe c t ivene s s  o f  
c r ude o i l a cq u i s i t ion and ene rgy con se rvat ion prog r ams w i l l  b e  the 
key to compe t i t ive n e s s  for every r e f iner . Fue l and u t i l i ty c os t s , 
for e xampl e ,  c ou l d  e a s i ly approach 7 0  p e rcen t o f  t o t a l  r e f i nery 
opera t i ng cos t ( o ther than c r ud e  o i l and o t h e r  f e e d s tocks ) a s  u.s. 
ene rgy c o s t s  approach wo rld par i ty v a l ue s .  Rap i d ly r i s i ng energy 
costs  as we l l  as new spec i a l  i nve s tmen t  t a x  cred i t s  pro v i d e  l arge 
i nc en t iv e s  for new i nve s tme n t  i n  energy s av i ng equ i pme n t , a s s um i ng 
s uch incent ive s  are not n ega ted by fed e r a l  pr i c e  gu id e l i ne s .  Sur­
veys by the Ame r i c an Pe tro l e um In s t i tute ( AP I ) s h ow that r e f i ne r s  
have reduc ed ene rgy con s umpt ion by 1 9  pe r c e n t  s i nce 1 9 7 2 ,  but s ub­
s tan t i a l  fur ther improveme n t  is e xpec ted by 1 9 8 5 .  Re f i n e r s  t h a t  
f a i l  t o  ma tch i nd u s t ry per fo rmance i n  ene rgy c on s e rva t ion could 
lose the i r  compe t i t i ve po s i t i on to mo re energy-e f f i c i e n t  c ompan ie s .  

The De c embe r 1 9 7 9  N PC Survey o f  U . S .  and Wo r ld Ene rgy and O i l  
Supply /Demand Fore c a s t s  ( med i um case ) shows t h a t  t o t a l  d emand i s  
e xpe c ted t o  rema i n  e s s e n t i a l ly cons tan t through 1 9 9 0 . Co n s ide rable 
change i n  prod uc t m i x  is  pro j e c ted , howeve r .  To t a l  mo tor ga sol i n e  
d emand i s  e xpe c ted to d e c l ine wh i l e t h e  propo r t i o n  o f  un l e aded gas­
ol ine i n c r e a s e s  from 32  percent i n  1 9 7 8  to 77  percen t by  1 9 8 5 ,  and 
8 9  pe rcent by 1 9 9 0 . He a t i ng o i l  and re s id u a l  f ue l  o i l  d emand a l s o  
show a s te ady d e c l i n e . The se d e c l ine s  are pro j e c ted to be o f f se t  
by a g rowt h  i n  d emand for c omme r c i a l  j e t  f ue l ,  d i e s e l  f ue l ,  l iq u i ­
f i ed pe t ro l e um gase s ,  a nd non-ene rgy prod uc t s  s uch a s  pe trochem ic a l 
f eeds tock s , l ub r i c an t s , me t a l lurg i c al coke , and a spha l t .  
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Re f i ne r s  mu s t  adapt the i r  produc t m i x  to the s e  chang e s  i n  c on­
s umer d emand . C ompan i e s  wi th h igh conve r s ion re f i n e r i e s  w i l l  need 
t o  cope w i t h  f a l l ing d emand for the i r  pr ime produc t - - mo t o r  ga so­
l ine . Products  wi t h  g r owth po ten t i a l , s uch a s  j e t  f ue l , d ie s e l , 
and chem i c al feeds tocks , general ly r eq u i re l e s s  proce s s i ng than 
gasol ine . A l so , d e c l i n i ng d emand for re s i d u a l  f ue l  o i l i nd i c ate s 
t h a t  r e f i ne r s  mu s t  prepare for the t ime wh en r e s i d u a l  f ue l  o i l  w i l l  
be i n  l imi ted d emand a s  f ue l  for s t a t i on a ry powe r pl an t s .  Upg r a d ­
i ng r e s i d u a l  f ue l  o i l  t o  more va luable produc t s  wi l l  requ i re l a rge 
i nve s tme n t s  in  proce s s i ng fac i l i t ie s  and l arg e r  r e f ine r s  may h ave 
some bene f i t  of e conom i e s  of s c al e . Sma l l  r e f i n e r s  may choose to 
s e l l  the i r  re s i d u a l  prod uc t s  a s  feeds tocks r a th e r  than make the 
ma j or i nve s tme n t s  for c onve r s ion fac i l i t ie s .  

I n  s ummary , i t  i s  d i f f i cul t to pred i c t  how c h ang ing c ir cum­
s tance s w i l l  a f fe c t  the f ut ure r e l a t ive c ompe t i t i vene s s  o f  var i o u s  
seg me n t s  o f  t h e  re f i n i ng indus t ry . Fo r any segme n t  t h e r e  appe a r  to 
be f avor able a s  we l l  a s  un f avor able trend s .  Al l re f i ne r s  can r e ­
spo nd t o  pe rce ived change s i n  the i r  envi ronme n t  wi t h  a w i d e  r ange 
o f  man u f ac t ur i ng and ma rke t i ng s tr a t eg i e s  and i nve s tme n t  a l te rn a­
t ive s .  The d e c i s ions  made by the i nd iv id u a l  re f i n i ng c ompan i e s  
wi l l  d e t e rmine the i r  f und amental e f f i c i e n cy and r e l a t ive c ompe t i ­
t ive po s i t i on i n  the f ut ur e .  

E l emen t s  o f  C rude O i l  Re f inery Operat ing C o s t s  and A s s e t s  

Qu an t i f i a b l e  c o s t  f a c to r s  wh ich i n flue n c e  r e f i n er i e s ' c ompe t i ­
t ive pos i t ions and are cons idered i n  t h i s  s t udy are c r ud e  o i l ,  
ope r a t i ng e xpen s e s  ( f ue l and purcha sed u t i l i t i e s ,  d e pr e c i a t ion , 
ma in tenanc e , e tc . ) ,  and cap i tal  co s t s . Source d a ta for the s e  c o s t  
e l eme n t s  a s  rece ived i n  t h e  January 1 9 7 9  N PC Survey o f  Pe t r o l eum 
Re f in i ng Capab i l i t ie s  and r e ported in  the i n t e r im r e po r t ,  are d i s­
c u s sed in  th i s  s e c t i o n . As no ted e ar l i e r , the  c ompe t i t ive s e c t i o n s  
o f  t h i s  chapt e r  are b a s e d  o n  a 1 8 6  re f in e ry ,  1 4 , 8 1 1  M B/D s ampl e for 
wh ich c omp l e te d a ta we re ava i l able . The fo l l ow i ng s e c t i on s  i nc l ud e 
cost  a nd o t h e r  d a ta for a l l  re s pond e n t s  to the s urvey . 

C rude O i l  Cos t s  

Pe t ro l e um re f in i ng i s  incre a s i ng ly raw ma te r i a l c o s t  i n te n s i ve . 
For the 1 9 7 8  pe r iod upon wh i c h  t he d a t a  base  fo r t h i s s t ud y  wa s d e ­
ve l oped , t h e  cos t  o f  c rud e o i l  repre sen ted appro x ima te ly 7 5  p e r c e n t  
o f  t h e  total cos t o f  r e f in ed produc t s  for t h e  d ome s t i c i nd u s t ry . 

Re f i ners  have had w i d e ly vary i ng c rud e o i l  cos t s  dur i ng r e c e n t  
ye ar s . In add i t ion to q ua l i ty and loc a t ion d i f f e ren t i a l s , co s t s  
o f  c rud e o i l f rom d ome s t i c and fo r e ig n  sour c e s  have been h e av i ly 
impac t ed by gove r nme n t a l  r egulat ions e s tabl i sh i ng pr i c e  con trol 
t i e r s , e n t i t l eme n t s  programs , regul a tory e x cept i ons , e t c .  As a 
re s ul t  o f  the se fac tor s ,  the r e l a t ive c ompe t i t ive po s i t io n s  o f  the 
s eve r al company and r e f i nery ag grega t i ons cons id e red in th i s  s t udy 
h ave to be l a rge ly de te rmined by the c r ud e  o i l source and c l a s s i f i ­
c a t ions and by r e f i ner s i ze . 
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The De cember 1 9 7 9  N PC repo r t ,  Re f i nery F l e x i b i l i ty ,  An I n te r im 
Re por t ,  prov id ed g ro s s  c r ud e  o i l  cos t d a t a  be fore en t i tl emen t s  for 
l owe r t i er , uppe r t i e r ,  and exemp t ( i nc l ud i ng impo r t s ) c rud e o i l  
run s  i n  mos t  re f ine r ie s  i n  the Un i ted S t a te s .  Th i s  s e c t ion pr e ­
s e n t s  the col l e c ted i n f o rma t ion and analy ze s  i t  wi th r e s pe c t  t o  the 
c ompany and re f i n e ry ag gr ega t ion s con s id e r ed in th i s  s t udy . Table s  
1 1 3 ,  1 1 4 , 1 1 5 ,  and 1 1 6  pre s e n t  c rud e o i l  cos t and q u a l i ty d a ta for 
re f iner i e s  by c ompa ny s i ze and re f i n e ry l o c a t ion , s i ze ,  and 
compl e x i ty .  

The ne t c o s t  o f  c rud e o i l  to re f i n e r i e s  wa s a f fe c ted i n  1 9 7 8  by 
var ious federal progr ams admi n i s tered on a c ompany b a s i s  r a t h e r  
t h a n  on an ind i v i d u a l  re f i nery bas i s .  U . S .  Depar tme n t  o f  Energy 
en t i tl emen t s  prog r am f a c tors for 1 9 7 8  ( d ome s t i c o i l  s upply ra t io 
[ DOS R ] , deemed old  o i l r a t i o  [ DOOR ] , e tc . ) we r e  appl ied to the 
agg r ega ted d a ta s uppl i ed by the r e s pond e n t  re f i ne r i e s  t o  d e t e rmine 
the e f f e c t s  o f  the e n t i t l emen t s  prog r am and i t s  sma l l  re f i ne r  b i a s  
prov i s ions on c r ude o i l c o s t s  by c ompany s i ze .  Tabl e  1 1 3  and F ig ­
ure 4 1  d i splay t h e  c rud e o i l  cos t s  o n  t h r e e  b a se s ,  agg rega ted by 
c ompany s i ze range : ( 1 )  be fore en t i tl emen t s , ( 2 )  a f te r  en t i t l e ­
men t s  wi thou t sma l l  r e f iner  b i a s ,  and ( 3 )  a f t e r  e n t i t l eme n t s  wi th 
sma l l  re f iner  b i a s . 

Und er the DO E en t i tl emen t s  prog r am and i t s  sma l l  re f i n e r  b ia s  
prov i s ions a s  admi n i s tered i n  1 9 7 8 ,  n e t  c rud e o i l cos t r anged f rom 
$1 0 . 5 3 /bb l  for c ompan i e s  wi th a capac i ty of l e s s  t h an 1 0  MB/D to a 
max imum o f  $ 1 2 . 9 9/b b l  fo r compan i e s  hav i ng sys tem capa c i t i e s  i n  the 
r ange of 5 0 -1 0 0  MB/D . Gener a l ly , sma l l e r  c ompan i e s  e xper i enced 
lowe r n e t  c rud e o i l cos t s  ( Ta b l e  1 1 3 ) .  Al though the  DOE program 
con tr ibuted to the obse rved d i f fe rence s , c r ud e  o i l  pr i c e  con tro l 
c l a s s i f ic at ions ( uppe r t i e r ,  l owe r t i e r , e xemp t ) and c rud e o i l 
qual i ty ( s ul f ur and API g r av i t y ) a l so s ign i f i c a n t l y  a f fe c ted ne t 
c rude o i l  cos t . Fo r exampl e ,  some sma l l  compan i e s ' c rud e o i l cos t s  
tended t o  b e  r e l a t i ve l y  l ow due t o  the i r  proce s s i ng l e s s  e xpen s ive , 
he avy , h igh- s ul f ur c rud e o i l s  for the manu f ac ture o f  a sphal t .  

Th e e f fe c t  o f  the e n t i t l emen t s  program e x c l u s ive o f  the sma l l  
re f iner  b i a s  a l so r e d uc ed the  max imum s pre ad for n e t  c r ud e  o i l co s t  
b e twe en compan i e s  o f  d i f f eren t s i ze r ange s t o  $ 0 . 8 6 /bb l . W i thou t 
the ent i tl eme n t s  prog r am th i s  s pread wo uld h ave been a s  much a s  
$ 2 .  5 2/bb l  o f  crud e  o i l . Wi t h  both e n  t i  t l eme n t s  and the sma l l  re­
f iner b i a s , th i s  max imum d i f feren t i a l  bec ame $ 2 . 4 6/bb l . I n  all  of  
the se ins tanc e s , the compan i e s  i n  the sma l l e r  s i ze c a tegor i e s  d i s­
pl ay l owe r c r ud e  o i l co s t s  ( Table 1 1 3 ) .  

The c al cul a t ion o f  ne t c r ud e  o i l  co s t s  ( a f te r  en t i tl emen t s  w i th 
sma l l  ref iner b i a s ) f o r  ind i v i d u a l  r e f i n e r ie s i s ,  by d e f i n i t i on , 
hypothe t i c a l , because the sma l l  re f i n e r  b i a s  progr am wa s admi n i s­
te red in  1 9 7 8  o n  a c ompany bas i s . Th e me thod u se d  t r e a t s  e ach 
re f i n e ry a s  if it were a separa te c ompany for the p urpose s of the 
b ia s  c al cu l a t ion . Th i s  i nc l ud e s  a number o f  r e f i ne r ie s i n  the 
smal l re f iner b i a s  cred i t  range tha t d id not q u a l i fy for the b i a s  
prov i s ions  wh e n  i n  the company s i z e  r ange , t h u s  i nc re a s i ng the 
quan t i ty of e n t i t l emen t s  in  the sma l l  re f i n e r  b i a s  poo l . Th i s  
l arge r " c red i t" poo l  i s  o f f s e t  by h igher c rud e o i l  cos t s  for  those 
re f i ne r ie s  wi th capac i t ie s  grea ter than 1 7 5 MB/D . 
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Weight Average Canpl exity 

1 978 Throughput ( MB/0 ) 
I.o\ller Tier 
Upper Tier 
Ex empt 
Total 

Volume Percent 
Lo\llle r Tier 
Upper Tier 
Ex empt 

Cost ( $ /barrel) 
tower Tier 
Upper Tier 
Exanpt 
Average Be fore En titl ements 
After Entitlements ( without 

small refiner bias) 
After Entitlements ( with snall 

refiner bias) t 

API Gravity 
Lower Tier 
Upper Tier 
Ex empt 
Average 

Wt % Sul fur 
IDwer Tier 
Upper Tier 
Exempt 
Average 

o..mer Produc:: tion, plus lOyalty 
Owner s '  Share ( percent) 

Re spondents' Crude Ol arge 
capacity ( MB/0 ) 

Respondents ' Number of Re f ineries 

Re spondents ' Number of Companies 

Non-Respondents 
Cr ude Charge capacity ( MB/D ) 
Number of Re f ineries 
Number of Companies 

1 . 49 

38 
50 
36 

1 24 

30. 7 
40. 3 
29. 0 

5. 95 
1 2. 71  
1 3. 4 9  
1 0 . 88 

1 2 . 30 

1 0 . 53 

27. 7 
36. 6 
2 5. 6  
30. 7 

o. 73 
0. 47 
1 . 2 7  
0 . 79 

1 1 . 2  

1 74 

29 

28 

1 74 
40 
1 2  

1 0-30 

1 1 6 
1 2 2  
2 1 9  
457 

25. 4 
26. 7 
47. 9 

6. 1 6  
1 2 . 38 
1 4. 61  
1 1 . 87 

1 2 . 66 

1 1 .  so 

30. 3 
32. 6 
34. 4 
32. 8 

1 . 1 1  
1 .  0 1  
o .  71  
0 . 90 

9. 0 

63 1 

38 

30 

380 
22 

8 

TABLE 1 1 3  

1 978 Crude Oil Cb sts and Quality 
Aggregated by C ompany S ize Range 

C ompany S ize Range (!e/0 ) 
30-50 50- 1 0 0  1 0 0 - 1 7� 

4. 78 

43 
80 

1 90 
314 

1 3 . 8  
25. 6 
60. 0 

5. 89 
1 2 . 65 
1 4. 86 
1 3 . 06 

1 2 . 87 

1 2 . 22 

3 1 . 8  
43. 9 
36. 9 
38. 0 

o. 81 
0 . 60 
o. 80 
0 . 75 

1 1 . 4  

424 

1 1  

1 1  

88 
5 

5 . 68 

122  
1 78 
345 
644 

1 8. 9 
2 7. 6  
53. 6  

6. 02 
1 3 . 22 
1 5. 1 2  
1 2 . 88 

1 3 .  1 6  

1 2 . 99 

34. 5 
38. 0 
36. 7 
36. 6 

1. 1 3  
o .  58 
0. 46 
o. 62 

9 . 2  

765 

19 

1 1  

140  
2 

7. 2 1  

4 1  
7 7  

257 
375 

1 0 . 9  
20. 6 
68. 5 

6. 20 
12. 86 
1 4. 71  
1 3 . 40 

1 2 . 92 

12. 94 

35 .4  
36. 6 
3 5. 1 
35. 5 

o. 94 
1 . 05 
0. 92 
0 . 95 

7. 9 

670 

B 

5 

247 
2 

1 75+ 

7. 71  

2 , 353 
2 , 057 
6 ,599 

1 1 , 0 1 0  

2 1 . 4  
1 8. 7  
59. 9 

5. 98 
1 2 . 63 
1 4. 48 
1 2. 3 1  

1 2 . 65 

1 2 . 78 

3 5 . 4  
36. 0 
34. 1 
34. 7 

o. 75 
0. 78 
0 . 89 
0 . 84 

44. 5 

1 2 , 782 

98 

1 8  

840 
13 
4 

A l l  

7. 24 

2 , 7 1 3  
2 , 565 
7 ,646 

1 2 , 924 

2 1 . 0 
1 9. 8  
59. 2 

5. 99 
1 2 . 67 
1 4. 52 
1 2 . 36 

1 2 . 69 

1 2 . 71 

34. B 
36. 3 
34. 4 
34. 8 

0. 80 
o .  77 
0. 86 
o .  83 

37. 7 

1 5 , 445 

20 3 

1 0 3  

1 , 869 
84 
30 

DOE 
1 978 Data* 

3, 034 
2 , 93 1  
9 , 747 

1 5 , 7 1 2  

19. 3 
1 8. 7  
62. 0  

5. 90 
1 2 . 61 
1 4. 39 
1 2 . 42 

*Data from Department of Energy for u. s Re fineries, Virgin Is l ands , Puerto Ric o ,  Guam , Free Trade Zo n e ,  and Strategic Petroleum 
Reserve. 

tEased on company size as actually administered. 
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Ul 

PAD I 

Weight Average Compl exity 7. 08 

1 978 Throughput ( MB/b ) 
IDwer Tier 1 04 
Upper Tier 1 08 
Exempt 1 , 4 3 6  
Total 1 ,  647 

Volume Percent 
IDwer Ti er 6. 3 
Upper Tier 6. 6 
Exempt 8 7 . 2 

Co st ( $ /barrel ) 
IDwer Tier 6. 3 0  
Up pe r  Tier 1 3. 0 3  
EK empt 1 4. 63 
Average Be fo re En t itl ements 1 4 . 0 0  
After Entitl ements ( witho ut 

small re finer bias ) t 1 2 . 90 
After Entitlements ( with 

small refiner bia s ) § 1 2 . 96 

Own Produc tion , plus Fb yalty 
Owner s '  Share , percentage 1 6. 8  

Cr ude  Charge 
Capac ity ( MB/D ) 1 ,  857 

Percentage o f  To tal 
Capac it� 99. 3 

Number of Re f ineries 26 

TABLE 1 1 4 

1 97 8  Crude Oil CD sts and Qual it y  
Aggregated by Refinery L ocation 

R e finer� L ocation 
PAD I I  PAD I I I  PAD I V  

7 . 1 4  7 . 3 8  5 . 1 6  

736 1 , 3 0 9  1 59 
728 1 , 2 86 1 66 

1 , 675 2 , 9 5 9  1 0 6  
3 ,  1 3 9  5 , 554 4 3 2  

2 3 . 5 2 3 . 6 36. 8 
2 3. 2 2 3 .  1 3 8. 4  
5 3 . 4 5 3 . 3 24. 5 

6. 1 5  5 .  97 6. 1 9  
1 2 . 96 1 2 . 64 1 3 . 0 1  
1 5. 02 1 4. 5 9  1 5. 3 8 
1 2. 46 1 2 .  1 1  1 1 .  0 8  

1 3 . 0 4  1 2 . 69 1 3 . 0 0  

1 3. 0 1  1 2 .  77 1 2 . 43 

3 2 .  1 4 2 . 2 4 1 . 8  

3 , 7 1 8  6 ,  549 5 1 6  

88. 4 86. 6 8 7. 5 

53 65 2 0  

PAD V 

7. 52 

405 
2 7 7  

1 , 4 7 0  
2 , 1 52 

1 8 . 8 
1 2. 9  
68. 3 

5. 6 1  
1 1 .  68 
1 3. 66 
1 1 .  89 

1 1 . 93 

1 1 .  88 

5 1 . 7  

2 , 8 0 6  

9 1 . 0 

39 

All 

7. 2 4  

2 , 7 1 3 
2 , 565 
7 , 646 

1 2 , 924 

2 1 .  0 
1 9. 8  
5 9 . 2 

5 . 99 
1 2 . 67 
1 4. 52 
1 2 . 36 

1 2 . 69 

1 2 . 69 

3 7 . 7 

1 5 , 44 5  

89. 2 

20 3 

DOE 
1 9 7 8  Data* 

3 , 0 3 4  
2 , 98 1  
9 , 747 

1 5 , 7 1 2  

1 9. 3 
1 8. 7  
6 2 . 0 

5. 9 0  
1 2 . 6 1  
1 4. 3 9  
1 2 . 42 

*Data from De partment o f  En ergy for refineries in the Un ited st ate s ,  Vi rgin Is l and s ,  Puerto Rico , Guam , Free Tr ad e  zo ne ,  and 
Strategic Petroleum Re serve . 

t EK clud e s  the benefits of al l spec ial entitl ements program s .  

§Excludes the bene fits o f  all other spec ial ent i tl ements programs ; Entitl ements c alculated o n  the hypothetical basis that 
each refinery , regardl ess of s i ze , wa s treated a s  a separate company . 

�Percentage of capacity of respondents who provided cost and qual ity data to the January 1 979 NPC Survey of Petroleum 
Re fining Capab il ities . 



We ight Average Cbmpl ex ity 

1 978  Throughput ( MB/D ) 
lower Tier 
Upper Tier 
Exempt 

<2 . 5  

1 .  3 1  

0 - 1 0  
> 2 . 5  

TABLE 1 1 5  

1 97 8  Crude Oil Oo sts and Qual ity 
Aggregated by Refinery S ize Range and C omplexity F actor 

A ll 

Ref inery S ize Range ( MB /D  ) /C omplexity F actor 

<2 . 5  
1 0-30  30-50  

>2 . 5  All <2 . 5  > 2 . 5  A ll 

5 .  1 8  2 .  2 1  1 .  4 1  5 . 2 9  3 . 4 5  1 .  3 1  5 .  9 1  5 .  3 8  

4 6  
6 5  
6 7  

1 4  
2 4  
74 

3 1 5  
3 2 9  
4 3 7  

5 0 - 1 0 0  
All 

7. 78 

1 0 0 - 1 7 5  
A l l  

8 . 46 

1 75+ 
A l l  

7. 5 7  

A l l  

7.  2 4  

2 ,  7 1 3  
2 , 565 
7 ,646 

'Ib tal 

4 1  
5 0  
4 2  

1 33 

5 
1 5  
2 5  
4 5  1 78 

6 9  
7 6  

1 77 
3 2 1  

1 2 1  
1 2 0  
1 84 
4 2 6  

1 90 
1 96 
3 6 1 
747  1 1 2 

3 0 1  
3 0 5  
363  
969 1 1  0 8 1  

4 7 1  
4 3 0  

1 , 3 0 9  
2 , 2 1 0  

3 6 1  
3 4 5  

1 ,6 5 2  
2 , 3 5 8  

1 ,  3 3 1  
1 '  2 0 0  
3 , 8 1 9  
6 , 3 5 0  1 2 , 92 4  

Vo lume Pe rcent 
l.Dwer Tier 
Upper Tier 
Exempt 

Cb st ( $ /barrel ) 
l.Dwer Tier 
Upper Tier 
Ex empt 
Average Be fore Enti tl ernents 
After Entitl ements ( wi thout 

small refiner bia s ) t 
After Entitl ements ( wi th 

small refiner bia s ) • 

3 0 . 8 
3 7. 6 
3 1 . 6  

5 . 88 
1 2. 64 
1 3. 95 
1 0 . 96 

1 1 . 9 1  

1 o .  7 0  

1 1 . 1  
3 3 . 3 
5 5. 6  

5 . 74 
1 3. 20 
1 5. 67  
1 3. 78 

1 3. 55 

1 1 . 86 

2 5. 8  
3 6 . 5 
3 7. 6  

5 . 87  
1 2. 77 
1 4. 6 0  
1 1 . 68 

1 2. 67 

1 0. 99 

2 1 . 5  
2 3. 7 
55 .  1 

5 . 67  
1 1 . 96 
1 4. 0 3  
1 1 . 76 

1 2. 1 7  

1 1 . 00 

2 8. 4  
2 8. 2 
4 3 . 2 

6 . 2 8  
1 2. 9 1  
1 4 . 83 
1 1 . 85 

1 2. 9 1  

1 1 . 90 

2 5 . 4  
26 . 2 
4 8. 3  

6 .  0 6  
1 2. 54 
1 4 . 4 4  
1 1 . 8 1  

1 2. 59 

1 1 . 5 1  

1 2. 5  
2 1 . 4  
6 6. 1 

5. 92 
1 2. 9 1  
1 4. 1 8  
1 2. 88 

1 2. 54 

1 1 . 94 

3 1 .  1 
3 1 .  5 
3 7. 5  

5 . 95 
1 2. 84 
1 4 . 90 
1 1 . 47 

1 2. 8 1  

1 2. 43 

2 9. 1 
3 0 . 4 
4 0 . 4 

5 . 9 5  
1 2. 85 
1 4 . 78  
1 1 . 62 

1 2. 78 

1 2. 3 8 

2 1 . 3  
1 9. 5 
59. 2 

6. 0 8  
1 2. 83 
1 4. 74 
1 2. 52 

1 2. 86 

1 2. 84 

1 5. 3  
1 4. 6  
7 0 .  1 

6. 04 
1 2. 54 
1 4 . 42 
1 2. 86 

1 2. 63 

1 2. 75 

2 1 . 0  
1 8. 9 
6 0 . 1 

5. 9 5  
1 2. 62 
1 4 . 47  
1 2. 34 

1 2. 64 

1 2. 85 

2 1 . 0  
1 9. 9  
5 9. 2 

5 . 99 
1 2. 67 
1 4 . 52 
1 2. 36 

1 2. 69 

1 2. 69 

Own Production plus J«:> yalty 
Own ers' Share ( percent) 1 2 . 4  1 1 . 8  1 2 . 2 2 2 .  1 28.  1 25 . 5 o . o 3 6 .  1 3 2 .  1 3 0 . 8 3 1 . 4 4 9. 6 3 7 . 7 

Crud e  Olarge 
capacity ( MB/D ) 1 8 8  5 7  2 4 5  4 7 0  520  990 1 56 1 ,  1 96 1 ,  3 5 2  2 , 4 0 7  3 , 0 84 7 , 367  1 5, 44 5  

Percentage of 'Ibtal capacity** 5 5. 3  6 9. 0 9 3 . 0 79. 9 8 5. 6 1 00 89. 2 

Number of Refineries 3 2  9 4 1  2 4  2 5  4 9  4 2 7  .3 1  34  2 4  2 4  2 0 3  

*Data from De partment o f  Energy fo r refineries in the Un ited st ate s ,  Vi rgin Is l ands ,  Pue rto Ric o ,  Fr ee Tr ad e  ZOne , G.larn , and 
Strategic Petroleum Re serve . 

tEx cludes the benefits of al l spec ial entitl ements program s .  
§The se figures sho uld b e  the sarne 1 dif ference due to the fact that not a l l  u. s .  refineries responded to the survey and 

methodology used for computations. 
•Excludes the benefits of all other spec ial entitl ements prograrns 1 Entitl ements calculated on the hypothetical basis 

that each refinery , regardless of size , wa s treated as a separate company . 
* *Percentage of capacity of respondents who provided cost and qual ity data to the January 1 979  NPC Survey of Petroleum 

Re fining ca pabiliti e s .  

DOE 
1 97 8  
D ata* 

3 , 0 3 4  
2 , 981  
9 , 747 

1 5 , 7 1 2  

1 9. 3  
1 8. 7  
62. 0 

5 . 9 0  
1 2. 6 1 
1 2. 3 9  
1 2. 42 

§ 
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TABLE 1 1 6  

1 97 8  Cr ud e  Oil Co st s  and Qual ity 
Aggregated by C omplexity F actor 

C omJ2lexi t:£ F actor 
1 -3 3-5 5-7 7-9 9- 1 1  1 1 + All 

Weight Average Compl exity 1 .  60 4. 3 7  6. 1 1  7. 80 1 o. 04 1 3. 2 8 7. 2 4  

1 978 Throughput ( MB,/t) ) 
Lowe r Tier 1 53 1 96 865 1 , 0 2 5  3 0 3  1 72 2 , 7 1 3  

Upper Tier 1 85 2 80 8 94 8 1 9  227 1 60 2 , 5 6 5  

Exempt 3 7 6  469 2 ,495 2 , 845 7 24 7 3 7  7 , 646 

'Ibtal 7 1 4  945 4 , 254 4 , 689 1 '  2 54 1 , 069 1 2 , 924 

Volume Percent 
Lower Tier 2 1 . 4 2 0 . 7 2 0 . 3 2 1 . 9  24. 2 1 6. 1 2 1 .  0 

Upper Tier 2 5. 9 2 9. 6  2 1 . 0  1 7 . 5  1 8. 1 1 5 . 0 1 9. 9  

Ex empt 5 2 . 7 49. 6 5 8 . 7 6 0 . 7 5 7 . 7 6 8 . 9 59. 2 

Cost ( $ /barrel ) 
rower Tier 5. 8 1  6. 2 8  6. 04 5. 98 5. 81 5. 93 5. 99 

Upper Tier 1 2 .  5 1  1 2 . 84 1 2 . 79 1 2 . 63 1 2 . 42 1 2 . 45 1 2 . 67 

Ex empt 1 4. 2 1  1 4. 78 1 4. 68 1 4. 4 9 1 4. 53 1 4. 0 8  1 4. 5 2  

Average Be fore En titl ements 1 1 . 97 1 2 . 44 1 2 . 5 3  1 2 . 3 1  1 2 . 04 1 2 . 5 3  1 2 . 36 

After Entitlements ( without 
small refiner bias ) t 1 2 .  4 1  1 2 . 89 1 2 . 82 1 2 . 66 1 2 . 60 1 2 . 3 8  1 2 . 69 

After Entitlements ( with small 
r efiner bias) § 1 1 .  4 1  1 2 . 5 5  1 2 . 86 1 2 . 80 1 2. 70 1 2 . 4 5  1 2 . 69 

OWner Pr oduc tion , plus Fb yalty 
OWner s '  Share ( percen t )  1 2. 4  2 6. 8  4 2 . 3 4 3 .  1 3 3. 9 3 4 .  1 3 7. 7 

cr ude Charge 
Capac ity ( MB/D ) 988 1 '  1 86 5 , 2 1 5  5 , 285 1 '  487 1 ,  285 1 5 , 44 5  

Pe rcentage of 'Ib tal Capac ity11 7 5 . 5 8 1 . 3 96. 9 88. 7 1 0 0  1 0 0 91 . 5 

Number of Ie finer ies 66 3 0  4 7  3 6  1 3  1 1  2 0 3  

*Data from De par tment o f  Energy for re fineries i n  the United States , Virgin I slands , PuertD Rico , Free Trade Zone , 
Guam , and strategic Pe troleum Re serve . 

t Excludes the benefits of all spec ial entitl ements programs . 

DOE 
1 978 D ata* 

3 , 0 34 

2 , 93 1 

9 , 747 

1 5 , 7 1 2  

1 9. 5 

1 8. 7 

6 2 . 0 

5. 9 0  

1 2 . 6 1  

1 4. 3 9  

1 2 . 42 

§Excludes the benefits of al l other spe c ial entitlements pr ogram s ;  En titl ements calcul ated on the hypo thetical basis 
that each re finery , r egardless of size , was treated as a separate company . 

•Percentage of capac ity of respo ndents who provided cost and qual ity data to the January 1 979 NPC SUrvey of Pe troleum 
Refining Capab ilities . 
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c:J A FT E R  E N T I T L E M E N TS W I T H O U T  S M A L L  R E F I N ER B I AS 

Ill A F T E R  E N T I T L E M E N T S  ( I N C L U D ES 1 978 S M A L L  R E F I N E R 

B I AS )  

1 0  '---��-
0- 1 0  1 0-30 30-50 50-1 00 1 00-1 75 1 75+ 

C O M PA N Y  S I Z E  R A N G E  ( M B/ D )  

F i g u re 4 1 . 1 978 C ru d e  O i l  C o s t s - A g g regated b y  C o m p a n y  S i ze R a n g e .  

NOTE: T h i s  f i q u re w a s  p l otted f r o m  data i n  T a b l e  1 1 .1 

T O T A L  



The c al c ula t ion o f  c rud e o i l co s t s  for i nd i v id u a l  re f i ne r i e s  on 
an " a fter e n t i t l emen t s  w i thout sma l l  re f i n er b i a s "  bas i s  u s e s  fac­
tor s  adapted from the e n t i tl ements f a c tors  appl ied i n  c a l c u l a t i ng 
c rud e o i l  cos t s  o n  a company s i ze bas i s  ( s e e  Appe nd i x  G ) .  

It  may be obs e rved from Tab l e s  11 5 and 1 1 6  t h a t  the r e f i n e r i e s  
bene f i t i ng mos t  s ign i f i c an tly from t h e  b i a s  pro g r am a r e  those wi th 
a compl e x i ty f a c tor o f  l e s s  than 3 .  Th i s  i s  b e c a u s e  the r e f i n e r ie s 
o f  l e s s  than 3 c ompl e x i ty i n c l ud e  no re f in e r i e s  o f  g re a t e r  than 1 0 0  
MB/D c apac i ty ,  and 8 0  p e r c e n t  o f  the c apac i ty i n  th i s  c ompl e x i ty 
category wa s i n  re f in e r i e s  o f  l e s s  than 3 0  MB/D . 

With r e s pe c t  to re f i n e ry l oc at ion , Tabl e  1 1 4  i n d i c a t e s  t h a t  PAD 
I e xper ienced the g re a te s t  r educ t i on ( $ 1 . 0 4 /b bl ) i n  c rud e o i l  
co s t s .  Th i s  area re f i n ed r e l a t ive ly sma l l  q u an t i t ie s  o f  l owe r t i e r  
c rud e o i l  ( 6 . 3  p e r c e n t )  and a l arge r pe rcen tage o f  e x emp t o i l ( 8 7 . 2 
pe rcen t ) , and e xpe r i e nc ed a r e d uc t ion i n  c r ud e  o i l  cos t s  due to the 
e n t i tleme n t s  program . 

Crude O i l  C l a s s i f i ca t ions 

Wi th r e spe c t  to re f i nery locat ion , as  repo r ted i n  Ta b l e  1 1 4 ,  
the e a s tern and we s tern r eg ion s o f  the c o un t ry ( PADs I and V )  r e ­
f ined h igh pe rcen tag e s  of e xemp t c rud e o i l s , p e rhaps r e f l e c t ing 
h i s tor i c a l  d e pendence on imported s upply and the i n f l ux of  Al a s kan 
No r th S l ope crud e o i l  i n  PAD V.  PA D I V  u t i l i ze d  the l owe s t  per­
cen tage o f  e x empt c rud e o i l ,  i nd i c a t ive o f  l oc a l  c r ud e  o i l  prod uc­
t ion me e t i ng a g re a t e r  po r t i o n  of the d emand for re f i n e r s  i n  the 
are a . 

Var i a t ion s i n  cos t w i t h i n  the s everal  c r ud e  o i l c l a s s i f i c a t ion s 
were re l a t ive ly mod e r a te wi th the e x ce p t i o n  o f  c o s t s  i n  PA D V ,  
where t h e  c o s t  o f  e ach cl a s s i f icat ion o f  c r ud e  o i l  wa s b e l ow t h e  
n a t ional ave r ag e , po s s i b ly r e f l e c t i ng a l owe r q u a l i ty .  Re f i n e r s  o f  
he avy Ca l i forn i a  c r ud e  o i l  we re granted spec i a l  bene f i t s  by the 
e n t i tl eme n t s prog ram , wh i c h  we re not i n c lud ed in the N PC c a l cu l a­
t ion . As no ted i n  Appe nd ix G ,  th i s  pro v i s ion wo uld h ave l owered 
the  crud e o i l cost  o f  some PAD V r e f i ne r s  by a total  o f  $ 1 8 5  m i l ­
l ion i n  1 9 7 8 .  

Re f in e r i e s  with  capac i t i e s  greater than 1 0 0  MB/D proc e s sed 
c rud e o i l s l a t e s  of l owe r AP I grav i t i e s  a nd h ighe r s ul f ur c o n te n t  
than the re s po nd e n t s ' ave r age . Th i s  was par t i c ul a r l y  e v i d e n t  for 
r e f iner i e s  in the 1 0 0 -1 7 5  MB/D s i ze range ; a pr epo n d e r a n c e  o f  h igh 
c ompl e x i ty re f i ne r i e s ,  i n c l ud i ng ma ny wi t h  d e s u l f ur i z a t ion and 
res id ua l proc e s s ing capab i l i t i e s ,  f a l l  w i t h i n  t h i s  s i ze  range . 

Opera t i ng Cos t s  

Summa r i e s  o f  1 9 7 8  ope rat i ng cos t s  ag gregated by c ompany s i z e  
and re f i nery loc a t ion , s i ze ,  and compl e x i ty a r e  pre s e n t ed i n  Table s 
1 1 7 ,  1 1 8 ,  1 1 9 ,  and 1 2 0 .  I t  should be n o ted tha t the c apac i ty o f  
re f iner i e s  i n  t h e  Hawa i i an Tr ad e Zon e , Al a s ka , and Gu am i s  ag g r e ­
g a ted i n  t h e  PAD V f igur e s .  A s  wi th the c rud e o i l  cos t d a ta i n  
Tab l e s  1 1 3 -1 1 6 ,  the s e  opera t i ng cost  f ig ure s are b a s ed o n  a d i f fe r­
e n t  samp l e  from t h a t  used earl i e r  i n  th i s  chapt e r . 

1 9 9  



0- 1 0  

Weight Average Ccmplexity 1 . 49  

Fuel and Purchased Utilities 
MMBt u/barrel 0 . 255 
$/MMBtu 1 .  739 
$/barrel 0 . 4 1 2  

N 
0 Depreciation { $ /barrel) o. 1 2 3  C> 

Ma intenance and other 
Operating Costs { $/barrel) 0 . 8 1 8  

Total { $/barrel Throughput) 1 . 353 

Crude Charge 
Capacity { MB/D ) 1 73 

Number of IE fineries 27  

Number of Companies 26 

TABLE 1 1 7  

1 978 Operating Co sts 
Aggregated by C ompany S ize 

C OinEan� S ize { MB /0 ) 
1 0-30 30-50 50- 1 00 

3. 0 1  

0 . 389 
1 .  958 
0 . 7 1 2 

o .  1 83 

0 .9 7 1  

1 .  866 

6 1 5  

37  

29 

4. 78 

0 . 404 
1. 875 
0 . 695 

o .  1 59 

0 .8 1 2  

1 .  666 

424 

1 1  

1 1  

5. 68 

0 . 550 
1 .  62 1 
0 . 844 

o .  1 61 

1 . 075 

2. 080 

765 

1 9  

1 1  

1 00- 1 75 1 75+ Average 

7. 2 1  7 .  7 1  7. 24 

o .  505 0 . 576 0. 559 
1 . 675 1. 946 1 .  9 1 9  
0 . 850 1 .  1 33 1 .  080 

o. 1 72 o .  1 87 o .  1 84 

0 . 847 1 . 0 35 1 . 022  

1 .  869 2 . 355 2. 286 

670 1 2 , 782 1 5 , 428 

8 98 200  

5 1 8  1 0 0 



rv 
0 
I-' 

Weight Average Compl exity 

Fuel and Purchased Utilitie s 
MMBt u/barrel 
$/MMBtu 
$/barrel 

Depr ec iation ( $ /barrel ) 

Maintenance and Ot her 
Operating Costs ( $ /barrel )  

Total ( $/barrel Throughput ) 

Crude Charge Capac ity ( MB;D ) 

Percentage of Total capacit y* 

Number of Re f ineries 

TABLE 1 1 8  

1 97 8  Operating Co sts 
Aggregated by R efinery L ocation 

PAD I PAD I I  
---

7. 0 8  7. 1 4  

0 . 5 3 8  o . 5 5 7  
2.  0 94 1 .  9 72 
1 .  1 2 0  1 .  1 1 2  

o .  1 94 o .  1 58 

1 . 1 94 0 . 946 

2 . 5 0 8  2 . 2 1 6  

1 1 85 7  3 , 7 1 8 

99. 3 89 . 9 

2 6  5 3  

R efinery L ocation 
PAD I I I  

7 .  3 8  

0 . 544 
1 .  802  
0 . 975 

o .  1 68 

0 . 956 

2 . 0 99 

6, 548 

8 9. 5 

64 

PAD IV PAD V Average 

5.  1 6  7 .  52 7 .  2 4  

0 . 579  0 . 6 1 6 0 . 559 
1 .  6 72 2 .  0 6 1  1 .  9 1 9  
0 . 952 1 .  30 1 1 .  080 

o.  1 85 0 . 253 o .  1 84 

1 . 1 2 3  1 0 1 53 1 . 0 2 2  

2 . 2 60 2 . 7 0 7  2.  2 8 6  

5 1 5  2 , 790 1 5 , 42 8 

9 1 . 3 93 . 3 9 1 .  4 

1 9  3 8  2 0  0 

*Percentage o f  capac ity o f  respondents who prov ided operating co st data to the January 1 979  NPC Surve y 
of Pe trolernn Re fining capab il ities .  



N 
0 
N 

We ight Av erage 
CCIIIplexity 

Fuel and Purchased 
ut il ities 

MMBtu/barrel 
$/MMBtu 
$/barrel 

Depreciation 
( $ /barrel ) 

Maintenance and 
Other Operating 
co sts ( $ /barrel) 

To tal ( $ /barrel 
Throughput) 

Cr ude Charge 
capacity ( MB/D ) 

Percentage of 'lb tal 
capacity* 

Number of Re fineries 

<2 . 5  

1 .  3 1  

0. 2 94 

1 . 779 

o. 5 1 8  

o .  1 46 

0 . 920 

1 .  5 84 

1 87 

30 

0 - 1 0  

>2 . 5  

5. 1 8  

o .  845 

1 .  91 2 

1 .  668 

0. 346 

1 . 970 

3. 984 

5 7  

9 

TABLE 1 1 9  

1 978 Operating CO sts 
Aggregated by Refinery S ize Range and C omplexity F actor 

Refiner;( S ize R ange ( MB ;D  ) ;t:: omElexit;( F actor 
1 0 -30 30-50 

A ll <2 . 5  > 2 . 5  A l l  < 2  . 5  > 2 . 5  A ll 

2. 2 1  1 .  4 1  5. 2 9  3. 45 1 .  3 1  5 .  9 1  5. 38 

0. 440 o. 2 34 o. 582 o. 429 0. 2 0 2  o. 542 o. 5 1 5  

1 .  81 4 2. 1 3 3 1 .  8 1 4  1 .  957 1 . 362 1 . 752 1.  72 1 

o. 823 0. 506 1 . 0 5 1  0. 807 o. 2 53 o. 932 0 . 878 

o .  2 0 1  o .  1 3 0  o .  1 74 o. 1 55 o. 1 45 o. 1 55 0 . 1 54 

1 . 1 88 0 . 666 1 . 1 3 2 0 . 93 1 0 . 378 0 . 990 0 . 927 

2. 2 1 2  1 .  3 0 2  2 . 3 5 7  1 .  893 0. 7 76 2. 0 7 7 1 .  959 

2 43 470 505 975 1 56 1 ,  1 96 1 ,  352 

54. 9 6 8. 0 93. 0 

3 9  24 24 4 8  4 2 7  3 1  

50- 1 0 0  

All 

7. 7 8  

o. 5 90 

1 .  957 

1. 1 4 1  

o .  1 67 

1 . 094 

2. 4 0 2  

2 , 40 7  

79. 9 

34 

1 0 0 - 1 75 

A ll 

8. 46 

0. 6 1 4  

2 . 066 

1 . 2 89 

0 . 2 2 1  

1 . 1 0 2  

2. 6 1 2  

3 .  084 

85. 5 

24 

1 7 5+ 

A l l  Averag:e 

7. 57 7. 2 4  

0. 554 0. 559 

1. 882 1 .  91 9 

1 .  0 52 1 .  080 

o. 1 83 o .  1 84 

0 . 989 1 . 0 2 2  

2. 224 2 . 286 

7 , 367 1 5 , 428 

1 00 9 1 . 4  

24 2 0 0  

*Percentage o f  capac ity of respondents who prov ided operating cost data to the January 1 979 N PC  Survey of Petroleum Re f ining 
capab il ities .  
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TABLE 1 20 

1 978 Operating Costs 
Aggregated by Complexity Factor 

ComElexity Factor 
1 - 3 3-5 5-7 7-9 9- 1 1  1 1 + Average 

Weight Average Complexity 1 . 60  4 . 37 6 . 1 1  7 . 8 0  1 0 . 04 1 3 . 28 7 . 24 

Fuel and Purchased Utilities  
MMBtu/barrel 0 . 267 0 . 423 0 . 5 1 8 0 . 58 1  0 . 69 0  o .  7 7 7  0 . 5 59 
$/MMBtu 1 . 965 1 . 838  1 .  8 0 5  2 . 0 1 1  1 . 887 2 . 048 1 . 9 1 9  
$/barrel 0 . 5 24 0 . 7 6 1  0 . 9 3 1  1 . 1 75 1 . 3 3 0  1 .  585  1 . 0 8 0  

Depreciation ( $/barrel )  0 . 1 57 0 . 1 8 0  0 . 1 7 7  0 . 1 67 0 . 2 1 0  0 . 2 7 2  0 .  1 8 4  

Maintenance and Other Operating 
Costs ( $/barrel )  0 . 80 5  0 .  772  1 . 0 70 1 . 0 1 5 1 . 0 1 8  1 . 2 73  1 . 022  --- --- --- ---

Total ( $/barre l Throughput ) 1 .  486 1 .  7 1 3  2 . 1 78 2 . 357  2 . 558  3 . 1 3 0  2 . 286 

Crude Charge Capacity 
( ME/D ) 986 1 1 1 70 5 , 2 1 5 5 , 285  1 , 487  1 , 2 85  1 5 , 428  

Percentage of Total Capacity* 7 5 . 4  8 0 . 2  96 . 9  88 . 7  1 0 0 1 0 0 9 1 . 4  

Number of Refineries 64 29 4 7  3 6  1 3  1 1  2 0 0  

*Percentage o f  capacity of respondents who provided operating cost data t o  the January 1 979 NPC Survey of 
Petroleum Refining Capabilities . 



I n  genera l , t o t a l  1 9 7 8  ope r a t i ng cos t s  ( fue l ,  pur c h a s e d  u t i l i­
t ie s , d e prec i a t ion , ma i n tenance , e tc . ) i nc r e a s e d  w i t h  c ompany s i ze .  
The pr inc ipal f a c to r  appe ars  to be the ave r ag e  h ig h e r  c omp l e x i ty o f  
r e f iner i e s  opera ted b y  l arger c ompan i e s .  To t a l  opera t i ng c o s t s  
r anged f rom $ 1 . 3 5/bbl f o r  c ompan i e s  o f  l e s s  t h a n  1 0  M B/D c apa c i ty 
to $ 2 . 3 5/bbl for c ompan i e s  o f  greater than 1 7 5  MB/D c apac i ty .  Th i s  
r e pr e se n t s  appr o x ima te ly 9 . 4 to 1 6 . 7 pe rcen t o f  t o t a l  cos t s  o f  r e ­
f in ed pro d uc t s  f o r  t h e  d ome s t i c i ndus try b y  c ompa ny s i ze ( Tab l e  
1 1 7 ) . I n  1 9 7 8 ,  to tal ope rat ing cos t s  ave r aged $ 2 . 2 9/bb l  o f  c rud e 
o i l proce s s ed . Of t h i s  to tal , ne arly h a l f  ( $ 1 . 0 8/bb l ) was for f ue l  
and pur cha sed u t i l i t i e s  ( Ta b l e  1 1 7 ) . Th i s  cos t w i l l  i nc rease be­
cause o f  the i nc r e a se in  f ue l  pr i ce s .  

Compl e x i ty o f  ope r a t ion has a s ub s t an t i a l e f fe c t  u pon to t a l  
ope r a t ing cos t s  a n d  appe ars  to ma sk many o f  the  e f f e c t s  o f  r e f i ne ry 
s i ze ; i . e . , l arge re f iner i e s  or c ompan i e s  wer e  e xpec ted to h ave 
l owe r un i t  c os t s . Tab l e  1 2 0  p r e s e n t s  s urvey r e s ul t s  fo r the ope r ­
a t i ng c o s t  c a t egor i e s  a s  aggregated b y  c ompl e x i ty fac tor a l on e , 
d i sr egard i ng r e f i ne ry s i ze o r  loca t ion . To t a l  ope r a t i ng c os t s  fo r 
the h ighe s t  c ompl e x i ty rang e  ( g re a te r  t h an l l ) , re pre s e n t i ng 8 
percent o f  agg regate r e s po nd e n t  c apac i ty ,  we r e  repo r ted to be 
$ 3 .  1 3/bbl , tw i c e  that o f  r e f i ner i e s  wi th a c ompl e x i ty f a c to r  of 
l e s s  than 3 .  

Re f in e r ie s i n  the 1 0 -3 0  and 3 0 - 5 0  MB/D r ange s h ad the  l owe s t  
ave r ag e  to tal  ope r a t i ng cos t s ,  apparen tly r e fl e c t i ng l owe r c omp l e x ­
i ty than t h e  l a rger re f iner i e s .  

Table 1 1 8  s hows t h a t  PAD I I I  re f in e r i e s  r e po r t ed the  l owe s t 
r ange of total  ope r a t i ng cos t s ,  a t  $ 2 . 1 0/bb l , wh i l e  PA D V r epo r ted 
the h ighe s t  cos t s , a t  $ 2 . 7 1 /bbl . Each o f  the ca t egor ie s of ope ra t ­
i ng cos t s  ( f ue l a n d  purchased u t i l i t i e s ,  d epre c i a t ion , ma i n tenance , 
e tc . ) were h igher i n  PAD V than in  PAD I I I .  Di f fe r i ng un i t  cos t s  
o f  energy ( $ /MMBt u )  a r e  a l so a s ubs tan t i a l  f a c to r  i n  the var i a t ion 
o f  opera t i ng costs amo ng PAD d i s tr i c t s . F igure 4 2  i l l u s tr a te s  the 
r e l a t ionsh i p  b e twe e n  comp l e x i ty and to tal  ope r a t i ng cos t s  i n  dol­
l ar s  pe r barre l .  

F u e l  and Purchased U t i l i t ie s  

The amount o f  f ue l  and p urchased u t i l i t i e s  requ i r ed t o  ope r a t e  
a r e f inery d i f f e r s  g re at ly b e twe en p l an t s  a n d  d epends to a l arge 
extent u pon re f i n e ry c ompl e x i ty as we l l  as the e f f i c i ency of ene rgy 
u t i l i z a t ion . Tho s e  r e f iner i e s  in the l - 3  c omp l e x i ty r ange ( 6  pe r ­
c e n t  o f  re s pond e n t  capac i t y ) h ad f ue l  and p urcha s ed u t i l i ty con­
s ump t ion ave r ag i ng abou t 0 . 2 7 MMBtu/bbl , l e s s  than ha l f  o f  t ha t  fo r 
the U . S .  ave r age . The h ighe s t  ene rgy con s ump t ion , 0 . 7 � MMB t ujbbl , 
was r epo r te d  by t ho s e  r e f iner i e s  h av i ng a c omp l e x i ty o f  g re a te r  
than 1 1 ,  re pre sen t i ng abou t 8 pe rcen t o f  r e s po nd e n t  c apac i ty .  I t  
i s  i n te r e s t i ng to no te t h a t  the energy c o n s ump t i o n  o f  those r e f i n ­
e r i e s  o f  grea ter t h a n  l l  c ompl e x i ty i s  n e a r ly three t ime s t h a t  o f  
tho se o f  l e s s  than 3 comp l e x i ty ( Ta b l e  1 2 0 ) . 

2 0 4  
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The un i t  cos t o f  ene rgy , on a d o l l ar-pe r-mi l l i on-B t u  b a s i s ,  i s  
not a f un c t ion o f  c ompl e x i ty ; i t  range s f r om $ 1 . 8 1 /MMB t u  to 
$ 2 . 0 5/MMBt u ( Ta b l e  1 2 1 ) w i th i n the va r iou s c ompl e x i t i e s , wh i l e  the 
U . S .  ave r age i s  $ 1 . 9 2/MMBtu . Purcha s ed e l e c t r i c i t y  co s t s  may be 
u nder s ta te d  as r e f i n e r i e s  we re in s truc ted to value purch a sed u t i l ­
i t ie s  i n  te rms o f  f ue l  equ iva l e n t  a t  local  i n c r emen t a l  f ue l  c os t s .  

The frac t ion o f  to tal cos t i n c urred by the c o s t o f  f ue l  and 
p ur ch a sed u t i l i t i e s  var i e s  s ig n i f i c antly w i t h  c ompl e x i ty .  For 
those re f iner i e s  of l e s s  than 3 c ompl e x i ty , the c o s t of f ue l  and 
purcha sed u t i l i t i e s  amoun t s  to abou t 3 5  p e r c e n t  of t o t a l  e xpe n se s ,  
a s  c ompared wi t h  abou t 5 0  percen t for the h ighe s t  c ompl e x i ty r a nge 
s t ud ie d . 

W i th respe c t  to re f i nery s i ze , those r e f i n er i e s  o f  l e s s  t han 5 0  
MB/D capac i ty cons ume l e s s  f ue l  and p urchased u t i l i t ie s  p e r  barr e l  
than the n a t ional aver ag e . Many o f  the l e a s t  c omp l e x  r e f i n e r i e s  

Re finery Si ze 

( MB /D ) 

0 -1 0  

1 0 -30  

3 0 -50 

50 - 1 0 0  

1 00- 1 75 

1 75 +  

TABLE 1 2 1  

1 97 8  Un it Energy Co sts 
Aggregated by Refinery Si ze 

and C omplexity F actor 

Compl exity Weight Average 
F actor C omplexity 

1 -3 1 .  37  
3 -5 3. 94 

1 -3 1 .  48 
3-5 4. 26 
5 -7 6. 23  

3 -5 4. 4 1  
5-7 5 . 74 
7-9 7. 35  

5-7  6. 27  
7-9 7 . 93 
9 - 1 1  1 o .  0 1  
1 1 + 1 3 . 0 8  

5 -7 6. 1 1  
9 - 1 1 1 o .  02 
1 1 + 1 2 . 32 

5 -7 6. 0 9  
7-9 7. 70 

2 0 6  

Unit Energy Co st 
( $ /MMB tu )  

1 .  8 1  
1 .  7 4  

2 .  1 1  
2 . 0 5  
1 .  7 7  

1 .  7 2 
1 .  78  
1 .  78  

1 .  92  
2 .  1 7  
1 .  5 3  
1 .  99 

1 .  84 
2 . 2 0  
2 . 03  

1 .  76 
1 .  96 



are in t h i s  s i ze r a nge . Th u s , the gener a l ly l ower e n e rgy cons ump­
t ion of the sma l l e r  r e f i ner i e s  i s  probably d u e  pr ima r i ly to l owe r 
c ompl e x i ty . A few o f  the  more ene rgy- i n t e n s ive re f in e r i e s  a l so 
appe ar among thos e  o f  l e s s  than 1 0  M B/D c apac i ty ;  t h e s e  appe ar to 
be the l ubr i ca t i ng o i l re f i ne r i e s  in  PAD I .  

Re f i ner i e s  i n  the 1 0 0 - 1 7 5  M B/D r ange are  a ls o  r e l a t ively e n e rgy 
inten s ive .  S urvey d a ta i nd i c a te that t h i s  s i ze r ange has  a l arge 
c oncen trat ion o f  h igh c ompl e x i ty r e f iner ie s .  Th e s e  i n t e r r e l a t i on­
sh ips are more c l e a r l y  d i s played in F ig ur e  4 3 ,  wh i ch pre s en t s  e n ­
e rgy consump t ion ( f ue l a n d  pur cha sed u t i l i  t ie s )  i n  MMB t ujbbl a s  a 
f un c t ion o f  both re f i n e ry c ompl e x i ty and re f i ne ry s i ze range . F ig ­
ure 4 4  i l l u s t r a t e s  the cos t o f  f ue l  in  d o l l ar s  p e r  barrel . I t  ap­
pears  tha t ,  for re f i ne r ie s  wi th capac i t i e s  o f  up t o  5 0  MB/D , ene rgy 
consump t ion d e c re a s e s  w i th s i ze at a g iven c omp l e x i ty .  Above t h a t  
s i ze range , there i s  no c lear r e l a t ion s h i p  be twe e n  energy cons ump­
t ion and r e f inery s i z e ; r a the r ,  energy req u i r eme n t s  are d ependen t 
on c ompl ex i ty .  

The un i t  c o s t  o f  energy by re f i ne ry s i ze c a tegory range s from 
$ 1 . 7 2/MMBt u to $ 2 . 0 7/MMBt u .  Th i s  appe ars t o  b e  due more to r e f i n ­
e ry loca t ion ( Table 1 1 8 ) t h a n  t o  re f i n e ry s i z e ( Table 1 1 9 ) . I t  i s  
not c l ear from the s urvey r e s ul t s  why the s e  var i a t ions  o c cur , b u t  
there were appare n tly f ue l  o i l and g a s  ma rke t pr i c e  var i a t io n s  b e ­
twe e n  PAD d i s tr i c ts . Survey re spond e n t s  we r e  i n s t ruc ted to va lue 
i n ternal ly pro d uc ed re f ine ry f ue l  based u po n  l o c a l  i n c r emen t a l  
p urchase/ s a l e  f ue l  pr i c e s . 

Con s ump t ion o f  f ue l  and pur chased u t i l i t i e s  p e r  b arr e l  o f  c rud e 
o i l re f ined d i f fe r s  be tween PAD d i s t r i c t s  and range s f r om 3 . 8 
percent below t he n a t ional ave r age i n  PAD I t o  1 0 . 2 pe r c en t above 
that ave r age in PAD V. The f a c t  that ene rgy c o n s u mp t ion i s  h ighe s t  
i n  PAD V r e fl e c t s  t h a t  there are a s ig n i f i c a n t  number o f  e nergy­
intens ive re f in e r i e s  of grea ter c ompl e x i ty .  

Tabl e  1 1 8  s hows t h a t  PAD IV h ad the l owe s t  un i t  ene rgy cos t ,  a t  
$ 1 .  6 7/MMBtu . Th e e ne rgy cos t repo r te d  for the e a s t  and we s t  re­
g ions ( PADs I and V )  were cons id e r ab ly h ighe r , at $ 2 . 0 9/MMB t u  and 
$ 2 . 0 6/MMBt u ,  r e spe c t ive ly . 

En e rgy consump t ion cos t a s  a f un c t i on o f  c ompany s i z e  ( Ta b l e  
1 1 7 ) r e l a te s  to t h e  more f und amental fac to r s  o f  c ompl e x i ty and r e ­
f i ne ry s i ze . Compa n i e s  o f  l e s s  than 1 0  M B/D t o ta l  c apa c i ty r e ­
por ted energy cos t s  o f  $ 0 . 4 1/bbl o f  c r ud e  o i l ,  wh i l e  the ave r age 
was $ 1 .  0 8/bb l , and re f i ne r s  h av i ng sys t em c apa c i t i e s  o f  g re a t e r  
than 1 7 5  MB/D e xpe r ie nc ed ene rgy c o s t s  o f  $ 1 . 1 3 /bb l . The g r e a t e r  
ave r age c ompl ex i ty o f  r e f iner i e s  own ed by l arge r c ompan i e s  contr ib­
utes to h igher e n e rgy consumpt ion by the se c ompan i e s . 

Depre c i a t ion 

Pr inc ipal var i a t ions  i n  d e pre c i a t ion charge c an be traced to 
i nve s tme n t  d i f fe re n c e s  due to c ompl e x i ty ,  s i z e , and v i n tage of re­
f i n i ng fac i l i t i e s . The o n ly s ign i f i c a n t  re l a t ion s h ip be tween geog­
raphy and d eprec i a t ion is  the $ 0 .  2 5/b bl f ig u r e  s h own f o r  PAD V 

2 0 7  
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range of sizes represented by the 1 75+ category. 
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F igure 43 . 1 978 Fuel  and P u rchased Uti l it ies Consum ption as a Fu nction of Complex ity­
Aggregated by Refi nery S ize Range.  
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F igure 44 . Refi nery Fuel  and P u rc hased Ut i l i t ies Costs as a Funct ion of Complex ity­
Agg regated by Refi nery S ize Range.  

2 0 9  

1 4 



( Table 1 1 8 ) .  Tha t d i s tr ic t ' s  r e s ponse i nc l ud e s  e igh t re f i n e r i e s  
( 8 9 7  MB/D c rud e o i l  charge c apac i ty and c omp l e x i ty i n  the 7 - 9  r ange 
or h ighe r ) wi th an ave r age depre c i a t ion cos t o f  $ 0 . 3 5/bb l , wh i ch 
i ncre ased the PAD V ave r ag e  s ig n i f i c an tly . 

As wou l d  be e xpe c te d , d e prec i a t ion charges  g en e r a l ly i n c re a se 
wi th c ompl e x i ty , r a ng i ng f r om $ 0 . 1 6/bb l  for r e f i n e r i e s  o f  l e s s  than 
3 c ompl e x i ty to $ 0 . 2 7/bb l  for those o f  g re at e r  than 1 1  c omp l e x i ty 
( Table 1 2 0 ) .  Thos e  re f i ne r ie s  i n  the 7 - 9  c ompl e x i ty r a nge s how the 
g re a te s t  d ev i a t ion f rom the t rend o f  i ncrea sed depre c i a t i o n  wi th 
incre a s ed c ompl e x i ty .  It appe ars f rom a c ompa r i son of r e p l ac eme n t  
c ap i ta l  cos t d a t a  to o r ig i nal g ros s f i xed a s s e t s  t h a t  t h e  r e f i ner­
ies i n  t h i s  c ompl e x i ty r a nge were in i t i a l ly i n s tal l ed at  an e a r l i e r  
d ate . I f  th i s  i s  the c a se , i t  i s  no t s urpr i s i ng tha t the i r  depre­
c ia t ion sched ul e s  are r e l a t ive ly l ower than ad j ac e n t  c ompl e x i ty 
r ange s .  

W i th r e spe c t  to re f inery s i z e  ( Ta b l e  1 1 9 ) , d eprec i a t i o n  charg e s  
ranged f r om $ 0 . 1 5  t o  $ 0 . 2 2 /bbl o f  c r ud e  o i l .  The h ighe s t  d e prec i a­
t io n  charge s we re r epor ted for thos e  h ig h e r  c ompl e x i ty r e f i ner i e s  
o f  l e s s  than 1 0  MB/D c apac i ty and for those over 1 0 0  M B/D c apac i ty .  
The l owe s t  d epre c ia t i o n  c harge s repo r ted we r e  f o r  l ow c omp l e x i ty 
re f iner ie s  i n  the 1 0 -3 0  M B/D s i ze c a t eg o ry . F ig ur e  4 5  i l l u s t r a te s  
d epr e c i a t i on i n  d o l l ar s  per barrel vs . c ompl e x i ty .  

Ma i n tenance and O t h e r  Ope ra t i ng Cos t s  

Cos t s  f o r  ma i n te nance and other ope r a t i ng e xp e n se i tems ( pay­
rol l , ca t a ly s t s , admin i s tr a t ion , e tc . ) r anged f rom $ 0 . 7 7/bbl to 
$ 0 . 8 1/bbl for  re f in e r i e s  o f  l e s s  than 5 c ompl e x i ty t o  $ 1 . 2 7/bb l  for 
t hose in  the 1 1+ c a t egory ( Table 1 2 0 ) ; the co s t s  of the l a t t e r  wer e  
ove r  o n e  and a h a l f  t ime s a s  g re a t  a s  t h e  cos t s  o f  the  fo rme r . Fo r 
the l e a s t  c ompl ex re f i n e ry c a t egory , the s e  co s t s  c on s t i t u te abou t 
5 4  p e r c e n t  o f  t o t a l  ope r a t i ng cos t s , wh i l e  fo r r e f i ne r ie s  w i th a 
c ompl e x i t y  o f  grea ter than 1 1 ,  the se c o s t s  were about 4 1  pe r c e n t  o f  
total  e xpen se s .  

Exam i n a t ion o f  these ma i n te nance and o th e r  cos t s  by r e f i nery 
s i ze c a t eg o ry ( Table 1 1 9 ) s h ows the l owe s t  c o s t s  for t h o s e  re f ine r­
ies i n  the 1 0 - 3 0 M B/D and 3 0 - 5 0  M B/D r ange s .  F i g u r e  4 6  i l l u s t r a te s  
ma in tenance and o t h e r  opera t i ng c o s t s  i n  d o l l ar s  pe r barre l vs . 
compl e x i ty .  

Th e r e  i s  no pattern to ma i n tenance and o th e r  ope r a t i ng cos t s  
wi th r e s pe c t  t o  c ompa ny s i z e ; the l owe s t  c o s t  wa s r e po r t ed to b e  
$ 0 .  8 2/bbl fo r the 0 -1 0  M B/D c apac i ty r ange and t h e  h ighe s t  wa s 
$ 1 . 0 7/bb l for the 5 0 -1 0 0  M B/D r ange . 

Or i g i na l  Undepre c i a ted A s s e t s  and Repl aceme n t  C o s t s  

The o r ig inal  con s t r uc t ion cos t s  o f  a re f i n e ry ( or i g i n a l  und e ­
prec i a ted a s se t s ) va r ie d  by both c ompany s i z e  and c ompl e x i ty .  
Table 1 2 2  s hows the  var i a t ion s i n  re f in i ng c on s t r uc t ion c o s t s  by 
c ompany s i ze . The per-barrel cos t s  o f  r e f i n e r i e s  i n c re a se w i th 

2 1 0  
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TABLE 1 22 

January 1 1 1 9 79 , Refinery Assets 
Aggregated by Company Size 

Com.12any Size ( MB/D ) 
0- 1 0  1 0-3 0  3 0-5 0  5 0- 1 00 1 0 0- 1 75 1 75+ All 

Weight Average Complexity 1 . 49 3 . 0 1  4 . 78 5 . 68 7 . 2 1  7 .  72  7 . 2 4  

Gross Fixed Assets 
MM$ 8 2  544 359 786 790 1 8 , 304  2 0 , 865 
$/barrel/day 498 862 923 1 , 02 7  1 1 1 78 1 , 432 1 1 354 

Replacement Costs* 
MM$ 2 0 0  1 , 32 0  9 6 1  2 , 3 94 2 , 1 89 4 5 , 980 5 3 , 045 
$/barrel/day 1 , 1 73 2 , 224 2 , 725  3 , 1 30 3 , 267 3 , 937  3 , 727 

Ratio Replacement Costs to 
Gross Fixed Assetst 2 . 36 2 . 58 2 . 9 5  3 . 0 5 2 . 7 7 2 . 7 5 2 . 7 5 

Number of Refineries 25 3 8  1 0  1 9  8 98 1 98 

Number of Companies 24 30  1 0  1 1  5 1 8  98 

Crude Charge Capacity 
( MB/D ) 1 6 5  63 1 389 765 670 1 2 , 782  1 5 , 40 1  

*Replacement cost data were submitted for 1 86 refinerie s ,  having 1 4 , 3 3 0  MB/D o f  crude charge 
capacity . 

tRatio derived from $/barrel data . 



c ompany s i ze .  Wh i l e  t h i s  may appe a r  con t r a ry to the  e xpe c ted e f­
fec t o f  e c onomy o f  s c a l e , c omp l e x i ty apparently ove r r id e s  the e f ­
f e c t  o f  s i ze .  Another fac tor i n  l owe r con s tr uc t ion co s t s  may be 
t he r e s ul t o f  some r e f iner i e s  be ing of e a r l i e r  v i n t ag e . 

The ave r age or ig i nal con s t ruc t ion cos t o f  a re f i ne ry ( o r i g i n a l  
und e prec ia ted a s se t s ) wa s reported t o  h ave b e e n  $ 1 , 3 5 4  pe r d a i ly 
b ar r e l  of c rud e o i l  charge c apac i ty .  Tab l e  1 2 3  i nd i ca te s  r e f i n e ry 
con s truc t ion cos t by re f i n e ry l ocat ion . PADs I and V h ad t he h i gh­
est  asset  va lue a t  $ 1 , 5 0 7/bbl and $ 1 , 5 3 0/b bl , r e spe c t ively , and PAD 
IV the l owe s t  a t  $ 1 , 0 8 9/bbl . 

The e f fe c t  o f  re f i n e ry s i ze on or i g i n a l  und e pre c i a td a s se t s  wa s 
ma sked by the g re a t e r  impac t o f  r e f i n e ry c ompl e x i ty . In  sma l l e r  
re f inery s i ze c a t egor i e s , the data i nd i ca te a d e c r e a se i n  pe r­
b ar r e l  inve s tmen t  wi th increas ing s i ze a t  a g iven c omp l e x i ty .  Th e 
e f fe c t  o f  s i ze alone d im i n i shed in  the l a rge r ( 5 0 MB/D ) re f in e ry 
s i ze c a tegory . 

Tab l e  1 2 4  i nd i c a te s  the r e l a t ionsh i p  be twe e n  re f i n e ry s i z e  and 
cap i tal a s se t s  and i n c l ud e s  a bre akou t by two c ompl e x i ty f a c to r  
rang e s  on some o f  t h e  sma l l e r  re f inery s i z e  c a tegor ie s .  The e f f e c t  
o f  c ompl e x i ty fac tor i s  muc h more pronounced t h an s i z e . For e x am­
p l e , in the 0 -1 0  M B/D r e f inery s i z e  c a tegory , t he o r ig i nal con­
s tr uc t ion co s t  i s  a lmos t  f ive t ime s grea ter for re f i ne r i e s  w i t h  a 
c ompl ex i ty f a c to r  o f  over 2 . 5 than fo r those w i th c ompl e x i ty f a c ­
tors und e r  2 .  5 .  The s ign i f i c a n  t e f fee t o f  c ompl e x i ty i s  a l so ev i ­
d en t  in  t h e  var i a t ion o f  r e f inery cos t s  wi t h  s i z e . As shown i n  
Table 1 2 4 ,  pe r-bar r e l  or i g i n a l  undeprec i a ted a s s e t s  a n d  replac eme n t  
cos t s  general ly i nc r e a s e  wi th i nc reas i ng re f i ne ry s i z e , c o n trary t o  
the  " eco nomi e s  o f  sc a l e "  e f fec t ; th i s  i s  beca u s e  c ompl e x i ty a l so 
i nc re a s e s  w i th r e f inery s i ze , ma s k i ng any " s c al e "  e f fe c t .  Ma ny o f  
the la rger re f iner i e s  a l so h ave mul t i pl e  proce s s i ng tra i n s  wh ich 
d im i n i sh the e f f e c t  o f  s i z e  on inve s tme n t s . F i g u r e s  4 7  and 4 8  i l ­
l u s trate or ig i n a l  und e prec i a  ted a s s e t s  and r e p l a c eme n t  c o s t s  i n  
d o l l ar s  pe r bar r e l  vs . c ompl e x i ty .  Tab l e  1 2 5  a l s o  i nd i c a te s  that 
the o r i g i n a l  cos t general ly increased w i th the c ompl e x i ty fac to r  of  
t he r e f i nery , r ang i ng f rom $ 7 1 5/bbl to $ 1 , 8 0 0/bbl . 

Th i s  chapte r add re s sed c rud e o i l cos t s , ope r a t ing c os t s ,  c om­
b i ned c r ude o i l and ope ra t i ng cost s ,  and re f i n e ry a s s e t s  on both a 
company b a s i s  ( ag g reg a ted by s i z e  r ange ) and a r e f i ne ry b a s i s  ( ag­
gregated by c ompl e x i ty , loca t ion , and s i ze range ) .  Tab l e s  1 2  6 ,  
1 2 7 ,  and 1 2 8 prov i d e  d emog raph i c  d a ta on re s po nd e n t s  to the s ur vey 
for s e l e c t ed ope ra t i ng c o s t s  w i th in the u . s .  re f in i ng i n d u s t ry . 

2 14 
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TABLE 1 23 

January 1 ' 1 9 7 9 ,  Refinery As sets 
Aggregated by Refinery Location 

Refinery Location 
PAD I PAD I I  PAD I I I  PAD IV PAD V All 

Weight Average Complexity 7 . 08 7 .  1 4  7 . 38 5 .  1 6  7 . 52 7 . 24 

Gross Fixed Assets 
MM$ 2 , 799 4 , 7 22 8 , 546 562 4 , 2 36  20 , 865 
$/barrel/day 1 ' 507  1 ' 27 1  1 , 3 0 5  1 , 089 1 , 530  1 , 354 

Replacement Costs* 

MM$ 7 , 47 1  1 2 , 846 1 9 , 0 74 1 , 887 1 1 , 7 67 5 3 , 045 
$/barrel/day 4 , 224 3 , 659 3 , 254 3 , 658 4 , 572  3 , 727 

Ratio Replacement Costs to 
Gross Fixed Assets 2 . 8 0  2 . 88  2 . 49 3 . 36 2 . 99 2 . 75 

Number of Ref ineries 26 52 63 20  37  1 98 

Crude Charge Capacity ( MB/D ) 1 ' 85 7  3 , 7 1 3  6 , 548 5 1 6 2 , 7 67 1 5 , 4 01  

Percentage of Total 
Capacityt 99 . 3  88 . 2  86 . 6  86 . 6  89 . 8  8 8 . 9  

*Replacement cost data were submitted for 1 86 refineries , having 1 4 , 3 3 0  MB/D o f  crude charge capacity . 
tPercentage of capacity of respondents who provided refinery asset data to the January 1 97 9  NPC Survey 

of Petroleum Refining Capabilitie s .  
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TABLE 1 2 4  

January 1 ,  1 97 9 ,  Re finery As sets 
by Refinery S ize Range and Complexity F actor 

Refiner:z: S ize Range ( MB/0 ) /Com12lexi t:z: F actor 
0- 1 0  1 0-30 30-50 

<2 . 5  > 2 . 5  All <2 . 5  > 2 . 5  All <2 . 5  > 2 . 5  All 

We ight Average 
Compl exity 1 .  3 1  5 . 1 8  2 . 2 1  1 .  4 1  5 . 2 9  3. 46 1 .  3 1  s .  9 1  5 . 38 

Gross Fixed Assets 
MM$ 95 1 34 229 2 99 5 3 1 8 2 9  1 1 2 1 , 2 1 4  1 , 3 2 6  

$/barrel/day 5 3 0  2 , 356 9 72 6 3 5  1 , 0 2 0  8 3 7  9 2 5  1 ,  0 1 4 1 , 0 0 6  

Replacement Oosts 
MM$ 2 5 3  3 5 3  607 7 5 0  1 , 474 2 , 224 * * 4 , 0 5 3  

$/barrel/day 1 , 3 7 8  6 , 2 0 7  2 , 5 2 1  1 ,  6 7 1  3 ,  1 5 1 2 , 426 * * 3 , 2 9 1  

Ratio Replac ement 
Oo st to Gross 
Fixed Assets 2 . 60 2 . 63 2. 59 2 . 63 3 . 0 9  2 . 90 3 . 2 7  

Number of Refineries 2 8  9 3 7  24 25 49 3 2 7  3 0  

Crude Charge 
Capacity ( MB/D ) 1 79 5 7  236 4 7 0  5 2 0  990 1 2 1  1 ,  1 9 6  1 , 3 1 7  

Percentage of 'lbtal 
Capac ityt 

5 3 . 3 69. 0 9 0 . 6 

*Data withheld to protect conf idential ity . 

5 0 - 1 0 0  1 0 0 - 1 75 1 75+ 

All A l l  All � 

7 . 7 8  8 . 46 7 . 5 7  7. 2 4  

3 , 368 4 , 5 1 5  1 0 , 596 2 0 , 865 

1 , 399 1 , 464 1 , 438 1 , 354 

7 , 398 1 3 , 5 5 3  2 5 , 2 1 1  5 3 , 045 

3 , 729 4, 6 0 2  3 , 646 3 , 7 2 7  

2 . 67 3. 1 4  2. 54 2.  7 5  

34 24 24 1 9 8  

2 , 407 3 , 084 7 , 367 1 5 , 40 1  

6 5 . 3  8 5 . 5 1 00 9 1 .  2 

tPe rcentage of capac ity of respondents Who pr ovided operating cost data to the Ja nuary 1 979 NPC Survey of Petroleum Re f ining 
Capabilities . 
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TABLE 1 2 5  

January 1 ,  1 979 ,  Re finery As sets 
Aggregated by C omplexity F actor 

C omElexit;¥: F actor 
1 - 3  3-5 5 -7 7-9 9- 1 1  1 1+ A ll 

Weight Average Complexity 1 .  60 4. 3 7  6 .  1 1  7 .  80  1 o.  04 1 3. 2 8 7 .  2 4  

Gross Fixed Assets 
MM$ 675  1 , 300  6 , 6 1 1 7 , 5 0 7  2 , 679 2 , 092 2 0 , 865 
$/barrel/day 7 1 5  1 ,  0 96 1 , 267  1 , 420  1 ,  8 0 0  1 ,  62 8 1 ,  354 

Re placement Costs* 

MM$ 1 ,  52 1 2 , 267 1 5 , 370  2 1 , 62 3  6 , 329 4 , 936 5 3 , 045 
$/barrel/day 1 ,  706  2 , 792 3 , 4  75  4, 1 88 4 , 522 4 , 1 66 3 , 727  

Ratio Re placement Cost to 
Gross Fixed As sets 2. 25 2 . 50  2 . 30  2 . 88 2 . 36 2 . 36  2 . 54 

Number of Re finerie s 6 1  3 0  47  36 1 3  1 1  1 98 

Crud e  Charge Capac ity ( MB/D ) 94 3 1 ,  1 86 5 , 2 1 5  5 , 285 1 , 487 1 , 285 1 5 , 40 1 

Pe rcentage of Tb tal Capac ityt 7 2 .  1 8 1 . 3 96. 9 8 8 . 7 1 0 0 . 0 1 o o .  0 9 1 . 2 

*Repl acement cost data we re submitted fo r 1 86 refineries , having 1 4 , 330  MB/D o f  crude charge capacity.  
tPercentage of capacity of respondents who provided re finery as set data to the January 1 979  NPC Survey 

of Pe troleum Re fining Capab il itie s .  
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TABLE 1 2 6  

January 1 ,  1 97 9 ,  Re fining Capac ity Di stribution 
by Process Compl exity and Re f inery Si ze Range 

for R e s.eondents to the NPC S urvey of P etroleum Refinin9: C a.eabilities 

Under 3 

We ight 
Average 

Compl ex ity 1 .  60 

Re finery Si ze 
Ran9:e ( MB /b )  

0 - 1 0  2 .  2 1  1 98 
( 3 4 ) 

1 0 - 3 0  3 . 45 5 0 3  
( 26 )  

30- 50 5.  38 * 

5 0 -1 0 0  7 . 78  * 

1 00 -1 75 8. 46 0 

1 75 +  7 . 5 7  0 

Total 7. 24 988 
(6 6 )  

( Figures Shown are Aggregate Capacit y ( MBjb ) with 
Number of Re po rting Re fineries in Pa renthe ses)  

3-5 

4 . 3 7  

3 2  
( 5 ) 

2 36 
( 1 1  ) 

428 
( 1 0 )  

* 

* 

* 

1 ,  1 86 
( 3 0 )  

C om.elexity F actor 
5-7 7-9  9 - 1 1 

6 .  1 1  7 .  80 1 o .  04 

0 * 0 

1 93 * * 

( 1 0 )  

356 2 1 7  * 

( 8 ) ( 5 ) 

92 7 691  2 3 4  
( 14 ) ( 1 0 ) ( 3 )  

1 ,  0 7 1  * 688 
( 8 ) ( 6 ) 

2 , 668 3 , 60 3  * 

( 7 ) ( 1 3 ) 

5 , 2 1 5  5 , 2 8 5  1 , 487  
(4 7 )  ( 3 6 )  ( 1 3 )  

*Data withhel d  to protect confid ential ity . 

1 1 + 

1 3 . 28  

* 

0 

* 

3 1 6  
(4 ) 

5 1 0  
(4 ) 

* 

1 ,  2 8 5  
( 1 1  ) 

T otal 

7 .  24 

2 4 5  
(4 1 )  

990 
(49 ) 

1 ,  3 5 2  
( 3  1 )  

2 , 4 0 7  
( 34 )  

3 , 084 
( 2 4 ) 

7 , 367 
( 24 )  

1 5 , 44 5  
( 2  0 3 ) 



TABLE 1 2 7  

January 1 ,  1 979,  Re fining Capac ity Di stribution 
by Process Compl exity and Re finery Location 

for Res,12ondents to the NPC S urve;:t of P etroleum R efinin9: C a,12abilities 
( Figures Shown are Aggregate Capac it y ( MB;D ) with 
Number of Repo rting Re fineries in Pa renthese s )  

C om.12lexit,:t F actor 
Under 3 3-5 5-7 7 -9 9- 1 1  1 1 + T otal 

We ight 
Average 

Compl ex ity 1 .  60 4. 3 7  6.  1 1  7 . 80  1 o .  04 1 3 . 28 7.  24 

Re finery 
L ocation 

N PAD I 7. 0 8  1 1 1  N 
* 826 * * * 1 ,  857  

f-' ( 9 ) (6  ) ( 2 6 )  

PAD II 7 .  1 4  83 33 1 1 , 345 1 ,  497 * * 3 , 7 1 8  
( 1 0 ) ( 8 )  ( 1 8 )  ( 1 2 ) ( 53 )  

PAD III 7. 3 8  304 575  2 ,  1 72 2 , 2 68 660 5 70 6, 54 9 
( 2 4 ) ( 9 ) ( 1 2 )  ( 1 2 )  (4 ) (4 ) ( 6 5 ) 

PAD IV 5. 1 6  1 02 * 1 82 * * 0 5 1 6  
( 5 ) ( 6 ) ( 20 ) 

PAD v 7. 52 387  1 07 690 8 1 5 358 44 9 2 , 80 6  
( 1 8 )  ( 3 ) ( 5 ) ( 5 ) (4 ) (4 ) ( 3  9 )  

To tal 7 . 24 988 1 ,  1 86 5 , 2 1 5  5 , 285 1 ,  487 1 , 285 1 5 , 445 
( 66 )  ( 30 ) ( 47 ) ( 36 )  ( 1 3  ) ( 1 1  ) ( 2 03 ) 

*Data withheld to protect conf identi al ity . 



TABLE 1 2 8  

January 1 ,  1 979 ,  Re finery Capac ity Di stribution 
by Refinery Si ze Range and Location for Respondents 

to the NPC S urve� of Petroleum Refinin� C a£abilities 
( Figures Shown are Aggregate Capacity ( MB/D ) with 

Number of Reporting Re fineries in Parentheses)  

Refiner� L ocation 
PAD I PAD II PAD I I I  

Weight 
Average 

Complexity 7 . 0 8  7 . 1 4  7 . 38 

Refinery Size 
Range ( MB/D ) 

0 - 1 0  2 .  2 1  45 43 86 
( 7 )  ( 8 )  ( 1 5 )  

1 0 - 30  3 . 45 98 1 97 348 
(6 ) ( 1 0 )  ( 1 6 ) 

3 0- 5 0  5 . 38 t 460 2 76 
( 1 0 ) ( 7 )  

50 - 1 0 0  7 . 78 * 8 1 0  659 
( 1 2 )  ( 9 ) 

1 00 - 1 75 8 . 46 644 1 ,  1 70 484 
( 4 ) ( 9 )  ( 4 ) 

1 75+ 7 . 57 * 1 ,  038  4 , 697 
(4 ) ( 1 4 )  

To tal 7 . 24 1 ,  857  3 , 7 1 8  6 , 549 
( 26 )  ( 53 )  ( 65 ) 

*Data withheld to protect confidentiality . 
t Reclassified to protect conf identiality . 

2 2 2  

PAD IV 

5 . 1 6  

2 7  
( 5 )  

1 3 1  
( 7 )  

* 

* 

0 

0 

5 1 6  
( 20 )  

PAD V 

7 . 52 

45 
( 6 )  

2 1 6  
( 1 0 )  

* 

* 

787  
( 7 )  

* 

2 , 806 
( 39 )  

T otal 

7. 2 4  

245 
( 4 1 ) 

99 0 
(4  9 )  

1 , 352 
( 3 1  ) 

2 ,  40 7 
( 3 4 ) 

3 , 0 84 
( 24 ) 

7 , 367  
( 2 4 )  

1 5 , 445 
( 2 03 ) 



C HAPT ER FOUR 

COMPET I T IVE ECONOM I C S  OF SUPPLYING I NC REMENTAL 
U . S .  EAST C OAST PRODUCT DEMAN D FROM DOMES T IC REFINERIES 

AN D FORE I GN EXPORT REF I N E R I E S  

INTRODUCT ION 

The ob j e c t ive of th i s  chapter i s  to c ompare the c ompe t i t ive 
pos i t ion o f  U . S .  d ome s t i c and fore ig n expo r t  re f i ne r i e s  i n  the 1 9 7 8  
economic environmen t .  Bec ause PAD I rece ive s the maj or i ty o f  prod­
uct impo r t s , t h i s  s t ud y  wa s based on the cos t o f  i nc reme n t a l  prod­
uc t s  d e l ivered to New York Harbor from a typ i c a l  re f i n e ry i n  PADs I 
or I I I  and a typ i c a l  r e f inery located i n  the C a r ibbean , e a s tern 
Can ad a ,  the Ne the rl and s ,  or I t a ly . The fore ign e xpor t  re f i n e r i e s  
s e lec ted we re tho s e  wh i ch had the c apac i ty t o  s upply pe troleum 
prod uc t s  to PAD I .  C ompe t i t ion for prod uc t ma rke t s  i n  other PAD 
d i s t r i c t s  wa s not s t ud i ed and may no t be s im i l ar to tha t  shown for 
PAD I .  

The re l a t ive c ompe t i t ive po s i t ion o f  a ny re f i ne ry i n  the  Un i ted 
S t a t e s  r e l a t ive to fore ign e xpo r t  re f i ner i e s  i s  l arge ly d e te rm i ned 
by c r ud e o i l  pr i c e , c o s t  o f  proc e s s i ng , and c o s t  of tran s por t a t ion 
for s im i l a r  pe tro l e um produc t s . Al l o t he r  f a c to r s  be i ng the s ame , 
the l owe r the cos t for proce s s i ng and tran s po r t a t ion and the h i gher 
the d e l ivered produc t va l ue , the be t te r  the  c ompe t i t ive po s i t ion . 
The base a n a lys i s  cons id e r s  the se fac tors a s  they e x i s ted i n  1 9 7 8 . 
Two add i t i onal c a s e s  we re con s t ruc ted to te s t  the  e f fe c t s  o f  prod­
uc t slate and c rud e o i l charge . To equa l i ze the prod uc t  s l a te s 
produced by fore ign e xpo r t  r e f iner i e s  wi t h  typ i c a l  r e f i ne r i e s  i n  
PADs I and I I I ,  a n  a n a lys i s  wa s i nc l ud e d  f o r  c omp a r i son p urpo s e s  
only , wh ich hypo the t i ca l ly r e trof i t ted C a r i bbean and e a s t e r n  C a n a­
d i an re f in e r i e s  wi th ad d i t ion a l  d own s tre am f ac i l i t ie s  y i e l d i ng an 
upg raded produc t m i x . Add i t iona l ly , to e x c lud e the e f f e c t  o f  c rud e 
o i l s e l e c t io n ,  a s pe c i a l  c a s e  wa s deve l oped for PADs I and I I I ,  the  
Car ibbean , a nd e a s tern Canad a ,  u s i ng only Sa ud i Arab i a n  L ig h t  c rud e 
o i l a s  inc r emen t a l  ch arge s to ck . 

Other con s idera t ions i n  d e t e rmin i ng c ompe t i t i ve po s i t i on s , s uch 
as cap i tal and f i xed cos t s ,  produc t qual i ty ,  a nd i nd u s t ry marke t i ng 
and man ag eme n t , are not s ub j e c t  to aggrega t i o n , and are no t ava i l ­
able from N PC s urvey d a ta . Compe t i t ivene s s  should be v i ewe d a s  a 
dyn am i c  concep t ,  because i nd i v idual c ompan i e s  re s pond to chang e s  i n  
the i r  pe rce ived e nv i ronme n t s  w i th d i f f e r e n t  bu s i ne s s  s tr a teg i e s ,  
inve s tment d ec i s ion s , and prod uc t ivi ty improveme n t  e f fo r t s .  

Fac tors con s id ered i n  th i s  s t udy wh i ch i n f luence re f iner ie s 1 
i nd iv id u a l  compe t i t ive po s i t i ons i nc lud e : " typ i c a l " re f i ne ry pro­
ce s s ing un i t s  for e a ch are a ;  c r ud e  o i l s l a t e s  a t  1 9 7  8 o f f i c i al 
p r i c e s ; c rud e o i l  and produc t transpo r ta t i o n  a t  1 9 7 8  r a te s ; produc t 
pr ice s gener al ly b a s ed on Pl a t t  1 s New Yo rk Te rmi n a l  aver age h igh 
and l ow pr i c e s ; 1 9 7 8  i n c reme n tal tax rate s for each are a ;  the q u a l ­
i ty o f  re f i nery f ue l  u s ed a s  d e t e rmined b y  loc a l  e n v i ro nmen t a l  r e g ­
u l a t ions ; i ncreme n t a l  proc e s s i ng cos t s ; U . S .  i mpo r t  f e e s  and 
du t ie s ; and the e n t i tl emen t s  prog r am . 
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I t  has  been a s s u med that a l l  i n c r emen ta l  p ro d uc t s  f rom these 
r e f i n e r i e s  ( ex c lud i ng bu t a n e s  and l ig h t e r  hyd roc arbon s ,  s u l f ur , and 
coke ) were sold in the u . s .  Ea s t  Coa s t  marke t w i t h  the e xc e p t ion of 
n aph tha , wh i ch wa s marke ted on the U . S .  Gul f C o a s t .  Th i s  wa s n e c ­
e s s a ry i n  o r d e r  t o  ke ep t h e  d ata on a c omparable b a s i s .  I t  i s  
recogn i z e d  that e ach re f i ne r  wou l d  pr e f e r  to s e l l  the i n c r eme n t a l  
prod uc t i n to i t s  h ighe s t  ne t-b ack ma rke t .  Howeve r ,  th i s  may no t 
be po s s i b l e  wi thou t upse t t i ng the l oc a l  pr i c e  s t ru c t ur e . Th i s  i s  
e s pec i a l ly t rue o f  No . 6 f ue l  o i l  and naph th a ,  wh i c h  may have 
g reater ne t-backs i n  the local  ( or non-U . S . ) a re a . The re fo r e , the 
econom i c s  pre s e n t ed may tend to ove r s tate the d i s ad va n t ag e  of for­
e ig n  r e f i n e r i e s . 

I t  c anno t be ove remph a s i z e d  that t h e s e  d a ta a r e  appl i c ab l e  to 
the cond i t ions that e x i s ted i n  c a l end a r  ye a r  1 9 7 8  and are c ompa r­
able only o n  the b a s i s  o f  i n c reme n t s  o f  c apac i ty .  The analys i s  i s  
o f  the ave r age e conom i c s  for the 7 0 - 8 5  pe rce n t  i n c r emen t  o f  re f i n­
e ry c apac i ty u t i l  i z a  t ion and the 8 5 - l  0 0  p e r ce n t i ncremen t .  Th i s  
s t udy i s  no t a ma r g i n a l  a n a ly s i s  of the c o s t s  a s soc i a t e d  w i th the 
l a s t  barrel pro c e s sed . Fur ther , i t  does  n o t  a t temp t to a s s e s s  the 
absolute pro f i t ab i l i ty o f  those re f i ne r i e s  cons id e r ed . Chang e s  i n  
c rude o i l  cos t s  and ava i l ab i l i ty , produc t d emand and pr i c e s ,  a nd 
gove r nmen t  po l i c ie s  and r eg ul a t ions wo uld have a maj or imp a c t  o n  
the r e l a t ive c ompe t i t ive n e s s  be twe e n  r e f i n er ie s .  Fa c to r s  s uc h  a s  
enviro nmen t a l  r eg ul a t i on s ,  wo rki ng cond i t i o n s  ( r e g ul a t ed b y  OSHA ) , 
and the omi s s ion o f  the cos t o f  imp l emen t i ng the s e  regu l a t i o n s  s ig ­
n i f i c an t ly a f fe c t  t h e  re l a t ive pro f i t ab i l i ty o f  i nd i v id u a l  re f i n e r­
i e s . No ne o f  t h e s e  regu l a t ion s , wi th the e x c ep t i o n  o f  the  cos t o f  
re f in e ry f ue l  s u l f ur l imi t s ,  were u s e d  i n  d e te rmin i ng the r e g ul a ­
tory cos t s  i n c luded i n  the analy s i s .  Examp l e s  o f  t h e s e  are t h e  
co s t  f o r  i n s t a l l a t io n  o f  s u l f ur recove ry , wa t e r  t re a t i ng , a nd 
par t i cu l a te fac i l i t i e s , a s  we l l  a s  the ope ra t i ng cos t s  f o r  s uc h  fa­
c i l i t i e s .  A l so no t i n c l ud ed i n  t h i s  ana lys i s  are the fore i g n  gov­
e rnme n t  s ub s i d i e s  a l l owe d for fore ig n r e f i n e r i e s ,  s uc h  as pr i c e  
con trols  on re f i n e ry f ue l s . Co s t s  s uch a s  those l i s ted above we re 
not ava i l ab l e  for th i s  s tudy . 

METHODOLOGY 

The r e l a t ive i n c r emen ta l  pro f i t ab i l i ty of u . s .  vs . fore ign e x ­
port re f i ne r ie s  wa s analy zed by c ompar ing t h e  pro f i tab i l i ty o f  pro­
ce s s i ng inc r emen t a l  fore ign c r ud e  o i l s . To s e rve a s  a b a s i s  for 
compa r i son , typ i c a l  r e f i ne ry conf igu r a t i o n s  and y i e l ds we r e  d eve l ­
oped f rom a re f in e ry s imul a t io n  mod e l  for re f in e r i e s  l oca ted i n  the 
Car ibbean , e a s t e r n  Canad a ,  the Ne the r l ands , a nd I t a l y , and for  u . s .  
re f i ner i e s  l oc ated i n  PADs I and I I I .  

The typ i c a l  r e f i ne r ie s  i n  PADs I and I I I  wer e  d r awn f rom the 
ave r ag e  con f igur a t io n  o f  r e f iner i e s  in the 1 0 0 -1 7 5  M B/D r ange i n  
e ach d i s tr i c t  a s  r e ported i n  the Jan u a ry 1 9 7 9  N PC S urvey o f  Pe t r o­
l eum Re f i n ing Capab i l i t ie s ; fore ig n expo r t  re f i ne ry c o n f igur a t i o n s  
were b a s ed on t h e  ave r age re f i n e ry s i ze a n d  con f ig u r a t ion o f  l arge 
e xpo r t  r e f i ner i e s  as repo r ted in the O i l  & Gas Jou r n a l , Ma rch 2 4 ,  
1 9 7 9 . Each re f in e ry wa s e x amined a t  c r ud e  o i l  charge l eve l s  o f  7 0  
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percen t ,  8 5  pe r c en t , and 1 0 0  pe r c e n t  o f  c apac i ty .  The analys i s  wa s 
based on the incr eme n t a l  re s ul t s ; i . e .  , the aver age o f  t h e  7 0 - 8  5 
percen t inc reme n t  and the 8 5 -1 0 0  p e r c e n t  i n c reme n t .  

The crud e o i l  s l ate s for the re f i ner i e s  we r e  based on the Pace 
Company en t i tled Compe t i t ive Econom i c s  o f  Un i ted S ta te s  and Fore ign 
Re f i n ing . 1 Inc reme n t a l  change s 1 n  c rud e o 1 l  runs we re mad e fo r 
all  are a s  by chang i ng the vo l ume o f  fore ign c r ud e  o i l  o n ly . PAD 
I I I  wa s the only area proce s s i ng both d ome s t i c  and fore ig n c rud e 
0 i l . 

The d ome s t ic c r ud e o i l pr i c e s  were b a s ed on the ave r age 1 9 7 8  
pos ted pr i c e s  for l owe r t i e r ,  upper t i e r ,  and s tr i ppe r c rud e o i l  
wi th en t i tl emen t s  ad j u s tmen t  wh i ch were a l l oc a ted accord i ng to the 
n a t ional fract ion o f  c rud e o i l  i n  each pr i c e  t i e r . Th e fore ign 
crud e  o i l pr i c e s  were based on the 1 9 7 8  ave r ag e  o f f i c i a l  fore ign 
gove rnme n t  pr ice s . 

The produc t s l a t e s  we r e  the resul t s  o f  a s imu l a t ion mod e l  for 
each re f i n e ry . The ne t-back o f  each prod uc t in  e ac h  re f in e ry c e n­
ter wa s u s ed by the mod e l  to op t im i z e  the va l ue o f  prod uc t s l a te s .  
Impor ted g a sol ine and d i s t i l l a te from a l l  fore ign e xpor t  re f i n e r i e s  
me t u.s. produc t s pe c i f i c a t ion s . 

Th e r a te s fo r tran spo r tat ion o f  fore ig n c rud e o i l and produ c t s  
we re s po t  r a te s  based on Sh ipp i ng S ta t i s t i c s  and Econom i c s  by H .  P . 
Drewry , Ltd . , 1 9 7 8 .  The U . S . -f l ag produc t tanke r transpo r t a t ion 
rate s u s ed were the 1 9 7 8  aver age o f  tho s e  r e ported by D i e t z , Inc . 

Al l maj or pro d uc t s  we re to be s o ld a t  the New Yo rk Harbor te r­
m i n a l  pr i c e ,  wi th the e x cep t ion of naph tha , wh i c h  wa s d e emed to be 
sold on the G u l f  Coa s t .  The we igh ted ave r ag e  of the mon t h l y  l ow 
and h igh pr i c e s  fo r 1 9 7 8  wa s used . Suc h  aver ag i ng i s  n o t  n e c e s s ar­
i ly re fle c t ive o f  a c t ua l  vo lume/pr ice tran sac t ions  wh ich oc c ured i n  
1 9 7 8 .  Th e pr i c e s  fo r o ther f ue l  o il s  h ig h e r  i n  s ul f ur c o n t e n t  we re 
c al c ula ted u s i ng pr i c e  d i f feren t i a l s  taken from the Pac e  C ompany ' s  
s t udy o f  fore ign r e f i ne ry c ompe t i t iven e s s . Un l e aded g a s o l i n e  wa s 
a s s umed to be pr i c ed a t  2 . 8  cents  pe r g a l lon above r e g u l a r  g r ad e , 
wh i ch wa s the n a t i onal  ave r ag e pr i c e  d i f feren t i a l  a s  d e te rm i n e d  by 
the u.s. Depar tme n t  o f  Ene rgy . 

Fed e r a l  and local  inc reme n t a l  tax r a t e s  fo r 1 9 7 8  were u s ed to 
de t e rmine the i n c ome t ax l i ab i l i ty for the typ i c a l  re f i n e ry i n  
e ach area . The d a ta have been pr e se n ted o n  both be fore- and a f ter­
tax bases  in  ord e r  that e i ther c ompar i son o f  c ompe t i t ive pos i t ion 
c an be mad e . 

lA r e por t e n t i t l ed C ompe t i t ive Econom i c s  o f  Un i ted S t a te s and 
Fore ign Re f in ing , prepared by the Pa c e  Company Co n s ul t a n t s  and En­
g ineers , Inc . ,  wa s r e l e a sed to the Depar tme n t  o f  Ene rgy in Dec embe r 
1 9 7 9 .  Th i s  repo r t  inc l ud e d  f ixed cos t s  i n  d eve l op i ng the e c onom i c s  
be tween t h e  region s . To c ompare t h e  P a c e  C ompany r e por t w i th th i s  
N PC s t udy wou l d  requ i r e  t h a t  t he l a t te r  b e  ad j u s te d  for f i xed 
cos t s .  Th i s  c ompar i son i s  i l lu s trated in Appe nd i x  H .  
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Da t a  we r e  n o t  ava i l ab l e  fo r a l l  re f i ne ry ope r a t i o n  e nv i ron­
men t a l  c o s t s . The ana lys i s  wa s l imi ted to the  r eq u i red use of l ow­
s ul f ur f ue l  o i l  i n  PAD I ,  the use o f  c onve n t i o n a l  gas in PAD I I I ,  
and the u s e  o f  h igh-s u l f ur f ue l  o i l  in  the Car i bbe an , e a s te r n  Can­
ada , the  Ne t he r l and s , and I t aly . 

Among the f a c to r s  d e term i n ing the n e t  c rud e o i l  and produc t 
c o s t s  to u . s .  r e f i ne r i e s  i n  1 9 7 8  we re the U . S .  Dep a r tme n t  o f  Ene r­
gy ' s  c rud e o i l  e n t i t l eme n t s  program and the r e s id u a l  f ue l  o i l  
r ever se e n t i t l eme n t s .  The analy s i s  d id no t a t t empt to ad j u s t  e n t i ­
t l emen t s  f o r  sh i f t i ng c rud e o i l  run s f rom U . S .  t o  fore ign e xpo r t  
re f iner i e s .  Howeve r ,  i f  i t  were a s s umed t h a t  5 0 0  M B/D o f  c r ud e  o i l  
r un s  we re sh i fted , the  e n t i t l eme n t s  c rud e o i l  run c red i t  o f  $ 1 . 6 1/ 
bbl wo uld change by abou t $ 0 . 0 5/bbl . 

De pree i a  t ion , ma in tenanc e ,  and other f ixed opera t i ng e xpen s e s  
o f  the e x i s t i ng r e f i ne r i e s  we re take n f rom N PC s ur vey d a ta ( January 
1 9 7 9  S urvey o f  Pe t ro l e um Re f in i ng Capab i l i t ie s ) on a l l  r e f i ne r ie s 
g re a t e r  than 5 0  MB/D c or r e l a ted as a f un c t i o n  o f  c omp l e x i ty f a c to r .  
The ad d ed f ixed c os t s , i nc l ud i ng d epre c i a t i o n , for the spec i al 
re trof i t  c a s e s  o f  added down s tream proce s s i ng c apac i ty i n  the Car­
ibbe an and e a s te r n  Canad ian re f iner i e s  we re cons idered to be 2 7  
percent per ye ar o f  the e s t imated added c ap i ta l  i nve s tme n t . 

Th e 1 9 7 8  impo r t  fee s and d u t i e s  we re u s e d  for c rud e o i l and 
prod uc t s .  The tot a l  r a te schedul e  for du t ie s  was u s ed , bu t the 
f e e s  for c rud e o i l and r e s id u a l  f ue l  o i l  we r e  r educ ed f rom the 
sched ul ed r a te s  for fee s  because d u t i e s  ne t out  f e e s  and a l arge 
percen tage o f  c rud e o i l and r e s idua l f ue l  o i l  wa s f e e - f re e . 

Th e r e l a t ive inc reme n ta l  ad van tage ( d i sadva n t ag e ) wa s u s ed to 
compare the c ompe t i t ive po s i t ion be tween a typ i c a l  r e f i n e ry in PAD 
I w i th one in each of the fo l l ow i ng are a s : PAD I I I ,  the C a r i bbean , 
e a s t e r n  Can ad a , the Ne t h e r l and s , and I t a ly . The c ompa r i son wa s 
based on the s umma t ion o f  the d i f f erences  i n  e ach cos t i tem b e twe e n  
PAD I and e a c h  o f  t h e  areas und er con s id e r a t ion . The s e  c o s t i tems 
we re : c rud e o i l , c rud e o i l  and produc t t r an spo r ta t ion , c rud e o i l 
and product f e e s  and dut i e s ,  pl ant f ue l s , o th e r  var i ab l e s ,  d e l iv­
e red produc t va lue , e n t i tl emen t s  bene f i ts , a nd taxe s .  

EXPAN DED D I S C US S ION 

F a c to r s  A f fe c t i ng the I nc reme n t a l  Advan tage ( D i sadvantag e ) 

The fol l owi ng f a c to r s  h ad the g r e a te s t  i mpac t on the c ompe t i­
t ive r e l a t ionsh i p  b e twe e n  a typ i ca l  re f i ne ry i n  PAD I a n d  those in . 
PAD I I I ,  the C a r i bbean , e as te rn Canad a ,  the Ne t he r l ands , and I t aly 
( see Tab le 1 2 9 ) . 

Crude O i l  S l ate 

The c rud e o i l s l a te s  were based on the Pace C ompany Con s ul t­
ants  and Eng i n ee r s , In c . , r epo r t  e n t i t l ed Compe t i t ive Econom i c s  o f  
Un i ted S ta te s  and Fore ign Re f in i ng ,  da ted De c embe r  1 9 7 9 .  The 
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Base : PAD I ,  8·5-1 00% Increment 

TABLE 129  

E stimated 1978 Relative I ncremental Advantage ( D isadvantage ) *  
( All Cost Figures in u. s .  $/Bbl o f  Crude Oil Charge )  

PAD I PAD III Caribbean E .  Canada Netherlands 

85- 1 00 %  I ncremental Advantage ( D isadvantage ) Relative to B ase 
Due to : 

Crude Oil Co st ( FOB ) 
Crude Oil Transportation 
Crude Oil Fe es and Duties 
Del ivered Product Value 
Produc t Transportation 
Product Fees and Duties 
Fuel Co st 
other Variable Costs 

Subtotal ( Pre-Entitlements 
and Taxes) 

Entitl ements - - Crude Oil Throughput 
Entitlements -- Res idual Produced 
Entitlements - - Re sidual Imports 

Tbtal Advantage ( Disadvantag e )  
( Without Taxes) 

Taxes 
Tbtal Advantage ( Di sadvantage) 

(· With Taxes)  

Due to : 
Crude Oil Co s t  ( FOB) 
Crude Oil Transpo rtation 
Crude Oil Fees and Duties 
De l ivered Pr oduc t Value 
Product Tran sportation 
Produc t Fe es and Duties 
Fuel Co st 
other Variable Costs 

Subtotal ( Pr e-Entitl ements 
and Taxes) 

Entitl ements - - Crude Oil Throughput 
Entitlements -- Res idual Produced 
Entitl ements - - Re sidual Imports 

Tbtal Advantage ( Disadvantage) 
( Without Taxes) 

Taxes 
Tb tal Advantage ( Di sadvantage) 

( With Taxe s ) t 

70-85% Incremental Advantage 
(Di sadvantage) Re lative to PAD I 
( 70-85% ) 

Ba se 
Base 
Base 
Base 
Ba se 
Base 
Base 

Base 
Base 
Base 
Ba se 

Ba se 
Base 

Base 

0 . 84 
0. 03 

( 0 .  1 4 )  
( 0  .06 ) 

0 . 67 

0 . 0 1  

0 . 68 
(0 .34 ) 

0 . 34 

o. 00  

( 0  . 66 )  
0 . 20 

( o. 1 2 )  
( 0 .  63 ) 

0 . 26 
0 . 04 

( 0 . 91 ) 

( o. 03 ) 

(0 . 94 )  
0 .47  

( 0 . 47 )  

o .  1 3  
0 . 53 
o. 1 1  

( 1 .  97 ) 
( 0 .  06 ) 
( o. 1 0 ) 

0 . 35 
0 . 05 

( 0 . 96 )  
( 1 .  6 1 ) 

o .  1 0  
0 .36 

( 2 .  1 1 ) 
0 . 97 

( 1. 14 )  

0 . 09 
0 . 55 
o. 1 1  

( 1 . 47 )  
o .  1 1  

( 0 . 1 0 )  
0 . 34 
0 . 0 7  

( 0 . 30 )  
( 1 .  6 1 ) 

0 . 1 0  
0 .25 

( 1 .  56 ) 
0 .78  

( 0 . 78 )  

( 0 .  04 ) 
0 . 39 
o .  1 1  

( 1 .  76 ) 
( 0 .  65 ) 
( 0 . 1 1 )  

o .  36 
0 .0 8  

( 1 .  62 ) 
( 1 .  6 1 ) 

0 . 1 0  
0 . 32  

( 2 .  8 1 ) 
1 .38  

( 1 . 43 )  

70-85% I ncremental Advantage ( D isadvantage ) Relative to B ase 

( 0 . 66 )  
0 . 20 

0 . 9 1  
( o .  80 ) 

0 . 05 

( 0 . 30 )  

0 . 04 

( 0 .  26 ) 
0 . 1 3  

( o .  1 3 )  

( 0 . 47 ) 

o. 1 3  
0 . 53 
o. 1 1  

( 1 .  53 ) 
( 0 . 07 )  
( 0 .  06 ) 

o. 3 1  
0 .05 

( 0 . 53 )  
( 1 .  61 ) 

o. 1 0  
0 . 33 

( 1 .  7 1 ) 
0 .87 

( o .  84 )  

( 1 . 1 8 )  

0 . 0 9  
0 . 55 
o. 1 1  

( 1 .  1 7 )  
o .  1 2  

( 0 .  2 1 )  
0 . 27 

( 0  . 0 2 ) 

( 0 . 26 )  
( 1 . 61 )  

o .  1 0  
0 . 25 

( 1 .  52 ) 
0 .  77  

( 0 . 75 ) 

( 1 .  09 ) 

( o. 04 ) 
0 . 39  
o .  1 1  

( 1 .  56 ) 
( 0 . 67 )  
( 0 .  1 0 ) 

0 . 36 
0 . 0 8  

( 1 . 43 )  
( 1 .  6 1 ) 

o. 1 0  
0 . 30 

( 2 .  64 ) 
1 .3 0  

( 1 .  34 ) 

( 1 . 68 )  

( 0 .  04 ) 
0 . 44 
o .  1 1  

( 1 .  70 ) 
( 0 .  76 ) 
( o. 13 ) 

o. 35 
0 .0 8  

( 1 . 65 )  
( 1 .  6 1 ) 

0 . 1 0  
0 . 3 1  

( 2 . 85 )  
1 .32  

( 1 .  53 ) 

( o. 04 ) 
0 . 44 
o. 1 1  

( 1 .  43 ) 
( o. 79 ) 
( 0 .  1 1 )  

0 . 32 
0 .0 7  

( 1 . 43 )  
( 1 .  6 1 ) 

o .  1 0  
0 . 25 

( 2 . 69 )  
1 .25 

( 1 .  44 )  

( 1 .  78 ) 

*Calcul ated as the differences for all costs and income taxes between PAD I and the respective area from Tables 1 3 2 ,  
1 3 3 ,  1 34 ,  1 3 8 ,  and 1 3 9 .  

tThese data shoul d b e  compared with "Tbtal Advantage ( D i sadvantage) ( With Taxes ) "  for 8 5-1 0 0  percent increment . 

amoun t o f  swe e t  c rud e o i l  proce s s ed i n  the se r e f i n e r i e s  ranged from 
7 3  percent  in PAD I I I  to 1 5  percen t i n  the Ne the r l an d s  and I ta l y . 
The requ i reme n t  fo r a swe e t  crude o i l i n  PAD I I I  r e s ul ted i n  a 
crude o i l  cost  $ 0 . 6 2/bb l  h i gher than i n  the Ne t h e r l ands and I ta ly . 

De l i ve red Prod u c t  Va l u e  

The d e l ivered prod uc t va l ue pe r barre l f o r  t h e  i n c r eme n ta l  
produc t 1 n  PAD I i s  $ 0 . 1 2  h igher t h a n  PAD I I I  a nd $ 1 . 9 7 h ighe r than 
the Car ibbe an re f i n e ry d ue to the g re a te r  propo r t i o n  o f  h igh va l ue 
produ c t s  such a s  g a so l i ne ,  d i s t i l l a te , and keros i n e . For the 8 5 -
1 0 0  perce n t  inc r emen t  o f  c apac i ty ,  the y i e ld o f  the se prod u c t s  pe r 
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b a r r e l  o f  c rud e o i l  pro c e s sed ranged f rom 7 3 . 5  p e r c e n t  o f  c rud e o i l  
for PAD I and 7 0 . 3 pe rcent for PAD I I I ,  t o  5 7 . 4 p e r c e n t  for  e a s te r n  
Canad a  a n d  a l ow o f  3 9 . 5  p e r c e n t  f o r  t h e  C a r ibbean . Th e pr i c e s  f o r  
l ight prod uc t we re h igher t han No . 6 f ue l  o i l  ( h i gh s u l f ur ) , t h e  
l owe s t  pr i c e  produ c t .  For exampl e ,  ke ros i n e  wa s $ 4 . 9 5/ ·b b l  h ighe r , 
and unl e ad ed ga so l ine wa s $ 6 . 2 7/bb l  h ighe r .  

Transpo r t a t ion Cos t s  

A l a rge por t ion o f  t h e  PAD I I I  d i s advan t ag e  r e l a t i ve t o  PAD I 
i s  a r e s ul t o f  the h igh produc t transpo r t a t i o n  cos t i n  Jon e s  A c t  
( d ome s t i c ) t anke r s . Th i s  prod uct tran s por t a t ion c o s t  d i s ad van tage 
i s  abou t $ 0 . 6 3/bb l  o f  c rud e o i l  pro c e s s ed i n  PAD I I I .  A Ne the r­
l and s re f i n e ry ,  wh i c h  c an u se l owe r c o s t  fore ign f l ag ve s s e l s , can 
sh i p  produc t s  f rom Europe to the Ea s t  Co a s t  f o r  abou t the  s ame cos t 
pe r b a r r e l  o f  c r ud e  o i l  proc e s s ed a s  a PAD I I I  re f in e ry . Both 
e a s te r n  C a n ad i an and C a r ibbean r e f i ne r ie s  have a produc t t r an spo r­
tat ion advan tage over PAD I I I .  

For e ign e xpor t  re f iner i e s  near the Ea s t  Coa s t  ( th e  Car i bbean 
and e a s te r n  Canad a )  h ave an appr o x ima t e  $ 0 .  5 3 /b b l  o f  c rude o i l  
tran s por t a t ion cos t ad van t age pr imar i ly be c a u s e  o f  a s s umed a c ce s s  
t o  d eepwa t e r  po r t s  i n  wh i ch l arge , l ow-cost  VLC C ' s  c an b e  u s ed . 

Fue l C o s t s  

Re f i ner i e s  i n  PAD I we r e  a t  a r e l a t ive d i sad va n tage b e c a u s e  e n ­
vi ronme n t a l  r e g u l a t ions requ i r e  t h em t o  u s e  h ighe r c o s t ,  l ow -s u l f ur 
f ue l  o i l s  for  re f in ing f ue l . The ad va n t ag e s  the  o ther a r e a s  h ad 
over PAD I for the 8 5 -1 0 0  percent i n c r emen t  are a s  fo l l ows : PAD 
I I I $ 0 . 2 6/bb l ; t h e  Car ibbean - - $ 0 .  3 5/b b l ; e a s te r n  Canad a - -
0 . 3 4 /bb l ; the Ne t h e r l ands -- $ 0 . 3 6/bb l ; I t a ly - - $ 0 . 3 5 /bb l . No 
o th e r  env i ro nme n t a l  f a c to r s  we re cons id e red , d ue to a l ack o f  ad e ­
q ua te i n fo rma t ion . 

I mpor t Fees  and Du t i e s  

Wh i l e  the d ome s t i c  re f in e r i e s  s u f fe red a d i s ad va n tage o f  abou t 
$ 0 . 1 1/bb l  because o f  c rud e o i l i mpor t  fee s and d u t i e s ,  th i s  wa s 
l arge l y  o f f s e t  r e l a t ive to the o f f shore r e f i ne r i e s  by the f e e s  and 
du t ie s  charged on i mported produc t s . 

Ent i tl eme nts  

The i n c r emen t a l  impac t o f  the  en t i tl emen t s  cred i t  wa s a d i r e c t  
$ 1 .  6 1 /bbl ad van tage to d ome s t i c  r e f iners  impo r t i ng for e ig n c rud e 
o i l i n to the Un i ted S t a te s . Pr i c e  con t ro l s  on d ome s t i c  c r ud e  o i l  
kept inc reme n t a l  c rud e o i l  cos t s  l ow to U . S .  r e f i n e r i e s  and produc t 
cost s  l ow r e l a t ive t o  wo r ld prod uc t pr i ce s .  Th i s  wa s par t i a l ly 
o f f s e t  by the reve r s e  e n t i t l eme n t s  p e n a l ty f o r  d ome s t i c  r e s idua l 
f ue l  pro d uc t ion marke ted i n  PAD I and by the e n t i tl emen t s  cred i t  
g iven to re s id u a l  f ue l  o i l  impo r ters . 
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Taxe s 

Federal and loc a l  tax r a t e s  fo r 1 9 7 8  we r e  u se d  to d e te rm i n e  the 
i ncr eme n t a l  t ax l i ab i l i ty for the typ i c a l  re f in e ry in each are a . 
Th e tax r a t e s  ranged f rom a h igh o f  5 0  pe r c e n t  i n  the Un i ted S ta t e s  
to a l ow o f  2 5  percen t for t h e  Car ibbean re f in e ry .  

The d a ta base u s ed to d eve l op th i s  s t udy i s  s hown i n  Tab l e s  1 4 4  
through 1 5 4  ( a t the e nd o f  t h i s  chapter ) . I t  wa s d eve l oped a s  a 
bas i s  for d e t e rm i ng the c ompe t i t ivene s s  be twe e n  a re pre s e n t a t ive 
fore ign expo r t  r e f i nery l oc a ted in the Car i bb e an ( Aruba ) ,  e a s te r n  
Can ad a  ( S t .  Joh n , N . B . ) ,  t h e  Ne therl and s ( Ro t terd am ) , a n d  I taly 
( Mi l az zo ) and  u . s .  r e f i ner i e s  in  PADs I ( Ph i l ad e lph i a )  and I I I  
( Hous ton ) ,  all s e rv i ng the New York marke t .  Spec i f i c a l ly , the 
analys i s  con s id e red re f i ne r i e s  typ i c a l  in s i z e  and c omp l e x i ty for 
e ach are a . The fore ign e xpor t  re f in e r i e s  were a s s umed t o  be e x­
port i ng re f i ner i e s  h av i ng the c apab i l i ty to s h i p  produc t to PAD I .  

E s t imated 1 9 7 8  Re l a t i ve I ncreme n t a l  Advantage ( D i s ad vant age ) 

Fo r the 8 5 -1 0 0  p e r c e n t  i nc reme n t  o f  c apa c i ty u s i ng PAD I a s  a 
base ( Table 1 2 9 ) , PAD I I I  h ad the close s t  c ompe t i t ive po s i t io n , a t  
a $ 0 . 4 7/b bl r e l a t ive d i s ad van tag e , and I t a ly wa s i n  the l e a s t  c om­
pe t i t i ve pos i t io n ,  wi th a $ 1 . 5 3 /bb l d i s ad van t ag e . In g e n e r a l , a l l  
fore ig n e xpo r t  r e f i ner i e s  h ad a compe t i t ive d i s ad va n tage due t o  the 
impac t of d ome s t ic c r ud e  o i l pr ice  con tro l s  on prod uc t co s t s  and a 
d i sadva n tage i n  produc t  value due to l owe r r e f i ne ry c omp l e x i ty .  
The va lue of prod uc t from a re f i ne ry i n  I t a ly wa s $ 1 .  7 0 /bbl b e l ow 
that o f  a PAD I r e f i nery . Th e re l a t ive d i s ta n c e  o f  the fore ig n e x ­
por t  re f in e ry f rom PAD I i s  a l so a f a c tor i n  c ompe t i t ive po s i t io n . 

For the 7 0 - 8 5 pe rcen t  i nc r emen t  o f  capac i ty ,  PAD I I I  wa s the 
n e a r e s t  to PAD I ,  w i th a $ 0 . 4 7/bbl d i s ad va n t ag e , a nd I t a ly wa s the 
le a s t  c ompe t i t i ve , with a $ 1 . 7 8 /bb l d i s ad van t ag e . As in the  8 5 -1 0 0  
percent i nc reme n t ,  c rud e o i l cos t ,  produc t v a l ue , and d i s tance  from 
PAD I we re f ac tors i n  the c ompe t i t ive pos i t io n  ( se e  Table 1 2 9 ) . 

S i nce e a s tern Can ad i an , Car ibbe a n , and E urope a n  re f i n e r i e s  were 
ope r a t i ng at a n  ave r age o f  abou t 6 5  p e r c e n t  i n  1 9 7 8  ( DOE p ub l i c a­
t ion , Trends i n  Re f i n e ry Capac i ty and Ut i l i za t i o n , to be p ubl i shed 
in January 1 9 8 1 ) , the re l a t ive ad van tage ( d i s ad va n tage ) c ompar i so n s  
o f  the s e  fore ign e xpor t  a r e a s  f o r  the  7 0 - 8 5 pe rce n t  i n c r emen t  
shou ld be mad e  w i th PADs I and I I I  a t  the 8 5 -1 0 0  p e rce n t  i nc reme n t  
to more a c c ura t e l y  re pre s e n t  the i r  a c t u a l  1 9 7 8  c ompe t i t ive pos i ­
t ion s . For e xampl e ,  t h i s  wou l d  d e c re a s e  the d i s advan tage , when 
compar i ng the Car ibbean wi th PAD I ,  from $ 1 . 1 4 /bbl to $ 0 . 8 4 /bbl . 

The fol l owi ng f a c tors  contr i bu ted to the advan t ag e  ( d i s ad van­
t age ) o f  PAD I ove r the  o ther areas : 

• The en t i tl emen t s c rud e o i l run c red i t  o f  $ 1 . 6 1/bbl for u . s .  
re f i ner i e s  con t r i buted s ig n i f ican t ly to the ad van t age o f  PAD 
I and PAD I I I  r e f i n er i e s . I n  the ab s e n c e  o f  the c red i t ,  the 
re f iner i e s  in PADs I and I I I  wo uld be at a d i s ad van t age when 
compared to the fore ign e xpo r t  r e f i ne r i e s , e spec i a l ly those 
i n  e a s t e r n  Can ad a  and the Car ibbe a n . 
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• The l ow prod uc t m i x  va l ue c a u s ed by l a ck o f  i n c r emen tal 
d own s t r e am c apac i ty for the fore ig n e xpo r t  r e f i n e r i e s  wa s 
par t i a l ly o f f se t by the en t i tl emen t s  cred i t  for  i mpo r t ed 
r e s i d u a l  o i l , wh i c h  wa s equ iva l e n t  to abou t $ 0 . 3 0/bbl o f  
c rud e o i l ch a rge . 

• Fore ign e xpor t  re f iner i e s  h ave s ign i f i c a n t l y  l owe r c r ud e  o il 
t r an spo r t a t i o n  cos t s  than do u.s. r e f i ne r i e s . 

• Because  o f  envi ronme n ta l  regul a t ions , PAD I r e f i ne r ie s  are  
r eq u i r ed to  use h ighe r  cos t , l ow-s u l f ur f ue l  o i l  wh i ch pro­
d u c e s  a $ 0 . 2 6/bb l  to $ 0 . 3 6/bb l  d i s ad van tage as c ompared to 
the other re f in e ry are a s . 

E s t imated 1 9 7 8  Re l a t i ve I ncremental Ad vantage ( D i sadvantag e ) - ­

S aud i Arab i an L i g h t  C rude O i l  

I n  1 9 7 8 ,  the o f f i c i a l  pr i c e s  o f  fore ign swe e t  and sour c rude 
o i l g r ad e s d id no t nece s sar i ly re f l e c t  the i r  r e l a t ive va lue whe n  
cons i d e r i ng t h e  a tta inable produc t m i x  o f  e ac h  c rud e o i l g rade . 
The d i f fe r e n t  c r ud e  o i l m i x e s  u s ed for the i n c r emen t a l  c rud e o i l 
s l a t e s  have a vary i ng imp a c t  on the r e l a t ive prof i tab i l i ty o f  the 
u.s. and for e ign e xpor t  re f iner ie s .  To r emove a ny po ten t i a l  b i a s  
r e s ul t i ng f r om crud e  o i l  type s e l e c t ion , t h e  s tud y  wa s e x t e nded for 
PAD I ,  PAD I I I ,  the  Car ibbe an , and e a s te r n  Canada to eva l u a te the i r  
proc e s s i ng o f  a common inc reme n tal c rud e o i l , Saud i Arab i a n  L i gh t . 

Fo r the 8 5 - 1 0 0  p e r c e n t  i n c remen t  u s i ng S a ud i Arab i a n  L ig h t  
( Table 1 3 0 ) , the  Car ibbe an h ad a $ 1 .  3 6/bb l  d i s ad van t ag e  c ompared 

w i th PAD I .  Th i s  c omp a r e s  wi th a $ 1 . 1 4/bbl d i s ad va n t ag e  proc e s s ing 
the i r  ave r age c r ud e  o i l mix ( Table 1 2 9 ) . Ea s te r n  Canada h ad a 
$ 0 . 7 0/bb l  d i s advan tage , wh i ch wa s an improveme n t  over the $ 0 . 7 8/bbl 
d i s ad van t age i n  proce s s i ng the i r  ave r age c r ud e  o i l  m i x . 

For PAD I I I  proc e s s i ng o f  S a ud i Arab ian L igh t ,  the  d i s ad va n t age 
i ncreased f rom $ 0 . 4 7/bbl to $ 0 . 7 5/bbl . Th i s  wa s p r imar i ly b e c au s e  
a typ i cal  PAD I I I  re f ine ry proce s se s  a l igh t e r , l ower s u l f ur c r ud e  
o i l m i x  fo r wh i c h  a sma l l er vacuum d i s t i l l a t i o n  c apac i ty i s  r e ­
qu i red . Proce s s i ng t h e  S a ud i Arab i an L igh t requ i r ed t h a t  a s ig ­
n i f i c an t  po r t ion o f  t he i nc reme n t  byp a s s  t h e  vac u um d i s t i l la t ion 
un i t s  be cause o f  l imi ted capac i ty .  Th i s  bypa s s  s i t u a t ion grea tly 
r educed i nc reme n t a l  produc t value s .  The d e l ive r e d  produc t value 
wa s l ower ed from a $ 0 . 1 2 /bb l  d i s ad van t age c ompared to PAD I w i t h  
the m i x e d  c rude o i l  s l a te t o  a $ 1 . 6 3/b bl d i s ad va n tage whe n  pro c e s s ­
i ng Saud i Arab i an L ight c rud e o i l  in  t h e  8 5 -1 0 0  perce n t  i n c r emen t  
o f  c apac i ty . 

I n  the 7 0 - 8 5  p e r c e n t  i n c reme n t  i n  pro c e s s ing S a ud i  Arab ian 
L i gh t ,  the PAD I I I  economi c s  r ever sed to the s ame t r e nd as  Table 
1 2 9 ;  i . e . , the mos t  compe t i t ive po s i t io n ,  at  a d i s ad van tage o f  
$ 0 . 6 0 /bbl vs . $ 1 . 3 4 /bbl for the Car ibbean and $ 1 . 0 1 /bbl for e a s te r n  
Canad a . Th i s  wa s because the S a ud i Ar ab ian L i g h t  c rud e o i l  d id no t 
ove rload the  vacuum d i s t i l l a t ion capac i ty a t  th i s  i n c r eme n t . In 
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TABLE 1 30 

E stimated 1 97 8  R elative I ncremental Advantage (D isadvantage ) 
S audi A rabian L ight C rude Oil* 

( Al l  Co st Figures in u. s. $/Bbl of crude Oil Cl arge) 

PAD I PAD I I I  C aribbean 

Base :  PAD I, 85 - 1 00 %  Increment 

E .  C anada 

85 - 1 0 0 %  Incremental Advantage 

Due to : 
crud e  Oil Co st ( FOB )  
Cr ude Oil Transportation 
Crude Oil Fe e s  and Duties 
Delivered Product Value 
Pr oduc t Tr anspo rtation 
Product Fees and Duties 
Fue l Co st 
other Variable Co sts 

Subtotal (Pr e-Entitl ements 
and Taxe s)  

Entitl ements - - Crud e  Oi l 'lhroughput 
Entitl ement s -- Re s idual Produc ed 
En titlements - - Re sidual Imports 

Total Advantage ( Disadvantage) 
( Wi tho ut Taxes) 

Taxes 
To tal Advantage ( Di sadvantage) 

( With Taxe s)  

Due to :  
Cr ude Oil Cost ( FOB ) 
Cr oo e  Oil Tr ansportation 
Cr ude Oil Fees and Duties 
De l iv ered Pr oduc t Va lue 
Product Transportation 
Produc t Fees and Duties 
Fuel Co st 
other Va riable Co sts 

Subtotal ( Pr e-Entitl ements 
and Taxe s )  

En titl ements - - Crude Oil 'lh roughput 
Entitl ement s -- Re s idual Produced 
En titl ements - - Re sidual Impo rts 

Total Advantage ( Disadvantage ) 
( Wi thout Taxes) 

Taxes 
To tal Advantage ( D i sadvantage) 

( With Taxe s ) t  

70 -85 % Incremental Advantage 
(Di sadvantage) Re l ative to PAD I 
( 70 -85% ) 

Ba se 
Base 
Ba se 
Base 
Ba se 
Base 
Ba se 
Base 

Base 
Ba se 
Base 
Ba se 

Ba se 
Base 

Base 

o .  82 
o. 0 3  

( o.  1 5 ) 
( 0  . 0 6 ) 

o. 64 

o. 64 
(0 . 3 2 ) 

0. 3 2  

o.  0 0  

( D isadvantage ) R elative to B ase 

o. 0 1  o .  73 
o .  1 1  

( 1 .  63 ) ( 2. 45 ) 
( 0 .  1 0 )  ( 0 .  04 ) 

( o. 07 ) 
0 . 28 o .  39 
0 . 0 5  0 . 0 8  

( 1 .  39 ) ( 1 .  25 ) 
( 1 .  6 1 ) 

( o. 1 1  ) 0 . 0 9  
0 .4 3  

( 1 .  50 ) ( 2 .  3 4 ) 
0 . 7 5  0 . 9 8  

( o.  75 ) ( 1 .  36 ) 

7 0 -85% In cremental Advantage 
{D i sadvantage ) Relative to B ase 

o. 0 1  

o .  1 1  
( 0 . 72 ) 

0 . 0 6  
( 0  . o  1 ) 

( o. 55 ) 

( o. 0 1 ) 

( 0 .  56 ) 
0 . 2 8  

( 0 . 2 8 ) 

( 0 . 60 ) 

o .  73 
o .  1 1  

( 1 .  83 ) 
( 0. 05 ) 
( 0 .  0 5 ) 

0. 34 
( 0  .o 1 ) 

( o. 76 ) 
( 1 .  6 1  ) 

o. 0 9  
0 . 3 9  

( 1 .  89 ) 
0 . 87 

( 1. 02 ) 

( 1 .  34 ) 

o. 7 7  
o .  1 1  

( 1 .  5 1  ) 
o .  0 9  

( o .  05 ) 
0 . 3 7  
0 . 1 2 

( o. 1 0 ) 
( 1 .  6 1  ) 

o. 0 9  
0 . 2 2  

( 1 .  40 ) 
0 . 7 0  

( o.  70 ) 

o .  77 
o .  1 1  

( 1 .  1 5 )  
o.  1 2  

( 0 .  2 0 ) 
o. 2 9  

( 0  . 02 ) 

( o. 08 ) 
( 1 .  6 1 ) 

o. 0 9  
0 . 2 2  

( 1 .  38 ) 
0 .6 9  

( 0 . 69 ) 

( 1 .  01 ) 

* Calculated as the dif ference for all costs and income taxes bet ween PAD I and the 
respective area from Tab les 1 4 0 ,  1 4 1 ,  1 42 ,  and 1 43 .  

t These data should b e  compared with " Total ( With Taxe s ) "  for 85 - 1 0 0  percent increment . 
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th i s  i n c reme n t ,  the produc t m i x  value changed f rom a $ 0 . 0 7/b bl d i s­
ad van t age for PAD I vs . PAD I I I  to a $ 0 . 71/bbl ad van t age when pro­
c e s s i ng i n creme n t a l  S a ud i Ar ab i an L i g h t  c rud e o i l .  

Th e more l og i c a l  compar i so n  of the PAD I 8 5 - 1 0 0  pe r c e n t i n c re­
men t  to the 7 0 - 8 5 pe r c e n t  i n c r emen t for the  Car ibbean and e a s te r n  
Can ad i an re f i ner i e s  i nd i c a t e s  tha t  t h e  Car ibbean d i s ad van tage 
d e creases  f rom $ 1 .  3 6/bbl to $ 1 .  0 2/bbl , wh i l e  the e a s te r n  Canad i a n  
d i s ad van tag e  o n l y  d e crease s from $ 0 . 7 0 /bbl to $ 0 . 6 9/bb l . 

E s t imated 1 9 7 8  Re l a t i ve I n c reme n t a l  Advantage ( Di s ad va n tage ) wi th 
Re tro f i t ted Down s t ream C apac i ty -- Car i bbean and E a s te r n  Canada 

The typ i c a l  fore ign e xpor t  re f iner i e s  covered by th i s  re por t 
are not  equ i pped to man u f ac ture h igh y i e ld s  o f  mo t o r  ga so l i n e ,  ke r ­
os ine , a nd l i gh t d i s t i l l a t e s  wh ich h ave a h ighe r  pro d uc t  va l ue than  
f ue l  oil  i n  the  New Yo rk marke t .  Th i s  r e s ul t s  i n  a c ompe t i t ive 
d i s ad van t age for the se re f i n e r i e s  when c ompared w i th PADs I and 
I I I ,  wh i ch h ave the c apab i l i ty to produc e h ig h  y i e ld s  o f  t h e s e  
h ighe r  pr i c ed produc t s . 

Becau se the l owe r c ompe t i t ive pos i t ion o f  fore ign e xpor t  re f i n­
e r ie s  i s  l arge ly d ue to the i r  l owe r compl e x i ty and r e s ul t a n t  l owe r 
prod uc t m i x  va l ue , the  Car i bbean and e a s te r n  Canad i a n  re f iner i e s  
we re retro f i t ted wi t h  d own s t r eam proc e s s i ng f ac i l i t i e s  t o  e n a b l e  
them t o  prod uce a prod uc t m i x  c omparable t o  PAD I ( i . e . , b y  ad d i ng 
f l u id c a t a lyt i c  c rack i ng , a lkyl a t i o n , and c a t a ly t i c  r e fo rm i n g ) .  
Th i s  re tro f i t t i ng i mproved the i n c r emen tal c ompe t i t i ve po s i t ion for 
t he 8 5-l 0 0  p e r c en t i n c reme n t  for both areas ( Ta b l e  1 3 1 ) . The C a r ­
ibbean d ropped f rom a $ 1 . 1 4 /bbl d i s ad van t age to a $ 0 . 2 5/bb l  d i s a d ­
van tage r e l a t ive to PAD I ;  t h i s  i s  a n  ad va n tage o v e r  PAD I I I  o f  
$ 0 .  2 2/bb l . In  e a s te r n  Can ad a ,  the d i s ad van t age d e c re a s ed f r om 
$ 0 . 7 8/bb l  to $ 0 . 3 5/bbl r e l a t ive to PAD I ,  o r  a $ 0 . 1 2/bb l  ad va n tage 
over PAD I I I .  It may be obse rved that the C a r ibbean r e trof i t ted 
re f i n e ry h ad con s id e r ab l y  greater c apac i ty than the d ome s t i c  re f i n­
e r i e s  i n  PADs I and I I I .  Th e N PC s urvey d a ta d id n o t  s uppo r t  the 
e xpe c tat i on that ope ra t i ng costs wo uld d e cr e a se s ig n i f i c a n t ly w i t h  
s i z e  d u e  to economy o f  s c a l e . Th i s  may b e  b e c a u s e  mos t  l arge re­
f iner i e s  i n  the Un i ted S t a te s  h ave evol ved t h rough g rowth and i n  
real i ty are mul t i pl e ope r a t i on s . 

Th e c a p i tal i nve s tme n t s  fo r retro f i t t i ng the e a s te r n  Canad i a n  
and Car ibbean re f in e r i e s  wi th d own s tre am proce s s i ng c apac i ty u p  to 
the c ompl e x i ty l eve l o f  d ome s t i c re f i n e r i e s  amoun ted to some $ 1 , 3 8 9  
and $ 1 , 1 7 1  pe r da i ly barr e l  o f  c r ud e  o i l thro ughpu t  capac i ty ,  
r e spe c t ive ly . The i nc re a se i n  total f ixed cos t s , i n c lud i ng de­
prec i a t ion , for the s e  re f i ner i e s  wa s $ 1 .  0 8/bb l for e a s te r n  Can ad a  
a n d  $ 0 . 8 7/bbl f o r  t h e  Car i bbean . Th i s  s ub s t a n t i a l ly o f f s e t  the 
ga i n s  in  prod uc t mix va lue a t ta ined by the add i t i o n a l  proce s s i ng 
c apab i l i ty .  

I n  a compar i son wi th PAD I a t  the 7 0 - 8 5  p e r c e n t i nc reme n t ,  the 
Car ibbean improved i t s  r e l a t ive pos i t ion from a $ 1 . 1 8/bbl d i s ad van­
t ag e  to  a $ 0 . 4 2/bb l  d i s ad van tage ; howe ve r ,  t h i s  i nc reme n t  is  more 
c ompe t i t ive than PAD I I I  by $ 0 . 0 5/bbl . For e a s te r n  Can ad a ,  the 
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TABLE 1 3 1  

E stimated 1978 R e lative I ncremental Advantage ( D i sadvantage ) *  With Retrofitted D ownscream C apacityt 
( All Cost Figures in u. s. $/Bbl of Crude Oil Charge) 

Base : PAD I ,  85.-1 00%  Increment 

Due to : 
Crude Oi l Co st ( FOB )  
Cr ude Oil Transportation· 
Crude Oil Fe es and Duties 
Delivered Product Value 
Produc t Transpo rtation 
Product Fees and Duties 
Fuel Co st 
other Variable Costs 

Subtotal ( Pr e-Entitlements 
and Tax e s )  

Entitlements - - Crude Oi l 'lhroughput 
Entitlements -- Residual Produced 
Entitl ements -- Re sidual Imports 

Total Advantage ( Disadvantage )  
( Wi thout Tax e s )  

Taxes 
Total Advantage ( D i sadvantage) 

( With Tax e s )  

PAD I PAD I I I  

85- 1 0 0 %  

Ba se ( 0 .  66 ) 
Base 0 . 20 
Ba se 
Base ( 0 . 1 2 )  
Ba se ( 0 .  63 ) 
Base 
Ba se 0 . 26 
Base 0 .04 

Base ( o .  91 ) 
Ba se 
Base ( o. 03 ) 
Ba se 

Ba se ( 0 .  94 ) 
Base 0 .47 

Base ( 0 . 4 7 )  

C aribbean 
Existing 
C apacity 

Retro fitted 
Downstream 

E .  C anada 
Existing Retro fitted 

C apacity D ownstream 

I ncremental Advantage ( D i sadvantage ) R e lative to B ase 

o. 1 3  o .  1 3  0 . 09  0 . 09 
0 . 53 0. 53  0. 55 0. 5 5  
o .  1 1  o .  1 1  o .  1 1  o .  1 1  

( 1 .  97 ) ( o. 1 2 )  ( 1 . 47 )  0 . 0 3  
( 0 .  0 6 )  ( 0 .  1 1 )  o .  1 1  o .  14  
( o .  1 0 )  ( o .  1 2 )  ( o .  1 0 )  ( o .  33 ) 
0 . 35 ( 0 .  0 1 ) o .  34 0 . 02 
0 . 05 0 . 06 0 .07  0 . 02  

( 0 . 96 )  0 . 4 7  ( 0 . 30 ) 0 . 6 3  
( 1 .  61 ) ( 1 .  61 ) ( 1 .  6 1 ) ( 1 .  6 1 ) 

o. 1 0  o .  1 0  o .  1 0  o .  1 0  
0 . 36 0 . 1 2  0 . 25 0 . 1 3  

( 2 .  1 1 )  ( 0 .  92 ) ( 1 .  56 ) ( 0 .  75 ) 
0 .97 0 .67 0 .7 8  0 .40 

( 1 . 14 ) ( o .  25 ) ( 0 . 78 )  ( 0 . 35 ) 

70 -85% I ncremental A dvantage ( D isadvantage ) R e lative to B ase 

Due to : 
Cr ude Oil Co st ( FOO )  ( 0 .  66 ) o. 1 3  o .  1 3  0 . 09 0 . 09 
Cr ude Oil Transportation 0 . 20 0 . 5 3  0 . 53 0. 55 0. 5 5  
Cr ud e  Oil Fe es and Duties o. 1 1  o .  1 1  o .  1 1  o .  1 1  
Delivered Product Value 0. 84 o. 91  ( 1 .  53 ) 0 . 62 ( 1 . 1 7 )  0 . 26 
Produc t Transportation 0. 0 3  ( 0 .  80 ) ( 0 .  0 7 )  ( 0 .  0 7 )  o .  1 2  o .  20 
Product Fees and Duties ( 0 . 06 )  ( 0 . 3 6 )  ( o .  2 1 )  ( o .  38 ) 
Fuel Co st ( 0 .  1 4 )  0 . 05 o .  3 1  ( 0 .  1 8 )  0 . 27 ( 0 .  08 ) 
other Va riable Co sts (0 .06 ) 0 .05  ( 0  . 0 8 ) (0 .02 ) 0 .02  

Subtotal ( Pre-Entitlements 
and Taxes) 0 . 67 ( 0 .  30 ) ( 0 .  53 ) 0 . 70 (0. 26) o.  77 

Entitlements - - Cr ude O i l  Throughput ( 1 . 61 )  ( 1 .  61 ) ( 1 .  61 ) ( 1 .  61 ) 
Entitl ements - - Re s idual Produc ed 0 . 0 1  0 . 04 o .  1 0  o .  1 0  o .  1 0  o .  1 0  
Entitlements -- Res idual Import s  0 . 33 0 . 1 1  0 .25 0 . 14 

Total Advantage ( D i sadvantage) 
( Without Taxe s )  0. 68 ( 0 . 26 )  ( 1 .  7 1 ) ( o. 70 ) ( 1 .  52 ) ( 0 . 60 ) 

Taxes (0 . 34 ) 0 . 1 3 0 .87 0 .62 0 .  77 0 .32  
Total Advantage ( Disadvantage) 

( Wit:h Taxes) 0 . 34 ( 0 .  1 3 )  ( 0 .  84 > §  ( 0 .  08 ) §  ( 0 .  7 5  > §  ( 0 .  28 ) §  

70-85% Incremental Advantage 
( Di sadvantage )  Relative to PAD I 

( 7 0-85% ) o . o o ( 0 .  47 ) ( 1 .  1 8 )  ( 0 .  42 ) ( 1 .  09 ) ( 0 .  62 ) 

*calcul ated as the difference for a l l  costs and income taxes between PAD I and the respective area from Tables 1 32,  
133,  135,  a n d  1 3 7 .  

tAdded down stream capacity i n  the caribbean and eastern ca nada. Se e  Tab l e  25 for additional data on the cost of 

retrofitting. 
§These data shoul d be compared with "To tal Advantage ( D i sadvantage) ( With Tax e s ) " fo r 8 5 - 1 0 0  percent increment . 

c ompe t i t ive po s i t ion improved from 
$ 0 . 6 2 /bbl d i s ad van t age . Th i s  wa s a 
i nc reme n t  i n  that the re trof i t  wa s 
PAD I I I .  

a $ 1 .  0 9/bb l  d i s  advan tage to a 
r everse from the 8 5 -1 0 0  percent 
$ 0 . 1 5/b b l  l e s s  c ompe t i t ive than 

A 
7 0 - 8 5  
men t s ) 

c ompar i son o f  the 8 5 - 1 0 0  perc e n t  
p e r c e n t  i nc reme n t s  ( ra ther than 

for the r e t ro f i t ted re f i ne r i e s  

2 3 3  
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t h e  8 5 -1 0 0  p e r c e n t  i n c re­
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Car ibbean area i s  l e s s  me a n i ng f u l . Whe n  mak i ng t h i s  c omp a r i so n  
the d i s advan t age d ropped from $ 0 . 4 2/bb l  to $ 0 . 0 8 /bb l for  t h e  C a r ­
i bb e an r e f i ne ry a n d  $ 0 . 6 2/bb l  t o  $ 0 . 2 8 /bb l  f o r  the e a s t e r n  C a n ad i a n  
re f i n e ry . 

C rude O i l , Prod u c t  Y i e ld , Var i a b l e  Cos t s , and Re l a t i ve 
Prof i tab i l i ty 

Tab l e s  1 3 2  t h rough 1 4 3  p r e s e n t  d a ta fo r a l l  a r e a s  c on s id e r ed i n  
th i s  s t udy wh ich were u s ed t o  d eve l op Tab l e s  1 2 9  t hrough 1 3 1 .  Th e 
t ab l e s  i nc lud e c rud e o i l charge ( c rud e o i l  s l a te s )  i n  barre l s  pe r 
d ay ;  prod uct y i e l d  ( prod uc t m i x ) i n  vo l ume percen t ag e  o f  c r ud e  o i l 
c harge ; a nd s ummary c os t s ,  v a l ue s ,  e tc . , i n  d o l l ars  pe r b a r r e l  o f  
c r ud e  o il cha rge . The r e l a t ive ga i n/l o s s  ( a f te r  i n c ome t a x ) f o r  
t h e  7 0 - 8 5  p e rcen t a nd 8 5 - 1 0 0  p e rcen t i n c reme n t s  i s  s h own und e r  t h e  
s ummary cos t s , va l ue s ,  e tc . , i n  d o l l ar s  per b a r r e l  o f  c r ud e  o i l 
c harge . Th e se tab l e s  are  b roke n  d own a s  fo l low s : 

• Tab l e s  1 3 2 ,  1 3 3 ,  1 3 4 ,  1 3 6 , 1 3 8 ,  and 1 3 9 p r e s e n t  d a t a  o n  
e x i s t i ng c apac i ty .  

• Tabl e s  1 3 5  and 1 3 7 pre sent  d a t a  o n  r e t ro f i t ted d own s tre am 
c apac i ty i n  the C a r i bbean and e a s t e r n  C a n ad a .  

• Tab l e s  1 4 0  t hrough 1 4 3  p r e s e n t  d a t a  r e f l e c t i ng the  pro c e s s ­
i ng o f  i n c r emen t a l  S a ud i Arab i an L igh t c r ud e  o i l ,  f o r  PAD I ,  
PAD I I I ,  the C a r ibbean , and e a s te r n  C a n ad a . 

Di f f e ren t i a l s  c a l cu l a ted on e l eme n ts o f  cos t a nd volume d a ta i n  
Tab l e s  1 3 2  t h rough 1 4 3  may no t b e  id en t i c a l  to d a ta pre s e n ted i n  
Tab l e s  1 2 9  throug h 1 3 1  due t o  round ing . 

F ig u r e  4 9 i l l u s t r a t e s  t he r e l a t ive i nc reme n ta l  prof  i tab i l  i ty 
for the fol l owi ng : 

• Al l area s  cove r ed i n  th i s  s t udy for 7 0 - 8 5 pe rcen t a nd 8 5 - 1 0 0  
pe rcen t i n c reme n ta l  c apac i ty f o r  each r e f i n e ry ( Ta b l e s  1 3 2 ,  
1 3 3 ,  1 3 4 ,  1 3 5 ,  1 3 8 ,  and 1 3 9 ) 

• PADs I and I I I ,  the  Car ibbe a n , and e a s te r n  Can ad a a s  a r e ­
s ul t  o f  re trof i tt i ng the l a tter two a r e a s  t o  me e t  PAD I I I  
produc t m i x  ( Table s 1 3 5  and 1 3 7 )  

• PADs I and I I I ,  the Car ibbe a n , and e a s t e r n  Can ad a  re f l e c t i ng 
the proce s s i ng o f  i n c reme n ta l  S a ud i Arab i a n  L i g h t  c rud e o i l 
( Ta b l e s  1 4 0 ,  1 4 1 ,  1 4 2 ,  and 1 4 3 ) .  

The fo l low i ng t ab l e s  pre s e n t  d a ta used for d e t e rm i n i ng the re l ­
a t ive c ompe t i t iven e s s  b e twe e n  u . s .  and fo re ign e xpo r t  r e f i n e r i e s : 

Table 1 4 4 . A s sumed Re f i ne ry C on f i g u r a t i o n s  -- 1 9 7 8  

A " typ i c a l " re f i ne ry wa s de term i n ed fo r each geog r aph i c  r eg i o n  
unde r  con s ide ra t ion . The con f igura t i on s  o f  the typ i c a l  re f i ne r ie s 
i n  PADs I and I I I  we r e  based upon the ave r ag e  c o n f ig u r a t ion o f  

2 3 4  



TABLE 132 

PAD I R efinery C harge ,  Y ield, Variable C osts , and Relative P rofitability 

Saudi Arabian Light 
Sa u:li Arabian Medium 
Sau:li Arabian Heavy 
Sa u:li Arabian Berri 
Iranian Light 
Kuwa it EKport 
Venezuelan Tia Juana Medi um 
Nigerian Eb rcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Ga so line Un leaded ( 9 1  RON ) 
Gasol ine Regular ( 94 RON ) 
Ga so line Pr emium ( 9 9  RON ) 
Kerosine 
No .  2 Fuel Oil 
No. 6 Fuel Oil ( 0. 3  Wt %  Sulfur) 
No .  6 Fuel Oi l ( 0 .  5 Wt % Sul fur ) 
No. 6 Fuel Oil ( 1 . 0  Wt %  Sulfur) 
No .  6 Fuel Oil (High-Sul fur ) 
Fefinery Fuel 
By-Products 
ID s s  (Gain)  

To tal 

De l ivered Pr oduc t Va lue 

Crude Oil Cb sts 
Crude Oil ( FOB) 
En titlements Ea rned 
Transportation 
Fees and Duties 

Subtotal -- Crude Oil Costs 

Gross Margin ( Product Value less Cr ude 
Oil Cb sts)  

other Product Pr ocessing Cb sts 
Transportation 
Fees and Duties 
Fesidual Entitlements ( Import)  
Re sidual Entitl ements ( Reverse 

Dome stic) 
Fe finery Fuel 
other Variable 

Subtotal -- ot her Pr oduc t 
Processing Costs 

Relative Pro fit ( Be fore Incorre Tax) t 
Income Tax 
Relat ive Profit ( After Incorre Tax) 

*Va lued at average crude oil cost . 

( All Cost Figures in U. s. $/Bbl) 

1 2. 70 
12 . 32 
1 2. 02 
1 3 . 22 
1 2. 8 1 
1 2 .  22 
1 2. 75 
1 3 . 7 1  
14 . 03 
1 3 . 7 1  

1 1 . 42 
1 5. 1 1  
1 8. 08 
1 6. 91  
1 8. 12  
1 6. 76 
1 6. 09 
1 4. 53 
14. 1 7  
1 3. 53 
1 1 . 8 1 

* 

Operating C apacity @ 
70% 85 % 1 0 0 %  

D ifferential Data 
7 0-85% 85- 1 0 0 %  

C rude O i l  C harge ( MB /D ) 

29. 1 
4. 9 
7. 3 
3.6  
3. 2 

1 0 . 2 
9. 0 

1 2 . 8  
1 2. 6  
1 1  . o  

1 0 3. 7  

3 .  6 
1 . 1 

1 2 . 8 
46. 4 

9. 5 
1 3 . 8  

0. 3 
8. 7 
7 . 5  
1 .  8 

� 
1 0 0 . 0  

35. 4 
6. 0 
8. 8 
4. 4 
3 . 9  

1 2 . 4 
1 0. 9  
1 5. 5  
1 5. 3  
1 3 .3 

1 2 5 . 9  

4 1 . 7  
7 .  1 

1 0. 3  
5. 2 
4. 6 

1 4 . 6 
1 2. 8  
1 8. 2 
1 8. 0  
1 5 .6 

148. 1 

6. 3 
1 . 1 
1. 5 
0 . 8  
0 . 7  
2 . 2 
1 . 9  
2 . 7 
2. 7 
2 . 3 

22 . 2 

Y ield (Vol . % of Crude Oil ) 

3 . 4 
1 .  3 

19 . 3 
3 8. 2  

7 . 8  
1 5 . 3  

0 . 5  
1 0 . 5 

7. 2 
1 .  5 

� 
1 0 0 . 0 

3 . 0 
1 . 3  

2 0 . 0 
32 . 5 

6. 7 
1 3. 7  
6. 7 

1 . 3  
1 1 . 4  

6. 8 
1 .  3 

� 
1 0 0 . 0 

2. 7 
2. 1 

50 . 0  

2 2. 5  

1 . 4  
1 8. 5 

5 . 6  

6. 3 
1 .  1 
1 .  5 
o . 8  
0. 7 
2 . 2 
1 . 9  
2 . 7 
2. 7 
2 . 3 

22. 2 

0 . 7 
1 .  2 

23. 5 

4. 5 
44 . 4  

5. 7 
1 6. 4  
4. 5 

S ummary C osts , Value s ,  E tc .  ( $ /Bbl of C rude Oil Charge )  

1 7. 1 0  

· 1 3. 0 1  
( 1 .  61 ) 

1 .  1 5  
0 . 1 1  

1 2. 66 

4. 44 

0 . 44 

0. 04 
1. 06 

0 .26 

1. 80 

2. 64 
1 . 32 
1 .  32 

1 6. 92 

1 3. 0 1  
( 1 . 61 )  

1 .  1 5  
0 . 1 1  

1 2. 66 

4 . 26 

0 . 44 

0 . 05 
0 . 93 
0 .24 

1 . 66 

2. 60 
1 . 30 
1 . 30 

1 6. 75 

1 3. 0 1  
( 1 .  6 1 ) 

1 .  1 5  
0 . 1 1  

1 2. 66 

4. 09 

0 . 45 

0 . 06 
o. 88 
0 . 22 

1 .  6 1  

2 .4U  
1 . 24 
1 . 24 

1 6. 56 

1 3. 0 1  
( 1 .  61-) 

1. 1 5  
0 . 1 1  

1 2. 66 

4. 90 

0. 46 

o.  09 
0 . 73 
0 . 16 

1 . 44 

2. 46 
1 .23 
1 . 23 

1 5. 72 

1 3. 0 1  
( 1 .  6 1 ) 

1 .  1 5  
0 . 1 1  

1 2. 66 

3 . 06 

0 . 4 9  

0 . 1 0  
0. 59 
0 . 1 0  

1 .  2 8  

1 .  78  
0 . 89 
0. 89 

t Relative Pro fit ( Be fore Incane Tax) is equal to Gross Margin le ss other Product Processing Co sts . 
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TABLE 133  

PAD I I I  Refinery C harge , Yield, Variable C osts, and Relative Profitability 

Saudi Arabian Light 
Sa ud i  Arabian �dium 
Saudi Arabian Heavy 
Sa ud i  Ar abian Be rri 
Nigerian Forcados 
Nigerian Bo nny Light 
Libyan E5 Sider 
West Texas S)ur 
West Texas Semi-Sweet 
South lo uisiana 
Alaskan North Slope 

Total 

Propane 
Naphtha 
Gasoline Unleaded ( 9 1  RON ) 
Ga so line !egul ar ( 94 RON ) 
Gasoline Premium ( 99 RON ) 
Ke rosine 
l'b. 2 Fuel Oil 
!'b .  6 Fuel Oil ( 0 . 3  Wt % Sulfur )  
!'b .  6 Fuel Oil ( 0. 5  Wt % Sulfur) 
No .  6 Fuel Oil ( 1 . 0  Wt % Sul fur ) 
!'b .  6 Fuel Oil ( High-Sulfur) 
Re finery Fuel 
By-Products 
lo ss ( Gain) 

Total 

De l ivered Produc t Va lue 

Crude Oil Cb sts 
Cr ude Oil ( FOB) 
Entitl ements Earned 
Transportation 
Fees and Duties 

Subtotal - - Crude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil Cb sts) 

Other Product Processing Cb sts 
Transportation 
Fe es and Duties 
Residual Entitlements ( Import) 
Re sidual Entitl ements ( Reverse 

Domestic) 
Re finery Fue lt 
Other Variable 

Subtotal - - Other Pr oduc t 
Processing Cb sts 

Relat ive Pro fit ( Be fore Incooe Tax ) § 
Income Tax 
Relative Pro fit ( After Income Tax) 

*Valued at average crude oil cost . 

( All Cbst Figures in u. S. $/Bbl) 

1 2. 70 
1 2 .  32 
1 2. 02 
1 3 . 22 
1 3. 71 
14. 03 
1 3. 7 1  
1 2 . 47 
1 3 . 0 0  
1 2 . 8 1  
1 3. 02  

1 1 . 42 
1 5 . 1 1  
1 8. 08 
1 6. 91  
1 8  • . 12  
1 6. 76 
1 6. 09 
14 . 53 
1 4. 1 7  
1 3 . 53 
1 1 . 8 1  

* 

Operating C apacity @ 
70%  85% 1 0 0 %  

D i fferential Data 
70-85% 85- 1 00%  

C rude Oil C harge ( MB /D ) 

2. 3 
0 . 4 
0. 6 
0 . 2 
8 . 4  
8 . 4 

1 2 .  1 
2 1 . 2 

7. 7 
1 7. 9  
2 .8 

82 . 0  

3 . 6  
o .  2 

1 9. 0  
44. 5 

9 . 1 
15 . 9 
2. 0 

1 .  1 
8 . 0 

2 . 8 
( 0. 6 )  

� 
1 0 0 . 0 

3 . 6  
0 . 6  
0 . 9 
0 . 4 

1 3. 0  
1 2. 9  
1 8 . 6  
2 1 . 2 

7. 7 
1 7 . 9  
2 .8 

99. 6 

4 . 9 
0 . 8 
1 .  2 
0 . 6  

1 7. 6  
1 7 . 4 
2 5. 1 
2 1 . 2 

7 . 7 
1 7. 9  
2 . 8 

1 1 7 . 2 

1 .  3 
0 . 2 
0 . 3 
0 . 2 
4 . 6 
4 . 5 
6. 5 

1 7. 6  

Yield (Vol . % of C rude Oil ) 

3. 2 
o. 2 

2 1 . 4  
36. 6 

7. 5 
1 2 .  1 
1 2. 3  

0 . 7  
9 . 1 

2 . 6  
( 0 . 9 )  

� 
1 0 0 . 0  

2 . 8  
2 . 3 

2 0 . 4  
3 1 .  1 

6. 4 
1 0 .  1 
1 7. 0  

2 . 3  
1 0 . 5 

2 . 4 
( 1 . 0 ) 

� 
1 0 0 . 0  

1 .  1 
( 0 .  3 )  
3 2 . 9  

( 5 .  3 )  
6 0 . 8  

( 0. 9 )  
1 3 . 9  

1 . 8  
( 2. 5 )  

� 
1 0 0 . 0  

1 .  3 
0 . 2  
0 . 3 
0 . 2  
4. 6 
4 . 5 
6. 5 

1 7. 6  

0 . 5 
14 . 2 
1 4. 5 

( 1 .  6 )  
43. 2 

1 1 . 3  
1 8. 3 

1 .  0 
( 1 . 2 )  

� 
1 0 0 . 0  

s wnmary C osts ,  Values,  E tc .  ( $ /Bbl of C rude Oil  C harge ) 

1 7 . 52 

1 3. 09 
( 1 .  61 ) 
0 . 68 
0 . 04 

1 2. 20 

5 . 32 

1 .  1 7  

0 . 04 
0 . 85 
0 . 24 

2. 30 

3. 02 
1 .5 1  
1 .  5 1  

1 7. 3 7  

1 3 . 1 9  
( 1 .  6 1 ) 
0 . 73 
0 .05  

1 2 . 36 

5 . 0 1  

1 .  2 0  

0. 04 
0 . 79 
0 .22 

2. 25  

2 . 76 
1 .38  
1 .  38 

1 7 . 1 0  

1 3. 26 
( 1 . 61 )  

0 . 75 
0 . 06 

1 2. 46 

4 . 64 

1 . 1 9 

0 . 06 
o .  72 
0 . 1 9  

2. 1 6  

2 .48  
1 .24 
1 . 24 

1 6. 63 

1 3. 67 
( 1 .  6 1 )  

0 . 95 
0 . 1 1  

1 3. 1 2  

3 .  5 1  

1 . 29 

0 . 06 
0 . 54 
0 . 1 0  

1 . 99 

1 .  52 
0 . 76 
0 . 76 

1 5. 60 

1 3 . 6 7  
( 1 . 61 )  

0 . 95 
0 . 1 1  

1 3. 1 2  

2 . 48 

1 . 1 2  

o .  1 3  
0 . 33 
0 . 06 

1 . 64 

o. 84 
0 .42 
0. 42 

tFe finery fuel required in excess of that produc ed from processing was assumed purchased at $ 1 1 . 25/bbl of 
fuel oil equivalent , or $ 1 . 80 per thousand cubic feet ( 1 , 00 0  Btu per c ubic foot of gas) . 

§Re lative Profit ( Be fo re In come Tax ) is equal to Gross Ma rgin less other Pr oduct Processing Cb sts.  
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Caribbean Refinery 

Saudi Arabian Light 
Sau:H Arabian Mediun 
Saudi Arabian Heavy 
Saudi Ar abian Be rri 
Iranian Light 
Kuwait EKport 
Vene zuelan Tia Juana Medi um 
Nigerian Fb rcados 
Nigerian Bonny Light 
Libyan El9 Sider 

'Ibtal 

Propane 
Naphtha 
Gasoline lkl leaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
caribbean !egular ( 8 5  RON ) 
Caribbean Premium (95  RON ) 
Kerosine 
No. 2 Fuel Oil 
No . 6 Fuel Oil ( 0 . 3  Wt % Sulfur )  
No. 6 Fuel Oil ( 0. 5  Wt % Sulfur) 
No .  6 Fuel Oil ( 1 .  0 Wt % Sul fur )  
No.  6 Fuel Oil ( High-Sul fur ) 
Re finery Fuel 
By-Products 
ID ss ( Ga in) 

'Ibtal 

Delivered Produc t Va lue 

Crude Oil Co sts 
Crude Oil ( FOB) 
Entitlements Earned 
Transportation 
Fe'es and D.lties 

Subtotal -- Crude Oil Costs 

Gross Margin ( Product Value less Cr ude 
Oil Co sts) 

other Produc t Pr ocessing Co sts 
Transportation 
Fees and D.tties 
Residual Entitlements ( Import) 
Re sidual Entitlements ( Reverse 

Domestic) 
Re finery Fuel 
other Variable 

Subtotal -- other Produ:: t 
Processing Costs 

Relative Pro fit ( Be fore Incare Tax) t 
Income Tax 
Relative Profit ( After Incare Tax) 

*Va lued at average crude oil cost . 

TABLE 134 

C harge , Yield, Variable C osts , and Relative Profitability 
( All Cost Figures in u. s. $/Bbl) 

1 2 . 70 
1 2. 32 
1 2. 02 
1 3 . 22 
1 2 . 8 1  
1 2. 22 
1 2. 75 
13 . 7 1  
1 4. 03  
1 3. 7 1  

1 1 . 42 
1 5. 1 1  
1 8. 08 
1 6. 9 1 
1 5 . 90 
1 6. 45 
1 6. 76 
1 6. 09 
14 . 53 
1 4. 1 7  
13 . 53 
1 1 . 8 1 

* 

Operating C apacity @ 
70% 85% 1 0 0 %  

D ifferential D ata 
70-85% 85- 1 0 0 %  

C rude Oil C harge ( MB /D ) 

1 1 3 . 7  
1 9. 3 
28. 0 
14 . 0 
1 2. 6  
39. 8 
35. 0 
30 . 8 
30 . 5 
26 .3 

350. 0 

0 . 9  
1 7. 4  

1 .  9 
0 . 3  
8 . 6  
5 . 7  
1 . 7  

3 1 . 9  
22. 5 

5. 5 
3 . 8 
o . s  

� 
1 0 0 . 0  

1 3 8. 1 
23 . 4 
34. 0 
1 7. 0  
1 5. 3  
48. 4 
42. 5 
37. 4 
3 7. 0  
3 1 .9 

425. 0 

1 62. 5 
27. 5 
40 . 0 
20 .  0 
1 8. 0  
57. 0 
50 . 0 
44. 0 
43. 5 
37 .5 

500 . 0 

24. 4 
4. 1 
6. 0 
3 . 0 
2. 7 
8. 6 
7. 5 
6. 6 
6. 5 
5 .6 

75. 0 

Yield (Vol . % of C rude O i l )  

0 . 8 
1 8. 1 

1 .  3 
1 . 1 
7. 1 
4. 7 

3 1 . 2  
22. 2 

2. 0 
8. 1 
3 . 5 
0 . 4  

� 
1 0 0 . 0  

Q . 8 
1 8. 5  

1 .  2 
1 . 6  
6. 0 
4. 0 

28. 6 
1 8. 0 

6. 6 
1 1 . 5  
3 . 2 
0 . 4  

� 
1 0 0 . 0  

o . s 
2 1 . 2  
( 1 .  5 )  
4. 7 

( 8 .  1 )  
28. 2 
2 1 .  1 

1 1 . 1 
20 . 3 

2 . 0  

0 .5 
1 0 0 . 0  

24. 4 
4. 1 
6. 0 
3 . 0 
2. 7 
8. 6 
7. 5 
6. 6 
6. 5 
5 .6 

75. 0 

0. 5 
20. 9 

0 . 4 
4. 3 

1 3. 9  
( 5 . 8 )  

33. 1 
30. 6 

1 .  8 

0 . 3 
1 0 0. 0 

S wnmary C osts , Values , E tc .  ( $ /Bbl of C rude Oil Charge ) 

1 5. 39 

1 2. 88 

0. 62 

1 3. 50 

1 .  89 

0 .49  
0. 09 

( a . 1 7  > 

0. 53 
0 . 1 2  

1 . 06 

0 . 83 
0 . 2 1  
0 . 62 

1 5. 1 8  

1 2. 88 

0. 62 

1 3. 50 

1 .  68 

a. s o  
0 . 09 

( a . 20 > 

0 . 48 
0 . 1 1  

0. 98 

0. 70 
0 . 1 8  
0. 52 

1 4 . 97 

1 2. 88 

0. 62 

1 3. 50 

1 .  47 

a. 5 1  
0. 09 

( a .  22 > 

0 . 45 
0 . 1 0  

0 . 93 

0. 54 
0 . 14 
0 . 4 0  

14 . 1 9  

1 2. 88 

a. 62 

1 3. 50 

0 . 69 

0. 56 
0 . 06 

( a . 33 > 

0 . 28 
o . os  

0. 62 

0 . 07 
0 . 02 
0. 05 

13 .  75 

1 2. 88 

0 . 6 2  

1 3. s o  

a .  25 

a .  55 
a. 10 

( a . 36 J 

0. 24 
0 .05 

0. 58 

( a . 33 > 
(O .o8 > 
( a . 2s J 

t Relat ive Profit ( Be fore Incorre Tax) is equal to Gross Margin less other Product Processing Costs . 
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TABLE 1 3 S 

Caribbean Refinery With Retrofitted Downstream Capacity - ­

Charge , Yield, Variable Costs , and Relative Profitability 
( Al l  Cost Figures in u . s .  $ /Bbl ) 

Operating Capacity @ 
7 0 %  8 S %  1 0 0 %  

Differential Data 
7 0 -8S% 8S- 1 0 0 %  

Crude Oil  Charge ( MB/D )  

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Arabian Heavy 
Saudi Arabian Berri 
Iranian Light 
Kuwait Export 
Venezuelan Tia Juana Medium 
Nigerian Forcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Gasoline Unleaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
Caribbean Regular ( 8 S  RON ) 
Caribbean Premium ( 9 S RON ) 
Kerosine 
No . 2 Fuel Oil 
No . 6 Fuel Oil ( 0 . 3  Wt % Sulfur ) 
No . 6 Fuel Oil ( O . S  Wt % Sulfur ) 
No . 6 Fuel Oil ( 1 . 0  Wt % Sulfur ) 
No . 6 Fuel Oil ( High-Sulfur ) 
Refinery Fuel 
By-Products 
Los s ( Gain ) 

Total 

Delivered Product Value 

Crude Oil Costs 
Crude Oil ( FOB ) 
Entitlements Earned 
Transportation 
Fees and Duties 
Subtotal -- Crude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil Costs ) 

Other Product Process ing Costs 
Transportation 
Fees and Duties 
Residua l Entitlements ( Import ) 
Residual Entitlements ( Reverse 

Domestic ) 
Refinery Fuel 
Other Variable 

Subtotal -- Other Product 
Processing Costs 

Relative Profit ( Be fore Income Tax ) t  
Income Tax 
Relative Profit ( After Income Tax) 

*Valued at average crude oil cost .  

1 2 . 7 0 

1 2 . 3 2 

1 2 . 0 2  

1 3 . 2 2 

1 2 . 8 1  

1 2 . 2 2 

1 2 . 7 S  

1 3 . 7 1  

1 4 . 0 3  

1 3 . 7 1  

1 1 . 4 2  

1 S . 1 1  

1 8 . 0 8 

1 6 . 9 1  

1 S . 9 0  

1 6 . 4 S  

1 6 . 76 

1 6 . 0 9 

1 4 . S 3 

1 4 . 1 7  

1 3 . S 3 

1 1 . 8 1  

* 

1 1 3 . 7  

1 9 . 3  

2 8 . 0  

1 4 . 0  

1 2 . 6  

3 9 . 8  

3 S . O  

30 . 8  

3 0 . S  

26 . 3  

3 S O . O  

3 .  1 

3 S . 7  

1 2 . 3  

8 . 6  

s . 7  

1 3 .·2 

9 . 3  

1 . 8 

1 .  7 

S . 2  

6 . 8  

o . s  

� 
1 0 0 . 0  

1 38 . 1  

2 3 . 4  

3 4 . 0  

1 7 . 0  

1 S .  3 

4 8 . 4  

4 2 . S  

3 7 . 4  

3 7 . 0  

3 1 . 9  

4 2 S . o  

1 62 . S  

2 7 . S  

4 0 . 0  

20 . 0  

1 8 . 0  

S 7 . 0  

s o -. o 

4 4 . 0  

4 3 . S  

3 7 . S  

s o o . o  

2 4 . 4  

4 . 1  

6 . 0  

3 . 0  

2 . 7  

8 . 6  

7 . S  

6 . 6  

6 . S  

S . 6  

7 S . Q  

Yield ( Vol . % o f  Crude Oi l )  

2 . 9  

3 4 . 1  

1 3 . 8  

7 . 1  

4 . 7  

1 3 . 9  

9 . 7  

1 .  s 

2 . 2  

6 . 6  

6 . 6  

0 . 4  

� 
1 0 0 . 0  

2 . 7  

o . 8  

3 2 .  1 

1 1 . 6  

6 . 0  

4 . 0  

9 . 8  

1 7 . 9  

1 . 3  

2 . 3  

8 . 1 

6 . 2  

0 . 4  

� 
1 0 0 . 0  

2 . 3  

26 . 7  

2 1 . 0  

1 7 . 1 

1 1 . 9  

4 . 3  

1 3 . 2  

S . 6  

� 
1 0 0 . 0  

2 4 . 4  

4 . 1  

6 . 0  

3 . 0  

2 . 7  

8 . 6  

7 . S  

6 . 6  

6 . S  

S . 6  

7 S . O  

1 . 3  

S . 4  

2 0 . S  

( 1 .  0 )  

( 1 3 . 1 )  

6 4 . 1 

3 . 1  

1 6 . S  

4 . 3  

� 
1 0 0 . 0  

Summary Costs , Values , Etc . ( $/Bbl of Crude Oil Charge ) 

1 7  . o o  

1 2 . 88 

0 . 62 

1 3 . S O 

3 . s o  

0 . 46 

0 . 3 4  

( o . a s l 

0 . 94 

0 . 1 8 

1 . 87 

1 . 63 

0 . 4 1  

1 . 2 2  

1 6 . 88 

1 2 . 8 8  

0 . 62 

1 3 . S O 

3 . 3 8 

0 . 49 

0 . 3 3  

( 0 .  0 6 )  

0 . 9 1  

o .  1 8  

1 . 8 S  

1 . S 3  

0 . 38 

1 .  1 S  

1 6 . 6 9 

1 2 . 88 

0 . 62 

1 3 . 5 0 

3 . 1 9 

o . s o 

0 . 3 1  

( o .  0 '1 )  

0 . 8 6 

0 . 1 6 

1 . 76 

1 . 4 3  

0 . 3 6 

1 .  0 7  

1 6 . 3 4 

1 2 . 88 

0 . 62 

1 3 . 5 0 

2 . 8 4  

o . S6 

0 . 36 

( 0.  1 1 )  

0 . 7 7  

0 . 1 8 

1 .  76 

1 .  0 8  

0 . 2 7 

0 . 8 1  

1 S . 6 0  

1 2 . 8 8 

0 . 6 2 

1 3 . S O 

2 . 1 0  

0 . 6 0 

0 .  1 2  

( 0 . 1 2 )  

Q . 6 Q  

0 . 0 4 

1 . 2 4  

0 . 8 6 

0 . 2 2 

0 . 64 

tRelative Profit ( Be fore Income Tax ) is equal to Gross Margin less Other Product Processing Cost s .  
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TABLE 136 

E astern C anada Refinery -- C harge , Yield, Variable C osts , and Relative Profitability 
( All Cb st Figures in u. s. $/Bbl) 

Saudi Arabian Light 
Saudi Arabian Me dium 
Saudi Arabian Heavy 
Saudi Arabian Be rri 
Iranian Light 
Ku�oait Export 
Canadian 
Nigerian Fbrcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Gasoline lli leaded ( 9 1  RON ) 
Gasoline Regular ( 94 ROO ) 
Canadian Fegular ( 94 RON ) 
Canadian Premi um ( 1 0 0  RON ) 
Ke rosine 
N:>. 2 Fuel Oil 
N:> .  6 Fuel Oil ( 0 . 3 Wt % Sul fur )  
N:> .  6 Fuel Oil ( 0 . 5  Wt % Sulfur) 
N:> .  6 Fuel Oi l ( 1 .  0 Wt % Sulfur )  
N:> .  6 Fuel Oil ( High-Sul fur) 
Re finery Fue l 
By-Products 
lD SS ( Ga in) 

Total 

De l ivered Product Value 

Cr ude Oil Cb sts 
Crude Oil ( FOB) 
Entitlements Earned 
Tran sportation 
Fe es and Duties 

Subtotal -- Cr ude Oil Cbsts 

Gross Margin ( Product Val ue less Cr ude 
Oil Cb sts) 

Other Produc t Processing Cb sts 
Transportation 
Fe es and Duties 
Residual Entitlements ( Import) 
Re sidual Entitl ements ( Reverse 

Domestic) 
Re finery Fuel 
Other Variable 

Subtotal - - Other Produc t 
Processing Cb sts 

Relative Profit ( Be fore Income Tax) t 
Income Tax 
Relative Profit ( After Income Tax) 

1 2 . 70 

1 2 . 3 2  

1 2. 02 

1 3 . 22 

1 2. 8 1 

1 2 .  22 

1 3 . 1 1  

1 3 . 7 1  

1 4. 0 3 

1 3 . 7 1  

1 1 . 42 

1 5. 1 1  

1 8. 08 

1 6. 9 1 

1 6. 57 

1 7. 86 

1 6. 76 

1 6. 0 9 

1 4 . 53 

14. 1 7  

1 3 . 53 

1 1 . 8 1 
* 

Operating C apacity @ 
7 0 %  8 5 %  1 0 0 %  

D ifferential Data 
7 0 -85% 85- 1 0 0 %  

C rude Oil  C harge ( 1£ /D ) 

2 9 . 6  

5 . 0 

7. 2 

3 . 6 

3. 3 

1 0 . 4 

9. 2 

8. 0 

7. 9 

6 . 8 

9 1 . 0  

1 .  8 

7 . 8  

5 . 6 

2 7. 2  

8. 1 

1 . 4  

1 4 . 2 

1 .  3 

8. 1 

2 2 . 2 

5 . 5 

� 
1 0 0 . 0  

3 5 . 9  

6 .  1 

8. 8 

4 . 4 

4. 0 

1 2 . 6 

1 1 . 1  

9 . 7 

9. 6 

8 . 3 

1 1  o. 5 

4 2 . 2 

7 . 2 

1 0. 4  

5 . 2 

4. 7 

1 4 . 8 

1 3. 0  

1 1 . 4  

1 1 . 3  

9 . 8 

1 3 0 . 0 

6. 3 

1 . 1 

1 . 6  

0 . 8 

0 . 7 

2. 2 

1 . 9  

1 .  7 

1 .  7 

1 .5 

1 9. 5  

Yield (Vol . % of C rude Oil ) 

1 .  6 

1 0 . 5  

5 . 0 

24. 0 

6 . 7 

1 .  2 

1 4 . 7 

2. 1 

8. 1 

24. 0 

4 . 9 

1 .  5 

1 2 . 5  

4 . 5 

2 0 . 3 

5 . 7 

1 .  0 

1 2 . 7 

6. 5 

8. 1 

2 5 .  1 

4 . 5 

0 . 9  

2 3 . 4  

1 . 8  

8. 9 

1 7. 3 

5. 7 

8. 1 

3 2 .  1 

2 . 3 

� 
1 0 0 . 0  

6 .  3 

1 .  1 

1 . 6 

0 . 8 

o. 7 

2 . 2 

1 . 9  

1 .  7 

1. 7 

1 . 5 

1 9 . 5  

0 . 5 

2 3 . 4 

1 .  8 

( 0. 8 )  

1 .  4 

3 1 . 5  

8. 0 

3 1 . 9  

1 . 8  

0 .5 

1 0 0 . 0  

S ummary C osts , V alues,  E tc .  ( $ /B bl of C rude Oil C harge ) 

1 5 . 74 

1 2. 92 

0. 60 

1 3 . 52 

2 . 2 2  

0 . 2 8  

0 . 28 

( 0 . 1 9 )  

0 . 76 

0 . 27 

1. 40 

0. 82 

0 . 39 

0. 43 

1 5. 52 

1 2 . 92 

0 . 60 

1 3 . 52 

2 . 0 0  

0 . 30 

0 . 26 

( o .  20 ) 

0 . 68 

0 . 24 

1. 2 8  

o .  7 2  

0 . 35 

0 . 3 7  

1 5. 33 

1 2 . 92 

0 . 60 

1 3 . 52 

1. 8 1  

0 . 3 0  

0 . 21\ 

( o .  2 1 ) 

o .  62 

0 . 2 1  

1 . 1 6  

0 . 65 

0 . 3 1  

0 . 34 

1 4 . 55 

1 2. 92 

0 . 60 

1 3 . 52 

1 . 0 3 

0 . 3 7  

o .  2 1  

( o .  25 ) 

0 . 32 

0 . 1 2  

o .  7 7  

o .  2 6  

0 . 1 2  

o .  1 4  

1 4 . 25 

1 2. 9 2 

0. 6 0  

1 3. 52 

0 . 73 

o.  3 8  

o .  1 0  

( o .  25 ) 

o. 25 

0 . 0 3  

o .  5 1  

o.  2 2  

0 . 1 1  

o .  1 1  

*Va lued at average crude o il cost . 

t Relat ive Pro f i t  ( Be fore Incotre Tax) is equal to Gro ss Margin l e ss Other Product Proc e s s i ng Cb s ts • 
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TABLE 1 3 7 

Eastern Canada Refinery With Retrofitted Downstream Capacity 
Charge , Yield, Variable Costs , and Relative Profitability 

( Al l  Cost Figures in u . s .  $ /Bbl ) 

Operating Capacity @ 
7 0 %  8 5 %  1 0 0 % 

Differential Data 
7 0 -85% 85- 1 0 0 %  

Crude Oil  Charge ( MB/D ) 

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Arabian Heavy 
Saudi Arabian Berri 
Iranian Light 
Kuwait Export 
Canadian 
Nigerian Forcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Gasoline Unleaded ( 9 1 RON ) 
Gasoline Regular ( 94 RON ) 
Canadian Regular ( 9 4 RON ) 
Canadian Premium ( 1 0 0  RON ) 
Kerosine 
No . 2 Fuel Oil 
No . 6 Fue l Oil ( 0 . 3  Wt % Sulfur ) 
No . 6 Fuel Oil ( 0 . 5  Wt % Sulfur ) 
No . 6 Fuel Oil ( 1 . 0  Wt % Sulfur ) 
No . 6 Fuel Oil ( High-Sulfur ) 
Refinery Fuel 
By-Products 
Loss ( Gain ) 

Total 

Delivered Product Value 

Crude Oil Costs 
Crude Oil ( FOB ) 
Entitlements Earned 
Transportation 
Fees and Duties 

Subtotal -- Crude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil Costs ) 

Other Product Processing Costs 
Transportation 
Fees and Duties 
Residual Entitlement s ( Impor t )  
Residual Entitlements ( Reverse 

Domesti c )  
Refinery Fuel 
Other Variable 

Subtotal -- Other Product 
Processing Costs 

Relative Profit ( Before Income Tax ) t  
Income Tax 
Relative Profit ( After Income Tax ) 

*Valued at average crude oil cost .  

1 2 . 7 0  

1 2 . 3 2  

1 2 . 0 2  

1 3 . 2 2 

1 2 . 8 1  

1 2 . 2 2 

1 3 . 1 1  

1 3 . 7 1  

1 4 . 0 3  

1 3 . 7 1  

1 1 . 4 2  

1 5 . 1 1  

1 8 . 08 

1 6 . 9 1  

1 6 . 57 

1 7 . 8 6  

1 6 . 76 

1 6 . 0 9  

1 4 . 5 3  

1 4 . 1 7  

1 3 . 5 3  

1 1 . 8 1  

* 

2 9 . 6  

5 . 0  

7 . 2  

3 . 6  

3 . 3  

1 0 . 4  

9 . 2  

8 . 0  

7 . 9  

6 . 8  

9 1 . 0  

3 . 9 

1 . 6 

4 5 . 4  

2 0 . 9  

8 . 1  

1 . 4 

4 . 1 

1 . 6 

0 . 1  

1 1 . 0 

8 . 5  

� 
1 0 0 . 0  

3 5 . 9  

6 . 1 

8 . 8  

4 . 4  

4 . 0  

1 2 . 6  

1 1 .  1 

9 . 7  

9 . 6  

8 . 3  

1 1 0 . 5  

4 2 . 2  

7 . 2  

1 0 . 4  

5 . 2  

4 . 7  

1 4 . 8  

1 3 . 0  

1 1 . 4 

1 1 . 3 

9 . 8  

1 30 . 0  

6 . 3  

1 . 1  

1 . 6 

0 . 8  

0 . 7  

2 . 2  

1 . 9 

1 . 7 

1 . 7 

1 . 5  

1 9 . 5  

Yield (Vol . % o f  Crude Oil ) 

3 . 4  

2 . 2  

4 1 . 2  

1 8 . 1 

6 . 7  

1 . 2  

1 0 . 6  

0 . 2  

0 . 9  

1 . 0 

1 2 . 3  

7 . 8 

3 . 1  

4 . 6  

36 . 9  

1 7 . 0  

5 . 7  

1 . 0  

1 4 . 0  

1 . 1  

1 .  1 

1 3 . 3  

7 . 3  

1 . 3  

4 . 8  

2 1 . 5  

5 . 0  

4 1 . 3  

1 . 4 

( 2 .  1 )  

5 . 3  

1 8 . 2  

4 . 8  

6 . 3  

1 .  1 

1 . 6 

0 . 8  

0 . 7  

2 . 2  

1 . 9 

1 . 7 

1 .  7 

1 . 5 

1 9 . 5  

1 . 5  

1 8 . 6  

1 2 . 9  

1 0 . 6  

3 2 . 8  

( 1 . 4 )  

2 . 1  

1 . 3  

1 9 . 3  

4 . 1 

Summary Costs , Values , Etc . ( $/Bbl of Crude Oil Charge ) 

1 7 . 4 4 

1 2 . 9 2  

0 . 60 

1 3 . 52 

3 . 9 2  

0 . 2 5 

0 . 3 8 

( 0 . 0 8 )  

1 . 1 7  

0 . 3 0  

2 . 0 2  

1 . 90 

0 . 9 1  

0 . 99 

1 7 . 1 8  

1 2 . 9 2  

0 . 6 0  

1 3 . 5 2  

3 . 6 6  

0 . 26 

0 . 3 8  

( 0 . 0 9 )  

1 .  0 8  

0 . 26 

1 . 89 

1 . 7 7  

0 . 85 

0 . 92 

1 6 . 9 7  

1 2 . 92 

0 . 6 0 

1 3 . 52 

3 . 4 5 

0 . 27 

0 . 3 8 

( 0 .  1 0 )  

1 . 0 1  

0 . 2 3  

1 .  7 9  

1 . 66 

0 . 8 0 

0 . 86 

1 5 . 9 8  

1 2 . 92 

0 . 60 

1 3 . 52 

2 . 46 

0 . 29 

0 . 3 8  

( 0 . 1 4 )  

0 . 6 7  

0 . 08 

1 .  28 

1 . 1 8 

0 . 5 7 

0 . 6 1  

1 5 . 7 5 

1 2 . 9 2 

0 . 60 

1 3 . 5 2 

2 . 2 3 

0 . 3 5 

0 . 3 3 

( 0 . 1 3 ) 

0 . 5 7 

0 . 0 8 

1 . 2 0  

1 . 0 3  

0 . 49 

0 . 54 

t Relative Profit ( Be fore Income Tax ) is equal to Gross Margin less Other Product Processing Cost s .  

2 4 0  



Netherlands R efinery 

Saudi Arabian Light 
Saudi Arabian � diun 
Saudi Arabian Heavy 
Saudi Arabian Be rri 
Iranian Heavy 
Abu lhabi Murban 
Nigerian Forcados 
Nigerian Bonny Light 
Libyan El3 Sider 

'lbtal 

Propane 
Naphtha 
Gaso line Un l eaded ( 9 1  RON ) 
Ga soline Regular ( 94 RON ) 
European He gular ( 9 2  RON ) 
European Premium ( 99 RON ) 
Kerosine 
lb. 2 Fuel Oil 
No .  6 Fuel Oil ( 0 . 3 Wt % Sul fur ) 
lb. 6 Fuel Oil ( 0 . 5  Wt % Sulfur) 
No .  6 Fuel Oil ( 1 .  0 Wt % Sul fur )  
lb .  6 Fuel Oil ( High-Sulfur)  
Re finery Fuel 
By-Products 
Lo ss ( Ga in) 

'lbtal 

Delivered Produc t Va lue 

Crude Oi l Co sts 
Crude Oil ( FOB) 
Entitl ements Earned 
Transportation 
Fe es and Duties 

Subtotal -- Crude Oil Costs 

Gross Margin ( Product Value less Cr ude 
Oil Cb sts) 

Other Product Processing Cb sts 
Transportation 
Fees and Duties 
Residual Entitl ements ( Import) 
Residual En titl ements ( Reverse 
Domestic) 
Re finery Fuel 
Other Variable 

Subtotal -- Ot her Pr oduc t 
Processing Costs 

Relative Profit ( Be fore Inccme Tax) t 
Income Tax 
Relative Profit ( After Inccme Tax) 

*Valued at average crude oil cost . 

TABLE 1 3 8 

C harge , Yield, Variable Costs , and Relative P rofitability 
( All Cost Figures in u. s. $/Bbl) 

1 2 . 7 0  

1 2 . 32 

1 2 . 02 

1 3 . 22 

1 2 . 4 1  

1 3 . 26 

1 3. 7 1  

1 4. 03 

1 3 . 7 1 

1 1 . 42 

1 5. 1 1  

1 8. 08 

1 6. 39 

1 6. 96 

1 6. 76 

1 6. 0 9 

1 4. 53 

14. 1 7  

1 3 .  53 

1 1 . 8 1 
* 

Operating C apacity @ 
7 0 %  8 5 %  1 0 0 %  

D ifferential D ata 
70-85% 85- 1 0 0 %  

C rude O i l  C harge ( MB /D ) 

54. 6 

9. 2 

1 3. 4  

6 . 8 

7 . 5 

87.  1 

1 1 . 0  

1 0 . 9  

9 . 5 

2 1 0 . 0 

1 .  4 

1 1 . 8  

5 . 0 

6. 1 

1 2 . 9  

1 . 1 

3 3 . 6  

0. 4 

4. 9 

1 9. 6  

3 . 9 

� 
1 0 0 . 0  

66. 3 

1 1 . 2  

1 6. 3  

8. 2 

9. 0 

1 0 5 . 8 

1 3 . 4  

1 3 . 3 

1 1 . 5 

2 5 5 . 0 

78. 0 

1 3 . 2 

1 9. 2  

9 .  6 

1 o. 5 

1 2 4. 5 

1 5. 8  

1 5. 7 

1 3 . 5  

30 0 . 0 

1 1 . 7  

2 . 0 

2. 9 

1 . 4  

1 . 5  

1 8. 7 

2 . 4 

2 . 4 

2 . 0 

4 5 . 0 

Yield (Vol . % of C rude O i l )  

1 .  2 

1 4. 9  

4. 1 

5. 1 

1 o. 6 

1 .  8 

3 0 . 4  

4 . 5 

2. 8 

2 1 . 5  

3 .  5 

� 
1 0 0 . 0 

1 .  0 

1 7. 1  

3 .  3 

4 . 3 

9. 0 

2 . 8  

2 7. 3  

7 .  7 

1 . 3  

2 3 . 2 

3. 2 

0 . 2 

2 9. 7 

4 . 7 

1 5. 5  

2 3 . 9 

( 6. 7 )  

3 0 . 5 

1 .  6 

0 . 6 

1 0 . 0 

1 1 . 7 

2 . 0 

2. 9 

1 . 4  

1 .  5 

1 8. 7 

2 . 4 

2 . 4 

2 . 0 

45. 0 

0 . 4 

2 9 . 3 

( 1 . 1 )  

8. 5 

9. 4 

2 5 . 5 

( 7 . 4 ) 

3 2 . 7 

1 .  7 

1 . o  

1 0 0. 0 

S ummary C osts , Values ,  E tc .  ( $ /Bbl of C rude Oil C harge )  

1 5 . 26 

1 3 . 0 5 

0. 76 

1 3. 8 1  

1 .  45 

o.  90 

o .  10 

( o. 1 5 ) 

0. 5 5  

0 . 1 1  

1 .  5 1  

( o .  06 ) 

( 0  . 0 3 ) 

( o. 03 ) 

1 5 . 07 

1 3 . 0 5 

o. 76 

1 3. 8 1 

1 .  26 

0 . 95 

o. 1 0  

( 0 . 1 8 )  

0. 50 

0 . 1 0  

1 .  4 7  

( o .  2 1 ) 

� 
( o. 1 1 )  

1 4 . 90 

1 3 . 0 5 

0. 76 

1 3 . 81 

1. 09 

0. 98 

o. 1 0  

( o .  20 ) 

0. 46 

0 . 0 8  

1 .  42 

( 0 .  33 ) 

� 
( o. 1 7 ) 

1 4 .  1 6  

1 3. 05 

0. 76 

1 3. 8 1 

0 . 35 

1 . 1 6  

o .  1 0  

( o .  30 ) 

0. 2 3  

0 . 0 2  

1 .  2 1  

( 0. 86 )  

( 0  .4 1 )  

( o .  45 ) 

1 3 . 96 

1 3. 0 5  

0. 7 6  

1 3. 8 1 

o. 1 5  

1 . 1 4  

o .  1 1  

( o .  32 ) 

0. 2 3  

0 . 02 

1 . 1 8  

( 1 .  03 ) 

( 0  .49 ) 

( o. 54 )  

t Relative Profit ( Be fore Inccme Tax) is equal to Gro ss Margin less Other Product Processing Costs . 

2 4 1  



TABLE 139 

I taly Refinery C harge , Y ield, Variable C osts , and Relative P rofitability 

Saudi Arabian Light 
Saud i  Ar abian Mediun 
Sa udi Arabian Heavy 
Sa ud i  Ar abian Be rri 
Iranian Heavy 
Abu !h abi Murban 
Nigerian Forcados 
Nigerian Bonny Light 
Libyan EB Sider 

Total 

Propane 
Naphtha 
Gasoline Ulleaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
European Re gul ar  ( 9 2  RON ) 
European Premium (99 RON ) 
Ke rosine 
No. 2 Fuel Oil 
No .  6 Fuel Oil ( 0 . 3 Wt % Sulfur ) 
No. 6 Fuel Oil ( 0. 5 Wt % Sulfur) 
No .  6 Fuel Oil ( 1 . 0  Wt % Sulfur ) 
No. 6 Fuel Oil ( High-Sulfur) 
Re finery FUel 
By -Products 
Lo ss ( Ga in)  

Total 

De l ivered Pr oduc t Value 

Cr ude Oil ():) sts 
Cr ude Oil ( FOB) 
Entitl ements Ea rned 
Transportation 
Fees and DJ.ties 

Subtotal -- Cr ude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil ():) sts) 

other Produc t Processing ():) sts 
Transportation 
Fe es and DJ.ties 
Residual Enti tlernents ( Import) 
Re sidual En titl ements ( Reverse 

Domestic) 
Re f inery FUel 
other Variable 

Subtotal -- other Pr oduc t 
Processing Costs 

Relative Profit ( Be fore Incane Tax) t 
Incane Tax 
Relative Profit ( After Incane Tax) 

*Valued at average crude oil cos t.  

( All ():) st  Figures in u. s. $/Bbl) 

1 2. 70 
1 2 . 32 
1 2. 02 
1 3. 22 
1 2 . 4 1  
1 3 . 26 
1 3. 7 1  
1 4 . 03 
1 3. 71 

1 1 .  42 
1 5. 1 1  
1 8. 08 
1 6. 91 
1 6. 39 
1 6. 96 
1 6. 76 
1 6. 0 9  
14 . 53 
1 4. 1 7  
1 3. 53 
1 1 . 8 1 

* 

Operating C apacity @ 
70% 85% 1 00 %  

D ifferential D ata 
70-85% 85- 1 00% ------ -------

C rude Oil C harge (MB;tl ) 

63. 8 
1 0 . 8 
1 5. 6  

7. 8 
8. 7 

1 0 1 . 6  
1 2. 9  
1 2 . 8 
1 1 .0 

245. 0 

0. 9 
20. 1 

o. 9 
5. 5 

1 1 . 4  
o . a 

34. 1 

2. 1 
4. 5 

1 7. 0  
3 . 3 

� 
1 0 0. 0 

77. 4 
1 3. 1 
1 9. 0  

9. 5 
1 o. 5 

1 23. 4 
1 5. 7  
1 5. 5  
1 3 .4 

297. 5 

9 1 . 0 
1 5. 4  
22. 4 
1 1 . 2  
1 2. 3  

1 45. 2 
1 8. 5  
1 8. 2 
1 5 . 8 

350. 0 

1 3. 6  
2 .  3 
3. 4 
1 .  7 
1 .  8 

2 1 . 8  
2. 8 
2. 7 
2 .4 

52. 5 

Y ield (Vol.  % of C rude O i l )  

0. 8 
2 1 . 5  

o .  2 
0. 9 
4. 5 
9. 4 
1 .  2 

32. 3 

8. 3 
1 8. 2  
3 .  1 

� 
1 0 0. 0 

0 . 7 
2 2. 5  

1 . 3  
3 . 8 
a. o 

2 . 6  
2 8 . 6  

9. 9 
2 0. 2 

2. 9 

� 
1 0 0. 0  

0 . 2 
2 8. 1 

1 .  1 
1 .  0 

2. 9 
24. 1 

( 9. 6 )  
26. 3 
2 3. 8  

1 . 9 

0 .2 
1 0 0. 0  

1 3. 6  
2. 3 
3. 4 
1 .  7 
1 . 8 

2 1 . 8 
2. 8 
2 . 7 
2 .4 

52. 5 

0. 2 
2 8. 3  
( 1 . 1 )  
3. 1 

1 0. 4  
7. 4 

1 8. 9  
3 1 . 2  

1 .  7 

� 
1 0 0. 0 

S ummary C osts , Values , Etc.  ( $ /Bbl of C rude Oil  C harge ) 

1 5. 14  

1 3. 05 

o. 71 

1 3. 76 

1 .  38 

1 . 07 
o . o a  

( o.  15 ) 

0. 47 
0 . 1 1  

1 . 58 

( 0. 20 ) 
( O  . o a  J 
( o. 1 2 )  

14 . 99 

1 3. 05 

o. 71  

1 3. 76 

1 . 23 

1 . 1 1  
o .  09 

( o .  1 6 ) 

0. 43 
0 . 09 

1 .  56 

( o .  33 ) 

� 
( 0. 20 ) 

1 4 . 84 

1 3. 05 

o. 71  

1 3. 76 

1 . 08 

1 .  1 3  
0 . 09 

( 0. 1 9 )  

0 . 4 1  
o . o a  

1 .  52 

( 0. 44 )  
( 0  . 1 8 )  
( 0. 26 )  

14 . 29 

1 3. 05 

o. 7 1  

1 3. 76 

o .  53 

1 . 28 
o .  1 1  

( o. 25 ) 

0. 27 
0 .03 

1 . 44 

( o. 91 ) 
( 0  .36 ) 
( 0. 55 )  

14 . 02 

1 3. 0 5 

o. 7 1  

1 3. 76 

0. 26 

1 .  2 5  
o .  1 3  

( o.  3 1 ) 

0 . 24 
0 . 02 

1 .  3 3  

( 1 .  07 ) 
( 0  .43 ) 
( 0. 64 )  

t Relative Profi t  ( Be fore Income Tax ) is equal to Gross Margin less Other Product Processing Costa . 

2 4 2  



TABLE 1 4 0  

PAD I Re finery -- Charge , Yield, Va riable Costs , and Re lative Profitability 
I ncremental C rude Oil -- S audi Arabian L ight 

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Ar ab ian Heavy 
Saudi Arabian Berri 
Iranian Light 
Kuwait Export 
Venezuelan Tia Juana Medium 
Nigerian Forcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Gasoline Unleaded ( 9 1  RON ) 
Gasoline IE gul ar ( 9 4  RON ) 
Gasoline Premium ( 9 9  RON ) 
Kerosine 
lb .  2 Fuel Oil 
lb .  6 Fuel Oil ( 0 .  3 Wt % Sulfur )  
lb .  6 Fuel Oil ( 0 . 5  Wt % Sulfur) 
lb .  6 Fuel Oil ( 1 . 0  Wt % Sulfur ) 
lb .  6 Fuel Oil ( High-Sulfur) 
Re finery Fuel 
By -Products 
Lo ss ( Ga in) 

Total 

Delivered Product Value 

Crude Oil Co sts 
Crude Oil ( FOB) 
Entitl ements Earned 
Transportation 
Fees and Duties 

Subtotal - - Cr ude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil Co sts) 

Other Produc t Processing Co sts 
Transportation 
Fees and Duties 
Residual Entitlements ( Import) 
Re sidual Entitl ements ( Reverse 

Domestic) 
Re finery Fuel 
Other Variable 

Subtotal - - Other Product 
Processing Costs 

Relative Profit ( Be fore Income Tax) t 
Income Tax 
Relative Profit ( After In cane Tax) 

*Valued at average crude oil cost . 
t Relative Profit ( Be fore Incorre Tax) 

(Al l  Co st Figures in u. s. $/Bbl)  

$/Bbl 

1 2 . 70 

1 2 . 3 2 

1 2 . 02 

1 3 . 2 2 

1 2 . 8 1 

1 2 . 2 2 

1 2 . 75 

1 3. 7 1 

1 4 . 03 

1 3 . 7 1 

$/Bbl 

1 1 . 4 2 

1 5 . 1 1  

1 8 . 08 

1 6. 9 1  

1 8 . 1 2  

1 6 . 76 

1 6. 0 9 

1 4 . 53 

1 4 . 1 7  

1 3 . 5 3 

1 1 . 8 1  
* 

is equal to 

Operating C apacity @ 
7 0 %  85% 1 0 0 %  

D ifferential Data 
70-85 %  85 - 1 0 0 %  ----

C rude Oil Charge ( MB /D ) 

29. 1 5 1 . 3  7 3 . 5  2 2 . 2 2 2 . 2 

4 . 9  4 . 9 4 . 9  

7 . 3 7 . 3 7 . 3 

3 . 6 3 . 6  3 . 6  

3 . 2 3 . 2  3 . 2  

1 0 . 2  1 0 . 2  1 0 . 2 

9 . 0 9 . 0 9 . 0 

1 2 . 8  1 2 . 8  1 2 . 8  

1 2 . 6 1 2 . 6 1 2 . 6  

1 1 . 0 1 1 . 0 1 1 . 0 

1 0 3 . 7 1 2 5 . 9 1 4 8 .  1 2 2 . 2 2 2 . 2 

Yield (Vol . % of C rude Oil ) 

3 . 6  3. 5 3 . 1 2 . 9  0 . 8 

1 . 1 1 .  7 1 . 9  4 . 3 3 . 3 

1 2 . 8  1 8 . 9  1 9 . 2  4 7 . 4  2 0 . 9  

4 6 . 4 38. 2 3 2 . 5  

9. 5 7 . 8  6. 7 

1 3 . 8  1 5 . 3 1 4 . 3 22 . 2  8. 9 

6 . 1 4 0 . 7 

0 . 3  o .  1 ( 1 .  4 )  0 . 7 

8. 7 1 0 . 9  1 2 . 3  2 1 . 0  2 0 . 3 

7 . 5 7. 2 6 . 8 5 . 8 4 . 7 

1 .  8 1 . 5  1 . 3  ( o .  1 )  

� � � � � 
1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0 1 0 0 . 0  

S ummar;t Costs,  Values,  Etc.  ( $ /Bbl of C rude Oil Char9:e l 

1 7 .  1 0  1 6. 89 1 6 . 69 1 6 . 36 1 5 . 54 

1 3 . 0 1  1 2 . 95 1 2 . 9 1  1 2 . 7 0 1 2 . 7 0 

( 1 .  6 1 ) ( 1 . 6 1 )  ( 1 .  6 1 ) ( 1 .  6 1 ) ( 1 . 6 1 ) 

1 .  1 5  1 . 2 1  1 .  25 1 . 46 1 . 46 

0 . 1 1  0 . 1 1  0 . 1 1  0 . 1 1  0 .  1 1  

1 2 . 66 1 2 . 66 1 2 . 66 1 2 . 66 1 2. 66 

4 . 44 4 . 2 3  4 . 0 3  3 . 70 2 . 88 

0 . 44 0. 44 0. 45 0 . 4 7  o .  5 0  

0 . 04 o . o s  0 . 0 6  0 . 0 9 0 . 0 9  

1 .  0 6  0 . 94 0 . 90 0 . 76 o .  61 

0 . 26 0 . 24 0 . 2 2  0 . 1 6  0 . 1 0  

1 . 80 1 . 67 1 . 63 1 . 4 8 1 .  3 0  

2 . 64 2 . 56 2 . 4 0  2 . 2 2  1 . 5 8 

1 . 3 2  1 . 2 8  1 . 20 1 . 1 1  0 . 79 

1 . 32 1 .  28 1.  2 0  1 . 1 1  0 . 7 9 

Gross Margin less Other Product Processing Costs . 

2 4 3  



TABLE 1 4 1  

PAD I I I  Re finery - - Charge, Yield, Variable Co st ,  and Re lative Profitabil ity 
I ncremental C rude Oil -- S audi Arabian L ight 

Saud i  Ar abian Light 
Sa udi Arabian Medium 
Saud i  Arabian He avy 
Saudi Arabian Berri 
Nigerian FO rcados 
Nigerian Bonny Light 
Libyan Es Sider 
West Texas Sour 
we st Texas Semi-Sweet 
South Wuisiana 
Alaskan No rth 

Total 

Pr opane 
Naphtha 

Slope 

Ga so l ine Un l eaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
Ga soline Pr em i\.11\ ( 9 9  RON )  
Kerosine 
No .  2 Fuel Oil 
No .  6 Fuel Oil ( o .  3 Wt % Sulfur) 
No .  6 Fuel Oil ( 0 .  5 Wt % Sul fur ) 
No. 6 Fuel Oil ( 1. 0 Wt % Sulfur) 
No .  6 Fuel Oi l ( High-Sul fur ) 
Refinery Fuel 
By-Products 
Loss ( Gain) 

To tal 

De l ivered Product Va lue 

Cr ude Oil Co sts 
Crude Oil ( FOB) 
En titl ements Earned 
Transportation 
Fe es and Duties 
Subtotal -- Cr ude Oil Costs 

Gross Margin ( Product Value less Crude 
Oil Co sts) 

other Pr oduc t Processing Co sts 
Transportation 
Fees and Duties 
Residual Entitl ements ( Import) 
Re sidual En titl ements ( Reverse 

Domestic) 
Re finery Fue l t 
other Variable 

Subtotal -- other Produc t 
Proces sing Costs 

Relative Profit ( Be fore Incare Tax) § 
Income Tax 
Relative Profit ( After Incare Tax) 

*Valued at average crude oil cost . 

( Al l  Co st Figures in u. s .  $/Bbl )  

$/Bbl 

1 2 . 70 
1 2 . 32 
12. 02 
1 3 . 22 
1 3 . 71  
1 4. 03 
1 3 . 7 1  
1 2. 47 
1 3 . 00 
1 2. 8 1 
1 3 . 02 

$ /B bl 

1 1 . 42 
1 5. 1 1  
1 8 . 08 
1 6. 9 1 
1 8 .  1 2  
1 6. 76 
1 6. 09 
1 4 . 53 
1 4 .  1 7  
1 3. 53 
1 1 . 81 

* 

Operating Capacity @ 
7 0 %  85% 1 0 0 %  

D ifferential Data 
7 0-85% 85- 1 00 %  ------ -------

C rude Oil Charge (MB/D ) 

2. 3 1 9 . 9  3 7 . 5 1 7. 6  1 7 . 6  
0. 4 0. 4 0 . 4  
0 . 6  0 . 6 0 . 6  
0. 2 0 . 2  0 . 2  
8. 4 8 . 4 8 . 4 
8. 4 8. 4 8. 4 

1 2 .  1 1 2 .  1 1 2 .  1 
2 1 . 2  2 1 . 2  2 1 . 2  

7 . 7 7 . 7  7 . 7 
1 7. 9  1 7. 9  1 7. 9  

2 .8 2 .8 2 .8 
82. 0 99. 6 1 1 7. 2  1 7. 6  1 7. 6  

Y ield (Vol . % of C rude Oil ) 

3 . 6  3 . 3  2 . 9  1 . 4  0 . 9  
0. 2 0 . 9  3. 2 3 . 9  1 6. 4  

1 9 . 0 1 9 . 7 1 7 . 9  23. 3 7 . 6  
44. 5 36. 6 3 1 . 1 

9 . 1 7 . 5  6 . 4 
1 5. 9  1 2. 0  1 0 . 9  ( 6 .  0 )  4. 5 

2 . 0 1 1 . 4  1 3 . 6 55. 3 26. 2 

1 . 1 0 . 7 0. 6 ( 1 .  0 )  ( 0 .  3 )  
8. 0 9. 3 1 0 . 9  1 4 . 9  2 0 . 4  

1 . 3  4 . 5 7 . 4  22. 4 
2 . 8  2. 5 2 . 2  1 .  0 0. 6 

( 0 .  6 )  ( 0 .  5 )  ( 0 .  3 )  0 . 4  

� � � � 0 .9 
1 0 0 . 0 1 0 0 . 0 1 00 . 0 1 00 . 0  1 0 0 . 0 

S ummar;( C osts , Value s ,  E t c .  ( $ /B bl of Crude Oil C har9:e l 

1 7 . 52 1 7. 2 1  1 6. 79 1 5 . 65 1 3 . 9 1  

1 3. 09 1 3. 02 1 2. 97 1 2. 70 1 2. 7 0 
( 1 . 61 )  ( 1 .  6 1 ) ( 1 . 6 1 )  ( 1 .  6 1 ) ( 1 .  6 1 ) 

0. 68 0. 82 0. 92 1 . 45 1 . 45 
� 0 .05 0 . 06 0 . 1 1  0 . 1 1  
1 2 . 20 1 2. 2 8  1 2. 34 1 2. 65 1 2. 6 5  

5 .  32 4. 93 4 . 45 3 . 00  1 . 26 

1 . 1 7  1 . 1 8 1 . 1 6  1 . 22 0 . 6 0  

0. 04 0 . 05 0. 0 7  0 . 1 0  0 . 2 0  
0 . 85 0 . 80 o. 73 o .  55 0 . 33  
0 .24 0 . 22 0 . 1 9  0 . 1 1  0 .05  

2. 30  2. 25 2. 1 5  1 . 98 1 . 1 8  

3. 02 2 . 68 2. 30  1 .  02  0 . 0 8  
1 .5 1  1 .34  1 . 1 5  0 .5 1  0 .04 
1 .  51  1 .  34 1. 1 5  0. 5 1  0. 04 

t Re finery fuel required in excess of that produced from processing was assumed purchased at $ 1 1 . 2 5 pe r  
barrel of fue l o i l  equivalent, or $ 1 . 80 p e r  thousand cubic feet ( 1 , 00 0  B t u  per cubic foot of gas) . 

§Relative Profit ( Be fore Income Tax) is equal to Gross Margin less other Product Processing Costs . 

2 4 4  



TABLE 142 

Caribbean Re finery -- Charge, Yi eld, Variable Cb st ,  and Relative Profitabil ity 
I ncremental C rude Oil -- S audi Arabian L ight 

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Arab ian Heavy 
Saudi Arabian Berri 
Iranian Light 
Kuwait Export 
Canadian 
Venezuelan Tia Juana Medium 
Nigerian Fbrcados 
Nigerian Bonny Light 
Libyan Es Sider 

'rtltal 

Propane 
Naphtha 
Ga so line Unleaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
Caribbean Regular ( 8 5 RON ) 
Caribbean Premium ( 95 RON ) 
Ke rosine 
tb. 2 Fuel Oil 
tb .  6 Fuel Oil ( a . 3  Wt % Sul fur ) 
tb .  6 Fuel Oil ( a . 5  Wt % Sulfur) 
tb .  6 Fuel Oil ( 1 .  a wt % Sul fur ) 
tb. 6 Fuel Oil ( High-Sulfur) 
Re finery Fuel 
By-Products 
Lo ss ( Ga in )  

'rtltal 

Delivered Produc t Value 

Crude Oil Cb sts 
crude Oil ( FOB) 
En titlements Earned 
Transportation 
Fees and Duties 

Subtotal -- cr ude Oil Costs 

Gross Margin ( Product Value less cr ude 
Oi l Cb sts) 

other Product Processing Cb sts 
Transportation 
Fees and Duties 
Residual Entitlements ( Import )  
Re sidual Entitl ements ( Reverse 

Domestic) 
Re finery Fuel 
other Variable 

Subtotal -- other Product 
Processing Costs 

Relat ive Profit ( Be fore Income Tax) t 
In come Tax 
Relat ive Profit ( After Income Tax) 

( Al l  Cb st Figures in u . s. $/Bb l )  

1 2 . 7a 

1 2 . 32 

1 2 . 0 2  

1 3 . 22 

1 2 . 81 

1 2 . 22 

1 3 .  1 1  

1 2 . 75 

1 3 . 7 1  

1 4 . a 3  

1 3 . 7 1  

1 1 . 42 

1 5 . 1 1  

18.  a8 

1 6. 9 1 

1 5 . 90 

1 6. 45 

1 6. 76 

1 6 . a 9 

1 4 . 53 

1 4 . 1 7  

1 3 . 53 

1 1 . 8 1 

Operating Capacity @ 
7 a %  8 5 %  1 a a %  

Differential Data 
7a-85% 85- 1 a a %  

C rude O i l  C harge ( MB/ll ) 

1 1 3 . 7 

1 9. 3  

28. a 

1 4 . a  

1 2 . 6 

39. 8 

35. a 

3a . 8  

3a. 5 

26 . 3  

35 a . a  

a . 9  

1 7 . 4  

1 . 9  

a . 3 

8. 6 

5 . 7  

1 .  7 

3 1 . 9  

22 . 5  

5 . 5  

3 . 8 

0 . 5  

� 
1 a a. a 

1 88 . 7 

1 9 . 3  

28. a 

1 4 . a  

1 2 . 6 

39. 8 

3 5. a 

3a . s  

3 a .  5 

26 . 3  

425. a 

263. 7 

1 9. 3  

28. a 

1 4. a  

1 2 . 6 

3 9. 8  

35. a 

3 a . s 

3 a . 5 

2 6 . 3  

5 a a . a  

7 5 . a 

7 5 .  a 

Y ield (Vol . % of Crude O i l )  

a . s  

1 8 . 5  

1 .  3 

a . 9  

7 .  1 

4 . 7  

2 9 . 3 

1 9 . 2 

6. 1 

8. 8 

3 . 5  

a . 4  

� 
1 o a .  0 

a . 7 

1 9 . 6  

1 . 1 

a . 8  

6 . a 

4 . a  

2 5 . 3 

1 2 . 8 

1 3 . 5 

1 3 . 1 

3 . 2 

a . 4  

� 
1 a a . a 

a. 2 

2 3 . 6 

( 1 .  7 )  

3. 7 

( 8 .  1 )  

1 7 . 3  

4 . a 

34. 8 

2 3 . 8 

1 .  9 

a . 5 

1 a a . a 

7 5 . a 

7 5 . a 

a. 2 

2 5. 8 

a . 3 

2. 7 

( 2 3 .  8 )  

54. 9 

3 8. a 

1 . 6  

a . 3 

1 0 a . a 

S ummary Costs , Value s ,  Etc.  ( $ /Bbl of C rude O i l  C harge )  

1 5 . 39 

1 2 . 88 

0. 62 

1 3 . 5a 

1 .  89 

0 . 4 9  

o . a9 

( 0. 1 7 )  

o .  53 

0 . 1 2  

1 .  a G  

a . 83 

0 . 2 1  

0. 62 

1 5 . 1 a  

1 2 . 85 

a . 64 

1 3 . 4 9  

1 .  6 1  

a . 5a 

a . a9 

( a . 2 1 ) 

a . 4 8 

a . 1 2  

a . 98 

a . 63 

a . 1 6 

a . 47 

1 4 . 8a 

1 2 . 82 

a . 65 

1 3. 4 7 

1 .  33 

a. 5 1  

a .  a s  

< a . 2 4  > 

a . 44 

a . 1 1  

a . 9a 

a . 43 

a . 1 1  

a . 3 2  

1 3 . 7 1  

1 2 . 7a 

a . 73 

1 3 . 43 

a . 28 

a. 55 

a . a5 

( a . 39 )  

a .  27 

a . 1 1  

0 . 59 

< a . 3 1  > 

( o  . a s > 

< a . 23 > 

1 3 . a9 

1 2. 7 a  

a . 7 3  

1 3 . 43 

( a .  34 ) 

0 . 5 4 

o . a7 

< a . 43 > 

o .  22 

a . 0 2  

0 . 4 2  

( o .  76 ) 

( 0  . 1 9 )  

< a . 57 > 

*Va l ued at average c rud e  o il cost . 
t Relative Pro fit ( Be fore Income Tax) is equal to Gross Margin l e ss other Product Proces s i ng Costs • 

2 4 5  



TABLE 143 

Eastern canada Re finery -- Charge, Yield, Variable Cost , and Relative Profitability -­

Incremental C rude Oil -- Saudi Arabian L ight 

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Arabian Heavy 
Saudi Arabian Berri 
Iranian Light 
Kuwait E>cport 
canadian 
Venezuelan Tia Juana Medium 
Nigerian FOrcados 
Nigerian Bonny Light 
Libyan Es Sider 

Total 

Propane 
Naphtha 
Gasoline Un leaded ( 9 1  RON ) 
Gasoline Regular ( 94 RON ) 
canadian Regular ( 94 RON ) 
canadian Premium ( 1 0 0  RON ) 
Kerosine 
No. 2 Fuel Oil 
No .  6 Fuel Oil ( 0 . 3  Wt % Sulfur )  
No.  6 Fuel Oil ( 0 . 5  Wt % Sulfur) 
No .  6 Fuel Oil ( 1 . 0  Wt % Sul fur ) 
No .  6 Fuel Oil ( High-Sulfur) 
Re finery Fuel 
By-Products 
Loss ( Gain) 

Total 

Delivered Product Value 

Crude Oil Co sts 
crude Oil ( FOB) 
Entitlements Earned 
Transportation 
Fees and Duties 

Subtotal -- crude Oil Costs 

Gross Margin ( Product Value less crude 
Oil Costs) 

other Product Processing Co sts 
Transportation 
Fe es and Duties 
Residual Entitlements ( Import) 
Re sidual Entitlements (Reverse 

Domestic) 
Refinery Fuel 
other Variable 

SUbtotal -- other Product 
Processing Costs 

Relative Profit ( Be fore Income Tax) t 
Incane Tax 
Relative Profit ( After Income Tax) 

*Valued at average crude oil cost. 

(Al l  Cost Figures in u. s .  $/Bbl) 

1 2 . 7 0  

1 2. 32 

1 2 . 0 2  

1 3 . 22 

1 2 . 8 1  

1 2 . 22 

1 3 .  1 1  

1 2 . 75 

1 3 . 7 1  

1 4. 0 3  

1 3 . 7 1  

1 1 . 42 

1 5 . 1 1  

1 8 . 08 

1 6. 9 1 

1 6. 57 

1 7. 86 

1 6 . 76 

1 6. 0 9 

1 4 . 53 

1 4 . 1 7  

1 3 . 53 

1 1 . 8 1 

* 

Operating Capacity @ 
7 0 %  85% 1 0 0 %  

D ifferential Data 
7 0 -85% 85- 1 0 0 %  

Crude O i l  Charge ( MB/D ) 

29. 6 

5. 0 

7 . 2 

3 . 6  

3 . 3 

1 0. 4  

9. 2 

a. o 

7. 9 

6 . 8 

9 1 . 0  

1 . 8  

7. 8 

5 . 6 

2 7 . 2 

e. 1 

1 . 4  

1 4 . 2 

1 . 3  

8 . 1 

2 2 . 2  

5 . 5 

� 
1 0 0 . 0  

49. 1 

5 . 0 

7 . 2 

3 . 6  

3 . 3 

1 0. 4  

9 . 2 

8 . 0 

7. 9 

6 . 8 

1 1 0 . 5  

68. 6 

s. o 

7 . 2 

3 . 6  

3 . 3 

1 0 . 4  

9 . 2 

8 . 0 

7 . 9  

6 . 8 

1 3 0 . 0 

1 9. 5 

1 9. 5  

Yield (Vol . % of Crude Oil ) 

1 .  6 

1 0 . 8  

4 . 5  

24. 2 

6. 7 

1 .  2 

1 4 . 8 

2 . 5  

6. 6 

2 4 . 8  

4 . 9  

1 . 4  

1 3 . 6  

3 . 8  

1 9. 5  

5 . 7 

1 . 0  

1 2 . 4  

8 . 4  

5. 6 

2 6 . 4 

4 . 4  

0 . 8 

24. 9 

( 0 .  6 )  

1 0 . 0  

1 7 . 7 

8. 2 

( 0 . 2 )  

3 6 . 9  

2 . 3 

1 0 0 . 0 

1 9 . 5 

1 9. 5  

0 . 3 

2 9. 6 

( 0 .  4 )  

( 7 . 3 )  

( 1 .  3 )  

4 1 . 5  

( 0 . 4 ) 

35. 2 

1 .  7 

1 . 1  
1 0 0. 0 

Summary Costs , Values,  Etc. ( $ /Bbl of Crude Oil Charge ) 

1 5 . 74 

1 2 . 92 

0 . 60 

1 3 . 52 

2 . 2 2  

0 . 2 8  

0 . 28 

( 0 . 1 9 )  

0 . 76 

0 . 27 

1. 40 

0 . 82 

0 . 39 

0 . 4 3 

1 5 . 49 

1 2 . 88 

0 . 62 

1 3 . 50 

1 . 99 

0 . 30 

0 . 26 

( 0 . 20 ) 

0 . 68 

0 . 24 

1 . 28 

o. 7 1  

0 . 34 

0 . 3 7 

1 5 . 2 7  

1 2 . 85 

0 . 63 

1 3 . 48 

1 . 79 

0 . 32 

0 . 23 

( o. 20 ) 

0 . 6 1  

0 . 2 0  

1 . 1 6  

0 . 63 

0 . 30 

0 . 33 

1 4 . 39 

1 2 . 70 

0 . 69 

1 3 . 39 

1 .  0 0  

0 . 3 8  

0 . 20 

( 0 . 22 ) 

0 . 32 

0 . 1 2  

o . eo 

0 . 20 

0 . 1 0  

o .  1 0  

1 4 . 0 3  

1 2 . 7 0  

0 . 69 

1 3 . 39 

0 . 64 

0 . 4 1  

o . os 

( o. 22 ) 

o. 24 

( 0  . 0 2 ) 

0 . 4 6  

0 . 1 8  

0 . 09 

0 . 0 9  

t Relative Profit ( Before Income Tax ) is  equal to  Gross Margin less  Other Product Processing Cost s .  

2 4 6  
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TABLE 1 44 

Assumed Refinery C onfigurations - - 1 97 8  

PAD I PAD III C aribbean E .  C anada N ether lands I taly 

Crude Oil Quality --

Pe rcentage at 1 00 %  Capacity* 

Sweet 35 73 25 25 1 5  1 5  
So ur  65 27 75 75 85 85 

MB/0 % MB /0  % MB /0  % z.E /0 % MB /0  % MB /0  % 

Processing Unitst 

Atmospheric Di stil lation 1 6 1  1 00 1 2 6  1 00 500  1 00 1 30 1 00 300  1 00 350 1 00 

N Vacuum Di stil lation 8 1  50  38 30  1 50 30 40  3 1  2 1  7 68 1 9  *'-
co 

Catalytic Cracking 55 34 39 3 1  26 5 1 1  8 1 7  4 28 8 

Thermal Cracking 3 2 50  1 0  5 4 30  1 0  3 

Re forming 42 26 2 7  2 1  1 6  3 2 1  1 6  33 1 1  1 9  5 

Hydrotreating 1 00 62 48 38 25  5 3 8  29 64 2 1  24 7 

Hydrodesul fur ization 1 7  1 1  6 5 1 1 0 22 32 1 1  35 1 0  

Alkyl ation ( capac ity as 
Product) 6 4 7 6 8 2 2 4 

Co king 7 4 5 4 7 

Hydrocracking 1 7  1 3  

*See Table 145.  
tMB/D and percentage of atmo spheric distillation capacity . 



re f ine r i e s  in  the 1 0 0 -1 7 5  MB/D range i n  e a c h  d i s tr i c t  a s  repo r t ed 
in  the De c ember 1 9 7 9  N PC r e po r t , Re f i nery F l e x i b i l i ty ,  An I n te r im 
Re por t ;  fore ign e xpor t  re f i n e ry con f ig ura t ion s wer e  b a s ed on the 
ave r ag e  r e f inery s i ze and con f igur a t ion o f  l arge e xpo r t  re f i ne r i e s  
a s  r e ported in  t h e  O i l  & Ga s Journal , Ma rch 2 4 , 1 9 7  9 .  Each re f i n ­
e ry wa s e xam i ned a t  c rud e o i l  charge l eve l s  o f  7 0  p e r c en t ,  8 5  p e r­
cen t ,  and 1 0 0  pe rcent o f  capac i ty .  

Table 1 4 5 .  C rude O i l  S l ates  Based on 1 0 0  P e r ce n t  C apac i ty 
U t i l i z a t ion 

Th e c rud e o i l  s l a t e s  fo r the s t udy we re b a s e d  on the c rud e o i l 
s l a te s in the Pace Company Cons ul tan t s  and Eng i n e e r s ,  I nc . , re po r t  
e n t i t l ed Compe t i t ive Ec onom i c s  o f  Un i ted S t a te s  a n d  Fore ig n Re f i n­
i ng ,  da ted De c embe r 1 9 7  9 .  I n c r emen t a l  ch ange s i n  c r ud e  o i l run s 
we re mad e by r educ i ng a l l  c rud e o i l  propo r t ional ly , w i t h  t he e x cep­
t ion of the PAD I I I  re f i n e ry in wh ich the d ome s t i c  c r ud e  o i l  vo l ­
ume s we re held con s t an t ,  and impo rted crud e o i l  volume s var i ed . 

Table 1 4 6 .  1 9 7 8  C rude O i l  Pr i ce and Qual i ty 

The dome s t i c  c rud e o i l  pr i c e s  we re based on the ave r age 1 9 7 8  
pos ted pr ice s o f  l owe r t i er , upper t i e r , and s tr i pper c r ud e o i l  
w i th en t i  t l emen t s  ad j u s tme n t s  t o  wh i ch wa s appl ied the n a t ional 
frac t ion o f  each t ie r . The fore ign cr ud e o i l pr i c e s  were based on 
the 1 9 7 8  ave r age o f f i c i a l  fo re ig n gove r nme n t  pr i c e s .  

Table 1 4 7 .  1 9 7 8  Prod u c t  Pr i c ing 

The pr i c e s  u t i l i z e d  i n  th i s  s t udy we re b a sed on the 1 9 7 8  aver­
age s  o f  l ow and h igh from Pl a t t ' s  Oil  Pr ice  Hand book and O i lmanac , 
5 5t h  ed i t ion , Pag e s  1 1 ,  1 8 , 4 9 ,  a nd 5 0 .  

Al l ma j o r produc t s  we re to be sold a t  the New Yo rk Harbor te r­
minal pr ice , wi th the except ion o f  naph t h a , wh i ch wa s to be sold on 
the Gu l f  Coas t .  Th e s impl e ar i thme t i c  ave r ag e  o f  the 1 9 7 8  l ow and 
h igh pr i c e s  wa s u s ed for r eg ular g a so l i n e , pr emi um gasol i n e , 
keros i ne/No . 1 f ue l  o i l ,  No . 2 f ue l  o i l ,  and No . 6 f ue l  o i l  ( ma x i ­
mum 0 . 3 wt % s u lf ur ) . The pr ices  for o ther f ue l  o i l s h igher i n  
s ul f ur conte n t  we re c a l cul a ted u s ing pr i c e  d i f f eren t i a l s  take n from 
the Pace Company ' s  s t udy o f  fore ign e xpor t  re f i n e ry c ompe t i t ive­
n e s s . Un l e aded g a so l ine wa s a s s umed to be pr i ced at 2 . 8 c e n t s  per 
gal lon above regular g r ad e , wh ich wa s the n a t ional  ave r age pr i c e  
d i f feren t i a l  a s  de term i ned by t h e  u.s. Depa r tme n t  o f  En ergy . Pro­
pane , bu tane s ,  s ul f ur , and coke were a s s umed s o ld i n  l o c a l  marke t s  
a t  ne t-backs based o n  Chapter Th ree produc t pr i c e  d a ta . 

Table 1 4 8 .  Crude O i l  and Prod u c t  Transpo r t a t i on C o s t s  

The transpo r t a t ion cos t s  o f  fo re ig n c rud e o i l  we r e  based o n  
1 9 7 8  s po t  r a t e s  a s  ave r aged i n  Sh ipp i ng S ta t i s t i c s  and Econom i c s , 
by H .  P .  Drewry , Ltd . I n  a l l  fore 1g n l o c a t ions  i t  wa s a s s umed 
that VLCC ' s  could be u sed where appl i c a b l e . Dome s t i c  re f iner ie s , 
because o f  a l ack o f  VLC C po r t  fa c i l i t i e s ,  t ra n s sh ipped M i d d l e  
Ea s tern c r ud e o i l bu t s h i pped Afr ican c r ud e  o i l  d i r e c t ly i n  sma l l e r  

2 4 9  



TABLE 145  

C rude Oil  S lates B ased on 1 0 0 %  C a,Eacit:t: Utilization 
( Figures in MB/D ) 

PAD I PAD I I I  C aribbean E .  C anada N ether lands I taly 

Sweet C rude Oil 

Ni gerian Fb rcados 20 . 9 1 9. 9 44. 0 1 1 . 4 1 5. 8 1 8. 5 
Nigerian Bonny Light 2 0 . 7 1 9. 7  4 3. 5 1 1 . 3 1 5. 7 1 8. 2 
Libyan Es Sider 1 7. 9  2 8. 5 3 7. 5 9 .  8 1 3. 5 1 5 .  8 
West Texas Semi-Sweet 8. 7 
So uth ID uisiana 2 0 . 3  

Total Sweet 5 9. 5 97 .  1 1 2 5. 0 3 2 . 5 4 5. 0 52. 5 

H i9:h-S ulfur C rude Oil  
N 
Ul 

Saudi 0 Arabian Light 4 7. 9 s. 6 1 62. 5 42 . 2 7 8. 0 9 1 .  0 
Saudi  Ar ab ian r-Edium 8.  1 o .  9 27 .  5 7 .  2 1 3. 2 1 5. 4 
Saudi Arabian Heavy 1 1 . 8 1 .  4 4 0 . 0 1 o .  4 1 9. 2  2 2. 4 
Saudi Ar abian Be rri 5 . 9 o .  7 2 0 .  0 5 .  2 9 .  6 1 1 . 2 
Iranian Light 5. 3 1 8. 0 4. 7 
Ir anian He avy 1 o .  5 1 2 .  3 
Kuwait Export 1 6. 8  5 7. 0  1 4. 8  
Venezue l an Ti a Juana r-Edium 1 4 .  7 s o .  0 
Abu Dhabi Murban 1 2 4. 5 1 4 5.  2 
Canadian 1 3 . 0 
West Texas Sour 24. 1 
Al askan No rth Sl ope 3 . 2 

Total High Sulf ur 1 1  o .  5 3 5. 9 3 7 5. 0 9 7. 5 2 5 5. 0 2 9 7. 5 

Total Cr ude Oil 1 6 0.  0 1 3 3. 0 5 0 0 . 0 1 3 0. 0 3 0 0 . 0 3 5 0. 0 
Pe rcent Sl/e et 3 5 . 0 73 . 0 25 . 0 25 .  0 1 5. 0 1 5. 0 
Percent High-Sulfur 6 5. 0 2 7 .  0 7 5. 0 7 5. 0 85 . 0 8 5. 0 



TABLE 1 46 

1 978 Foreign Crude Oil Price and Quality 
( Al l  Cost Figures in u . s .  $/Bb l  FOB ) 

Saudi Arabian Light 
Saudi Arabian Medium 
Saudi Arabian Heavy 

Saudi Arabian Berri 

Iranian Light 
Iranian Heavy 

Abu Dhabi Murban 

Kuwait Export 

Venezuelan Tia Juana 
Medium 

Canadian 

Nigerian Forcados 

Nigerian Bonny Light 

Libyan Es Sider 

FOB 
Price 

$ 1 2 . 7 0  
1 2 . 32 
1 2 . 0 2  

1 3 . 2 2 

1 2 . 8 1  
1 2 . 49 

1 3 . 26 

1 2 . 22 

1 2 . 75 

1 3 . 1 1  

1 3 . 7 1  

1 4 . 0 3 

1 3 . 7 1  

2 5 1  

0API 
Gravity 

33 . 5  
3 0 . 6  
28 . 2  

37 . 9  

33 . 8  
3 1 . 0 

39 . 7  

3 1 . 4  

24 . 7  

24 . 7  

3 1 . 3  

36 . 7  

37 . 4  

Wt % 
Sulfur 

1 .  82 
2 . 43 
2 .  77  

1 .  1 9  

1 . 38  
1 . 48 

0 . 8 2  

2 . 56 

1 . 6 1  

1 . 6 1  

0 . 2 3  

0 .  1 5  

0 . 44 



TABLE 147  

1 97 8  P roduct Pricing 
( All Cbst Figures in u. s. Doll ar s )  

N ew York C ity Refinery and T erminal P rice* 

Un leaded Ga so l inet ( 9 1  RON ) 
Regular Gasol ine ( 94 RON ) 
Pr emium Ga so l ine ( 9 9  RON ) 
Kero sine/No . 1 Fuel Oil ( 0. 1 Wt % Sulfur) 
No • 2 Fue 1 Oi 1 ( 0 • 2 Wt % S ul fur ) 
No .  6 Fuel Oil ( 0 .  3 Wt % Sulfur) 

New Orleans Refinery and T erminal Price• 

Regular Gasol ine 
Naphtha at 3,C/Gal lon Be low Re gular 

Other P rices 

LPG and Butanest 
Cbke ( Green) t 
Sul fur ( 3 .  2 Bb l Pe r  lo ng 'Ibn)  t 
Unleaded Gasoline ( 93 RON ) Differential OVer Regular** 

Heavy F uel 

No . 6 Fuel 
No. 6 Fuel 
No .  6 Fuel 
No .  6 Fuel 

Oil Prices 

Oil ( 0 .  3 Wt % 
Oil ( o. 5 Wt % 
Oi l ( 1 .  0 Wt % 
Oil ( 3. 0 Wt % 

Average Pr ic e 
( $ ,ffi bl ) 

Sulfur , low R> ur )  1 4. 5 3  
Sulfur ,  low FOur) 1 4. 1 7  
Sul fur ) 1 3 . 53  
Sulfur , Bunker s )  1 1 . 8 1  

$0 . 4305/gallon 
0 . 4 0 25/gallon 
0. 4 3 1 4/gal lon 
0. 3 9 90 /gallon 
0. 3830/gal lon 
$ 1 4. 53/barrel§ 

$ 0 .  3897/gallon 
0 . 3597/gal lon 

$0 . 2 72/gal lon 
$4 0 .  DO/short ton 
0 .  295/gallon 
$0 ... 028/gallon 

V s .  0 . 3 Wt % t t  

Base 
( o. 36 ) 
( 1 .  00 ) 
( 2 .  72 ) 

* 1 97 8  averages low and high , P latt ' s Oil  P rice H andbook and Oilmanac , 5 5t h  edition , pp . 1 1 ,  49,  SO.  
tFran Chapter Three . 
§Of fshore refineries given residual entitl ement credit of 0 . 62/barrel . 
11Platt ' s ,  p. 1 8. 

** 1 978  national average differential as determined by the u. s.  Department of Energy . 
t t" Competit ive Economics of United States and Foreign Re fining , " The Pace Company , November 1 97 9 ,  p. 65 . 



Crude Oil 

Saudi Arabian Light 
Sa udi Arabian I>Ediun 
Saudi Arabian Heavy 
Saud i  Arab ian Berri 
Iranian Light 
Iran ian He avy 

IV Abu Dhabi Murban 
Ul Kuwa it EXport 
w 

Nigerian Forc ados 
Nigerian Bonny Light 
Libyan El:; Sider 
Venezeulan Tia Juana M:!dium 

Products 

Ga sol ine 
Naphtha 
Kerosine 
Distillate Fuel 
Re sidual Fuel 

TABLE 148 

C rude Oil and Product Trans,12ortation C osts 
( All Cb st  Figures in u. s. $/Bbl ) 

Refiner:t: L ocation 
PAD I PAD III C aribbean E .  Canada 

(Ph il adelphia) (Houston) (Aruba) (St • .l:J hn  H. B . )  

1 .  46 1 .  45 o .  73 0. 69 
1 .  47 1 .  4 7  0 . 74 0 . 70  
1 .  49 1 . 48 o .  75 o.  71 
1. 42 1. 4 1  o .  7 1  0 . 67 
1. 48 1. 47 o .  75 o.  71 
1 .  50 1. 49 o. 77 o. 72 
1. 43 1 .  42 o. 72 0. 68 
1 .  48 1 .  48 0 . 75 o. 71 
o. 81 o .  91 0. 40 o.  4 1  
0 . 8 1  o .  9 1  o .  4 0  0 . 42 
0. 70 0. 84 0. 54 0. 48 
0 . 60 0 . 26 

0 . 45 1 .  14  0 . 58 0 . 29 
1 .  1 2  o . o o  0. 57 0. 69 
0 . 49 1 .  25 0 . 63 o. 3 1  
0. 53  1 .  34 0. 68 0. 34 
0 . 53 1. 33 0 . 54 0. 27 

N ether lands 
(Rotterdam) 

o. 80 
o .  81 
o.  82 
o .  77 
o.  82 
o .  83 
o. 78 
o. 82 
0. 55 
0 . 54 
0. 57 

1 .  07  
1 .  45 
1 .  1 7  
1 .  25 
1.  00  

I tal:t: 
( Milazzo ) 

o. 7 6  
0 . 78 
o. 79 
o. 74 
o. 78 
0. 80 
0. 75 
o .  78 
o.  5 1  
o .  5 1  
0. 24 

1 .  1 9  
1 .  54 
1 .  30 
1. 40 
1 .  1 1  



t anke r s . Produ c t t r an spo r t a t ion cos t s  f rom f o r e ig n r e f i n e r i e s  we re 
based on e s t ima te s  i n  S h i pp i ng Stat i s t i c s  a nd Econom i c s . U . S . - f l ag 
produc t t anke r r a t e s  we r e  based on the 1 9 7 8  ave r ag e  o f  those re­
por t ed by Die t z , Inc . 

Tab l e  1 4 9 .  1 9 7 8  I n c reme n t a l  Tax Rat e s  ( Pe r c e n tage s ) 

Fed e r a l  and l o c a l  t ax rates  for 1 9 7 8  were u s ed to d e te rmi n e  the 
i nc reme n t a l  tax l ia b i l i ty for the typ i c a l  re f i n e ry in each a r e a .  

Tab l e  1 5 0 . 1 9 7 8  Env i ronme n t a l  Re s t r i c t ions  on Re f i ne ry F u e l  

Env i ronme n t a l  r e s t r i c t ions we r e  l im i ted to t h e  type s o f  f ue l s  
author i zed for e ach are a covered by the ana lys i s  be tween the u . S .  
d ome s t i c re f i ner i e s  and fore ign expo r t  r e f i n er i e s .  PAD I wa s l im­
i ted to 0 .  5 wt % s u l f ur in  f ue l  o i l s ; PAD I I I  wa s con s id e red to 
have a c c e s s  to the use o f  n a t ur a l  g a s  wh i ch wa s c ompe t i t ive ly 
pr i c ed wi th h igher s ul f ur f ue l  o i l s .  The s u l f ur l im i t s  for fore ign 
e xpo r t  r e f i ner i e s  wa s a s  fo l l ows : the  C a r i bbe an - - no s ul f ur l im­
i t ; e a s t e r n  Can ad a - - 3 . 8 wt % s u l f ur ; the Ne the r l an d s - - 2 . 5 wt % 
s ul f ur ; a nd I t a ly -- 3 . 5 wt % sul f ur . 

Table 1 5 1 . 1 9 7 8  U . S .  I mpor t Fees and Du t ie s  

Wh i l e  the d ome s t i c re f i ner ie s s u f f e red a d i s ad van tage o f  abou t 
$ 0  . 1 1/bbl because o f  c r ud e  o i l  impor t  fee s and d ut ie s ,  th i s  wa s 
l arge ly o f f s e t  r e l a t ive to the fo r e ig n  e xpo r t  r e f i ne r i e s  by the  
fee s and d u t i e s  charged on impor ted produc t s . The $ 0  . 1 1/bb l  for 
f e e s  and du t i e s  b re ak s  down i n to $ 0 . 0 0 5/bb l  fo r f e e s  and $ 0 . 1 0 5/bb l  
fo r d u t i e s .  Th i s  i s  be l ow the o f f i c i a l  r a te o f  $ 0 .  2 1/bbl for im­
port fee s because any d u t i e s  pa id cou l d  be c red i ted aga i n s t  fee s 
owed . Al so , mos t  c r ud e  o i l i mports were f e e - f re e . 

To t a l  import f e e s  for c r ud e  o i l i n  1 9 7 8  wer e  $ 1 2 , 0 0 0 , 0 0 0 .  As 
2 . 3 b i l l ion barr e l s  of c rud e o i l  we r e  impo r ted i n  1 9 7 8 ,  t h i s  
amoun ted t o  $ 0 . 0 0 5 2 /bb l . To t a l  impo r t  fe e s  for prod uc t s  wer e  
$ 4 , 0 0 0 , 0 0 0 .  As 4 9 0 m i l l ion barrels o f  produc t we r e  impo r te d , t h i s  
amoun ted t o  $ 0 . 0 0 8 2 /bbl . 

Table 1 5 2 .  1 9 7 8  C rude O i l  and Re s i d ua l  F u e l  O i l  E n t i t l e me n t s  
Cred i t s  

Th e inc reme n t a l  impac t o f  the e n t i t l eme n t s  c red i t  wa s a d i r e c t  
$ 1 . 6 1 /bbl ad van t age t o  d ome s t i c re f iner i e s  i mpor t i ng fore ign c r ud e  
o i l  i n to the Un i ted S t a te s .  Co n trols o n  d ome s t i c c rud e o i l  pr i c e s  
kep t  inc reme n t a l  c r ud e  o i l c o s t s  l ow t o  u . s .  r e f i ne r i e s  and prod u c t  
cos t s  l ow r e l a t ive to wo rld c rud e o i l  pr i c e s .  Th i s  wa s par t i a l ly 
of f s e t  in  the r e ve r s e  en t i tl emen t s  pen a l ty for d ome s t i c re s i d u a l  
f ue l  produ c t ion ( $ 0 . 4 6/bb l  marke ted i n  PAD I )  a n d  by the  e n t i t l e ­
men t s  c r ed i t  g iven t o  re s idual impor t e r s  ( $ 0 . 6 2/bbl impor ted ) .  

2 5 4  



TABLE 1 49 

1 97 8  Incremental Tax Rates 
( Percentage s )  

Federal/Country Local/Provincial 

United States 46 4 

Caribbean 25 

E.  Canada 36 1 2  

Netherlands 48 

Italy 25 1 5  

TABLE 1 50 

1 97 8  E nvironmental Restrictions on Refinery F uel 

Re f inery Fuel 
S ulfur L imit 

PAD I 0 . 5 wt % 

PAD I I I  Pur chased Ga s  

Ca ribbean No Limit 

E .  ca nada 3. 8 wt % 

Ne therlands 2 . 5 wt % 

It aly 3. 5 wt % 

2 5 5  

Total 

50 

25  

48 

48  

40  



Naphtha 

Gasol ine 

Kero sine/Jet Fuel 

No .  2 Distillate 

Re s idual 

Cr ude Oil 

TABLE 1 5 1  

1 97 8  U . s .  I mport F ees and D uties 
( All Cost Figures in u. s. $/Bbl ) 

Ne t 
F ees D uty 

0. 005  o .  1 05 

0 . 0 05 0 . 525 

0 . 005  0. 525 

0 . 005  o .  1 05 

o. o o s  0. 0 525  

0 . 005  o .  1 05 

TABLE 1 52 

1 978 C rude O il and R esidual F uel Oil  E ntitlements C redits 
( All Cost Figures in u. s. $/Bbl)  

T otal 

o. 1 1  0 

o .  53 0 

o. 53 0 

o .  1 1  0 

o .  057  5 

o .  1 1  0 

Cr ude Oil Run Entitl ement Cr ed it $ 1 . 6 1 /Bb l  Crude Oi l Pr ocessed 

Re sidual Fue l Oil Import Cr edit 0 . 62/Bb l Re sidual Oil Impo rted 

Reverse Entitl ement 0. 46/Bb l Re sidual Oil Pr oduc ed 

Table 1 5 3 . C ap i ta l  I nves tment for Re t ro f i t te d  Downs tream 
C apac i ty 

Th e ad ded capac i ty for the Car ibbean and e a s tern C a n ad i a n  re­
f i ner i e s  wa s d e t e rmined by the  capac i ty req u i red t o  make the c om­
p l e x i ty impac t of d own s t r eam pro c e s s  un i t s of t h e s e  r e tro f i t  ted 
re f iner ie s equal to that o f  PAD I .  The cap i t a l  i nve s tme n t s  we re 
e s t ima ted by the use o f  i nve s tme n t  curve s d eve l oped f o r  th i s  s t ud y . 
The se cap i t a l  c o s t s  we re a s s umed equal to con s t r uc t ion on the Gul f 
C o a s t  o f  the Un i ted S t a te s .  

2 5 6  
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TABLE 1 53 

C apital I nvestment for R etrofitted D ownstream C apacity 

Current New 
capacity capac ity 

C aribbean 

Atmospheric Di stil l ation 
Vacuum Distillation 
Re forming 
Fluid Catalyt ic Crac king 
Al kyl ation 
Naphtha Desulfuri zation 
Di sti l l  ate De sul fur iza tion 
Mer ax Treating 
Sul fur Pl ant/Tail Ga s  Cl eanup 

Subtotal On site Investment 
Offsite s @ 35 % of On sites 

To tal 

( MB /D ) 

5 0 0 . 0 
1 5 0 .  0 

1 6. 0 
2 6. 0 

7 .  5 
1 6. 0  
47. 5 
4 1 . 4 

(LT/D ) 343. 7 

Added Fix ed CO sts  fo r '!E trofitting (Including Depr eciation) 
at 2 7 %  Per Year of capital Investment 

E .  C anada 

Atmo spheric Dist illation 
Vacuum Di stil l ation 
Re forming 
Fluid catalytic cr ac king 
Alkylation 
Naphtha De sul fur ization 
Merax Treating 
Sul fur Pl ant/Ta il Ga s  Cl eanup (LT/D ) 

Subto tal On site Investment 
Offsites @ 35% of Onsites 

To tal 

1 3 0.  0 
40 .  0 
2 1 . 0  
1 1 . 0 

2 1 .  0 
1 3. 2  
47. 8 

Added Fix ed CO sts fo r '!E trofitting ( Including De pr eciation) 
at 2 7 %  Per Year of capital Investment 

( MB /D ) 

5 0 0 .  0 
2 73. 5 
1 4 1 .  8 
1 8 5. 7 

2 0 .  3 
1 4 1 . 8 

97. 9 
1 4 0. 1 
443. 1 

1 3 0. 0 
7 1 . 1 
36. 9 
48. 3 

5. 3 
36. 9 
3 3. 5 

1 00 . 2 

In crease 
( MB /D ) 

o .  0 
1 2 3. 5 
1 25 . 8 
1 5 9. 7 

1 2. 3 
1 2 5. 8  

50 . 4 
9 8. 7 
99. 4 

o . o 
3 1 .  1 
1 5. 9  
3 7. 3 

5. 3 
1 5. 9  
2 0. 3 
52 . 4 

capital 
Investment 

( MM$ ) 

o .  0 
40 . 0 

1 20 . 0 
1 96. 2 

1 7. 3 
3 2. 1 
1 6. 0 

4. 8 
7 .4 

433. 8 
1 5 1 . 8  
585. 6 

$0.  866/Bbl 

o. 0 
1 9. 0 
2 3. 0 
6 1 . 9 

9. 7 
1 2 . 1 

1 .  8 
6 . 3 

1 33 . 8 
46 . 8  

1 80 . 6 

$ 1 . 028/ Bb l  



Table 1 5 4 . E s t imated Ave rage F i xed Cos t s  a t  1 0 0  P e r c e n t  
C apac i ty 

F ix ed c o s t s  for e x i s t i ng re f inery fac i l i t ie s  ( i . e . , ma i n tenance 
a nd o t h e r  ope r a t i ng cos t s  and depr e c i a t i on )  we r e  d eve l oped f rom 
F ig ur e s  5 0  and 5 1 .  The se f ig ur e s  are r eg re s s ion c urve s , d eve l oped 
by Ar t h ur Young & Company f rom the N PC ' s  De c embe r 1 9 7 9  r e po r t ,  Re ­
f in e ry F l e x ib i l i ty ,  An Inter im Re por t .  The s e  co s t s  we re u s ed for 
the r e f iner i e s  i n  PADs I a nd I I I ,  the C a r i bbean , e a s t e r n  Canad a ,  
the Ne t h e r l a nd s , and I t a ly . 

F ix ed c o s t s  for re tro f i t t i ng Car ibbe an and e a s te r n  Canad i a n  r e ­
f i ner ie s  we r e  a s s umed t o  be 2 7  percen t o f  t h e  added c a p i tal  i nve s t ­
men t ,  i nc l ud i ng d e pre c ia t io n  ( shown i n  Table 1 5 3 ) .  

To t a l  f i xed cos t s  are the s um of t he f ixed cos t s  f o r  e x i s t i ng 
fac i l i t ie s  and re t ro f i t t i ng cos t s . 

2 5 8  



N 
Ul 
\.0 

PAD I 
PAD III  

Refinery Areas 

Caribbean ( Existing)  
Caribbean ( Retrofitted 

Downstream) 
E .  Canada ( Existing) 
E . Canada ( Retrofitted 

Downstream ) 
Netherlands 
Italy 

TABLE 1 54 

Estimated Average Fixed Costs at 
( Al l  Cost Figures in u . s .  

Maintenance 
Capacity Complexity & Other* 

( MB/D ) Factor ( $/Bbl ) 

1 48 .  1 7 . 22 0 . 99 
1 1 7 . 2  6 .  1 2  0 . 92 
5 0 0 . 0  3 . 07 0 . 6 7  

s o o . o  6 . 96 0 . 6 7  
1 30 . 0  4 . 3 6  0 . 78 

1 3 0 . 0  7 . 86 0 . 7 8 
3 0 0 . 0  2 . 94 0 . 66  
35 0 . 0  2 . 22 0 . 5 8  

1 0 0 %  CaEacity 
$/Bbl ) 

Retro- Total 
De pre- f itted Fixed Advantage 
ciation Costst Cos t§ ( Disadvantage ) 
( $/Bbl ) ( $/Bbl ) ( $/Bbl ) ( $/Bbl ) 

0 . 1 6 1 . 1 5  
0 . 1 4 1 . 0 6  0 . 09 
0 . 08 0 . 75 0 . 40 

0 . 08 0 . 8 7  1 . 62 ( 0 . 4 7 )  
0 .  1 1  0 . 89 0 . 2 6  

0 .  1 1  1 . 0 3  1 .  9 2  ( 0 . 77 )  
0 . 08 0 . 74 0 . 4 1  
0 . 0 6 0 . 6 4  0 . 5 1  

*Based on regression curves developed from the 1 97 9  NPC Survey o f  Petroleum Refining Capabilities . 

Maintenance and Other Costs = $ 0 . 4 0 0  ( factor ) 0 . 45 7  

Depreciation = $ 0 . 0 35 ( factor ) 0 . 755  

tTaken as 2 7  percent per year on  depreciable investment for  added facilities ( Table 1 53 ) .  Costs for 
downstream additional facilities . 

§ Excludes refinery fuel and other variable costs . 
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APPENDIX A 

Request Letter 
and 

Description of the 
National Petroleum Council 





• . 
. 

Department of Energy 
Washington, D.C. 20585 

Dear Mr . Chandler : 

September 1 8 , 1 9 7 8  

The National P e trol e um Coun c i l  has prepared n umerous s tudies 
i n  the past on the Nation ' s  petro l e um re f i n i ng indus try . 
Thes e  stud i e s  have outl ined the econ omic ,  environme n t a l , 
governme n ta l , and technological  factors which a f f e c t  the 
abi l i ty of the dome s t i c  re f ining indus try to respond to 
demands for e s sentia l  petro l e um produc t s . S in c e  the Coun­
c i l ' s  last such s tudy in 1 9 7 3 , patterns  of c rude source s  for 
dome stic re f ine r i e s  have c hanged and a re- examination o f  the 
s i tuation by the Counc i l  i s  in order . 

I n  my letter o f  June 2 0 , 1 9 7 8 , I indicated that your s tudy 
on o i l  and gas transporation systems s houl d  a l so treat the 
spatial a n d  transportation rel ationships betw e e n  re f ine r s  o f  
varying c apac i t i e s  and crude o i l  sources . A f te r  further 
con s ideration , however ,  i t  appears that the c omp l e x i t i e s  o f  
the re f inery c apab i l i ty i s sue are suf f ic i e n t  to warrant a 
s eparate s t udy e f fort . 

I ,  there fore , requ es t  the N ational P e tro l e um Counc i l  to 
undertake a comprehens ive s tudy of the h i s torica l  trends and 
pre sent s tatus o f  the domes t i c  r e f i n i ng i ndus try ' s  sour c e s  
o f  crude o i l  and i t s  c apab i l ity t o  proce s s  the s e  c rude s i n to 
marketabl e  petro l e um produc ts . The s tudy s houl d  ana l y z e  
factors a f fecting the f u ture trends i n  c rude o i l  ava i l ab i l­
i ty , ref i ning c apab i l i ty and the c ompetitive e conomic s  o f  
sma l l , medium , and l a rge re f inery operations through the 
year 1 9 9 0 . The s tudy shoul d  a l so examine the indus try ' s  
f lexibil i ty to mee t  d i s locations o f  s upp l y . 

For the purpos e  o f  thi s  study , I am d e s i g n a t ing Dar i u s  
Gaskin s , Deputy As s i s tant Secre tary for P o l i c y  Ana ly s i s , to 
represent me and to provide the nece s sary coord i n a tion 
betwee n  the Departmen t  of Energy and the National  P e tro l e um 
Counc i l . 

S in c e re ly , 

dJ� R0�c� 
S e c re tary 

Mr . Col l i s  P .  Chan d l e r , Jr . 
Cha irma n , Nationa l  P e troleum Coun c i l  
1 6 2 5  K S tree t ,  N . W .  
Washington , DC 2 0 0 0 6  
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DESCRI PT I ON OF THE NAT IONAL PETROLEUM COUNC I L  

I n  May 1 9 4 6 ,  th e Pre s id e n t  s t ated i n  a l e t te r  t o  t h e  Se c re ta ry 
o f  the I n t e r ior that he h ad been imp r e s sed by the con t r i b u t ion mad e  
through gove r nmen t/indus t ry coope rat ion t o  t h e  s uc ce s s  o f  th e Wor l d  
War I I  pe t ro l eum program . H e  f e l t  t h a t  i t  wou l d  b e  bene f i c i a l  i f  
th i s  c lo s e  re l a t i onsh i p  we re to be con t i nued and s ug ge s te d  t h a t  th e 
S e c re tary of the I n t e r i o r  e s tab l i s h an i nd u s t ry o rga n i z a t ion to 
ad v i s e  th e Se c re t a ry on o i l  and nat ura l g a s  mat te r s . 

Pu r s uant to t h i s  reque s t ,  Inte r i or S e c r e t ary J .  A .  Krug e s­
tab l i shed the Na t io n a l  Pe t ro l e um Counc i l  ( N PC ) on June 1 8 ,  1 9 4 6 .  
In  October 1 9 7 7 ,  the Departme n t  of Ene rgy was e s tab l i shed and the 
Counc i l ' s  f unc t i on s  we re tran s f e rred to the new depar tmen t .  

The p urpo s e  o f  th e N PC i s  sole ly to ad v i s e ,  i n fo rm ,  
re commenda t ions  to the S e c re tary o f  Energy o n  any ma t te r , 
by h im ,  re l a t i ng t o  pe t ro l e um or the petro l e um i nd u s t ry . 
c i l  i s  s ub j e ct to the prov i s ions of the Fede ra l  Ad v i sory 
Ac t o f  1 9 7 2 .  

and make 
r eq ue s ted 
Th e Coun­
Commi t tee 

Ma t te r s  wh i c h  th e Secre t a ry o f  Ene rgy wo uld l i ke to h ave con­
s id e red by the Coun c i l  are s ubmi t ted a s  a reque s t  in the f o rm o f  a 
l e t te r  ou t l i n i ng the n a t ure and s cope o f  the s t udy . The r eque s t  i s  
then refe rred t o  the NPC Age nda Commi t tee , wh i ch make s a re comme nd­
a t i on to th e Coun c i l .  Th e Counc i l  re s e rve s the r i gh t  to d e c i d e  
whe ther or not i t  w i l l  cons id e r  any ma t te r  re fe rred to i t .  

Examp l e s  o f  recent  ma j or s tud i e s  und e r t ak e n  by the N PC a t  the 
reque s t  of the Depar tme n t  o f  the Inter ior and th e Depar tme n t  of En­
e rgy i n c l ud e : 

• Pe t r o l e um Re sources Und e r  the Ocean F loor ( 1 9 6 9 ,  1 9 71 ) 
Law o f  the Sea ( 1 9 7 3 ) 
Ocean Pe t r o l e um Re source s ( 1 9 7 4 ,  1 9 7 5 ) 

• Env i ronme n t a l  Conserva t ion 
( 1 9 7 1 , 1 9 7 2 )  

Th e O i l  a nd Ga s Indu s tr i e s  

• u . s .  Ene rgy Ou t look ( 1 9 7 1 , 1 9 7 2 )  

• Eme rgency Preparedne s s  for Interrup t i on o f  Pe t ro l e um I mports 
i n to the Un 1 ted S t a t e s  ( 1 9 7 3 , 1 9 7 4 ) 

• Pe troleum S torage for Na t ional Se c u r i ty ( 1 9 7 5 )  

• Po t e n t i a l 
1 9 7 4 - 1 9 7 8  
Pot e n tia l  
1 9 7 9 -1 9 8 5  

for Ene rgy Con serva t i on 
( 1 9 7 4 ) 
for Ene rgy Conse rva t ion 

( 1 9 7 5 )  

• Enhanced O i l  Re cove ry ( 1 9 7 6 ) 
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i n  the  Un i ted 

i n  the Un i ted 

S t a te s : 

S t a te s : 



• Mater i a l s  and Manpowe r Req u i reme n t s  ( 1 9 7 9 ) 

• Pe trol eum S torage & Transpo r t a t ion C apac i t i e s  ( 1 9 7 9 ) 

• Unconven t ional Gas Source s ( 1 9 8 0 ) . 

Th e N PC doe s not concern i t s e l f  w i th trade pract i ce s , nor does 
it engage i n  any o f  the u s ual  trad e  a s so c i a t i o n  a c t i v i t ie s . 

Members of the Na t ional Pe t ro leum Coun c i l  are  appo i n ted by the 
Se cretary of Ene rgy and repre s e n t  a l l  segme n t s  of p e t r o l e um i n t e r ­
e s ts . Th e N PC i s  headed by a Ch a i rma n and a Vi ce Ch a i rman who are 
e le c ted by the Counc i l .  Th e Counc i l  is s upported e n t i re l y  by 
vo lunt ary con t r i bu t ions f rom i ts membe rs . 
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NATI ONAL P ETROLEUM COUNC I L  
MEMBERSHIP  

Jack H .  Abe r na thy 
Vi c e  Ch a i rman 
Entex , I n c . 

Ja ck M .  A l l e n , P r e s i d e n t  
Al par Re sourc es , I n c . 

Ro bert 0 .  Anderson 
Ch airman of  the Board 
At lantic Ri c h f i e l d  Company 

R .  E .  Ba i l ey 
Ch airman a nd 

Ch i ef Exe cutive O f f i ce r  
Co noco I n c . 

R .  F .  Bauer 
Ch airman of the Board 
Gl obal Ma r i ne I n c . 

Robe rt A .  Be l fer , P r e s ident 
Be lco P e tro l eum Corpor ation 

John F .  Bookout 
Pr e s ident and 

Ch i e f  Executive O f f i ce r  
Sh e l l  Oi l Company 

W .  J .  Bowe n 
Ch airman o f  the Board 

and P r e s i d e n t  
Tr ans co Comp an i e s  I n c . 

I .  Jon Bruml ey 
Pres ident a nd 

Ch i ef Exec ut iv e  O f f i cer 
Sout h l a nd Roya l ty Company 

I .  David B u f k i n  
Chairman a n d  

Ch i e f  Exec ut ive O f f i cer 
Texas Ea s tern Corporat ion 

Theodore A .  Burt i s  
Ch airman , P r e s i de n t  a nd 

Ch i e f  Executive O f f i c e r  
S u n  Comp any , I n c .  

1 9 8 0  
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J ame s C .  C a l away , P re s id e n t  
Southwe s t  Mi n e ra l s , I n c . 

Wi l l i am E .  Carl , Pre s i de nt 
Carl O i l  a n d  Gas , I n c . 

John A .  Carve r , Jr . 
Dir e ctor o f  t h e  Natur a l  

Re sour c e s  P ro gr am 
Co l l eg e  o f  Law 
Univer s i ty o f  De nver 

C .  Fred Chambe r s , Pre s i d e n t  
C & K P e tro l e um ,  I n c . 

Co l l i s P .  Chand l e r , Jr . 
P r e s i d e n t  
Chan d l er & A s s o c i a t e s , Inc . 

Jame s E .  Che naul t ,  Jr . 
P r e s i d e n t  
Lon e  S t a r  S t e e l  

E .  H .  C l ark , Jr . 
Chairman o f  the Board 
Pre s i d e n t  and 

Ch i e f  Executive O f f icer 
Baker I nternat i o n a l  

Edw i n  L .  Cox 
Oi l and Gas P ro d uc e r  

Roy T .  Dur s t  
Co nsul t i ng Engi neer 

J ame s W.  Emi so n , Pre s id e n t  
We s tern Petrol e um Compa ny 

Jame s H .  Evans , Chairman 
Union P ac i f i c  Corporat ion 

John E .  Faherty , P re s i dent 
C rown Oi l and Ch emi c a l  Company 

Frank E .  F i t z s immon s  
General P r e s i d e n t  
I n ternatio n a l  Brotherhood 

o f  Te amsters 



John S .  Fo s t e r ,  Jr . 
Vi c e  P r e s i d e n t  
S c i e nc e  and Te chno logy 
TRW I n c . 

R .  I .  Ga l l and 
Chairman of  the  Board 
Amer i c an P e tro f i n a , I nc orpor ated 

C .  C .  Garv in , Jr . 
Chairman o f  the Board 
Exxo n Corpora tion 

Jame s F .  Gary 
Ch airman a nd 

Ch i e f  Exec utive O f f i ce r  
Paci f i c  Re sour ce s , I n c . 

Jo e F .  Gary , P r e s i d e n t  
Sooner Pe trol eum Comp any 

Me lvin H .  Ge rt z , P r e s ident 
Guam Oi l & Re f i ni ng Company , I n c . 

Jame s W .  Gl anvi l l e  
General P a r tner 
La zard Freres & Company 

Ri chard J .  Go n z a le z 

Ro bert F .  Go s s , P r e s i d e n t  
Oi l ,  Chemi c a l  a n d  Atom i c  Wo rk ers 

I n terna t io n a l  Un ion 

F .  D .  Go ttwa l d , Jr . 
Chie f Exec u t ive O f f i ce r , 

Ch airman o f  the  Board a nd 
Chairman o f  Executive Comm i ttee 

Ethyl Corpora t i o n  

David B .  Graham 
Deputy Ge neral Coun s e l  
Ve l s icol Ch emi c a l  Corporation 

Freder i c  C .  Hami l to n , P re s id e n t  
Hami l to n  Brothe rs Oi l Company 

Armand Hammer 
Chairman o f  t he Bo ard a n d  

Chie f Exe c ut iv e  O f f i ce r  
Oc c i d e n t a l  P e trol eum Corporation 

Jake L .  Hamo n  
Oi l a nd Ga s Producer 
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John P .  Harb i n  
Cha i rman o f  t h e  Boa r d  a n d  

C h i e f  Execut ive O f f i c e r  
H a l l iburt o n  Comp any 

Fred L .  Hart l e y  
C h a i rman a n d  Pre s i de n t  
Union O i l  Company o f  Cal i fornia 

John D .  Haun 
Imme d i a t e  P a s t  P re s id e n t  
Ame r i c an As soc i a t io n  

o f  Petrol e um Geo l og i s t s  

D e n i s  Haye s 
Execut ive D i rector 
So l ar Energy Re s ea r c h  I n s ti tute 

H .  J .  H ay n e s  
Cha i rman o f  t h e  Boa r d  
S ta nd ard Oi l Company o f  C a l i forn i a  

Robert A .  H e f n e r  I I I  
Man a g i ng Partner 
GHK Company 

Robe r t  R .  Herr i ng 
Chairman o f  the Board and 

C hi e f  Exe c u t i ve O f f i c e r  
Hous ton Natural G a s  Corpora t io n  

Leo n H e s s  
Cha irman o f  t h e  Board a n d  

C h i e f  Exe c u t ive O f f i cer 
Amerada He s s  Corporation 

Rut h  J .  H i n er f e ld , P re s i de n t  
League o f  Women Vot er s  

o f  t h e  Un i te d  S t a t e s  

H .  D .  Hoopman 
P re s i de n t  and 

C h i e f  Exe c u t i ve O f f i c e r  
Mara t ho n  O i l  Comp any 

Mary Hudso n , P re s id e n t  
Hudson Oi l Company 

Wi l l i am L .  Hutch i s o n  
Cha irman o f  t h e  Board a n d  

C hi e f  Executive O f f i c e r  
Texa s O i l  a nd G a s  Corporation 



Pro f e s sor H e nry D .  J acoby 
Directo r , C e n t er for En ergy 

Po l i cy Re s e a r c h  
Ma s s achuse tt s  I n s t i tute 

o f  Technology 

Jo hn A .  Kane b , P r e s i d e n t  
No rthe a s t  P e trol e um 

I n du s t r i e s ,  I n c . 

Jame s L .  Ke te l s en 
Chairman a nd 

Ch i e f  Executive O f f i ce r  
Te nneco I n c . 

Thomas L .  Kimba l l  
Executive Vi c e  P r e s i d e n t  
National Wi l d l i fe Fe deration 

Jo hn T .  Kl i nk e f us , P r e s ident 
Berwe l l  Energy , I n c . 

Char l e s  G .  Ko c h  
Ch airman and 

Ch i e f  Ex ecutive O f f i cer 
Ko ch I ndustrie s ,  I n c . 

Jo hn H .  Li chtblau 
Executive D i re c tor 
Pe trol eum I n dus try 

Re searc h  Foundation ,  I n c . 

J .  Hugh L i e d tke 
Chairman o f  the Bo ard 
Ch i e f  Executive O f f i ce r  
P e n n zo i l  Company 

Je rry McAf e e  
Ch a irman o f  t h e  Board 
Gul f  Oi l Co rporation 

Paul  W.  Ma cAvoy 
Th e Mi l to n  Stei nbac h  Pro f e s s or o f  

Organi z a ti on a nd Managemen t  and 
Econom i c s  

T h e  Y a l e  S c hool o f  Organi zation 
a nd Manageme nt 

Yale Un i vers i ty 

Pe ter MacDo n a l d , C h a i rman 
Coun c i l  of En ergy Re source Tribes 

D .  A .  McGe e ,  C h a i rman 
Ke rr -McGe e Corporation 
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John K .  McKi n l ey 
Chairman o f  the Boar d  
Texaco I n c . 

John G .  McMi l l i an 
Chairman a n d  

C hi e f  Executive O f f i c e r  
Northwe s t  A l a s k an 

P i pe l i n e  Comp a ny 

W .  K .  McWi l l i ams , Jr . 
President 
W.  K .  M .  � nve s tments , I n c . 

C ary M .  Maguire , P re s id e n t  
Maguire Oi l Comp a ny 

C .  E .  Mar s h , I I  
President 
Mal l ar d  Oi l & G a s  Company 

W .  F .  Mart i n  
Chairman o f  the Boa r d  
Phi l l ip s  Petrol eum Comp a ny 

David C .  Ma s s e l l i  
Environmental Con su l t a n t  

F .  R .  Mayer 
Chairman of  the Boar d  
Exeter Company 

Thomas B .  Med de r s , Jr . 
Partner 
Medders Oi l Company 

Jame s R.  Mo f fe t t  
Cha irman a n d  P re s id e n t  
McMoRan Exp l o r a tion Company 

Je f f  Mon tgomery 
Chairman o f  the Boar d  
Ki rby Exploration Company 

R.  J .  Moran 
Chairman and 

C hi e f  Exe c ut i v e  O f f i c er 
Moran Energy I nc . 

Robert Mo sbac h e r  

c .  H .  Murphy , Jr . 
Chairman o f  the Boa r d  
Murphy Oi l Corpo rat ion 



John H .  Murr e l l 
Ch i e f  Exe c ut i ve O f f i ce r  
De Go lyer a n d  MacNaughton 

I r a  S .  Nord l i ch t , Esquire 
Bo l t zmann , Wi se & Shepard 

R .  L .  O ' Sh i e l d s  
Chairman and 

Ch i e f  Execut ive O f f i ce r  
Panhandl e E a s tern 

P i pe Li ne Comp any 

S i dn ey R .  P e ters e n  
Chairman o f  t h e  Board a nd 

Ch i e f  Execut i ve O f f i ce r  
Ge t ty Oi l Comp any 

Travis H .  P e t t y  
Chairman o f  the Bo ard 

and P r e s i d e n t  
The El Pa so Company 

John G .  Phi l l ip s  
Chairman o f  the Bo ard a nd 

Ch i e f  Executi ve O f f i ce r  
The Lo ui s i ana Land 

& Explorat ion Comp any 

T.  Boone P i cken s , Jr . 
P r e s i d e n t  
Me sa Petro l eum Company 

L .  Frank P i t t s , Own e r  
Pi t t s  Oi l Company 

Ro semary S .  Poo l e r  
Ch airwoman a n d  

Exec tuive Di rector 
New Yo rk S t a t e  

Consumer P ro t e c tion Board 

Do na l d  B .  Ri c e , P r e s iden t 
Ra nd Co rporation 

Corb i n  J .  Ro be rt s o n  
Ch airman o f  t h e  Board 
Qu i ntana P e tro l eum Co rpor at io n  

Jame s C .  Ro sapepe , P r e s i d e n t  
Ro sapepe , Powe r s  & As s o c i a t e s  

He nry A .  Ro senberg , Jr . 
Chairman o f  the Bo ard a nd 

Ch i e f  Exe c ut ive O f f ic e r  
Crown C e n tral  Pe trol eum 

Co rporation 
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Ned C .  Rus s o  
Cons u l t a n t  o f  P ub l i c  Re l at i o n s  
S tabi l - Dr i l l  Spec i a l t i e s , I n c . 

Rober t  V .  S el l er s  
C h a i rman o f  t h e  Boa r d  
C i t i e s  S e rv i c e  Company 

J .  J .  S immo n s , Jr . 
Pres i d e n t  
S immon s  Royal ty Company 

Theodore S nyder , Jr . 
Imme d i a t e  P a s t P re s i d e n t  
S i erra C l ub 

John E .  S we a r i n g e n  
C h a i rman o f  t h e  Board 
S t andard Oi l Company ( I nd i ana ) 

Robe r t  E .  Thomas 
Cha irman o f  the Board 
MAPCO I n c . 

George E .  Trimb l e  
Chairman o f  t h e  Board and 

Chi e f  Exe c u t i ve O f f i cer 
Ami no i l  U . S . A . , I n c . 

H .  A .  True , Jr . 
P a r t ner 
True Oi l Company 

Mar t i n  Ward , P re s i de n t  
Un i te d  As s o c i a t ion o f  Journeymen 

a nd Appr e n t i c e s  o f  the  P l umbing 
a nd P i p e  F i t t i ng Indus try of 
t he U n i t e d  S t a t es and Canada 

Rawl eigh Warn e r , Jr . 
Chairman o f  t h e  Boar d  
Mobi l Corpora t i o n  

J .  N .  Warren 
Cha i rman of the Boa r d  
Go l drus Dri l l i n g  Comp any 

John F .  War r e n  
I n d ependen t  Oi l Operator/P roduc er 

A l t o n  W .  Whi tehous e , Jr . 
Chairman o f  t he Board and 

C h i e f  Exe c u t i ve O f f i c e r  
The S tandard Oi l Company ( Ohi o )  



Jo seph H .  Wi l l i ams 
Cha i rman of t he Board a n d  

C h i e f  Exe c u t i ve O f f i ce r  
The Wi l l i ams Compan i e s  

M .  A .  Wr i g h t  
P r e s i d e n t  a nd 

Ch airman o f  t h e  Board 
C ameron I ro n  Wo rk s , I n c . 
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Rober t  E .  Yancey , P re s i d e n t  
Ash l an d  O i l , I n c . 

Keat i ng V .  Z epp a , Pre s i d e n t  
De l ta Dri l l i ng Comp a ny 
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Study Group Rosters 





NAT IONAL PETROLEUM COUNC I L  

CHAI RMAN 

Jerry McAf ee 
Cha i rman of the Bo ard 
Gu l f  Oi l Corpo rat i o n  

E X  OFF I C I O  

C .  H .  Murphy , Jr . 
Ch a i rman 
Na t ional Pe tro l e um Co unc i l  

Robe r t  0 .  And e r son 
Ch a i rman of the Bo ard 
Atlan t i c Rich f i e ld Company 

Gl enn C .  Fe rguson 
Ferg u son & Boswo r th 

R. I .  Ga l l and 
Cha i rma n o f  the Boa rd 

COMMI TTEE ON 
REF INERY FLEX I B I L I TY 

GOVERNMENT COCHA IRMAN 

R .  Dob i e  Langenkamp* 
Dep u ty As s i s tan t Se cre tary 
Re so u r c e  De v e l opme n t  and 

Ope r a t i o n s  
Re sou r c e  Appl i c a t i o n s  
U . S .  Depa r tmen t  o f  En e rgy 

EX OFF I C I O  

H .  J .  Hayne s 
Vi c e  Ch a i rman 
Na t io n a l  Pe t ro l e um Co unc i l  

S ECRETARY 

Mar shal l W .  N i c ho l s  
E x e c u t ive Di rector 
Na t ional Pe t rol e um Coun c i l  

* * * 

F .  D .  Go t twa l d , Jr . 
Ch i e f  Exe c u t ive Of f i ce r ,  

Cha i rman o f  the Boa rd and 
Ch a i rman o f  Ex e c u t ive Comm i t tee 

Ethyl Co rpor a t io n  

Al l a n  Gran t 
Imme d i a t e  Pa s t  Pr e s id en t  
Ame r i c an Fa rm Bur e a u  Fed e ra t io n  

Ame r i can Pe trof i n a , Incorpo rated 

C .  C .  Garv i n ,  Jr . 
Cha i rma n of the Board 
Ex xon Co rpo r a t i o n  

Jame s F .  Gary 
Cha i rman and 

Ch i e f  Exe c u t ive Of f i c e r  
Pac i f i c  Re source s ,  Inc . 

Me l v i n  H .  Ge r t z , Pre s id e n t  
Guam Oi l & Re f i n i ng Company , Inc . 

Al v i n  F .  Gro sp i ro n  
Immed i a te Pa s t  Pr e s i d e n t  
O i l , Ch em i c a l  a n d  Atom ic Wo rker s  

I n te rna t i onal  Un i o n  

F r e d  L .  Ha r t l ey 
Cha i rman and Pre s id e n t 
Un ion O i l  Comp any o f  Cal i fo r n i a  

Leon He s s  
Cha i rman o f  t h e  Board 
Ame rad a  He s s  Corpo ra t i on 

* Rep l a c e d  Hon . A l v i n  L .  Alm , forme r  As s i s ta n t  S ecretary for 
Po l i cy and Evaluation , U . S .  Departmen t  of E n ergy ; and Hon . C .  Wi l l i am 
F i scher , former P r i nc ip a l  Deputy As s i s tant S ec r e tary for P o l i cy and 
Evaluation , U . S .  Departmen t  o f  E ne rgy . 
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REF INERY F LEX I B I L ITY 

Ma ry Hud son , Pre s id e n t  
Hud son O i l  Company 

Prof e s so r  Henry D. Jacoby 
Direc tor , Cen ter for Ene rgy 

Po l i cy Re s e a rch 
Ma s s achuse t t s  In s t i t u t e  o f  

Te chnology 

Ch a r l e s  G .  Koch 
Cha i rman and 

Ch i e f  Exe c u t ive Of f i c e r  
Koch Indus tr i e s , Inc . 

John H .  L i c h t b l a u  
Ex e c u t ive Di rec tor 
Pe tro l e um Ind u s t ry Re search 

Fo und a t ion , Inc . 

Dav id C .  Ma s s e l l i  
Env i ronme n t a l  Con s ul ta n t  

Ro s emary S .  Poo l e r  
Ch a i rwoman and Exe c u t ive D i rector 
New Yo rk State Con s ume r 

Pro te c t ion Board 
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Don ald B .  Ri c e , Pre s id en t 
Rand C o rpo r a t ion 

Henry A.  Ros e nberg , Jr . 
Cha i rman o f  the Boa rd and 

Ch i e f  Ex e cu t ive O f f i c e r  
Crown Cen t r a l  Pe t ro l e um 

Co rpo r a t ion 

Theod ore Snyd e r ,  Jr . 
Immed i a t e  Pa s t  Pre s iden t 
S i e r r a  C l ub 

0 .  J .  Ta ube r ,  Sr . 
Cha i rman 
Taub e r  O i l  Comp any 

Ma r t i n  Wa rd , Pr e s id e n t  
Un i ted As soc i a t io n  o f  Journe yme n 

and Appren t i c e s  o f  the P l umb i ng 
and P i pe F i t t ing Ind u s t ry o f  
the Un i ted S t a te s  and Canada 

Rob e r t  E.  Ya ncey , Pr e s id e n t  
As hl and O i l , Inc . 



NAT I ONAL P ETROLEUM COUNC I L  

C OORD I NATI NG SUBCOMM I TTEE 
OF THE COMMITTEE ON 
REF I NERY FLEX I B I L I TY 

C HAIRMAN 

Wa rren B .  Davis  
Ch i e f  Economi s t  
Gul f Oi l Corpo ration 

Lawrence J .  Go l ds t e i n  
S e n ior Economi s t  

S EC RETARY 

GOVERNMENT COCHA I RMAN 

Frank A .  Verras tro 
Deputy As s i s ta n t  Secretary for 

International Energy Re sour c e s  
U . S .  Departmen t  o f  Energy 

Mar s h a l l  W .  N i cho l s  
Execut ive Director 
National Petro l eum Coun c i l  

* * * 

David C .  Mas s el l i * 
Enviro nmenta l Con s ultant 

Pe tro l eum I n du s try Re s earch 
Foundatio n , I n c . Freder i c k  C .  Spreyer 

Director , F e d e r a l  A f f a i rs 
Pac i f i c  Re sourc e s , I n c . Joh n  R .  Ha l l  

Vi c e  Cha i rman a n d  
Ch i e f  Op erat i ng O f f i c e r  

As h land Oi l ,  I n c . 

He nry D .  Jacoby 
Di rector , Ce nter for E nergy 

Po l icy Re s earch 
Ma s s achus etts I n s t itute 

of Techno logy 

S .  E .  Watter s o n , Jr . 
Manage r , Corpo r a t e  P l a n n i ng 
Standard Oi l Company o f  Cal i fornia 

S P EC IAL AS S I S TANTS 

Lloyd E .  Busch 
Vi ce Pre s i d e nt 
Op era tional P l an n i ng 
As hland Oi l ,  I n c . 

Jame s L .  P addock 
Re s e ar c h  As s o c i a t e  

a n d  Lecturer 
Mas s achusetts I n s t itute 

of Tec hnology 

Cheryl Trenc h  
S e nior Economi s t  
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SUMMARY * 

CURRENT AND PROJECTED RE F I NE RY OPERAT IONS AND FAC I L I T I ES 

Th i s  s e c t i on s ummar i ze s  the s urvey data  o n  re f i ne ry f ac i l i t ie s  

i n  pl ace a s  o f  January 1 ,  1 9 7 9 , and thos e c ommi t ted for i n s t a l l a­

t ion by Janua ry 1 ,  1 9 8 2 . 1 Actual  1 9 7 8  opera t ions  and ope r a t i ng 

p l a n s  through 1 9 8 2  a re a l s o  s ummar i ze d . Th e s e  da t a  are based o n  

s urveys s ubmi t ted to a l l  U . S .  r e f i ne r s  i n  January 1 9 7 9 . 

Re s pon s e s  to t h i s  par t of the s urvey we re r e c e ived f r om 2 4 6  re­

f i ne r ie s ,  r epre s e n t i ng 9 7 . 7  pe r ce n t  o f  the r e f i n ing c apac i ty in  the 

5 0  s ta te s  and G u am .  Th i s  r e s ponse a l so r e pr e s e n t s  8 6  perce n t  of 

the 2 8 9  r e f i ne r i e s  owned by the 1 7 4  r e f i n i ng c ompa n i e s  in the  

Un i ted S ta te s . P ue r to R i c o  and the  V i r g i n  I s l an d s  are  no t i nc l ud e d  

i n  t h e  s urvey r e s ul t s . 

Re f i n i ng Capac i ty 

• As of January 1 ,  1 9 7 9 ,  c ompan i e s  r e s pond i ng to the s urvey 

h ad a c omb i ned c r ude o i l  re f i n i ng c apac i ty of 1 6 , 8 7 8  thou­

s a nd ba r re l s  pe r day ( M B/D ) . 2 P r o j e c t i o n s  for  J a nu a ry 1 

of 1 9 8 0  and 1 9 8 2  s h ow that the s e  s ame r e f i ne r i e s  w i l l  have 

ag greg a te e s t ima ted c apac i t ie s  of 1 7 , 2 6 0  and 1 7 , 9 6 9  M B/D o n  

t h e  two date s , re s pe c t ively . 

The se pro j e c t ions repre s e n t  a capac i ty g r owth o f  two pe r c e n t  

per ye a r  i n  e ach of t h e  next  three ye a r s . 

lAl l data  are r e por ted on a calendar d ay bas i s  ( no t  s tr e am 
day ) . C a l e ndar day d a t a  i nc lud e  provi s ion fo r l im i t e d  s h u td own s 
as soc i a ted w i t h  r e g u l a r ly sched uled ma i n tenance and o t h e r  
equipme n t- r e l a ted f ac tors . 

2Al l data  h ave been rounded to the neare s t  thous and barre l s  
per d ay .  

* This is  a reprint o f  the s umma ry o f  Re f i n e ry F lexib i l i ty ,  An 
I n t e rim Report ,  Vo l ume I ,  pub l i sh e d  i n  Dec emb e r  19 7 9 . 
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• Mo d e s t  g a i n s  i n  c apac i t i e s  appear i n  a l l  PAD d i s tr i c ts . 

The two per c e n t  i ncrease i n  1 9 7 9  w i l l  be d i s tr i bu t e d  

throug hout the n a t ion , b u t  PAD I I I  d om i na te s  the 1 9 8 0 -1 9 8 2  

i nc r e a s e  w i t h  an e xpan s i on o f  5 1 6 M B/D . 

• W i t h  r e s pe c t  to re f i ne ry s i z e , the f i nd i ng s  i nd i c a t e  th a t  

there w i l l  b e  m i n imal change i n  t h e  r e l a t i v e  p e r c e n t ag e s  o f  

re f i nery c apac i ty i n  t h e  var ious c a t eg o r i e s  d ur i ng th e 

three-y ear pe r iod beg i n n i ng J a nuary l ,  1 9 7 9 . 

C rude O i l  S l a t e s  

• Re spo nd i ng compan i e s  proc e s s ed 1 4 , 6 5 5 M B/D o f  c rud e  o i l  and 

cond e n s a te in the i r  re f i ne r i e s  d ur i n g  1 9 7 8 .  I n  add i t ion , 

1 , 3 74 MB/D o f  o th e r  feed s tocks we re proce s s e d , s ome o f  wh i c h  

may h ave been c harged t o  crud e  d i s t i l l a t ion un i t s  ( reduced 

c rud e ,  natural  g a so l i ne ,  naphtha , e tc . ) .  Proj e c t i o n s  of f u­

t ure c r ud e  o i l  re f i n i ng rates for r e s po nd i ng c ompan i e s  s how 

a n  i ncrease of about 1 4  percent to 1 6 , 7 4 0 M B/D o f  c rud e o i l  

and cond e n s a te i n  1 9 8 2 .  In  add i t i on ,  1 , 2 4 4  MB/D o f  othe r 

f eed s tock s we re repo r ted fo r 1 9 8 2 .  

• In 1 97 8 ,  4 5 . 9 p e r c e n t  o f  the c rud e o i l  proc e s s e d  by the  re­

por t i ng re f i n e r i e s  was of med i um to h i gh s u l f ur con t en t 

( g reater than 0 . 5  w t % sul fur ) . Th e propo r t i on o f  abov e 0 . 5  

w t  % s u l f ur crud e  o i l  i s  pro j e c t ed to i nc r e a s e  t o  4 9 . 2 pe r­

cent  in 1 98 0  a nd 5 1 . 3 percent in 1 9 8 2 .  Th e s e  chang e s  we re 

ev ident in PA Ds I I I  and V and for a l l  re f i ne ry s i z e  

c ategor i e s  e x cept 0 -1 0  MB/D . 

• In 1 9 7 8 ,  the to t a l  o f  c rud e o i l  proce s s e d  o f  g re a t e r  than 

0 . 5  wt % s u l fur wa s 6 , 6 8 5  MB/D , of wh ich 1 , 9 9 8  M B/D ( o r 2 9 . 9  

perce n t )  was med i um sul fur c rud e o i l  ( be twe e n  0 . 5  and 1 . 0  w t  

% sul f u r ) and 4 , 6 8 7  MB/D ( o r  7 0 . 1  pe rcen t )  was h ig h  s u l fur 

c rud e o i l  ( ov e r  1 . 0  w t  % sul fur ) . 
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S ubs t i t u t i on o f  H igh S ul f u r  C rude O i l  

• Re spond e n t s  e xpec t  t o  u t i l i ze mos t o f  the i r  repo r ted c apa­

b i l i ty to proc e s s  h igher s ul f ur c r ud e  o i l s . Survey re s ul t s  

s how t h a t  be twe e n  3 97 and 9 6 8  M B/D o f  s o ur c rud e o i l  could 

be s ub s t i t u t ed for s we e t  c r ud e  o i l s  i n  1 9 8 0  under known 

e nv i ronme n t a l  r e s tra i n t s , d epe nd i ng upo n c rud e o i l  type 

( med i um or h ig h  s ul f ur , l igh t or h e avy ) . Red uc t i o n s  i n  

total  c r ud e  o i l  throug hput s  a s so c i a ted w i th t h e s e  s ub­

s t i t u t ions amount to 4 3 - 1 6 9 MB/D . The c ap ab i l i ty t o  

s ub s t i tute h ig h e r  s ul f ur crud e  o i l  i s  r e l a t iv ely unchanged 

a t  3 3 9- 9 5 7  M B/D in 1 9 8 2  and i s  f a i r l y  eve n l y  d i s t r i b u t ed 

throug ho u t  a l l  PAD d is t r i c t s . 

Motor G a s o l i n e  

• Tr end s i n  prod uc t y i e l d  forec a s t s  s how t h a t  g a so l i n e  

vol ume s are e xpec ted t o  i n c r e a s e  f rom 7 , 2 3 7  M B/D i n  1 9 7 8  to 

7 , 5 8 8  M B/D i n  1 98 0 ,  a nd to 7 , 8 4 6  M B/D i n  1 9 8 2 .  Wh i l e  the s e  

vol ume s i ncreas e 6 0 9 M B/D ( a  c ompo u nd ed g rowt h  rate  o f  2 . 0 

per c e n t  pe r ye ar ) , g as o l ine y i e l d s  f rom c r ud e  o i l  and o ther 

f e ed s tocks are proj ec t ed to d e c l i ne f rom 4 5 . 1  t o  4 3 . 6  

percent  f rom 1 9 7 8  t o  1 9 8 2 .  

• Oc tane n umbe r  i s  a s ig n i f i c an t  f ac to r  i n  the c apab i l i ty o f  a 

r e f i ne ry to prod uce unl e aded g a sol i n e . 3 The repor t e d  1 9 7 8  

c apab i l i ty for b l end i ng unl e ad ed g aso l ine o f  a n  o c tane 

n umber o f  87 ( R+M ) /2 wa s 4 , 6 1 5 M B/D ; un l e ad ed g a sol i n e  

c apab i l i ty d rops to 3 , 1 95 f or 8 9  ( R+M ) /2 a nd t o  2 , 5 73 MB/D 

fo r 9 0  ( R+M ) /2 . The Depar tmen t  of Ene rgy r e por ted t h a t  the 

3oc ta ne n umbe r s  are c a l c u l ated by e i ther the  Re s e a r c h  or 
Mo tor me t hod . Da ta in th i s  report are b a s ed o n  the a r i t hme t i c  
ave rag e o f  t h e s e  two c al c ul at ions [ (R+M ) /2 ] . 
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n a t ional av erag e  o c tane n umber for un l e ad ed g a so l i n e  i n  1 97 8  

wa s 8 8 . 5  ( R +M ) /2 ;  based upon prev i o u s l y  d e s c r i b ed s urve y  

d at a ,  the  1 97 8  c apab i l i ty to produce 8 8 . 5 ( R+M ) /2 u n l e ad ed 

g a so l i ne wo uld h ave bee n 3 , 5 0 0  MB/D . 4 

• The s urvey i nd i c a t e s  a c apab i l i ty i n  1 9 8 0  to prod uc e 5 , 92 7  

MB/D o f  8 7  ( R +M ) /2 ,  4 , 0 1 8 MB/D o f  8 9  ( R +M ) /2 ,  o r  2 , 8 86 MB/D 

o f  90 ( R+M ) /2 unlead ed g a sol ine . The 1 9 8 2  capab i l i ty i s  

approx imately 5 5 0 MB/D over 1 98 0  e s t imates  f o r  un l eaded 

g a s o l i ne . 

• The n umber o f  r e f i n er i e s  capab l e  o f  prod uc i ng unl e ad ed g a s o­

l in e  d ec r e a s e s  w i th i nc re ased oc tane n um b e r  requi remen t s . 

For . e x ampl e , i n  1 9 8 0 ,  5 9  fewe r re f i ner i e s  wo uld be c apabl e 

o f  produc i ng un l e ad ed g a so l i ne i f  o c tane n umber spec i f i c a­

t ions were i nc r e a s ed f ro m  8 7  t o  9 0  ( R+M) / 2 .  Howev e r , 4 0  o f  

the se r e f i ner i e s  coul d con t i nue to produce 8 7  ( R +M ) /2 o c tane 

n umber unl e ad ed g a so l ine and the r ema i n i ng 1 9  could prod uc e 

8 9  (R+M ) /2 u n l eaded g aso l ine . Th e aggreg a t e  1 98 0  c apab i l i ty 

to man u f a c t ure unl e ad ed g a so l i ne wo uld b e  5 , 9 2 7  MB/D whe n 

max im i z i ng 8 7  (R+M ) /2 ;  4 , 3 3 5 MB/D w h e n  max im i z i ng 8 9  

( R+M) /2 ; and  3 , 4 5 8  MB/D when max imi z i n g  9 0  ( R+M) /2 g r ad e . 

• Con s i s te n t  w i th the above 1 9 8 0  capab i l i ty ,  whe n max imi z i ng 

un l e ad ed g aso l ine , the l e ad content for  the r em a i n i ng l eaded 

g a sol ine wo uld range f rom 0 . 9  to 1 . 5  g r am s/g a l lon , d e pe nd i ng 

upo n o c tane n um ber s pe c i f i c a t ions for  the un l e ad ed g aso l ine 

and the r a t io of  unl e ad ed to  l e ad e d  g a s o l i n e  vol ume s . Th e 

averag e l ead content o f  the to tal  g aso l in e  poo l  ( l ead ed and 

unl e ad ed g a sol i n e )  i s  max imi z ed at  0 . 5  g r am s/g al lon in kee p­

i ng w i th Env i ronmental  Pr otec t io n  Ag ency ( E PA )  l ead l im i t s . 

4 The s e  d a t a  for 1 9 7 8 were d eveloped i n  the  con t e x t  o f  f ed e r a l  
l ead phasedown s tand ard s i n  e f f e c t  i n  1 9 7 8 .  
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Other Product Trends 

• S ign i f i c a n t  change s i n  the percen tag e y i e l d s  based on re­

f in e ry i nputs i n c l ud ed i ncre a s e s  in ke ros i n e-ba s ed j e t  f ue l  

a nd feeds tock s so ld t o  o thers , wi t h  a d e c r e a se i n  ga so l i ne 

and d i s t i l la te No . 2 fue l  o i l . BTX ( b e n z e n e , t o lue n e , a nd 

xyl ene ) proj e c t i on s  show a n  indu s t ry-w i d e  ga i n  from 1 1 5  to 

1 5 5  MB/D be tween 1 9 7 8 and 19 8 2 . 

Low Sul fur Heavy Fue l O i l  

• Survey r e s ul t s  pro j e c t  a 1 9 8 0  c apab i l i ty ,  und e r  no rmal con­

d i t i ons , to produc e 3 9 7  M B/D of heavy f ue l  o i l  o f  l e s s  than 

0 . 3  wt % s u l f ur conte n t . The capab i l i ty for l ow s u l f ur f ue l  

o il i s  i ncreased t o  7 71 MB/D i f  the s ul f ur spe c i f i c a t i on i s  

r a i s ed t o  0 . 7  w t  % and incre a s e s  f ur th e r  t o  1 , 4 4 1  MB/D a t  a 

sul f ur s pe c i f i c a t ion of 2 . 0  wt % .  The  l ow sul f ur f ue l  o i l  

capac i ty i s  pro j e c ted to increase by 1 9 8 2 , re f l e c t i ng hyd r o­

trea t i ng capac i ty add i t ions , n o tw i ths tand i ng inc rea s e s  i n  

h i gh s u l f ur c r ude run s . 

• I f ,  i n  the event of a n a t ional eme rg e n cy , i t  become s ne c e s­

sary to max im i z e heavy fue l  o i l  a t  the expense of l ig h t  

produc t s , wh i l e  l imi t i ng the reduc t ion o f  d i s t i l l a te s  and 

j e t  fue l  vo lume s to 1 0  pe rce n t , the 1 9 8 0  y i e ld o f  l ow sul f ur 

fuel o i l c ould be increa s ed to 8 2 8  M B/D for the  0 . 3  wt % 

s ul f ur g r ad e , 1 , 5 2 0  M B/D fo r the 0 . 7  wt % s ul f ur g r ad e , and 

2 , 4 8 3  M B/D for the 2 . 0  wt % s u l f ur g r ad e . Ga so l i n e  vo lume s 

would dec rease 5 5 3  M B/D a s  a c onseque nce of ma x im i z i ng 2 . 0  

wt % s ul f ur f ue l  o i l . 

P roc e s s  Capab i l i t i e s  

• Wi th r e s pe c t  t o  r e f i n e ry s i z e ,  the s urvey re s ul ts s how that 

l arge r r e f i n e r i e s  ge neral ly have a g r e a te r ab i l i ty to pr o­

duce unl e aded ga so l i ne . Larger re f i n e r i e s  tend to h ave more 
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r e s i d u a l  proce s s i ng f ac i l i t i e s  s uc h  a s  c oke r s  a nd r e s i d  d e­

s ul f ur i z a t i o n  ( wh ic h , i nc id e n t a l ly , prod uc e mor e  b l e nd i ng 

and feed s tocks for unleaded g a so l i ne ) . 

• Fe atured i n  pro c e s s  fac i l ity trend s  i n  the 1 97 9- 1 9 8 2  p e r i od 

are s ig n i f i c a n t  g a i ns i n  the capac i ty for re form i ng , i some r­

i za t io n , a nd c a tal y t i c  c rack i ng to f ac i l i ta t e  un l eaded g aso­

l i n e  manu f a c t ur e . Ga i n s  were a l so reg i s te r ed i n  h yd ro trea t­

i ng to cope wi th heav i e r , h igher s u l fur crude o i l s . Ot her 

proce s s  capac i t i e s  g a i ns appear to be r e l a t ed to i ncrea s e d  

c rud e charg e c apab i l i t i e s . 

CRUDE O I L  COSTS , REF I NERY OPERAT ING COSTS AND ASS E TS 

Part I I  o f  the s urvey addre s se d  1 9 7 8 c r ud e  o i l  co s t s , a nd r e­

f inery ope rat i ng c o s t s  and a s s e t s  a s  o f  Ja nuary 1 ,  1 9 7 9 .  Re f i nery 

f ue l , purc h a s ed u t i l i t i e s , d e pre c i a t ion , a nd o th e r  opera t i ng co s t s  

were reported for the ye ar 1 9 7 8 .  Al so repo r ted we re c r ud e  o i l  

s l a t e s  wi t h  respe c t  to cos t , qual i ty , r e g u l a tory c l as s i f i c a t i o n  

( lowe r  t i e r , upper t i er , e x empt ) ,  a nd pe r c e n ta g e  o f  owned prod uc­

t ion or roya l ty owner s '  s h are for 1 9 7 8 .  Or ig i n a l  g ro s s  f i x ed a s­

s e t s  and repl acem e n t  c o s t s  a s  o f  Ja nuary 1 ,  1 9 7 9 ,  we re a l so 

i nc l uded . 

Re s po nd e n t s  to Par t I I  repre sented an agg r e g a te c apac i t y  o f  

1 5 , 4 4 5 M B/D o r  8 9  p e r c e n t  o f  the total c apac i ty repo rted i n  Pa rt I .  

Re s pon s e s  to s ome o r  a l l  e l emen t s  o f  the s urvey we re rece i v ed f rom 

2 0 3 , or abo u t  7 0  p e r c e n t  o f , u . s .  r e f i ne r i e s . Th e a t tr i t i on i n  the 

n umbe r  o f  re f i ne r i e s  repor t i ng wa s pr imar i ly in re f i ne r i e s  be l ow 3 0  

MB/D c apac i ty .  

Th e fol low i ng pre s e n t a t ion o f  re f i ne ry c o s t  d ata , a g g re g a ted 

from the s urvey , is not a c ompe t i t ive analys i s  o f  the  d ome s t i c r e­

f i n i ng indu s t ry . Produc t rev enue a nd other f a c to r s  a f f e c t i ng com­

pe t i t ive n e s s  are no t i nc l uded . I t  wo uld be i nappropr i a t e  to d raw 
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f i nal con c l u s ions r eg ard i ng the r e l a t i v e  e conom i c s  o f  any g roup or 

class o f  re f i ner i e s  f rom the Part I I  s u rvey data alone . The f i na l  

repor t  o n  Re f i nery Fl ex i b i l i ty w i l l  conta i n  a n  a n a l y s i s  o f  the c om­

pe t i t ive e conom i c s  o f  smal l , med i um ,  and l a rge re f i n e ry o pe r a t ions . 

C rude O i l  C o s t s  and Q ua l i ty5 

• I n  1 9 7 8 ,  the re f i n i ng compan i e s  par t ic i pa t i ng i n  the s urvey 

e xpe r i enced c r ud e  o i l  c o s t s  av erag i ng $ 1 2 . 7 1  n et pe r barrel  

a f t e r  en t i tl emen t s . 

• The r e s po nd e nt s '  ave r ag e  c r ud e  o i l  cos t s  be fore e n t i tl ements 

wa s $ 1 2 . 3 6  per barre l , or $ 0 . 3 5  per barrel l ower than the 

ave r age ne t cos t a f ter the reg ul a to ry e f f e c t s . Prod uc t 

impor t  e n t i t l em e n t s  and other e x c ept i o n s  i ncreased a f t e r­

e n t i tl emen t s  c r ud e  o i l  cos t s  to r e s po nd e n t s . 

• The h ighe s t  ave r ag e  n e t  c r ud e  o i l  cos t s  a f te r  en t i tl ements 

amoun t i ng to $ 1 2 . 9 9  p er barrel ( $ 0 . 2 8 p e r  barrel  abov e the 

s u rvey ave r ag e ) , were inc urred by c ompa n i e s  w i th re f i n i n g  

c apac i t i e s  i n  the 5 0- 1 0 0  M B/D s i z e  rang e . 

• Compan i e s  o f  g re a t e r  than 1 0 0  M B/D a l so exper i e n c ed ne t 

af te r-en t i tl emen t s  c r ud e  o i l  cos t s  above th e $ 1 2 . 7 1  per ba r­

r e l  respond en t av erag e ,  a t  $ 1 2 . 9 4 p er b a r r e l  for the 1 0 0 - 1 7 5  

M B/D c a t egory a n d  $ 1 2 . 7 8  per barrel  for t ho s e  compan i e s  o f  

g re a ter than 1 7 5  M B/D c apac i ty . 

• Comp an i e s  o f  l es s  than 5 0  M B/D c apac i ty e xpe r i e nced lowe r 

n e t  c r ud e  o i l  cos t s , r a ng i ng from an ave r ag e  o f  $ 1 0 . 5 3  pe r 

bar r e l  for the 0 -1 0  M B/D s i z e  c ategory to $ 1 2 . 2 2  p e r  barrel 

for the 3 0 - 5 0 MB/D compan i e s . 

5Th e terms " cr ud e  c o s t s  a f ter e n t i t l em en t s " a nd " ne t  crude 
cos t s "  a s  u s ed here i n  i n c l ud e  the e f f e c t s  o f  the smal l  re f i ne r  
b i a s . 
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• Compan i e s  o f  l e s s  t h a n  5 0  MB/D c r ud e  o i l  c apac i ty h ad a ne t 

r ed u c t ion i n  c r ud e  o i l  cost f rom the e f f e c t s  o f  the sma l l  

re f i ne r  b i as s egme n t  o f  the e n t i tl eme n t s  prog r am . Wi t h  th e 

e x cept ion o f  comp a n i e s  i n  the 1 0 0 -1 7 5  M B/D s i z e  c a tegory , 

c ompan i e s  o f  g re a t e r  tha n 5 0  M B/D c apac i ty e xpe r i e n c ed a n  

i ncrease  i n  c r ud e  o i l  c o s t  a s  a n e t  r e s u l t o f  the 

e n t i tl emen t  prog r am . 

• Re f i ne r i e s  i n  PAD V re ported l owe r n e t  c r ud e  o i l  cos t s  than 

the other PAD d i s tr i c ts . PAD V ' s l owe r co s t  i s  r e l ated to 

c r ud e  o i l  q u a l i ty . The i n l and re f i ner i e s  i n  PAD I I  i nc urred 

the h i g he s t  ne t c r ud e  o i l  costs . 

• Co n s i d e r i ng crud e cost  a s  a f u n c t i o n  o f  i nd i v i d u a l  re f i ne ry 

s i z e , the l a rg e r  re f i ne r i e s  g e ner a l l y  expe r i e n c ed h igher ne t 

crud e o i l  c o s t s . Re f i ne r i e s  o f  l e s s  than 5 0  M B/D c apac i ty 

h ad ne t c r ud e  co s t s  below the re s ponde n t s ' ave r ag e , s im i l ar 

to the r e s u l ts o f  ag g reg a t i o n  by c ompany s i ze . 

• Cr ud e  c o s t s  tend to i ncrease wi th i ncreased re f i ne ry c om­

pl e x i ty . The l a rge r re f i ne r i e s  are g e ne r a l l y  more c ompl e x , 

and do no t rece i v e  sma l l  re f i ne r  b i as e n t i tl em e nt s . Cr ud e  

o i l  qual i ty for the asphal t-or i e n ted re f i ne r i e s  i n  the lowe r  

c omp l e x i ty c a tegor i e s  i s  a l so a f a c to r . 

• Mo s t  o f  the l arg e r  re f i n i ng compan i e s  ( tho s e  o f  g re a t e r  than 

1 7 5  M B/D c apac i t y ) own d ome s t i c  prod uc t i o n . On aver ag e , 

the i r  produc t i o n  plus  a s soc i ated roya l ty own e r s ' s hare i s  

about 4 5  pe rcent o f  the crude o i l  they r e f i n e . Othe r 

re f i ners  ( tho se o f  l e s s  than 1 7 5  M B/D c apa c i ty )  own 

prod uc t ion p l u s  a s soc i a ted roya l ty owner s ' share wh i c h  

averag es l e s s  t h a n  1 2  percent o f  the i r  re f i ne ry throug hpu t .  
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Opera t i ng C o s t s  

• I n  genera l , t o t a l  1 97 8  ope ra t i ng cos t s  ( f ue l ,  purchased 

u t i l i t i e s , de prec i a t ion , ma i n tenance , e tc . )  i nc r e a s ed w i t h  

company s i ze .  Th e pr inc ipa l fac tor appe a r s  to b e  t h e  av er­

age h igher proce s s  compl ex i ty o f  re f i ner i e s  ope ra ted by 

l arger compan i e s . To tal operat i ng co s t s  ranged from $ 1 . 3 5  

pe r barrel for compan i e s  o f  l e s s  than 1 0  M B/D capac i ty to 

$ 2 . 3 5  per barrel for compan i e s  o f  g re a t e r  than 1 7 5  M B/D 

capac i ty .  

• In 1 9 7 8 ,  to t a l  opera t i ng cos t s  ave r aged $ 2 . 2 9 per barrel  o f  

crud e  o i l  proc e s s ed . O f  t h i s  to t a l , n e a r l y  h a l f ( $ 1 . 0 8 per 

barre l )  was for f ue l  and p urcha s ed u t i l i t i e s . 

• PAD V h ad h igher average operat i ng cos t s  than the o t he r  PAD 

d i s tr i c ts . Th i s  appe a r s  to be d ue pr imar i ly to the h ig h  

compl e x i ty and re l a t ively h igh f u e l  cos t s  for re f i ne r i e s  i n  

th i s  area . 

• Be low 5 0  M B/D , per barre l ope r a t i ng expens e s  g enera l ly 

decreased w i t h  increa s i ng re f i ne ry s i ze o f  a g ive n 

compl e x i ty .  Th e impa c t  o f  re f i nery s i ze on ope ra t i ng cos t s  

d im i n i s hed f o r  re f i ner i e s  abov e  5 0  M B/D i n  c apac i ty . Th i s  

may be d ue to para l l e l  proc e s s  t r a i n s  i n  the l arger 

re f i ner i e s . 

• 1 9 7 8  ope r a t i ng cos t s  i ncrea s ed s te ad i ly w i th re f i nery 

comp l e x i ty from $ 1 . 4 9  per barre l for the 1 -3 c omp l e x i ty 

c a t egory t o  $ 3 . 1 3  pe r barrel for re f iner i e s  i n  the 1 1 +  

comp l e x i ty c a tegory . 
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Gross  F i x e d  A s s e t s  and Rep l acement C o s t s  

• The Ja nuary 1 ,  1 9 7 9 , average per- barre l g ro s s  f i xed a s s e ts 

for a l l  r e s pondents wa s $ 1 , 3 5 4/bb l/d qy ; repl a c ement co s t s  

av erag e $ 3 , 7 2 7/bbl/day . 

• Pe r- b arrel  g ro s s  f i x ed a s sets and repl acement c o s t s  i n­

c r e a s ed w i th c ompany s i ze .  Econom i e s  o f  s c a l e  wer e  more 

than o f f set by h ig her a s sets  a s s o c i a ted w i th g reate r  com­

pl ex ity and mul t i pl e  proc e s s  tra ins i n  the l arge r 

company s i ze c a tegor i e s . 

• On a g eog raph i c  bas i s , PAD V h ad the h ig he s t  per- b arre l 

g ro s s  f ix ed a s s e ts and re pl ac eme nt c o s t s , $ 1 , 5 3 0/bb l/d ay and 

$ 4 , 5 7 2/bbl/day , r e s pe c t iv ely . 

• Th e e f f e c t  o f  r e f inery s i ze on g ro s s  f i x ed a s s e t s  and re­

placeme nt c o s t s  wa s mas ked by the g reater impac t o f  re f i n­

e ry c ompl ex i ty .  In  the smal l e r  r e f i nery s i ze categor i e s , 

the d a ta i nd i c a te a d e cre ase i n  pe r-ba r r e l  i nve s tments w i t h  

incre a s i ng s i ze a t  a g iven comp l e x i ty . Th e e f f e c t  o f  s i ze 

a lone d im i n i shed i n  the l arge r ( 5 0 +  M B/D ) re f i ne ry s i z e 

c ategor i e s . 

• Gr o s s  f i x ed a s s e ts and repl acement c o s t s  per barre l gener­

a l ly increased with compl ex ity . Re ported repl acement co s t s  

ranged from $ 1 , 7 0 6/bbl/day f o r  re f i ner i e s  i n  the 1 - 3  

c ompl e x i ty range to ove r $ 4 , 0 0 0/bb l/d ay f o r  re f i ner i e s  o f  

g reater than 7 compl ex i ty .  

• Compar i son o f  repl acement costs w i th g ro s s  f i x ed a s s ets 

s ho u l d  be i nd i c a t ive o f  the v intag e  of  the f ac i l i t ie s . On 

th i s  prem i s e , i t  wo uld appear that r e f i ne r i e s  o f  l e a s t  com­

pl e x i ty we re con s tr uc ted mo s t  recently , wh i l e  thos e  re f i ne r­

i e s  in the 7 -9 comp l e x ity category ( i nteg rate d  g as o l ine 

re f i ner i e s  with some h yd rod e s ul f ur i zat ion c apab i l i t ie s )  are 

the o l d e s t . 
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ADDITI ONAL FACI LITI ES TO ME ET THREE ALTERNATE SU PPLY/DEMAN D CAS E S  

P a r t  I I I o f  the s urvey c onc e rned t h e  new fac i l i t i e s  wh ich wou l d  

be req u i red by re f i n i ng c ompan i e s  under three hypo the t i c a l  c a s e s : 

• Prov ide capac i ty nece s s a ry to s ubs t i t u te add i t i onal  h igh 

s ul f ur c rude o i l  equ iva l e n t  to a t  l e a s t  2 0  p e r c e n t  of the 

to t a l  c r ude o i l  c apa c i ty based o n  the  1 9 8 2  pro j e c t i o n s  r e­

po r ted i n  re s po ns e  to P a r t  I o f  the s urvey 

• P r ov i d e  fac i l i t i e s  to i n c rease pr oduc t i on of s pec i f i c grad e s  

o f  un l e ad ed g a so l ine t o  9 0  per ce n t  o f  t h e  pro j e c t ed to t a l  

19 8 2  ga so l i ne pool repo rted i n  Pa r t  I of the survey 

• Prov i d e  fac i l i t i e s  to increase pr od uc t i on of l ow s ul f ur 

he avy f ue l  o i l  ( 0 . 7 wt % )  by 2 5  pe r c e n t  o f  the t o t a l  h e avy 

f ue l  o i l  proj e c ted f o r  1 9 8 2  and repo rted i n  Pa r t  I of the 

s urvey . 

Re s pond e n t s  to th i s  part of the s urvey we re g iven the opt io n  o f  

repo r t i ng o n  a " sys tem " bas i s . A c ompany wi th two or mo re re f i ne r­

i e s  wa s not req u i r ed to mod i fy each of i t s  re f i n e r i e s  by i t s  propor­

t ional share of the company total . For  exampl e ,  a company m ig h t 

choose to increase the h igh s u l f ur c r ude o i l  proc e s s i ng c apab i l i ty 

o f  Re f i nery A by 6 0  percent and no t mod i fy re f i ne r i e s  B a nd C .  

Re spo n s e s  ind i c a t i ng that new fa c i l i t ie s  we re req u i red to pr o­

ce s s  more h i gh s u l f ur c r ude o i l  were rece ived f r om c ompa n i e s  own i ng 

1 4 7  re f i ner i e s  wi t h  a total capac i ty of 1 5 , 0 0 4 M B/D . Th i s  repr e­

sents  abou t 7 8 . 4  pe r c e n t  of to tal 1 9 8 2  capac i ty ( 1 9 . 1 3 MM B/D ) and 

5 0 . 9 pe r c e n t  o f  u . s .  r e f i n er i e s . 

Re f i ner ie s  wi th a total capac i ty o f  1 5 , 2 0 7 M B/D ,  r epr e s e n t i ng 

abou t 7 9 . 5  pe r c e n t  of to tal  capac i ty a nd 5 4 . 3  pe r c e n t  o f  u . s .  r e ­

f ine r ie s ,  c ompl e ted t h e  unl eaded g a so l i n e  po r t ion of the s urvey . 
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Re spon s e s  i nd i c a t i ng that new fac i l i t i e s  we re r e qu ired to pro­

d uc e  low s u l f ur f u e l  were rece ived from c ompan i e s  own i ng 1 4 8  re f in­

e r i e s  w i th a t o t a l  c apac i t y  o f  1 4 , 0 2 7  MB/D . Th i s  repr e s e n t s  about 

7 3 . 3  pe r c e n t  o f  to t a l  capac i ty and 5 1 . 2  pe r c e n t  o f  u.s. re f ineries . 

I n c re a s ed H ig h  S u l f u r  C rude O i l  Proce s s i ng C apab i l i ty 

• Re f ine r ie s  a n t i c i pa te proce s s i ng 6 , 1 4 0  MB/D o f  l ig h t  a nd 

heavy h ig h  s u l f u r  c rude o i l  i n  1 9 8 2 , equ i v a l e n t  to 3 4 . 2  

pe rce n t  o f  to t a l  pro j e c ted thro ughput s . An increase i n  the  

capab i l i t y  to proce s s  an amount o f  h ig h  s u l f u r  c r ud e  o i l  

equiva l e n t  t o  a t  l e a s t  2 0  perce n t  o f  c apac i ty wo u l d  permi t 

the re spond e n t s  to proc e s s  an add i t ional 3 , 0 0 0  MB/D o f  h ig h  

s u l f ur cr ude o i l s . 

• A 3 0  per c e n t  i ncrease  in c apac i ty for the d e s u l f ur i z a t i o n  o f  

naph tha , d i s t i l l ate , a n d  heavy f ue l  o i l , amoun t i ng to 2 , 3 6 2  

MB/D , wou l d  be needed to i ncre a s e  the r e s po nd e n t s ' c apab i l­

i ty to pro c e s s  l igh t  h ig h  s u l f ur crude o i l  by a t  l e a s t  2 0  

perce n t  o f  pro j e c t ed 1 9 8 2  to t a l  c r ud e  o i l  c apac i ty .  The se 

and other requ i red f ac i l i t i es , i f  b u i l t ,  wo u l d  be p l aced in 

95 re f in e r i e s  w i th pro j e c t ed c omb ined January l ,  1 9 8 2  c apac­

i t i e s  of 1 0 , 4 0 8  MB/D . As soc i a ted " sy s tem"  c apac i t ie s  were 

1 3 , 8 7 8  MB/D i n  1 3 3  re f i ner ies . 

• I f  the i ncrease  i n  h igh s u l fur crude o i l proc e s s ed is in t he 

heavy g rad e s , 2 , 5 1 8  MB/D o f  add i t i onal d e s u l f ur i z a t ion 

capac i ty wou l d  be req u ir ed . I n  th i s  c a s e , t h e  mix  wo u ld 

sh i f t , w i th a d e c rease o f  approx imate l y  1 0 0  MB/D i n  naph tha 

d e s u l f ur i z a t ion and an increa s e  of 2 1 7  MB/D in  h e avy f ue l  

o i l  d e s u l fur i za t ion capac i ty . The s e  and o t h e r  requ i red 

f ac i l i t i e s , i f  bu i l t , would be placed in 9 8  re f i ne r i e s  w i t h  

a pro j e c ted January 1 ,  1 9 8 2  capac i ty o f  1 0 , 8 4 2  MB/D . 

As soc i at ed " s ys tem" c apac i t ies we re 1 4 , 3 7 7 MB/D in 1 3 7  

re f i ne r i e s . 
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• Subs tan t i a l  new c apac i ty is al so required for s u l fur re cov­

e ry fac i l i t i e s , h ydrog e n  genera t ion , a nd re s id u a l  c o nver s io n  

proce s s e s  i f  more h ig h  s u l fur c r ud e  o i l  is  to b e  proce s sed . 

To t a l  new c apac i t ie s  iden t i f i e d  by the r e s po nd e n t s  for l igh t 

and he avy h ig h  s u l f ur c r ud e  o i l  proce s s i ng , r e s pe c t i v e l y , 

amou n ted to : 4 , 5 2 7  and 6 , 2 7 7  l o ng tons per d ay o f  s ul f ur 

recov e ry ; 5 3 1  a nd 7 8 8  m i l l ion s tandard c ub ic f e e t  per d ay o f  

h yd rog e n  g e ne r a t io n ; and 2 9 9  and 4 8 8  M B/D o f  re s i d u a l  co n­

vers ion ( mo s t l y  coking ) .  

• Me t a l l urgy i s  not now adequate to hand l e  the h ig h  s ul f ur 

c r ude o i l  i n  4 4  percent o f  the re f i nery c apac i ty whe re the 

added f a c i l i t i e s  m i g h t  be con s t r uc ted . 

• Re spond e n t s  e s t ima ted l e ad t imes av e rag i ng 4 3  mon ths  to 

br i ng o n  s tre am the added fac i l i t i e s  req u i r ed to proc e s s 

add itional h ig h  s ul f ur c r ude o i l  equiv a l e n t  to 2 0  p e r c e n t  o f  

c r ud e  o i l  c apac i ty . Th is t ime inc l ud e s  a u tho r i za t io n , 

perm i t t i ng ,  d e s ig n ,  e ng inee r i ng , proc uremen t ,  a nd 

con s tr uc t io n . 

• Compan i e s  re pre s e n t i ng 8 3  pe r c e n t  o f  tot a l  r e s po nd e n t  c apa c­

i ty ind i c a ted that they bel ieved they c o ul d o b t a i n  nece s s ary 

pe rm i t s  for con s t r uc t io n  and ope r a t ion of add ed f a c i l i t ie s  

to re f ine h ig h  s u l f ur c r ud e . 

• In re spo n s e  to the hypo th e t i c a l  que s t io n  and based o n  the 

econom i c  cond i t ions and company pl an s wh i c h  e x i s ted a t  the  

t ime of  the s urvey , f i rms repr e s e n t ing 7 3  percent of  

respond e n t  capac i ty i nd i c ated that the probab i l ity of  any 

s ig n i f i cant  par t  of  the  added fac i l i t i e s  be i ng cons truc ted 

was l ow or i mpos s i b l e . 
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I ncreased U n l e ad e d  G a so l i ne Man u f ac t u r i ng C apa b i l i ty 

• As repo r ted i n  P a r t  I ,  s ig n i f i c an t  new u n l eaded g a so l ine 

man u f ac t ur i ng fac i l i t i e s  are  c omm i t ted for c ompl e t i o n  by 

Ja nuary 1 ,  1 9 8 2 .  Th e s e  fac i l i t i e s  w i l l  prov i d e  the c apac i ty 

to prod uc e 8 7  ( R+M ) /2 unleaded g a s o l i n e  a s  8 2  per c e n t  o f  the  

to t a l  g a s o l ine poo l . I f  th i s  per c e n t ag e  we re requ i r ed to 

r i s e t o  9 0  perce n t , at leas t 1 2 4  re f in e r i e s  w i t h  a 1 9 8 2  

c apac i ty o f  1 2 , 4 2 5 M B/D wo uld hav e to add some add i t i o n a l  

fac i l i t i e s .  The s e  r e l a t ive ly l im i ted add i t i o n s  wo u l d  be i n  

c apac i ty for re form i ng , i some r i za t ion , c at al y t i c  c r a ck i ng , 

and a lkyl a t ion . 

• I f  9 0  per c e n t  o f  the to t a l  g a sol i ne poo l  i n  1 9 8 2  we re r e­

q u i red to be u n l eaded and i t s  oc tane spec i f i c a t i o n  we re 

ra i s ed t o  8 9  ( R+M ) /2 , compa n i e s  repre s e n t i n g  7 7 . 5 pe r c e n t  o f  

c apac i ty wo u l d  h av e  to b u i l d  add i t ional  f ac i l i t i e s . I n  th i s  

c a s e , re fo rmi ng capac i ty wo uld i nc r e a s e  s ub s tan t i al l y  and 

total i some r i z a t ion req u i reme n t s  wo u l d  be f iv e  t imes  t h a t  

now pl anned fo r 1 9 8 2 .  

• Compan i e s  re pre s e n t i ng 9 2  per c e n t  o f  to t a l  re s po nd e n t  c apa c­

i ty be l i ev ed they c o u l d  obta i n  nece s sary p e rm i ts for  

con s tr uc t ion and ope r a t ion o f  the fac i l i t i e s  r eq u i red t o  

i nc re a s e  the i r  unl ead ed pool to 9 0  p e r c e n t  o f  t o t a l  g a so l ine 

pro d uc t io n . 

• Con s ide r i ng f ut ure e conom i c  cond i t ions  a nd c ompany p l a n s , 

f i rms r epre s en t i ng 1 4  percent o f  re spond e n t  c apac i ty 

i nd i c a ted a h igh probab i l i ty that a s ig n i f i c a n t  par t o f  the 

added fac i l i t i e s  wo uld be con s truc ted and 4 2  p e r c e n t  

i nd i c a ted a med i um probab i l i ty . 
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I nc reased Low S u l f u r  H e avy F u e l  O i l  Manu f ac t ur i ng C apab i l i ty 

• I n  1 9 8 2 , c ompan i e s  r e s pond i ng to t h i s  que s t ion p l an to pro­

d uc e  1 . 5 MM B/D o f  he avy f ue l  o i l .  I n c r e a s i ng th i s  output by 

2 5  p e r c e n t  ( 3 7 5 MB/D ) and requ i r i ng th i s  i n c reme n t a l  prod uc t 

to b e  0 . 7  or l e s s  w t % s ul f ur wo uld re s ul t  i n  the cons t r uc­

t ion of 7 6 9  M B/D o f  new c rud e o i l  d i s t i l l a t i o n  c apac i ty . 

• I n c r e a s e s  i n  proc e s s  c apab i l i t i e s  wh i c h  wo u l d  be requi red i n  

th i s  c a s e  are : 3 6 4  M B/D i n  h yd ro t r e a t i n g , 2 3 3  M B/D i n  

hyd rore f i n i ng ,  1 , 3 51 l ong tons per d ay i n  s u l fur r e c ov e ry , 

and 2 1 0  m i l l ion s tand ard c ub i c  fee t per d ay i n  h yd rog e n  

g en e r a t ion . 

• Ba sed on a s s e s sm e n t s  o f  f uture e conom i c  cond i t i o n s  and 

corporate p l a n s  at the t ime of the s urvey , c ompan i e s  

repre s en t i ng 8 8  percent  o f  re s po nd e n t  c apac i ty i nd i c ated a 

l ow probab i l i ty t h a t  the fac i l i t i e s  req u i red by t h i s  

hypo the t i c a l  c a s e  wo uld ac tua l l y  b e  i ns ta l l ed . 

ENERGY SUPPLY/DEMAN D SURVE Y 

Th i s  s e c t ion s ummar i ze s  the s urvey d a t a  o n  e n e rgy and o i l  

s upply , d emand , a nd l og i s t i c s  for the ye a r s  1 9 8 0 , 1 9 8 2 , 1 9 8 5 ,  a nd 

1 9 9 0 .  S ummary pro j e c t ions are based u pon d a t a  from twe n t y  re s pond­

e n t s  i nc l ud ing twe lve d ome s t i c  o i l  compan i e s , t h r e e  fore i g n  o i l  

compan i e s , and f ive no n-o i l  organ i z a t i o n s . Unl e s s  o th e rw i se no ted , 

d ata reported are the  av erag e  o f  a l l  r e s po n s e s  r e c e i v ed ad j us ted to 

arr ive a t  a bal anced and cons i s te n t  s up p l y/d emand ma t r i x . 

Re s pon s e s  to the s urvey were rece ived i n  the spr i ng a nd s ummer 

of  1 9 7 9 . Th e i nd iv i d u a l  forec a s t s  wh i c h  prov i d e  the b a s i s  for the 

agg r eg a t ion s were almo s t  a l l  prepared in l at e  1 9 7 8  or v e r y  early 

1 9 7 9 . Be cause o f  t h i s , they d o  no t r e f l e c t  the po l i t i c a l  a nd 
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e conom i c  event s  wh i c h  h av e  occ urred i n  1 9 7 9 . Beca u s e  the  1 98 0 - 1 9 9 0  

d a t a  are b a s ed o n  now ou td ated fore c a s t s  and the fac t t h a t man y  

r e s pond e n t s  wo u l d  mos t  l ike l y  c hang e the i r  forecas t s , the  f i na l  

repo r t  w i l l  con t a i n  d ata wh ich u pd a te port io n s  o f  t h e  s urvey . 

Wor l d  O i l  S upply/Demand 

• The r e s po nd e n t s  e xpec t  a s ig n i f i c a n t  s lo w i ng in the g rowth 

of g lobal pe t r o l e um consumpt ion . Growth in pe t ro l e um con­

s umpt ion i s  forec a s t  to ave r ag e  2 . 3  per c e n t  per a nn um b e­

twe e n  1 9 7 7  a nd 1 9 9 0 , a very s ig n i f i c a n t  reduc t i o n  from the 

7 . 7  pe r c e n t  r a te o b s e rv ed be twee n 1 9 6 0  and 1 9 7 2 .  

• The coun t r i e s  be l ong i ng to the Org an i za t ion for Econom i c  

Co-o pe rat ion and De velopment ( OEC D ) are con s i d ered a b l e  to 

red uce the av e r ag e  annual growth in o i l con s umpt ion t o  1 . 3  

per c e n t  over the for e c a s t  pe r iod . 

• Be cause o f  re sponden t s ' d i f fe r e n t  a s s e s sm e n t s  o f  f ut u r e  

e conom i c  g rowth , energy pr i ce s , pe trole um ava i l ab i l i ty ,  

e tc . , there i s  increas i ng var i ab i l i t y  over t ime i n  the 

fore c a s t s  rece ived . For ex ampl e ,  the s pr e ad be twe e n  + 2 

s tand ard d ev i a t ions from averag e g lobal pe t ro l e um 

cons umpt io n  i nc r e a s e s  from 1 . 5 MMB/D i n  1 9 8 0  t o  1 0  MMB/D i n  

1 9 9 0 . 

• Th e g eo-po l i t i c a l  d i s tr ib u t ion o f  f u t ur e  g rowt h  i n  pe t ro l e um 

prod uc t io n  i s  e xpec ted to depar t s ig n i f i c a n t l y  f r om pas t 

trend s . Th e OECD c ou n tr i e s ' pe t ro l e um prod uc t io n  i s  

pro j e c ted to g row a t  a n  averag e  annual r a te o f  1 . 7  pe rcen t 

b e twe e n  1 9 7 7  a nd 1 9 9 0 , cons t i t u t i ng a rev e r s a l  o f  the 

d e c l i ne in prod uc t ion in rece n t  ye ar s .  Howeve r ,  s ig n i f i c a n t  

improv em e n t s  i n  t h e  r a t e  o f  n e w  r e s e rve add i t i o n s  w i l l  b e  

· r e q u i r ed i f  the forec a s ted prod uc t ion i s  to mate r i al i z e . 
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• Organ i z a t io n  o f  Pe tro l e um Ex por t i ng Co un t r i e s  ( OPEC ) prod uc­

t ion w i l l  g r ow at only 1 . 1 pe r c e n t  annua l ly , a s h a r p  d e c l i n e  

f rom h i s t o r i c  g rowt h  r a t e s . OPE C ' s s hare i n  g lobal s uppl i e s  

w i l l  d e c l ine  s l igh t ly from 5 0  pe r c e n t  i n  1 9 7 7  t o  4 5  pe r c e n t  

i n  1 99 0 .  Th e l ow r a te o f  produc t i o n  g rowt h  i s  probably d ue 

mos tl y to i n te r n a l  pol i t i c a l  and econom i c  con s i d e ra t i on s  

rather than t o  phys i c a l  resource l im i ts . 

• Th e f a s te s t  g rowth i n  pe t ro l e um prod uc t io n  i s  expec ted to 

take pl ace in the no n-OPE C develop i ng coun tr i e s . Prod uc t io n  

i n  the se coun t r i e s  i s  forecas ted t o  g row 6 . 5  p e r c e n t  a year 

be twe e n  1 9 7 7  and 1 9 9 0 .  The i r  share in g lob a l  s uppl i e s  w i l l 

i n c re a s e  f rom seven pe r c e n t  to 1 2  p e r ce n t . 

• A w i d e  rang e o f  i nd iv i d ual respo n s e s  was r e c e i v ed on the 

f ut ure s upply/d emand s i t u a t ion in the S i n o- Sov i e t  b l o c k  

coun t r i e s  ( U . S . S . R . ,  Ea s t e rn Eu rope , a nd Ch i na ) . Th e aver­

ag e r e s pon s e s  i nd i c a t e  that the S i n o-Sov i e t  bloc  w i l l  r ema i n  

a n e t  expo r t e r  o f  pe trol e um .  Th e w i d e  r a ng e o f  i nd iv idual  

re s pon s e s  i nd i c a t e s  the  uncer t a i n t y  o f  the f u t ur e  S in o­

Sov i e t  pe t ro l e um b a l ance . 

U . S .  E ne rgy S upply/Demand 

• u.s. e nergy c o n s umpt ion i s  forecas ted by r e s po nd e n t s  to 

i n c re as e  2 . 3 pe r c e n t  per ye ar ove r  the 1 9 7 7 -1 9 9 0  per iod 

wh i l e  GNP w i l l  g row a t  a 3 . 2  percent r a te . I n  the 

1 9 7 7 -1 9 9 0  per iod , the r a t i o  o f  to t a l  e n e rgy to GN P d e c l i ne s  

from 5 7 . 3  t o  5 0 . 6  t ho us a nd BTU ' s  p e r  1 9 7 2  d o l l ar o f  GNP . 

• Tr anspo r t a t ion e nergy w i l l  d e c l ine a s  a pe r c e n t  o f  the total  

from 2 6  per c e n t  in  1 9 7 7  t o  2 2  per c e n t  in  1 9 9 0 .  No n- e ne rgy 

and conv e r s ion losses ( pr imar i ly e l e c t r i c  u t i l i t i e s ) w i l l  

con t i n ue to g row s ub s tant i al ly f a s t e r  than the to t a l  ( from 

2 6  p e r c e n t  in 1 9 7 7  t o  3 2  p e r c e n t  in 1 9 9 0 ) .  
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• The share o f  o i l  and g as i n  to tal e n e rgy c o n s um p t i o n  i s  

s hown d ec l i n i ng from a lmos t 7 5  pe r c e n t  i n  1 9 7 7  t o  6 2  pe rcen t 

i n  1 99 0 . Co al and nuc lear powe r wi l l  i nc r e a s e  f rom 2 2  

pe r c e n t  i n  1 9 7 7  to a lmo s t  3 4  pe r c e n t  i n  1 9 9 0 .  

• Dome s t i c l iq u i d s  prod uc t io n  ( cr ud e , cond e n s a t e , a nd n a t ural 

g as l iqu i d s )  s tay a t  abo u t  1 0  MMB/D t h r o ug h  1 9 9 0 , wh i l e  

impo r t s  are forecas ted to increase  f rom 9 . 1  MM B/D i n  1 9 8 0 t o  

1 0 . 9  MMB/D i n  1 9 9 0 . 

• Dome s t i c  g a s  prod u c t ion wi l l  con t i n ue to d e c l ine d u r i ng the 

1 3  yea r  fore c a s t  per iod , but at a d im i n i s h i ng r a t e . To t a l  

g as s uppl i e s  are forecas ted t o  rema i n  f l at a t  abo u t  1 9 . 4 

t r i l l ion c ub ic fee t  pe r ye ar , a s  i nc re a s i ng impor t s  o f f s e t  

the prod u c t ion d e c l i ne . 

• Co al prod uc t ion i s  forecas ted to be 4 0  p e r c e n t  g re a t e r  i n  

1 9 8 5  a n d  8 0  pe r c e n t  g reater i n  1 9 9 0  t h a n  i n  1 9 7 7 .  Th e 

average o f  the respo n s e s  rece ived i nd i c a t e s  t h a t  n u c l e a r  

output w i l l  t r i pl e  ove r  the 1 9 7 7 -1 9 9 0 per iod . 

u . s .  P e t ro l e um P rod u c t  Demand 

• Re s po nd e n t s  expect  a cons iderable s l ow i ng o f  d ome s t i c  

pe t ro l e um d emand g rowth d ur i ng 1 9 7 7 - 9 0  f rom the h i s to r i c a l  

1 9 7 2 -7 7 t re nd o f  2 . 4  pe rcent annual ly , w i t h  g rowth d ur i n g 

the 1 9 8 0 ' s  to averag e s l ightly l e s s  than 1 p e r c e n t  pe r 

ann um .  Survey r e s ul ts show d emand i nc r e a s i ng f rom 1 8 . 4  

MMB/D i n  1 9 7 7 ,  to 1 9 . 5  by 1 9 8 0 , a nd to 2 1 . 3 MMB/D b y  1 9 9 0 .  

• Th e s urvey s hows that motor g aso l ine req u i rem e n t s  are pro­

j ec ted to peak i n  the e a r ly 1 9 8 0 ' s ,  pr imar i l y  re f l e c t i ng 

improvemen t s  i n  a u tomo t iv e  fuel  economy . Ne w c ar m i l e s  per 

g a l l o n , on ave r ag e , are proj ec ted to r i se f rom 1 5  in 1 9 7 7  to 

26 by 1 9 9 0 . As a r e s ul t ,  the m i l e s  per g a l l o n  o f  the e n t i re 
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p a s s e ng e r  car popu l a t ion i s  fore c a s ted to improve by nearly 

5 0  per c e n t  d ur i ng the 1 9 8 0 ' s  t o  22  mpg . 

• S urve y  respo nd e n t s  expe c t  unl e ad e d  g a sol i ne to acco un t  fo r 

more than 8 0  p e r c e n t o f  total g a so l ine d emand by 1 9 9 0 .  Of 

th i s  q uan t i ty , abo u t  4 0  percen t  i s  an t ic i p a ted to be premi um 

unl ead ed wi th a n  o c tane l ev e l  o f  9 2  ( R+M ) /2 .  

• Ac cord i ng to s urvey re spond e n t s , m id d l e  d i s t i l l a t e  d emand 

( keros i n e , j e t f ue l , d i s t i l l a te f ue l ) g rowth w i l l  averag e 

abo u t  2 . 4  p e r c e n t  annua l ly d ur i ng 1 9 7 7 - 9 0 .  Of t h i s  total , 

the s urve y  d a ta i nd i c a te that o n- h ighway d i e s e l  requ ire­

men t s  w i l l  i ncrease  sharply ( 7 . 4  percent a n n ua l l y  1 9 7 7 - 9 0 ) 

re f l ec t i ng the g rowing u s e  o f  d ie s e l  powe red pas s e ng e r 

cars . 

• Survey respo n s e s  show res idual fue l d emand i nc r e a s i ng 

thro ugho u t  the e arly to m i d-1 9 8 0 ' s  a nd t h e n  d e c l i n i ng mo d­

e s t ly by 1 9 9 0 . Th e s e  re s ul ts track e l e c t r i c  u t i l i ty l iqu id s 

cons umpt i o n  - - the s i ng l e  l a rg e s t  e n d- u s e  marke t for re s i d­

ual f ue l  o i l . 

• By 1 9 9 0 , r e s po nd e n t s  expect  l ow s u l fur f ue l  o i l  ( l e s s  than 

1 . 0  w t  % s ul f u r )  t o  account for nearly 6 0  pe r c e n t  o f  to t a l  

res i d u a l  f u e l  d emand . I n  contras t ,  l ow s ul fur d emand was 

s l igh t l y  l e s s  t h a n  5 4  pe rcent in 1 9 7 7 .  

• S ub s tan t i a l  d i f ferences  e x i s t  among i nd iv i d u a l  s urvey 

respo n s e s  on f u ture d emand s for ke ro s i n e , l ique f i ed g a se s , 

pe trochem i c al feeds tocks , and m i s c e l l aneous prod uc t s . For 

the se produc t s  the s tandard d ev i a t ion i s  more than 2 0  per­

c e n t  o f  the me an forecas t v a l ue for 1 9 9 0 .  
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• Ov er the forec a s t  pe r iod 1 9 7 7 - 9 0 , the  s urvey i nd i c a te s  a 

mod e ra te i nc r e a s e  i n  the propo r t ion o f  l igh t-e nd prod uc t s  

c on s um ed , d e sp i te the proj e c ted pe a k i ng o f  g as o l ine re­

q u i r emen t s  d u r i ng the  m i d- 1 9 8 0 ' s .  Th i s  i s  oppo s i te to the  

trend d ur i ng 1 9 7 2 -7 7 , when r e s i d u a l  f ue l  d emand i nc re a s e d , 

on ave r ag e , four percent ann ual ly . 

Reg ional O i l  S upply/Demand 

• To t a l  prod uc t d emand increases in bo t h  PADs I - I V  and PAD V 

w i l l  be mod e s t  over the next  d ecad e , averag i ng l e s s  than one 

pe rcent ann ual ly i n  bo th are a s . Demand i n  PA Ds I - I V  w i l l 

g row f rom 1 6 . 8  MMB/D i n  1 9 8 0  t o  1 8 . 2 MMB/D i n  1 9 9 0 ; PAD V 

d emand s w i l l  b u i ld from 2 . 7  t o  3 . 0 MM B/D ove r  the s ame 

per i od . 

• Th e s urvey d at a  show a h a l t  in  the trend o f  PAD V t o t a l  

d emand g rowi ng f a s ter than PADs I - I V .  Howeve r ,  t h e  s urvey 

i nd i c a t e s  that 1 9 9 0  g as o l ine d em and i n  PAD V w i l l  rem a i n  

e s sen t i a l ly unchang ed from 1 9 7 7  l ev e l s ,  whe rea s d emand i n  

PADs I - I V  w i l l  d e c l i ne f iv e  t o  s i x pe r c e n t  d u r i ng the s ame 

per iod . 

• Chang e s  i n  PAD c r ud e  r uns wi l l  m i rror prod uc t d emands and 

rema i n  a t  a runs/ demand r a t i o  of 0 . 7 8 i n  PADs I - I V  a nd 0 . 9 0 

i n  PAD V i n  the 1 9 8 0 - 9 0 t ime per iod . 

• The prod uc t ion o f  pe t ro l e um l iq u i d s  i n  PADs I - I V  i s  e xpec t ed 

to d e c l ine f ur the r ,  a t  a 1 . 5  p e r c e n t  annual r a te , from 7 . 8  

MM B/D i n  1 9 8 0 t o  6 . 7  MMB/D i n  1 9 9 0 .  Forec a s t e r s  e s t ima t e  

t h a t  o n l y  h a l f o f  t h a t  loss  w i l l  b e  o f f s e t  by w i th P A D  V 

prod uc t ion r i s i ng from 2 . 5  t o  3 . 1  MMB/D i n  the s ame pe r iod . 

• Re s pond e n t s  ant i c ipate imports o f  fore ign o i l s  i n to PADs 

I - I V  to con t i n ue upwa rd , r ea c h i ng 1 0 . 3 MMB/D i n  1 9 9 0  f rom a 
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1 9 8 0  l ev e l  o f  8 . 6  MMB/D - - a 2 . 0 p e r c e n t  a n n u a l  i nc r e a s e  

- - w i th i nc l uded prod uc t impo r t s  r ema i n i ng near  con s t a n t  a t  

a two MMB/D l ev e l . Fore i g n  s h i pm e n t s  i n to PAD V d ro p  

sharply f r o m  1 9 7 7  t o  1 9 8 0 , but ho ld a t  abo u t  6 0 0  M B/D f rom 

1 9 8 0  t hr o ug h  1 9 9 0 .  

• PAD V r e c e i p t s  f rom PADs I - I V  a re expec ted to ho l d  throug h  

the d e c ad e  a t  the 1 3 0  M B/D l evel and w i l l  b e  9 7  pe rcen t 

produc t s . PADs I - I V  r e l i ance on PAD V w i l l  move toward 8 7 0 

M B/D ( 9 5 pe r c e n t  c r ud e  o i l ) by 1 9 9 0 , d o ub l i n g  1 9 8 0  rec e i p t s  

a t  an annual r a t e  o f  near 7 . 5  percen t . Howe v e r , a w i d e  

rang e  o f  o p i n ions we re e xpre s sed . 
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APPENDIX D 

History and Fundamentals of 
Refining Operations 





H I S TORY AN D FUNDAMENTALS OF REF I N ING OPERAT IONS 

BAS IC RE FINING PROC E S S E S l 

The h i s to ry of pe trol e um re f in i ng h a s  been one o f  evo l u t ion . 
Pe trol eum re f i n ing technolog i e s  have r i sen to me e t  the d emand s o f  
the ma rke t pl ac e , the n e w  d eve l opment s o f  each per iod be i ng b a s ed 
l arge ly on the s c i e n t i f i c advances  o f  the prev i o u s one . 

Fo l l ow i ng the d eve l opme n t  o f  the f i r s t  c omme r c i a l  o i l  we l l  by 
Col . Edwin Drake i n  1 8 5 9  i n  Pennsylvan i a , a numbe r  o f  re f iner i e s  
were cons truc ted i n  Pe nnsyl van i a  and New Yo rk , where more comme r ­
c i a l  we l l s we re s t r uck . Dur i ng the se e a r l y  d ay s  o f  t h e  re f i n i ng 
i ndus try , roughly e x tend ing from the 1 8 6 0 ' s  un t i l  1 9 2 0 , ope r a t ions 
were gener a l ly l imi ted to heat  d i s t i l l a t ion o f  c r ud e  o i l . 

Al though eq u i pmen t  d e s ign and d i s t i l l a t ion te chn i que s h ave 
advanced marked ly ove r the ye ars , c rude o i l d i s t i l l a t ion rema i n s  
tod ay wha t  i t  wa s i n  t h e  e a r ly ye ars -- the separa t ion o f  c r ud e  o i l 
i n to d i s c r e te frac t ions h av ing d i f f er i ng character i s t i c s . The se 
var ious frac t ion s , o r  cu t s , may be sold d ire c t l y  o r  may be f ur t h e r  
" re f i ned " i n  other proce s s  un i t s . Th e to t a l  prod u c t s  man u f a c t ur ed 
by a re f in e ry for d i s t r i bu t ion are t e rmed " the prod uc t s l a te . "  

Those c omponen t s  wh i c h  " bo i l "  and are recovered a s  an overhead 
s tream ,  o r  a s  s id e c u t s ,  are re fe rred to a s  " d i s t i l l a t e s "  and are 
f urther c a t egor i zed by o t her phys i c a l  proper t ie s . The bo t tom prod ­
u c t  from the c rud e o i l  d i s t i l l a t ion column con t a i n s  ma te r i a l s  wh i ch 
are too he avy to bo i l  und e r  the a tmos pher i c  pre s s ure cond i t ion s o f  
the crud e o i l  un i t .  Th i s  bot tom prod u c t  h a s  many n ame s - - " a s ­
ph a l t , " " a tmos pher i c  re s id , "  " re s idual o i l , "  " t opped c r ud e , "  and 
" No .  6 f ue l  o i l , " among t hem . 

In i t i a l ly , keros i n e  and l ig h t  d i s t i l l a te s  we re cons id ered the 
pr ime prod uc t s . Ga so l ine h ad e s sent i a l ly on l y  nu i sance v a l ue un t i l  
t he early 2 0 t h  c e n t ury , wh en the ad ve n t  o f  the au tomob i l e and i ts 
inte rnal c ombu s t i on e ng ine r e s ulted in  i nc r e a s ed d emand for ga so­
l ine . However , t he quan t i t i e s  requ i red we r e  i n  approx imate bal ance 
with the amount con ta ined i n  the quan t i ty o f  c r ud e  o i l  proc e s sed to 
me e t  the demand for the heav i e r  d i s t i l l a te s . S imul t aneou s ly , a 
growi ng marke t wa s d eve l op i ng for l ubr i c a t i ng o i l s o f  b e t t e r  
qual i ty .  

Dur i ng Wor l d  War I ,  m i l i t a ry requ i r emen t s  nece s s i ta ted rap id 
advanceme n t  in appl i c a t ion and ref inemen t  o f  e x i s t i ng i n ternal com­
bus t ion e ng ine te chnol ogy . In the immed i a t e ly s ubseq uent pos t-wa r 

lAd apted w i th pe rm i s s ion from a pape r pr e sen ted by R .  M .  
De Vi e rman and A .  P .  Krued i ng ,  UOP Proc e s s  D i v i s ion , be fore a j o in t  
Federal Energy Adm i n i s trat ion/N a t ional Pe trol eum Re f i n e r s  As soc i a ­
t ion Sympo s i um ,  Arl i ng ton , VA , Septembe r  4 ,  1 9 7 4 .  
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year s , " sp i n-of f "  f rom wa r t ime techno l ogy l ed to d e s ig n  and prod u c ­
t ion improveme n t s  i n  a u tomo t ive man u f ac t ure wh i c h  mad e a u tomob i l e  
own e r s h i p  g e n e r a l ly more c ommo n . 

Dur ing t h i s  per iod , the  typ i c al u . s .  r e f i nery wa s s t i l l  a sma l l  
and s impl e oper a t ion . In 1 9 1 8  there were 2 6 7  re f i n e r i e s  w i t h  a 
t o t a l  c apac i ty o f  1 . 2 MMB/D , o r  l e s s  than 4 , 5 0 0  M B/D p e r  re f i ne ry 
( se e  F ig ure D-1 ) . 
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Fig u re D- 1 .  U .S .  Petroleum Refi nery (c i rca 1 91 5 ) .  

Wi th i n  a short t ime , pe t ro l e um re f i n e r s  we re faced w i th the 
prob l em of s h i f t i ng the i r  produc t s l a te towa rd produc t io n  o f  more , 
h igher q u a l i ty g a so l ine from a g iven barrel  o f  c r ud e  o i l  than h ad 
prev i o u s l y  been recovered by s impl e  d i s t i l l a t i o n  proc e s s e s .  Th e 
conve r s ion o f  he avier f r a c t ion s  to ga so l ine b e c ame nece s s a ry . 

In the e a r ly 1 9 2 0 ' s ,  w i th the c omme rc i a l i za t ion o f  the the rmal 
c rack i ng proce s s , r e f i n e r s  found a s a t i s fac tory e conom i c  so l u t ion 
wh ich wa s c ompl emen ted by a s ubstan t i a l  i ncrease i n  d ome s t i c  c r ud e 
o i l  produc t ion ( see F i g ur e  D-2 ) .  The rmal crack i ng i s  a seve re fo rm 
o f  t h e rma l proce s s i ng . I t  r e d uce s the amoun t o f  he avy f ue l  o i l 
prod uced by c rack i ng , o r  f r a c t ur i ng , the mo l e cu l e s  u s i ng the heav i ­
e s t  c omponen t s  pre s e n t  i n  c r ude o i l  t o  prod uce l ig h te r , g e ne r al l y  
more va l u a b l e  ma te r i a l s , s uc h  a s  gaso l i ne and l ig h t  f u e l  o i l s . 
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Ac ceptance of the new proc e s s i ng techn ique wa s immed i a te . From 
the s tandpo i n t  of the a u tomo t ive i nd u s t ry , the s ucce s s f ul c omme r­
c i al i z a t ion of the c rack i ng pro c e s s  c ame none too soo n . Ap a r t  from 
the prob l em o f  ga so l ine ava i l ab i l i ty ,  ga sol ine q u a l i ty h ad bec ome 
t roub l e some . Eng i n e  knock h ad been ide n t i f ied a s  a severe fue l 
prob l em ;  ga sol ine from c r ud e  o i l  d i s t i l l a t ion un i t s  b urned too f a s t  
a nd uneve n ly , a f f e c t i ng the e f f i c ie ncy o f  e ng i ne performanc e .  
Cra cked ga sol ine wa s found to be o f  s upe r ior q ua l i ty ,  a s  me a s ured 
by the " o ctane r a t i ng , "  and demand for wh a t  wa s then cons idered to 
be a " pr emi u m "  f ue l  from the rmal c r a cke r s  so ared . The the rma l 
c rack i ng pro c e s s  became a ma i n s tay o f  the e a r ly r e f i ne ry .  

Dur i ng the l a te 1 9 2 0 ' s  and e arly 1 9 3 0 ' s ,  c o n s ume r d emand re­
qu i red that the re f i n i ng i ndu s t ry con t i nue to s h i f t  f r om prod uc t i on 
of h e avy d i s t i l l a tes  a nd f ue l  o i l s  towa rd that o f  mo re h igher qua l ­
i ty gasol i n e  ( se e  F i g ure D-3 ) . 

A by-prod uc t of the pr eviou s l y  c omme rc i a l i zed the rma l c r a ck i ng 
proc e s s  wa s a ga seou s ma ter i a l , r i ch i n  a type of hyd roc arbon known 
a s  " ole f i n s . "  Ol e f i n s  are typ i c a l ly prod uced i n  ope r a t ions wh ere a 
d e f i c iency i n  hyd rogen e x i s t s . Th ey are reac t ive ma ter i a l s  and can 
be made to form h e a v i e r , l iqu id ma ter i a l s . I n  the e ar l y  days  o f  
therma l c rack i ng , th i s  o l e f in-r ich g a s eous  co-prod uc t wa s u s e d  a s  a 
f ue l  gas or , i n  some c a s e s , b urned a s  a wa s t e  prod uc t . 
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To make econom i c  u s e  o f  the se l igh t t h e rma l o l e f i n s ,  the c a ta­
lyt i c  cond e n s a t ion or po lyme r i za t ion proc e s s  wa s d eve l oped . Th i s  
proc e s s i ng techn ique u t i l i z e s  a cataly s t  to prov i d e  the proper pro­
ces s i ng cond i t ions unde r  wh i ch l igh t o l e f i n s  w i l l  r e a c t  s e l e c t i ve ly 
to y i e l d  a h igh o c tane g a so l ine . Th e ove r a l l e f f i c i e ncy o f  the 
opera t io n  wa s improved by " concen t ra t i ng "  the l i gh t o l e f i n s  i n  a 
g as recovery p l a n t  pr ior to proc e s s i ng i n  the po lyme r i z a t io n  un i t .  
Th i s  proce s s  wa s l a t e r  appl i ed to prod uce ga so l ine from s u i  table 
o l e f ins  recove red f rom other type s o f  ope r a t i on s . 

The y i e ld of r e s i d u a l  o i l  wa s reduced through appl i c a t ion o f  
improveme n t s  i n  va cuum d i s t i l l a t ion techn ique s and eq u i pmen t  d e ­
s ig n .  As me n t i oned prev i o u s l y , the bot tom produc t f rom the c rud e 
o i l  d i s t i l l a t ion c o l umn con t a i n s  ma te r i a l s  wh i c h  w i l l  no t d i s t i l l  
a t  a tmos ph e r i c  pr e s s ur e .  Wh en the a tmosph e r i c  r e s i d  wa s f r a c t ion­
a ted under a va cuum , a d i s t i l l a t e , r e f e rred to as va c u um g a s  o il ,  
was re cove red , wh i c h  could be d i rec ted to therma l c r ack i ng to pro­
d uce add i t ional  ga so l i n e . 

The re f i n e r  was abl e to cu t mor e dee ply i n to the  c r ud e  o i l and 
f ur ther reduc e he avy f ue l  o i l  y i e l d s  by apply i ng the v i s b r e ak ing 
and cok i ng proc e s s e s  to the va cuum re s i d u um , or p i tc h . Vi sbre ak i ng 
i s  a m i l d  form o f  t h e rma l c r ack i ng wh i c h  wa s ,  and s t i l l  i s ,  u s ed 
pr ima r i ly to improve c e r ta i n  o f  the f ue l  o i l chara c te r i s t i c s  o f  
r e s idua . 

Cok ing i s  a more severe type o f  t h e rma l proc e s s i ng . I n  the 
cok i ng un i t ,  a tmosphe r i c or va cuum re s i d u um is s ub j e c ted to t ime­
tempe r a ture cond i t ions wh i ch ,  t hrough a s e r i e s  of c ompl e x  reac­
t ion s , re s ul t  i n  prod uc t io n  o f  gas , gasol i n e , d i s t i l l a te s , and 
pe tro leum coke . 

Th e number o f  r e f iner i e s  i n  the Un i te d  S t a te s  pe ake d i n  1 9 4 0 ,  
with 4 6 1  i n  opera t io n ; the i r  to t a l  capac i ty wa s 4 . 2 MMB/D , an ave r­
age o f  9 . 1 MB/D p e r  re f i nery . 

Dur i ng the e ar ly ye ars  o f  Wor l d  War I I ,  the U . S .  g ove rnme n t  
brought toge ther the re f i n i ng technolog i e s  t o  e xped i te t h e  c on t r i ­
but ion o f  the pe t ro l eum i ndu s t ry t o  the wa r e f for t ,  p a r t i cu l a r ly i n  
t h e  manufac t ure o f  b ad ly need ed h igh oc tane av i a t ion f ue l . Wo rk i ng 
i n  c l ose col l abora t i on ,  pe tro l e um indu s t ry s c i en t i s t s and eng i n e e r s  
immed i a t e l y  d i re c ted the i r  broad knowl edge a n d  t a l e n t s  to the  war 
e f fo r t . From the indu s t ry ' s  l abora to r i e s  and eng i n e e r ing depart­
men t s  c ame techno l ogy for the proce s s  o f  a lkyl a t i o n , i some r i za t ion , 
f i xed bed crack i ng , thermo fo r c a talyt i c  c rack i ng , and the mos t  
impor tan t o f  the h e avy d i s t i l l a te conve r s ion proce s se s  f l u id 
c a taly t i c  c r ack i ng ( FCC ) ( s ee F igure D-4 ) .  

F l u i d  cataly t i c  c r ack i ng conve r t s  v i rg i n  a tmosphe r i c and vacuum 
gas o i l s  and he avy s to ck s  d e r ived f rom o t h e r  re f i n e ry opera t ion s 
i n to h igh-octane " c a t "  g a so l ine and l ig h t  f ue l  o i l s  c a l l ed " cyc l e  
s tocks . "  Ole f i n-r ich l igh t gase s , wh i c h  c an b e  d i re c ted t o  po ly­
me r i z a t ion o r  alky l a t ion ope r a t ions to prod uc e g a so l i n e , are  co­
prod uc t s . Wi th prope r d e s ign and se l e c t ion o f  ope ra t i ng cond i t ions  
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and c a taly s t s ,  y i e lds and q ual i t i e s  o f  s pe c i f i c  F C C  produc t s  may be 
var i ed . Typ i c a l ly ,  y i e l d s  o f  l iq u id prod uc t s  w i l l  e x c e ed 75 to 8 0  
volume pe r c e n t  o f  the FCC feed . Th e c rack i ng r e ac t io n  i s  ac com­
pl i shed in the pre s e n c e  of a c a t a lys t a t  con t ro l l ed cond i t io n s  o f  
tempe r a t ure , pre s s ur e , a n d  t ime . Th e t e rm " f l u id ca talyt i c  c rack­
i ng "  d e r ive s  from the use of a c a t a ly s t  con s i s t i ng o f  s ma l l  par t i ­
c l e s  wh i ch ,  whe n  aerated w i th a vapo r ,  behave a s  a f l u id . Th i s  
f lu id i zed ca t a lys t w i l l  f l ow and i s  c i r c ul a t e d  w i t h i n  t he s y s t em . 

The a lkyl a t ion proce s s  fo r mo tor f ue l  prod uc t ion c a t a ly t i c a l ly 
comb i n e s  l ig h t  o l e f i n s , pr ima r i ly m i x t ur e s o f  propyl e n e  and buty­
lene s ,  wi th i sobu tane ( a  para f f in i c h yd rocarbo n ) to produce a f ue l  
that i s  o n e  o f  t h e  h ighe s t  qual i ty c ompon e n t s  o f  a g a so l i n e  poo l . 
The alkyla te pro d uc t h a s  e x c e l l e n t  an t i knock prope r t i e s  and l e ad 
r e spo nse . I t  i s  c l e an bur n ing , has  h ig h  u n l e ad ed and l e ad ed Re ­
search and Mo tor oc tane ra t i ng s , and has an e x c e l l e n t " per fo rmanc e "  
r a t ing , a s  we l l .  The alkyla t io n  reac t i on take s p l a c e  i n  the pr e s ­
ence o f  a c a t a l ys t ,  hyd ro f l uor i c  ac id or s u l f ur i c  ac id , u nd e r  con­
d i t ions  se l e c ted to max im i z e alky l a te y i e ld and q u a l i ty . 

Whe n  cons id ered toge the r ,  the FCC and alkyl a t io n  pro c e s s e s  are 
o f  maj or importance in the  man u f a c t ure o f  qual i ty gasol i n e . The 
ove r a l l  gaso l i n e  y i e ld of the two proce s s e s  - - the " c a t "  g a so l i n e  
plus the a lkyl a te prod uc ed from the F C C  ole f in s  - - w i l l  typ i c a l ly 
e xceed 9 0  vo l ume pe r c e n t  o f  the FCC feed . A l l ow i ng f o r  the b l end­
i ng o f  bu tane i n to the ga sol i ne to mee t  vol a t i l i ty requ i r eme n t s ,  
the ove r a l l  y i e l d  approache s 1 0 0  volume pe rcen t .  I n  o th e r  wo rd s , 
for each barre l of fee d s to ck proce s s ed i n  t h e  F C C  u n i t ,  appro x i ­
mate ly o n e  barrel o f  gaso l i n e  c an b e  recove red f rom the c omb i ned 
FCC -alky opera t ion . There i s ,  of c o ur s e , an ad d i t io n a l  y i e ld o f  
f ue l  o i l  f rom t h e  F C C  u n i t .  

I sobu tane i s  c o n s umed i n  the alky l a t i o n  pro c e s s .  Th e i some r i ­
zat ion proce s s  wa s d eve l oped and ad d ed t o  the re f i n e ry c ompone n t s  
i n  order t o  prod u c e  i sobu tane from norma l bu t a n e  and , t h u s , s uppl e ­
men t  the i sobu tane recove red from t h e  c r ud e  i t s e l f  a n d  from o t h e r  
proce s s e s . 

Af t e r  Wo r l d  Wa r I I ,  the ava i l ab i l i ty o f  c a ta ly t i c a l ly c r acke d 
gaso l i n e s  and a lkyl a te for mo tor f ue l  b l e nd i ng mad e re f i n e ry naph­
tha , w i th i t s l ow o c tane n umbe r , i ncreas i ng ly u n a t tr a c t ive a s  a 
ga sol ine c ompone n t . In  the l a te 1 9 4 0 ' s ,  a r ad i c a l l y  d i f fe r e n t  pro­
cess wa s d eve l oped that u t i l i zed a c a talys t c o n t a i n ing p l a t i num i n  
pe t ro l e um re f i n i ng for the f i r s t  t ime .  Th i s  proce s s ,  known a s  c a t­
a lyt i c  reform i n g , r evol u t i o n i z e d  the a r t  o f  conve r t i ng l ow g rad e 
naph thas i n to h igh-oc tane mo tor f ue l s . 

Cataly t i c  re fo rmi ng i s  the oc tane genera tor and d e t e rm i n an t  
i n  the gaso l i ne-or i e n ted r e f i n ery .  The g a so l i ne-range rna te r i a l s  
recovered from o t h e r  ope r a t ion s , s uch a s  F C C , a lkyla t io n , h yd ro ­
c rack i ng , a n d  po lyme r i z a t ion , a r e  o f  r e l a t ive ly f i xed o c t a n e  q u a l ­
i ty .  The c a t a lyt i c  re fo rmi ng proce s s  i s  capable o f  e f f ic i e n t ly 
y i e ld i ng gaso l i n e  produc t s  r ang ing i n  o c t a n e  number f rom the l ow 
8 0 ' s  to over 1 0 0  Re search c l e a r  ( un l e ad ed ) .  Un fort una t e ly , a s  
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ope r a t i ng seve r i ty i s  i n c re ased to ra i se the o c tane n umbe r ,  g a so ­
l ine y i e ld d e c r e a s e s .  On the ba s i s  o f  g a so l ine prod uc ed per un i t  
o f  feeds tock , typ i c a l  y i e ld s  c an range from ove r 9 0  v o l ume pe r c e n t 
to 7 0  vo l ume pe rce n t ,  r e s pe c t ive ly , for l ow to h i gh o c tane ope r­
a t io n s . Th i s  pro c e s s  i s  a l s o  the ma j or sou r c e  o f  the hyd rogen 
req u ir ed fo r ma ny o f  the ope ra t ion s empl oyed i n  tod ay ' s mod e r n  
r e f iner i e s . 

S i nc e  proc e s s i ng ove r a pl a t i num c a t a ly s t  prod uc e s  aroma t i c s , 
s uch as b e n zene , toluen e , and xylen e , c a t a ly t i c  re fo rmi n g  q u i ckly 
e s tab l i s hed i t s e l f  a s  a proc e s s i ng base fo r d eve l opme n t  o f  an aro­
ma t i c based pe t rochem i c a l  i n d u s t ry .  

Wi th con t i n u i ng empha s i s  on produc i ng g r e a t e r  q u an t i t ie s  o f  
h ig h e r  o c tane g a s o l i ne s , i t  became nece s s a ry to upg rade o the r ma te­
r i a l s  wh ich we re fo rme r ly used d i re c tly as  g a so l i n e  c ompone n t s ,  
s uc h  a s  thermal naph thas d e r ived f rom thermal c r a ck i ng , v i sbreak ­
i ng , and cok i ng opera t i o n s , a s  we l l  a s  re f i n e ry naph t h a s  h av i n g  
more than mod e s t  amoun t s  o f  s ul f ur and n i troge n . Th e contam i n a n t s  
pre sent i n  the s e  rna t e r  i a l s , howeve r , we re de tr ime n t a l  ( po i sonous ) 
to the pl a t i num-based c a taly s t  used i n  the r e form i ng proc e s s . 
Trea tment o f  s uch s tocks pr ior to c a t a ly t i c  re fo rmi ng bec ame a 
n e c e s s i ty .  

W i th the deve l opme n t  o f  the hyd ro t re a t i ng p ro c e s s  i n  the m i d -
1 9 5 0 ' s  an e f f i c ien t an swer t o  th i s  probl em w a s  prov id ed . The pro­
c e s s  ut i l i z e d  hyd roge n  produced i n  the c a ta ly t i c  r e f o rme r i t s e l f , 
to cata lyt i c a l ly r emove s u l f ur , n i troge n , and o t h e r  re fo rme r c a t a­
lys t  po i so n s .  The y i e ld o f  t reated produc t f rom a hyd ro tr e a t e r  
general ly approache s 1 0 0  vo l ume pe rcen t .  A s  c a ta lyt i c  re fo rmi ng 
s eve r i ty i n c re ased ove r the ye ar s , more a c t ive c a taly s t s  we re 
d eve l oped and greater care wa s exerc i s ed to provide c l e an feed­
s tock s  for the se ope r a t ions . Th us , it  b e c ame rou t i n e  prac t i c e  to 
h yd rotreat re fo rmer feeds for e l imi n a t ion of con t am i n an t s  ( se e  
F i g u r e  D- 5 ) .  

I n  the l a t te r  part o f  the 1 9 5 0 ' s ,  improveme n t s  i n  the d e s ig n  
and r e l i ab i l i ty o f  s u l f ur i c and h yd ro f l uor i c  a lkyl a t ion proce s s  
un i t s  re s u l ted i n  the beg i n n ing of the pha s i ng o u t  o f  the c a talyt i c  
po lyme r i z a t ion proc e s s  a s  a route to g a so l ine prod uc t ion . Polyme r ­
i za t ion techno l ogy , howeve r , r e ta i ned i t s  impo rtance a s  a re f i n ing 
tool in the prod uc t io n  o f  a var i e ty o f  c ompounds u s ed in the pe tro­
chem i cal i nd u s try . 

Th e use o f  chem i c a l tre a t i ng pro c e s s e s  fo r odor improveme n t  o f  
gasol ine and d i s t i l l a te , or f o r  red uc t ion o f  the s u l f ur content o f  
l ig h t  hyd rocarbon s t reams , b e c ame w i d e spread . 

W i th the deve l opme n t  o f  c a talyt i c  proce s s i ng d u r i ng the wa r 
ye ars and e a r ly 1 9 5 0 ' s ,  the rmal based ope r a t i o n s  bec ame r e l ega ted 
to a po s i t io n  of l e s s e r  impo r tance . Mo s t  thermal proc e s s i ng now i s  
be i ng u s ed i n  the area o f  vi sbreak i ng and c ok i ng . The re f i n i ng 
i ndus try h ad passed f rom the thermal to the c a talyt i c  e r a . 
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I n  the l a t e  1 9 5 0 ' s  and early 1 9 6 0 ' s ,  r ap id a c c e p t a n c e  by the  
a i r l i n e s  o f  the  t urb ine e ng ine res u l t ed i n  a s t a r t l i ng i nc r e a s e  i n  
j e t f ue l  consump t i o n . The pe tro l eum indu s t ry wa s h a rd pre s s ed to 
mee t  the d emand . W i th the h yd roc r a ck i n g  proce s s  i n  1 9 6 0 , the  r e ­
f i ner wa s pro v i d ed w i th a tool for produc t io n  o f  h igh q u a l i ty j e t  
f ue l  from ma t er i a l s  othe rw i se un s u i t abl e .  Hyd rocra ck i ng i s  a h igh­
l y  v e r sa t i l e  pro c e s s  wh i ch can ch arge any f r ac t io n  o f  c rud e o i l  to  
yield  v i r t ua l ly a ny produc t 1 igh te r ( l owe r bo i l i ng ) and  c le an e r  
than the charge s tock . Th e pro c e s s  c an produce d i re c t ly a l mo s t  any 
ma ter i a l  ' the re f in e r  marke t s , s uch as l iq u i f i e d  pe t ro l e um gas 
( LPG ) ,  l ig h t  g a s o l ine , t ur b i ne f ue l s , l ub r i c a t i ng o i l s , and  d i e s e l  
and d i s t i l l a te f ue l s . I t  can a l so upgrad e  s to ck s  for s ubseque n t  
proce s s ing i n  o ther ope r a t i on s . Wi th hyd roc r ack i ng r e ac t i o n s ,  un­
d e s irable s ul f ur , n i t roge n , and oxygen c ompo un d s  are  a l mo s t  c om­
p l e te ly r emoved ( see F i g ur e  D- 6 ) .  

Hyd roc rack i ng f l e x i b i l i ty pe rm i t s  ready ad j us tme n t  o f  r e f i nery 
prod uc t ion to wha t eve r propor t ion s are n e c e s s a ry f o r  var i a t ions i n  
s e a sonal , geog raph i c ,  o r  marke t i ng requ i reme n t s . 

Hyd rocrack i ng i s  a c a t a ly t i c  pro c e s s  and , a s  i s  hyd ro tr e a t i ng , 
a h yd rogen con s ume r . To t a l  y i e ld o f  l iq u id prod u c t s ,  t h a t  i s , g a s ­
o l i ne and heav i e r  ma t e r ia l s , w i l l  e x ceed 1 0 0  v o l ume perce n t  o f  
feed . The y i e l d  o f  s pe c i f i c prod uc t s  w i l l  d epe nd on the appl i c a ­
t i on . Fo r e x ampl e ,  y i e ld s  o f  j e t  f ue l  approx ima t i ng 8 5  to 9 0  vo l ­
ume pe rcent o f  f e ed c a n  b e  ach i eved , w i th the concurrent prod uc t io n  
o f  L P G  a n d  l ig h t  g a so l ine . 

Hyd rogen for hyd rocrack i ng and hyd ro tr e a t ing i s  mos t  o f t e n  s up­
pl i ed by c a t a lyt i c  re fo rmi ng opera t ion s . Proce s s  s e l e c t i on a nd 
f l ow s cheme i n  many i n s tances have been d i c t a ted by " hyd rogen b a l ­
anc e "  con s id era t i on s . Where th i s  has  no t b e e n  pos s i b l e ,  s up pl eme n­
t ary hyd roge n  g e n e r a t i o n  fac i l i t i e s  have been i n s ta l l ed . 

The d e c ad e  o f  the 1 9 6 0 ' s  s aw rapid g rowt h  i n  the produc t io n  o f  
pe trochem i c a l s ,  par t i c u l a r ly i n  t h e  are a o f  l ig h t  o l e f in s . F o r  
e xampl e ,  u . s .  d ome s t i c demand for e thylene t r ipl ed d u r i ng the 1 9 6 0 -
1 9 7 0  per i od . A re pre s e n t a t ive con f i g ura t ion o f  a re f i ne ry opera t ­
ing i n  t h e  1 9 7 0 ' s  i s  pr e se n ted i n  F i g ur e  D- 7 .  

Dur ing the l a t te r  part o f  the 1 9 6 0  • s and c on t i nu i ng to the 
pre s en t ,  incre a s i ng empha s i s  has been pl aced on e n v i ro nmen t a l  con­
s id e r a t io n s .  Such concerns h ave a f f e c ted the d e s ig n  o f  every pro­
cess un i t  in the re f i n e ry . Proper hand l i ng of wa s t e  ma ter i a l s , 
s uch a s  contam i n an t-conta i n i ng wa te r , g a s  s t r e ams , and spe n t  c hem­
i c a l s ,  has req u i r ed c re a t ion of n ew and improved an t i po l l u t i o n  
techn ique s .  

Th e cho i c e  o f  re f i nery pro c e s s e s  wi l l  be b a s e d  o n  the spec i f i c 
c i rcums tance s o f  e ach opera t ion and i s  d e pe nd e n t  o n  c r ud e  o i l type , 
produc t s l ate , produc t qua l i ty requ i reme n t s ,  and econom i c  f a c to r s  
s uch a s  c rud e co s t s ,  prod uc t  va l ue s , ava i l ab i l i ty a n d  co s t  o f  u t i l ­
i t i e s , ava i l ab i l i ty o f  equ i pme n t  and cap i ta l . 
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Th e characte r i s t i c s  o f  the crud e o i l  f e e d s t o ck are c r i t i c a l  to 
proce s s  s e l e c t ion . There are h und reds o f  c r ud e  o i l s  ava i l ab l e  o n  
the wo rld marke t tod ay wh i c h  vary wid e ly i n  phys i c al prope r t i e s . 
Many c r ud e  o i ls from t h e  M id d l e  Eas t  tend to be h igh i n  s u l f ur con­
t e n t  and of mod erate me t a l s  c o n ten t ,  b o t h  impo r ta n t  f a c to r s  to be 
con s id ered i f  l ow-s u l f ur he avy f uel o i l s  are the d e s ired prod uc t s . 
Some of the more read i l y  ava i l able M i d d l e E a s t  c rud e o i l s , such  a s  
those from Ku wa i t ,  wh i l e  l e nd i ng thems e l ve s  to prod uc t io n  o f  l ow­
s ul f ur re s id u a l  f u e l s , h ave a poor naph tha c ompo ne n t wh i c h  make s 
them le s s  d e s irable fo r gasol ine opera t ion s . Many Ven e z ue l an c r ude 
o i l s , wh i l e  mod erate i n  s ul f ur , conta i n  a h ig h  l ev e l  o f  me t a l s  
wh ich rend ers  them a l l  but  unproce s s able f o r  t h e  y i e ld i ng o f  l ow­
s ul f ur he avy f ue l . Some No rth A f r i c an c rud e o i l s  are l ow i n  s ul f ur 
and o ther con t ami nan t s  b u t  are waxy and , there fore , l e s s  s u i t a b l e  
for produc t io n  o f  l ub r i c a t i ng o i l s . 

As for produ c t  s l a te , i n  a g a s o l i ne o r i e n ted r e f inery ,  t he 
y i e l d s  o f  he avy o i l s  w i l l  b e  min imi zed t h ro ugh the appl i c a t ion o f  
c onvers ion proc e s s e s . F l u id ca talyt i c  c r ack i ng wo u l d  be u t i l i z e d  
to crack t h e  d i s t i l l a te prod uc t s  from r e s id conve r s ion proce s s e s  a s  
we l l  as v i rg i n  d i s t i l l a te ma te r i a l s , to y i e ld g a so l ine and ol e f i n s  
fo r mo tor f ue l  a lk yl a te prod uc t ion . 

I n  s i t ua t ions where q ual i ty d i s t i l l a te s ,  s uch a s  t urb ine f ue l , 
d ie s e l  and lube o i l s , and l ow-s u l fur f ue l  o i l s are requ i red , hyd ro­
gen re f i n i ng concepts w i l l  apply , wi th h yd roc r a ck i ng and h yd rod e­
s ul f ur i z i ng pro c e s s e s  predom i n a t i ng . 

The var iab i l i ty o f  ma rke t i ng req u i reme n t s  and the po te n t i a l  
unce r ta i n ty i n  c r ud e  o i l s upply req u ire that proce s s i ng f l e x ib i l i ty 
b e  a ma j o r cons i d e r a t ion i n  the d e s ig n  o f  today ' s  mod e rn pe tro l e um 
re f in e ry . The general re s ul t  i s  an ove r a l l  ope r a t ion c omb i n i n g  
c rack ing and hyd rogen re f i n ing capab i i t i e s . 

C RUDE O I L  C HARAC TE R I S T I C S  

C rud e o i l  i s  a s ub s tance c ompr i sed o f  a c ompl e x  m i x t ure o f  hy­
d roc arbons , wh i c h  are mo l e c u l e s  con s i s t i ng almo s t  so l e ly of c arbon 
and hyd rogen a toms in var i ou s arrang eme n t s . C r ud e  o i l con ta i n s  
thous and s o f  d i f f e r e n t  mol e cul e s  o f  vary i ng s i z e s ,  the i r  s i z e  b e i ng 
d e t e rmined by the n umber o f  carbon and h yd rogen a toms agg rega ted 
toge ther . As a r e s u l t  o f  the d i f fe r e n t  s i z e s  and con f i g u r a t i o n s , 
the mol e c ule s bo i l  a t  d i f ferent tempera t ure s . I t  can  be a s s umed 
that mos t  of the mo l ecul e s  bo i l  b e twe e n  1 0 0 ° F and some th ing i n  
exce s s  o f  1 ,  5 0 0 ° F . Due t o  the c ompl e x i ty o f  t h e  h yd roc arbon m i x ­
t ur e s ,  only a few o f  the sma l l er , l owe r b o i l i ng mol ecu l e s  are 
named . The charac te r i s t i c s  and y i e l d s  o f  a r a nge o f  c r ud e  o i l s  are 
pre sented i n  Tab l e  D-1 . 

Para f f i n i c type c rud e o i l  i s  genera l ly o f  h ig h  0 A P I  g r av i ty and 
l ow i n  s u lf ur con ten t , and con t a i n s  a le s se r  amo u n t  o f  o ther con­
tam i n an t s  s uc h  a s  me t a l s  and n i troge n . Th e s t ra ig h t- r u n  g a so l ine 
d e r ived from th i s  type o f  c r ud e  o i l is  l ow i n  oc tane q ua l i ty . Th e 
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naph tha f r ac t io n  i s  a poor reformer charge s to ck b u t  an e x c e l l e n t  
SNG feeds tock and c r a ck i ng s to ck f o r  ole f i n s . The he avy naph tha 
and ke ros i n e  frac t ions  g i ve prob l ems in  me e t i ng produc t f re e z e  
po i n t  s pe c i f i c a t i on s ,  and t h e  d ie s e l  f u e l  frac t io n s  h ave probl ems 
in me e t ing pour po i n t  spec i f i c a t ion s . The r e s i d u a l  fue l o i l s  a l so 
have h igh pour po i n t s , and the a spha l t  q u a l i ty i s  o f ten poo r . How­
ever , the heavy n aph tha and ke ros ine have good smoke po i n t  charac­
ter i s t i c s , and the he avy naph th a , keros ine and l i gh t g a s  o i l h ave 
h igh ce tane i nd i c e s . The volume s of re s id u a l s  a r e  l ow and o f te n  
c a n  b e  c racked wi thou t t o o  much pena l ty . 

The phys i c a l  prope r t i e s  o f  naphthen i c  c r ud e  o i l s  vary w id e ly 
betwe e n  d i f fe r en t  produc ing f i e lds . Th ey a r e  gene r a l ly o f  l ow 0 A P I  
grav i ty , may be e i ther h igh or l ow i n  s u l f ur c o n te n t ,  a n d  are o f te n  
h igh i n  n i trogen a n d  me t a l s . Th e s t r a igh t-run g a so l i n e s  f rom t h i s  

- source are h ighe r  i n  octane bu t of ten o f  l e s s e r  vol ume . The n aph­
tha is e x c e l l e n t  r e fo rm i ng charge s tock . The he avy n aphtha has  a 
poor smoke po i n t  and ce tane i nd e x , and should be re fo rmed . The 
keros i n e  and l ig h t  g a s  o i l s  have ve ry poo r  c e tane i nd i c e s  and are 
not s u i table for d ome s t i c  d i s t i l l a te s .  Po ur po i n t s  and f re e ze 
po i n t s  o f  th i s  l at te r  f r ac t ion are very l ow .  Th e r e s i d u a l  f u e l  o i l 
may be o f  h igh o r  l ow vo l ume , h igh or l ow s ul f ur c o n te n t , and h igh 
in me tal conte n t .  The me t a l s  are corros ive to b o i l er t ub e s ,  and 
the use o f  h i gh-s u l f ur f ue l  o i ls i s  bec omi ng more re s t r i c t ive . 
The se c rud e o i l s  are the sour c e  of n aph then i c  l ub r i c a t i ng o i l s , a nd 
the ir asph a l t  qual i ty i s  o f ten good . 

Inte rmed i a te type c r ud e  o i l s  are , a s  the i r  n ame impl i e s ,  s ome­
whe re i n  b e twe e n  the para f f i n ic and naph the n i c  type c rud e o i l s . 
The se c r ud e  o i l s  gener a l ly w i l l  f a l l  in the med i um to h igh g r av i ty 
r ange . Su l f ur conte n t  may f a l l  be twe e n  0 . 1 and 2 .  5 wt % s u l f ur . 
Th e d i s t i l l a te from t he se c r ud e s  gener al ly has  pour po i n t  and 
c e tane index chara c te r i s t i c s  s u i  tab l e  for bur n i ng o i l  and d i e s e l  
f ue l . 

In add i t ion to the paraf f i n i c , naph then i c , and i n t e rmed i a te 
type s of c rud e o i l s  a l ready d i scus sed , t h e r e  e x i s t  many c omb i na­
t ion s o f  the se c rud e o i l s .  

Crud e  o i l s  are a l so c l a s s i f i ed a s  l ow- s u l f ur con ten t ( b e l ow 0 . 5 
wt % s ul f ur ) , i n terme d i a te-s u l f ur conte n t  ( be twe e n  0 . 5 and 1 . 0 wt % 
s u l f ur ) , and h igh-s u l f ur con t e n t  ( ove r 1 . 0 wt % s u l f ur ) . I n  gene r­
a l ,  the d e f i n i t ion o f  a swe e t  c rud e o i l  is one t h a t  d o e s  no t con­
t a i n  hyd rogen s ul f id e  and has below 0 . 5 wt % s u l f ur conten t ,  w i t h  
only a minor por t io n  o f  t h e  s ul f ur conte n t  be i ng pr e s e n t  a s  me r c ap­
tan s . Mercaptan s ( s u l f ur c ompound s )  are of t h e  mo s t  und e s i rable 
contam i n a n t s  o f  c rud e o i l  and pe tro l eum produc t s . 

C OMPLE XITY 

Chapt e r s  Three and Four o f  th i s  report a n a ly ze the c ompe t i t ive 
a spe c t s  o f  t he re f i n i ng indus try by s i z e , reg i o n , and comp l e x i ty 
f a c tor . The repo r t  u s e s  a s tandard known a s  the  " Ne l s o n  fac to r "  
for c ompar i ng t h e  c ompl e x i ty factor o f  d i f fe r i ng proce s s  s c h eme s . 
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Pro fe s so r  W .  L .  Ne l so n  d eve l oped t h i s  " compl e x i ty f a c to r " con­
cept wh i ch p e rm i t s  c a tegor i z i ng of re f i n ing ope r a t i on s . The " c om­
ple te ne s s "  of the re f i n e ry opera t ion i s  arr ived at by a c al c u l a t ion 
wh i c h  s ta t e s  nume r i c a l ly how c ompl e x  the  r e f i ne ry i s ,  c ompared to  
one wh i c h  c o n d uc t s  o n l y  c r ud e  o i l  d i s t i l l a t io n  oper a t ion s . C r ud e  
o i l  d i s t i l l a t i o n  i s  arb i trar i ly a s s igned a c omp l e x i ty f a c to r  o f  
1 . 0 .  Each d own s t re am proc e s s  ope r a t ion w i l l  con t r i b u te t o  the  
ove r a l l  c omp l e x i ty o f  the r e f i nery i n  propo r t ion to i t s own c omp­
l e x i ty , co s t ,  and s i ze in r e l a t ion to the d i s t i l l a t io n  c apac i ty .  
Each ope r a t i o n  i s  g iv e n  a c omp l e x i ty f ac to r  wh i c h  r e l a t e s  i t s  cos t 
and techn i c a l  soph i s t i c a t i on to t ho s e  o f  c r ud e  o i l  d i s t i l l a t ion . 
Fo r e xampl e ,  c a t a ly t i c  r e fo rm i ng h a s  a compl e x i ty f a c to r  o f  4 . 0 -­
it  is  four t ime s a s  c ompl e x  a s  c r ud e  o i l  d i s t i l l a t io n . 

As an i l l u s t r a t ion o f  how th i s  c ompl e x i ty conc e p t may be 
t o  d eve l op c omp ar i so n s  o f  pe trol eum ope r a t i o n s  w i th d i f fe r ing 
ce s s i ng ob j e c t ive s , cons id er three bas i c  type s of  re f i n e r i e s : 
f ue l  o i l , ( 2 )  g a s o l i n e , a nd ( 3 )  pe trochemi c a l . 

u s ed 
pro­

( 1 )  

Th e f i rs t  i s  a hyd ro sk imm i ng ope r a t i o n  wh i c h  i s  o r ie n te d  towa rd 
prod uc t ion of f ue l  o i l .  The te rm " h yd rosk immi ng " d e r ive s  f r om t h e  
u s e  o f  hyd rogen t o  upg r ad e  t h e  d i s t i l l a te s  " s k imme d " f rom the c rud e 
o i l .  The h ydrosk immi ng re f i ne ry prod uc t s l a te c on s i s t s  o f  g a s o ­
l i ne , j e t  f ue l ,  d i s t i l l a t e , a n d  he avy f ue l  o i l . T h e  proce s s  s c heme 
i s  s impl e , i nv o l v i ng c r ud e  o i l d i s t i l l a t io n , h yd ro trea t i ng , a nd 
c a ta ly t i c  r e fo rm i n g  o f  naph tha to y i e ld g a so l i n e , hyd ro t r e a t i ng o f  
d i s t i l l a te for s ul f ur r e d uc t ion , and c h em i c a l  t re a t i ng o f  the  v i r­
g i n  l ig h t  g a s o l i n e  and ke ros i n e  to improve the i r  odor and o th e r  
character i s t i c s . Wa s te g a s e s  are proce s sed f o r  re covery o f  s u l f ur . 

To arr ive a t  the  ove r a l l  c ompl e x i ty o f  t h i s  ope ra t i o n , a l i s t­
i ng i s  mad e o f  a l l  the proc e s s  un i t s a l ong w i t h  the  proce s s ing 
capac i ty and c ompl e x i ty fac tor o f  e ac h . The c on tr i bu t ion of  e ac h  
ope r a t i o n  to t h e  t o t a l  i s  c a l cul a ted b y  mul t iply i ng i t s c omp l e x i ty 
fac to r  by the r a t i o  o f  i t s  proce s s  capac i ty to to t a l  c r ud e  o i l  
c apac i ty . 

For i l lu s t r a t ion purpo s e s , a c rud e o i l  c apac i ty o f  1 0 0 , 0 0 0  bar­
r e ls per d ay has  a r b i trar i ly been chosen . The c apac i t ie s  of  the  
o ther un i t s  are b a sed o n  the i r  proc e s s i ng the q u an t i t i e s  o f  e ach o f  
the c omponen t s  a s  they wo uld for some bas i c  c r ud e  o i l .  

The c rud e o i l d i s t i l l a t ion un i t ,  by de f i n i t io n , con t r i b u te s a 
c omp l e x i ty o f  1 . 0 .  Naph tha hyd ro treat ing , w i t h  a c omp l e x i ty f a c to r  
of 2 ,  contr i bu te s  0 .  3 t o  t h e  re f i n e r  2 .  0 t ime s t h e  c apac i ty 
r a t io o f  0 . 1 5 .  C a t a ly t i c  re fo rm i ng contr i bu t e s  0 . 6 ,  wh i ch i s  i t s  
c ompl e x i ty f a c to r  o f  four t ime s i t s  capac i t y  r a t i o  o f  0 . 1 5 . Th e 
c ompl e x i t i e s  o f  the o ther un i t s  are c a l cu l a te d  a c c o rd i ng ly . Ne l s o n  
e s t ima te s  t h a t  e nv i ronme n t a l  pro te c t ion eq u i pmen t ad d s  f r om 1 . 5 to 
1 3  percen t to ove r a l l r e f i n e ry c ompl e x i ty ,  d epe nd i n g  on the type o f  
proce s s i ng and s pe c i f i c r e g ul a t i on s . Th u s , a s  s hown i n  Table D- 2 ,  
the hypo the t i c a l  f ue l o i l  r e f i nery i n  the f i r s t  e x amp l e  h a s  a f i n a l  
c ompl e x i ty o f  2 . 1 ,  ind i c a t ive o f  a very s impl e ove r a l l  ope ra t ion . 
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TABLE D-2 

Complexity Factor of a Hypothetical Fuel Oil Refinery 

Processing Unit 

Crude Oi l Distil lation 

Hydrotreating 

Catalytic  Reforming 

Complexity of Proces s  Units 

Complexity of Environmental 
Prevention Equipment , 1 3  percent 
of Complexity of Proces s Units 

Tota l Complexity of Plant 

Capacity 
MB/D 

1 0 0  

1 5  

1 5  

Uni t  
Compl exity 

Factor 

2 

4 

*Unit Complexity Factor x Capacity Ratio = Plant Complexity 

Capacity 
Ratio 

0 . 1 5  

0 . 1 5 

Plant 
Complexity* 

1 .  0 

0 . 3  

0 . 6  

1 . 9  

0 . 2  

2 .  1 

The se cond e x ampl e i s  a ga sol ine re f i n e ry ,  wh i c h  has  a proce s s  
f l ow remarkably s im i l ar t o  tha t o f  t he f ue l  o i l  r e f i nery . The 
prod uc t s l a te aga i n  cons i s t s  o f  gasol ine , j e t  and d i s t i l l a te f ue l s , 
and re s id u a l  f ue l  o i l . Howeve r , seve r a l  pro c e s s  ope r a t i o n s  h ave 
been add ed to the f l ow sch eme to r e d uce the y i e ld of he avy d i s t i l ­
l a te and r e s id and i nc rease gasol i ne produc t i o n .  Atmos ph e r i c  and 
va cuum gas o i l  are charged to an FCC un i t  for c o nve r s ion to l ig h t e r  
produc t s .  FCC g a so l ine i s  d i re c ted to the g a so l i n e  poo l . FCC o l e ­
f in s  are aklyla ted t o  y i e ld add i t ion a l  g a s o l i n e . Va cuum p i tch i s  
v i sb roke n  to improve i t s  f ue l  o i l  char ac te r i s t i c s  and b l ended w i th 
cyc l e  o i l s  from the F C C  un i t  to y i e ld re s idual  f ue l  o i l . Ano the r 
proc e s s , i some r i z a t ion , h a s  a l s o  been added to improve the o c tane 
charac te r i s t i c s  o f  the l i gh t v i r g i n  gasol i n e . Th i s  re f i n e ry , or i ­
e n ted toward g a so l i n e  produc t i on , h a s  a c ompl e x i ty o f  9 . 0 .  

The th i rd examp l e  i s  a pe t rochem i c a l  r e f i n e ry .  The r e  are  no 
d i s t i l l a te f ue l  o i ls or j e t  f ue l  in the prod uc t s l a te . The s e  ma t e ­
r i a l s  h ave b e e n  upg r ad ed to gaso l ine and o th e r  l ig h t e r  produc t s , 
s uch a s  the l ight o le f in s  e thylen e , propyl ene , and bu t yl en e , and 
t he aroma t i c s  benze n e , toluene , and xyl ene . Th i s  c omb i na t i o n  of 
proce s s e s  in the pe troch emic al re f i n e ry con s ume s  l a rge amoun t s  of 
hyd roge n ,  o f te n  r e s u l t i ng i n  a req u i reme n t for a hyd roge n  manu f a c ­
t ur i ng un i t .  The ad d i t ion o f  the s ever a l  pe trochem i c a l  a nd c r a ck­
i ng proce s s e s  has i n c reased the r e f inery c omp l e x i ty s ig n i f i c an tly . 
A c ompl e x i ty o f  1 6 ,  wh i l e  i nd i c a t i ng a s ub s tan t i al ly mor e  c o s t l y  
and i nvolved type o f  proc e s s i ng than i n  t h e  f ue l  o i l  and g a s o l ine 
re f iner ie s ,  is  only mod e r a te for a pe t ro c h em ic al f ac i l i ty .  
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Wh ile  the t h r e e  r e f iner ie s j us t  d i s cu s s ed are hypo t he t i c al , 
c omme r c i a l  coun t e rp a r t s  c a n  be found throug h o u t  the  Un i te d  S t a te s ; 
t h ey se rve a s  e x ampl e s  o f  the pl an t s  i nvolved i n  mod e r n  pe t ro l e um 
re f i n ing . The a c t u a l  range o f  c ompl e x i ty f a c to r s  i n  ope r a t ion 
tod ay is  g r e a t e r  than the example s g iven . 

Th e compl e x i ty concept can also  be u s e f ul i n  the e s t ima tion o f  
re f ine ry i n ves tme n t  r equ i r ement s .  Tab l e  D- 3 pre s e n t s  t h e  d i s tr i bu­
t io n  of the 2 8 7  r e f i ne r i e s  operat i ng i n  the Un i te d  States  i n  1 9 7 8  
by s i ze rang e , proce s s i ng capac i ty , and c ompl e x i t y . The cap i t a l  
req u i reme n t s  fo r r e f i ne r ie s  are o f ten s ta ted i n  terms o f  d o l l a r s  
pe r barre l p e r  d ay o f  c r ud e  o i l  capa c i ty . The a c t u a l  co s t  wo uld 
vary cons id erably d epend i ng on plant loca t io n , l abor f a c tor s , e tc . 
The s e  c ap i t al r eq u i r eme n t s  do not i nc l ud e  c o s t s  a s s o c i a te d  w i th 
t ranspo r t  o f  crude o i l  to the ref i ne ry ( t anke r s , p i pe l i n e s , truck 
f lee t , e t c . ) ,  pro d u c t  d i s tr i bu t ion , or ma rke t i n g . 

TABLE D-3 

Di stribution of Re fineries by Si ze Range , 
Processing C apacity , and C omplexity -- 1 97 8  

Percentage o f  
Re finery Si ze Pe rcentage of Crude Oil 
Range ( MB /D ) Refineries C apacity 

0 - 1 0  30  3 

1 0 -30  26 8 

30 -50 1 2  8 

50 - 1 0 0 1 4  1 7  

1 00 -1 75 1 0  2 1  

1 75+ 8 4 3  

1 0 0 1 0 0 

Average 
C om.plexi ty 

2. 2 5  

3 .  3 5  

5. 3 2  

7 .  7 4  

8. 82  

7 .65  

avg. 7. 1 5  

The cos t e f f e c t  o f  the compl e x i ty f a c to r  i s  much more impo r t a n t  
than t h a t  o f  s i ze .  F o r  ex ampl e ,  i n  t h e  0 - 1 0  M B/D re f i n e ry s i ze 
c a tegory , t he o r ig i n a l  cons truc t i on cos t and repl aceme n t  cos t are 
almo s t  f ive t ime s grea ter for re f iner i e s  wi t h  a c ompl e x i ty fac to r  
over 2 .  5 than fo r t ho s e  wi th comp l e x i ty f a c to r s  und e r  2 .  5 .  The 
s ign i f i ca n t  e f fe c t o f  c ompl e x i ty i s  a l so ev id e n t  i n  the  var i a t io n  
o f  · r e f i n e ry cos t s  wi th s i z e . Pe r-barrel g ro s s  f i xed a s s e t s  and 
repl ac emen t  co s t s  general ly increase wi th i ncrea s i ng re f in e ry s i ze ,  
contrary to the " e conomy o f  s c a l e "  e f f ec t ; t h i s  i s  b e c a u s e  compl ex­
i ty a l so i nc r e a s e  wi th re f i n e ry s i ze ,  mas k i ng a ny " sc a l e "  e f fe c t .  
Many o f  the l arge r r e f i n e r ie s also have mul t iple proc e s s i ng t r a i n s  
wh ich d im i n i sh t h e  e f fe c t  o f  s i ze o n  i nve s tmen t s . 
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The c ompl e x i ty o f  U . S .  re f iner i e s  has  a l so been a f unc t io n  of 
var ious l aws and regu l a t ions  wh i ch a f f e c t  re f i n ing ope r a t i o n s  and 
use o f  pe troleum prod uc t s .  Table D-4 l i s t s  the ma j or l aws wh i c h  
a f f e c t  the u . s .  r e f i n ing indu s t ry . 

TABLE D-4 

Leg i s l a t ion S ign i f i c a n t l y  A f fe c t ing the u . s .  Re f i n i ng I ndu s t ry 

An t iq u i t ie s Ac t 

C l e a n  A i r  Ac t 

C l e a n  Wa t e r  Ac t 

Coa s t a l  Zone Man ag emen t Ac t 

C rud e O i l  Wind f a l l  Prof i t  Tax 

De fense Prod uc t ion Ac t 

Depar tme n t  o f  Ene rgy Organ i za t io n  Ac t 

Econom i c  S t ab i l i zat ion Ac t 

Eme rg e ncy Pe t r o l e um Al l oc a t ion Ac t 

Endangered Spe c ie s Ac t 

Ene rgy Con s e rva t ion and Prod uc t io n  Ac t 

En e rgy Po l i cy and Con s e rva t ion Ac t 

En e rgy S e c ur i ty Ac t 

En e rgy Supply and Environmen t a l  Coord i na t i o n  Ac t 

E xpor t Admi n i s trat ion Act 

Merchan t Mar i n e  Ac t 

Na t ional Envi ro nme n t a l  Po l i cy Ac t 

Powerplant and Indus tr i al Fuel Use Ac t 

Re source Con se rva t ion and Recove ry Ac t 

R ive r s  and Harbo r s  Ac t 

To x ic S ubs tance s Con t rol Ac t 

Tr ad e  Expan s io n  Ac t 
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PRODUC T  C HARACTER I ST ICS 

Mo tor F ue l s  

Motor Gaso l i n e  

S i n c e  Wor l d  W a r  I I ,  ga sol ine h a s  chang ed i n  h yd roc a rbon c ompo­
s i t i on and i s  now a produc t mad e by b l end i ng of r e f i ne ry s tock pre­
pared by i nvo l ved proce s s e s  and s pec i a l  ad d i t ive s d eve l oped in  
e xt e n s ive re search prog rams . The mos t  ou t s tand i ng change i n  gaso­
l ine i n  r e c e n t  ye a r s  h a s  been a va s t  improveme n t  in  a n t i -knock 
q ua l i ty .  S in c e  1 9 7 0  the  compr e s s ion r a t i o  o f  a u tomob i l e s  h a s  r e ­
d uc ed t h e  oc tane number r eq u i r emen t  for mo tor g a so l i n e . Subsequent 
to 1 9 7 4  the oc tane number h a s  rema i ned v i r tua l ly the  s ame . Du r i ng 
t h i s  s ame per iod , the con t rol o f  ga sol ine vol a t i l i ty h a s  improved , 
contr ibu t i ng to b e t t e r  eng i n e  pe rforman c e . 

Fed e r a l  a ir q u a l i ty regu l a t ions l im i t  the l e ad a lkyl con ten t o f  
mo to r g a so l ine s . On ly one grad e  o f  unle ad ed ga so l ine wa s ava i l ab l e  
for pub l i c  u s e  i n  mid - 1 9 7 4 ; howeve r , un l e ad ed g a so l i n e s  c on s t i tute 
an increa s i ng por t ion of  gasol ine con s ump t i o n  ( 3 2 percent i n  1 9 7 8 ) .  
Produc t ion o f  t h e s e  type s o f  f ue l s  a re pro j e c ted to i n c re a s e . Suc h  
mo tor f ue l  chara c ter i s t i c s  a s  s u l f ur conten t ,  vol a t i l i ty ,  and bo i l ­
i ng r ange may r equ i r e  f ur ther mod i f i c a t ions  to s a t i s fy a u tomo t ive 
pe r fo rmance and a u t omob i l e  pol l u t ion con trol n e ed s . 

D i e s e l  F ue l s  

L i ke ga so l ine , d i s t i l l a t e  d ie s e l  f ue l s  for use i n  a u tomo t i ve 
d ie s e l  eng i n e s  h ave been improved dur ing the pa s t  seve r a l  ye a r s  to 
me e t  r equ i r emen t s  impo s ed by change s in  e ng i n e  d e s ign and ope r a­
t ion . The mo s t  s i g n i f i c a n t  change i n  d i e s e l  f u e l s  h a s  been the u s e  
o f  hyd rogen tre a t i ng i n  re f iner i e s ,  pr ima r i ly to r e d uc e  s u l f ur con­
ten t .  In  add i t io n ,  f ue l s  h ave been g r ad ua l ly improved , r e s ul t i n g  
i n  d e c r e a s ed e ng ine d e po s i t s , smoke , and odo r . Ra i l ro ad d ie s e l  
f ue l s  h ave n o t  changed s ig n i f i c an tly a s  the l arge d ie se l  eng i n e s  
used i n  ra i l ro ad s e rv i c e  opera te s a t i s f a c to r i ly on f ue l s w i th l e s s  
e xa c t i ng s pe c i f i c a t ions . 

The u s e  o f  add i t ive s i n  d i e se l  f ue l s  h a s  become mo re c ommon to 
prov ide improvemen t  s uch as l ower pour po i n t s ,  ign i t ion q u a l i ty ,  
and s t o rag e  s t ab i l i ty .  A i r  po l l u t i on regul a t i o n s  h ave g e n e r a ted an 
incre a s ed i n t e re s t  in  an t i - smok i ng add i t i ve s . 

Av i a t ion F ue l s  

Av i a t ion Gaso l ine 

Qua l i t y  control is  par t i c u l ar ly impo r t a n t  i n  av i a t ion ga sol ine 
produc t i o n .  Othe r impo r tant  qua l i ty f ac to r s  are vo l a t i l i ty ,  f r ee z ­
i ng po in t ,  h e a t  o f  c ombus t ion , and o x id a t ion s t ab i l i ty .  Qua l i ty 
control s urve i l l ance and c lose proc e s s  control e n a b l e  the i nd u s t ry 
the prod uc t ion o f  a un i fo rm-q ua l i ty premi um prod uc t .  
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Jet Fue l s  

Comme rc i a l  keros ine was f i r s t  used a s  a f ue l  i n  e a r l y  d eve l op ­
men t  on j e t  a i r c r a f t  s i n c e  i t  prov i d ed t h e  n e c e s s a ry v o l a t i l i ty and 
wa s a re ad i ly ava i l able c ommerc i a l  prod uc t of rather un i fo rm char­
a c t e r i s t i c s . Je t f ue l s are expo s ed to both h igh and l ow temp e r a­
t ure s i n  use ; there for e , the se f ue l s  mu s t  h ave ve ry l ow f re e z i ng 
po i n t s  and mu s t  be s table  whe n  expo s e d  to h ig h  t empe r a t u r e s . Th e 
JP-4 and JP- 5 m i l i tary j e t  f ue ls and eq u ival e n t  c omme rc i a l  f ue l s  
have the rmal s t ab i l i ty prope r t i e s  s a t i s f ac to ry for ope r a t i o n s  up to 
spe eds o f  Mach 2 .  

I nd u s t r i a l  and He a t i ng F ue l s  

L iqu i f ied Pe trol e um Gas ( LPG } 

The e x ten s ive u s e  o f  c a t a lyt i c  crack i ng and c a t a ly t i c  re fo rm i ng 
proc e s s e s  and the g rowt h  i n  hyd roc rack i ng have r e s u l ted i n  l arge 
quan t i  t ie s  o f  LPG in add i t ion to the prod u c t ion from n a t ur a l  gas 
p roce s s ing . Pr ior to the use  o f  L PG i n  e thyl ene prod uc t i o n ,  i t s  
maj or use  wa s i n  hou s e hold and indu s tr i al f ue l , a l t hough L PG h a s  
l ong been u s e d  t o  a l im i ted e x t e n t  a s  a mo tor f ue l . 

D i s t i l l ate F u e l  O i l  

Di s t i l l a te f u e l  o i l  can be de f i ned a s  Nos . 1 ,  2 ,  and 4 h e a t i ng 
o i l s , d i e se l  o i l ,  and i n du s t r i a l d i s t i l l a te s .  Gr ade No . 2 f ue l  o i l 
i s  the d e s i g n a t ion g iven to the he a t i ng or f ur na c e  o i l  mo s t  c ommon­
ly used for d ome s t i c and sma l l  c ommerc i a l  space h e a t i ng . 

The per iod s in c e  Wor l d  War I I  has s e e n  marked chang e s  i n  both 
t he qual i ty o f  home h e a t i ng o i l s  and the man u f ac t ur i ng tech n i que s 
empl oyed i n  prod uc i ng t h em .  Dome s t i c he a t i ng o i l should fo rm no 
sed ime n t  in s to rage and l e ave no me a s ur ab l e  quan t i ty of a s h  o r  
other d e po s i t s  on burn i ng . I t  should b e  f l u id a t  s to r ag e  cond i ­
t ions  encoun te red dur i ng t h e  w i n te r  month s .  The c ompo s i t i o n  o f  the 
prod uc t mus t  be con trol l ed to a s s i s t  i n  r e d uc i ng smoke emi s s ion . 
Low s ul f ur conte n t  h a s  become qu i te impo r tan t .  Th e f u e l  mu s t  have 
a l igh t color , an a t t r a c t ive appe aranc e ,  and an acceptable odor . 
I t  i s  the se prope r t i e s , a l ong wi th s u l f ur remova l ,  wh i ch h ave 
und e rgone the g re a te s t  change s in the pas t 2 0  ye a r s . 

In  the e a r ly 1 9 5 0 ' s ,  hyd rogen t r e a t ing wa s ad op ted a s  a me ans 
o f  reduc i ng the s u l f ur and n i trogen c ompounds con ten t of  d i s t i l l a te 
f ue l  o i l . Through the use  of th i s  proce s s ,  c arbon r e s idue  i s  re­
d uced to less t h a n  0 . 1 0  perc e n t . Hyd roge n-trea ted prod uc t s  are o f  
e x c e l l e n t  qual i ty from t h e  s tandpo i n t  o f  a change i n  both c o l o r  and 
s l udge forma t ion d ur i ng s to r age . 

Re s id ua l  Fue l s  

Re s i dual f ue l  o i l can  be d e f ined a s  No s .  5 and 6 hea t i ng o i l s ,  
heavy d i e se l , he avy i nd u s t r i a l , and Bunke r C f ue l  o i l s . Typ i c a l ly , 
the se f ue l s  are u s ed to pro v ide s te am and h e a t  for i nd u s t ry and 
l arge bu i ld ings , to generate e l e c t r i c i ty ,  a nd to powe r sh i p s . 
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S i nc e  Wo r l d  War I I ,  r e f i n i ng pro c e s s e s  i n  the Un i ted S t a te s  
h ave con t i nued to f avor the bre aking up o f  the h e av ie r  re s i d u um 
i n to l ig h t e r  pe tro l e um produc t s  un t i l  r e s i d u a l  f ue l  amoun t s to l e s s  
than 1 0  pe rcent o f  the c rud e re f i ned . The d e s ul f ur i z a t i o n  o f  h i gh 
me tal-conte n t f ue l o i l  and s tack gas d e s ul f ur i z a  t io n  h a s  b e c ome 
w id e s pre ad . 

Other Pe trol e um Prod u c t s  

Pe trochem i c a l  Feed s tocks 

Pe troch em i c a l  feed s to ck s , s uch as b e n z e ne , t o l uene , x y l en e , 
e thane , and propane , are used i n  such d iv e r s e  produc t s  a s  syn the t i c  
r ubber ,  s yn the t i c f ibers , and pla s t i c s . Treme nd ou s  g rowth i n  the 
pe trochem i c al indus t ry over the last 10  ye a r s  has r e s u l ted i n  many 
new and improved u s e s  for pe trochemi c a l s . 

Lubr i c ants 

Lubr i c a n t s  f a l l  general ly i n to three c a t egor ie s : a u tomo t i ve 
o i l s , i ndu s tr i a l  o il s , a nd g re a se s .  Eng i n e  o i l s , g e a r  o i l , and 
a u t oma t i c  tran smi s s i on f l u ids  are thre e maj o r  l ubr i c a t ion prod uc t s  
u sed i n  au tomo t ive ope r a t ions . The s e  produc t s  f un c t ion to lubr i ­
c a te , s e a l , cool , c l e a n , pro te c t ,  and cush ion . Ind u s t r i al o i l s  are 
f ormu l a ted to pe rform a b road range o f  f un c t i o n s  und e r  a var i e ty o f  
opera t i ng cond i t io n s . Th e maj or f un c t i on s  pro v id ed i n c l ud e  l ubr i ­
c a t ion , f r i c t i o n  mod i f i c a t i o n , h e a t  tran s fe r , d i s p e r s ancy , a n d  ru s t  
pr even t ion . Gre a s e s  are bas i c a l l y  ge l s  and are c ompos ed o f  l ubr i ­
c a t i ng o i l  i n  a sem i - r ig id ne two rk o f  g e l l ing ag e n t s  s uc h  a s  soaps , 
c l ay s , and more r e c e n t ly , to tal ly organ i c  s ubs t ance s . 

Pe tro l e um S o l v e n t s  

A var i e ty o f  pe t ro l e um sol vent s  are prod uc ed , a nd cr i t i c a l  s p e ­
c i f i c a t i o n s  a re l arge ly a f un c t ion o f  the e nd -prod uc t u s e . For 
exampl e , r ig id s pe c i f i c a t ion s are req u i red for pe t ro l e um s o l ve n t s  
used i n  the pa i n t  i nd u s try . The se produc t s  mu s t  c o n t a i n  n o  ma te­
r i a l s  tha t would d i scolor p igme n t s  and mus t  pos s e s s  l ow odor for 
i n te r ior pa i n t s . Co ntrol d ev i c e s  make i t  po s s i b l e  to ma i n t a i n  con­
s i s tent prod uc t qual i ty even und er the mos t  r ig id s pe c i f i c a t i o n s . 

Asph a l t  

Th e heav i e s t  f r a c t ions o f  a great many c rud e o i l s  i nc l ud e  n a t­
ura l  b i t umen s  or asph a l  tene s and are gener a l ly c al l ed a s p h a l t .  
Ac t u a l ly t h i s  ma te r i a l  i s  the o l d e s t  prod uc t o f  pe tro l eum and h a s  
been u s ed t hroughout recorded h i s to ry .  Howeve r ,  n ew u s e s  and n ew 
d emand s for asph a l t  are cont inua l ly be i ng deve l oped . The i nd u s t ry 
has sa t i s f i ed the se d eman d s  by chang i ng proce s s i ng a nd type s o f  
c rud e o i l s  and by improv i ng s torage , transpo r ta t ion , and b l end i ng 
fac i l i t i e s . 
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a nd Standard Dev i a t io n  

Ta b l e s  V I  a nd VI I ( comb i n ed ) : Wo rld C r ud e O i l  and 
Na t ur a l  Ga s Liq u id s  Supply 

H igh 
Low 
Ave r age 
Me d i a n  

and Stand a rd Dev i a t io n  

Coun t o f  Re spo nd e n t s  pe r Da ta Ce l l  . . . . . . . . . . . . . . . . . . . . . . . .  

LOW CASE ( ADJUS TED AVE RAGES OF THE LOWEST QUART I LE OF 
RESPONS ES TO THE S ECON D SUPPLY/DEMAND S URVE Y ,  BAS E D  
UPON 1 9 9 0  TOTAL U. S .  DEMAND FOR PETROLEUM PRODUC TS )  

Ad j u s ted Ave r ag e  Re spo n s e s  

Tab l e  I :  
by Fue l s  

To t a l  u . s .  Pr ima ry Energy Co n s ump t i o n  

Table IA : Econom i c  As s ump t ions 

I I I : Dome s t i c 
u . s .  

Table 
To tal 

Demand fo r Pro d uc t s  

E - 3  

E - 5 2  
E- 5 2  
E - 5 3  
E - 5 3  

E - 5 4  
E- 5 5  
E - 5 6  
E- 5 7  

E- 5 8  
E- 5 9  
E - 6 0  
E- 6 1  

E - 6 2  
E - 6 2  
E- 6 3  
E- 6 3  

E- 6 4  
E- 6 5  
E- 6 6  
E - 6 7  

E- 6 8  

E-7 7 

E - 7 7  

E - 7 8  



Ta b l e  I I IA : Mo tor Ga so l i n e  Demand As s ump t i o n s  • • • • • • . • •  E- 7 9  

Tab l e  IV : u . s .  Pe tro l eum Supply/Dema nd Ba l a n c e s  . . . • • •  E- 8 0  

Ta b l e  V :  Wo rld O i l  Co n s ump t i on . . . • • • . • . . • • • • • • • • • . • • .  E- 8 1  

Ta b l e  VI : Wo r l d  Crud e O i l  and Na t ur a l  Ga s 
Liqu i d s  Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . E- 8 2  
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METHODOLOGY AND TECHN ICAL NOTES 

H I GH AN D ME D I UM CAS ES 

The N PC S urvey of U . S . and Wor ld Ene rgy a nd O i l  Supply /Demand 
Forec a s t s  wa s f i r s t  d i s t r i bu ted in Apr i l  1 9 7 9  and , b e c a u s e  the 
pol i t i c a l  and e conom i c  eve n t s  wh i c h  o c c urred in 1 9 7 9  we re no t 
i nc luded i n  i t s  re spo n s e s ,  a se cond , l e s s  d e ta i l ed , s urvey wa s d i s­
t r i bu ted i n  De c embe r 1 9 7 9 .  Bo th s urveys we r e  ma i l ed to appro x i ­
ma te ly 3 0  i n s t i t u t ions wh i ch reg u l a r ly prepare s upply/d emand fore­
cas t s . l A c ompar i son o f  the re s pon se to the two s urveys is shown 
in the fol low i ng tabu l a t i o n : 

F i r s t  S u rvey * 

u . s .  O i l  C ompan i e s  
Fore ign O i l  Compan i e s  
Banks 
Re search Organ i z a t ions , e tc .  

To tal 

*D i s t r ibu t ed Apr i l  1 9 7 9 .  
t D i s tr i bu t ed De c ember 1 9 7 9 .  

1 2  
2 
1 
5 

2 0  

S e cond S urvey t 

1 2  
1 
2 
3 

1 8  

Wh i l e  the re spo nd e n t s  to the se cond s ur vey we re n o t  iden t i c a l  
t o  those o f  the f i r s t , i t  i s  ev id e n t  from t h e  above t a b l e  t h a t  the 
type o f  s urvey re spondent i s  not s ig n i f i c antly d i f f e r en t .  I t  i s  
thus in ferred that any d i f ference s be tween the two s u rveys are no t 
d ue to d i f ferenc e s  i n  s urvey re spo nd e n t s . Fo r the purpo s e s  o f  t h i s  
repor t ,  the ad j u s t ed ave r age s o f  the r e s ponse s t o  the f i r s t  and 
se cond survey s are c a l led the h igh and med i um c a se s , r e spe c t ively . 
The i r  ad j u s ted ave r age s are l oca ted i n  t h i s  append i x . 

As men t ioned above , the two s urveys are no t i d en t i c a l . I n  the 
s e cond s urvey , the ye ar 1 9 8 0  was  e l im i n a ted f rom a l l  t a b l e s .  On 
Tab le I ,  the bre akd own by con s umi ng s e c to r  wa s d e le ted and the  
f ue l s  breakd own wa s comp r e s sed s uch t h a t  hyd ro e l e c tr i c ,  g eo therma l , 
and other e n e rgy c omponents we re c omb in ed . Tab l e  I I  ( U . S .  Ene rgy 
Suppl ie s )  wa s d e l e ted . Tab l e s  VI a nd VI I we r e  c omb i n ed . Th e re­
ma i n i ng tables we re uncha nged from the f i r s t  s urvey . 

lA l i s t  of t he i n s t i tut ions s urveyed i s  l oc a ted i n  th i s  
Appe nd ix . 
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Fo r each s urvey , t ab l e s  we re gener a ted f rom the d a ta b a s e  p r e ­
sen t i ng the h igh , l ow ,  med i a n , me a n ,  and s tand ard d ev i a t i o n  o f  the 
var i o u s  totals a nd s ub to t a l s  f rom the s ur vey for a l l  re s po nd e n ts . 
Us i ng t h e  me t hod o l ogy outl ined b e l ow ,  b a l anced t a b l e s  we r e  gene r ­
a ted and ad j u s ted ave r ag e  pro j e c t io n s  prepared f o r  Tab l e s  I ,  I I I ,  
I V ,  V ,  and VI . Tab l e s I I I  and IV were f ur t h e r  broken d own i n to PAD 
V and PADs I - I V  i n c l us ive . Bl ank c e l ls we re c omp l e te d  by e xtend i ng 
trends o r  i n te r po la t i ng be tween ye ar s .  ( A  c op y  o f  the f i r s t  s urvey 
a nd i ts comp l e te s urvey r e s u l t s  are l ocated in Vo l ume I I  o f  Re f i n­
e ry F l ex ib i l i ty ,  An I n t e r im Repor t ;  a c opy of the s econd s urvey and 
i t s c omp l e te re s ul t s  are found i n  th i s  appe nd i x . ) 

LOW CAS E 

I n  o rd e r  to re f l e c t  the v i ews o f  tho s e  r e s po nd e n t s  who s e  pro­
j ec t ions we r e  s ub s tan t i a l ly l owe r than the aver ag e , a l ow c a se wa s 
prepared from the s econd s urvey by me a n s  o f  t he fol l owing me t hod o l ­
ogy . The respo n s e s  o f  the 1 6  c ompan i e s  wh i ch s uppl i e d  u s a b l e  d a ta 
on d ome s t ic ene rgy and d ome s t i c pe tro l e um s up p ly and d emand were 
arrayed and d iv id ed i n to quart i l e s  based upo n the i r  1 9 9 0 p ro j e c t i o n  
o f  to t a l  u.s. product d emand . The f o u r  r e s po nd e n t s  i n  the l owe s t  
quar t i l e ,  cons i s t i ng o f  three o il compan i e s  a nd one non-o i l  c om­
pany , were then u s ed in d eve l op i ng the l ow c a s e . 

Da ta i n  each c e l l were c omb i n ed and Tab l e s  I ,  I I I ,  I V ,  v ,  and 
VI  we r e  b a l anced , and ad j u s ted ave r ag e  pro j e c t io n s  prepared . Th e 
ad j us tment proc e d ure u t i l i zed wa s the s ame a s  t h a t  employed for the 
f i r s t  and s econd s urveys and is  d e s c r i bed be l ow .  Th e ad j u s ted 
ave r age pro j e c t ions  of the l ow case are found in th i s  append i x . 

As the r e s pons e s  to the s econd s urvey we re no t a s  c ompl e te a s  
t ho s e  o f  the f i r s t , b l ank c e l l s  we re c omp l e ted b y  e x tend i ng trend s 
or i n te r po l a t i ng be twe e n  ye ar s .  Reg i on a l  d a ta for pe t ro l e um prod ­
u c t  d emand for PADs I - IV and PAD V could no t b e  d eve l oped f rom the 
s urvey for the l ow case because of l a ck o f  s u f f i c i e n t  d a ta f rom the 
r e spond en t s . 

As r eg i o nal d a ta we r e  e s sen t i a l  for  t h i s  repo r t ,  the Depar tmen t  
o f  Energy provided PAD V pe troleum prod uc t d emand d a t a  con s i s te n t  
w i th the l ow c ase to t a l  U . S .  pe trole um prod u c t d emand , d ome s t i c 
prod uc t i on , and impo r t  l eve l s  for the ye ars 1 9 8 5  and 1 9 9 0 .  The PAD 
V f ig ur e s  deve l oped by the Departme n t  o f  Ene rgy we re s ub t r a c ted 
from the N PC ' s  l ow c a se to tal  U . S .  pe trole um prod uc t d emand to ob­
t a i n  the d a t a  fo r PADs I - I V .  

BALANC IN G METHODO LOGY 

The b a s i c  me t hodol ogy empl oyed i n  b a l an c i ng the t a b l e s  u t i l i z ed 
the me an and s tandard d ev i a t ion o f  each c e l l . Th e me an v a l ue s for  
e ach cell  in  a r ow o r  c o l umn were s ummed . Th i s  s um wa s c ompared to 
the va l ue of the appropr i a te total or sub to ta l  of t h a t  row or col­
umn . Due to the fact tha t d i f ferent n umb e r s  o f  re s pond e n t s  an­
swe red each i nd iv id u a l  c e l l ,  these  numbe r s  wou l d  c o i n c id e  o n ly by 
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acc id en t .  When the s e  n umber s  were no t e q u a l , the d i f f e r e nc e  b e ­
twe e n  the s um o f  t he i nd iv id u a l  c e l l s  a nd the  t o t a l  wa s t ake n . 
Th i s  d i f ference wa s then appor t ioned to the i nd iv i d u a l  c e l l s  on the 
b a s i s  o f  the i r  abso l u t e  s tandard d ev i a t io n , and the t o t a l  wa s de­
r ived . For e x ampl e , cons ider the row of n umbe r s  be l ow .  Numbers i n  
paren the s e s  b e l ow repr e s e n t  the i r  a s so c i a te d  s tandard d ev i a t io n s . 

1 0 0  

( 1 0 ) 

2 0 0  

( 5 0 )  

5 0 0  

( 4 0 ) 

7 5 0 

Suppose the f i r s t  three n umbe r s  should add to the four t h , 7 5 0 . I n  
t h i s c a se they add t o  8 0 0 . Th u s  , t a k i n  g the 7 5 0  a s  a g i v e n  , the 
o ther n umber s mu s t  be ad j u s t ed d ownward . 

The to tal  s t and a rd d ev i a t ion o f  the t h r e e  n umbe r s  i s  e q u a l  to 
1 0 0 . The s t andard d ev i a t ion of t he f i r s t  numb e r  a ccoun t s  for 1 0  
pe rcent o f  the to t a l , the second n umbe r  for 5 0  percen t ,  and the 
t h i rd number for 4 0  p e r c en t .  Th us , 1 0  p e r c e n t  o f  50  ( 8 0 0  - 7 5 0  = 

5 0  x 1 0 %  = 5 )  i s  s ub trac ted from the f i r s t  n umbe r ,  5 0 %  x 5 0  = 2 5  i s  
s ub t racted from the s e c ond , and 4 0 % x 5 0  = 2 0  i s  s ub t rac ted f rom 
the th i rd . The b a l anced ser i e s  i s  t h u s : 

9 5  + 1 7 5 + 4 8 0  = 7 5 0  

( 1 0 0 - 5 ) ( 2 0 0 -2 5 )  ( 5 0 0 - 2 0 )  

Th i s  techn ique a s s ig n s  the va r ia t ion i n  propo r t i o n  t o  the s tan­
dard d e v i a t ion . I f  the s t andard d e v i a t ion i s  cons i d e r ed the 
" ag reemen t  index , "  then th i s  sys tem a s s ig n s  a l arge r share o f  the 
d i f ference to c e l l s  where there is l e s s  ag re emen t among r e s pon­
d e n t s . 

Tab l e s  are b a l anced by t h i s  me thod s uc h  t h a t  the  more ag grega te 
the c e l l  i n  q ue s t ion , the  more . agre eme n t  i s  s hown . Tab l e  b a l anc i ng 
beg i n s  wi th t o ta l s , b acks through s ub to t a l s , and f i n a l ly a r r ive s a t  
i nd i v idual  c e l l s . 
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L I S T  OF ORGANIZ AT IONS SURVE YE D IN APR I L  AND DEC EM B ER 1 9 7 9  

Atl an t ic Ric h f i e ld Company 

The Br i t i sh Pe trole um 
Company , Ltd . 

Th e Ch ase Ma nha t tan Ba nk 

C i t i bank 

Sh e rman H .  Cl ark As so c ia te s  

Compag n i e  Fr anc a i s e  d e s  
Pe t role s 

Con t inental  O il Company 

Da ta Re so urces , Inc . 

Ex xon Corpo r a t ion 

Gul f O i l  Corpora t ion 

W.  J .  Levy Con s ul tan t s  
Co rpo r a t io n  

Ja pan Mi n i s try o f  In te rnat i onal 
Tr ade and Ind u s try 

Cong r e s s ional Re se a rch Se rv ice 
Li brary of Co ng re s s  

Mara tho n Oi l Company 

Ma s s ac h us e t t s  In s t i tute o f  
Tec hnology 

Mob i l  Oil Cor po ra t io n  

Org an i z a t ion for Econom i c 
Coope r a t i o n  and De ve lopm e n t  

Pa ce Company Co n s ul tan t s  
and Eng i neers , Inc . 

Pe tro f i na S . A .  

Pe trole um Econom ic s , Ltd . 

Pe trole um Ind u s try Re se arc h 
Fo und a t i o n ,  In c .  

Ph i ll i ps Pe trole um Company 

Scal lop Cor por a t io n * 

Sh e l l  O i l  Compan y 

Stand a rd O i l  Company o f  
Ca l i fo rn i a 

St and ard Oi l Company ( In d i an a )  

Th e St and ard O i l Company 
( Oh i o ) * 

Stan fo rd Re s e a rch In s t i t ut e  

S un Company , Inc . * 

Tex aco Inc . 

Un ion O i l  Company o f  Cal i fo rn i a  

Of f ice o f  O i l  and Gas Ana l y s i s  
u . s .  De pa r tmen t o f  En e rgy 

Po l i cy and Ev a l u a t i o n  
U. S .  De par tmen t of Ene rg y  

The Wh a r ton Sc hoo l 
Un iv er s i ty o f  Pe nnsyl van i a  

Wo rld En e rgy Mod el s ,  Ltd . 

* Re ce ived the second s urve y ( Dec embe r  1 9 7 9 )  o n ly . 
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TABLE I I  

U . S . E nergy S uppl i es 

A D J U S T E D  A V ER A G E  

T O T A L - - A L L  R E S P O N DE N T S  

High Case 

1 9 77 1 98 0  1 9 8 2  1 9 85 1 99 0  

- - - - - -- - - - - - - - - - - - - - - - - - --- -------- - - - ------ - - -

O I L  ! M I LL I ON B A R R E L S / Y E A R ) 

D O ME S T I C  P R O DU C T I O� - T O T A L 

C R UDE & L E A S E  C O N D E N S A T E  

N G L  

I MP O R T S  - T O T A L  

C R U D E  

P R O D U C T S  < I NC L . NGL � U N F I N I S H E D > 

E X P O R T S  

P R O C E S S I NG GA I N ,  E T C .  

S Y N C R U D E  

F R O M  S H A L E  
F R O M  C O A L  

F R O M  I IIJV E N T O R Y  

C R U D E  
PRODUC T S  

T O T AL O I L  S U P P L Y 

M EM O :  T R I L L I O N R T U 1 S / YR . 

G A S  ! B I L L I ON C UB I C  F E E T / Y E A R ) 

PRODU C T I ON 

E X T R A C T I ON L O S S t T R A N S F E R S  O U T  

I MP O R T S  - T O T AL 

E X P O R T S  

F R O M  I NV o t  T R A N S M I L L I O N  L O S S  & U N A C C O U N T E D  

T O T A L D R Y  N A T U R AL GA S 
S Y NG A S  

F R O M  C O A L  

F R O M  L I QU I D S 

T O T A L  G A S  S U P P L Y 

ME MO : T R I L L I O N B T U 1 S / Y R .  

3 , 5 99 . 8  
3 o 0 0 9 . 3  

5 9 0 . 5  

3 t 2 1 4 . 6  

2 t 4 1 4 . 3  

8 0 0 . 3  

- 8 8 . 6  

2 0 1 . 8 

o . o  

o . o  
o . o  

- 2 0 0 . 1 

-6 2 . 2  
- 1 3 7 . 9  

6 , 7 2 7 . 5  

36 , 97 0 . 0  

2 0 , 0 25 . 0  

- 8 6 2 . 0  

1 , 0 0 1 . 0  
-56 . 0  

-597 . 0  

1 9 t 5 l l o 0 

o . o  

o . o  

o . o  
1 9 o 5 l l . O  

1 9 , 93 1 . 0  

3 t 7 3 8 . 8  
3 , 1 7 9 . 4  

55 9 . 4  

3 t 3 4 2 o 7  
2 t 5 0 9 . 0  

8 3 3 . 7  

- 1 0 6 . 3  
1 9 3 . 5  

o . o  

o . o  
o . o  

- 3 2 . 2  

- 23 . 0  
-9 . 2  

7 . 1 36 . 5  

39 t 1 4 6 o 5  

1 8 t 7 8 3 . 0  

- 7 0 6 . 0  

1 t 4 1 3 o 9  
- 5 3 . 0  

- 2 6 0 . 3  

1 9 o l 7 7 . 8  

2 1 4 . 1 

1 5 . 1 

1 99 . 0  

1 9 t 39 1 . 9 

2 0 , 0 62 . 6  

C O A L  ( AN T H R A C I T E ,  B I T U � I NO U S t & L I GN I T E > : T HO U S A N D  S H O R T  T O N S  P E R  Y E AR 

P R O D UC T I ON - T O T A L  

F O R  C O N V E N T I ON A L  D O M E S T I C  M A R K E T S  

F O R  S Y N T H E T I C  O I L  & / OR G A S  P L A N T S  

N E T  E X P O R T S  

F R O M  I NV o t  L OS S E S t  GA I NS •  & U N A C C O U N T E D  F O R  

T O T A L  C O A L  S U P P L Y  

M E M O : TR I L L I ON B T U • S / Y R . 
NUC L E A R ! T R I L L I O N B T U • S / Y R .  

694 , 7 55 , 0  

6 94 , 7 55 . 0  

o . o  

-52 , 5 0 9 , 0  

- 1 6 , 5 7 5 , 0 

6 25 , 6 7 1 , 0  

l 4 t  1 3 3 . 0  
2 , 6 74 . 0  

7 7 9 t 3 3 6 , 5  

7 7 9 , 0 28 . 3  

3 0 8 . 2  

-4 9 , 3 2 3 . 5  

- 4 , 3 6 7 . 1  

7 25 , 64 5 . 9  

1 6 t 0 22 . 5  
3 t 54 7 . 6  

3 , 6 65 , 9  

3 . 1 1 8 .  7 

5 4 7 . 2  

3 , 6 09 . 8  
2 o 6 9 1 o 5  

9 1 8 . 3  

- 1 1 3 . 9  
2 0 9 . 1 

1 .  5 

1 . 5 
o . o  

- 1 8 . 3  

- 1 7 . 7  
- 0 . 6  

7 , 354 . 1 

4 0 , 365 . 3  

1 8 , 1 44 . 9  

- 6 1 5 . 7  

2 , 0 0 9 , 0  
-54 . 1  

- 1 98 . 6  

1 9 , 2 8 5 , 5  

265 . 9  

25 . 3  

2 4 0 . 6  
1 9 , 55 1 . 4  

2 0 , 3 7 6 , 0  

8 4 5 , 4 4 3 , 0  
8 4 5 , 4 4 3 , 0  

o . o  

- 5 1 , 5 1 1 . 9  
o . o  

7 93 , 9 3 1 . 1  

1 7 , 55 0 , 8  

4 , 542 , 0  

3 , 5 7 0 , 4  
3 t 0 5 8 , 5  

5 1 1 . 9 

3 t 8 1 2 . 6  

2 t 897 , 7  

9 1 4 . 9  

- 95 , 4  

1 9 2 . 4  

1 6 . 7  

1 6 . 2  
0 . 5  

-6 . 6  

- 3 , 9 
- 2 . 7  

7 t 4 9 0 . 1  

4 1 t 3 0 4 . 3  

1 7 t 5 0 7 . 7  

- 6 9 4 . 6  

2 o 5 1 6 , 0 

- 3 7 . 2  

- 2 1 6 . 1 

1 9 , 0 7 5 , 8  

3 3 5 . 3  

1 0 6 . 1  

229 . 2  
1 9 , 4 1 1 . 1  

2 0 t 469 , 0  

9 8 2 t 1 7 3 , 6  

9 75 . 7 3 7 . 5  

6 t 4 36 . 1  

- 6 0 t 26 2 , 5  

-5 . 8 0 1 . 5 

9 1 6 t 1 0 9 , 6  

1 9 o 9 0 3 , 3  
6 t 3 0 5 . 1  

3 t 586 , 1  

3 t l l 2 o  7 

4 7 3 , 4  

3 o 98 0 , 3  
2 o 95 2 , 9  

l t 0 2 7 . 4  

-94 , 7  

1 92 , 7  

9 2 , 4  

7 5 . 7  

1 6 . 7  

- 7 . 7  

-4 . 6  
- 3 . 1  

7 t 7 4 9 , 1 

4 2 t 64 3 . 8  

1 6 t 8 8 5 o 4  

- 6 7 6 . 8  

2 o 7 8 5 , 2  

- 36 o l  

- 2 l l . 2 

1 8 o 7 4 6 o 5  

5 3 6 . 8  

3 0 7 . 1 

2 2 9 , 7  
1 9 t 28 3 , 3  

2 0 . 48 6 . 2  

l t 25 8 t 4 2 2 o 0  
1 t 2 3 5 t 75 3 , 0  

2 2 t 66 9 o 5  

•62 t 684 , 5  

-5 , 8 l o . 5 

l t 1 89 t 92 7 . 0  

25 , 1 54 , 4  
9 , 1 5 9 , 6  
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TABLE I I I  

Domes ti c Demand for Products - - Total U . S . 

( T H OU S AN D E A R R l:i. S / DA Y) 

A DJ U S T E D  !!. Vf.il A GS 
T O T A L - - A L L  R E S�O N D ENTS 

1 9 7 7  
- --- - - - - -

M O':'O R  G !!. S O L ! N  E: L SA D ED - P R E M ! U I'I  1 , 0 6 1 . 0 
- N O N - PR E M I U M ,. , 2 0 7. 0 

S . TOT A L  5 , 2 6 8 . 0 
U N L EA D ED - P R E M IU I'I  0 . 0 

- N O N- P R E I'I I U I'I  1 , 9 0 8 . 0 
S . '!' O T A L  1 , 9 0 8 . 0 

TO T A L I'I O '!' O R  G A S O LI N E  7, 1 7 6 .  0 
A V I A T I O N G A S O L I N E  3 8 . 0 
J ? 'l' F U ::: L :  N A P '!' H A  T Y P E  2 0 8. 0 

K E RO S IN E  T Y P E  8 3 1 . 0  
TO T A L  J E T  FU E L 1 , 0 3 9 . 0 

� PEC! AL N APT H A  8 6 . 0 
K E �O S I N E 1 7 5. 0 
D I S T I L L A T E  F U EL O IL :  NO . 2  O I L  I ,  2 9 2. 0 

N 0 . 4 O I L  6 2. 0 
D I E S E L  - O N  H I G H W A Y 7 2 4 . 0 

- O F F  H I G H W A Y  1 7 2 . 0  
OT HE R D I S T I L L A T E  I ,  1 0  2 .  0 

TOT AL D I S T I L L A T E  FU E L  OI L  .s , 3 5 2 . 0 
R ES I D U A L  F U EL O IL :  0 • 5"S 9 5 9 . 0 

. 5 1  - 1 .  o "s 6 9 3. 0 
1 .  1 - 2. 0 � 5  6 1 2. 0  
2 .  o"s + 8 0 7 . 0 

TOT A L R ES I DU A L F U E L  OIL 3 , 0 7 1 . 0 
L I Q U E F :  E D  GA S ES :  ET HA N E 4 ,  2. 0 

PROP A N E  8 6 6 .  0 
B U T A N E  , 1 5. 0  
P R O P A NE/BU T A N E  I'I IX 2 9 . 0 
TO TA L  L I Q U E F I E D  G A S E S  1 , 4 2 2 . 0 

P 2T ROCH E I'I I  C A L  F E E D S T O C K S : S T I L L G A S  4 8 . 0 
Li O O  E P  N A PTH A 2 0 4 . 0 
OT H E R 2 6 9 . 0 

TOT AL P E T R O C H E M I CA L  FE E DS TO C K S  5 2 1 .  0 
L U B R I C A N T S  1 6 0 . 0 
W !IX ES 1 6 .  0 
C O K E  2 6 7 . 0 
�- S P H H T  & R O A D  O IL 4 3 7 . 0 
S '!' I L L G .� s  FO R F' U EL 5 2 4 . 0 
M I S CE L L A N EO U S  P R O D U C T S  1 4  7 .  0 

-- -- - - ---

T OT A L D E  !'l A ND 1 8 , 4 3 1 . 5  

E T H A NE 4 1 2 . 0  
P R O P A N E  1 2 3. 0 
B UT A NE 9 3 . 0 
P R O P A NE / B U T A N E  I'! I X  5 . 0 

TO TA L 6 3 3. 0  

1 9 8 0  
- - - - - - - - -

4 1 8. 4 
3 ,  5 0 8. 7 
3 , 9 2 7. 1 

9 0 0 . 2 
2 ,  7 5 5 . 7 
3 ,  6 5 5. 9 
7 , 5 8 3 . 0 

4 1 . 6  
1 9 6. 8  
9 2 1 . 4 

1 .  1 1 8. 2 
9 8 .  1 

1 9 1 .  0 
1 , 3 0 2 . 2 

6 4 . 2 
9 3 9. 1 
1 9 5. 6 

1 , 0 7 9 . 3 
3 , 5 8 0 . 4 

9 9 6 . 3 
8 1 5. 1 
6 Li  1 .  5 
6 8 6. 9 

3 , 1 3 9 . 9 
4 1 7. 9  
9 0 0 . 1 
1 4  7. 9 

2 0 . 6 
1 , Li 8 6 . 5 

5 3 . 0 
2 3 9 . 9 
3 5 3. 5 
6 4 6. 4 
1 7 2. 6  

1 9. 1 
2 6 9 .  5 
4 7 4 .  8 
5 6 0. 0 
1 7 1 . 0 

----- ----

1 9 , 5 5 2. 1 

3 9 2 . 6 
1 6 0 . 6 

9 6 . 1 
3. 1 

6 5 2 .  Li 

H igh Case 

1 9 8 2  1 9 8 5  1 9 9 0  
- - - - - - - - - - - - - - - - - - - - -- - - - - -

1 54 .  1 2 1 .  4 o . o 
2 ,  8 6 7 . 7 1 , 9 Li 9 . R 1 .  0 8 8. 9 
3 , 0 2 1 . 8 1 , 9 7 1 . 2 1 , 0 8 9 . 9 
1 , 3 4 1 .  8 1 , 8 8 2 . 6  2 ,  2 3 5. 3 
3 , 1 8 9 . 3 3 .  30 2. 6 3 , 4 2 9 . 1 
Li , 5 3 1 . 1  5 , 1 8 5 . 2 5 , 6 6 4. 4 
7 , 5 5 2 . 9 7 , 1 5 6 . 4  6 , 7 5 3 . 3 

4 3 . 4  4 4 . 9 4 9. 0 
1 84 . 1 1 7 0 . 8 1 4 0. 2 

1 , 0 0 1 . 1  1 , 1 0 1 .  5 1 , 2 9 8 . 1 
1 ,  1 85 . 2 1 , 2 7 2 . 3 1 , 4 3 8. 3 

1 0 3 .  0 1 0 4 .  2 1 , 2. 5 
1 8 9 . 0 1 6  a. 1 1 6  3. 1 

1 ,  2 92 . 3 1 , 2 7 9 . 5 1 ,  2 1 8. Li 
6 6 . 6 7 0 .  3 7 4. 3 

1 ,  0 8 8 .  0 1 , 3 5 2 . 0 1 , 8 2 2. 4 
2 0 5 .  9 2 2 0 . 9 2 5 1 .  2 

1 , 1 5 3 . 6 1 , 1 7 2 . 6 1 , 2 2 7. 5 
3 , 8 06 . 4 4 , 0 9 5 . 4 4 ,  5 9  3. 9 
1 , 0 7 0 . 7 1 , 1 3 7 . 7 1 ,  0 4 8. 6 

8 3 9 . 7 8 7 6 .  2 8 9 8. 3 
6 5 1 . 2  6 5 4 . 0 6 4  3. 9 
6 7 9 .  1 6 5 9 . 6 6 3 4. 1 

3 , 2 4 0 . 7 3 , 3 2 7 . 5 3 ,  2 2 5. 0 
Li 03 . 3  4 0 2 . 0  3 9 0. 3 
9 4 1 . 3  1 , 0 1 7 . 4  1 ,  1 2 3. 6 
1 7 0. 0 1 9 3 .  4 2 1 0 . 2 

2 2 . 5 2 3 . 8 2 6. 7 
1 , 5 3 7 . 0 1 , 6 3 6 . 6 1 , 7 5 0. 7 

5 8 .  2 5 0 . 7  4 7. 0 
2 72 . 0 3 1 8 . 6  4 3 5. 8 
4 3 8 .  4 5 5 5 .  2 7 7 1 . 2  
7 6 8 . 6 9 2 4 . 4 1 ,  2 5 4. 0 
1 8 0 . 3 1 8 9 . 6  2 0 9. 8 

1 9 . 8  2 1 . 2 2 4. 2 
2 76 . 5 2 8 Li .  2 3 0 4 .  9 
4 8 8 . 4 5 0 8 . 0 5 4 3. 5 
5 8 0 .  B 5 8 2 . 3 5 9 9. 6 
1 76 .  1 2 0 5. 2 2 0 8. 6 

- -------- -- - --- - - - --- - - - - --

2 0 , 1 4 8 . 2 2 0 , 5 2 0. 8 2 1 , 2 3 0 . 4 

3 89 . 4 3 7 1 . 0 3 3 6. 9 
1 75 . 6  2 1 6 .  2 2 5 9. 0 
1 03 .  4 1 0 4 . 5 1 0 9 . 2 

3 . 3  3 . 7 4. 5 
6 7 1 . 7  6 9 5 . 3 7 0 9. 7 
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TABLE m High Case 
Domest i c  Demand for Products PADs I - I V  

(Thousand Barrel s/Day) 

ADJ US T E D  A V E R A G E  

TOTAL - - A L L  R ES PON DENTS 

1 9 7 7  
---------!'IOTO R G A SO L I N E: L EA DED - P R E I HU !'I 3 0 7 . 0  - NON- P R E !'I ! U I!  5 0 8 . 0  

s .  '!'OTH 8 1 5 . 0 
U N L EA DED - P R E I! I U I'I o . o 

- N O N- P R E I! I U !!  2 6 A . O  
S .  TO TA L 2 6 8 . 0 

TOT AL I! OTO R G A S OL I NE 1 , 0 8 3 . 0  
A V I A T T O N  G A S O L I N E  9 . 0  .J ET F U E L :  N !\ P'!' H .ft.  T Y PE 5 9 . 0 

K E R O S IN E  T Y P E  2 4 0 . 0 
TOT A L  J E T  F U E L 2 9 9 . 0  

S P EC I ?. L  :H. P T H A  R . O K E :lO S I 'I E  1 3 . 0  D I ST I L L A T E  F' O S L  o : L :  NO . 2  'l : L  3 9 . 0  
N0 . 4  0C: L ?. . 0 
DIESEL - M: H I G H W A Y  1 0 2 . 0  

- OFF H I G H W AY 2 2 . 0 
O ':' H:::!l D I S T IL U TE 1 6 0 . 0 

!'OT AL D I S ': tL L A :' E  F U E L  O I L  3 2 5 . 0 
� ? s : D U A L  F U EL J I L : 0 • 5 ltS 3 2 6 . 0 

• 5 1  - 1 . o ,; s  3 'l .  0 
1 .  1 - 2 .  o ,; s  1 8 4 . 0 
2 . 0ltS + 2 1 .  0 

TOT AL R ES I D U � L F U E L  o : a  5 7 0 . 0 L : QU E F ! E D  GA S ES :  E :' HA NE 2 . 0  
P?. O P A 'I E  4 6 . 0 
BU':'A N'': 4 . 0  
P ? O P A  'IE/B U :' �. NE !'! ! X  3. 0 
"'O T A L  L ! Q O :: F I E D  G A S E S  5 5 . 0 

o ::::' 'l O C H  EM:: CAL F :: E D S TO C K S : s -: : L L  G A S  2 . 0  
4 0 0  E P  !IA P !' H A  � .  0 
O :' H � �  8 . 0 

:'OT A L  P E :' R O C H :: !'I I C A L  F E E D S TO C K S  n . o 
L IJ B R ! U N T S  1 5 . 0  
il l-. l[ ': S  3 . 0  COKE 4 'l . O  
� S I'H �. L :' & "O A D  O IL 6 3 - 0  
S T ! L L  G A S  FO R F U E L  1 0 1 . 0  
M T S C E L U.N E O U S  P R O D U C T S  8 . 0  

---------

':'OT A L  0 3 P! l\ N D  2 , 6 1 4 . 0  

3 THANE 2 .  0 
P R O  P A N ?;:  5 . 0  
B OT A  NE 2. 0 
P � D P A N E / Tl U ':' A N ':  P!:::x 1 .  0 

':'O ':'A t 1 0 . 0 

1 9 8 0  
--- ------

1 0 2. 2 
117 9 . 5 
5 8 1 . 7  
1 1 4 . 4 
4 4  7. 2 
5 6 1 . 6  

1 , 1 4 3 . 3 

9 . 8 
5 5 . 1 

2 6 9. 6 
3 2 4 . 7 

1 0 . 6 
1 3 . 9  
4 5 . 0 

3. 1 
1 11 0 .  5 

2 11 . 7 
1 3 9 . 6 
3 5 3 . 0  
3 5 9 . 4 

3 1 . 6  
1 3 0. 6 

2 8. 6  
5 5 0 . 2 

2 . 2 
52. 1 

4. 2 
3 . 2  

6 1 . 8  
2 . 2 
2 . 0  

1 1 .  3 
1 5. 5 
1 6 . 1 

3 .  1 
4 7. 2 
6 7 . 5 

1 0 0 . 8 
1 2 . 0 

--- ------

2 , 7 2 9 . 9 

2 .  2 
6. 8 
1 .  3 
o. 8 

1 1 .  1 

1 9 8 2  1 9 8 5  1 9 9 0  
- ---- -- -- --- ------ -------- -

3 7 . 6  B .  1 o. 0 
.3 8 7 .  7 2 6 6 . 6 1 5 0 . 0 
4 2 5 . 3 2 7 4 .  7 1 5 0. 0 
2 0 6 . 3 3 2  3. 7 4 2 2 .  5 
5 1 7 . 5 5 1 7 . 6  4 'l 6 . 7 
7 2 3 .  8 A 4 1 . 3 9 1 9 . 2 

1 , 1 4 9 . 1 1 , 1 1 6 . 0  1 , 0 6 9. 2 
1 o. 0 1 o. 7 1 1 . 4 
5 1 . 7 4 8 .  '5 3 5. 8 

2 94 . 1 3 2 7 . 0 4 0 0 .  2 
3 4 5 . 8 3 7 5 .  5 4 3 6 .  0 

1 o .  9 1 1 .  6 1 3 . 0  
1 3 . 3  1 4 .  5 1 5. 4 
4 5 .  2 4 11 .  2 4 0 . 9 

3 . 2  3 . 4  3 .  4 
1 6 0 . 7  1 9 7 . 0 2 6 1 . B 

2 5 . '5  2 6 . 'l  3 1 . 3 
1 4 7 .  3 1 11 7 .  4 1 '5 6. 7 
3 8 1 . 9  4 1 9 . 0 4 9 4. 2 
3 82 .  3 4 1 1 . 1 3 4  5. 5 

3 6 . 6 4 0 . 0 4 3. 9 
1 3 3 .  3 1 3 0 .  4 1 3 1 . II 

2 'l . 2 2 8 . 3 2 4 . 8 
5 8 1 . 5  6 0 9 . 8 5 4 5. '5 

2 . 3 2 .  1 2. 0 
5.3 . 6 5 6 .  4 6 1 . 4 

5 . 2 6 . 8  8 .  II 
3 . 2  3 . 1 3. 1 

6 4 . 2 6 8 . 11 7 4. 9 
1 .  9 2. 6 2. 3 
II .  3 9 . 6 1 7. 2  

1 1 . 3 2 0 . 9 3 2. 9 
1 7 . 6  3 3 . 0  5 2. II 
1 6 .  6 1 8 . 1 2 0 . 1 

3 . 6  .3 .  9 4 . 4 
4 8 . 6 5 0 . 5 5 4. 5 
6 9 . 4 7 2 . 3 7 6 .  1 

1 0 4 .  3 1 0 7 . 7 1 0 9 . 7 
1 2 .  0 n . 6  1 3 . 5 

- --- ----- -- ----- -- - -- -- --- -

2 , 8 2 8 . 9 2 , 9 2 4 . 7 2 , 9 9 0 . 6 

2 . 3 1 .  'l 1 .  4 
7 . 5 8 . 5  1 o .  6 
1 .  4 1 .  7 1 .  8 
o .  8 0 . 8  o. 6 

1 2 . 0  1 2 . A 1 4 .  5 
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TABLE I I I  High Case  
Domesti c Demand for Products PAD V 

(Thousand Barrel s/Day} 

A D J U S T l> D  H F P. �. G E  

TOT A L- - A LL � E S PO � D E NfS 

1 9 7 7  
- - - - - - - --

M OT� P G .•. S O L I N  :: :  L "!::A o:;o - P R E P1 TO !I  7 5 4 . 0  
- !1 011- P ? F !I ! U  PI 3 , 6 9 9 . 0 

S . 'l'O '!' A L  4 , 4 5 ] . 0 
U N L  "!': A D ::' D  - P R ::: !I T U !I  o . o 

- N ON- P!!E PI : a r�  1 , 6 4 0 . 0 
S . ':'O '!' A L  1 , fi 4 0 . 0 

!' Q T U  !I O T O !l  G !I S O L : 'I E  6 , 0 9 3 . 0  
�. v : :.. :- : 0 N G � S O L : 'I ::: 2 9 . 0 
ll r.:- FTJ'' L :  N A P ::' R !. -:' T P :O  1 4 9 . 0  

K ::' !! 0 S : 'I E  :'YP"!O 5 9 1 . 0  
:' 0 '!' U  J � -:'  F O :S L 7 4 0 . 0 

!== r: : :  !-. !. 'lAP'!' H A  7 8 . 0  
K ::: 7 :-' S : �1 ::  1 6 2 . 0 
� : :; r ::: LL A-:' 2 FU :::L o : L :  NO . 2  0 :: L  1 , 2 5 1 . 0  

NO . 4  c :!.. 6 0 . 0 
o : :: s :. L  - 0 '1  H" :: G H \oi . H  fi 2 2 . 0  

- O l'F H I G H \oi AY 1 5 0 . 0 

O':' H :S "  D ! S :' : L B ':' :S 9 ll 2 . 0  
:'0':' �. L D : S '!' I L H ':' :O  Fr1 : L  o : L  3 , 0 2 7 .  0 

= :: s r  DTI .u FU !:L o : t :  0 . s, s  6 3 1 . 0  
. 5 1  - , • o � s  6 S 4 . 0  

1 .  1 - 2 .  0, s 4 2 !:1 . 0 
2 . 0 \t S  + 7 8 6 . 0 

:' O ':' H  :::: ::s ... o a r  .. L l'U E L  O ! L  2 , 5 0 1 . 0  
: : on ::: F T  : :::> r.�. s  ::s : E" HA '1 :' 4 1 0 . 0 

P?OP �. 'l "  8 2 0 . 0 

ll U ':'l\ 'l <:  1 1 , • 0 
P � O P ;'dl f/ B U :' � N :S  !'! I X  2 6 . 0 
7C":lt L l ! OU :S F : :: r  G ?. S :C S  1 , 3 6 7 . 0 

r 7 :' :' :  - H :t"' : C� L  E C: !l S ':' O C KS : S :' : I.L G A S  4 6 . 0 
4 0 0  E P  �:A P :' H �  2 0 1 . 0  
O':'H :S �  2 6 1 . 0  

:' O T A L  P E r P O C H E M :: C A L  F ':: ::: D S T :' C K S  5 0 A . O 
l " 3 - .. C A �' :  -=7 1 4 5 . 0  
w ·, x:: s 1 3 . 0  
:- � K o  2 1 8 . 0 
-� "' ? H  f. = J  D :J L 3 7 4 . 0  
c 7 T L  r; ·' c; FO F'U L 4 2 3 . 0  
-.. � :::= : L l  � �J E",.... U P ?  DUC" !'S 1 3 9 . 0  

- -- -- - - --

:'O T U  D e M A N D  1 5 , 8 1 7 . 5 

E T H-'11 2 4 1 0 . 0  
P !l O P A NE 1 1 8 . 0  

fl U '!' n E  9 , .  0 
PRC P A N :S / B U ':'  A N E  M I X  li . O 

TO'!' A L 6 2 3 . 0  

1 9 8 0  
- - - - - - - - -

.1 1 6 . 2  

3 , 0 2 9. 2  
3 , .1 4 5. 4 

7 8 5 . 8  
2 ,  1 0 8. 5 
3 , 0 9 4  • .3 
fi , 4 3 9 . 7  

3 1 . 8 
1 4 1 . 7 
6 5 1 . 8  
7 9 3 . 5 

A 7 . 5 
1 7 7 . 1  

1 , 2 5 7. 2 
fi 1 .  1 

7 9 8 . 6 
1 7 0 . 9 

9 3 9 . 7  
3 , 2 2 7 . 4 

6 3 6 . 9 
7 8 3 . 5  
S 1 0 . 9  
6 5 8 . 3 

2 , 5 8 9 . 7 
4 1  s. 7 

8 4 8 . 0 
1 11 3 . 7 

1 7 . (j 
1 ,  4 2 4. 7 

5 0 . 8 

2 3 7 . 9  

3 ll 2 . 2  
6 3 0 . 9 
1 5 6 . 5 

1 6 . 0  

2 2 2 . 3 

4 0 7 . 3 
4 5 9 . 2  
1 5 9 . 0 

- - - - - - - - -

1 6 , 8 2 2 . 2 

3 9 0 .  ll 
1 5 3 . 8 

9 4 . 8 

2 . 3  
6 4 1 . 3  

1 9 8 2 1 9 8 5  1 9 9 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - -

, 6 .  5 1 3  • .3 o. 0 
2 , 4 8 0 . 0  1 , 6 8 3 . 2 9 .1 8 . 9 
2 ,  5 96 .  5 1 , 6 9 6 . 5 9 3 8 .  9 
1 , 1 3 5 . 5 1 , 5 5 q . 9  1 ,  8 1 2. 8 
2 , 6 7 1 . A  2 , 7& 5 . 0 2 ,  9 3 2. 4 
3 , & 0 7 . 3 4 , 3 4 1 . 9 4 , 7 4 5 . 2 
6 , 4 0 3 . 8 fi , 0 4 0 . 4 5 , 6 '3 4 . 1 

3 3 . 4  .3 4 . 2 :n. 6 
1 3 2 .  4 1 2  2 .  3 1 0 4 .  4 
7 07 . 0 7 7 4 . 5  8 9 7. 9 

8 3 9 . 4  k 'l6 .  8 1 , 0 0 2 . 3 
9 2 . 1 9 2 . 6 9 9 . 5  

1 75 . 7  1 5 4 .  2 1 lj 7. 7 
1 , 2 4 7 . 1 1 , 2 1 5 . 3 1 , 1 7 7 . ') 

6 3 . 11 6 fi . 9  7 0 . 9 
9 2 7 . 3 1 , 1 ') ') . 0 1 , 5 6 0 . 6 
1 AO . ll  1 9 4 . 0  2 1 9 . 9 

1 , 0 0 6 . 3 1 , 0 2 5 . 2 1 , 0 7 0 . 8 
3 , 4 2 ll .  5 1 , 6 7 6 . 4  4 , 0 9 9 . 7 

6 8 8 . ll  7 2 6 . 6 7 0 3 .  1 
8 0 3 . 1 A 3 6 .  2 8 5 4. 4 
S 1 7 .  9 5 2 3 . 6  5 1 2 . 5 
6 4 9 . 9 6 3 1 . 3  6 0 9. 1 

2 , 6 '> 9 . 2 2 , 7 1 7 . 7 2 , 6 7 9. 5 
u 0 1 . 0 3 9 9 . 9 3 8 A . 3 
8 8 7 . 7 9 6 1 . 0  1 , 0 6 2. 2 
1 6 4 .  8 1 8 6 . 6 2 0 1 .  8 

1 9 . 3 2 0 . 7 2 3. 6 
1 , 4 7 2 . & 1 , S 6 8 . 2 1 ,  6 7 5. 8 

56 . 3 (j b. 1 4 4 .  7 

2 6 7 .  7 3 0 9 . 0 4 1  A. 6 
4 2 7 .  1 5 .1 4 .  3 7 3 8 . 3 
7 5 1 . 0  8 9 1 . 4 1 , 2 0 1 . 6  
1 6 3 .  7 1 7 1 .  5 1 8 9 . 7 

1 6 .  2 1 7 . 3 1 9 . A 
2 2 7 . 9  2 3  3 .  7 2 5 0 .  4 
4 ,  9 .  0 4 3 5 . 7 4 6  7. 2 
4 7 6 . 5 4 7 4 . 6 4 8 9 . 9 
1 6 4 .  1 1 9 1 . 6  , 9 5 .  1 

- - - - - - - - - - - - - - - - - - - - - - - - -- -

1 7 , 3 1 9 . 3 1 7 , 5 9 6 . 1 1 8 , 2 3 9. 8  

3 8 7 .  1 3 6 9. , 3 3 5. 5 
1 6 8 .  1 2 0 7 . 7 2 ll 8. 4 
1 02 .  0 1 0 2 .  8 1 0 7 . 4 

2 . 5 2 .  9 3. 9 
6 5 9 . 7 6 8 2 . '>  6 9  5. 2 



TABLE I V  H i gh Case  

u . s .  Petro l eum S u  1 /Demand Bal ance -- Tota l U . S .  
Thous and Barre l s/Day 

A DJ US T E D  A V .Eii A G E  

T O T A L- - A L L  R E S �J N D E NT S  

1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  
- -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - -- - - -- -

D E l'!  AN D - TO T AL 1 8 , 6 9 0. 3  1 9 , 8 6 2. 3 2 0 , 4 72 . 9 2 0 , 8 1 1 . 7  2 1 ,  5 1 8. 8 
1 .  L O C A L  PR O D U CT D E l! A ND 1 8 , 4 3 1 . 5  1 9 , 5 5 2 . 1 2 0 , 1 4 8 . 2 2 0 , 5 2 0 . 8 2 1 , 2 3 0 . 4  
2 .  CR U D E AN D P R O  D UCT E X PO R T S  2 4 2. 7 2 9 1 . 2  3 1 2 .  1 2 6 1 . 4  2 5 9 .  5 
3 .  P R O DU C T  S H I P  .. E N T S  T O  O T HE R D I S T R I C T S  o .  0 o .  0 o. 0 o.  0 o. 0 
4. C R U D E , N GL & U NF. S H I P M E NT S  T O D  o. 0 o. 0 o .  0 o .  0 o . o 
5 .  C R U DE LO S S ES 1 6 . 1 1 9 . 0  1 2 . 6 2 9 . 5 2 8 . 9 

S U P PL Y  - 'i'O T .U 1 8 , 6 9 0 . 3 1 9 , 8 6 2. 3 2 0 , 4 72 . 9 2 0 , 8 1 1 . 7  2 1 ,  s 1 a. 8 
1 .  P R O D U C T IO N  - T O T A L  9 ,  8 6 2. 5 1 0 , 2 4 3 . 3 1 0 , 0 4 3 . 6 9 , 7 8 1 . 9  9 ,  8 2 4. 9 

C R U D E  AN D L EA S E C O N D E N S A T E  a , 2 4 4. 1 8 .  7 1  o. 7 8 , 5 4 4 . 4 8 , 3 7 9 . 4 8 , 5 2 7 . 9 

t:Ij NGL 1 , 6 1 7 . 8 1 ,  5 3 2. 6 1 , 4 9 9 . 2 1 , 4 0 2 . 5 1 , 2 9 7. 0 
I 2 .  R E C!:I P TS PR O f!  OT H E R  D I S T R I C T S  o. 0 o . o o. 0 o . o o . o 

f-' CRU D E ,  N GL ,  A ND U N F I N I S H E D  o. 0 o. 0 o .  0 o. 0 o. 0 """ 
PRO DUCTS o. 0 o. 0 o . o o. 0 o. 0 

3 .  P RO C E S S I N G GA IN , E TC . 5 6 9 . 0 5 4 9. 1 5 85 . 5 5 5 6 . 6 5 5 6. 8 
4 .  I MP O R T S  - T OT A L 8 , 8 0 7 . 1 9 , 1 5 8. 1 9, 8 8 9 . 9 1 0 , 4 4 5 . 5 1 0 , 9 0 4 . 9 

C R U D E  AN D U N F IN IS H E D  6 ,  6 4 6 .  0 7 , 1 0 3 . 6 7 , 6 6 5 . 4 8 , 1 8 0 . 6 8 , 4 9 1 .  6 
FRO M 0 V E R L A N D  2 7 9 . 0 2 0 6. 5 1 3 0 . 5 8 8 .  3 8 2. 1 
P R O I'I O F F S HO R E 6 , 3 6 7. 0  6 , 8 9 7 . 1 7 , 5 3 4 . 9 8 ,  0 9  2. 3 8 , 4 0 9 . 5 

N GL 4 2. 0  77. 7 8 8 .  1 1 2 0 . 1 1 6 2. 2  
FIN I S H ED P R O D UCTS 2 , 1 1 9. 1  1 , 9 7 6 . 8 2, 1 3 6 . 4 2 , 1 4 4 . 8 2 , 2 5 1 . 1 

5. S YN CR U DE o. 0 o. 0 4 .  1 4 5 . 8 2 5 3. 2 
FR O l!  S HA L E  o. 0 o. 0 4 . 1  4 4 . 4 2 0 7. 4 
F RO K  CO A L  o .  0 o .  0 o.  0 1 .  4 4 5. 8 

6 .  P R O P'!  I NV E N T O R Y - 5 4 8. 2 - 8 8 . 2 - s o .  1 - 1 8 . 1 - 2 1 .  1 
C R U D E  - 1 7 0 . 4 - 6 3 . 0 - 4 8 . 5  - 1 0 . 7 - 1 2. 6 
P R O  D UC T S  - 3 7 7 . 8 - 2 5. 2 - 1 . 6  - 1. 4 - 8 . 5 

7 .  CR U D E  R U N S  1 �t , 6 0 2 . 0  1 5 , 5 8 1 . 8 1 5 , 90 3 . 9 1 6 , 4 1 3 . 3 1 6 , 9 7 8. 6  



TABLE I V  H igh Cas e  

u . s .  Petrol eum Su  l / Demand Bal ance -- PADs I - I V  
Thousand Barrel s/Day 

ADJ US T E r: A V .i& A G E  

TO T A L - - A L L  R E S PO N D E NT S  

1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  
- - - - - - -- - - - - - - - - - - - - -- - -- - - -- - - - - -- - - - --- - -- -

D E M AN D  - TO T A L 1 6 , 1 3 9 . 3 1 7 , 1 4 2 . 3 1 7 , 6 7 1 . , 1 7 ,  8 9  2 .  4 1 8 , 5 5 4 . 7 
1 • LO C AL PR O D U CT D EM A ND 1 5 , 8 1 7 . 5 1 6 , 8 2 2 . 2 1 7 , 3 1 9 . 3  1 7 , 59 6 . 1 1 8 , 2 3 9 . 8 
2 .  CR U D E  AN D P R O  D UCT E X PO R T S 1 7 1 . 7 1 6 8 . 7 2 0 3 . 0 1 5 4 .  2 1 6 6 . 4 
3 .  P RO DU C T S HI P M ENTS TO O T HE R D I S T RI C T S  1 2 6 .  0 1 3 2 . 1 1 3 1 . 7 1 1 9 .  6 1 2  3 .  8 
4 .  CR U D E ,  N G L  & U N F. S HI P MENT S  T O D 9 . 0 3 . 5 1 0 . 3 2. 7 3. 4 
5 .  C R U D E  LO S S ES 1 5 . 1 1 5 . 8 6 . 7  1 9 . 8  2 1 . 3 

S U P PL Y  - T O T A L  1 6 , 1 3 9 . 3 1 7 , 1 4 2 . 3 1 7 , 6 7 1 . 1 1 7 ,  8 9  2. 4 1 8 , 5 5 4 . 7 
1 .  PR O DU CTIO N - TOT A L  8 , 4 1 4 . 5 7 , 7 6 4 . 4 7 , 3 92 . 0 6 , 9 5 0 . 1l 6 , 6 8 0 .  2 

CRU DE AN D L EA S E C O N D E N S A � E  6 , 8 2 0 . 7 6 , 2 6 2. 8 5 , 9 2 7 . 5 5 , 5 9 0 . 5 5 , 4 4 6. 5 
I:Ij NGL 1 ,  5 9  3.  8 1 , 5 0 1 . 6  1 , 4 6 4 . 5 1 ,  3 5 9 . 9 1 ,  2 3 3 .  7 I 
f-' 2 .  R E C EI P TS FRO!'! OTH E R DI S T R I CT S  6 8 . 0  t n 7. 4 5 0 3 . 0 6 1 4 . 3 8 6 6 . 0 
lJl CR U D E ,  N GL ,  A N D U N FI N I S HE D  4 7 . 0 4 0 2. 5  4 7 6 . 3 5 8 2 . 7 8 2 1 .  1 

P R O D U CTS 2 1 . 0 2 4 . 9 2 6 . 7 3 1 . 6 4 4 . 9 
3 .  PRO C E S SIN G GA IN , E T C .  5 3 5 . 0 4 4 5 . 1 4 7 9 . 3 4 4  7 .  9 4 5 5. 0 
4 .  IM P O RT S - TO T A L 7 , 5 9 3 . 1 8 , 5 9 0. 5  9 , 3 4 2 . 1 9 ,  84 8. 2 1 0 , 3 1 6. 9 

CR U DE A N D  U N F I N IS H E D  5 , 5 4 7. 0  6 , 6 4 1 . 0  7 , 2 3 9 . 6 7 ,  7 0 9. 8 8 , 0 4 9 . 9 
FRO !'! J V ER LA ND 2 5 9 . 0 1 9 2 . 3 1 1 9 . 0 8 3 . 2 1 1. 9 
F�O M O F F S HO R E  5 , 2 8 8 . 0 6 , 4 4 8 . 7 7 , 1 2 0 . 6  7 , 6 2 6. 6 7 ,  9 7  2 .  0 

NG L 3 8 . 0 7 5 . 1 8 5 . 2 1 1 6 . 6 1 5 9 .  8 
FIN IS H E D  P R O D UC T S  .2 , 0 0 8 . 1 1 , 8 7 4 . 4 2 , 0 1 7. 2 2 , 0 2 1 . 8 2 ,  1 0 7. 2 

s .  S YN CR UDE o . o o. 0 4 .  1 4 5 .  8 2 5 3. 2 
F RO !'! S H AL E o. 0 o. 0 4 .  1 4 4 . 4 2 0 7. 4 
FRO !'! CO A L  o. o o . o o. 0 1 .  4 ll 5. 8 

6 . F R OM I N V EN TO R Y - 4 7 1 . 2 - 8 5 . , - 4 9 . 4 - 1 4. 2  - ,  6 .  8 
C R U D E  - 1 0  3 .  4 - 6 1 . 9  - 4 8 . 5 - 8 . 9 - 1 1 . 1 
P R O D UC T S  - 3 6 7 . 8 - 2 3. 2 - o . 9 - 5 . 3 - 5 . 1 

7 .  C R U DE R U N S 1 2 , 2 7 9 . 0 1 3 , 1 3 2 . 4 1 3 , 3 74 .  1 1 3 , 7 8 2 . 3  1 4 , 30 B. 7 



TABLE I V  High Case 

u . s .  Petro l eum Su��lt/Demand Bal ance -- PAD V 
(Thousand Barrel s /Day) 

A DJ US T E D  A V ER A G E  
T O T AL-- - AL L R E S.c?O N D EN T S  

1 9 7 7  1 9 8 0  1 9 8 2  1 98 5  1 9 9 0  
--- - ---- - --- ----- - - --- -- - - - -- -- ---- - - - -- - - - - -

D E M AN D  - TO T AL 2 ,  7 5 4 . 0 3 , 2 8 3 . 0 3 , 4 4 6 . 8 3 , 6 5 5 . 9 3 , 9 5 7. 3 
1 .  L O C AL PRO D U CT D E PI A N D  2 ,  6 1 4. 0 2 , 7 2 9 . 9 2 ,  8 2 8 . 9 2 , 9 2 4 . 7 2 , 9 9 0 . 6 
2 .  CR U D E  A N D  PR O DUCT E X P O R T S  7 1 . 0  1 2 2 . 5 1 0 9 .  1 1 0 7 .  2 9 3 . , 
3 .  PRO D U CT S H IP � E N TS '!'0 O T H E R D I S T RI C T S  2 1 . 0 2 4. 9 2 6 . 7 3 1 . 6  4 4. 9 
4 .  CRU D E ,  N GL & U N F .  S H I P PI E N T S  T O D  4 7 . 0 4 0 2. 5 4 76 . 3 5 8 2 . 7 8 2 1 .  1 
5 .  C R U D E  LO S S E S  1 .  0 3 .  2 5 . 9 9. 7 1. 6 

S U P PL Y  - T O T AL 2 ,  7 5 4 . 0 3 ,  2 8 3 . 0 3 , 4 4 6 . 8 3 , 6 5 5 . 9 3 , 9 5 7. 3 
1 .  PRO D U CTIO N - T O T A L  1 , 4 4 8 . 0 2 , 4 7 8. 9 2 , 6 5 1 . 6 2 , 8 3 1 . 5 3 ,  1 !1 4. 1 

C R U DE A N D  L E A S E  C O N DE N S AT E  ) ,  4 2 4. 0 2 , 4 4 7. 9 2, 6 1 6 . 9 2 , 7 8 8 . 9 3 , 0 8  1. 4 
I:Jj N GL 2 4 . 0 3 1 . 0 3 4 . 7  4 2 . 6 6 3. 3 
I 2 .  R E C E I P TS F RO PI OTH E R  D I S T R I C T S  1 3 5 . 0 1 3 5. 6  1 4 2 . 0 1 2 2. 3 1 2 7 . 2 1--' 

0'1 CR U D E , N G L , A ND U NF I N I S H E D  9 .  0 3 .  5 , o .  3 2 . 7 3. 4 
PRO DU CTS 1 2 6 . 0 1 3 2 . 1  1 3 1 . 7  1 1 9 . 6 1 2  3. 8 

3 .  P RO C E S SI N G  G A I N , E T C .  3 4 . 0 1 0 4. 0  1 06 . 2 1 0 8. 7  1 0 1 . 8 
4 .  I !'I P O R T S - TO T A L  1 , 2 1 4. 0  5 6 7 . 6 5 4 7 . 8 5 9 7 . 3 5 8 8. 0 

C R U D E  AN D U N F IN IS H E D  1 , 0 9 9 . 0 4 6 2 . (j 4 2 5 . 8 4 7 0 . 8 4 4 1 . 1 
F RO !'!  O V E R L A N D  2 0 . 0 1 4. 2  1 1 .  5 5. 1 4. 2 
F R O P!  O F F S HO R E  1 ,  0 7 9 .  0 4 4 8. 4 4 1 4 . 3 4 6 5 . 7 4 3 7. 5 

NGL 4. 0 2. 6 2 . 9 3. 5 2 .  4 
FI N I S H ED P R O D UCT S  1 1  1 .  0 1 0 2 . 4 1 1 9 . 2  1 2  3. 0 1 4 3 . 9 

5. SYN CR U D E  o. 0 o. 0 o .  0 o .  0 o. 0 
F R O !'! S H A L E  o . o o. 0 o .  0 o . 0 o. 0 
F RO !'!  C O A L  o .  0 o. 0 o .  0 o .  0 o. 0 

6 .  F R O !'!  I N V EN TO R Y - 7 7 . 0 - 3 . 1 - 0 . 7 - 3 . 9 - 4. 3  
C R U D E  - 6 7 . 0 - 1 .  1 o. 0 - 1 . 8  - o. 9 
PRO D UC T S  - 1 0 .  0 - 2 . 0 - 0 . 7 - 2. 1 - 3. 4 

7 .  C R U D E  R UN S 2 , 3 2 3 .  0 2 , 4 4 9. 9  2 ,  5 2 9. 8 2 , 6 3 1 . 0  2 , 6 6 9. 9  



O E C D  

U N T 7 E D  S T !I. 7 E S 
W !:: S T E l? N  E U EO P E 
J A P A N  
O I'H E �  O E C D  

NO N- O E C D  ( EX CL .  U S S R , E .  E U RO P E ,  C H I N A )  

N '.! N -0 E C D  

N O N- C O M  !'I U N  I S T C O U NT R I E S  
U S S R  
=: � S T  E U RQ P ":: 
C H I N A  

C O  !'! M tT �T I  S T C 0 t1N T  R E S 
r o T H  C O N S U M P'!' I O N  

TABLE V 

A DJ U S T E r  A V E R A G E  
T OT � L - - A L l  R E S P O N C E K T S  

H igh Case  

1 9 7 7 1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  

1 8 .  4 
1 4 . 2 

5 .  3 
2 .  6 

9 .  3 
- - - -- - - - -

4 9 . 8 
8 . 0 
2 .  1 
1 .  5 

- - - - - - - - -

1 1 .  6 
6 1 .  4 

1 o .  9 
- - - -- - - - -

5 3 . 4 
9 . 1 
2 . 4  
2 .  1 

- - - - -- - - -

1 3. 7  
6 7 .  1 

2 0 .  1 
1 5 .  2 

6 . 0 
2 . 7 

1 1 .  6 
- - - - - - - - -

5 5 . 6 
9 . 6  
2 . 6  
2 .  5 

- - - -- - - - -

1 4 .  6 
7 0 . 2 

2 o .  5 
1 6 . 0 

6 .  6 
3 . 0  

1 3 . 3 
- - - - - - - - -

5 9 . 4 
1 0 . 3 

2 . 9 
3 .  0 

- - - -- - - - -

1 6 .  1 
7 5 . 5  

2 1 .  2 
1 6 . 8 

7 .  , 
3. 0 

1 5. 9 
- - - - - - - - -

6 4 . 0 
1 1 .  2 

3. 2 
3. 8 

- - - - - ·- - - -

1 8. 2 
8 2 . 2 



O E CD 

u . s .  

c �  N .\ D�. 
w .  E U RO P E  

TABLES V I  and V I I  

Worl d Oi l and Natura l  Gas L iqu i ds Suppl i es 
(Mi l l i o n  Barre l s/Day) 

� D J U S � E D  � V ! , A G B  
10 T A l- - A L L  P ! S POND ! �T S  

1 9 7 7  
- - -- - - -

9 . 9  
1 .  6 

1 .  ') 

1 9 El 0  
- - - - - - -

1 0 .  2 
1 .  6 
3 .  0 

J A P A N , A U S T R A L I A ,  N E W ZE U A N D  o . s  0 . 5 
S U B - TO 'l' U  

OPEC 

V !:: N E Z UP. L A  
E ': U �. 00 � 

! N D0 11 E S I A  
l-. F' RI O  

l!l. G 'E R B 
L ! B B  
N !: <, F. R : .!I  
G !\ B 0 N  

M !  D OL E  EAST 
:: ll. iN 
K U W A I T 
s .  A �L� B I A  
I R .� O  
U li. E  
Q AT !\P. 
NETI T R .U Z'JI! E 

S U B - TO T .l\l 

1\0N-C � E C  ( EX :t . U S S R , E .  E U ?. O P E ,  C H P P . )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

M F. X reo 
0 T H T: R L .  �. I'I ":" ! C  il 
.�. F' t;, I O, 
� I  D D L F  E � S :'  
!-. s n  

S U B-TO l'A!. 
U S S ? 
Z ' S!' E' '! R O P E  
C H I N  A 

S l' '3 -TO T A L  

F!P ! � E R Y  P " O C ! S S  :::N G G � I N S  
------- ----- - ----- -- -- -- -

TJ .  s .  
0 1'  H E ?  

S U B - 'l'O T A L  

TO'I' /\1 S UP P L Y 

- -- --- - - - - - -

1 3 . !J 1 '). 4 

2 .  3 2 . 3 

0 . 2 o .  2 
1 • .., 1 .  7 
5 .  6 s. 9 

1 .  2 1 .  2 

2 .  1 2 . 2 

2 .  1 2. 3 

0 . 2 0 . 2  
2 2 .  1 2 1 .  1 

5 . 7 4 .  1 

1 .  9 2 .  0 
9 .  2 a .  a 
2 . ')  3 .  1 
2 . 0 1 .  9 
0 . 4 o .  ') 
o .  !J 0 . 6 

3 1 .  3 3 1 .  , 

1 .  1 2. 1 
1 .  2 1 .  4 
0 . 7 1 .  0 
0 . 6 0 . 6 

o .  7 o. 9 
4 . 3 '5 . 9 

1 o .  9 1 2 . 0 
o .  !J o .  4 

1 .  'l 2. 4 
1 3 . 1 1 4 . 8 

0 . 5 o .  5 
o . o  o .  0 
0 . 5 0 . 5 

6 3 .  2 6 7 . 7 

E - 1 8  

H igh Case 

1 9 8 2  1 9 R S  1 9 9 0  
- - - - - - - - - - - - - - - - - - - - -

1 0 . 0 9. R 9 . b 
1 .  7 1 .  8 1 .  fl 
3 . 8 4 . 2  !J . 6  
o .  6 0 . 6 0 . 7 

1 6 .  1 1 6 .  !J 1 6 . 9 

2 .  3 2. 3 2. 3 
0 . 2 0 . 2  o .  2 
1 . 7 1 .  7 1 .  I; 
6 . 2 6 . 0 C, . 7 

1 .  !J 1 .  3 1 .  2 
2 .  � 2 .  3 2. 1 

2 .  3 2 . 3 2 .  1 
0 . 2 o. 2 o .  2 

2 2 . 7 2 4 . 9 2 6 . 1 
4 .  3 4 . 6 4 .  6 
2 . 1 2 . 2  2 . ] 
9. 7 , o. ') 1 1 .  7 
3 .  5 !J .  0 4 .  !J 
2 .  1 2 . 4  2 . 6 
o. ') o. 5 o . s 
o .  6 0 . 6  o .  6 

B . 1 3 5 . 1 3 6 . 7 

2 .  6 3 .  1 ll . 2 
1 .  5 1 .  7 1 .  9 
1 • 1 1 . 3  1 .  u 
o .  6 �- 7 0 . 7 
1 .  1 1 .  3 1 .  5 
7 . 0 8 . 0 ') . 7 

1 2 . 4 1 2 . 8 1 3 . 6 

O . !J 0. 4 0 . 4 
2 .  8 3 .  5 4 .  5 

1 5 . 6 1 6 . 6 1 B. 5 

0 . 5 0 . 5 o. 5 
o . o o . o -0 . 1 
o .  5 o. 5 o .  ') 

7 2 . 2  7 6 . 6  8 2 . 3 



I N S T R U C T I 0 N S 

NPC SURVEY OF U . S .  AND WORLD ENERGY 
AND O I L  SUPPLY/DEMAND FORECASTS 

( d i s tr ibuted December 1 9 7 9 )  

The ma j or i ty o f  t h e  r e spon s e s  to t he r e c e n t  NPC s urvey o f  
current e n ergy a n d  o i l  s upply/demand foreca s t s  were prepared i n  
l a t e  1 9 7 8  o r  v e ry e a r ly 1 9 7 9  and , thus , d o  n o t  re f l e c t  t h e  po l i t ic a l  
a nd e co nomi c e v e n t s  whi c h  have o ccurred i n  1 9 7 9 . S e v e r a l  re spondent s  
have indicated t h a t  t hey h a ve updated o r  a r e  upda t i ng t h e i r  da t a  
t o  r e f l e c t  t h e  changed e conomi c a n d  po l i ti c a l  c o nd i t i o n s . 

I f  you h ave r e v i s e d  data a va i l abl e ,  we wou l d  appre c i a t e  your 
comp l e ting t h e  a t tached t ab l e s  as s oo n  as pos s ib l e . A l l  data 
supp l i ed wi l l  b e  he ld in  s tr i c t  confidence a nd should be forwarded 
di re c t ly to the a t te n tion o f : 

Dr . Dimi tri  A .  P l io n i s  
Ar thur Young & Company 
1 0 2 5  Connec t i c ut Ave nue , N . W .  
Wa s h i n gt o n , D . C .  2 0 0 3 6  

Ar thur Young h a s  been c o n tracted t o  rec e i ve , pro c e s s ,  compi l e , 
a nd consolidate r e s u l t s  o f  t h e  s urvey , and h a s  be e n  i n s t ru c t ed to 
re turn your s urvey f o rms t o  you a long wi t h  a copy of the r e s ul t s  of 
the survey for y our furthe r review a nd c ommen t . 

Yo u are r eque s ted t o  comp l e te the  a ttached s urvey que s t io nnaire 
forms a s  f u l ly as po s s i b l e  based on whatever a s s ump tion s you de em 
n e c e s sary and r e f l e c t ive o f  y our be s t  c urren t  e s t ima t e  of fut ure 
t rends . I t  i s  further reque s ted that you re turn wi t h  the comp l et ed 
survey forms a ny e xp l an a to ry notes you f e e l  n e c e s s ary for a n  accurate 
i nterpre t a t i on of the forec a s t  d a ta you supp l y . Such e xp l an a t ions 
should inc l ude t he key a s sumpt ions used in your foreca s ts regarding 
po l i t i c a l , e co nomi c ,  d emographi c ,  a nd logi s ti c a l  c o nd i t ions . You are 
a l so reque s ted to i nd i c a t e  the date of t he i n te rn a l  forec a s t  o n  wh ich 
your que s tionnai re d a t a  are b a s e d . Addi t i o na l l y , forms are at tached 
to provide k ey a s sumpt i o n s  used i n  developing the foreca s t s  i n  
Tab l e  I - " To ta l  U . S .  Pr imary Energy Consumpt i o n  b y  Fue l s , "  and 
Tab l e  I I I - " Dome s ti c  Demand for Product s . "  

In o rder t o  e xpedi t e  t he proces s i n g  o f  your r espon s e , l e av e  b l ank 
any que s t i o n  you a r e  unab l e  to a nswe r . I f  you wi sh to i n d i c a t e  z ero 
qua n t i ty for a p rodu c t , i ns e r t  a " 0 " .  A n e g a ti ve quant i ty should be 
bra cke ted , i . e . , ( 1 5 9 ) . On l y  provide i n forma ti o n  for t h e  c a te go r i e s  
indicated o n  t h e  t abl e s . I f  you w i s h  t o  s upply i n forma tion n o t  
reque sted i n  the t a b l e s , p l ea s e  a t t ac h  a dd i t ional  s h ee t s . Al so , p l e a s e  
u s e  t he u n i t s  i nd i c a t e d  o n  t h e  t a b l e  whe n  c omp l e t i ng t h e  survey . I f  
your data i s  i n  a d i f f e r e n t  form , p l e a s e  provide conver s i o n  f a ctors 
and note the u ni ts used on t he tabl e .  

E - 1 9  



I n s truct i ons 
NPC Survey o f  U . S .  an d Worl d Energy 

a n d  Oi l S uppl y/Demand Fo recasts  
Page Two 

You w i l l  n o t e  that t he tabl e numbe r s  correspond to thos e  o n  
the p revious s urvey , a l though some tables  have been e l iminated and 
the amoun t  of  d e ta i l on  o ther tabl e s  has  been reduced . 

E a c h  s urvey tab l e  r eque sts data for the years 1 9 8 2 , 1 9 8 5 , and 
1 9 9 0 . 1 9 8 0  d ata are not r eque ste d  i n  this s urvey . To p rovide 
guidance and to e n s ure an a c curate interpretation o f  your data , 1 9 7 7  
i n formation has  been p rovided . 

You wi l l  a l so note that c ertain survey forms -- " U . S . Dome s ti c  
Product Dema n d "  a n d  " U . S .  Oi l Supply/Deman d  B a l a nc e s " -- reque s t  that 
d ata be p rovided for Pe trol eum Admi n i s tration for the De f e n s e  ( PAD ) 
d i s tr i c t s  I - I V  a n d  V ( s ee Exhibi t A for map o f  PAD d i s tr i c t s ) .  Thi s  
i n formation i s  n eeded t o  he l p  a s s e s s  U . S .  r e f i ni ng capa c i ty and 
ha rdwar e  requirements by PAD ' s for the fore c a s t  period . Thi s  
i n formation w i l l  a l so b e  used t o  d evel op comparative r e f i n i n g  e conomic 
a s se s smen t s  by s i ze and l ocation . 

I f  any que st i o ns a r i s e  regar d ing the s u rvey , p l e a s e  contact Mr . 
Mar s ha l l  W .  Nic ho l s ,  Deputy Executive Di rec tor , National Pe tro l e um 
Coun c i l ,  1 6 2 5  K Street , N . W . , Wa s h i ngton , D . C .  2 0 0 0 6  [ ( 2 0 2 ) 3 9 3 - 6 1 0 0 ] .  
It  i s  r eque sted that yo ur c omp l eted survey forms be returned to 
Arthur Young & C ompany by Dec ember 2 1 ,  1 9 7 9 . P l ease i n c l ud e  the n ame 
and phone n umb e r  o f  t he i ndividua l  i n  your organ i z at i o n  to be contacted 
i f  a ny que s t i o ns a r i s e . 

E XH I B I T  A 

PETROLEUM ADM IN ISTRAT ION FOR DEF ENSE - (PAD) D I STR I CTS 

E - 2 0 



TABLE I 
Tot a l  U . S .  Primary Energy Consump t i on by F ue l s  

(Tr i l l i on Btu) 

Petro l eum Liqui ds 
Natural Gas (Dry)  
Coa l 
Nuc l ear 
Ot her 

Tot al Pri ma ry Ene rgy 

1 9 7 7  

36 , 9 70 
1 9 , 9 3 1  
1 4 , 1 33 

2 , 6 74 

2 , 6 1 4  

76 , 32 2 

1 9 8 2  1 9 85 

TA BLE IA 
E c onomi c and Ene rgy As s ump t i on s  

P e rt i nent t o  U . S . En ergy Demand/Suppl y  F o re c ast 

Economi c Ass umpt i ons 

Re a l  GNP 
( Bi l l i on 1 9 72  $ )  

FRB Index o f  I n dus t r i a l  
Product i on 
( 1 96 7= 1 0 0 )  

Popu l at i on 
(Mi d - ye ar , 0 0 0 )  

D i spo s ab l e  P e rson a l  I n come 
( Bi l l i on 1 9 72  $ )  

1 9 7 7  

1 3 32 . 7  

1 3 7 . 1  

2 1 6 , 8 2 0  

9 2 6 . 3  

Not e : Tab l e  I I  h as been de l et e d . 

1 9 8 2  1 9 8 5  

E - 2 1 

1 99 0  

1 9 9 0  



1 .  
2 .  

3 . 
4 .  
s .  

6 .  

7 .  

8 .  

9 . 
1 0 .  
1 1 . 
1 2 .  
1 3 . 
14 . 
1 5 . 

TABLE I I I  ( Pg .  1 o f  3 )  

DOMESTI C  DE��ND FOR PRODUCTS - TOTAL U . S .  

(MB/D) 

Ac tual 1 Forec as t 
19 7 7  1 9 8 2  1 9 8 5  

--- -- --

Mo tor Gas o l ine : Leaded - P remium 1 0 6 1  
- Non-premium 4 2 0 7  

S . To t a l  5 2 6 8  
Unleaded - Premium 0 

- Non-premium 1 908 
S . To t a l  1 9 0 8  

Total Mo tor Gasol ine 7 1 7 6  
Av i a t ion Gasol ine 38 
J e t  Fue l : Naph tha Type 208 

Ke rosine Type 8 3 1  
Total J e t  Fue l 1 , 0 3 9  

Spec ial Naph tha R6 
Kerosine 175 
D i s t i l l a t e  Fuel O i l : /1 2  O i l  1 29 2 

/14 O i l  6 2  
D i e s e l  - O n  Highway 724 

- O f f  H ighway 1 7 2  
Other D i s t i l l a t e  1 .102 

T o t a l  D i s t i l l a t e  Fuel O i l  3.352 
Re s idual Fuel O i l : 0 - , 5"/o 9 5 9  

. 5 1  - l . O% S  69 3 
1 . 1  - 2 . 0% S  6 1 2  
2 . 0%S + 807 

T o t a l  Res idual Fuel O i l  3 , 0 7 1  
Liquef ied Gases : E thane 4L 

Propane Rli 6 
B u t an e  llS 
Propane / Butane Mix 2 9  
T o t a l  L ique f ied Gases< 1 , 4 2 2  

P e t rochemical Feed s tocks : S t i l l  Gas 4R 
400 EP Naph tha 204 
Other 2 6 9  

T o t a l  P e t rochemic a l  Feed s tocks 5 2 1  
Lub r ican t s  160 
Waxes 1 6  
Coke zo7 
Asphalt & Road O i l  4 3 7  
S t i l l  Gas for Fuel 524 
Misce llaneous Produc t s  1 4 7  

T o t a l  Dome s t i c  Demand for P roduc t s  1 8 , 43 1  

1 9 9 0  --

1 Total U . S .  per Annual P e t roleum S ta t emen t , Final Summary , 1 2 / 2 8 / 7 8 . D e t a i l  f o r  U . S .  PAD ' s per PAD 
D i s t r i c t  Supply /Demand , Annual , 5 / 3 1 / 7 8  adj u s t ed to con form w i t h  T o t a l  U . S .  F inal Summa ry f igure s . 

2 Amount of Lique f ied Gases I n c l uded 
Above Con s umed f o r  Chemical Use s : 

E t h ane 
P r opane 
B u t ane 
Propane /Butane Mix 

T o t a l  

* I tems 1 - 1 5  should s um t o  Total Demand for Produc t s .  

E-2 2 

4 1 2  
1 2 3  I 

9 3  I 
5 ! 

6 3 3  l 



1 .  
2 .  

3 .  
4 .  
5 .  

6 .  

7 .  

8 .  

9 .  
1 0 .  
1 1 .  
1 2 .  
1 3 .  
1 4 .  
1 5 .  

TABLE I I I  ( Pg .  2 o f  3 )  
DOMEST I C  DEMAND FOR PRODUCTS - PADs I - I V  

(NB / D )  

Ac t ua l 1 Forecas t 
19 7 7  1 9 8 2  1 9 8 5  --- -- --

Mo tor Gas o l ine : Leaded - P remium 7 5 4  
- Non-premium 3 6 9 9  

S . Total 4 453 
Unleaded - Premium 0 

- Non-premium 1 ,640 
S . To t a l  l 640 

To t a l  Mo tor Gas o l ine 6 093 
Av iat ion Gas o l ine 29 
J e t  Fue l : NaEh tha Tne 149 

Keros ine Type 5 9 1  
Total J e t  Fuel 740 

Spec ial Naphtha 78 
Keros ine 1 6 2  
D i s t i l l a t e  Fuel O i l :  1/ 2  O i l  1 , 2 5 3  

1/ 4  O i l  60 
D i e s e l  - O n  H ighway 6 2 2  

- O f f  Highway 1 50 
Other D i s t i l l a t e  942 

T o t a l  D i s t i ll a t e  F u e l  O i l  3 , 02 7  
Re s idual Fuel O i l : 0 - .5% 6 3 3 

. 51 - 1 .  O%S 654 
1 . 1  - 2 . 0% S  4 2 8  
2 . 0% S  + 7 8 6  

T o t a l  Res idual Fuel O i l  2 S O l  
Lique f ied Gases : E t hane 4 1 0  

Propane 820 
Butane l l l 
P·ropan e / B u t ane Mix 26 
Total L iqu e f ied Gasesz 1 3 6 7  

P e t rochemical Feed s tocks : S t i l l  Gas 46 
400 EP Naphtha 2 01 
O t he r  2 6 1  

T o t a l  P e t rochemic a l  Feeds tocks 508 
Lubr ican t s  _L45 
Waxes 13 
Coke 218 
Asphalt & Road O i l  3 74 
S t i l l  Gas for Fuel 4 2 3  
Misce l laneous Produ c t s  1 3 9  

Total Dome s t ic Demand for Produ c t s, PADs I - I V  15 , 8 1 7  

1 9 9 0  --

1Total U . S .  per Annual P e t r o l eum S t a t emen t , Final Summary , 1 2 / 2 8 / 7 8 .  D e t a i l  f o r  U . S .  PAD ' s  per PAD 
D is t r i c t  Supply /Demand , Annua l , 5 / 3 1 / 7 8  adj usted t o  con form w i t h  T o t a l  U . S .  F inal S ummary f igur e s . 

2 Amount of L ique f ied Gases I n c l uded 
Above Consumed for Chemical Use s : 

E thane 
P ropane 
Butane 
Pr opane / Butane Mix 

Total 

4 1 0  
1 1 8  

9 1  
4 

6 2 3  

,·, I tems 1 - 1 5  should sum t o  Tot a l  Dome s t ic Demand f o r  Produc t s ,  PAD s I - IV . 

E - 2 3  



1 ,  

2 .  

3 .  
4 .  
5 .  

6 .  

7 .  

B .  

9 .  
1 0 .  
ll . 
1 2 . 
1 3 . 
1 4 .  
1 5 .  

TABLE I I I  (Pg. 3 of 3 )  
DOMESTIC DEMAND FOR PRODUCT S - PAD V 

(MB / D )  

Ac tual 1 Forecast 
19 7 7  1 9 B 2  1 9 B S  -- --

Mo tor Gas o l ine : Leaded - Premium 307 
- Non-premium SOB 

S . Total BlS 
Unleaded - Premium 0 

- Non-premium 2 6 B  
S . Total 2 6 B  

T o t a l  Mo tor Gasol ine 1 OB3 
Aviat ion Gas o l ine y 
Jet Fue l :  Naph tha Type c;g 

Keros ine Type 240 
Total Jet Fue l 2 9 9  

Spec ial Naphtha B 
Kerosine 13 
D i s t i l late Fuel O i l : 11 2  O i l  3 9  

11 4 O i l  2 
Diesel - On H ighway 102 

- Off Highway 2 2  
O t h e r  D i s t illate 160 

Total D i s t i l l a t e  Fuel O i l  3 2 5  
Re s idual Fue l Oil : 0 - 5% 3 2 6  

1 . 1  - 2 . 0% S  1 B 4  -·-·· ----· -

2 . 0% S  + 2 1  
T o t a l  Res idual Fuel O i l  5 7 0  

Lique f ied Gase s : E t hane 2 
Propane 46 
Butane 4 
P r opane/Butane Mix 3 
Total L ique f ied Gases' 5 5  

Pet rochemical Feed s tocks : S t i l l  Gas 2 
400 EP Naph tha 1 
O t her B 

Total Petrochemical Feeds tocks 13 
Lub r ican t s  1 5  
Waxes 3 
Coke 4 9  
Asph a l t  & Road O i l  6 3  
S t i l l  Gas for Fuel 101 
Misc e l laneous Produc t s  B 

Total Dome s t ic Demand for P roduc t s  , PAD V 2 , 6 1 4  

1 9 9 0  --

--- - ·  

1 Total U . S .  per Annual P e t r oleum S t a tement , Final Summary , 1 2 / 2 B / 7 B . D e t a i l  for U . S .  PAD ' s  per PAD 
D i s t r i c t  Supply /Demand , Annual , 5 / 3 1 / 7 B  adj us ted to c on form with T o t a l  U . S .  F inal S ummary f i gures . 

2 Amount of L ique f ied Gases Inc luded 
Above Consumed for Chemical Use s : 

h Et ane 
Propane 
Butane 
Propane /Butane Mix 

Total 

2 
') 
2 
1 

10 

*Items 1 - 1 5  should sum t o  Tot a l  Domes tic Demand for Produc t s , PAD V .  

E - 2 4  



TABLE I I IA 

MOTOR GASOLINE DEMAND ASSUMPTION S  

Pass enger Cars In U s e  
(Thousand s )  

New Car Regi s t r a t ions 
(Thousand s )  

Total M i l e s  Travel ed -Pas s enger C ar s  
(Mi l l ion s )  

Average M i l e s  Per Car 
(All Car s )  

Aver age Mi l e s  Per Gal lon 
(New Car s )  

Aver age Mi l e s  Per Gallon 
(All Car s )  

D i e s e l  P a s s enger Car S a l e s  
( Thou s and s )  

Average Mi l e s  Per Gallon 
(New Truc ks ) 

Octane Level Imp l i c i t  in 
Your Moga s Demand For e c a s t  ( R+

2
M ) 

Leaded P remium 
Leaded Non-Pr emium 
Unleaded P r emium } 
Unl e aded Non-Premium 

1 9 7 7  

9 9 , 9 0 4 1 

10 , 319 1 

1 , 1 1 8 , 6 4 9 2 

11 ,19 7 

18 . 7 3 

N / A  

9 5 . 05 

1 S our c e : R .  L .  P o l k . Mid-year e s t imat e .  
2 Sour ce : Departmen t o f  Transpo r t a t ion . 

1 9 8 2  1 9 8 5  1 9 9 0  

3 EPA e s t imat e . I f  you regularly apply a d i s c ount f a c t o r  to EPA e s t ima t e ,  p l e a s e  
ind icate b o t h  your MPG numb er and your d i s c ount fac t or . 

4 S our c e : DOT . Two wheel dr ive vehi c l e s  on ly . 
5 S ource : Mo t o r  Gas o l ine , W int e r  1 9 7 7 - 1 9 7 8 . DOE . Ca l endar y e a r  1 9 7 7  c a l cula t e d  

as average o f  S umme r  1 9 7 7  and W in ter 7 7 - 78 . 

E - 2 5  



DEMAND - TOTAL 
1 .  Loc a l  Produc t Demand! 
2 .  Crude and Produc t Exp o r t s  
) . Product Shipments to O ther D i s t r i c t s  
4.  Crude , N G L  and Unfinished Shipments 

to Other D i s t r i c t s  
5 .  Crude Lo sses 

SUPPLY - TOTAL 
1 .  Product ion To tall 

Crude and Lease Condensate 
NGL 

2 .  Receipts From Other Dis t r i c t s  
C r ude NGL and Udinisfied 
Produ c t s  

) . Process ing Ga in , Et c . 3  
4 . Imports To tal 

Crude and Unfinished 
From Overland 
From Off shore 

NGL 
Finished Produc ts 

5 .  Syncrude 
From Shale 
From Coal 

6 .  From Inven tory 
Crude 
Produ c t s  

7 .  Crude Runs 

TABLE IV 

�. S .  PETROLEUM SUPPLY/ DEMAND BALANCE FOR U . S .  TOTAL AND PAD V 
(Thousand Barre ls Dai ly) 

1977  1982  

U . S .  TOTAL PAD V U . S .  TOTAL PAD V U . S .  TOTAL 

lR f>QO 2 , 754 

18 .411 2 , 614 

243 7 1  

0 Zl 

0 47 
1 6  1 

18 690 2 . 754 
9 861 1 448 
8 244 1 424 
1 6 1 7  24 

0 135 
0 9 
0 1 2 6  

569 34 
8,808 1 214 
6 646 1 099 

279 20 
6 367 1 079 

42 4 
2 120 111  

0 0 
0 0 
0 0 

�548� ( 7 7) 
_{_UQl (6 7) 

(3 78) (10) 
14 602 2 , 323 

1 These figures a r e  equivalent to the T a b l e  III en t r ies - Tot a l  Dome s t ic Demand for Produ c t s , Tot a l  u . s .  and PAD v .  

2 Amount of Alas kan N o r t h  S lope 
Product ion Inc luded : 

310 310 

3 In cludes o ther hydrocarbon and hydrogen r e f inery inpu t s , "unaccoun t e d  for" c rude input s .  

1985 1 990 

PAD V U . S .  TOTAL PAD V 



TABLE V 

WORLD O IL CON SUMPTION 1 

(Mi l l i o n  B a r r e l s /Day ) 

OECD 

Uni t e d  S t a t e s 3 

Wes tern Europe 
J ap an 
Other OECD 

NON-OECD ( Exc l .  U S S R ,  E .  Europe 
China ) 

Sub-T otal 

U S SR 
Eas t Europe 
Ch ina 

Sub-T o tal 

TOTAL CON SUMPTION 

19 7 7 2 

1 8 . 4  
14 . 2  

5 . 3  
2 . 6  

9 . 3  

49 . 8  

8 . 0  
2 . 1  
1 . 5  

1 1 . 6  

6 1 . 4  

Foreca s t  

1 9 8 2  19 85  

1Inc lud ing Int ernat ional Bunkers and Re f inery Fue l a n d  Los s e s . 

1990 

2Produ c t  Bas i s . Data f o r  out s id e  U . S . from BP 1 9 7 7  S ta t i s t ic a l  Review 
o f  the Wor ld O i l  Indu s t ry .  

� i s  f igure sh ou ld b e  equiva lent t o  t h e  Tab l e  I I I  entry- Dome s t ic Demand 
for Produc t s  (U . S . T o t a l ) . 

E - 2 7  



TABLES VI and VII 
1 

WORLD CRUDE OIL AND NATURAL GAS LIQUIDS SUPPLY 
(Million Barrels /Day) 

OECD - 2 u . s .  
Canada 
W. Europe 
Japan , Aus tral i a ,  New Z ealand 

Sub-Total 

OPEC -
Venezuela 
Ecuador 
Indonesia 
Africa 

Algeria 
Libya 
Nigeria 
Gabon 

Middle Eas t 
Iran 
Kuwai t 
S .  Arabia 
Iraq 
UAE 
Qatar 
Neutral Zone 

Sub-Total 

NON-OPEC (Exc l .  U S S R ,  E .  Europe , China) -

USSR 

Mexico 
O ther L .  America 
Africa 
Middle Eas t 
As ia 

Sub-Total 

Eas t Europe 
China 

Sub-Total 

Refinery Proces s ing Gains 
u . s .  
O ther 

Sub-Total 

TOTAL SUPPLY 

19 7 7  

9 . 8  
1 . 6  
1 . 5  

� 
13 . 4 

2 . 3  
0 . 2  
1 . 7  

_.2.....§__ 
1 . 2  
2 . 1  
2 . 1  
0 . 2  

_1bL 
5 . 7  
1 . 9  
9 . 2  
2 . 5  
2 . 0  
0 . 4  

� 
3 1 . 9  

1 . 1  
1 . 2  
0 . 7  
0 . 6  

...J}_J_ 
4 . 3  

1 0 . 9  
0 . 4  

__!_&___ 
13 . 1  

0 . 5  
_Q_JL 

0 . 5  

Foreca s t  
1982 1985 1990 

1 Including f ield condensate and non-conventional supplies f rom Tar S ands ( C anada) and 
heavy oil (Venezuela ' s  Heavy O i l  Be l t ) . 

2 This figure should be equivalent to Tab le IV entry-U . S .  Produc t i on-Tot a l .  

NOTE : Forecas t only such quan t i t ies that you feel oil expor ting countries will produce . 
You are asked to t ake into account the political and economic c ons t raints which may 
lower production f rom that physically sus tainab le .  

E - 2 8 



P ET R OL E U M  L I QU I DS 

N 1\ T. G A S  I OR Y I 
CO AL 
NUC L E A R  
O T I1E R  S P E C I F Y  

T O T A L  P R I MA R Y  E N E R G Y  

TABLE  I 

Total U . S .  P r i mary Energy Cons umpti on by F ue l s 
(Tri l l i on B tu) 

A D J U S TE D A V E R A G E  

TOT 4 L-- A L L  R ES P O N D EN� S 

1 9 7 7 
- - - - - - - - -

3 h , 9 7 0. 0 
1 9 , 9 3 1 . 0  
1 4 , 1 33 . 0 

2 '  6 7 4. () 
2 , 6 1 4 . 0  

- - - - -- -- -

1 9 7 8  . 9 8 2  
- - - - - - - - - - - - - - - - - -

38 , 0 1 4 . 0  3 7 , 0 5 \ . 9  
20,039 . 0  1 9 , 9 7 7 . 8 
1 4 , 070 . 0  1 7 , 1 3 8 . 0 

2 , 9 7 7 . 0  3 ,  9 5  �. a 
3 , 343 . 0  3 , 49 8 . 7 

- - --- - - -- - - - - - - - - -

Medi um Case 

1 9 8 5  1 9 9 0  
- - - - - - - - - - - - - - - - - -

3 1 . 7 5 7 . 7  3 7 , 8 2 9 . 8  
1 9 , 0 6 3 , 1 1 9 , 7 69. 1 
1 9 , 60 1 . 3  2 4 , 3 2 8 . 2  

5 , 2 5 1 . 3  7 , 4 4 8 . 8  
3 , 8 4 6 . 7 4 , 5 \ 4 . 9  

- - - - - - - - - - - - - - -- - -

7 6 , 32 2 . 0  7 8 , 443 . 0  8 1 , 6 ?. 0 . \ 8 6 , 3 2 0 . 1 9 3 , 8 9 0. 8 



TABLE I I I  

Dome stic Demand for Products - - Total U . S .  
(Thousand Barrels/Day ) 

A D J U S T E D  A V ER A G E  

T OT Al-- ALL R ES PONDEN T S  

Medi um Case 

1 9 7 7 1 9 7 8  \ 9 8 2  1 9 8 5 • \ 99 0  

M OT O R  G AS OL I N E :  L EA D E D - P R EM I UM 

- NON-PII E M I UM 

s. TOTAL 

UNL E A D E D  - P R E M I U M  

- N O N- P R E M I UM 

S . T O T AL 
TOT AL MOTOR G A S O ( I N E  

A V I A T I O N  GASOL I N E  

J E T  F UE L : N A P T H A  T Y P E  

K E R O S I NE T YP E  

S P EC I A L N A P TH A  

K ER O S I N E  

T O T AL J E T  f U E L  

D I S T I L L A T E  F U E L  O I L : N0. 2 O I L  

NO . 4  O i l 

R E S I DUA L F UEL 

D I E S EL - ON H I GH W AY 

- O f f  H I GHWAY 

O T H E R  D I S T I L L A T E  

T OT AL D I S T I L L A T E F U E L  O i l  

D I L l 0 - • 5� S 
. 5 1  - 1 . 0 lS 

1 . 1  - z. . o � s  
z . o � s  • 

L I QU E F I E D GA S E S I  

T O T AL R ES I DU A l  FUEl O I L  
E THANE 

P E TROC H EM I CAL 

P R O P AN E  

B U T A N E  
P R OP A N E / BU T A N E  M I X  
TOT A L  l i OU E F I E O G A S E S  

F E E D S T OC K S !  S T I L L  CA S 

40 0  E P  N A P THA 

OW E R  

1 , 0 6 1 . 0 
4 ,  2 0 7 . 0  
5 1 2 6 A, 0 

o. 0 
\ , 90 8 , 1'1  
1 .  908, 0 
7 o l 1 6 o 0 

3 8. 0  
zo o. 0 
8 3 1 . 0  

1 ,  0 3 9 ,  0 
8 6 . 0  

1 7 5 . 0 
l ,  2 9 2. 0 

6 2 , 0  
7 2 't o  0 
l ? 2 o 0  

l , I.  oz . 0 
3 ,  ) 5 2. D 

9 5 9 . 0  
691. 0 
6 1 2 . 0 
8 07 . 0 

3 ,  0 7 \. 0 
4 1 2 . 0  
8 b 6. 0 
l l 5 . 0  

2 0 . 0 
l " ' 2  2. 0 

934 . 0  
4 , 1 06 . 0  
5 ,040 . 0  

1 85 . 0  
2 , 1 8 7 . 0  
2 ,372 . 0  
7 ,41 2 . 0  

39 . 0  
1 99 . 0  
858 . 0  

1 ,057 . 0  
1 03 . 0  
2 1 5 . 0  

1 , 385 . 0  
61 . 0  

797 . 0  
1 91 . 0  
958 . 0  

3 , 392 . 0  
862 . 0  
7 1 6 . 0  
641 . 0  
804 . 0  

3 ,023 . 0  
433 . 0  
778 . 0  
1 67 . 0  

35 . 0  
1 ,41 3 . 0  

TO T A L  P E TR O CHE14 1 C A L  F E ED S T OC K S  

4 11 . 0  
2 0 4. 0 
2 6 9 , 0  
5ll 0 0 
1 6 0. 0 

5 5 . 0 
205 . 0  
335 . 0  
595 . 0  
1 7 2 . 0  L UBRI C A NT S  

W A X E S  

C O K E  
A S P H A L T  & ROAD O I L  

S T I LL G A S  fOR FUEL 

M I S C E LL A NEOU S P RO DUCT S 

TOT AL DEM AN D 

E T H AN E  

PR O P AN E  

B U T A N E  
PR O P AN E/ BUT ANE M I X  

T O TA l 

1 6 . 0  
2 6  7, 0 
4 3 7 , 0  
52 4 . 0 
1 't 7o 0 

1 7 . 0  
256 . 0  
479 . 0  
548 . 0  
1 28 . 0  

1 8 , H l . o 1 8 ,847 . 0  

4 1 2. 0  
1 2 1. 0 

9 3 . 0 
r;. 0 

63 3 . 0  

E - 3 0  

433 . 0  
85 . 0  

1 36 . 0  
1 1 . 0  

665 . 0  

679 . 1  
1 , 832 . 2 
2 , 5 1 1 . 3  

281 . 8  
4 , 126 . 1 
4 , 40 7 . 9  
6 , 9 19 . 3  

42 . 8  

184 . 7  
946 . 1  

1 , 1 30 . 8  
1 02 . 0  
1 66 . 1  

1 , 2 18 . 0  
7 1 . 9  

1 , 009 . 0  
1 98 . 0  
976 . 4  

3 ,4 73 . 3  
761 . 7  
596 . 3  
5 2 7 . 2  
7 14 . 8  

2 , 600 . 1  
438 . 2  
896 . 6  
193 . 0  

42 . 4  
1 , 5 70 . 2  

52 . 2  
245 . 2  

470 . 4  

767 . 8  
182 . 4  

19 . 3  

266 . 6  
488 . 7  
534 . 8  
1 54 . 0  

1 5 8 . 2 
1 , 3 8 5 . 6 
1 , 5 4 3 . 8  
1 '  4 5  3 .  9 
) , 6 5 2 . 9  
5 , 1 06 . 11  
6 ,  6 5 0. 6 

4 5 . 7  
1 7 l .  3 

1 t 0 3 3 . 8  
l o 2 0 5 . 1  

1 0 9. 1 
1 6 2 . 1  

l o l 1 7 o 7  
8 5. " 

\ , 3 0 2 . 8 
2 1 5. 1 
9 5 7 . 3  

3 , 7 3 8. 8 
8 1 2 . 6  
4 9 7 . 8  
7 20. 2 
5 7 5 . 4  

2 , 6 2 6 , 0 
39 1 . 1 

1 , 0 2 9 . 5 
2 1 1 . 0  

4 8 . 0 
\ , 6 7 9 , 6 

7 0 . 5 
3 0 3 . 2  
4 9 5 .  5 
8 6 9 . 1  
1 9 1 . 5 

z o . o 
27 4 .  5 
5 1 1 . 1 
5 4 0 . 9  
1 5  5.  6 

5 8 . 6  
6 2 4 . 2 
6 6 2 . 8 

1 , 8 06. 7 
3 , b H. 3 
5 1 4 1tl . O  
6 1 1 2 3 . 8  

5 \ . 1)  
1 2 4 . 0  

1 , 2 02. 6  
1 t 3 26 . 6 

. 1 2 0. 0 
l ':i 7 . l  

1 , 08 2 . 1 

93. l 
1 ,  1 )2 . 4  

2 5 6. l 
9 54 . 5 

4 t l  \ 8. 2  
. 6 9 4� 9 

4 0 8 . 1 
7 ';; 6. 2 
4 8 5 . 1  

l o H 4 . 3 
Hit. 6 

1 o 1 3 1t . 4  
2 3 6. 8 

4 7 . 7  
1 o 7 9 3 . 4  

6 8 . 5 
3 9 2 . 7  
6 2 2. 7 

1 , 0 8 3 . 8  
2 l l .  'j 

2 2 .  1 
2 8 8 . 5 
5 3 9. 4  
5 5 8 , 0  
1 5 8 . 6  

1 8 , 4 18 . 2  1 8 , 7 8 1 . 3 1 8 , 8 9 6 . 8  

437 . 2  
1 36 . 0  
1 50 . 0  

10 . 0  
733 . 2  

380 . 5  
2 1 3 . 0  
1 70 . 0  

1 1 . 0  
774 . 4  

3 3 1 . 9  
304 . 1 
1 90 . 0  

1 2 . 0  
838 . 0  



TABLE I I I  

Domes ti c Demand for Products -- PADs I - IV 
(Thousand Barre l s /Day) 

A D J U S TE D  A V E R AG E  
TOT A l-- A l L  R ES PONDEN T S  

M O T O R  G A SOL I NE :  L E A DE D - P R E H I UH 

- N ON- P R E H J IJH 
S . TOT A l  

U NL E A DE D - P R E H I UI-1 
- N O N - P R E H  J UH 

S . T O T A L  
TOT AL HOTPR G ASOl i N E 

A V I A T I O N  GASOL I NE 
J ET FU EL : N A P T H A  T Y P E  

K E il O S I NE T Y P E  

S P E C I AL N A P T H 4  
K E R O S I N E  

TO T A L  JET f UE l  

0 1 S T I l l  AT E F U E L  O l l l  N0 . 2 O I L  
N0 . 4  O I L  

RES I DU A L FUE L 

D I E S El � ON H I GH W AY 
- O F F  H I GHWAy 

OTHER D I ST i lLATE 
TOT AL O I S T I L LA T E fUEl O I L 

O l l l 0 . 5 lS 
. 5 1 - l . O l S  

1 . 1  - 2 . 0 ,5 
2 .  Ol S t 

TOTAL R E S  I DUAL f U E l  O I L 
l i QUEF I E D G A S E S :  E T HA N E  

P E  T R OCH E H I  C A L  

L I J B R I C A NT S  
W 4 X E S  
COK E 

P R O P AN E 
BU T A N E 
P R O P A N E / B UTANE H I X  
TO T AL L I QUE F I E D  G A S E S 

F E ED S TO C K S :  S T i l l  GAS 
'tOO EP NA P TH A  

OT H E R  
T OT A L  P E T R O C I I E H I C A L  F E E D S T O C K S  

AS PIIAL T r. P O AO O I L  
S T i l l G A S  FOR F UE L  
i'I I S C E L L  A N E ()J S  P RO DU C T S  

\ 9 7 1 

7 5 4 .  0 
3 , 699. 0 
4 , 4 5 3 . 0  

o. o 
\ .  6 4 0. 0 
1 , 64 0 . 0 
6 ,  093. 0 

2 9 . 0  
1 4 9. 0 
59 \ . 0  
7 4 0. 0 

7 11. 0 
1 6 2 . 0  

1 , 2 5 3 . 0 
6 0 . 0  

62Z. o 
1 5 0. 0 
9 4 2 . 0  

3 , 0 2 7. 0 
6H. O 
654. 0 
4 2 8. 0 
7 8 6 . 0  

2 ,  5 0 1 . 0 
4 1 0. 0  
0 2 0. 0 
1 \ 1. 0  

2 6 . 0  
1 , 3 6 7. 0 

·4 6 .  0 
2 0 1 . 0  
2 6  '· 0 
50 8 . 0  
l't 5. 0 

1 1 . 0  
2.1 a .  o 
3 7 4. 0 
4 2 3 . 0 
\ 3 9. 0 

1 9 7 8 

6 56 . 0  
3 , 600 . 0  
4 , 256 . 0  

0 . 0  
2 , 026 . 0  
2 , 026 . 0  
6 , 283 . 0  

30 . 0  
1 4 3 . 0  
6 1 3 . 0  
7 56 . 0  

88 ." o 
1 9 4 . 0  

1 , 34 4 .  0 
58 . 0  

679 . 0  
1 65 . 0  
801 . 0  

3 , 047 . 0  
6 4 1 . 0  
67 2 . 0  
426 . 0  
7 96 . 0  

2 , 5 35 . 0  
432 . 0  
7 29 . 0  
1 6 2 . 0  

3 1 . 0  
1 , 355 . 0  

5 3 . 0  
201 . 0  
331 . 0  
586 . 0  
1 5 3 . 0  

1 4 . 0  
2 1 5 . 0  
401 . 0  
444 . 0  
1 1 7 . 0  

T O T A L  D EMAN D 1 5 , 8 1 7. 0  1 6 , 2 1 6 . 0  

E THANE 
PRO P AN E 
O U T A N E  
PR O P A N E / R U T ANE M I X  

T O T A L  

4 1 0 . 0· 
\ l R. 0 

9 1 . 0  
4 . 0  

b 2 3. 0 

E - 3 1  

432 . 0  
81 . 0  

1 33 . 0  
1 0 . 0  

656 . 0  

1 9 6 2  

693 . 8  
1 , 468 . 5  
2 , 1 1 2 . 3  

98 . 2  
3 , 640 . 6  
3 , 728 . 8  
5 , 84 1 . 2  

33 . 8  
1 36 . 5  
672 . 1  
808 . 6  

86 . 7  
1 53 . 1 

1 , 1 7 2 . 2 
69 . 4  

599 . 6  
1 7 3 . 4  
8 74 . 1 

3 , 099 . 9  
547 . 3  
566 . 3  
304 . 7  
694 . 8  

2 , 1 1 3 . 2  
4 36 . 2  
844 . 7  
1 88 . 0  

39 . 4  
1 , 508 . 3  

50 . 7  
2 4 1 . 8  
4 6 1 . 4  
733 . 9  
164 . 2  

1 6 . 8  
2 18 . 3 
4 1 9 . 6  
440 . 4  
1 34 . 7  

1 5 , 792 . 7  

435 . 2  
1 2 9 . 0  
1 48 . 0  

9 .·0 
7 2 1 . 2  

Medi um Case 

1 90 5  

1 5 1 .  7 
1 , 1 72 . 8  
1 , 324 . 5  
1 , 1 34 . 6  
3 , 14 2 . 3  
4 , 2 76 . 9  
5 , 60 1 . 4 

35 . 7  
1 22 . 4  
735 . 1  
857 . 5  

92 . 2  
1 48 . 8  

l ,  1 34 . 6  
83 . 3  

1 , 0 35 . 4  
1 89 . 4  
862 . 8  

3 , 335 . 4  
863 . 2  
4 72 . 8  
5 1 8 . 0  
555 . 4  

2 , 109 . 4  
389 . 1  
9 75 . 6  
204 . 0 

45 . 0  
1 , 6 1 3 . 7 

69 . 3  
298 . 5  
485 . 4  
853 . 1  
1 7 1 . 0  

18 . 3  
223 . 2  
436 . 7  
447 . 2  
1 3 5 . 8  

16 , 0 79 . 6  

378 . 5 
203 . 0  
1 68 . 0  

10 . 0  
759 . 4  

\ 9 9 0  

58 . 6  
543 . 6  
602 . 2  

l ,  390 . 6  
3 , 145 . 1 
4 , 535 . 7  
5 , 1 37 . 9  

39 . 9  
10 7 . 5  
837 . 7 
945 . 2  

98 . 7  
1 44 . 3  

1 ,042 . 6  
90 . 6  

1 . 440 . 5 
224 . 1 
136 1 . 5  

3 , 659 . 3 
495 . 6  
388 . 1 
537 . 8  
470 . 1 

1 , 89 1 . 6  
372 . 6  

1 , 073 . 9  
228 . 8  

4 4 . 7 
1 .  7 1 9 . 9  

66 . 8  
380 . 1 
398 . 7  

1 , 045 . 5 
189 . 0  

1 9 . 8  
236 . 7  
460 . 6  
450 . 1 
1 4 1 . 2  

1 6 , 1 79 . 7  

330 . 9 
29 1 . 1  
185 . 0  

1 1 . 0  
82 1 . 0  



TABLE I I I  

Domes ti c Demand for Products 
(Thous and Barrel s/Day) 

� DJ U S T EO A V ER � G E  

T O T A L-- All R ES PO N D EN T S  

M O T O R  G A S OL I N E : L E A D E D - P R EH I U H  

- N ON- P R E H I U H  

s. TO T A L 
U NL E A D E D  - P R EM IU M  

- N ON- P R E H I UH 

S . TO T AL 
T O T A L  MOT O R  G A S O L I N f 

A V I A T I O N  GA SOL I N E  

J ET F U E l : N A P T H A  TY P E  

K E R O S I NE T Y P E  

S P EC I Al N � P T H A  

K I: R O S  I N E  

T O  T ilL J ET F U E L  

D I S T I L L A T E  F U E L  O I L : N0 . 2  O I L  

NO . 't  O I L  

R E S  I OUA L F U E L  

O I E � E.l - O N  H I GI IW AV 
- O F F  H I GH W �Y 

O T I I F. R  D I S T I L L A T E  

TOT A L  G I S T I L LAT E fUEl O I L  
O I L  I 0 - • 5 ¥  s 

. 5 1  - l . O t S  

1 . 1  - z . o t s  
z . o x s  • 

L I Q UE F I E D GA SE S I 
TOT AL R ES I DU A L  FUEL O I L 

E TH A N E 

P E T R O O i EM I C A L  

L U I\ R. I  C A N T S 
W A X E S  
C OK E.  

P R O P AN E 
B U T A N E  
P R OP A N E / B UT A N E  M I X 

T O T A L  L I QU E F I ED G A S E S 

F E E D S TOC K S :  S T I L L  G A S  
't O O  E P  N A P TI I A  
O T H E R  

T O T A L  P E TROC H E M I CA L  fEED S TOCK S 

A SP H � L T C R O A D  O I L 

S T I L L  G A S  FOR F U E L 

M l  S C E L L A N EOIJS P R O rxJ C T S  

T O T A L  O f. H A N D  

E T H A N E  
PR.O P A N E  
B U T A N E  
P R O P A N E / B U T AN E  H I X  

l OT A L  

1 'l 7 7  

3 0 7. 0 
5 0 6 . 0  
8 l 5 . 1) 

o. 0 
26 0 . 0  
2 6 8. 0 

1 , 0 8 3. 0  
9 . 0 

5 9. 0 
2 4 0 . 0  
2 9 9 . 0 

a . o  
n .  o 
3 9 . 0 

z. o 
1 0 2. 0 

2 2 . 0  
\ 6 0� 0 
3?. 5. 0 
3 2 6 . 0  

3 9. 0 
1 6 4 . 0  

2 1 . 0 
5 7 0. 0 

z . o 
't 6. 0 't . O  
3 . 0 

5 5. 0 
z . o  
3.  0 
o . o  

l J . 0 
1 '5. 0 

3. 0 
.'t 9. 0 
t> J . O 

I Ql . 0 
e. o 

2 ,  6 \ 4. 0 

2. 0 
5. 0 
z .  0 
•• 0 

1 0 . 0  

E - 3 2  

PAD V 

\ 9 76 

2 78 . 0  
5 06 . 0  
7 84 . 0  
1 84 . 0  
1 6 1 . 0  
345 . 0  

1 , 1 29 . 0  
9 . 0  

56 . 0  
2 4 5 . 0  
301 . 0  

1 5 . 0  
2 1 . 0  
4 1 . 0  

3 . 0  
1 1 8 . 0  

2 6 . 0  
1 5 7 . 0  
345 . 0  
2 2 1 . 0  

44 . 0  
2 1 5 . 0  

8 . 0  
4 88 . 0 

1 . 0 
49 . 0  

5 . 0  
3 . 0  

5 8 . 0 
2 . 0  
3 . 0  
4 . 0 
9 . 0  

1 9 . 0  
3 . 0  

4 1 . 0  
7 8 . 0 

1 04 . 0  
1 1 . 0 

2 , 6 3 1 . 0 

1 . 0 
4 . 0  
3 . 0  
1 . 0  
9 . 0  

1 98 2  

35 . 3  
36 3 . 7  
399 . 0  
1 93 . 6  
485 . 5  
6 79 . 1 

1 ,0 78 . 1 
9 . 0 

48 . 2  
274 . 0 
322 . 2  

1 5 . 5  
1 3 . 0  
4 5 . 8 

2 . 5  
198 . 2  

24 . 6  
102 . 3  
37 3 . 4  
2 1 4 . 4  

30 . 0  
222 . 5  

20 . 0  
486 . 9  

2 . 0  
5 1 . 9  

5 . 0  
3 . 0  

6 1 . 9  

1 . 5  
3 . 4  
9 . 0  

1 3 . 9  
18 . 2  

2 . 5  
48 . 3 
69 . 1  
94 . 4  
19 . 3  

2 , 62 5 . 5  

2 . 0  
7 . 0  
2 . 0  
1 . 0  

1 2 . 0  

Medi um Case  

1 9 8 5  

6 . 5 
2 1 2 . 8  
2 19 . 3  
3 19 . 3  
5 10 . 6  
829 . 9  

1 , 049 . 2  
10 . 0  
48 . 9  

2 98 . 7 
347 . 6  

1 7 . 5  
13 . 3  
4 3 .  1 

2 . 1  
2 3 7 . 4  

26 . 3  
94 . 5  

40 3 . 4  
269 . 4  

2 5 . 0  
202 . 2  

20 . 0 
5 16 . 6  

2 . 0  
5 3 . 9  

7 . o  
8 . 0  

65 . 9  

1 . 2  
4 . 7  

1 0 .  1 
1 6 . 0  
20 . 5  

2 . 5  
5 1 . 3 
74 . 4  
9 3 . 7  
1 9 . 8  

2 , 70 1 .  7 

2 . 0  
10 . 0 

2 . 0  
1 . 0  

1 5 . 0  

1 9 9 0  

0 . 0  
80 . 6  
80 . 6  

4 1 6 . 1  
489 . 2  
905 . 3  
985 . 9  

1 1 .  1 
16 . 5  

364 . 9  
381 . 4  

2 1 .  3 
1 2 . 8  
39 . 5  

2 . 5  
2 9 1 . 9  

32 . 0  
9 3 . 0  

458 . 9  
1 99 . 3  

20 . 0  
2 18 . 4  

1 5 . 0  
4 52 . 7  

2 . 0  
60 . 5  

8 . 0  
3 . 0  

7 3 . 5 

1 . 7  
1 2 . 6  
24 . 0  
38 . 3  
22 . 5  

2 . 9  
5 1 . 8  
78 . 8 

10 7 . 9  
1 7 . 4  

2 , 7 1 7 . 1 

1 . 0  
1 3 . 0  

2 . 0  
1 . 0  

1 7 . 0 



t:Ij 
I 

w 
w 

TABLE  I V  

U . S .  Petrol eum S u  1 / Deman d  Ba l ance - - Total U . S .  
Thous and Barre l s /Day 

A D J U S T E D A V ER A G E  

TOT A L-- A L L  R ES PO N D EN T S  

Med i um Cas e  

1 9 7 7  1 9 7B 1 9 6 2  1 9 6 5  1 99 0  

O E M AN O  - T OT AL 

1 .  L OC A l P R O D UC T  D E M A N O  

2 o  CR U D E  A N D  Pll. O DUC T E X P OR T S  

3 .  P P O D UC T  S H I P M E NT S T O  OT H E R  D I S TR I C T S  
4 .  C R UD E , N G L  r. UNF . SH I P H E Nl S TOO 
'5 .  C Rl J O E  L O S S ES 

S U P P L Y  - T OT A L 

l o  P R O DU C T I O N - T O T A L  

CR U D E  AN D L E A S E  CO N D EN S AT E 
N Gl 

2 .  R E C E I PTS  F ROM O T H ER D I ST R I C T S  
C R UDE , NG l ,  A ND U NF I N I SH E D  

P R O D U C T S  

3 .  PR OC E S S I N G G A I N ,  ET C . 

4 .  I MP O R T S  - TO T A L  

C R l J O F.  A N  0 UN F I N  I S  H E O  

f- R O M  O VE R L A ND 
F R O I'I O F F  S H O R E  

N G L  

F I N I S H E D  P R O O UC l S  

5 .  S V N C R U D E  

F R O M  S H A l E  

F RO M  C O AL 

6. F R O M  I NV EN TO R Y  
CR U O E  

P H O DUCT S 

7 .  C R UD E  R UN S  

A l A S K A N  I' R llOIJ C T  I O N  

\ 0 .  6 9 0. 0 

l ll , 4 J l . O  
2 43 . 0  

o . o 
o . o  

1 6. 0 
1 6 ,  6 <) 0. 0 

9 1 8 6 \  0 0 
a , 244. o 
1 , 6 1 7. 0  

o. 0 
o . o  
o .  0 

5 6 9. 0 
a ,  a o a. o 
6 , 6 4 6 . 0 

2 7 9 . 0  

6 , 36 7 . 0 

1 ,2 .  0 

2 , \ 2 0 . 0 
o. 0 

o . o  

o. 0 

- 54 o. 0 
-1 7 0. 0 
- 3 7 6. 0 

1 4 , 60 2 . 0  
3 1 0. 0 

1 9 , 2 24 . 0  
1 8 , 84 7 . 0  

362 . 0  
0 . 0  
0 . 0  

1 6 . 0  
1 9 , 224 . 0  
1 0 , 27 4 . 0  

8 , 707 . 0  
1 , 567 . 0  

0 . 0  
0 . 0  
0 . 0  

439 . 0  
8 , 364 . 0  
6 , 383 . 0  

564 . 0  
5 , 81 9 . 0  

1 7 . 0  
1 , 9 64 . 0  

0 . 0  
0 . 0  
0 . 0  

94 . 0  
-78 . 0  
1 7 2 . 0  

1 4 , 7 39 . 0  
1 , 089 . 0  

1 8 , 7 6 9 . 4  
1 A , 4 1 6 . 2 

3 3 4 . 0 
o. 0 
o . o  

1 7 . 2 
1 8 , 7 69 . 4 

9 , 6 \ 0 . 6  
6 , 3 3 4. 0 
1 , 4 A J . 8 

o. 0 
o . o 
o . o  

5 4 5 . 5 

6 o 4 4 2 o <l  
6 t 4  2 3. 5 

6 5 . 6 
6 1 3 5 7 . 9  

\ 2 0 .  1 

1 , 899 . 3  
J. 2 
o. 7 

2 . 5  

- 4 0 . 8 
-36 . 1 

- 2. 7 

1 4 , 6 5 8. 0 
1 , 4 8 0 . 5  

1 9 , 09 6 . 4  
1 8 , 7 6 1 . 3 

29 4 . 1  
o. 0 
o . o 

2 0 . 9  
1 'l , 0 9 6 . 4 

9 , 5 7 4 . 2 
8 , 1 5 4 . 2 
1 , 4 2 0 . 0  

o . o  
o .  0 
o . o  

5 3  2 .  5 
8 , 9 2 0 . 4 
6 , 7 5 5 . 9 

3 \ .  4 
6 , 7 2 4 . 5  

2 9 0. 4 
l r 0 7 4 . 1 

1 1 o. 3 
7 8 . 6 

3 L  . 7  
- 4 1 . 0  

- 4 3 . 7  
2 . 7 

1 4 , 9 6 8 . 5 

1 , 5 7 0 . 6 

1 9 , 2 0 5 . 2  

1 8 , 8 9 6. 8 
2 8 7 . 0  

o . o 

o . o 

2 0 . 5 
1 9 , 2 0 5. 2 

9 '  3 5't . 0 
8 , 0 3 2 . 1 
1 , 3 2 1 . 9 

o . o  
o .  0 
o . o 

5 4 1 . 5 
8 , 7 8 3 . 1 
6 � 5 90 . 6 

2 5. 9 
6 , 5 7 2 . 7 

4 0 7. 9 
l t 7 7 6 . 6 

5 4 5 . 6 

3 H .  6 

1 7 4 . 2  
- 1 9. 2 
- 1 6 . 1 

-3 . 1 
1 5 , 1 2 2. 4 

1 , 5 7 2 . 6  



D EMAND 
l • 

2 .  

"3 .  
4 .  
5 .  

S U P P L Y  

t .  

2 .  

3 .  
4 .  

5 .  

; . 

TABLE  I V  

U . S .  Petro l eum S u  1 / Demand  Ba l ance - - PADs I - I V  
Thousand  Barre l s /Day 

A DJ U S T E D A V E R A G E  

T OT AL--ALL R E S PO N D EN T S  

Medi um Case 

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  1 99 0  

- T O T AL 

L OC A L  P R O DUCT D E M A N D  

C RU O E  A N D P R O D U C T  E X P O R T S  
PR O DU C T  S H I P ME NT S T O  O T H E R  D I S TR I C T S  

CRUO E ,  N G L  t; U N F .  S IH P M EN T S  T O O  

C R U O E  L O S S E S  
- T O T AL 
P R O D UC T I ON - TO T A L  
CRU O E A N D  L E A S E  C O N D EN S A T E  

NG l. 
R E C E I P T S  F R O M  O T H E R  D I S TR I C T S  

C R I I O E 1 N GL 1  A ND U N F I N I S H E D  

P R O DUC T S 
PR OC E S S I NG G A I N ,  E T C .  

I M P O R T S - TOT A L 

CRUDE A N D  UN F I N I S I If O  
F R O M  O V F. R L  o\ N O  
F R O M  O F F  SI I O R E  

N G L  
F I N I S H E D  PRO D U C T S  

S YN C R U DE 

f'Rnt1 S H A L E 
F R O M  C OA L  

F R O r1 I NV E N T O R Y  
C R U D E  
P R O DUC T S  

C R U O E  RUNS 

1 b , l 3 9. 0 
1 5 , 6 1 7. 0  

1 7 2 . 0  
1 26 . 0 

9. 0 
1 5 . 0 

l b ,  1 3 9. 0 
8 , 4 1 3 . 0  
6 , 8 20. 0 

1 '  5') 3. 0 
6 8 . 0 
4 7. 0 
2 1 . 0 

5 '3 5 .  0 
7 '  59 4. 0 
5 , 5 4 7. 0 

2 5 9. 0 
s , z 6 a . o  

J o . o 
2 ,  009. 0 

o. 0 
o. o 
o . o  

- 4 7 1 . 0 
- 1 0 3 . 0 
- 3 6 8 . 0 

1 2 , 2 7 9. 0 

1 6 , 1 1 2 . 0  
1 6 , 2 1 6 . 0  

1 20 . 0  
1 52 . 0  

7 . 0  
1 4 . 0  

1 6 , 1 1 2 . 0  
8 , 06 5 . 0  
6 ,523 . 0  
1 , 543 . 0  

31 6 . 0  
301 . 0  

1 5 . 0  
470 . 0  

7 , 6 39 . 0  
5 , 781 . 0  

552 . 0  
5 , 229 . 0  

1 5 . 0 
1 ,843 . 0  

0 . 0  
0 . 0  
0 . 0  

5 3 . 0  
- 1 06 . 0  

1 59 . 0  
1 2 ,452 . 0  

1 6 , 0 9 4 . 1  
1 ') ' 7 9  2.  7 

un. o 
1 0 2 .  7 

0. 5 
1 5 . 2  

1 6 1  0 9 4 o  1 
7 , 1 0 4 . 4 
5 , 6 3 4 . 4 
l r 't 7 0 . 0 

4 8 3 . 0  
4 'i 9 .  2 

2 3. 8 
4 7 5 . 0  

8 , 0 6 6 . 6 
6 , 1 1 2 . 4 

6 5 .  2 

6 ,  047. 2 
1 1 9 , 3 

1 r  6 3 4 . 9  
3 . 2  
o. 7 
2 .  5 

-3 6 . 2  
- 3 6. 4 

- 1 .  A 
1 2 , 2 09. 7 

l 6 , 3 6 l . 7  

1 6 , 0 7 9. 6  
1 6 1 .  4 
1 0 2 . 9  

o. 9 
1 6 . 8 

1 6 , 3 6 1 . 7  
6, 7 6 0 . 2 
5 , 3 6 6 . 1  
l r 4 0 2 . 1 

5 2 3 . 3  
5 0 3 . 9 

1 9 . 4  
4 4 8 . 6  

8 , 5 5 0 . 3 
6 , 4 6 3 . 9 

3 1 . 4  
6 , 4 3 2 . 5 

� 8 3 . 5  
l r 8 0 2 . 9 

1 1 0 . 3  
7 8 . 6  
3 l . 7 

- 3 9 . 1  
- 4 2 . 6  

3 .  5 
1 2 , 4 5 9 . 2 

l 6 r 4 73. 8 
1 6 , 1 7 9 . 7 

1 7 8. 4 
9 8 . 9  

1 .  3 
1 5. 5 

1 6 , 4 7 3 . 8  
6 , 2 90. '1 
4 , 9 8 6 . 2  
1 '  ) 0 4. 7 

7 77. 4 
7 5 5 . 8  

2 1 . 6 
4 4 2 . 2 

6 , 4 4 1 . 1 
6 o J J 1 . 6 

2 5 . 9  
6 , 3 1 1 . 9 

3 99 . \  
l '  7 0 4. 2 

5 4 0 . 9  
3 6 6 . 7 
1 7 4. 2 
- 1 6 . 6  
- 1 6. 1 

-2 . 7 
1 2 , 5 0 9 . 4 



tr:l 
I 

w 
Ul 

D E M A N D  

l • 

2 .  

) .  
4 .  
5 .  

S U P PL Y  
1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

1 ·  

TABLE IV  

U . S .  Petrol eum Su  1 / Demand  Ba l ance - - PAD  V 
Thousand Barre l s/Day 

- TO T AL 
l O C A L  P R O DU C T  D E MAND 

C R UD E  A N D  P R O DUC T  E X P OR T S 

A D J U S T E D  A V E R AG E  
T OT AL-- A l l  R ES P O N D EN T S  

1 117 7  
---------

2 1 7 5 4 o  0 
2 ,  6 1 4. Q 

7 1 . 0  
P RODU C T S H I P M EN T S TO O T H E R  D I S TR I C T S  2 1 .  0 
C R UD E , N G L  f. UNF o SH I P ME N T S  T O O  4 7 . o  
C R U D E  LO S S E S  1 . 0  
- T O T A L  2 ,  7 5 4. 0 
P R O D UC T I ON - TO T A L  1 , 4 4 8 . 0  
C R U D E  AN D L E AS E  CON D EN S AT E  \ 1  4 2  4o 0 
NG L 2 4 . 0  
R E C E I P T S  F R O M  OTHE R D I S TR I C T S  1 3 5 . 0  
C R U D E , N G L , A l\ 0 U N F I N I S H E D  9 .  0 
P R O  OUC T S \ 2 6 . 0 
P R OC E S S I NG G A I N , E T C .  3 4 . 0 
I M P O R  l S - T O T A L 1 , 2 1 4 . 0  
C R U D E  A N D  U N F I N I SH f O  1 , 099. 0 

F RG M  OV E R L AN D  20. 0 
F R O M  O F F SHO R E 1 , 079. 0 

NGL 4. 0 
F I N I SH E D P R O D UC T S  1 1 1 . 0  
S YN C R lJ D E  o . o 

F R O M  S H A L E  o .  0 
F R O M C O A L  o . o 

F R O M  HN F.NTORY - 1 7 . 0 
C R UD E - 6 7 . 0  
P RO DUC T S  - 1 0. 0  

C RU D E R U N S  2 ,  3 2 3. 0 

1 9 7 8 1 98 2  
- - -- - -- - - ·· - - - - -- - - -

3 , 1 1 2 . 0  3 , 26 1 . 5  
2 , 6 3 1 . 0  2 , 6 2 5. 5 

1 6 3 . 0  1 5 1 . 0  
1 5 . 0  2 3 . 8 

30 1 . 0  4 5 9 .  2 
1 . 0 2 . 0  

3 , 1 1 2 . 0  3 ,  2l: l . 5 
2 , 209 . 0  2 , 1 1 4 . 2 
2 , 188 . 0  2 t  7 0 0. 4 

24 . 0  \ 3. A 
1 59 . 0  \ 0 3 . 2  

6 . 0  o . 5 
1 5 3 . 0  1 0 2 . 7  
- 3 1 . 0  7 0. 5 
7 2 5 . 0  3 1 6. 3 
602 . 0  3 1 1 . 1  

1 2 . 0  o .  4 
590 . 0  3 1 0 . 7 

2 . 0  o. A 
1 2 1 . 0  6 4 . 4 

0 . 0  o . o  
0 . 0  o . o 
0 . 0 o . o  

4 1 . 0  - 2. 6  
28 . 0  - 1 . 7  
1 3 . 0  - 0 . 9  

2 , 287 . 0  2 t 4 4 A . 3 
AL A S K AN P R O DUC T IO N  3 1  o. 0 1 , 089 . 0  t , ft8 7 . 5 

Medi um Case  

1 9 8 5  1 99 0  
-- -- - - --- ----- ----

3 , 3 6 1 . 8 3 , 6 09 .  0 
2 , 7 0 1 . 7  2 , 7 1 1 . 1  

1 3 2 .  1 1 09. 5 
1 9 . 4  2 1 . 6  

5 0 3 . 9 7 5 5. 8 
4 . 1  5 . 0  

3 , 3 6 1 . 8  3 e 6 09 o 0 
2 , 8 0 6 . 0 3 ,  0 6 3. \ 
2 , 7 8 8 . 1 3 , 0 4 5 o 9 

1 7. 9 1 1. 2  
1 0 3 . 8  1 00 . 2  

0. 9 1 .  3 
1 0 2 . 9  9 A. 9 

8 3 . 9  9 9 . 3 
3 1 0 . 1 3 4 2 . 0 
2 9 2 . 0  2 6 0 . 8 

o . o o . o 
29 2 .  0 2 60. 8 

6 . 9 a . n 

1 1 . 2 7 2 . 4 
o . o  4 . 9  
o . o 4 . 9  
o . o  o ,  0 

- 1 . 9 - 0 . 4 
- \ .  1 o. 0 
- 0 . 8  - 0 . 4  

2 , 5 09 . 3 2 , 5 3 3. 0 
1 , 5 3 7 . 5 1 , 5 2 8 . 3  



TABLE V 

Worl d O i l Cons umpti on 
(Mi l l i on Barre l s / Day) 

A D J U S T E D  4 V E R 4 G E  
T OT A L-- All R ES PO N O EN T S  

Medi um Case 

1 � 7 1  1 9 7 8  1 9 8 2 1 9 8 5  1 99 0  

DECO 

U N  I T  E D  S T AT E S  1 B .  't 1 8 . 8  1 R . 4  1 8 . 8  1 8 . 9 
W E S T E R N  EURO P E  l 't o  2 \ 4 . 6  llt · 6 l 4 .  8 1 5. "3 
J A P AN 5 . 3 5 . 4  5 . 7  6 . 1 6 . 3 
O T H E R  D E C O 2 . 6 2. 6 2. 1 2 . 8 2 . 8 

NON-D E C O  I EX CL . U S SR , e .  E UR O P E , C H I N4 f  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NON- O E f.fl  9 .  "3 l O o O I Z . o  l J .  1 1 5. 9  
- - - - ---- - -- - -- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

N O N -COHMUN ( S T  C GU "' T R J E S  4 9 . 11 5 1 . 4  5 3. 4 5 5. 6 5 9. 3 
U S SR 6 .  0 6 . 4  9 . Z  9 · 9  1 0 . 5  
E A S T  E U RO P E  z. l 2. 1 2. 4 2 . 5  2 . 8  
C H I NA l o  5 1 . 7  2 . 3 3 . 0  3. 8 

- - - - - - - - - - - - --- - - - - - -- - - -- - - - - - - - -- - - - - - - - - - -

C O MMUN I S T C O UN T R I E S 1 1 . 6  1 2 . 2  1 3. 9 1 5. ,  1 7. 2  
TO TAL CON SUMP T I ON 6 1 . "  6 3 . 6  6 7 . 3  n . o 1 6 . 5 



TABLE V I  

Worl d Crude O i l and  Natura l Gas L i q u i ds S u p  l y  
Mi l l i on Barrel s/Day )  

A D J U S T E D  A V E R A G E  

TOT A L-- A L l  R ES P O N D EN T S  

Med i um Case  

\ 9 1 1  1 1l 7 6  1 9 6 2  1 9 6 5  1 9 9 0  

OE C O 

O P E C  

u . s .  
C A N ADA 

W. EURO P E 
J A P AN ,  AIJS T R AL I A 1  N EW Z E A L A N D  

SUB- T O T A L  

V E N E Z U E L A  
E C U A D O R  
I N OONE S I A  

A F R I C A 

A L G E R I A  
L I BY A  

N I G E R I A 

G A BON 
H I O OL E E AS T  

I R A N  

K U�IA I T  

S. AR. A B I  A 
I R AQ 
U A E  

QA T A R  

N Ell T R  AL 1 0 N E  
S U I3 - T O T AL 

NON-O P E C  I EX CL . U S S R , E .  E U R OP E , CH I N A I  

U S S R  

M E X I CO 
O T H E R L .  A t' H R I C A  
A f fl i C A 
�� I 0 Dl. E E A  S T 

A S  I A 
SlJB- TO T A l  

F A S T E U R O P E  
C H I N A 

S U II - T O T A L  

R EF I N E R Y  P R O C ES S I N G  GA I N S  

u .  s .  
OT H E R  

S U B- T O T A L  
T O T A L  S UP P L Y  

E - 3 7  

9 . 9 
1 .  6 
1 .  5 
0 . 5 

l 3 . 4 

2 . 3  
o .  2 
l .  7 
5. 6 
1 . 2  
?. . 1  
2. 1 
0 . 2  

2 2 .  1 

5 . 1  
\ . 9 
9 . :! 

2 . 'i 

z .  0 
0 . 4  
0 . 4  

3 1 . 9 

l .  l 
1 .  '2 
0 . 1  
0. 6 
o. 1 

4 . 3  
1 0 . 9  

0 . 4  
1 .  () 

n. t 

o . s  
o. 0 
0 . 5  

6 3 . 2 

1 0 . 3  
1 . 6  
J • 8 
o. 5 

1 4 . 2 

2 . 2  
0 . 2  
1 . 6 

5 . 3  
1 . 2 
2 . 0  

1 . 9 
0 . 2  

20 . 8  

5 . 2  
1 . 9 
8 . 3  

2 . 6  
1 . 8 
0 . 5  

0 . 5  
30 . 1  

1 .  3 
1 . 2  
o . a  

0 . 6 
o. a 

4 . 7 

1 1 .  1 
0 . 4  
1 . 9 

1 4. 0 

o . s  
o . o 
0 . 5  

6 3 . 5  

9 . 6 
1 . 7  
1 . 3  
o. 6 

1 5. 4 

2 . 1  
o. 2 

l .  1 

s .  1 

t .  2 

2 .  1 

2. 2 
0 . 2  

2 0. 3 

3 .  2 

1 • 9 
9. 1 
3 . 1 

2 .  0 
0 . 5 
0 . 5  

3 0. 1 

2 .  6 
1 .  5 

1 .  l 
0 . 6  
1 .  0 
6 . 6 

1 \ .  7 

o. 4 
2 .  7 

1 4. 8 

0 . 5 
o . o 

0 . 5 

6 7 . 7 

9 . 6  
1 . 6  
3 o B 

o .  5 
1 5. 5 

2 . 2  
o. 2 
1 .  7 
5 . 7 

1 .  1 
2 . 1  

2. 2 
0 . 2  

2 1 . 0  
3. 3 

1 . 9 

9. 3 
'3 . 5  
2 . 0 
o .  5 
0 . 5  

3 0 .  6 

3 . 1 

1 . 6  
1 .  3 

0 . 1  

1 .  3 
n . o  

1 2 . 1  

o. 4 
3 . 2 

1 5. 6 

o . s  

o . o  

o .  5 
7 0 . 4  

9 . 4  
\ .  6 
4 . 5 

0 � 6 
1 6. 3 

2 . 2  

0 . 2 

1 .  6 
5 . 7 
1 .  1 
2 . 2  

2 . 2 

0 . 2 
2 2 . 6  

3 .  6 
2 . 1  

1 o. 3 

3 . 8  

2 . 2  

o. 4 
0 . 5  

3 2 . 6  

� - 2 
z . o  
l .  6 
0 . 7  
1 .  7 

1 o. 1 
1 2 . 6 

o. 4 
4 . 3  

1 7 . 3  

0 . 5 

o . o  
o .  5 

7 6 . 7 



t:r:l 
I 

w 
OJ 

P ET R O L E U M  L I QU I D S 

�I A T . G A S  I DR Y I 

C O AL 

N U C L E A R 

O i'H E R  S P F. C I F Y  

T O T A L  P R I MA R Y  E N E R G Y  

P E TR D L E UM L I Q U I D S  

N AT .  G AS I OR Y I 
C O A L  

N U C L E A R  

O T H E R  S P E C I F Y 

T O T A L  P R I MA R Y E N E R G Y  

P E T R O L E U M L I Q U I D S  

N A T .  G fl S I D R Y  I 
C O A L  

N I J C L E II R  

O T HE R S P E C I F Y 

T O  Til l  f> R  ! M AR Y  E N E R G Y  

P ET R OL E U M  L I QU I D S 

N A T . G A S I DR Y I  

C O AL 

�PJ C L E A R  

O T HE R S P E C I F Y  

T O T A L P R I � A R Y  E N E R G Y  

Total  u . s .  

TABLE  I 

Pri mari: Energi: Cons um�t i on bi: Fuel s (Tr i l l i on B tu) 
A L L  R E S P O N D E N T S  

High 

1 9 7 7  1 9 7 8  1 9 8  2 1 9 8 5  ------- ------- ------- -------
3 6 , 9 7 0  38 , 0 1 4  3 9 , 6 6 4  4 0 , 8 0 8 

1 9 , 9 3 1  20 , 0 39 2 1 . 40 0  2 2 ,  BOO 
1 4 , \ 3 3 1 4 ,070 1 8  ' 2 9 5 2 1 , 8 0 0  

2 , 6 7 4  2 ,9 7 7  4 , 7 0 0  6 , 3 3 5  

2 '  6 1 4  3 , 34 3  '• • 1 6 4  4 , 6 6 6  

7 6 , 3 2 2  7 8 , 44 3  8 5  ' 54 5 9 0 , B 0 1  

Low 

1 9 7 7  l 9 7  8 1 9 6 2 1 9 8 5  ------- ------- ------- -------
3 6 , 9 7 0  38 ,0 1 4  3 4 , 9 3 0  3 3 ,  3 8 7  
1 9 , 93 t 20 , 0 39 1 8 , 6 5 2  1 8 , 3 8 0 
1 4 ,  1 '3 3  1 4 ,070 1 6 , 1 3 0 1 8 '  27 0 

2 '  6 7 ft 2 , 9 7 7  3 . 1. 7 7  4 , 1 4 6  
2 '  6 1 4 3 , 34 3  3 , 1. 8 2  3 , 2 8 2  

7 6 , 3 2 2  78 , 44 3  7 9 ' 8 3 0  8 1. , G 8 6  

A V ER A G E  A N D  S T A N D A R D  D E V I A T I O N 

A V E RA G E  

1 9 7 7  1 97 8  1 98 2  1 9 8 5  ------ ·-· -- - � - ·· - ------- ... _ _ _ _ _ _  

3 6 '  9 7 0  38 , 0 1 4 3 7 , 0 5 2  3 7 , 7 5 8  

1 9 , 9 3 1  20 , 0 39 l <J , 9 7 8  1 9 ' 8 6 3  
1 4 , 1 3 3  1 4 , 0 70 1 7 , \ 3 8  1 9 ' 60 1 

2 , 6 7 4  2 , 9 7 7  3 , 9 5 4  5 '  2.5 1 
2 , 6 1 4  3 , 34 3  3 1 49 9  3 , 84 7 

7 6 1 3 2 2  78 , 44 3  8 1  , 62 0 8 6 , 3 2 0  

M e d i a n  

1 9 7 7  1 9 7 8 1 9 8  2 1 9 8 5  ------- ------- ------- -------
3 6 '  9 7. 0 3 8 , 0 1 4  3 7 , 2 4 0  3 8 , 2 3 2  

1 9 . 9 3 1  20 , 0 39 1 9 , 9 3 0  1 9 . 9 7 4 
t 4 ' 1  3 3  1 4 , 0 70 1 7  , oo o  1 9  1 4 4 ') 

2 , 6 7 4  2 , 9 7 7  3 '  131 0  5 , 3 6 6  

2 ' 61 4  3 , 34 3  3 ' 43 0  3 , 7 5 0  
7 6 1 3 2 2  78 , 44 3  8 1  , 4 0 0  8 6  I 4 3 0  

Med i um Case 

1 9 9 0  -------
4 2 , 40 0  
2 3 , 8 0 0  

2 6 , 7 7 6  
9 , 2 0 0 

5 , 8 4 0  
1 ll 0 , 40 0  

l 9 9 0  -------
3 1 , 9 2 1  
1 7 , 8 5 0  
2 2  ' 6 '3 0  

4 , 4 3 7  
3 , 7 1 5  

8 7 , 0 8 5 

S T  Ml D A il D O F. V  ! A T ! fl N  

A S  A :1; n F  T H E  ME A "J  

1 9 9 0  1 9 8 ?.  1 9 1\ 5  1 9 9 0  ---- --- ------- _,_ .. _ _ _ _ _  ------o.J-

3 7 , 8 3 0  3 . 2 -:! % 5. t 41: 7 . 8 5 2: 
1 9 , 7 6 9  3 . 4 7 � 5 . 4 8 %  6 . 7 9 %  
2 4 , 3 2 8  3 .  1 91, 5. 1 or. 5 .  2 6% 

7 , 44 9  1 1 . 5 4 :!:  1 3 . 6 2 %  1 6 . 9 0 :1: 
4 , 5 1 5  7 .  5 1 � 8. 1 U 1 2 . 6 3 %  

9 3 1 8 9 1  1 . 8 8 % z .  9 1 % 4 . 2 1 %  

1 9 9 0  --- ----
3 8 , 1 4 4 
1 9 , 7 2 8  

2 4 , 1 3 1  
7 , 5 6 0  
4 , 4 6 0  

9 4 , 2 3 0  



S N P  4 S S IJ M PT I GN 

F P B  I 'J O F X  (l f'  I N O .  P R.il O o  

P O P U L I>. T I G�J 
D I S P O S A B L E  P E R S O N A L  I N C OM E  

G N P  fi S S U :-I PT I OtJ 

F R R  I N D E X O F  I N D .  P R O D .  
PO P U L A T i f"lN 

O I S P O S A O L E P E R S ON A L  I N C O M E  

G N P  !>. S S'.J'IP T i n N 

F R B l �J D fX O F  I N D .  P RO D .  

P O P U L. <'I T ! ON 

TABLE  I A  

E conomi c As s umpti ons 

A l l  R E S P O ND E N T  S 
High 

1 9 7 7 1 97 8  1 9 8  2 1 9 8 5  1 9 9 0  

-- --- - - - - - - - - - --- - --- - - - -- - - - - - - - - -

( B I L L I O N  1 9 7 2  $ 1  
1 1 9 6 7 = 1 0 0 1 

I M I O- YE A P. ,  0 0 0 1 

I B I L l i O N  1 9 7 2 $ 1  

I B I L L I O N  1 9 7 2 $ 1  

( 1 9 6 7 = 1 0 0 1 

I M I D- YE A R , 0 0 0 1 

I B I L L T O N  1 9 7 2  So l  

1 , 3 3 3  

1 1 7 
2 1. 6 ' 82 0 

9 2 6  

L ow 

1 9 7 7  

-- ---- -

1 , 3 3 3  

l 3 7  
2 1 6 , 8 2 1)  

9 2 6  

A V ER A G E  

1 9 7 7  

- - - - -- -

1 r 3 3 3  

1 3 7  

2 1 6 , 8 2 0  

1 , 386 1 , 6 0 0  1 , 7 5 0  2 , 0 5 0  

1 46 1 6 5  1 9 3  2 2 8  

2 1 8 , 500 2 3 0 , 00 0  2 3 6 , 00 0  2 4 7 , 0 0 0  

966 1 , 0 9 3 1 '  2 2 1  

1 9 7 8  1 9 8  2 1 9 8 5  
- --- - - - - - - - -- - --- - - - -

1 , 386 1 ' 4 5 2 1 ' 5 4 1  
1 , 46 1 1 5  6 1 5 9 

2 1 8 , 500 2 2 3 , oo o  2 2 6 , 00 0  
966 1 , 0 1 8  1 , 0 8 4  

A N D  S T A N D AR D DE V I  A T J  fJ N 

<'\ V ER. A G !;  

1 9 7 8  1. 9 8 2  

- - - - -- - - - - - - - -

1 , 386 1 '  50 3 
1 ,461 1 h 0 

2 1 8 , 500 2 2 6 , 26 1  

). 9 8 5  
- - - - - - -

I ,  6 4 7  
1 7 8  

2 3 2 ,  4 5 8  

1 r 4 2 9  

1 9 9 0  
- - - - - - -

1 ' 7 0 1  
20 3 

2 3 2 , 0 0 0  
1 o l 9 8 

1 9 9 0  
- - - - - - -

1 , 8 8 3  

2 1 3 
2 4 2 ,  5 2 8  

D I S P G S A fl L E P !:R SCNA l I NC O M E  

I A I L L I O N 1 9 7 2 $ 1 

I 1. 9 6 7 = 1 0 0  I 
I M I D- Y E AR , 0 0 0 1 

I B i l l i O N 1 9 7 2  $ 1  9 2 6  966 1 , 1) 5 6  l '  1 6 2  1 , 3 4 4  

G � I P  A S S I J M PT I ON 

F R B  I N O E X  O F  I N O .  P R O D .  

P O P U L  H I O N  

O J S P O S A U L E P E R S O N A L  I N C O M E  

I B i l l i D N  1 9 7 2  $ 1  

( 1 9 6 7 = 1 0 0 1 

( M I D- YE A R ,  0 0 0 1 

I B I L L I C N  1 9 7 2  $ 1  

r� edian 

1 9 7 7  

- - - - -- -

1 , 3 3 3  

1 3 7 
2 1 6 , 82 0  

9 26 

1 9 7 8  

- - -- -- -
1 , 386 
1 , 46 1  

2 1 8 , 500 
966 

1 9 8 2 1 9 8 5  1 9 9 0  
- - - --- - - - - - - - - - - - - - - -

l r 4 9 9  1 , 6 4 6  1 , 8 9 3  

1 6  l 1 7 7 2 1 4  

2 2 6  , 3 0 0  2 3 2 , 9 0 0  2 4 3 , 5 0 0  
l ' 0 5 8  l '  1 6  3 1 o 3 3 6  

Medi um Case 

S T AN O A R D D EV I A f I O N  

A S  A 1, n F  T H E  ME A N  
1 9 8 2  1. 9 8 5 1 9 9 0  

- -- - ·- - - -- -- -- - - - - - ---· 

2 . 3 0 %  3 .  2 l '!: 4. 7 9% 

1 .  8 ?.% 4 .  2 7  r, 3 .  1 2 'r. 
• 6 6% , 8 9:l l.. 4 2 !1:  

1 .  9 4 %  3 . 0 U 4 . 1 U :  



TABLE I I I  

Drnnes ti c Dema nd for P roducts - - Total  U . S . 
(Thous and Barrel s / Day) 

A L L  R E S PO N D E N TS 

H igh 

Medi um Case 

1 9 7 7  1 97 8  1 9 3 2 1 9 8 5  1 9 9 0  

M OT O R G A S O L I N E :  L E A D E D - P R FM I U M 

- N O N- P R E M I U M  

S .  T O T A L  

U N L E A D E D  - P P E M I U �  

- N O N- P R E M I U M 

S . TO T AL 

T O T A L  M O T O R  G A S O L I N E 

AV I A T I O N  GA S O L I N E  

J ET F U E L :  N A PT H t.  T Y P E  

K E R O S I N E  T Y P E  

S P E C I A L N A P T H A  

i< E RO S  I N  E 

T O T AL J F T  F U E L  

D I S T I L L A T E  F U E L  O I L :  N0 . 2  O I L  

N 0 . 4 O I L 

R E S I D UA L F l J E l 

D I E S E L  - ON H I G H W A Y  

- O F F  H I GHWAY 

O TH E R  D I S T I L L A T E  

T O T A L  D I S T I L L A T E  F U E L  O I L  

O I L :  0 . 5% 5  
. 5 1 - 1 . 0 � S  

1 . 1  - z . o � s 
2. 0% s + 

L I Q U E F I E D G A S E S :  

T O T AL R E S I DU A L  F U E L  O I L 

E T H A N E  

P E T R O C H E M I C A L  

P R O P  A N t:  

BUT A N E  

P R O P A NE / B U T A N E  M I X  

T O T AL L I QU E F I ED G A S E S  

F E E D S T O C K S : S T I L L  G A S  

4 0 0  E P  tiA P TH A 

O T H E R  

T O T A L  P E T R O C H E M I C A L  F E E D S T O C K S  

L U E\ R I C <\N T S  

W A X E S  

C O K E 

A S P HA L T  & R O A D  O I L 

S T I L L G A S  F O R  F U E L  

�1 ! S C EL L  A N E O U S P R O DU C T S 

T O T AL O E M  AN 0 

E T H MI E  

P R O P AN E  

B U T  MIE 
P R OP A N E / B U T A N E  M I X  

T O T AL 

E - 4 0  

1 , 0 6 1  
4 ,  20 7 
5 , 2 6 8  

0 
l r 90 8  
1 , 9 0 8  
7 '  1 7 6 

3 8  

2 0 8  
8 3 1  

1 , 0 3 9  

8 6  
1 7 5 

1 r 2 9 2  
6 2  

7 21t 
1 7 2  

1 ' 1  0 2  

) , 3 5 2  
9 5 9  
693 
6 1 2  
8 0 7  

3 ,  0 7 1  
4 1 2  

8 6 6  
l l 5  

2 9  
1 , 4 2 2  

4 8  
2 04 
2 69 
5 2 1  

1 6 0 
1 6  

2 6 7  
4 3 7 
5 2 4  
1 4 7 

1 8 , 4 3 1  

4 1 2  
1 2 3  

9 3  
5 

6 3 3  

9 34 
4 , 1 06 
5 ,040 

1 85 
2 , 1 87 

2 , 372 
7 , 4 1 2  

39 
1 99 
858 

1 , 0 5 7  
1 03 
2 1 5 

1 , 385 
61  

79 7 
1 9 1  
9 58 

3 , 39 2  
862 

7 1 6  
6 4 1  
804 

3 , 023 
4 3 3  

7 7 8  
1 6 7  

3 5  
1 , 4 1 3 

55 

205 
335 
595 
1 7 2 

1 7  

256 
479 
548 
1 28 

2 , 69 2  

4 '  71 7 
1 '  3 0 0  

4 5  
2 1 2  

1 , 00 0  
1 ' 1  9 0  

1 2 6  
2 1 2  

1 ' 2 4 3  

1 , 09 6  

3 , 8 8 2 
B O O  
6'5 0 
5 7 6  
73 7 

3 , 1 7 1  
47 3 

1 ' 73 7  
6 1  

2 6 3  

5 8 0  
1 '  3 7 6 

1 9 8  
2 3  

3 2 6  
5 8  7 

59 5 
20 0 

6 9 5  
1 '  1 3 3  
1 '  7 3  3 
2 , 6 1 9  
5 ,  2 4 6  
5 r 5 1 5  
7 , 1 0 0  

5 5  
2 1 2  

1 '  1 2 5  

1 , 3 3 5  
1 4 2  
2 1 5 

1 '  3 0 5  
1 50 

1 , 8 2 2 
2 3 4  

l r 3 0 A  
4 , 2 6 7  

1 ,  4 7 1  

6 7 5  
1 ' 8 3 2  

1 1. 9  
3 , 99 9  

5 0 4  

1 ' 1 1 8  
3 7 1  

l ' 91 ') 
1 3 7 
3 5 1  
6 5 0  

1 '  3 8 9  
2 2 9 

2 <;  

3 5 2  
6 1 8  
6 1 7  
2 1t 0  

ft 1 0  
1 , 2 0 3 
l r 20 3  
3 r 1 3 4 
5 , 3 5 1  
6 , 5 0 0  
6 , 9 0 0  

6 5  
2 1 2  

1 r 4 7 5  
1 r 5 8 5  

1 6 5  
2 3 5  

1 , 2 0 1  
2 0 4 

2 r 5 1 9 
3 1 5 

1 , 3 99 
5 , 0 0 1  
1 '  1 8 9  

5 7 7  

2 r 1 1 4  
5 7 6 

4 , 0 5 0  
5 4 8  

1 , 2 6 5  

4 8 2  

2 r 1 8 5  

1 3 7  

5 4 6  
l r 1 0 0  
1 , 6 1 9  

2 6 6  
3 1  

4 1. 0  
6 7 3  
6 3 5  
2 2 7  

1 8 ,847 1 9 , 60 1  2 0 , 24 4  2 1 r 40 5  

4 3 3  
8 5  

1 36 
l l  

665 

41"3 

9 0 5  

504 
3 5 0  
1 9 0  

9 7 0  

5 4 8  
4 5 0  
2 06 

1 , 0 5  3 



TABLE  I I I  - - Tota l U . S .  ( Conti nued ) Med i um Case 

M O T O R  G A S OL I N E :  L E A D E D - P R E M i lm 
- �I O N- P R E M I U M  

S. T O T!\ L 
U N L E A D E D  - P R E M I U M  

- N O N- P R E t� I  U M  
S . T O T AL 

TO T A L  M O T O R  G A S O L I NE 
A V I A T I O N  GA SO L I NE 
J E T F U � L : N A P T H A T Y P E  

K E R O S I N E T Y P E  

S P EC I A L N A P TH A  
K E R O S I N E 

TOT AL J E T F U E L  

D I S T I L L A T E  F U E L O I L :  N 0 . 2 O I L  
N 0. 4 O I L 

R E S I D UA L F UE L  

D I E S E L  - O N  H I G H W A Y  

- O F F  H I G H W A Y  

O T HE R D I S T I L L A T E  
TO T AL D I S T I L L A T E  F U E L O I L 

O I L :  0 . 5 % S  

. 5 1 - l . O � S  
1 . 1  - 2 . o % S  

z . o:g s + 

L I Q U E F I E D GA S E S : 
TO T AL R ES I DU A L  F U E L  O I L  

E TH A N E  

P E TR O C H E M I C A L  

P R O P AN E  
BIJT Ati E 
P R O P A N E / B UT A N E M I X  
T O T AL L I Q U E F I E D  G A S E S  

F E E D S T O C K S : S T I L L  G A S  
4 0 0  E P  NA P TH A  
OT H E R  

A L L  R E S PO N D E N T S  
L ow 

1 9 7 7  1 9 7 8  1 9 9 2  1 9 8 5  1 9 9 0  

1 , 0 6 1  

4 ,  2 0 7  

5 , 2 6 8  

0 
1 , 9 0 8  

1 ,  q o a  
7 '  1 7 6  

3 8  

2 0 8  

8 3 1 

1 , 03 9  
8 6  

1 7 5 

1 , 2 9 2  

6 2  

7 24 

1 7 2 

1 , 1 0 2  

3 , 3 5 2  
9 5 9  

6 9 '3  
6 1 2  
8 0 7  

3 ' 0 7 1  

4 1 2  

A 6 6  

1 1 5  

2 9  

1 , 4 2 2 

9 34 
4 , 1 06 
5 , 040 

1 85 
2 , 1 87 
2 , 37 2  
7 , 4 1 2 

39 
1 99 
858 

1 , 0 5 7  
1 03 
2 1 5 

1 , 385 

6 1  
7 9 7  
1 9 1  
9 5 8  

3 , 39 2  
862 
7 1 6  
6 4 1  
804 

3 , 0 2 3  
4 3 3  
7 7 8  
1 6 7  

3 5  
1 , 4 1 3 

2 , 2 0 5  

4 ' 1 5 5  
6 '  6 'l 1 

3 A  
1 6  5 

89 7 

1 ' 1  0 0  

8 8  

1 4 1 

1 ' 1 8 9  

8 9 5  

3 , 2 5 8  

6 4 0  

4 3 2  

3 1 0  

6 7 3  

2 ' 05 5  

3 5  5 

1 ' 48 3 

0 
4 0 0  

1 ' 0 9 5 

1 0 0  

2 ,  3 2 2  

4 '  7 5 5  

6 ,  300 

3 7  

1 4 0  

9 0 2  

1 ' 0 5 0  

8 9  
1 2 2  

1 , 0 9 4  

60 
9 6 0  
1 94 

5 2 5  

3 , 3 5 0  

3 1 0 

1 96 
1 3 9  

3 3 8  

1 '  1 1 5  

3 20 
l ' 003 

1 4 0  

1 ' 54 8  

0 
0 

4 1 0 

1 0 0 
2 , 3 6 4  
5 , 0 9 7  

5 , 5 2 4  

3 5  

0 

1 ,  1 1 3  
1 , 0 0 0  

9 0  

9 8  

9 8 7  

5 7  

1 , 1 9 1  

2 0 7  
6 1 0  

3 , 5 0 0 

1 6 8  

5 3  

2 2  

3 42 
5 8 5  
3 1 5 

1 , 0 2 5  

1 5 0  

1 ' 5  7 1  

TO T A L  P E TR O C H E M I C A L  F E E D S T O C KS 

4 8  

2 04 

2 6 9  

5 2 1  

1 6 0  

5 5  
205 
335 
595 
1 7 2 

'+ 5 

2 1 7  
3 3 9 
60 1 

1 7 3  

4 5  

2 2 5 

2 4 9  
6 2 1  
1 7 4 

4 2  

2 5 1  

2 5 7  

6 8 5  

1 8 5  L U B R I C A NT S  

W A X E S  
C O K E 

A S P H AL T & R O A D  O I L  
S T T L L  G A S  F n R  F U E L  

M I S C E L L A N EO U S  PR ODUC T S  

T O T A L  D E r� A N D  

E TH AN E 
P R O P Ar� E 
B U T AN E 
P R O P A NE / B U T A N E  M I X  

T O T A L  

E - 4 1  

1 6  
2 6 7  
4 3 7  

5 2 't 

1. 4 7 

1 7  
256 
479 
548 
1 28 

1 7  

2 4 4  

4 5 0  

4 5 0  

1 0  0 

1 7  
2 lt 4  
44 0 

4 5 6  

5 9  

1 7  
249 
4 2 5  

4 3 8  

7 0  

1 8 , 4 3 1  1 8 , 84 7  1 7 , 4 0 0  1 6 , 6 3 0  1 5 , 9 0 0  

4 1 2 

1 2 3  
9 3  

5 
63 3 

4 3 3  
85 

1 36 
1 1  

66 5 

3 5 5  

6 1 5 

3 20 

1 1 4  
1 1 3  

6 1 0 

3 1 5  

1 9 2  

1 6 1 

6 2 0 



TABLE  I I I  -- Tota l u . s .  ( Cont i nued ) 

h L L  R.F. S PONO E N T S  

A V ER A G E  A N O  S T A N D A R D  D E V ! A T T O N 

A V E R A G E  

1 ' H 7 1 9 7 8  1 98 2 1 9 0 5 1 9 9 0  
------ � .. _ _ _ _ _ _  - - - - --- ------ - ,.. _ _ _ _ _ _  

M O T O R  G A SOL ! N E :  L E A D E D  - P R E M I U M l ' 061 9 34 1 49 8 2  
- N O N - P R E M I UM 4 , 2 0 7 4 , 1 06 1 ' 36 9  6 8 0  

S .  T O T AL 5 , 2 6 8 5 ,040 2, 49 '• l r  548 6 99 
U N L E A D E D  - P R E IH UM 0 1 85 1 ' 49 3  1 , 7 8 5  

- N O N - P R E M I U M  1 , 9 0 8  2 , 1 87 3 , 69 9  3 , 6 1 2  
So T O T A L  1 • 9 0 8  2 , 372 4 , 3 9 1  5 '  1 1 2  5 , 47 0 

T O T AL M OT O R  G A S OL ! N E  7 , 1 7 6  7 , 4 1 2  6 , 94 8 6 , 6 7 9  6 , 1 43 
h V ! A T I O tJ GA SG L J NE 3 8  39 4 3 4 6  5 1  
J ET FU E L :  N A P T H A  T Y P E  2 0 8 1 99 1 94 1 8 5  1 5 1  

K E R O S I N E  T Y P E  8 3 1 858 964 1 , 0 6 1 l ,  2 5 0  
TO T A L  J E T  F UE L  l , 03 9  1 , 057  1 r 1 3 7  1 , 2 1 4  1 , 3 3 5  

S P EC I A L N A PT H A  8 6  1 03 1 0 5  1 1 2  1 2 2  
K EROS P � E \ 7 5  2 1 5  1 7 0  1 6 5 1 59 
D I S T I L L AT E  FU E L  O I L :  N0 . 2  O I L  1 , 2 9 2  1 , 385 1 . 2 1 4  \ , 1 7 7  1 ' 08 9  

N 0 . 4  O I L 62 6 1  8 5  9 9  
D I E S E L  - ON H I G H W A Y  7:?. 4 79 7 99 5 1 ,  300 1 , 7 7 5  

- O F F  H I GH W A Y  1 7 2 1 9 1  2 1 6  2 6 0  
O TH F. R  D I S T I L L A TE 1 ' 10 2 9 58 95'+ 9 8 3  tr:l T O T AL D I S T I L L  A T E  F U E L  O I L 3 , 3 5 2  3 , 392  3 .  5\ 0 3 ' 7 7 2  4 , 1 46 

I R E S !  OUA L F UE L O I L :  0 o 5 1t S  9 5 9 862 7 2 6 790 6 34 � 
• 5 1  - 1 .  O't S 6 91 7 1 6  5 4 7  4 7 9  3 7 2  N 

1 o  1 - 2 . 0 1:S 6 1 2 6 4 1  4 6 5  6 5 7  62 5 
2 .  0% s + 80 7 804 7 0 0  '560 4 6 7 

T O T AL R E S I DU A L  F U E L  O I L  3 ,  0 7 \  3 , 023 2 ' 64 5  2 r 6 9 5  2 , 3 8 9  
1 1 Q I J E F ! E fl G A S E S : E T H A N E  4 1 2  433 4 1 4  409 4 0 1 

P R O P A N E  8 6 6  778 1 , 04 4  1 '  1 6 5  
BUT A N E  1 1 5  1 6 7  2 4 2  2 8 4  
P R O P A N E  /B  U T h N E  M I X  2 9  3 5  
T O T A L  L I Q U E F I E D G A S E S  1 , 4 2 2  1 , 4 1 3 1 ' 58 5  1 ' 69 2  1 , 8 0 3 

f> E T R O C H E M ! C A L  F E E DS T OC K S : S T I L L G A S  4 8  55 5 1  1> 5 6 6  
4 0 0  E P  N AP T H A  2 04 205 2 4 3  29 4 3 8 4 
O T H E R.  2 6 9  335 45 1) 46 9 6 0 1  

TO T A L  P E T R O C. H E M !  C A L  F E E D S T OC K S  5 2 1  595 80 5 88 9 1 '  09 6 
L U O R I C A N T S  1 6 0 1 72 1 9 4 1 9 3  2 1 3  
W h  X E S 1 6  1 7  2 0  2 1  2 3  
C O K E  2 6 7 256 2 7 1  2 7 8  2 9 1 
A S PH A L T  & R O A D  O I L 4 3 7  479 4'J 7 5 1 6 5 lt 3  
S T I l l. G A S FOR F UEL 52 4 548 543 54 7 5 6 1  
I� I S C E L L  AN EQIJ S P R O DU CT S  1 4 7 1 28 16 1 1 f> 2  1 6 1  

------- ---- -- ------- ------ - -- - - ---

T OT A L  D E M A N D  1 8 , 4 3 \  1 8 ,847 1 8 , 4 1 8  1 8 '  7 8 1  1 8 , 8 9 7 

E T H A N E  41 2  433 lt l 4  3 9 3  3 7 4  
P R O P A N E  1 2 3  85 2 5 6  3 5 2  
� U T A NE 9 3 1 36 1 4 8 1 8 8  
P R O f>  A�JE/ BUT AN F. M I X 5 1 1  

T O T A L  6 3 3  66 5 7 ) 3  7 7 4  0 3 8  

Medi um Case 

S T AN O AP O D E V I A T I O N  

A S  A 

1 9 8 2 
-------

a. 3 6t 

4 . 5 8 7;  

2 . 2 3'1'; 
5. 2 61: 
B . 7 4 f.  

3 .  3 3:C 
2 . 8 8 7;  

1 3 . 3 U 
1 2 .  69% 

l o 8 4 1: 

7 . 1 7 % 

5 o 7 2'l: 
9. o n  

16 . 3 4 % 

2 4 .  3 0't 

3. 8 7't 
9 . 3 2 1: 

1 1. 6 3% 

5 .  1 2 � 
L O . tt 8% 

6 .  7 l 't  
1 7 .  6 5't 
25. 4 2 :'1:  

5 . 1 2 % 

9. 5 U 
8 . 9 1 � 
a. s u  
a .  5 4't 

2 4 . B U  
--- - ---

3 . 09 % 

1 1 . 6 3 '1;  

1 1 .  5 0'1: 

7; OF T H E  ME h N  

1 9 8 5 1 99 0 
_ _ _ _ _ _  ..,_ - --- - · · 

1 8 3. 7 9 '1:  2 0 0 . 00% 
3 6 . 0 2 '1:  5 7  0 l 7 t  
l Zo l 0% 3 2 o  6 Bt 
5 4 . 0 U ;  5 5 . 9 3'1: 
2 5. 7 1'1, 28 . 4 n 

5 . 3 9 '1:  7 .  7 1 1:  
3 . 6  3 1:  5 . 4 3 :C  

ll .  '1 1 7;  l B. 2 1% 
1 2 . 7 6 7;  4 3 . 6 6'1: 

4. 2 7f. 9 . \ 3:1: 
'i o 9 5 'l:  1 0 . 8 7:1: 

1 5 . 7 3 '1:  2 1 . 9 9 %  
\ 6. 1 2 %  2 3 .  29:l: 

6 . '1 \ %  7 • ?. B %  
4 4 .  4 1 � 6 2 . 1 41, 

2 1 . 4 4 %  2 7 .  447; 
6. 6 3 %  16 . 2 6 '1:  

'32. 1 7'r. 3 3. 5 5'(. 
7 . 5 3 % 1 1 . 6 <; 7;  

4 5. 6 2 '1:  49 . 6 7:!: 

3 3 . 8 0 7;  '5 0 . 4 fl% 
8 2 .  4 7 't  1 09 . 0 5� 
2 4. 2 3 '1:  2 o. 00'1: 
2 1 .  7 U  3 3 .  39 % 

1 3 . 71 '7. \ 9 . 6 6% 
4. 2 9 %  7 . 7 7 '1,  

1 9 . 7 6 '1:  5 0 . 2 0'1: 

6 . 4 H  9 .  4 f> t  

4 3 .  4 6t 4 3 . 9 0 �  

t 4 . 2 'i t 2 7 . 6 5'f, 
?. 7 . 58'1; 4 2 . 6 3'1; 
1. 9. 4 2 '1:  1 9 . 4 7'1: 

7 .  7 5 1:  1 0 . 4 4 'f, 
1 3. 4 !!� 1 9. 2 0'1; 

9 . B U  1 4 . 3 7 '!: 
�. 7 8 7;  1 1 . 69% 
9. 60� l 0 . 1 6X 

3 2 .  7 4 't  2 9 . 49t 
------- ----- --

s .  t n  7 . 9  3% 

1 5 . 9 3 1. 2 1 . 66:Y. 
3 9 . 9 1 % 3 2  0 4 3'1, 
2 1 . 50� 1 o. 3 4'r 

1 6. 3 2 X  L 7 .  1 9'1. 



TABLE  I I I  - - Tota l U . S .  ( Conti nue d )  Medi um Case 

H OT O R  G AS OL I N E :  L E A D E D - P R E M I U M  

- "' ON- P R E M IU M 

S. TO T A L  

U N L E A D E D  - P R F. M I U M  

- N 0 N - P R E  M I U M 

S . T O T A L  

TO T A L  M O T O R  GA S O L I � E 

A V I AT IO N  G A S O L I N E  

J E T  F U E L :  N A P T H A  T Y P E  

K E R D S I  NE T Y P E  

S P EC I A L N A P T H A  

K E R O S I N E  

T O T A l  J E T F U E L  

D I S T I L L A T E  F U E L O I L :  N 0 . 2 O I L  

N0. 4 O I L  

R. E S J D UA L  F UE L 

D I E S E L - ON H I G H W AY 

- O F F  H I GHWAY 

OTHER 11 I S T I L L A T E  

T O T AL O I S T I L L I\ T E  F U E L O I L 

O I L :  0 . 5 % S  

. 5 1 - l . O t S  
1 . 1 - 2 . o t s 
2. 0:1: s .. 

T O T A L  R F S  I D I J A L  F U E L  0 1  L 

L I Q U E F I E D  GA S E S : E TH A N E  

P E T R.O C H  F. M I  C A L  

P R O P AN E  

BU T A N E  

P R O P A N E / B U T A N E  M I X  

T O T Al. L I Q U E F I E' D G A S E S  

F E E D S T O C K S : S T I L L  G AS 

4 0 0  E P  NA P TH A  

OT H E R. 

A l l  R E S P O "JD E N T S  

to�edian 

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  1 9 9 0  

1 , 0 6 1  

4 ,  2 0 7 

5 , 2 6 6  

0 
1 , 90 8 

1 , 9 0 8  
7 '  1 7 6  

3 8  

2 0 8  
8 3 1  

1 '  039 

8 6  

1 7 5 

1 '  2 9 2  
f> 2  

7 24 

1 7 2 

1. , \ O Z  
3 , 3 5 2  

9 5 9  

693 
6 1 2  

8 0 7  

3 , o n  
4 1 2  

8 6 6  

1 1 5  

2 9  
1 , 4 2 2  

9 34 
4 , 1 06 
5 ,040 

1 85 
2 , 1 87 
2 , 372 
7 , 4 1 2  

39 
1 9 9  
858 

1 , 0 5 7  
1 03 

2 1 5  
1 , 385 

61  
7 9 7  
1 9 1  
9 58 

3 , 39 2  
862 
7 1 6  
6 4 1  
604 

3 , 023 

433 
778 
1 6 7  

3 5  
1 , 4 1 3  

2 , 60 0  

4 , 4 0 0  
6 ,  S9 0 

4 4  

1 9 8  

9 7 1 

1 ' 1 4 0  

1 0 6  
\ 7 3  

1 '  209 

99 5 

3 , 4 9 7  

7 3 7 
560 

5 1 0  

6 9 0  

2 , 62 0 
4 1 5 

1 ' 5 8 1  

I 0 

1 '  5 7 7  
1 ' 59 7  
\ , 6 0 5  
� '  7lt 8 

5 .  0 8 2  
,c, , f> 8 3  

4 9  

1 9 4  

\ , 0 5 3  

t , ? 3 9  

1 0 7  

1. 6 7  

\ ,  1 5  7 

6 5  

1 , 3 1 5  

2 1 7  

9 50 

3 .  709 

746 

5 2 0  

4 9 8  
5 '5 6  

2 , 6 9 2  
406 

1 ' 02 8  

2 1 5  

1 ,  6 A O  

0 

7 0 4  

6 8 6  
2 .  0 1 1  
3 , 4 5 6  
5 , 4 5 9  
6 , 1 2 3  

5 2  

1 7 5  

1 ,  2 1 2  

1 , 3 5 5  

1 0 9  

1 5 5 
1 ,  0 8 9  

6 7  

1 ' 7 8 4  
2 5 9  

9 5 2  

4 , 0 8 7  

6 4 9  

4 0 8  

4 1 6  

4 7 3  
2 , 2 9 5  

3 8 1  

1 , 1 8 4  

2 2 1  

TO T A L  P E TR O C H E M I C A L  F E E D S T O C K S  

4 8  

2 04 
2 6 9  
5 2 1  
1 6 0 

5 5  

205 
335 
59 5 
1 72 

5 1  
2 4 4  

4 5 0  

745 

1 8 1  

5 4  

2 8 5  

5 0 8  
8 5 9  

1 9 0  

1 ' 7 6 8  

5 4  

3 4 0  
5 9 5  

1 , 0 8 4  

2 1 6  L U B R I C A � T S 

W A X E S  
C OK E  

A S P H AL T  � R O A D  O I L  

S T I L L  G A S  F O R. F UF. L  

M I S C EL L A N EO U S P R O D UC T S  

T O T AL D EH A N D 

E T H A N E 

PR O P AN E  

B U T A N E  

P R O P A N E / B U T AN E  M I X  

T O T A L  

E - 4 3  

1 6  

2 6 7  

4 3 7 

5 2 4  

1 4 7 

1 8 , 4 3 1  

4 1 2  

1 2 �  
9 3  

5 

6 3 3  

1 7  
256 
479 
548 
1 28 

2 0  

?. 6  7 
49 3  

5 5 5  
1 8 1  

2 0  
2 7 5  
5 1 6  

5 5 4  

H 7  

2 2  

26 3 
5 5 6  
5 7 9 

1 7 0 

1 8 , 84 7  1 8 , 5 0 0  1 8 , 994 1 8 , 8 4 1  

4 3 3  
85 

1 36 
1 1  

66 5 

4 1 5 

7 1 8  

402 

3 05 
1 4 1 

7 1 3  

3 3 9  

4 1 5  
1 9 7  

8 0 6  



TABLE I I I  Medi um Case 

Domes ti c Demand for Products PADs I - I V 
(Thousand Barrel s / Day) 

fi L L  R E S PO ND EN T S 

H i g h  

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  1 9 9 0  
-- - - - - - - --- -- - - - - - - - - - - - - - - - - - - - - - -

M O TO R G AS OL i t� E :  L E A D E D  - P lUM I U M  7 5 4  6 56 
- N O N- P R EM I U M  3 , 69 9  3 ,600 

S . T O T A l. 4 , 4 5 3  4 , 256 
UNL E A D E D - P R E M I U M  0 0 

- N O N - P R E M I U M 1 , 6 4 0 2 , 026 

S .  T O T AL 1 , 6 4 0  2 , 026 

TO T A L  M O TO R  G A S O U ,., E  6 , 09 3  6 , 28 3  5 , 9 13 8  s .  9 0 0  5 , 0 1. 0  
A V I AT I O N  G AS O L I N E  2 9  3 0  3 9  5 0  
J E T F UE l : N A P T H A  T Y P E  1 4 9  1 43 1 4 5  1 4 5  

K ERO S I N E T YP E 5 9 1  6 1 3 7 5 8  1 , 00 9  
T O T AL J E T  FU E L  7 4 0  7 56 8 3 3  8 8 7  1 , 0 6 0  

S P EC I A L N A P T H A 7 8  88 

K EROS IN E 1 62 1 9 4  1 6 5  1 6 5  
D I S T I L L A T E  F U E L  O I L :  N0 . 2  O I L  1 '  2 5  3 1 , 344 

N 0 . 4 O I L  60 5 8  

D I ES E L  - ON H I G HW AY 62 2 6 79 1 '  5 4 3  2 . 1 3 4  
- O F F  H I GHWAY 1 50 1 65 

OT HE R O I ST I L L A T E 91+2 801 

T O T AL D I S T I L L AT E  FU E L  O I L  3 , 0 2 7  3 , 047 3 , 5 3 3  3 , 8 9 8  4 , 2 8 7  
R E S I D UA L F U E L  O I L :  0 • 5% s 6 3 3  6 4 1  

• 5 1  - 1. . 0 1: 5  6 5 lt 6 7 2  

1 .  1 - 2 . 0'l: S  4 2 8  426 

2 . 0 % S  + 7 8 6  796 

T O T AL RES I DU A L  F U E L  O I L 2 ,  50 1 2 , 53 5  2 , 65 9  3 , 2 7 3  3 , 2 5 9  
L I QU E F I E D  G A SE S :  E T H AN E  1t l 0  432 

P R O P AN E  8 2 0  729 

B UT A N E l l l  1 62 

P R O P A N E / B U T A NE M I X 2 6  3 1  

T OT A L  L I QU E F I E D G A S E S  1 , 3 6 7 1 .  3 5 5  1 ' 7 03 1 , 94 8  
P E TR O C H E M I C A L  F E E D S T O C K S :  S T I L L  G A S  4 6  5 3  

4 0 0  E P  N A P T H A  2 0 1 2 0 1  

OT H E R 2 6 1  3 3 1  

TO T A L  P E TR O C HE M I CA L  F E E D S T OC K S  5 0 8  586 

L U A R I  C A NTS 1 4 5  1 5 3 

W A X E S 1 3  1 4  

C OK E  2 1 8  2 1 5  
A S PH A L T  f. R O A D  O I L 3 7 4  4 0 1  

S T I l l  G A S  FOR F U E L  42 3 444 

11 I S C E L L  MI E OU S P R O DU C T S  1 3 9 1 1 7  

- - ---- - - - - - - - - - - - - -- - - - - - - - - - - - - - - -

T O T A L  D El� A N D  1 5 , 8 1 7  1 6 , 2 1 6  1 6 , 860 1 7 , 3 3 1  1 8 , 2 6 7  

E T H A N E 41 0 4 3 2  
PRO P AN E  1 1 8 8 1  

BU TA N E 9 1  1 3 3 

P R O P AN E /  BUT A N E  M I X '• 1 0  

T O TA L 6 2 3  6 56 

E - 4 4  



TABLE I I  I 

M OT O R  G A S O L I N E :  L E A D E D - P R E M I U �� 

- N O N- P R E M I U M  

S .  TO TA L 
U N L E A D E D  - P R E M I I J M  

- N O N- P R E M I U M  

S . TO T A L 

TO T A L M O T O P G A S O L I N E 
A V  I AT 1 0  N G a.  SO L I N  E 

J f T F L J E L :  N A P T H A  T Y P E  

K E R O S I NE T Y P E  

S P E C I A L N A P T H A  

K E R O S I N E  

T O T AL J E T F U E L  

D I S T I L L A T E  F U E L  O I L :  N0 . 2  O I L  

N 0 . 4 C I L  

R E S I OU A L  F U E L 

D I ES E L - ON H I G H W A Y  

- O F F  H I GH WA Y  

O T H E R  D I  S T  I L L A T E 
TO T A L  D I S T I L L A T E  F U E L O I L 

O I L :  0 . 5 � 5  

• 5 1  - 1 .  0� s 
1 . 1 - 2 . 0 � 5  
2 . 0 l S + 

TO T A L  R E S I D U A L  F UE L O I L  
L I Q l J E F I E D G 4 S ES : ET HA N E  

P E T R O C H E' M I C A L 

P R O P A N E 
B U T A N E 
P RO P A N E / B U T AN E M I X  
T O T A L  L I Q U [ F I E D G A S F S  

F E E DS T O CK S :  S T I L L  GA S 

4 0 0  E P  N A P T H A  

O T H E R.  

PADs I - I V ( Conti n ued ) 

A L L R E S P O N n E N T S 

Low 

Medi um Case 

1 9 7 7  1 9 7 8  1 98 2  1 9 8 5  1 9 9 0  

7 5 4  
3 , 699 
4 , 4 5 1  

0 

1 , 640 

1 ' 64 0  
6 , 0 9 3  

2 9  
l lt 9  
5 9 1 
7 4 0  

7 8  
1 62 

1 r 2 5 3  
6 0  

6 2 2 
1 5 0 
9 4 2 

3 ' 02 7 
6 3 3  

6 5 4  
42 8 
7 8 6  

2 '  5 0 1  

4 1 0  
8 20 
l l l  

2 6  
I , 3  6 7 

6 5 6  
3 ,600 
4 , 256 

0 
2 , 026 
2 , 026 
6 , 283 

3 0  

1 43 
6 1 3 
7 56 

88 
1 94 

1 , 344 

58 
6 79 
1 6 5 
801  

3 ,0 4 7  
6 4 1  
6 7 2  
426 

796 
2 , 535 

4 3 2  
729 
1 62 

31  
1 ' 355 

5 '  7 9 6  

7 7 4  

3 , 0 0 0  

l ' 6 5  5 

5 , 3 4 6  
2 8  

1 0 3  
7 0 4  
7 5 0  

1 5 1 

l ' 03 6  

1 , 0 5 0  

8 8 0  

l ' 5 0 8  

4 . 8 4 5  
2 6  

0 
7 6 8  
7 0 0  

1 4 2  

l r 2 4 0  

3 '  1 0 0  

4 5 3  

l ' 7 0 l 

T O T AL P E T R O C H EM I C A L  F E E D S T OC K S 

4 6  
20 1 
2 6 1  
50 8 
1 4 5  

5 3  

2 0 1  
3 3 1  
586 
1 5 3 L lJ BR I C � N T  S 

W A X E S  

C O K E  
t. S P HAL T t: R O A D  0 I L 

S T I L L  G A S F O �  F U E L  

M I SC E L L A N E O U S P RO D U C T S  

TO T A L  D E M A N D  

E T H A N E  

f>R O P .� N E 
BU T A N E  

P R O P A NE / B U T A N E M I X  
T O T AL 

E - 4 5  

1 3  
2 1 B  
3 7 4 
4 2 3 

1 39 

1 4  

2 1 5  
4 0 1  
4 4 4  
1 1 7  

1 5 ,  8 1 7 1 6 , 2 1 6  

4 1 0  
ll 8  

9 1  
4 

6 2 3  

4 3 2  
8 1  

1 33 
1 0  

6 56 

1 4 , 9 4 9  1 4 , 1 8 9  1 3 , 5 8 4  



TABLE 

"' DT O R  G A S O L  HI E :  L E A  O E D  - P RE M I UM 
- N O N - P R. E M  ! U M  

S. TQ TA L  

I J 'J L E A D E D  - P R E M I U M 

- N C.N- P R E.M ! U M  

S .  T O T A L  

T O T A L  M O T O R  G A S OL I N E  
A V I 4 T I O N  GA SOL I N E 
J E T F l i E L :  N A P T H A  T Y P F.  

K f: R O S I  N E  T Y P E  

T O T AL J ET F U EL 

S P EC I A L N A P T H �  

K E ROS I N E 
D l  S T I L L A T E  F U E L  O I L :  N 0 . 2  O I L  

N0. 4 O T L 

D I E S EL - O N  H I G H W AY 

- OF F H I GHWAY 
I:Ij OTHER D I S T I L L A T E 
I T OT A L  D I S T I L L AT f  F U E L  O I L  

.!::> R. E S ! D UA L F U F.  L O I L :  0 0 51: s 

0'\ 0 5 t - 1 . o t s  

1 .  1 - 2 . 0 % 5  

2 . 0 % 5  + 
T O T A L  R E S I Dl J A L  F U E L  O I L  

L ! QU H I E D GA S E S : E T HA N E  

P R O P A N E  

B U T A N E  

P R O P � N E / B U T AN E  M I X  
T OT A L  L I QU E F I F D G AS ES 

P E T R D C H f:M ! CA L  F EE D S TO C K S :  S T I L L GA S 

4 0 0  E P  N AP T H A  

O T H E R  

T O T A L  P ET R O C H EM I C A L  F E E D S T OC K S  
L UB R I C A N T S  

\I A X f. S  

C O K  F. 

A S P t lll l .  T 1: R O A D  O I L 
S T I L L G A S  F O R  F l J  E L  

M ! S C F. L L A N f: O U S P R O D U C T S  

TO T A L  D E M h N D 

ET H A N E  

P R O P A N E  

BIJ T A N  E 

P R.O P A N  E I [J U T  A N E  M I X 

TO T A L  

I I I  - - PADs I - I V  ( Conti n ue d )  

A L L  R !O S P O N D E N T S  

1\V E P, A G I.:  A ND S T A tWA R D  O E V  ! A T I O N 

A V E R AG E  

1 9 7 7  1 9 7 8 1 9 8 2  1 9 8 5  
·------ - - - - - - - - · -- - -- -

7 5 4  656 
3 ,  6 9 9  3 ,600 
4 , 4 5 3  4 , 2 56 

0 0 
1 , 6 4 0  2 , 026 
t ,  64 0 2 , 026 
6 , 093 6 , 283 5 , 8 8 3  5 , 6 6 1  

2 9  30 3 4  

1 49 1 43 1 3 1  

5 9 1 61 3 7 3 6  

7 4 0  756 7 9 6  8 2 0  

7 8  88 
t 62 1 9 4  1 5 6  

1 . 2 5 3  1 , 344 
60 58 

6 2 2  6 79 1 .  2 8 2  

1 5 0  1 65 
942 801 

3 , 0 2 7  3 , 047 3 , 2 8 6  3 , 4 3 2  

6 3 3  64 1 
6 5 4 672  
4 2 8  426 
7 8 6  796 

2 '  50 1 2 , 535 2 , 1 2 0  2 '  1 4  7 

4 1 0 432  
8 2 0 729 
1 1 1  1 6 2  

2 6  3 1  
1 .  3 6 7 1 , 355 1 , 60 2  

4 6  53  
20 1 20 1 
2 6 1  331  
5 0 8  586 
1 4 5 1 53 

1 3  1 4  
2 1 8  2 1 5  
3 7 4  401 
423 444 
1 39 1 1 7  

- - -- - - - - - - - -- - - - - - - - - - -- ---

1 5 , 8 1 7  1 6 , 2 1 6  1 5 , 7 5 0  1 6 , 0 3 7  

4 1 0  432 
1 1. 8  8 1  

9 1  1 33 
4 1 0  

6 2 3  6 56 

1 9 9 0  
- - - - - - -

5 , 2 2 1 

3 11  
6 5  

8 8 9  
8 6 6  

1 5 1  

1 , 7 2 8  

3 , 6 9 0  

1 , 8 6 9  

1 ,  7 8 4  

-- -- - - -

1 6 , 0 1 3  

Medi um Case 

S T � N D A R D  D E V I A T I O N 

A S  A 

1 9 8  2 
- - - - - - -

1. 2 8 %  

2 . 9 9 %  

2 . 4 8 %  

6 . 3 6 %  

1 7 . 0 6 %  

- --- - --

5o 1 5 % 

t n F  THE M E A N  

1 9 8 '5  1 9 90 

- - - - - -- - -- - ---

3. 5 5 �  6 . 0 '5 :t  

1 2 . 7 5 %  2 2  0 66'1: 

1 4 . 9 8 %  9 1 0  9 2 �  
2. 697: l l . 1 3 2: 
7 0 1 6 %  l. 5 .  5 6": 

3 .  5 9'1: 5. 7 7 % 

6 .  1 7 �  2 1 .  3 9 %  

7 0 19 % 1 2 . 8 2 % 

3 3 . 1 5 '1:  4 2 . Z t't  

4. 98':: 6 o  50'1, 

- - --- -- -- -- - -

6. 9 7 '(.  9 o l B'l: 



TABLE  I I I  - - PADs I - I V ( Conti n ued ) Medi um Case 

A L L  R E S PO N D E N T <:;  

Med i a n  

1 9 7 7 1 9 7 8  1 98 2 1 9 8 5  1 9 9 0 
- - - ---·- ---- - - - - - - - - - - - - - - - - - - - - - - - -

M OT OR G A S OL I N E :  L E A D E D - P R E1'1 I UM 7 5 4  6 5 6  
- N O N- P R E M I U M  3 , 6 9 9  3 ,600 

S. T O T A L  4 , 4 5 3  4 , 256 

U N L E A D E D  - P R E "' I U M  0 0 
- N O N- P R E M I U M 1 , 6 4 0  2 , 026 

S .  T O T A L  1 ' 640 2 , 026 

TO T AL M O T O R  G A S 0 L I N E 6 ,  09 3 6 , 283 5 , 9 0 0  5 , 6 8 0  5 r l 2 3  
AV I A T l O N G I\ SO L  I N E  29 3 0  3 4  3 8  
J E T F IJ f L :  N A P T H "  T Y P E  1 4 9 1 43 1 4 4  5 1  

K E R O S I NE T Y P E  5 'Jl 6 1 3 7 '• 2  8 8 9 

T O T  " L  J E T F U EL 7 4 0 7 56 7 8 8  8 1. 8  8 6 7  

S P E C I A L N A P TH ." 7 8  88 

K [ R O S IN F. 11'>2 1 9 4  1 53 1 4 8  
D I S T I L L A T E  F U E L  O J L :  N 0 . 2 O I L 1 ' 2 5 1  1 , 344 

N 0 . 4 OI L 6 0  58 

D I ES E L  - O N  H I G H W A Y  6 2 2  679 1 , 2 6 6  1 , 8 09 

- O F F H I GHWAY 1 5 0  1 6 5 

O T H E R  D I S T I L LA TE 9 42 801 

T O T A L  D I S T I L L A T E  F U E L O I L  3 , 0 2 7  3 , 047 3 ' 3 0 5  3 ' 41 9  4 , 0 0 8  
R.E S I  O I JA L F U F. L  0 I L :  0 . 5 � S  6 3 3 6 4 1  

• 5 1. - t . o t s  6 5 4  6 7 2  
1 .  1 - 2 . o � s 4 2 8  426 
z. 0% s + 7 86 796 

T O T AL R E S I DU A L  F U E L  O I L  2 , 5 0 1  2 , 535 2 , 08 3  1 r 96 4  1 , o  5 0  
L l f{UE F I F O  G A S E S :  E TH A N E  4 1 0  4 3 2  

P RO P A N E  8 2 0  729 

B I J T  A N E  1 1 1  1 62 

P R O P A N E / B U T A N E  M I X 2 6  3 1  
T O T A L  L I QU E F I E D G A S E S  1 , 3 6 7  1 , 355 \ , 5 9 6  1 , 7 0 3  

P E T P O C H f:M I C A L  F E E D  S T OC K S : S T I LL G A <;  4 A 5 3  
4 0 0  E P  N AP TH A  2 0 1. 201 
O T H ER 26 t 3 3 1  

T O T A L  P E TR O C H F. M l  C A L F E f D S T OC K S  5 0 13  586 
L U B R  ! C A N T S  1 4 5  1 5 3 

W A X E S n 1 4  
[ Q K  [: 2 1  B 2 1 5  
AS P HAL T  [. R O A D O I L  3 7 4  4 0 1  
S T I l l G AS FO R FU EL 4 2 3  444 
M I S C E L L A N E O U S P RO DUC T S  1 39 1 1 7  

- - - - -- - - - - - - - - - - - --- - - - - - -- - -- -----

T D T A  L D E M A N D  1 5 , 8 1 7  1 6 , 2 1 6  1 5 ' 59 6 1 n ,  2 4 5  1 6 , 0 1 3  

ET H A N E 4 1 0  432 
PR O P A N E 1 1 8  8 1  
AUT ArJE ') 1  1 33 
P R O P A N E / B U T A N E  M I X 4 1 0  

TO T A L  h 2 3 6 56 

E - 4 7  



TABL E  I I I  

Domes ti c Demand for P roducts 
(Thous and Barre l s / Day) 

A l l  K E S PO ND E N T S  
H ig h  

Medi um Case 

PAD V 

1 9 7 7  1 9 7 8  1 9 8 2 1 98 5  1 9 9 0  

M OT O R  G AS OL I N E :  L EA D E D - P R EM I UM 
- N ON- P RE.M I U M  

S.  TOThl. 
U N L E A D E C  - P R E M IUM 

- N O N- P R E M I UM 
S . TO T A L  

T O T A L  M O T O R  G AS O L I NE 
A V I A T I O N  G A SOL I N E 
J E T F U E L : N A P T H A  T Y P E  

K E R O S I NE T Y P E  

S P EC I A L N A P TH A  
K E RO S I N E  

T O T AL J ET F U E L  

Q I S T I L L A T E  F U E L O I L :  N 0 . 2 O I L  
N O . 4 OJ L 

R E 5 I D UA L  F UE L  

D I E S E L - O N  H I G H W AY 
- O F F  H I GHWAY 

O T HER D I S  Tl LLA TE 
T O T A L  D I S T I L L A T E  F U E L  O I L 

O I L :  0 . 5 � S  

. 5 1  - l . O % S  
1 . 1  - z . o :r:s 
2. 0% s + 

T O T AL R E S  I DU At F U E L  O I L  
L I Q U E F I E D GA S E S :  E TH A N E  

P R O P A N E  
BU T AN E  
P R O P A N E / B U T A N E  M I X 
T O T AL L I Q U E F I E D G A S E S  

P E TR O C H EM I CA L  F EE D S T OC K S : S T I L L G A S  
4 0 0  E P  �J A P TH A  
O T H ER 

TO T A L  P E TR O CH E M I CA L  F E ED S T OC K S  
L U B RI C A N T S  
W A X E S 
C OK E  
A S PH A L T & ROAD O I L 
S T I L L G 4 S  FOR F U E L  
" I S C E L L AN EOU S P R O DU C T S  

T OT AL D EM AN D  

ET H A N E  
P R.O P A N E  
B U T A N E  
P R O P AN E / BU T AN E  M I X  

T O T A L  

E-4 8 

3 0 7  
5 0 8  

8 1  5 

0 
2 6 8 

2 6 8  

1 , 0 8 3  

9 
5 9  

2 4 0  

2 9 9  

8 

l 3  

3 9  

2 

1 0 2  

2 2  

1 60 
3 2 5  

3 2 6  

3 9  
1 8 4 

2 1  
5 7 0  

2 
4 6  

4 
3 

5 5  

2 
3 
8 

lJ 
1 5  

3 
4 9  

6 3  
1 01 

8 

2 , 6 1 4  

2 
5 
2 
1 

1 0  

278 
506 
784 
1 84 
1 61 
345 

1 , 1 29 

9 
5 6  

245 
30 1 

1 5  
2 1  
4 1  

3 

1 1 8 
26 

1 5 7 
345 
221 

44 
2 1 5  

8 
488 

1 

49 
5 
3 

58 
2 
3 
4 
9 

1 9  
3 

4 1  
7 8  

1 04 
1 1  

2 , 6 3 1  

1 
4 
3 
1 
9 

1 . 1 4 4  

3 3 4  

4 3 0  

5 4 1 

2 , 7 6 0  

l '  1 3 5  

1 2  
5 9  

3 3 6  
3 8 3  

1. 4 

2 7 9  

4 8 3  

7 2 6  

6 9  

2 , 9 1 3  

1 , 09 0  

l 5  

5 9  
4 6 6  

4 9 0  

1 3  

3 8 5 

5 6 1 

6 7 5  

8 3  

3 . 1 3 8 



TABLE  I I I  - - PAD V ( Conti nued ) 

A L L  R E S PO N D E N T S  
Low 

Medi um Case 

1 9 7 7 1 9 7 8  1 9 8 2 1 9 8 5  1 9 9 0  

11 0 T O R  G A S OL I N E :  L E A D E D  - P R EM I U M  
- NON- P R E M I U M  

S .  TO T A L  
UNL E A D E D  - P R E M I U M  

- N O N- P RE M I U M  
S . TO T A L  

TO T A L  M O T O R  G A S O L I N E  
AV I A T I O N  GA SOL I N E  
J E T F U E L : N A P T H A  T Y P E  

I< E R O S I  NE T Y P E  

S P E C I A L N A P TH A  
K E R OS I N E  

T O T AL J E T F U EL 

D I S T I L L A T E  F U E L  O I L :  N0 . 2  O I L  

N0 . 4  O I L  

R E S I D UA L F U E L 

D I E S EL - ON H I G H W A Y  

- O F F  H I GHWAY 

O T H E R  D I S T I L L - HE 

TO T A L  D I S T I L L A T E  F U E L  OI L 
O I L :  0 . 5 � S  

. 5 1 - l . O t S  
1 . 1 - z . o :r;s 
2 .  Ot S + 

LI O U E F  I EO G A S E S : 
T O T AL R ES I D U A L  F U E L  O I L  

E T H A N E  

P ET R OC H EH I  C A l  

P R O P ANE 
B U T AN E 
P R O P A N E / B U T A N E  M I X 

T O T A L  L I QU E F I E D G A S E S  
F E E D S T OC K S : S T I L L G A S  

4 0 0  E P  N A P TH A  
OT H E R  

TO T A L  P E T R O C H E M I CA L  F E E D S T OC K S  

L U B R I C A NT S 
W A XE S  
COK E 
A S PH A L T  & RO A O  O I L 
S T I L L G A S  F O R  F UE L  
M I S C EL L A N EOU S P R O DU C T S  

TOT A L  D E M A N D  

E T H.A N E  

PR.O P A N E  
B U TA N E  
P R O P AN E / BU T A N E  M I X 

T O TA L 

E - 4 9  

3 0  7 
5 0 8  

fl l  5 
0 

2 6 8  

2 6 8  
l o 0 fl 3  

9 
5 9  

2 4 0  

2 9 9  
8 

1 3  
3 9 

2 
1 0 2  

2 2  
1 60 
3 2 5  
3 2 6 

.3 '}  
1 8 4  

2 1  
5 7 0  

2 
4 6  

4 
3 

5 5  
2 
3 
8 

1 3  
\ 5  

3 
4 9 
6 3  

l O t  

8 

2 , 6 1 4  

2 
5 
2 
1 

1 0 

278 
506 
784 
1 84 
1 6 1 
345 

1 , 1 29 
9 

56 
245 

30 1 
1 5  
2 1  
4 1  

3 
1 1 8  

26 
1 5 7 
345 
2 2 1  

44 
2 1 5 

8 

488 
1 

49 
5 
3 

58 
2 

3 
4 
9 

1 9  
3 

4 1  
78 

1 04 
l l  

2 ,  6 3 1  

1 
4 
3 
1 
9 

l '  0 0 0  

3 0 0 

3 0 0 

4 0 0  

2 , 4 0 D  

9 5 0  
9 

4 7  
2 9 7  

3 0 0  

1 3  

\ 7 6 

3 5 0  

2 3 5  

6 2  

2 , 4 00 

900 

9 
0 

3 2 7  
300 

1 2  

2 1 0  

400 

1 30 

6 7  

2 , 3 1 6  



M OTOR G A SOL I N E :  L E A IJ [ D  - P R E M I U M 
- N O N - P R E M I UM 

S .  T O T A L  
U NL E A O E IJ - P R EM I U M  

- N O N- P R E M I U M 
S. T O T A L  

T OT A L  M nT O R  G A S O L I N E  
A V I A T I O N  GA S O L I NE 
J f- T F U E L :  N A PT H A  T Y P E 

K E R O S I N E T Y P E  
TO T A L  J E T  F UE L  

S P I: C i i\L �I A P T H A 
K E R O S I N E 
D I S T I L L AT E  F U E L  O I L :  "10 . 2  O I L  

NC . 4  O I L  
D I E S E L  - ON H I G H W A Y  

- O F F H I GHW A Y  

t:r:l O TH E R  D l  S T J  L L A H  

I T O T AL D I S T I L L A T E  F lJE L O I L  
Ul R E S !  D I I A L  f lJE L O I L :  0 • 5 :IS 
0 • 5 1  - 1 . 0 7: 5  

1 • 1 - 2 . o ts 
2 .  0'1: s + 

TO H L  R E S I D U A L  F UE L  O I L 
L I QU E F I E D G A S E S : E T H A N E  

P R O P A N E  
B U T A N E  
P RO P AN F / BU T A N E  M I X 
T O T A L  L I Q UE F I E D G b. S ES 

P E T R O C H E M I C A L F EE DS T O CK S :  S T I L L  GA S 

4 0 0  E P  N i\ P T H A  
O T H E il 

T O T A L  P ET R O C H EM l  C A L  F E E D S T O C K S  
L U A R  ! C A N T S  
W A X E S 
C O K E  
A S P H I\ L  T & R O A D O I L  
S T I L L  G A S  F O R  F I J E L  
M I SC E L L A N E O U S P R O IJ U C T S  

TO T A L  O E M A N O  

E T H A N E  
PR O P A N E  
R U T  A N E  
P R O P A N F. / R U T A NE M I X  

T O T AL 

TAHLE I I I  - - PAD v ( Conti n ued ) 

A L L  R E S P IJ N D E N T S  
A V E R .A G E  A N D  5 T MI D AR.D D E V I A T I O N 

A V E R A G E  

\ 9 77 1 9 7 fl  1 9 8 .2  1 9 8 5  

------- - - - - - - � - - - - - - - - - - - - - � -

3 0 7  2 78 
5 0 8  506 
8 1 5  784 

0 1 84 
2 6 8  1 61 
Z 6 A  345 

1 ,  Oll3 1 , 1 29 1 , 0 7 9  1 , 0 5 0  

9 9 1 0  
5 9  56 5 4 

2 4 0  245 3 1 3  
2 99 301 3 2 3  3 4 8  

0 1 5  1 8  
l 3  2 1  l 3  
3 9  4 1  

2 3 
1 0 2 1 1 8  2 2 A  

2 2  26 
1 6 0  1 57 
3 2 5  345 3 7 5  4 0 4  
3 2 6 221  

3 9  44 
1 8 4 21 5 

2 1 8 
5 70 488 4 8 8  5 1 9  

2 1 
4 6  49 

4 5 
3 3 

5 5  58 66 
2 2 
3 3 
8 4 

1 3  9 
1 5  1 9  

3 3 
49 41 
6 )  78 

1 0 1  1 04 
0 1 1  

- - - -- - - - - - - -- - - - - - - - - - - - - - - -

2 , 6 \ 4  2 , 631  2 , 62 6 2 , 7 0 2  

2 1 
5 4 
'2 3 
1 1 

1 0  9 

1 9 9 0  
- - - - - - -

9 9 0  
l l  
2 8  

3 8 9 
3 8 6  

2 2  

l 3  

3 1 3  

4 6 4  

4 6 5  

7 4  

- - - - - - -

2 , ..,  1 7  

Medi um Case 

S r A N D A R O  O E V I AT J O �I 
A S  A 
1 9 8 2  

---- - - -

4 . 5 8 '1:  

4 . 1 2 %  

1 4 . 2 U  

1 0 . B H  

- - - - - --

5 . 4 fl t  

� OF THE '1E.A N 
1 9 8 5  1 99 0  

---- --- - ------ -

5 . 64 1: 6 . 0� '1';  
I 2 .  2 5 '1:  2 0 .  2 5:r. 

9 . 4 4 %  13 7 . 5 6 '1:  
4. 6 1 '1;  \ 3 . 2 h:r. 
7. fl 't 'l';  1 5 - 9 7 t  
a . 5 a  1 1 . 6 3 �  
3 .  2 7% 3. 40'1: 

\ 8. 4 7 '1:  2 3 . 9 8 '!:  

1 0 . 8 2.% 1 4 . 6 7 %  

2 6.  1 2:1: 3 4 .  2 1  t 

4. 4 6% 9. 0 3% 

- - - - - - - - - - - - -

1 .  l l %  1 0 .  1 5� 



TABLE I I I  -- PAD V ( Cont i nued ) 

A L L  R E S PO ND E N T S  

M e d i a n  

Medi um Case 

1 9 7 7  1 9 7 8  1 9 8 2 1 9 3 5  1 9 9 0  

M OT O R  G AS OL I N I: :  L E A D E I) - P R E I� I U M 

- N ON- P R E M I \ J '-1  
S .  TO T A L  

U N L E A O F D  - P R EM I U M 
- N O N·- P RE M I UM 

S . T O T A L  
TQ T � L  � O T O R  G A S O L I NE 

A V I A T I O N GA SO L I N E 
J E T  F I J E L : N A P T H �  T Y P E  

K E R O S J  N E  T Y P E  

S P EC I A L N A P T H A  
K E RO� I N E  

T O T A L  J F T  F U E L  

D I S T I L L A T E  F U E L  O I L : N 0 . 2 O I L  
N 0 . 4  O I L  

R E S I D I J A L F U E L  

D I E S F.l - O N  H I G H W A Y 

- O F F  H I GHWAY 

O T H E R  D I ST I L L A TE 
T O T AL D I S T I L L A T E F U E L O I L  

O I L :  0 . 5 % S  

• 5 1  - t . O % S  
1 . 1  - 2 . 0 % S  

z .  0 �  s + 
T O T AL R ES ! DU AL F U E L  O I L 

L I Q U E F I E D G A S E S : E T H A NE 
P R O P A N E  

BU T AN E 
P R O P A N F / B U T A N E  M I X  

T O T AL L I Q U E F I E D G A S E S  

P E T R O C H E M I C A L  F EE D S T OC K S :  S T I L L  G A S  

1, 0 0  E P  N A P TH A  

O T H E R  
TO T A L  P E T R O C H E M I C A L  F E ED S T OC K S  

L U B R I C A NT S  
W A XE S 
C O K E  
A S PH A L T  � RO A D  O I L 
S T I l l  G A S  FOP F U EL 
t1 1 S C E L L  A N E O U S P R O DU CT <;  

T OT A L  D E M A N D  

E T H A N E  
PRO F AN E  
B U T A N E  
P R O P AN E / AI J T A N E  M I X 

T O T A L  

E - 5 1 

30 7 

5 C R 

BJ 5 
0 

2 6 8  
2 6 8 

1 '  08 3 

g 

5 9  
2 4 0  

2 9 9  
8 

1 3  
3 ') 

2 
1 0 2  

2 2  
!. 6 0  
3 2 5  
::126 

2 9  
1 8 4 

2 1  
5 7 0  

4 6  
4 
1 

5 5  

2 
J 
8 

l 1  
1 5  

) 

4 9  
6 3  

l 01 
8 

2 , 6 1 4  

2 
5 
2 
l 

1 0  

2 78 
506 
784 
1 84 
1 6 1 
345 

1 ' 1 29 

9 
56 

245 
301  

1 5  
2 1  

4 1  
3 

1 1 8  
26 

1 5 7 
345 
2 2 1  

44 

2 1 5 
8 

488 
1 

49 
5 
3 

58 

2 
3 
4 
9 

1 9  
3 

4 1  
7 8  

1 04 
1 1  

2 , 6 3 1  

1 
4 
3 
1 

9 

1 '  1 0 0  

3 2 8 

3 8 5  

5 0 6  

2 , 6 7 1  

l '  0 6 0  

1 0  
5 6  

3 1 0 

3 5 9  

2 2 8  

41 3 

5 3 2  

6 7  

z ,  7 8 4  

9 13 6  

1 1  
2 4  

3 0 1  

3 9 3 

1 3  

3 4 4  

4 2 0  

48 2 

7 2  

2 , 7 6 9  



ti:l 
I 

Ul 
N 

TABLE  I I  I A  

Motor Gaso l i ne Demand As sumpti ons 

A L L R E S PO ND EN T S  

H igh 

1 9 7 7  1 9 7 8  1 S fl 2  

- - - - - - - - ------ - - - - - --
P A S S  F.N G E R  C A R S  I N  U S E I T llll U S AN D S  I 9 9 , 90 4 1 02 , 9 5 7  1 2 9 , 0 0 0  

N E W C A R  RE G !  S T R A T I ON ( T H O U S A N D S ! 10 ' 3 1 9  1 0 , 946 1 2 . 5 0 2  

T O T AL M I L E S TRA V E L E D- M I L L I O N S  l , \ l fl , 64 9  1 ' 1 71 , 09 2  1 , 7 l 7 , 0 3 1  

AV ER.A G E  M I L ES P E R  C A� I A L L  C A RS l 1 1 ,  1 9 7  1 0 ,046 1 1 , 5 06 

A V F.R A G E  M I L E S P E R  G A L L O N  I N E W  C A R S  I \ 9  20 2. 5  
AV E R A G E  I'I P G ( AL L  C A R S  I 1 4  1 5  1 7  

D I E SE L  P A S S E NG E R  C AR S A L E S  ( THOU S A ND S  l 0 1 35 7 9 2.  

1\ V  ER A G E  M I L ES P ER G A L L ON I N E H  T R UC K S )  1 5  1 6  2 1  
L (; A D E D P R E M I U M  9 5  9 4  9 5  

L E A D E D  NON- P R E � I U M 9 0  90 90 

I JNL E � D E D  P R EM I U M  0 0 9 3  

UNL E A D E D  N ON- P P E M I U M  8 0  89 9 9  

L ow 

1 9 7 7  1 97 8 1 9 8 2  
--- - - - - ----·--- - - - - - --

P AS S EN G E R  C AR S  I N  U S E  ( T HO U S AN D S  l 9 9 , 9 0 4  1 02 , 9 5 7  1 0 0 , 4 0 0  
NEW C AR R E G !  S TR A T T O N  ( T H O U S A NDS l 10 ' 3 1 9  1 0 ,946 9 , 5 3 0  
T O T A L  M I L E S T R A V E L E D- M I L L I O N S  1 , 1 1 8 , 64 9  1 , 1 7 1 , 092 1 , 08 2 , 8 8 6  
A V ER A G E  M I L E S P E R  C AR I A L L  O R S l l l '  1 9 7  1 0 , 046 9 , 3 4 7  
1\ V E R A G E  M I L E S  P E R  G A L L O N  ! N EW C A R S I  1 9  20 1 9  
AV ER A G E  o'1 P G  I AL L C AR S  I 1 4  1 5  1 5  
0 I E  S E L  P li S S E NG E R  C A R  S A L E S  ( T HOU S A N DS l 0 1 3 5 1 7 9 
AV ER A G E  M I L E S P E R G A L L O N  I N E W  T R  UC K S I 1 5  1 6  l l  

L E A D E D  P R E M  I lJ M  9 5  94 9 2  
L E A D E D  NON- P R E M I UM 9 0  9 0  8 8  
U N L E A D E D  P R EM I UM 0 0 9 1  
U N L EA D E D  NON - P RE M I U M  8 8  89 8 7  

Medi um Case 

1 Q 3 5  1 9 9 0  

- - - - - - - - - -- - - -

1 3 6 , 74 0  1 4 2 , 0 0 0  

l. 3 '  l10 1 4 , 0 1 1  

2 , 0 7 9 , 2 7 0  2 , 6 4 8 , 2 9 2  
1 2 , 0 1 2  1 2 , 2 9 8 

2. 9  3 1  
2 0  2 4  

2 '  7 8  3 3 , 5 1 0  

l 6  2 1  
9 6  9 6  

9 1  9 1  

9 4  9 5  

8 9  8 9  

1 9 8 5  1 99 0  

- - - - - - - - - - - - - -

1 0 3 , 2 0 0 1 1 0 , 1 00 
1 0 , 1. 0 0  1 0 , 0 0 0  

1 ' 1 1  3 ' 40 0  \ , 2 0 7 , 8 0 0  
9 , 3 5 1  9 , 3 4 8  

� 1  2 3  

1. 7 1 9 
2 3  2 2 3 0  

1 1. 1 2  

9 2 9 5  

8 8  8 8  

9 1  9 1 
8 7  8 7  



t:'Ij 
I 

Ul 
w 

P A S S E N G E R  C A � S I N  U S E  I T H O U S A N D S I  

N E W  C A R  R E G I S T R AT I 0 N  I T HO U S A N D S I 

T O T A L � I L ( S  T R A V E L E D- M I L L I O N S  

A V ER .� :; r;  .� J L F S P f: R C AR ( A l l  C A R S I  
AV E R A S �  M I L E S P E R  G A L L O N  ( N EW C AR S I  
A V E� A G E  M PG ( A L L  C A R S I 

D T E S a  P A <; S E N :; F R  C A R  SA L E S ( THC U SA ND S I  

AV ER A G E  M I L ES P E R G A L L C N  ( N E W  T F U C K S I 
L E A D E D P R E M I U "1 

L E A 1 E D  N O N- P R EM I UM 

I J NL F. A D E D  P R E IH U ,.. 

U N L E A O E D  NON- P R E M I UM 

P I\ S S E! I G E R  C A R S  I N  U S E  I T HO U S A N D S  I 
N Ei W  C A R R E G I S TR A T I O N ! T h OU S A ND S  I 

H ' T A L  M I l F S TR A V � L E D- M I L L I C N S  

A V E!< A G E  M I L E S P E �  C AR ( A L L  C AF S I  

A V E R A G E .., ! L F S  P E R.  G A L L et \  I N E W  C A R  5 1  
AV E R A G E  M P G ( AL L  C � R S I 
D I E S E L P A S S E N G E R  C A F  SA L E S  ! T H OU S A NDS I 
AV ER .� G t  M I L E S  P E R G A L L O N  I N E W  TR UC K S  I 

L E A D E D  PI< E M  I U M  

L E A 0 E D  N O N·- P RE M I  UM 

I J �IL E A O F. O  P R E M I U �I 

U N L E A D ( D  N O N- P R E M I U M  

TABL E I l i A ( Conti n ued ) 

A L L  R E S P C N O E N T S  

A V EP A GF: A "J D  S T .A N D A R � DE V I  A T  FHI 

A V E P, AG E  

l 9 7 7  1 9 7 8 1 9 8 2  l 9 il 5  

- --- - - - -- - - - - - - - -- -- - -- - - - - -

9 9 , 9 0 4  1 02 , 9 5 7  1 1 2 , 3 2 8 l t B . 7 5 7  
1 0 , 3 1 9  1 0 ,946 1 0 ,  7 6 9  1 1 r h 8 7  

1 . 1 1 8 , 649 1 , 1 71 , 09 2  1 , 2 <; 7 , 4 3 1  1 ,  3 6  2 ,  5 7  9 

1 1 , 1 9 7 1 0 , 0 46 1 0 , 5 3 6  1 0 , 8 3 9  

1 9  20 2 1  2 4  

1 4  1 5  1 6  1 !3  
0 1 35 5 5 7  1 , t  5 3  

1 5  1 6  1c 1 7 

9 5  9 4  C) 4  9 4  
9 0  9 0  8 9  8 9  

0 0 CJ2 9 2  
8 8  89 8 7  8 7  

I� e d i a n  

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  
--- -- - ------ - --- --- -- - - - - -

9 9 , 9 0 4  1 0 2 , 9 5 7  1 1 2 , 8 0 0 l l S r 9 5 0  
1 0 , 3 1 9  1 0 , 946 1 0 , 7 8 5  1 1 ,  7 9  8 

1 , 1 1 8 , 6 4 9  1 ' 1 7 1  , 09 2  1 , 2 3 7 , 6 0 0  1 r 3 5 6 o 3 3 fl 
1 1 ,  1 9 7  1 0 , 046 1 0 , 8 � 9  1 0 , 9 4 5  

1 9 20 2 1  2 3  
1 4  1 5  1 6 1 8  

0 1 3 5 6 0 0  1 , 2 0 0  
1 5  1 6  \ 5  1 7  

9 5  9 4  9 4  9 5  
C) Q  90 8 9  8 9  

G 0 9 2  9 2  
8 8  89 8 7  8 7  

1 9 '7 0  

- - - - - - -
1. 2 5 ,  6 3 5  

1 2 , l 2 9  

1 , 5 1 6 , 5 4 2  

l l , t 1 8  
2 6  

2 2  

1 , 7 7 6  
1 7  

9 5  
8 9  

9 2  
8 7 

1 9 9 0  

-- - - - - -
1 2 4 . 1 0 0 

1 2 , 1 0 0  

1 r 4 7 6 , 8 0 0  

1 1 . 2 5 0  

2 6  

2 2  
1 ,  5 0 0  

1 6  

9 5  
8 9  

9 2  

8 7  

Medi um Case  

S T  A ''I DA P  D D EV I A T W N 

A <;  A % 
1 9 11 :?  

- - - - - � -.. 

7 . 1 '1 %  

6 . 1 6 '1:  
1 3 . 3 0% 

6 . 7 1 '1.  

9 . 4 1 %  
3 .  6 '1'!: 

3 6 . 9 7 %  
2 0 . 7 1 %  

1 . ?. '; %  

• 7 0 %  
. 8 4% 
, 6 6r, 

r' f  T H E  

} 9 'l 5 
-·-----�-

7 .  4 3 %  

6 .  A 8 % 

1 h . 2 2 r.  

6 . 9 8 '!:  
9 . 7 5 % 
':i . t n  

6 0 . rJZ %  

2 7 . 0 3 %  

1 .  4 4% 

l .  f) 7 %  
1 . 2 11 :1:  

. 6 0 '.f;  

M E A N  

1. 9 9 0  
- -� - · - - � 

1 . 1 n 
7 . 9 t �  

2 3 . 0 8 '>;  

7 .  8 6 '1: 
o . 8 1 %  

t. . 'i l �  
5 6 . t, l :J: 

2 0 . 8 4 � 
, 49 1: 

1 . 0 7:1: 
1 . 5 2 �  

• 93 % 



TABLE I V  Medi um Case 

u . s .  Petro l eum S u��l�/ Demand Bal ance 
(Thous and Barre l s/Day) 

A l l  R E S PO N D E N T S  
H i g h  

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  1 9 9 0  
------- ------- --- ---- ---- --- - - - -- - -

D F M.<\ND - T OT AL 1 8 ,  1) 9 0  1 9 , 224 2 0  ' 03 0 2 0 '  52 0 2 1 , 6 0 3  

l .  L OC A L  P R O O U C T  D F. t� A N D  1 8 , 4 3 1 1 8 ,847 1 9 , 60 1  z o , 244 2 1 , 't0 5  

z .  CR U D E  AN D P R O D U C T  E X P O R T S 2't3 362 4 5 0  4 5 0  6 5 0  

3 .  P R O DU C T  S H I P M E NT S  T O  OT H E R  D I S T R I C T S  0 0 0 0 0 

4. C R UD E , N G L  f. UNF . S H I P M E N T S  T O O  0 0 0 0 0 

5 .  C RU D E. L O S S E S 1 6  1 6  2 0  5 0  5 0  

S U P PL Y  - TOT A L  1 8 , 6 9 0  1 9 , 224 2 0 ,  0'3 0 20 , 5 2 0  2 1 , 60 3  

l o  P P O OU C T  H J N  - TO T A L  9 , 8 6 1. 1 0 ,274 1 0 , 40 6  1 0 , 3 1 8  1 0 , 8 6 't  

tz:l C R U D E  A N D  L E A S E  C O N D E N S AT E  8 , 2 4 't  8 , 70 7  9 , 00 0  8 , 998 9 , 74 4  

I NG L 1 , 6 1 7  1 , 56 7  1 , 6 6 0  l ,  7 1 5  l o  6 9 5  
Ul z .  R E C E I P T S  F ROM O T H E R  D I S T R I C T S 0 0 0 0 0 
""' C R U fl F. , N G L , A N D  U N F I N I S H F D  0 0 0 0 0 

P R O D U C T S  0 0 0 0 0 

� - P R O C E S S I NG G A I N ,  E T C .  5 6 9  439 61 0 6 1 0  6 3 0  

4 .  I M P O R T S - T O T A l  8 , AO R  8 , 364 1 0 , 1 2 2  1 0 ,  5 8 1  l l o 60 3  

C R U D E  A N D  U N F I N I SH E D  6 ,  646 6 , 383 7 ' 5 8 0 7 '  7 7 8  8 , 3 5 2  

F R O M  OV E R L A N D  2 7 9  564 1 '> 0  1 9 2  2 9 0 

F R O � O F F  SH O R E  6 , 3 6 7  5 , 8 1 9  7 o 44 0  7 , 7 1 5  8 , 1 6 0  

N G L  4 2  1 7  36 8 5 6 1  9 2 3  

F I N I S H E D P R O D U C T S  2 o 1 2 0 1 , 964 2 o  5 4 2 2 , 8 3 8  2 , 9 1 8  

5 .  S Y N C R  UO E 0 0 2 5 400 1 , 0 0 0  

F RO M  S H A L E  0 0 5 300 6 3 0  

F R O M  C OA L  0 0 2 0  1 0 0  3 7 0  

6 .  F R O M  I N V E N TOR Y - 54 8  9,4 1 1 9  99 0 

C R U O E  - 1 7 0  -78 0 0 0 

P R O D UC T S  - 3 7 6  172 0 1 7 0 

7 .  C R U D E  RU N S  1 4 , 6 0 2  14 , 739 1 5 , 3 5 0  p ; '  8 6 7  1 6 , 54 2  

A L A S K A N  PR O D U C T I O N  3 l 0  1 , 089 1 , 5 5 5  2 , 000 2 , 0 0 0  



I:Ij 
I 

Ul 
Ul 

TABLE I V  - - Tota l U . S .  ( Conti n ue d )  

A L L  R E S PO�I D E N T S  
L ow 

Medi um Case  

1 9 7 7 1 97 8  1 9 8 2 1 9 A 5  1 9 9 0  

D E 11 MI D  - T O T AL 
l .  L OC A L  P R O D UC T D E M A N D 

2 .  CR U D E  AN D P R O D !.J C T E X P OR T S  
3 .  P R Q O U C T  S H I P M E N T S  T O  GT H F. R  D I S T R I C T S 

4. C R U f) E , NG L  f. U N F . SH I P M E N T S T O O  
5 . C RU D E  L O S S E S 

S U P P L Y  - TC T A L 

1 .  P R C DU C: T I O N  - TO T A L  
C R U D E  A N D  L E A S E C f N D E N S AT E  

N GL 

2 .  R EC E I PT 5  F R O M  OT H E R.  D I S T R I CT S  

C R U D E ,  N G L , A N �  U N F I N I S H E D  
P R G DU C T S  

3. P R OC F. S 5 I NG G A I N ,  E T C .  

4 .  I M PO R T S  - TO T A L 

CP U D E  A N D  U N F I N I S H E D  
F R O M  O V E R L AN D  

F R O M  O F F S H O R E  
N G L  

F I N I S P.F. O P R O DU C T S  

5 .  S Y N C R U D E  
F R O M  S H A L E  
F RCl .'l C 0 4L 

6 .  F R C M  I N V E N TO R Y 
C R U D E  
P R C DUC T 5  

7 .  C R UD E  R U N S  
AL AS K A N  P R O DU CT I O N  

1 8 , 6 9 0  

1 8 , 4 3 1  

2 43 

0 

0 

1 6  

1 8 , 6 9 0  

C) '  8 6 1. 

8 , 2 4 4  

1 ' 61 7 
0 
0 
0 

5 6 9  

8 , 1'1 0 fl  
6 , 6 4 6  

2 7 9 

6 , 3 6 7  

4 2  

2 , 1 2 0  

0 

0 

0 

- 5 4 8  

- 1 7 0  

- 3 7 8  

1 4 '  60 2 

3 1 0  

1 9 , 224 
1 8 , 84 7  

3 6 2  
0 
0 

1 6  
1 9 , 2 24 
1 0 , 2 74 

8 , 70 7  
1 .  567 

0 
0 
0 

439 
8 , 364 
6 , 38 3  

564 
5 , 8 1 9  

1 7  
1 , 9 6 4  

0 
0 
0 

9 4  
-78 
172 

14 , 739 
1 , 089 

1 7 , 73 0  

l 7 .  400 

1 8 0 

0 

0 

1 '5  

1 7 , 7 3 0  

9 , 03 1  

7 , 86 0  

I , 1 7 1  

0 

0 

0 

48 0 

7 , 3 2 6 

5 '  1 5  8 

0 

6 , 0 7 9  

0 

1 , 04 1 

0 

0 

0 

- 3 3 7  

-3 1 5  
- 2 2  

1 4 . 1 5 8  

l o 4 0 0  

1 6 , 8 1 0  

1 6 , 6 30 

l A O  
0 

0 

1 5  

1 6 , 8 1 0  

7 , 8 79 

6 ,  820 

9 1 0  

0 

0 

0 

2 4 5  
'> , 9 2 3  

'5 , 3 3 0  

0 

6 , 44 9  

0 

5 '1 3  

0 

0 

0 

- 200 

- 20 0  

0 

1 4 ,  1 40 

1 , 4 50 

1 6  ' 08 0  

1 5 , 9 0 0  

L B O  

0 

0 

1 5  

1 6 , 0 8 0  

6 ,  1 3 5  
5 , 3 7 0  

3 8 9  

0 

0 

0 
2 5 2  

3 , 2 2 0  

3 , 9 2 7  

0 
5 , 4 1 6  

0 

6 9 5  

1 1 0  

l l O  

0 

- 2 0 0  

- L 2 8 

- 2 4  

1 3 . 5 6 8  

l o 0 7 4  



TABLE  I V  -- Tota l u . s .  ( Conti n ued ) Med i um Case 

A L L R E S P ON O I' N T S  

AV E R A G E f. S T ME l A R D  D EV I A T I ON 

A V E J;. A G E  S T A N D A R D D E V I AT I G N  

A S  A % OF T H E  M� A N  

1 9 7 7 1 97 8 1 9 8 2 l 9 R 5  1 9 9 0  1 9 8 2 1 9 3 5 1 9<) 0  

------- _ ..., _ .._.. __ _ -- - -- - --- - - - - --- _ _ _ _ _ _  ..._ _ __ ...... ___ _  - - - - -- --

D E M ��J O - rn T AL 1. 8 , 6 9 0  1 9 , 224 1. 8 , 7 6 9  1. 9 , O'l 6 l 9 , 2 0 5  3 . 3 "l % 5. 2 9"1: 7 . 9 3 � 
l • L OC � L  P R O DU C T  D E M A N D  1 8 , 4 3 1 1 8 , 84 7  1 8 . 4 1 0 1 8 , 7 n 1 1 8 , 8 2 2  3 . 2 U  5 .  3 l %  8 . 0 6 %  

: . C R UD E  A N D  P R O D U C T  E X P n RT S  2 4 3  362 3 2 9  2 8 6  2 8 3  2 4 . 9 3% 3 1 .  4 3 '1:  4 3 .  44'1: 

' ·  P R 0 f1 U C T  S H I P M EN T S TO O T H F R  D I S T R I C T S  0 0 0 0 0 0 %  0 :1:  o r.  
4. C R U D E , N G L  1: U N F .  S H I P M E N T S T O O 0 0 0 0 0 0 �  0% O't 
5 .  C R U D E  L D  S SE S  1 6  1 6  1 7 2 0  2 t  1 3 . 8 0 %  5 l . 0 4'f. 5 0 . 1 9 2: 

S U P P L Y  - T OT AL 1 8 , 6 9 0  1 9 , 224 1 R ,  76 9 1 9 , 09 6 1 9 '  2 0 5  3 . 3 9 % 5 .  2 9 %  7 . 9 3 't  

1 ·  P R O D UC T I C N - T O T A L 9 , 8 6 1  1 0 , 274 9 , 80 0  9 ,  5 1 1  9 , 1 0 1  3 .  7 6 't  7 .  6 4t 1. 4. 5 1_ 'f,  

C R U D E  AN D L E A S E  C G N D EN S A T E  8 , 2 4 4  8 , 70 7  8 , 3 2 1 A , \ 05 7 , 8 2 8 4 . 0 5 %  7 .  7 1 1.  t 5 .  1 4% 

l:I1 NG L 1 '  6 1 7  1 , 56 7  1 , 4 7 9  t '  4 06 1 , 2 7 3  a. 1 8� 1 2 . 5 2 %  2 2 . 2 6 %  

I 2 .  R E C E I P T S  F R O M  O TH E R  D I S T R I C T S  0 0 0 0 0 0 %  0 �  f) 'l:  
lJl C R U D E , N G L , A N D  U I'-: F I N I S H E D  0 0 0 0 0 0 %  0 '1,  0 %  
0"1 P R OD UC T S  0 0 0 0 0 0 %  0 %  0% 

3 .  P R OC E S S I NG G A I N ,  ET C .  5 6 9  439 5 4 3  5 2 5  5 2 4  8 . 1 0 % 1 6 . 7 1 %  \ 7 . 0 5 %  

4 .  I � P O P T S  - T nT A L  8 , 8 0 8  8 , 364 8 , 40 6  8 , 3 2 2 8 , 3 63 a. 8 6 %  1 2 . 92 :t  2 6 .  2 2 r.  

C R U D E  A N D  UN F I N I SH E D  6 , 6 4 6  6 , 38 3  6 , 3 7  3 6 , 6'l 5  6 , 5 6 6  9 . 1 3'-' 1 1. . 7 3 %  1. 8 . 2 5 %  

F R O M  O V E R L AN D  2 7 9 564 ll 6  7 9  8 6  63 . 5 2 %  94 . 6 6 % 1 2 1 . 6 4 �  

F R O I� OF F SH O R E  6 1 3 6 7  5 , 8 1 9  6 , 5 3 8  7 , 0 4 5  7 , 0 6 2  7 .  3 6 %  7. 1 3 %  t 2 .  0 9% 

N G L  4 2  1 7  1 0 7  2 7 1  3 9 8 1 4 1 . 4 5 %  9 3 . 3 0 �  9 4 . 7 2 %  

F I N I SH E D  P R O D U C T S  2 ,  1 2 0  1 , 9 64 1 ' 8 6 1  1 , 8 � 6 1 , 7 5 9 2 3 .  7 5 1:  3 4 . 0 7 ':f.  3 6 . 3 6 % 
5 .  S Y �I f. R U O E  0 0 3 10 t 4 9 8  2 8 2 .  8 1t %  1 0 6 . 1 9 �  5 0 . 6 4 %  

F R O M  S H A L E  f) 0 1 6 2  3 2 6  2 8 2 . 8 4 %  1 3 3 . 9 9 %  4 5 . 7 1'!: 

F R O M  C O A L  0 0 2 2 5  \ 3 6  2 82 . 8 4% l 3  7. 02% 93. 5 t %  

6 .  F RO M  I NV E N T O R Y  - 5 4 8  94 -4 7 -49 -3 2 2 7 2 .  o u  1 9 3 . 0 8 %  2 06 . 4 1l %  

C R U D E  - 1 7 0 -78 ·- 5 3  - '5 6 -· 1 4 2 23. 6 n 1 4 8. 2 2 %  2 '3 2 . 8 4 �  

PRO DIJC T S - H R 172 - 4  2 - 3  2 2 3 . 6  u 2 8 2 . 8 4 � 2 fi 2 . R 4 �  

7 .  C R U D E  R U N S  1 4 , 6 0 2 14 , 739 1 4 ' 6 5  8 1 4 , 9 6 9  1 5 . 1 2 2  2 .  3 9 % 3 . 9 4 % 6 . 0 5 % 

A L A S K A N  P R O D Uf. T I C N  3 1 0 1 , 089 I. ' 48 1 1 , 5 7 9 1 '  5 7  3 3. 1 5% A. 6 5 �  1 5 .  6 5 %  



t:>:l 
I 

lll 
-...] 

TABLE I V  - - Tota l U . S .  ( Conti nued ) 

A L L  R E S P O N O E N T S  
'l ed i a n  

Medi um Case 

1 9 7 7  1 9 7 8  1 9 8 2 1 9 8 5  1 9 9 0  

n r. '1 A N O  - T OT AL 
l .  L OC A L P R O D UC T  O F. '1 A N C  

2 .  C R U O E  AN D PR O ') IJC T E X P IJ R T S  
3 .  P R G C U C T  S H I P M E N T S  T O  O T H E �  D I S T R I C T S  

't o C R U D E , N G L  f. U N F .  S H I P M E I\ T S  T O O  

5 .  C R U P. E  L O S S E S 
S U P P L Y - T O T A L  

1 . P R 0. 0 U C T  W N  - TO T A L  

C R I J O E  AN D L E A S E C C N D E N S AT E 

NG l 
2 .  R E C E I P T S  F R O M  O T H E R  D I S TR I C T S  

C R U D E , N G L , A N D  U N F I N I S H E D 

r R n n uc T s 
3 .  P R OC E S S I N G G A l � , E T C . 

4 .  I M P OR T S - TO T A L  
C R U D E  t\ N O  U N F I N I S H E D  

F R O M  CJ V E RL A N O  

F R O I>I  O F F  SH O R E 

N G I .  

F I N J S H E O  P R O D U C T S  

5 .  S YN CR U O E  

F R O M  S H A L E  

F R O M  C O A L  

6 .  F P, 'J 'I  I NV E N TO R Y 

C R U D E  

P R O D UC T S  

7 .  C R U D E  RIJ N S  

A L A SK A N  P R O D UC T I C N  

1 8 , 6 S O  
1 13 , 4 3 1  

2 4 3  
0 

0 
1 b  

1 8 , 6 9 0  
9 , 8 6 1  

8 , 244 

1 , 6 1 7  
0 

0 

0 
5 6 9  

8 , 8 0 8  
6 , 64 6  

2 7 9 

6 , 3 6 7  
4 2  

2 ,  1 2 0 

0 

0 

0 

- 5 4 8  

- 1 7 0 
-3 7 8  

1 4 , 6 0 2  
3 1 0  

1 9 , 2 24 
1 8 , 84 7  

3 6 2  
0 
0 

1 6  
1 9 , 2 24 
1 0 , 2 74 

8 , 7 0 7  
1 , 56 7  

0 
0 
0 

439 
8 , 364 
6 , 38 3  

564 
5 , 8 1 9  

1 7  
1 , 964 

0 
0 
0 

9 4  
-78 
172 

14 , 7 39 
1 , 089 

1 8 '  72 5 

t fl . 3 6 3  

3 2  5 

0 
0 

1f, 
1 8 , 7 2 5  

9 ' 7 7 5 

8 , 2 � 0 
t '  't 8 0 

0 

0 
0 

53 5 

8 '  3 7 0  
6 ' 33 0  

7 0  
6 '  't9 0 

3 0  

1 , 9 6 5  

0 

0 
0 
0 
0 
0 

1 4 , 5 5 3  
1 '  5 0 0  

1 9 , 3 1 4  
1 8 r 9 8 l  

?. 9 8  
0 

0 
1 6  

1 9 , 3 1 4  
9 '  6 0 0  

a ,  z o o  

l ,  400 
0 

0 
0 

5 50 
8 , 6 '1 0  
6 t 5 3 0  

6 3  
7 ,  0 9 4  

2 5 4  

1 , 90 0  
7 8  

5 0  

5 

0 

0 

0 
1 5 , 1 40 

1 ,  500 

1 9 , 2 5 7  

l 8 , 9 0 0  

2 3 8  

0 

0 

1 6  
1 9 , 2 5 7  

9 , 5 0 0  

7 , 9 0 0  

1 , 2 7 7  
0 

0 
0 

5 4 5  
8 , 46 5  
6 , 5 3 0  

4 0  

7 , 0 0 0  

3 5 5  

1 , 7 7 0 

5 0 0  

3 0 0  

7 5  

0 

0 
0 

1 5 , 1 7 5  

1 ' 5 0 0  



TABLE  IV  Med i um Case 

u . s .  - - PAD v 

A l l  R E S POND E N T S 
H ig h  

1 9 7 7  1 9 7 8  1 9 8  2 1 9 R 5  1 9 9 0  
------- ------- --- --- - ------- -- - - - - -

O E t� A N D  - T OT AL 2 , 7 5 4  3 , 1 1 2  3 . 44 7 3 ' 74 5 4 , 3 9 5  

1.. L OC A L  PR O D UC T  D E M A N D  2 , 6 1. 4  2 , 6 3 1  2 , 7 6 0  2 o B 5 6  2 , 9 5 7  

z .  CR U D E  A N D  P R O DUC T E X P O R T S  7 1  1 63 24 7 2 0 0  2 0 0  

3 .  P R O DU C T  SH I P M E NT S T O  OT H E R  D I S T R I C T S  2 1  1 5  3 6  2 5  2 8  

4 .  C R UD E , N G L  & U N F . SH I P ME N T S T O O  4 7  3 0 1  50 0 7 '50 1 , 3 8 0  

5 .  C R U D E  L O S S E S  1 1 1 2  1 3  
S I J P PL Y - T O T A L  2 , 7 5 4  3 , 1 1 2  3 , 44 7  3 , 7 4 5  4 , 3 9 5  

1 • P R O D U C T  I O N  - TO T A L  1. , 44 8  2 , 20 9  3 ' 70 0  4 , 00 0  4 , 0 0 0  

C R l J O E  AN D L E AS E C ON D E NS AT E  1 , 4 2 4  2 , 1 85 3 , 67 5  3 , 9 7 5  3 , 9 ] 5  

NG L 2 4  24 3 4  3 5  4 0  

tTj 2 .  R E C E I P T S  F R O M  O T H E R  D I S TF n C T S  1 3 5 1 59 1 5 1  1 6 5  1 6 5  

I C RU D E , N G L , A N O  U N F I N I S H E D  9 6 7 1 0  1 0 

LT1 P R O D UC T S  1 2 6  1 53 1. 5 1  1. 5 5  1 5 5 
co 3 ·  P R OC E S S I N G G A I N ,  E T C . 3 4  - 3 1  1 4 0  1 4 0  1 40 

4. I M P O R T S  - TOT A L  1 ,  2 1 4  7 2 5  6 1 9  5 9 4  5 2 0  

C R U D E  AN D UN F I N I S H E D  1 , 0 9 9  602 5 1 4 4 8 4  5 0 0  

F R O M  O V E H A N D  2 0  1 2  1 0  0 0 

f- R O M  O F F SH O R [  1 , 07 9  590 51 4 4 8 4  4 5 0  

NGL 4 2 
F I N I S H ED P R O DU C T S 1 1 1  1 2 1  1 0 5 1 1 7  1 3 0  

5 .  S YN C R U D E  0 0 0 0 5 0  

F R O M  S H A L E  0 0 0 0 5 0  

F R O M  C OA L  0 0 0 0 0 
6 .  FR O M  I N V E N T O R Y - 7 7  4 1  0 0 0 

C R U D E  - 6 7 2 8  0 0 0 

P R O D UC T S  - 1 0  1 3  0 0 0 

7 .  C RU D E Rl JNS 2 , 3 2 3  2 , 28 7  2 , 4 8 5  2. , 64 0  2 , 7 4 5  
A L A S K A N  P R O D U C T I O N  3 1 0  l , 0 89 1 ,  50 0 1. , <'> 7 5  1 o 8 2 0  



tij 
I 

U1 
1.0 

TABL E  I V  PAD V ( Conti nued ) 

A L L  R E S P O �J f) E N T S  

Low 

Medi um Case 

1 9 7 7  1 9 7 8  1 9 8 2 1 9 8 5  1 9 9 0  

D E '1 A N D  - T OT AL 

1 .  L OC A L P R O D UC T D E M A N C  

2 .  C R U D E  AN D P R O D UC T  E X P OR T S  

3 .  P R r ClJ C T  S H I P M E NT S T O  O T H E F  D I S TR I C T S  

4 •  C R U D E , N G L  f. U N F . SH I P M E N T S T O O  

5 .  C RU D E L O S S ES 

S I J P D L Y  - T OT A L  

l o  P R O DU C T  I O N  - TO T A L  

C R I J D E  AN D L E A S E C C N D F. N S AT E 

N G L  

2 .  R E C E I P T S  F R O M  O T H E R  D I S TR I C T S  
C R U D E , �I G L , A N D  U N F I N I S H E D  

D R f' D U C T S  
3 .  P R OC E S S I N G G A I N , E T C . 

4 .  I M P O R T S - TO T A L  

CR U CJ E  A N fl  UN F I N I SH IO O  

F R O M  OV E RL A N D  

FR C '� O F F  SH O R E  

N G L  

F I N I S H E D  P R O D U C T S  

5 .  S YN C R U O E  

F R O M  S H A L E  

F RO M  C OA L  

6 .  F R n t� I N V E N TO R Y  

C RU D E  

P RO D U C T S  

7 .  C RU f1 E  R U N S  

A L A S K AN PRO D UC T I O N 

2 , 7 5 4  
2 , 6 1 4  

7 J. 

2 1  
4 7 

l 
2 , 7 5 4  

l , 44 8  

1 , 4 2 4  
2 4  

1 3 5  
9 

1 2 6  
3 4  

1 , 2 1 4  
1 ' 0 9 9  

2 0  
1 , 0 7 9  

4 
1 1 1  

0 
0 
0 

- 7 7  
- 6 7  
- 1 0 

2 ,  3 2 3  

3 1 0  

3 ' 1 1 2  
2 ,6 3 1  

1 63 
1 5  

301  
1 

3 , 1 1 2  
2 , 209 
2 '  1 85 

24 
1 59 

6 
1 53 
- 3 1  
725 
602 

1 2  
590 

2 
1 2 1 

0 
0 
0 

41  
28 
1 3  

2 , 287 
1 ,089 

3 , 1 0 0  
?. ' 40 0  

7 4  
1 5  

4 2 1 

3 .  1 0 0  
2 , 5 0 0  
2 , 5 0 0  

0 
5 0  

0 
5 0  

5 0  

30 0 

2 1 8 
0 

2 0 8  

5 0  
0 
0 

0 

- 6 
- It  
- 2  

2 , 4 0 0  
1 , 4 5 0  

2 , 9 8 3  
2 , 40 0  

7 4  

1 5  

4 .'> 3  
2 

Z o 9 8 3  

2 , 5 7 5  
2 , 6 0 0  

0 
5 0 

0 
5 0  
5 0  

2 0 0  
1 6 7  

0 

2 \ 6  

3 3  

0 
0 
0 

-7 
- 4  
- 3  

2 , 40 0  
\ .  '• 5 0  

2 , 9 0 5  
2 , 3 1 6  

7 4  
1 5  

4 0 0  

2 
2 , 9 0 5  

2 , 4 0 0  
2 , 4 0 0  

0 
5 0  

0 
5 0  

5 0  
9 7  
6 4  

0 
2 5 2  

3 3  
0 
0 
0 

- 2  
0 

- 2  
2 , 4 0 0  
1 , 3 0 0  



TABL E  I V  - - PAD v ( Conti nued ) Med i um Case 

A L L  R E S P DfWHJ T S  

AV E R A G E !: S T A N D A R D D EV I A T I O N  

A V E RA G E S T AN D A R D  D E V I A T I O N  

A S  A 1: OF THE ME A N 
1 9 7 7  1 9 7 8 1 98 2 1 9 8 5  1 9 9 0  1 9 8 2 1 9 !'1 5  1 99 0  ------- - --- - -- ------- -- - - --- - - - - -- - ---- � - - ---- --- - --- ---

t) E M A N O  - T O T AL 2 , 7 5 4 3 , 1 1 2  3 , 2 6 2  3 , 36 2  3 , 60 9 4. 7 7:1 B. 3 3 <t;  1 7 . 84% 
l • L O C A L P fl O DU C T  D E M A N D  2 , l:l 4  2 , 6 3 1  2 , 6 2 6 2 , 66 7  2 , 6 5 8  5 . 4 8 %  7 . 6 U  9 . 5 4 �  

2 .  C R UDE A N D  PR O D UC T E X P O RT S 7 1  1 63 1 5  5 1 4 5 1 1 6  45. 6 31: 3 3. 7 0 �  3 8 . 9 1:1: 

3 .  P R O DU CT S H I PM ENT S T O  OT HER D T S T R  I C T S  2 1  1 5  2 4  2 0  2 2  3 5 . 8 8 % 1 7. 5 9 � 2 3 . 0 0 %  
4.  C R. l J D E , N G L  !: U N F . S H I P ME NT S T O O  4 7  301  46 2  5 3 1  8 1 4 a. 3 51: 2 0. 9 7% 5 2 .  5 7'!:  

s .  C: R U ') E  L O S S E S  1 1 5 6 3 8 . 3 9 � 9 1 .  5 \':1:  

S U P P L Y  - T OT A L  2 , 7 5 4 3 , 1 1 2  3 .  26 2 3 , 3 6 2  3 , 6 09 4 . 7 7 'r. S o  3 3 %  1 7 . 8 4 � 
1 .  P R O 'l lJC T I  O N  - T O T A L  1 , 44 8  2 , 20 9  2 , 9 0 3  2 , 9 4 7  3 , 1 A O  1 4. 8 2 %  1 6. 6 0 f.  1 9. 9 6% 

C RI I  O E  M� O L E A S E  C O N D EN S AT E  1 , 4 2 4  2 ' 1 85 2 , 8 6 9  2 , 9 9 8  3 , 2 7 6  1 6 . 5 8 %  1 6 . 7 0 %  1 9 . 0 2 %  
tij NG L 2 4  24 1 A  2 3  2 2  69. 5 71. 5 2. '; 3 f.  5 8 . '; 6 %  
I 2 .  R Ef. E T P T S  F R O M  O T H E R  D I S TR I C T S  1.3 5  1 59 1 2 2  1 1  7 1 0 9  3 4 . 3 H  3 9 . 0 9 % 44 . 1 5� 0'1 CJ< L J[) F. , N G L , A N D  U N F I N I S H E D  9 6 2 2 2 1 7 3 . 2 U :  2 0 0. 0 0 7:  2 0 0 . 0 0 %  0 

P R � O UC T S  1 2 6  1 53 1 2 0 1 1  '5 1 0 7  3 3 . 9 6% 3 A. 0 6'r. 42. 9 1 '1: 

3 .  P R r. C E S S I N G G A I N ,  E T C . 3 4  - 31 8 7  9 4 1 0 5  4 3 . 2 5 1:  3 7 . 44 � 2 8 o 7 0 't  
4. I M P O R T S - T O T A L  1 , 2 1 4  7 2 5  4 3 4  4 1 0 3 7 0  30. 4 6% 3 3. 7 3% 4 0 . 9 2 '1:  

CR U D E  A N D  UN F I N I S H F O  1. , 09 <)  602 3 7 1 3 3 3  2 9 5  3 6 . 9 9 %  J 6 . 2 5 f.  5 0 .  1 3 '1:  
F f<. O M  O V E R L A N D  2 0  1 2  3 0 0 1 4 1 .  4 n  O t  0 1.  

F R O M  CJ F F  SH O R E  1 , 0 7 9 590 3 9 1 3 6 3  3 4 1  3 3. 7 3 �  2 6. A l %  2 5. 3 Tl: 

N G L  4 2 

F I N I S H E D  P R O D U C T S  1 1 1  1 2 1 7 6  8 3  8 1  3 3 .  9 8'1: 4 1. 5 9% 4 3 . 8 9% 

s .  S Y N f. R U D E  0 0 0 0 8 0 %  0 %  2 2 3 . 6 t r. 
F R C M S H A L E 0 0 0 0 8 01: 0 %  2 2. 3 .  6 1 :1:  
F R n M  C O A L  0 0 0 0 0 0% ()f. 0'!: 

6 .  F R C M  I NV F.:N TO R Y - 7 7  4 1  - 2  - 1  0 1 7 3 . 2 1 %  2 2 3 . 6 1 %  2 2 3 . 6 1 %  

C R U D E  - 6 7  28 - 1 - 1  0 1 7 3. 2 U: 2 2 3. f. l f.  O t  

P R O ilU C T S  - 1 0 1 3  -] - 1  0 l 7 3 . 2 U  2 2 3 . 6 1 %  2 2 3 . 6 1 % 

7 . C R U D E  R U N S  2 , 3 2 3 2 , 28 7  2 , 44 8  2 , 5 0 9  2 , 5 3 3  l o 4 6 � 3 . 6 0 %  5 o 1 2 %  

A L 4 S K A N  P R C D UC T I C N  3 1 0 1 ,0 89 I , 48 8 1 '  5 3 8  l ,  5 2 8  1 .  4 6% 4. 9 'i% l o. 3 5:1: 



TABL E  I V  - - PAD V ( Conti nued ) Medi um Cas e 

A l l  R E S POND E N T S  
Median 

1 9 7 7  1 97 8  1 9 8 2 1 98 5  1 9 9 0  
-- ----- ------- ------- ------- -------

D E M A N D  - T OT AL 2 , 7 5 4  3 , 1 1 2  3 , 2 5 0  3 , 4 79 3 , 3 9 9  
l .  L OC A L P R O C UC T D E M A N C  2 , 6 1 4  2 ,6 3 1  2 '  6 7 1 2 , 7 8 4  2 , 7 6 9  
2 .  C R U D E  AN D P R O D UC T  f X P O R T S  7 1  1 63 1 5 0 1 70 1 0 0  
3 .  P � O OU C T S H I P M ENT S T O  O T H E R  O I S T R I CT S  2 1  1 5  2 2  2 1  2 3  
4 .  C R UD E 1 N G L  £. UNF . SH I P M E N T S T O O  4 7  3 0 1  46 3 500 5 0 0  
5 .  C RU D E  L O S S ES 1 1 2 2 

S UP PL Y  - T O T A L  2 , 7 5 4  3 , 1 1 2  3 , 2 5 0  3 , 't7 9 3 , 39 9  
1 o  P R O DU C T I ON - TOTAL 1 , 44 8 2 , 20 9  2 ' 7 7 6  z ,  7 7 4  3 ,  1 3 2  

C R U D E  AN D L E A S E  C O N O E N S AT E 1 , 4 2 4 2 , 1 85 2 , 6 5 1 2 , 8 1 3  3 , 5 2 0  
NG L 2 4  24 2 0  2 5  2 5  

2 .  R E C E. I  P T S  FROM OT H E R  D I S TR I CT S  1 3 5 1 59 l't 3 1 4 3  1 2 3  
t:lj C �UOE , N G L , A N D UNF I N I S �EO 9 6 0 0 0 
I P R ODUC T S  1 2 6  1 53 1 3 9 1 43 1 2 3  0'1 3 • P R OC E S S I NG G A I N ,  E T C . 3 4  - 3 1  6 0  9 0  1 0 5  ....... 4 .  I M P O � T S  - T O T A L  1 , 2 \lt  7 2 5  40 9 40 0  3 8 2  

C R llOE A N D  UN F I N I SH E D  l , D9 9 602 1 7 5  400 2 6 0  
F P O M  O V E R L AND 20 1 2  0 0 0 
F R O M  O F F  SH O R E  1 , 0 7 9  590 4 5 0  3 7 5  3 3 0  

NGL 4 2 

F I N I SH E D  P R O DUC T S 1 1 1  1 2 1 H 1 0 5  8 5  
5 .  S YN C R U O E  0 0 0 0 0 

F R O M  S H A L E  0 0 0 0 0 
F R O M C OA L  0 0 0 0 0 

6 .  F R O M  INV EN TOR Y - 7 7  4 1  0 0 0 
C R U D E  - 6 7  2 8  0 0 0 
P R O D UC T S  . - 1 0  1 3  0 0 0 

1 .  C RU D E  RU N S  2 , 32 3  2 , 287 2 , ft 6 0  2 , 499 2 r 4 9 4  
A L A S K A N  P R O D U C T I O N  3 1 0  1 , 0 89 1 ,  50 0 1 � 500 1 , 5 0 0  



U N !  T f ') S T A T E S  
W E S T IC: R'J E UR O P E  
.I A P /If� 
O T H E R  n E e D  
NC' N-Cl F. C D  

Wl iii -C O M M LJ N  I S  T C O U NT R I E S 
IJ S S R  
E A S T F. U  R O P f  
C 1-t l N I\ 

Ul M M UN I S T  C O UN T R I E S  
T O T A L  C C N S U M PT I C N 

lHJ I T E D  S T A T E S  
W E S T E R N  E UR O P E 
JA P A N  
Cl T H F. R  0 E C D  
N O f\!-'l ': C IJ  

N O r\ - C O M MI J N I S T  C OU N T R Y  E S  
U S S R 
E II ST E U � O P E  
::: l t HJ A  

CO M M U N I S T  C O UN T R I E S  
T O T A L  C C N S U M PT I C N 

TABLE  V 

Worl d O i l Cons um t i on 
Mi l l i on Barrel s/Day 

A L L  R E S P !"HJ D E N T S 
H ig h  

1 9 7  7 1 9 7 8  
---- -- - - -- - - - -

1 8 . 4  l B . B 

1 4 .  2 1. 4 .  6 
5. 3 5. 4 
2 . 6  ?. . 6  
9 . "3 l o. 0 

4 9 . 8  5 1 . 4 

a . o B. 4 

2 . 1 ?. 1 
1 . 5  1 . 7  

u .  0 \ 2  • .?. 
6 1 . 4  6 3. 6 

1\ L L  R E S P mJ D E m S  
Low 

1 9 7 7  1 9 7 8  
- - - - - - - -- -- -- -

1 8 . 4  1 0 . 8  
1 4 . 2 1 4. 6 

5 .  3 5. 4 
2 . 6  2 . 6  
9 . 3 1 o. () 

49 . 8  5 1. 4 

8 . 0  8. 4 
2 .  1 2 .  1 

1 . 5  1 . 7  
u .  6 1 2  • .?. 
6 1 . 4  6 3 .  6 

Med i um Case 

1 9 8 2  1 c; g  5 1 9 q o  

- - - - -- -- - --- - - - -- - - -

1 9 . 6 2 0. 2 2 0 . 4 
1 6 . 1 1 7 .  4 1 8 . 9  

6. 5 7. 5 8 .  2 
2 . 9  3 .  1 3. 5 

1 4 .  1 1 6 . 0  1 8 . 5  
5 7. 7 6 2. 8 6 8 . 1 

9 . 5  1. 0 . 5 l.l .  R 
2 .  8 3 .  0 3. 4 
2 . 7  3 .  5 4. 7 

1 1t o  6 1 6 . 7 1 9 . 3  
7 2. 3 7 9 . 2 8 7. l 

1 9 8 2  1 9 8  5 1. 9 9 0  
- - - - - - - - --- -- - - - -- - - -

l 7. 4 I 6. 6 1 5 . 9 
1 4 . 1  1 3 .  3 1. 2 . 9 

5. 3 5. 2 4 . 13 
2 . 3  2 .  5 2. 4 

1 1 .  0 l l . 4 1 4 . 3 
5 1 . 3 5 1 . 6 5 2 . 4  

8 . 9  9 . 4  9 . 4  
2. 3 z. 1 2. 0 
2 . 0  z .  4 3. 1 

J 2 .  0 1 2 . 7 1 3 . 0  
6 4. 0 6 6 . 7 7 1 . 0 



TABLE  V ( Conti n ued ) 

A L L  R E S P O Nfl F. N T S  

A V E R 4G E  A N D  S T A N D . R O  � E V I A T i nN 

AV ER A G E  

19 7 7  1 9 7 B  1 9 B 2  1 9 B  5 
- - - - --- ------- - - - - - - - -- ---- -

U N  I n : n  S T A T E S  1 8 . 4  l B . B  1 8 . 4  1 A .  6 

lo; (S T " f Hl EU R O P E  1 4 . 2  1 4. 6 1 4. 7  1 4. c; 

J A P A N  5 . 3 5 .  4 5 . 8  6 .  1 

O T H ER Cl E C: D  2 .  6 2 .  6 2 . 7  2 . 8  
� C N- fJEC � 9 . 3 1 o. 0 1 2. 1 1 3. 2 

N:J N-C O M MUN I S T  C O U N T R I E S  4 9 . B  5 1 . 4  5 3 . 3  5 5 . 7 

U S S R B . O  B. 4 9 . 3 1 0 . 0  

U S T E U R O P F:  2 .  1 2. 1 2 .  5 2. 6 

C H I N A  1 .  5 l .  7 2 . 4  3 . 1. 

r: O M M I J N I  S T  C CUNT R I E S  1 1 o 6  1 2. 2 1 3. 9 l '>. 4 

tTl TfJ l t d. C C N S U M P T I  C N  6 1 . 4  6 3 . 6  6 7 . 3  7 1 . 0  

I 
0"1 
w 

A l l  R E S P O ND E N T S 

M ed ian 

19  7 7 1 9 7 B  1 9 B 2  1 9 3  5 
- - - - - - - ------- - - ---- - - - - - - -

U N I T E D  S T A T E S  1 B . 4  l B . 8 l B. 5 1 B. 7 
�I E S T E R N  E UR O P E  1 4 . 2 1 4. 6  t 4 . 6 1 4 . 9  

J A P A N 5 . 3  5 .  4 s. 7 6. 1 
0 T H ER I) E C D  2 . 6  2 . 6  2 . 7  2 .  8 
Nf'�·-f) E C  I) 9 .  3 t o. ()  1 2 . 0  1 3 . 2  

W J N -C O MMUt·l i S T  C O U NT R I E S 4 9 . B  5 1 . 4 5 3. ?.  5 5. 6 
l J S S R B . O  B. 4 9 . 3  t o . o  
E A ST E U R O P E  2 . 1 2. 1 ?.. 4 2 .  6 
UH N A  1 . 5  1 . 7 2 . 4  3 .  2 

CO M MlJN I S T  C Q U N T  R I E  S 1 1 . 6  t 2 .  2 1 4 . 3 1 5 . 5  

T O T A l C C N S U M PT I O N 6 1 . 4  6 3. 6  6 7. 4 7 0 . 2 

1 9 9 0  
- - ---- -

1 B . 5 

1 5 . 5  

6 .  4 

2 . 9  
1 6 . t 

5 9 . 2 

1 0 . B  

3. 0 

4 . 0  

1 7. 2 
7 6 .  5 

1. 9 9 0  
-- ---- -

1 B . A 

1 5 .  3 

6 . 4 

3. 0 

1 6 . 2  

5 9. 2 

u .  3 

3. 0 

4. 2 
1 7 . 7  

7 5 . 6  

Medi um Case 

S TA N D A R J  O E V I A T I O N  

A S  A � O F  T H F.  � E A N  

1 9 B 2  t 9 B 'i 1 9 9 0  
---- - -- ------ - - -- - - - -

3 .  3 1:  5 .  t 'J: 7 . 3 %  
3 . 6 :1:  5 .  n :  8 . 6 %  

6 .  5� 9 . 4 '.1: 1 2 . 4% 

7 .  u 7 . 4 %  t :z . n  
B . 3 % 'l . 9 '.1: c; . o �  

3 . 2 %  4. 5 �  6 .  t. % 
2 . 4 %  4 . 0 %  B . U :  

7 .  2% 1 0 . 5 %  1 5 .  n ;  
9 . 4 %  1 t . 7'f. 1 2 . 7 % 

5 . 9 % 6 .  7 ;  1 1 . 2 % 

3 . 4 %  4. 6 %  6. u: 



TABLES V I  and V I I  

Wor l d  Crude O i l and N atural Gas L i  
Mi l l i on Barrel s/Day 

A L L  R E S PO NO E N T S  
H igh 

Medi um Case 

1 9 7 7  1 9 7 8  1 9 8 2  1 9 8 5  1 9 9 0  

O F.'  C O  

O P E C 

u . s .  
C A N A G A  
�1 . EUR O P E 
J A P AN ,  AUS TR AL I A ,  N F W Z F. A L li N D  

S UB - TO T A L  

V E N E Z U F. L A  

F C U A D r1 R  
J N Ofi N E S I A  

A F R I C A  

A L G E R I A  

L I B Y A  

N I G E R I A  

G A B O N  

M I D OL E  E AS T  
I R A N  
K U �I A I T  

S .  A R A B I A 

I R A Q  
U A E 
Q A T A R  
N r:: U T R A L  ZO N E  

S U A - T O T A L  

N O N -O P f' C  ( E H L . U S SR ,  E .  E UR O P E , CH I N A )  

I J S S R  

l� t X I C 0 
CH H E R  L .  M E R I C A  
A F R I C A  
M I D DL f  F. A S T  
A S I A  

SUB- TO T A L  

E A S T  c U P O P E 
C H I N A  

S U A -T OT A L  

R E F I N E R Y  P R O C E S S I N G  G A I N S  

u .  s .  
OT H F. R  

S U B- T O T A L  

TO T A L  S UP P L Y  

E - 6 4  

9 . 8  
1 .  6 
I. • .5 
o. 5 

1 3 . 4  

2 . 3  
o .  2 

1 . 7  

5 .  6 

1 . 2  

2 . 1  
2. l 

o . z  
2 2 . l 

5 . 7  

1 .  9 
9. 2 

2 . 5  
2 .  0 

0 . 4  

0 . 4  

3 1 . 9 

1 . 1  

1 .  2 
0 . 7  
0 . 6 

o. 7 

4 . 3 

1 o. 9 

0 . 4  

l .  8 
1 3 . 1 

0 . 5 
o. 0 

0 . 5 

6 3 . 2 

1 0 . 3 

1. 6 

l . A  
o .  5 

1 4 . 2  

2 . 2  
0 . 2  
1 . 6 
5 . 3  
1 . 2 
2 . 0  
1 . 9 
0 . 2  

20 . 8  
5 . 2  
1 . 9 
8 . 3 
2 . 6  
1 . 8 
0 . 5  
0 . 5  

30 . 1  

1 . 3  

1 . 2  

o . 8  
0 . 6 

O. A 

4 . 7  

1 1 . 7  

0 . 4  
1 .  0 

1 4. 0 

0 . 5  
o. 0 
0 . 5  

6 3 . 5  

1 o. 4 
1 .  9 
4 . 1 
o. 8 

1 6 . 1 

2 . 7  
o. 2 

1 . 9  
6 .  4 

1 .  5 

2 . 6  
2. 6 
o . z  

2 3 .  3 

4 . 8 
2 . 5 

1 0. 0 

4 . 0 

2. 5 
0 . 6  

0 . 6  

3 4. 1 

3 .  3 

1 . 8  
1 .  7 

1. . 0  

1 .  1 

A .  6 

1 2 . 4 
o. 4 

3 . 2  
1 6. 0 

0 . 6  
o .  0 
0 . 6  

7 3 . 5 

1 o .  3 

2 .  0 

4 . 9 

1 .  0 

1 7 . 8  

2 . 7 
o. 3 

2 . 0  
6 .  8 

1 .  5 
2 . 8  

2. 7 

0 . 3  

2 6 .  4 
5. 3 

2 . 5  
1 1 . 6 

4 . 7  
3 . 2  

0 . 6 

0 . 6  

3 7. 6 

3 . 9  
2 . 1  
1 .  9 
J. . O  

1 .  6 
1 o . o  

1 3 . 3  

o .  5 
4 . 2 

1 7. 6 

o .  7 

0 . 1  
o .  7 

7 9 . 9  

1 o .  9 

2. 3 

5 . 2 
1 . 2 

1 8. 1 

2 . 6  
0 . 4 

� . o  

6 . 5  

1 .  4 
3 . 0  

2 .  5 
0 . 3 

3 0 . 4  

5 .  2 
3 . 0  

1 3 . 4  
4. 9 
3 . 7  

o. 6 

0 . 7  
4 1 . 2  

6 . 1 

2 . 7  

2 .  2 

I . •  1 

2 . 1 
1 3. 7  

1 4 . 6  
o .  6 
5 . 9  

2 o .  0 

0 . 9  
0 . 1 
o. 9 

8 7 . 5  



TABLES V I  and V I I  ( Conti nued ) Med i um Case 

A L L  R E S PO N D EN T S  

L ow 

1 9 7 7  1 9 7 8  1 9 8  2 1 98 5  1 9 9 0  
- - - - - - - - - - - - - - --- ---- - - -- - - - - - - - - - -

D E C O  

u . s .  9 . A 1 0 . 3  9 . 5 8 . 2  6 . 7  
C A NADA 1 .  6 1. 6 1 .  '5 1 . 4  1 .  3 
w .  EUR O P  F. I .  5 1. . 8 2 . 3  3 . 3  3 .  3 

J A P I\N ,  AUS T R AL I A ,  N EW Z E A L A N D  o .  5 o. '5 o. 4 o. 2 o. 2 

S UB- T O T A L  1 3 . 4  1 4 . 2 1 4 . 1 1 3. 7 1 2 . 8 

O f' E C  

V E N E Z U E L A  2 . 3  2 . 2  2 . 0  1 . 8 1 . 5  
E C U A DOR 0 . 2 0 . 2  o. 2 o. 2 o. 1 
I N DO N E S I A  1 .  7 1 . 6 1 . 6  1 . 5  l .  3 
A F R 1 C 4  5 .  6 5 . 3  5 .  2 4. 9 4 . 5 

A LG E R I A  1 . 2  1 . 2 1 . 0  0 . 9  0 . 7 
L I B Y A  2 .  1 2 . 0  1 . 8  1 . 9 1 . 7  
"' I G E R I A 2. 1 1 . 9 2 .  0 1 .  9 t. 8 
G A BON 0 . 2  0 . 2  0 . 2 0 . 2 0 . 2 

M I D OL E E A S T 2 z. 1 20 . 8  l B .  4 1 7. 7  1 7.  6 
I R A N  5 . 7  5 . 2  2 .  2 2 . 2  3. 0 
KU W A I T  1 .  9 1 . 9 1 . 6  1 . 6 1 . 8  
s. AR A B I A 9 . 2  8 . 3  8 .  5 s .  1 9. 0 
I R AQ 2 .  5 2 . 6  2 . 7  3 . 2  3 .  1 
U o\ E  2 .  0 1 . 8 1. 7 1 .  6 l .  7 
Q A T AR 0 . 4  0 . 5  0 . 4 0 . 3 o. 3 

NEUT R AL Z O N E  0 . 4 0 . 5  o .  4 0 . 2  0 . 2  
S U B - T O T A L  3 1 . 9  30 . 1  2 8 . 0  2 7 . 2  2 7 .  2 

NON-O P E C  I EX CL . U S S R ,  E .  E U R O P E ,  C H I N A  I 
- -- - - - - - - - - - -- - - - --- - - - - - - - ----------�-

M E X  ! CO l .  1 l . 3  2 .  2 2 . 6  3 . 4  
OT H E R  L .  A M E R I C A  1 .  2 1. 2 1. 1 1 .  1 1 .  1 
A F R I C A 0 . 7  o . s  0 . 7 0 . 7 o . s  
M I DOL E E AS T 0 . 6 0. 6 o. 5 0 . 4  0 . 3  
A S  l A  0 . 7  0 . 8 o. 8 o. 9 1. 2 

S U B- TO T A L  4 . 3 4 . 7 5 .  A 6 . 6  7 . 3 

U S S R 1 0 . 9 1 1 . 1 1 1. 3 1 1. 6  1 u. 6  
E A S T E U RO P E  0 . 4  0 . 4  0 . 3 0 . 3 0 . 2  
C H I N o\  1 .  8 1 .  9 2 .  1 2 . 3  2 . 5  

S U B - TO T A L  1 3 .  1 1 4 . 0  1 3 . 6 1 4. 4 1 4. 7 

R E f i N E R Y  P ROC E S S  l N G  G A I N S  
� - - - - - - - - - - -- - - - - - - - - - - - -- -

u . s .  o .  5 0 . 5 0 . 5 0 . 5  0 . 4  
O T H E R o. 0 o. 0 o. 0 o. 0 o . o 

S UB- T O T A L  0 . 5  0 . 5 o . s  0 . 5  0 . 4 
T OT A L  S U P P L Y  6 3. 2 6 3. 5 6 4. 8 5 e. 2 7 1 . 5  

·- ------· .. - - --

E - 6 5  



O E C O  

O P EC 

u. s .  
C A N A fl �  

w .  EU P. O PF. 

J � P A N ,  A U S TR AL I A ,  N E W  Z E ALANO 
S U B - T O T AL 

VEI\ E 1 U E l A  
E C: U A IJOR 

I N C C NE S  I A 
A F R I C A  

A L G E R  l A  
L l  B Y A  
N I GER 1 4  
G ABC'N 

M l  n n u :  E A S T  
I R AN 
I< U WA I T 
� .  AR A B I A  

I RAQ 

UA E 
QAT AR 
N E U T R A L  W N E  

SUR- TO HL 

N 8N-OPE C C E X C L . U SS R , Eo E UR O P E ,  C H J NA I  

U S SR 

ME X I C O 

O T H E R  L .  AHER I C A 
A F R I C A  

M I O O L E  E A S T  
A S  I A 

S U B - T O T A L  

E o\ S T  E U RO P E  

C H I NA 

Sll ll-TOT AL 

R E F I NE R Y  P R O C E S S I N G GA I N S  

u .  s. 

or HER 

S U B - T O T A L  

TllT A L  SUPP L Y  

TABLES V I  and V I I  ( Conti nued)  

U L  RE S PONDE N T S  
A V EP AGE A N O  S T A NO A F O OE V I A T i nN 

1 ' H 7  

9 . 8 
1 .  6 
1 o 5 
O o 5  

n. 't 

2 o 1  
Oo 2 
1. 7 
5 o 6 
1 .  2 
2o l 

2 o l 
o. 2 

2 Zo 1 
5. 7 
1 . 9 
9 . 2  
2o 5 
2 o 0  
O. 't 
o . 't  

3 1 . 9  

1 . 1  
1 o 2 
o. 1 
0 . 6  
o .  7 
4 . 3  

\ o .  9 
o . �e 
1 o  8 

1 3. \ 

0 . 5  
o. 0 
o. 5 

6 3o 2 

AV E R o\G E  

1 9 7 8  \ 96 2  

1 0 o 3  
1 . 6  
1 .  8 
O o 5 

1 '*· 2 

2 . 2  
0 . 2  
1 . 6 
5 . 3  
1 . 2 
2 . 0  
1 . 9 
0 . 2  

20 . 8  
5 . 2  
1 . 9 
8. 3 
2 . 6  
1 . 8 
0 . 5  
0 . 5  

30 . 1  

1 . 3  
l o l 
o. 8 
O o 6  
o. a 
4 . 7  

l l .  7 
o. 4 
1 . 9  

1 4 , 0 

0 . 5  
o . o  
o .  5 

6 3 . 5 

9 . 9 
1 . 7  
3. 4 
0 . 6  

1 5 . 5 

lo 3 
o . z  
l o  1 
5 . 7  
1 .  2 
2. 1 
2 . 2  
o. 2 

Z O o  4 
3. 3 
2. 0 

9 o 2 
3. 2 
Z o O  
o .  5 
o. 5 

3 0 . 3  

z .  6 
1 .  5 
1 o 1 
O o 6 
l o  0 
6. 9 

1 1 . 8  
o. 4 
2. 7 

1 4 . 9 

o. 5 
o . o  
o. 5 

6 7 . 7 

\ 9 8 5  

9 .  7 
1 . 7 
leo 0 
0 . 6  

1 5 . 8  

2 .  2 
0 . 2  
1 o  7 
5o 8 
1 . 2 
2. 2 
2 . 3  
Oo 2 

2 1 . 3  
3 . 5  
2 .  0 
9 . 6 
3o 6 
2 . 1 
0. 5  
o. 5 

3 \ .  '* 

3. 2 
1 o 7 
1. '* 
0 . 7 
1 . 3  
a .  2 

1 2 . 3  
o. 4 
3o 4 

1 5 . 9  

o .  5 
o . o  
o. 5 

7 0 . 4 

1 ? 9 0  

9. 5 
1 . 8 
4 . 't  
O o  6 

1 6 . 2  

2. 2 
0 . 2  
1 o  6 
5 . 7 
1 . 1  
2. 2 
2 . 2  
0. 2 

2 2 o  1 
3 o 7 
2. 1 

1 0 . 't 
3o 8 
2 . 2  
O . 't  
o. 5 

3 2 . 5  

'*· 2 
2 . 0  
1 . 6  
0 . 7 
1 . 7 

1 0 . 0  
1 2 . 7  

O. 't 
4 . 't  

1 7 . 2 

o. 5 
o . o  
a. s 

7 6 . 7 

Medi um Case  

S T AN OAR O OF.V I A T J O N  
A S  A t OF T H E  H f: A N  
1 98 2  1 9 8 5  1 9 ?0 

3 .  0 1t 
6 . 5 9 �  

1 3 . 6 8 '&  
20. 3 3t 

3 . 7 0� 

7. 50t 
O t  

6 o 63 '&  
6 . 99'& 

1 2 o 0 3 t  
1 1 . 1 8'& 
.a . H:c 

0 '&  
6 .  66'& 

1 9 . 1t't t  
1 3. 5 8't 

5 . 26 '&  
1 o .  8 \  t 
l l . 62'& 
1 3 . 6 U  
l l. 3 31 

5 . 8 9 11  

1 1 .  3 U  
1 2 o 3 9 1  
2 't o 0 H 
2 3 o "J 9 t  
1 0 . 00 '&  
1 0 . 8 3t 

2 .  ')Q l 
1 2 o 8 6 '&  
1 2 . 2911 

5 . 6 l t  

B .  2 5'& 
o :c  

B . 2 5 'C  
3 .  4 '*'' 

5. 5 9'& 
1 0 . 5 5 '&  
1 0. 6 8 11  
3 1. 7 6'& 

5 . 9 9 '&  

9o 9 8t 
1 5 . 5 6 '& 

7 . 5 2 '&  
7 .  7 12:  

1 't . 7 5 t  
1 2 . 5 6!: 

8 . 1 8 '&  
1 5 . 9 3 '( 

a. 85� 
2 1 . 40 t  
1 3 .  7 't t  
1 0 .  't 4 t  
1 0 . 8 9 '&  
\ A. 2 5 't  
\ 4 . 9 8 t  
z 1 .  761: 

7 . 1 6 t  

1 1 . 't 6t 
1 5 . 1 't t 
2 2 . 't H 
2 6. 't6t 
1 6 . 4 6 '&  

9 .  2 2 :(  
't . 7 3 :C  

1 6 o 5 6 't 
\ 6. 411J: 

6 . 't 8 t  

1 1 .  1 flt 
3 7 't .  1 7 '1:  

1 l . 1 5 f. 
6. 721: 

1 1 .  'l lot 
1 5 .  09'& 
1 2 . 0 3'& 
3 8. 42t 

9o 15t 

1 3 . 3'Jt 
2 8 . 9 flt 
10 . 0 3 � 

7. 55t 
.... 3 6 1  
1 6 . 6 2 '1; 

7. 2 5 1  
1 6 . 3 31: 
1 2. OOt 
1 9 . 3 7 :(  
l ie .  0 't :l:  
1 3 . 1 3't 
1 3 . 57 :1:  
22. 59:( 
2 2 .  1 2 1  
2 5 . 1 0 1:  

9. 091 

1 5 . 6 9 '&  
2 1 . 5 7 :1:  
2 3. 20 '& 
33. 7 31: 
1 5 . 8 3 'C  
1 5 . 2 5 :1:  

9. \ 0 '1:  
29 . \ 6 :1:  
22. 90t 
1 0. 3 0 1:  

2 0 . 5 5 1  
3 60 . 5 61 

\ 9 . 8 9 '1:  
5 .  6 1  J: 



TABLES V I  and V I I  ( Conti n ued ) Medi um Case 

A L L  R E S P O N D E N T S  
r� e d i a n  

1 9 7 7  1 9 7 8  l 9 Fl 2 1 9 8 5  1 9 9 0  
- - - - - - - - -- - - - - - - - --- - ---- -- - - - - - - - -

O E C D  

u . s .  s. 8 1 0 . 3 9 . 9 9 . 8  9 . 5 
C A N A D A  1.  6 l. 6 1 .  7 1 .  7 1 . 8  
�� . EUR O P E l .  5 1 . 8  3 . 5  3 . 9 4 . 4 

J A P AN , A U S T R AL I A ,  N EW Z E A L A N D  o .  5 o. 5 o. 5 o. 5 o. 6 

S UB- T O TA L l 3 · '• 1 4 . 2 1 5 .  7 1 6 . 0  1 6 . 6  

O P E C  

V E N E Z U E L A  2 . 3  2 . 2  2 . 3 2 . 3 2 . 3  

E C U fi DOR o • . z 0 . 2  0 . 2  o . z  0 . 2  

I N C O N E S I A  1 . 1  1 . 6 1. 6 1. 1 1 . 6  

A F R I C A  5 . 6 5 . 3  5 . 1 5 . 8 5 . 7 
AL G E R  l A  1 .  2 1 . 2 1 . 2 1 . 1 1 . 2  

L I  B V A  ?. . 1 2 . 0  ;?. .  0 2. 1 2. l 

N I llER I A  2 . 1  1 . 9 2 . 2  2 . 3  2 . 3  

G A B O N  o .  2 0 . 2  o. 2 o. 2 o. 2 

M I D D L E  E A S T  2 2 . 1 20 . 8  2 0 . 3 2 1 . 0  2 2 .  l 

I R AN 5 . 1 5 . 2  3 . 1 3 . 5  3 . 4  

KUW A I T 1 . 9  1 . 9 2 .  0 1. 9 2. 1 

s .  AR A B  l A  " ·  2 8 . 3  9 . 1  9 . 4  9 . 8 

I R A Q  2. 5 2 . 6  3 .  2 3. 5 3 . 7  

U A F.  2 . 0 1 . 8 1 .  q 2 . 0 2 .  0 

QAT A R  o .  4 0 . 5  o .  5 0 . 5  0 . 5  

N E U T RA L  Z O N E  0 . 4  0 . 5  0 . 5 o. 5 o. 5 

S U R- TO T A L  3 1 . 9  30 . 1  3 0 . 0  3 1 . 0  3 2 . 2  

N O N -O P E C  ( F: X C L .  U S S R , E .  E U R O P E ,  C H I N A I 
-- - -- - - - ------- - ---- - - - - ---- ------- --- -

!� E X  l C D 1 .  1 l o  3 2 .  6 3. 2 4 .  1 
O T H E R  L .  A M E R I C A  1 . 2  1 . 2  1 .  5 1 . 1 z. 1 

A F R I C A  0 . 1 o . a  1 . 1  1 . 3 1 . 5  

/� ! D O L E  E AS T  o .  6 o. 6 0 . 6 0 . 6 o. 6 

A S I A  0 . 1 o . a  l . O  1 . 3  1 . 7  
S U B- T O T AL 4. 3 , .. 7 6. 7 A .  1 1 0 . 0 

U .S SR 1 0 . 9  1 1 . 7 1 1 . 9  1 2. 2 1 3 . 0 
E A S T  Ell R O P t  o. 4 0 . 4 0 . 4 0 . 4 0 . 4  

C IH N A 1 .  8 1 . 9  2 . 8 3 . 5 4 . 4 

SU B- TO T A L 1 3 . 1. 1 4 . 0  1 5 . 2  l 5 .  5 1 6 . 4  

R E F I N E R Y  P R O C E S S I N G G A I N S  
----- - - ------------------

u . s .  o .  5 o. 5 o. 5 o .  5 o. 5 
O T H E R  o . o o . o  o . o  o .  0 o . o 

S U R- T OT AL o. 5 0 . 5 o. 5 0 . 5  o . s  

T OT A L  SI J P P L  V 6 3. 2 6 3 . 5 6 7. 4 7 o . 7 1 7 .  1 

·- -- - - - - - - - - -

E - 6 7  
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TABLE  I 

Tota l P r i mary U . S .  Energy Cons umpti on by Fuel s 

.� L l  R E S PO NO E I'H S  

C E LL C OUNT 

1 98 2  
- - - - - - -

P E T RO l E UM l i Q U I OS n 
N H .  G A S  I DHV I 1 3  
C OI\ l  n 
N IJ C l E A R  1 3  
O TH I: I<. S P E C  I F V  1 3  
T O T Al P R  I M 4R Y E N ER G Y  1 3  

TABLE  I A  

1 9 8 5  
- - - - - - -

1 6  
1 6  
1 6  
1 6  
1 6  
l 6  

Economi c As s umpti ons 

A l l  R E S PO ND E N T S  

C E ll C OU N T  

1 9 8 2  

1 'J9 0  
- - - - - - -

1 6  
1 6  
1 6  
1 6  
1 6  
1 6  

1 9 8 5  

Med i um Case 

Medi um Case 

1 9 90 
- - - - - - - - - - - - - - - - - - - - -

GNP � S SUMP T ION I B l l l Hl N  1 9 1 2  . .  l 4  1 7  1 6  
F R I\ I N D E X  O F  I N D .  P RO D .  ( 19 6 7 = 1 0 0 ) 1 2  1 4  1 3  
P O I> lJl A T I ON I M l  f>- Y E A R , 000 ) 1 3  1 6  1 5  
D I S PO S A B l E P E R SO N Al I N C O M E  I B I L l i O N  1 9 1 2 $ )  1 1  1 3  1 2  



TABLE I I I  Medi um Case 

Domes ti c Demand  for Products - - Tota l U . S .  

A L L  R E S PO N D E N T S  

C R L  C OIJNT 

M OT O R  G AS O L  ! N t :  L E A D E O  - P R E M I UM 

- N ON- P R E M I UM 

S .  H JT U  

U NL E A D E D  - P R E H I U M  

- N O N - P R E M I UM 

S. T O T A L  

TOT AL M O T O R G A S O L I NF. 

A V I A T I O N  GA SO L I NE 

.J ET FI J E.l : NAP T H 4  T Y P E  

K E RO S I NE T Y P E  

S P F.C i o\L N A P T H A  

K ER Cl S T  N E  

TO T A L  J E T  F UE L 

D I ST I L L A T E  F U E L  O I L :  N O . � O I L. 

R E S I O I J A L FU E L  

N 0 . 4  O I L  
D I E SE L - O N  H I G H W AY 

- O F F  H I GHWAY 

O T H E R  D I S T I L L AT E  

TO T 4 L O l S T I L LA TE F UE L  O I L 

O I L :  0 . 5 �S 

• 5 1  - 1 .  0% s 

1 . 1  - 2 . 0 'J: S  

2 .  0 �  s + 

L T  Q!J E F I E D  G A S E S : 

TO T A L  R E S I D U A L  F UE L  O I L 

E T H A N E  

P F. T RO CH ErO C A L  

L IJBR ! C A NT S  

w o\X r:s 

C O K E  

P R O P A N E  

BU T AN E  

P R O P AN E / B U T A N E  M I X  

TO T A L  L I Q UE F I E D G A S E S 

F E EDS T O CK S : S T I L L  G A S  

4 0 0  E P  N A P T H A  

O THE R 

T O T A L  P ET R O CH E M I C A L  F E ED S T O C K S  

A S P HAL T !: P O A D  O I L 

S T I L L G A S  F O R  F U E L  

M I S C E L L A N E O U S  P R OD UC T S  

T O T A L  D E M A N D  

ET H A N E  

PR O P A N E  

A LI T A  fil E  
P R O P AN E / AU T A N E  M I X 

T O T A L 

E - 6 9  

1 9A 2  1 9 8 5  1 9 9 0  

2 
2 

5 
2 

2 

5 

1 3  

\ 0  

6 
6 

1 3  
9 

1 0  

3 

2 

4 

\ 

2 

\ 3 
3 

3 
3 

3 
1 3  

3 
\ 

1 

1 

l l 

5 
5 

5 
1 0  

8 
8 

8 

A 

8 

7 

1 3  

3 

1 

l 
1 
6 

5 

5 
8 

5 
5 

8 
1 6  

1 3  
1 0  

1 0  

t 6  

l l  

1 3  

6 

4 
8 

4 

5 
1 6  

6 

6 
6 

6 

1 6  
6 
4 

3 

2 

1 4  

8 
7 

8 

1 3  

l l  

l 1  

t l  

1. 1. 
t l  

1 0  

1 6  

6 
) 

3 

1 
9 

5 

5 

8 

5 
5 
8 

1 6  

1 3  

1 0 

1 0  

1 6  

l l  

1 3  

6 

4 

8 

4 
5 

1 6  
6 

6 

6 

6 
1 6  

6 
4 

3 
2 

1 3  

8 
7 

8 

1 3  

t l  

n 

l l  

l l  
1 1  

1 0  

1 6  

6 

3 

3 

1 
9 



TABLE  I I  I Med i um Case 

Domesti c Demand  for Products -- PADs I - I V 

M O T O R  G A S O L I N E :  L EA Dc � - P R E M I U M 
- N ON - P K E M I UM 

S . T OT A L  
UNL E AD E D - P R E M I U M  

- NON-PHM I UM 
S. T O T A L  

T O T AL M O T O R  G A S OL I NE 
A V I A T I O N  G A SO L I NE 
J H F U E L : N AP T H A  T Y P F  

K E fl O S I N E T Y P E  

S P EC I IIL N A P T H A  
K H O S I N E 

TO T A L  J E T F U E L  

D I S T I L L A T E  F U E L  O I L :  N 0 . 2 O I L  
N 0 . 4  O I L 

R..E S I  D U A L F U E L  

D I E SE L  - G N  H I G H W AY 
- O F F  H I GH W A Y  

O TH E R  O I S T l l l AT E  
T O T AL D I S T I L L A T E  F U E L  O I L  

O I L :  0 . , � S  

• 5 t - t .  0� s 
1 . 1  - z . o � s  

z .  0 %  s + 

L I QUE F I E D G A S E S :  

T O T AL R F S I DU AL F U F. L  O I L  
E T H A K E  

P E T R O C H E M I C A L  

P R O P A N E  
B U T  Ml E 

P R O P A N E / B U T A N E  M I X  

T O T A L  L I Q UE F I ED G A S E S  

F E E DS T O C K S : S T I L L GA S 
4 0 0  E P  N A P TH A  
O T H E R  

A L L  R E S PD N D F. :H S  
C E L L  C OU N T  

1 9 A 2  1 9 A 5  1 9 9 0  

T O T A L  P E T R O CH E M I C A l  F E E DS T O C K S  

0 
0 
l 
0 

0 

1 
5 
2 
1 

1 
4 
1 

2 
0 
0 
2 
0 
0 
4 
0 
0 
0 
0 
4 
1 
0 
0 
0 
2 

0 
0 
0 
1 

1 
1 

l 
1 

l 

1 

1 
2 
1 
l 
2 
B 
4 
3 

4 
6 

2 
4 
1 

0 
3 
l 
1 
7 
2 
l 
2 
2 
7 
2 
J 
1 
0 

3 
l 

1 

1 

2 
2 
2 
2 
2 
2 
2 

l 
1 
2 
1 
l 
2 
8 
4 
3 

4 
6 
2 
4 
1 

1 
3 
1 
1 
7 

2 
1 
2 
2 
7 

2 
1 
1 
0 
3 

1 
1 

1 

2 
2 
2 
2 
2 
2 
2 

L U I' fl ! C o\ N T S  
W A X E S  
C O K E 
A S P H A L T  � R O A D O I L  
S T I L L  !, A S  F O R  F U E L  
M I S C E L L AN EO U S P R O DU C T S  

T O T A L  D E M AN D  

E T H A N E  
P R O P AN E  
B U T A N E  
P R O P A N E / B U T A NE M I X  

T O T AL 

E - 7 0 

4 

l 
0 
0 
0 
l 

7 

2 
1 
1 
0 
2 

7 

2 

1 
1 
0 
2 



TABLE I I I  Med i um Case 

Domes ti c Demand for Products - - PAD V 

A l l  R E S P O ND E N T S  
C E L L  c ourn 

M OT O R  G A SOL I N E :  L E A D E D  - P R E M I UM 
- N C N - PR F. M I UM 

S .  T OT A L  
UN L E A D E D - P R E M I UM 

- N O N - P R E M I UM 
S. T OT A\­

T O T AL M OTO R G A SO L I NE 

A V I A T I O N  G A S O L I N E 

J ET FU E L : N A P T HA T Y P E 

K E RO S I NE T Y P E  

S P EC I AL N AP T HA 

K f: F- IJ S I N E  

TOTA L JE T F U E L 

D I ST I L L A T E  F UE L  O I L :  N0. 2 O I L  

N 0 . 4  O I L  

R ES I DU A L  FU EL 

D I E S E L  - O N  H I GHW AY 

- O F F  H I GHWA Y 

OT H E R D I ST I LL A T E  
TO T A L  D I S T I L L A T E  F UE L  O I L 

O I L :  0 . 5 � S  

• 5 1  - 1 .  O:f: S 

1 .  l - 2 .  O % S  

2 . o � s  + 

l i  Qt J E F  I ED GA S ES :  

T O T A L R E S I C UA L  F U E L  O I L  
E T HAN E 

P E T RO C H EM ! C AL 

L UB R I C A N T S  

W A X E S  

C GKE 

P R O P A N E  

B U TA N E  
P R O P AN E / B U T A N E M I X  

TOT A L  L I QU E F I E D  G A S ES 

F E E D S T OC K S :  S T I L L G A S  
4 0 0  E P  N AP T H A  

OTH E R  

T O T AL P ET RO C H E M I CA L  F E ED S TOC K S  

A SP HA L T  1: R O AD O I L 
S T I L L G A S  FO R F U E L  

M I SC E L L A N E O U S  P R O DU C T S  

TOT A L  D E MA N D  

ET HAN E  
P R O P A N E  

R U T A N E  
PRO P AN E / BU T AN E  M I X 

TO T A L 

E - 7 1  

1 9 8 2  1 9 8 5  1 9 9 0  

0 

0 

1 
0 
0 

l 
5 
2 
1 
1 
'• 
1 
2 
0 

0 

2 
0 

0 

4 
0 
0 

0 

0 

4 
1 
0 

0 
0 

2 
0 
0 

0 

l 
1 
l 
1 
1 
1 

l 

4 

1 
0 

0 
0 

1 

l 

t 

2 
t 

1 

2 
8 
4 

3 
4 

6 

2 
4 
1 
0 

3 

1 
1 
1 

2 
1 
2 

2 

1 
2 

l 

1 
0 

3 

1 
1 
1 

2 

2 
2 

2 

2 

2 

2 

1 

2 

1 

1 
0 

2 

1 
1 
2 

1 

1 

2 
8 
4 

3 
4 

6 

2 

4 

1 
0 

3 
1 

1 
1 

2 
1 
2 
2 
1 
2 
1 
1 
0 
3 

1 
1 
1 
2 
2 

2 

2 

2 
2 

2 

1 

2 

1 
1 
0 

2 



TABLE  I I IA 

Moto r Gasol i ne As s umpti ons 

A L L  R E S PO ND E N T S  
C E L L  C OU N T  

P A S S EN G E R  C A R S I N  U S E I T HO U S A N D S I  
N EW C A R  R E G I S T R AT I O N  ! T H OU S A N D S ! 

T O T A L  M I L E S  T R A V E LE D- M I L L I O N S  
A V ER AGE M ! L F. S P E R C A R I A L L  C A R S )  
A V EP A G E  M I L ES P E R  G A L L O N  I N E W  C AR S I  
A V rR A GE M P G  I AL L  C A R S I  
D I E S F. L  P A S S E N G E R C A R S A L E S ( T HOU S AN D S ) 
A V ER A G F � I L E S  P E R  G A L L O N  I NE W  TRUC K S ! 

L E A D E D  P R E M HIM 
L E A D E D  NO N - P R E M I U M 
UN L E A D E �  P R E M I U M 
U N L E A D E D  N O N- P R E M I U M  

Medi um Case 

1 9 8 2  1 9 A 5 1 9 9 0  

1. 0  

1 2 

1 2  

1 2  

1 2  
1. 1 

7 

5 

6 
7 
7 
7 

1. � 
1 4  
l 't 
1 4  
1 4  
\ 3  

9 
6 

5 

9 
9 

9 

l l  
1 3  

1 3  
1 3  
1 3  
l 3  

9 

5 

3 
9 

9 
9 



TABL E  I V  ��edi  urn Case 

U . S . Petro l eum S upply/ Demand Ba l ance 

D E M A N D  - T O T AL 

1 .  L OC AL P R O DU C T  O E ,'-I A N D  

A l l  R E S P O ND E N T S  
C E L L  C DU tH 

2 .  C R UD E  A N D  PI< O D U C T  E X P O R T S  
3 .  P R Q DI J C T  S H I P M E N T S  T O  O T H FR D I S TR I C T S  

4 •  CRU I"l E ,  N GL & l J N F .  S H I P M EN T S  T O O  

5 .  C R U D E  L O S S E S  
S U P PL Y  - T O T AL 

1 .  PR ODUC T I G N - T O T A L  

C R U D E  A N D  L E A S E  CON D E N S A T E  
N G L  

2 .  R E CE I P T S  F R O M  O T H E R  D I S TR I C T S  
C R. I J O F. ,  N GL , A N D  U N F I N I S H E D  
P R O D UC T S  

3 .  P RO C E S S I N G  G A I N ,  E TC .  
4 o  I M P O RT S - T OT A l  

C R UD E  A N D  UN F I N I S H E D  

fll fJ r� O V F R L  A N D  
F RO M  O F F SH O R E  

N t, L  
F I N I S HE D  P R O DU C T S  

5 .  S Y N C R U IJ E  
F RO M  S H A L E 

F R O M  C OA L  
6 .  FR O M  I N V E N TO R Y 

C R U D E  
P R O D UC T S  

7 . C RU I"l E  R U N S 

A L A SK A N PR O D UC T I O N  

l 9 A 2 l 9 R 5  1 9 9 0  

1 1  
1 2  

1 1  

1 1  

1 1  

A 

t l 
1 2  
1 2  

1 2  

l l  
l l  
1 1  

1 2 

1 1  

9 
5 
'i 
4 

9 

9 

9 

9 

9 
6 

6 
8 

1 0 

1 4  

1 5  

1. 4  

1. 4  

1 4  

t o  

1 4  

1 5  

1 5  

1 5  

1 4  

1 4  
l 4  

1 5  

1 4  

1 1  

7 
7 

6 
1 1  

1 2  

1. 0 

1 0  

1 2  

9 

9 

1 0  

1 3  

1 4  

1 5  

1 4  

1 4  

1 4  

t O  
1 4  

1 5  

1 5  
1 5  

1. 4 

1 4  

1 4  

1 5  

1 4  
1 1  

7 
7 
6 

1 1  
1 3  
1 1  
l l  
1 2  

9 

9 

1 0  

1 3  
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TABL E  I V  Medi um Case 

U . S .  Petro l eum S upply/ Demand Ba l ance -- PAD V 

f"> E "1 A N ;-J - T O T -\L 

1 .  L OC A L  P R O D U C T  D E M A N D  

2 .  C R  UDF A N i)  PR O DUC T E X P O RT S  

A L L  R E S PO N D E N T S  

C E L L  C OU N T  

1 9 8 2  
- ·  ... - - - - -

4 

'• 

4 
3 .  P R O OI J C T  S H  I P o"' E IH S  TO O T H E R  D I S TR I C T S  3 
4 o  C RU D E , N G L  f. U N F .  S H I P M EN T S  T O O  4 

5 .  C R U D E  L O S S E S  2 
S U P P L Y  - TOT A L  4 

1 . P R O D UC T I O N - TO T A L  5 

C R U C F:  MJ f) L E AS E  C O N D E N S A T E  4 
NG L 4 

2 .  R E C E I P T S  F R O M  O TH E R  D I S T R I C T S  4 

C R I J fJ E ,  N GL , A N D  U N F l N l S H F. D  4 
P P O O U C T S 4 

3 .  P R O C E S S I N G G A I N , E T C .  5 

4 .  I M P O R T S  - T nT A L  4 
C R U D E  o\ N D  UN F I N I S H E D  4 

F RO !� O V F' RL AN D 3 

F RO M  O F F SH O R E 3 
N G L  z 
F I N I S H E D  P RO DU C T S 4 

5 .  S Y N C  R U D E  5 
f R O r� S h A L E  5 
F R O M  C OA L  5 

6 . F R O M  I N V E N T O R Y 4 
C P U O E  4 
P R O DUC T S  4 

7 .  CRJJ D E  R U N S  3 
A L A S K AN P PO O U C T I O N  4 

1 9 8 5  1 9 9 0  

- - -- - -�- - -· - - - - - -

5 5 

5 5 

5 5 
4 4 

5 5 

3 3 
5 5 

6 6 

5 5 

5 5 
5 5 

5 5 
5 5 

6 6 

5 5 

5 5 

4 4 

4 4 

2 2 
5 5 

6 6 

6 6 

6 6 

6 6 

6 6 

6 6 

4 4 

6 6 
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TABL E  V 

Worl d Oi l Cons umpti on 

U N I HO S T A T E S  

W E S T E R �� E U P O P E  
J A P A N  
O T H ER 0 !' C D  
NON -rlf. C f)  

A L L  R E S P CNDE NT S 
C E L L C O UNT 

N O N- C O � M UN I S T C O UN TRI E S  
U S S R  

E A S T E U R.O P E  

C H I N A  

C O M M UN I S T C OU N T RI E S  

T O T A L  C ON S U M P T I ON 

1. 9 8 2  

1 t 

1 0 
1 0  

7 
7 

t 1. 

5 
5 
5 
9 
9 

Medi um Case 

1 98 5 1 99 0  
- - - - -- - - - - - - -- -

1 5  1 5  
1 4  1 4  

1 4  1 4  

9 9 

1 0  9 
t 6  1 5  

7 7 
7 7 
7 7 

l l  l l  
1 1  l l  



TABLES V I  and V I I  Medi um Case 

Wo rl d Crude O i l and Natural  Gas L iqu i ds S upply 

O E C D  

u .  s .  
C A N � C �  

W .  E U R O P E  

A L L  R E S P 0 Nf1 E N T S  

C E L L  C OU N T  

J A P A N ,  � U S TML I A ,  N E W  Z E I\ L A N O  

S U B- T O T AL 

O P E C 

V E N U U E L A  

Er. U o\ OOR 
I N D O N E S I A  

A F R. I C A  
A L G E R  T o\  
L I B YA 

N I G E R I A  

G A O O N  

�11 D O L E E A S T  

I R A N  
K U �I A  I T  
S .  A R A O I  A 
I R A Q 
U .o\ E  
Q 4 T AR 

NE U T R A L l O N E  

S UB- T O T A L 

N ON- O P E C  I E X CL .  U S S R ,  E .  E U R O P E ,  CH I N A I 
.._ _ _ _  - - - .... _ _ _ _ _  ., .. _ _ _ _ __ ---------- - --------

U S S R  

M f X  ! C O  
O T H I" R. L .  A M E IU C A  

1\ F R· f C o\  
M I D DL E  E A S T 

A S I A  

S U B- TO T A L  

f A S T  F U I H J P E  

C H I N <\  

S UE\ - Tr H A L  

R E F I N � R Y  P R O C E S S I N G  G A I N S  

u . s .  
O T H F. R  

'i UA- TO T A L  

TO T AL S U P P L Y  

E - 7 6 

1 9 8 2  1 9 8 5  

t z  

t 2 

1 2  
1. 2 
l 2 

1 2  
1. 2 
1 2  

l 2 
1 1 

l l  

1 1. 

1 1 

1 2  

1 1  

\ 1  

1 1 

ll. 

1 1 
1 1  

9 
1 2  

1 2 
1 0  

1 0  

t O  

1 0  

1 2 

6 

6 

6 

9 

1 2 
1 2 
1 2  

9 

1 6  

1 6  

1 6  

1 6  

1 7  

1 6  

1 6  

1 6  

1. 6 

1 5  

1 5  

1. 5 

1 5  
1 6 

1 5  

1 5  

1 5  

1 5  

1 5  

' 5  

1 3  

l 7  

1 6  

1 3  
l 3  

1 3  

1 3  

1. 7  
7 
7 
7 

1 1  

' 5  
1 5  

t 6  

1 2  

1 99 0  

1 5  

1 5  

1 5  

l. 5 
1 6  

1 5  

1 5  
1 5  
1 5  
1 4  

1 4  

l 4  

1 4  

1 5  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 2  

1 6  

1 5  
1 3  
1 3  
1 3  
1 3  
1 6  

7 
7 
7 

1 1  

1. 4 

1 4  

1 5  

l l  



TAB LE I 
Low C a s e  

Tot a l  U . S .  Primary Energy C onsump t i on by Fue l s  
(Tri l l i on Btu) 

1 9 7 8  1 9 8 2  1 9 85 1 9 9 0  

Petro l eum Liqui ds 3 8 , 0 1 4  3 5 , 7 5 5  34 , 91 0 33 , 68 0  

Natural Gas (Dry )  2 0 , 0 3 9  1 9 , 94 0  1 9 , 5 3 5  1 9 , 59 0  

Coal 1 4 , 0 7 0  1 7 , 1 4 5  1 9 , 5 5 5  24 ' 1 8 0  

Nuc l e ar 2 , 9 7 7  4 , 065 5 , 29 5  7 , 0 1 5  

Other 3 , 3 4 3  3 , 3 7 5  3 , 62 0  4 , 1 25 

Tot al Primary Ene rgy 7 8 , 4 4 3  8 0 , 2 8 0  8 2 , 91 5  8 8 , 5 9 0  

TAB L E  I A  
L o w  C a s e 

E c onomi c and Ene rgy Assump t i ons 
P e rt inent t o  U . S .  En ergy Demand/Suppl y  F o re cast 

Economi c Ass umpt i ons 1 9 7 8  1982  1985  1 9 9 0  

Re al GNP 
(Bi l l i on 1972  $ ) 1 , 3 8 3  1 , 4 9 0  1 , 63 0  1 , 8 2 0 

FRB Index o f  I n dus t r i a l  
Product i on 
( 1967= 1 0 0 )  1 4 6  1 6 0  1 7 5  2 0 5  

PoEu l at i on 
(Mi d-year , 0 0 0 )  2 1 8 , 5 0 0  2 2 6 , 3 8 5  2 3 2 , 8 1 5  24 3 , 75 0 

Di sEos ab l e  Person a l  In come 
(Bi l l i on 1 9 7 2  $ ) 9 6 6  1 ,  04 0 1 , 1 3 5  1 ,  28 5 

Note : Tab l e  I I  h as been de l e t e d . 
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TABLE I I I  

Domestic Demand for Products -- Total U . S . * 
(MB/D ) 

Actualt Low 
1 978 1 982 -- --

Motor Gasoline : Leaded - Premium 934 5 0 0  
- Non-premium 4 , 1 06 2 '  1 0 0 

Subtotal 5 , 040 2 , 6 0 0  
Unleaded - Premium 185  3 0 0  

- Non-premium 2 ,  187  4 , 0 0 0  
Subtotal 2 , 3 72 4 , 3 0 0  

Total Motor Gasoline 7,4 1 2  6 900  
Aviation Gasoline 39 4 5  
Jet Fuel : Naphtha Type 199 1 9 5  

Kerosine Type 858 885 
Total Jet Fuel 1 ' 0 5 7 1 , 08 0  

Special Naphtha 1 0 3 95  
Keros ine & Heating Oi l # 1  2 1 5  1 76 
Distil late Fuel Oil : #2 Oil 1 , 385 1 , 1 9 0  

#4 Oil 6 1  6 0  
Diesel - On Highway 797 890 

- Of f Highway 1 9 1  2 0 0  
Other Distil late 958 924 

Total Distillate Fuel Oil 3 392 3 264 
Re sidual Fuel  Oil : 0 - 0 . 5%S  862 7 2 0  

0 . 5 1  - 1 . 0%S 7 1 6  5 1 5  
1 • 1 2 . 0%S 64 1 430  
2 . 0%S + 804 7 3 5  

Total Res idual Fuel  Oil 3 , 0 2 3  2 , 4 0 0  
Liquified Gases : Ethane 433 440 

Propane 778 890 
Butane 1 6 7 1 3 0 
Propane/Butane Mix 35 40  

Total Liquified Gases 1 ' 4 1 3  1 , 5 0 0  
Petrochemical Feedstocks : Still Gas 55 50  

4 0 0  EP Naphtha 2 0 5  2 6 5  
Other 335 435 

Total Petrochemical Feedstocks 595 7 5 0  
Lubricants 1 7 2 1 7 5  
Waxes 1 7  2 0  
Coke 2 56 2 5 0  
Asphalt & Road oil 479 490 
Still Gas for Fuel 548 5 1 0  
Mi scellaneous Products 1 28 1 4 0  

Total Domestic Demand for Products 1 8 , 847 1 7 , 795  

Case Projection 
1 985 1 990 -- --

0 0 
1 ' 6 0 0  5 0 0  
1 ' 6 0 0  5 0 0  
1 ' 7  0 0  2 , 0 0 0  
3 , 2 0 0  3 , 5 0 0  
4 , 9 0 0 5 , 5 0 0  
6 , 5 0 0  6,0 0 0  

40 55  
2 0 0  2 1 5  
9 0 0  985 

1 '  1 0 0  1 ' 2 0 0  
1 0 0 1 1 5 
1 63 1 5 5  

1 , 1 2 0 1 , 0 40 
65 65 

1 ' 0  00  1 , 1 5 0 
2 1 5  2 3 0  
962 9 75 

3 362 3,460 
5 5 5  4 1 0  
440 3 1 0  
380 2 50 
625  480 

2 , 0 0 0 1 ' 4 5 0 
420  4 1 5  

1 ' 0 30  1 , 065 
1 4 5  1 7 5 

5 0  4 5  
1 , 645 1 , 7 0 0  

5 5  55  
280 340 
465 5 5 5  
8 0 0  9 5 0  
1 8 0  1 9 0  
2 0  2 0  

265 260 
5 3 0  5 5 0  
5 2 0  5 0 0  
1 5 0 1 9 0  

1 7 , 3 7 5  1 6 , 795  

*Data derived from the  December 1979 NPC Survey of u . s .  and World Energy and  Oi l 
Supply/Demand Forecasts . Components may not add to subtotals due to independent 
rounding . 

tTotal u . s .  per Petroleum Statement , Annual ,  Final Summary , November 7 ,  1 9 79 . 
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TAB LE I I I A 
Mo t o r  G a s o l i n e  Demand As s ump t i o n s  - - L ow C a s e  

Pas s enge r Cars In U s e  
(Thous and s )  

New Car Regi s t r a t ions 
( Thous and s )  

1 9 7 8  

1 0 2 , 9 5 7 1 

1 0 , 9 4 6 1 

19 82  1985  1 9 9 0  

1 0 6, 0 0 0  1 1 0 , 2 5 0  1 1 7 '  1 00 

1 0, 9 0 0  1 0, 8 5 0  1 0, 9 0 0  

T o t a l  M i l e s  Trav e l e d - P a s s enger Cars 1 , 1 7 1 , 0 9 2 2 1 , 1 68 , 9 0 0  1 , 2 2 3 , 7 0 0  1 , 3 2 9,4 0 0  
(Mi l l ion s )  

Average M i l e s  Per C a r  
(All Ca rs ) 

Average M i l e s  Per G a l l on 
(New C ar s )  

Average M i l e s  P e r  G a l l on 
( A l l  Ca r s )  

D i e s e l  P a s senger Car S a l e s  
(Tho u s and s )  

Average Mi l e s  P e r  Ga l l on 
(New Trucks ) 

O c t ane Level Imp l i c i t  in 
Your Moga s Demand For e c a s t  ( R+

2
M ) 

Leaded P r emium 
Leaded Non-Pr emium 
Unl e a d e d  Premium } 
Unleaded N on-Premium 

1 0 , 0 4 6  1 0, 9 5 0  1 0' 94 5 1 1 ' 0 8 5  

----=2-=-1 -----=2:..:::.3 ___ _:2:..::.5 

-----=1:..::6 ___ _:1:..::.8 ___ _:2:..::.0 

1 3 5  

-----=1�7 ___ _:1_:8 ___ _:1_:9 

9 4  5 9 4  
9 ci 5" -89 8 9 8 9 

·---� ------ -------- ---------
8 9 5 9 3 ___ _:9;._:4 ___ _:9:.....:.4 

------=--=-- ---�8�7 ____ _::8�7 ___ _;8::...:._7 

1 Sour c e : R .  L .  P o l k . Mid-year e s t imat e .  

2 Sourc e : Depar tmen t o f  T r an s po r t a t i on .  

3 EPA e s t imat e .  

4 Sour c e : DOT . Two wh e e l  d r ive veh i c l e s  on ly . 

5 S ource : Mot or Gas o l in e , Winter 1 9 7 7 - 1 978 . DOE . Ca l endar year 19 7 7  c a l cu la t e d  
a s  average o f  S ummer 197 7 and W in ter 7 7 - 78 .  
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TAB L E  I V  
U . S .  P e t r o l eum Supply/ Demand B a l a n c e  fo r U . S .  T o t a l  a n d  PAD V - - Low C a s e  

DEMAND - TOTAL 
l .  Loc a l  Product Demand 
2 .  Crude and Product Exp o r t s  
3.  P r o d u c r  Shipments t o  O t he r  D i s t r i c t s  
4 .  Crude , NGL and Unfinished S h i pmen t s  

t o  Other Dis t r i c t s  
5 .  Crude Losses 

SUPPLY - TOTAL 
l .  Product ion - Total t 

Crude and Lease Condensate 
NGL 

2 .  Rece i p t s  From Other Dis t r i c t s  
Crude N G L  and Un f inished 
Produc t s  

3 .  Proces s i n g  Ga in , E t c . 2  
4 .  Impo rts Total 

Crude and Unfinishe d  
From Over land 
From O f f shore 

NGL 
Finished Produc t s  

5 .  Sync rude 
From Shale 
From Coal 

6 .  From Inventory 
Crude 
Products 

7 .  Crude Runs 

1 Amo unt of Alas kan North S lope 
Prod u c t ion I n c l ud e d : 

(Thousand Barrels D a i l y )  

1978 1 98 2  

U . S .  TOTAL PAD V U . S .  TOTAL 

19 , 2 24 3 1 1 2  1 8 , 035 
1 l:l , 84 7  2 6 3 1  1 7 , 795 

jiJ� 163 2 25 
u 15  

0 301 
l iS  1 1 5  

1 9  224 3 1 1 2  1 8  035 
10 , 27 4  2 209 9 , 635 
8,707 2 185 8 , 255 
l ,!:>bi 24 1 380 

u 159 0 
u 6 0 
u 153 0 

439 (31) 5 2 0  
!!, 364 725 7 , 850 
0 , 384 602 6 1 0 0  

564 12 7 5  
!>,Ill� 59 6 025 

17 2 300 
1 964 121 1 4 5 0  

0 0 0 
0 0 0 
u 0 0 

94 4 1  3 0  
(78) 28 20 
1 7 2  

-
13 1 0  

14 , 739 2 287 14 , 365 

L 1 , 089 1 , 089 1 , 485  

2 Inc ludes o t h e r  hydrocarbon and hydrogen r e finery inpu ts , "unaccount e d  f o r "  c ru d e  inpu t s . 

1 98 5  

PAD V U . S .  TOTAL 

1 7 , 61 5  
1 7 , 375 

2 25 
u 

0 

1 5  

1 7  6 1 5  
9 , 270 
8 , 025 
l 245 

0 
0 
0 

5 1 5  
7 , 7 2 0  
6 0 2 0  

1 5  
6 005 

4 20 
1 280 

75 
s o  
25 
35 
20 
15 

14 , 233 

1 , 566 

PAD V 

1 990 

U . S .  TOTAL 

1 7 , 035 
1 6 , 79 5  

225 
0 

0 

1 5  

1 7  035 
8 , 5 1 0  
7 5 2 5  

985 
0 
0 
0 

5 1 0  
7 5 2 0  
5 7 2 5  

1 5  
5 7 10 

630 
1 1 65 

505 
355 
1 50 

-(1 0) 
-( 5) 
- ( 5) 

1 4 , 029 

-- -r · 
1 , 458  I 

PAD V 

_j ___ __, 



TABLE V 

World Oil Consumption -- Low Case* 

( Million Barrels/Day)  

Forecast 

1 978t 1 982  1 985 

OECD 

United State s 1 8 . 8  1 7 . 8  1 7 . 4  

Western Europe 1 4 . 6  1 4 . 4  1 4 . 9  

Japan 5 . 4  5 . 7  6 . 0 
Other OECD 2 . 6  2 . 8  3 . 0  

Non-OECD ( Excluding USSR, 
E. Europe , and China ) 1 0 . 0  1 1 . 8 1 3 . 5  

Subtotal 5 1 . 4  5 2 . 5 5 4 . 8 

USSR 8 . 9  8 . 9  9 . 7 

East Europe 2 .  1 2 . 7  2 . 4  
China 1 . 7 2 . 3  3 . 2 

Subtotal 1 2 . 2  1 3 . 9  1 5 . 3  

Total Consumption 63 . 6  66 . 4  7 0 . 1 

199 0  

1 6 . 8  
1 5 . 6  
6 . 3  
3 . 5  

1 6 . 2  

5 8 . 3 

1 o .  4 
2 . 7  
4 .  1 

1 7 . 2  

7 5 . 5 

* Including international bunkers and refinery fuel and losse s . 
tProduct basis .  Data for outside the United States from BP 1977  

Statistical Review of the World Oil Industry . 
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TAB LE V I  

Wo r l d  C r u d e  O i l  a n d  N a t u r a l  G a s  L i q u i d s  Supp l y 1 - - Low C a s e 
(Mi l l  i o n  B a r r e l s/Da y) 

For e c a s t 
1978 19 8 2  1985 1990 

OECD -
u . s . 10 . 3  9 . 6  9 . 3  8 . 5  
Canada 1 . 6 1 . 7 1 . 7  1 . 7  
w .  Europe 1 . 8  3 . 1  3 . 8  4 . 0  
Japan , Aus t r a l i a ,  New Z ea land 0 . 5  ____0_._6 ____0_._6 ____o__z 

Sub-T o t a l  14 . 2  1 5 . 0  1 5 . 4  1 4 . 9  

OPEC -
Venezuela 2 . 2  2 . 2  2 . 2  2 . 2  
E cuador 0 . 2  0 . 2  0 . 2  0 . 2  
Indone s ia 1 . 6  1 . 6  1 . 7 1 . 6  
A f r i c a  5 . 3  5 . 8 5 . 8  � 

Algeria 1.2 1 . 3 1 . 3 1 . 3 
J_. ibya 2 . 0  2 . 1  2 . 1  2 . 0  
N i g e r ia 1 . 9  2 . 2  2 . 2  2 . 2  
Gabon 0 . 2  0 . 2  0 . 2  0 . 2  

Middle Eas t 20 . 8  1 9 . 5  20 . 5  2 2 . 5  
I r an s-:2 3 . 1  3 . 3  3 . 4  
Kuw a i t  1 . 9  1 . 7 1 . 8 1 . 9 
s .  Arab i a  8 . 3  8 . 7  8 . 9 9 . 9  
Iraq 2 . 6  3 . 1  3 . 5  3 . 9  
UAE 1 . 8  1 . 9  2 . 0  2 . 1  
Qatar 0 . 5  0 . 5  0 . 4  0 . 4  
N e u t ral Zone 0 . 5  0 . 5  0 . 6  0 . 6  

--

Sub-T o tal 30 . 1  2 9 . 3  3 0 . 4  3 1 . 9  

NON-OPEC (Exc l .  U S S R ,  E .  Europe , China) -

Mexi c o  1 . 3  2 . 6  3 . 3  4 . 1  
O ther L .  Amer i c a  1 . 2  1 . 6  1 . 8 2 . 0  
Africa 0 . 8  1 . 3 1 . 6  1 . 8 
Midd le Eas t 0 . 6  0 . 6  0 . 7  0 . 7  
A s i a  0 . 8  __L_Q_ __L_l .-J.......a. 

Sub-To tal 4 . 7  7 . 1  8 . 5  1 0 . 4  

U S SR 1 1 . 7  1 2 . 0  1 2 . 3  1 3 . 0  
Eas t Europe 0 . 4  0 . 4  0 . 4  0 . 4  
China 1 . 9  2 . 1  2 . 8  4 . 3  

Sub-T o t a l  14 . 0  1 4 . 5  1 5 . 5  1 7 . 7  

Ref inery P r o cess ing Gains 

u . s .  0 . 5  0 . 5  0 . 5  0 . 5  
Other 0 . 0  o . o 0 . 0  0 . 0  

Sub-T o t a l  ---o:s ---o:s o.s o:s 

TOTAL SUPPLY 6 3 . 2 _  6 6 . 4  7 0 . 3  7 5 . 4  
1 Including f i e ld condens a t e  and non- c onvent ional supp lies f rom Tar S ands ( C anada) and 

heavy o i l  (Venezuela ' s  Heavy O i l  Belt ) . 
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APPENDIX F 

Comparison of Requirements 
for U.S. Refinery Downstream 

Processing Facilities 





C OM PAR ISON OF REQU IREMENTS F OR 
U . S .  REF I NERY DOWNS TREAM PROC ESS ING FAC I LIT I E S  

The Na t ional Pe t r o l e um Counc i l , i n  t h e  i n te r i m  re por t and i n  
t h i s  f i na l  repo r t  o n  re f inery f l e x i b i l i ty ,  p ub l i shed two e s t ima­
t ions o f  e xpanded proce s s  f ac i l i ty requ i r emen t s  t o  mee t var ious  
s upply/demand sc enar i o s : t h i s  appe nd i x  c omp a r e s  these e s t im a t e s  
and d i scus s e s  the i r  s im i l ar i t ie s  and d i f fe re n ce s . 

REFINERY F LEXI B I LITY,  AN INTERIM REPORT , VOL UM E  I 

The d a ta fo r proce s s  f ac i l i ty e xpan s io n  i n  r e spo n s e  to P a r t  I I I  
o f  the Janu a ry 1 9 7 9  NPC S urvey o f  Pe t r o l e um Re f i n i ng Capab i l i t i e s  
\ve re pub l i shed i n  Ch apter Three o f  Vo l ume I o f  the De cember 1 9 7 9  
i n te r im repor t .  The d a t a  were based on i nd i v i d u a l  r e f i n e r  r e s ponse 
to the fol low i ng q ue s t i o n s . 

H igh-S u l f ur Crude O i l  Proce s s i ng Capab i l i ty 

Wh a t  fac i l i t i e s  wou l d  be req u i red ove r and above those pl anned 
for c omple t ion by January l ,  1 9 8 2 ,  to proce s s  h igh-s u l f ur c rude o i l  
under e x i s t i ng env i ronmen ta l  reg ul a t io n s ?  The i nc re a s e  i s  s pe c i ­
f i ed t o  be 2 0  percent  o f  c rud e o i l  charge c apac i ty for two separa t e  
c as e s ; the  f i r s t  c ase u s e s  1 i g h  t ,  h igh-s ul f ur c rud e o i l  a n d  the 
second use s he avy , h igh-s u l f ur c rude o i l . 

Unleaded Gaso l ine Man u f a c tu r i ng C apab i l i ty 

Wha t  f ac i l i t ie s  would be req u ired over and above those p l anned 
for c ompl e t io n  by January 1 ,  1 9 8 2 ,  t o  produc e  9 0  p e r c e n t  un l e ad ed 
and 1 0  per c e n t  l e ad e d  g a s o l ine for appro x ima t e l y  the s ame vo l ume a s  
pro j e c ted f o r  1 9 8 2 ? As s ume that t h e  c rud e o i l  s l a te s  a r e  t h e  s ame 
as in the i n t e r im r e po r t  for 1 9 8 2  ( shown i n  Tabl e  F - 1 ) a nd t h a t  the 
l e ad conte n t  o f  l ead ed g a so l i ne me e t s  appl i c ab l e  g ove r nme n t  r eg u l a­
t ions and no rmal r e f i n e ry spec i f i c a t ion s . 

Low- S u l fur F ue l  O i l  Manu f a c t u r ing Capab i l i ty 

Based on pro j e c ted 1 9 8 2  c r ud e  o i l  s l a t e s  and prod u c t  vol ume s 
f rom the i n te r im repo r t ,  wh a t  f ac i l i t i e s  wou l d  be r eq u i red over a nd 
above those planned for c ompl e t ion by January 1 ,  1 9 8 2 ,  to i nc r e a s e  
t h e  produc t ion o f  l ow-s ul f ur ( ma x . 0 . 7  wt % )  r e s id u a l  f ue l  o i l s  by 
2 5  pe rcent ?  The i ncr emen ta l  c r ud e  o i l  s l a te for the 2 5  pe r c e n t  i n­
crease i s  to be o f  a type that the re spo nd e n t  e xpe c t s  t o  b e  ava i l ­
able i n  1 9 8 2 .  

THIS  REPORT 

The d a ta for proce s s  fac i l i ty e xpans io n  i n  r e s po nse to var io u s  
pe t ro l e um s uppl y/d emand scenar i o s  are p ub l i shed i n  t h i s  repor t .  
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TABLE F- 1 

Crude Oil Slate for 1 982 * and Crude Oil Slates A and B 
for 1 990 High and Low Supply/Demand C asest 

1 982 
Crude Oil 1 990 Hi9:h case 1 990  Low 

S late§ S late A S late B S late A 

Sweet Crud e  Oil 8 , 0 9 1  7 , 67 5  6 , 866 6 , 293 

Medium-Sul fur Cr ud e  Oil 
Light Medi um- Sulfur 937 932 745 770  
Heavy Medium-Sul fur 1 , 462 1 , 5 1 2  1 , 483 1 1 3 05  

Total Medium-Sulfur 2 , 399 2 , 444 2 , 228 2 , 075  

High-Sulfur Crude Oil 
Light High-Sul fur 3 ,  572 3 , 892 4 , 687 3, 1 95 
Heavy High- Sulfur 2 , 568 2 , 863 3 , 096 2 , 380  

Total High-Sulfur 6 ,  1 40 6 , 755  7 , 783 5 , 575  

Total Cr ude Oil 1 6 , 630  1 6 , 874  1 6 , 877  1 3 , 94 3  

* From Refinery F lexibility, An I nterim Report, Volume I ,  December 1 979 . 
t From this report . 
§As proj ected by refiners in response to the January 1 979 NPC Survey o f  

Petroleum Re fining capabil ities .  

Case 
S late B 

5 , 582 

624 
1 , 332  
1 1 956 

3 , 795 
2 , 6 1 9  
6 , 4 1 4  

1 3 , 952 



Th ree c a s e s  we re deve l oped from respo n s e s  t o  two s urve y s  ( N PC Su r ­
veys o f  U . S .  and Wor ld Ene rgy and O i l  Supply /Demand Forecas t s ) 
d i s t r ibu ted by the Coun c i l i n  Apr i l  1 9 7 9  and De cemb e r  1 9 7 9 ,  r e spe c ­
t ive ly . F o r  t h e  p urpo s e s  o f  t h i s  repo r t , t h e  ave r age o f  the f i r s t  
and se cond s urvey s ' r e spo n s e s  we r e  c a l l ed the  h ig h  a nd med i um 
s upply /d emand c a se s ,  respec t ively . A l ow c a s e  was prepared f r om 
t he se cond s urvey ' s  l owe s t  quar t i l e  to the to t a l  1 9 9 0  d emand fo r 
pe t ro l e um p roduc t s . From the se s urvey s , s up pl y  /d emand c a s e s  wer e  
d eve l oped f o r  each o f  t hree ye ars - - 1 9 8 2 ,  1 9 8 5 ,  a n d  1 9 9 0 .  I n  
add i t ion , two c rud e o i l  s up ply qua l i ty s l a t e s  ( de s i g n a t ed c r ud e  o il 
s la te A a nd c rud e o i l  s l a te B )  we re d eve l oped t o  ma tch e ach o f  the 
three s upply/d emand c a se s .  The approach taken in th i s  s t udy was to 
u s e  the Bonner & Moore As soc i a te s ,  I n c . , Re f i n e ry and Pe trochemi c al 
Mod e l i ng Sys t em to bu i ld a c ompos i te L P  mod e l  o f  the re f in i ng 
i nd u s try . Two s eparate mod e ls we r e  d eve l ope d , o ne fo r PADs I - IV 
and one for PAD v .  

COMPARI S ON O F  THE PROC ESS FAC I LITY REQUI REMENTS I N  THE TW O  REPORTS 

Va l id a t io n  of the mod e l  approach wa s a t tempt e d  by reconc i l i a ­
t io n  w i th t h e  s urvey re s ul t s  f o r  t h e  o n e  c a s e  t h a t  was roughly 
c omparab l e . Spe c i f i c a l ly , t he mod e l - i nd i c ated e xp a n s i o n  prog r am 
for the 1 9 9 0  h igh d emand c a s e  w i t h  c rude o i l  s l a t e  B was c ompared 
to the s urvey s c e n a r i o  fo r the 2 0  p e r c e n t  i nc re a s e  in h igh- s ul f ur 
c rud e o i l  c omb ined w i th 9 0  vo l ume pe r c e n t  8 9  ( R+M ) /2 u n l e ad ed g a so­
l ine manu f a c t ur e .  I n  mak i ng th i s  c omp a r i s o n  the f o l l ow i ng comme n t s  
were cons idered : 

I n t e r i m  Repo r t  

• Th e " requ i red " fac i l i t ie s  repo r t ed i n  Chap t e r  Three o f  the 
i n t e r im repo r t  we re d eve l oped by s umma t i o n  o f  e s t ima ted in­
d iv id u a l  c ompany e s t imate s ,  i n  r e s ponse to the hypothe t ic al 
que s t ion po sed . 

• The f ac i l i t i e s  req u i reme n t  fo r each o f  the three q ue s t ions 
( h igh-s u l f ur c r ud e  o i l ,  un leaded g a s o l i n e , and l ow-s u l f ur 
f ue l  o i l  produc t io n )  wa s d eve l oped sepa r a te ly . S impl y  add­
i ng t h em tog e ther wou ld re s ul t  i n  d u pl i c a t ion . 

• Ut i l i z a t ion fac tors for e x i s t i ng f ac i l i t i e s  var i ed be twe e n  
c ompan ie s .  Tho s e  compan i e s  that needed to e xp and we r e  n o t  
a f f e c ted b y  o t h e r s  t h a t  may h ave had e xc e s s  c apac i ty .  

• The f ac i l i ty requ i r emen t s  repor ted i n  the i n te r im report 
we re i n  barr e l s  pe r c a lendar day . 

Th i s  Repor t  

• The req u i red fac i l i t i e s  i nd i c ated i n  Ch apter Two o f  t h i s  
report were d e t e rmined wi th a mode l  wh i c h  op t im i z e s  the 
e xpa n s ions fo r the ove r a l l i ndu s try needs , r a ther than for 
ind iv idual re f in e r s ' s i t u a t i on s . 
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• Inherent i n  the approach i s  an a s s umpt ion t h a t  a n y  e x ce s s  
c apac i ty i n  one r e f i n e ry wou l d  compe n s a te f o r  the  e xpan s io n  
requ i r emen t  i n  another re f i ne ry , pr imar i l y  by s egme n t a t ion 
o f  produ c t  ma rke t s  and the  sh i ft i ng o f  the  va r iou s g rad e s  of  
ava i l a b l e  c rud e o i l s  among re f i ner s . 

• The fac i l i ty requ i r emen t s  i n  Chapter Two o f  t h i s  r e p o r t  are 
e xpr e s sed in barrel s  per s tream d ay . 

Crude o i l  s l a te B f o r  the 1 9 9 0  h igh d emand c a s e  wa s s im i l ar to 
the pro j e c ted 1 9 8 2 c r ud e  o i l s l a te f rom Chap ter One of the  i n te r im 
repo r t  ( s e e  Tab l e  F -1 ) .  The total  req u i reme n t  f o r  pro c e s s  f ac i l i ­
t ie s  a s  d e r ived f r om the s urvey i n fo rma t ion was d e te rm ined b y  c om­
b in i ng the l ig h t , h igh-s ul f ur c rud e o i l  i n c reme n t  c a s e  and the  8 9  
( R+M ) / 2  unle aded g a s o l ine c a s e , and ove r l ay i n g  the 1 9  8 2  " pl anned 
f ac i l i t i e s "  f rom Cha p te r On e o f  the i n te r im repo r t  ( se e  Tab l e  F -2 ) .  
The proce s s  f ac i l i ty requ i r emen t s  from Chap t e r  Two o f  t h i s  r e po r t  
we r e  changed to b ar re l s  per c a l endar d ay f o r  comp a r ab i l i ty ( se e  
Tabl e  F -3 ) . 

The re s u l t s  o f  the c ompar i son are s h own i n  Tab l e  F -4 : 

• Bot h  me thod s ind i c a ted need for a s ig n i f i c a n t  capa c i ty i n ­
c rease i n  c at a ly t i c  r e fo rm i n g ,  hyd ro trea t i ng ( naph tha a nd 
d i s t i l l a t e ) ,  and r e s idual  conve r s ion . 

• The s urvey i nd i c a ted an e xpan s i on i n  c a t a ly t i c  crack i ng o f  
5 5 6  M B/ D ,  c ompa red to only 1 0 5  M B/D i nd i c a te d  by t he mode l .  
Th i s  d i f ference c ould be due par t ly to mod e l  " ov e r  opt imi z a ­
t io n "  a n d  partly t o  the f a i l u r e  o f  the  s urvey approa c h  to 
recogn i ze e x i s t i ng und e r u t i l i zed c apac i ty .  

• New c apac i ty for c a ta ly t i c  r e fo rm i ng i s  1 , 2 2 0  M B/ C D  a c c ord ­
i ng to the mod e l  and 1 ,  0 4 1  MB/CD accord i n g  to the s urve y .  
Howeve r ,  t he t o t a l  f ac i l i t i e s  for  produc i ng h igh o c tane n um­
b e r  b lend i ng s tocks ( i nc l ud i ng c a t a ly t i c  re fo rm i ng , alkyla­
t i o n ,  a nd i some r i z a t ion ) wa s 1 , 5 7 7 M B/CD for the mod e l  and 
1 , 6 0 2  MB/CD for the s urvey , wh i ch i s  in be t te r  agr e eme n t  
t h a n  c ou l d  h ave been reaso n ab ly e xpe c ted . 

COM PARISON OF CAPITAL COSTS IN THE TWO REPORTS 

In the s urvey approach , e ach r e f i n ing c ompany u pg r ad ed i t s  f a­
c i l i t ie s  to me e t  the hypo the t i c a l  s upply/d emand s i t u a t i o n s  wh i c h  
probably requ i red more n umerou s ,  sma l l er e xpan s io n s  t h a n  wou l d  
a c t ua l ly occur . Conve r s ly , the mod e l  approach , d r iv e n  by e co nom­
i c s , bu i l t  f ewer b u t  l arger un i t s . For e x ampl e ,  the aver ag e  s i z e  
new r e fo rmer wa s abou t 1 0  M B/D i n  the survey and abou t 3 0  M B/D i n  
the mod e l . 

As soc i a ted cos t s  c a l c u l a ted from the se two approache s are s im i ­
l ar ly d iv e r ge n t .  Th e survey resul t s  wou l d  imply a l mo s t  $ 1 4  b i l l ion 
( 1 9 7 8  d ol l ar s ) o f  i nve s tmen t  wh i le the mod e l ( in the h ig h  case  and 
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TABLE F-2 

Planned Process Facilities for the 1 9 78-1 9 8 2  Period and Addi tional Proc e s s  Facilities 
For Light High-Sulfur Crude Oil and 89 ( R+M ) /2 Unleaded Gasoline 

( MB/CD ) 

Total 
P lanned Light Planned Plus 

Facilities H i gh-Sulfur 89 ( R+M ) /2 
Process Faci lity 1 9 7 8 - 1 982 89 ( R+M ) /2 Crude Oil Plus LHS* 

Hydrotreating 
Naphtha 638 398  
Distillate 3 2 3  1 1 2 79 
Heavy Fue l Oil 1 9  685 

Total 980  5 0 4  2 1 36 2  3 1 34 2  

Crude Oil Distil lation 1 1 0 92 3 7  6 0 1  1 1 69 3  

Vacuum Distillation 4 0 7  5 0  3 8 2  7 8 9  

Catalytic Cracking 408  9 6  1 42 550  

Alkylation 55 43 9 8  

Catalytic Reforming 474 567 1 99 1 1 0 4 1  

I someri zation 42 4 2 1  5 0  463 

Residual Conversion 
Coking 48  299  
Visbreaking 2 6  

Total 48 3 2 5  3 7 3  

BTX Recovery 2 2  2 2  

Polymeri zation 8 6 1 4  

Hydrocracking 2 2  5 1  7 3  

Sulfur Recovery 
( LT/CD ) 1 1 82 0  4 1 5 2 7  6 1 347  

Hydrogen Manufacturing 
( MMSCF/D ) 85  5 3 1 5 3 1 

Naphtha Splitting 298 298  

Tankage ( MB )  2 0 1 8 1 6  2 0 1 8 1 6  

Treating 3 1  3 1  

Total Estimated cost 
( Bil lion $ )  6 . 3  1 . 8 6 . 8  1 3 . 7  

*Light high-sul fur crude oi l .  

F-5  



TABLE F-3 

Model-Indicated Process Facilities for 1 990  Crude Oi l Slate B for 
High ,  Medium, and Low Supply/Demand Cases 

Process Facility Hi9:h Case Medium Case Low Case 

Hydrotreating 
Naphtha 
Distillate 
Heavy Fuel Oil 

Total 

Crude Oil Distil lation 

Vacuum Distillation 

Catalytic Cracking 

Alkylation 

Catalytic Reforming 

Isomerization 

Hydrorefining 

Residual Conversion 

Total Estimated Cost 
{ Bi llion $ )  

MB/SD 

1 1 39 7  
2 , 453  

3 , 85 0  

1 1 396 

558 

1 05 

429 

1 1 45 7  

1 

3 0  

5 3 7  

MB/CD 

3 , 24 7  

1 1 2 33  

493 

88 

356 

1 , 2 2 0  

2 5  

449 

5 . 6  

TABLE F-4 

MB/SD MB/CD MB/SD 

1 1  1 66 6 7 3  
1 1 583  1 , 3 5 3  

---

2 , 749 2 1 3 1 7  2 1 0 2 6  

99 8 7  0 

4 0  3 3  0 

2 3  1 9  1 8  

25  2 1  2 3  

1 , 2 56 1 , 0 5 1 1 1  1 79 

0 0 0 

68 5 7  1 30 

689 5 7 7  639 

3 . 8  3 . 4  

Comparison of Major Process Facility Requirements  

Process Facility 

Hydrotreating 
Crude Oil Distillation 
Vacuum Distillation 
Catalytic Cracking 
Alkylation 
Catalytic Reforming 
Isomerization 
Residual Conversiont 
Hydrorefining 

Survey 
{ 1 978- 1 982 ) * 

MB/CD 

3 , 342 
1 1 693  

789 
550  

98 
1 , 0 4 1  

463 
446 

Model { 1 99 0 High Cas e ,  
Crude Oil Slate B )  
MB/SD MB/CD 

3 1 85 0  
1 1 396 

5 58 
1 0 5 
429 

1 1 457  
1 

5 3 7  
30  

3 , 247  
1 1 2 3 3  

493 
88 

356 
1 , 2 2 0  

1 
449 

27 

MB/CD 

1 1 7 08  

0 

0 

1 5  

1 9  

987 

0 

0 

5 35 

*Processing additional 2 0  percent light,  high- sulfur crude oil and 
90 percent gasoline pool @ 89 { R+M) /2 unleaded gasoline . 

t Residual conversion includes coking and vi sbreaking. 
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c rud e o il s l ate B )  e s t ima te s $ 5 . 6 b i l l io n . Abou t $ 1 . 2 b i l l io n  o f  
t h i s  d i f fe rence i s  i n  c e r ta i n  f ac i l i t ie s  i n c l ud ed i n  t h e  s urvey b u t  
not i n  t h e  mod e l  ( s ee Tab l e  F - 5 ) .  I n  add i t io n  t o  t h e  cons truc t io n  
d i f ference s ,  each  approach u s ed d i f fere n t  co s t  c a l c u l a t i on s , wh i ch 
are e s t imated to accoun t for abou t 1 0  p e r ce n t o f  t he d i f fe re nc e . 
I t  i s  conc l ud ed , there fore , that the  mod e l  has u nd e r s t a ted the 
c os t s  wh i l e  the survey has ove r s ta ted them , a nd that a mo re prob­
able r a nge i s  $ 8  to $ 1 2  b i l l io n  ( 1 9 7 8  d o l l ar s ) .  Con s i d e r i ng a l l  
three s upply /d emand c as e s  u sed i n  th i s  repo r t ,  t h e  c ap i t a l  c o s t  
range i s  $ 5  t o  $ 1 2  b i l l io n  ( 1 9 7 8  dol l ar s ) .  

TABLE F - 5  

Add i t ional Proc e s s  Fac i l i t ie s  from the S urvey -- 1 9 7 8 - 1 9 8 2  

Pro ce s s  Fac i l i ty 

BTX Recove ry 
Po l yme r i z a t io n  
S u l f ur Rec ove ry ( LT/CD ) 
Hyd rocrack i ng 
Hyd roge n Man u f a c t ur i ng 

( MMSCF/D ) 
Napht h a  Spl i t t i ng 
Tre a t ing 
Tankage ( MB )  

To t a l  E s t ima ted Cos t 
( B i l l io n $ )  

MB/C D 

2 2  
1 4  

6 , 3 4 7  
2 2  

5 3 1  
2 9 8  

3 1  
2 0 , 8 1 6  

1 . 3  

The co s t s  i n  both report s  are on ly for the new proce s s  f ac i l i ­
t ie s  no ted . Ne i ther repo r t  i n c l ud e s  any o f  the ve ry l arge i n ve s t ­
men t  requ i r emen t s  for s u s ta i n ing e x i s t i ng f ac i l i t i e s , i mprov i ng 
e f f i c ie n cy , e nergy c o n s e rva t io n , envi ronme n ta l  pro te c t i o n , s a fe ty ,  
or any f ac i l i t i e s  o u t s ide the re f inery . 
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APPENDIX G 

Domestic Crude Oil Allocation 
Program (Entitlements Program) 





I NTRODUCT I ON 

DOM E S T I C  C RUDE O I L  ALLOCAT ION PROGRAM 
( ENT ITLEMENTS PROGRAM ) 

Th e f i r s t  part  of t h i s  appe nd i x  b r i e fly e xp l a i n s  the h i s to ry o f  
d ome s t i c  c r ude o i l pr ice  contro l s  from 1 9 7 1  to t h e  pre sen t and 
t hrough the i r  e xp i ra t ion in 1 9 8 1 .  In the s e c ond s e c t ion o f  th i s  
appe nd i x , s pe c i f i c d e ta i ls are prov id ed o n  h ow the pro v i s ions o f  
t he program we re appl ied t o  t h e  d a ta rece ived i n  the 1 9 7 9  N PC Sur ­
vey of Pe tro l e um Re f in i ng Capab i l i t ie s .  

U . S .  CRUDE O I L  PR I C E  CONTROLS/ENT I T LEMENTS 

Fed e r al pr i c e  contro l s  on dome s t i c  c rud e o i l  we r e  impo sed i n  
1 9 7 1 . I n  Augus t 1 9 7 3 ,  the  Co s t  o f  L iv i ng C ounc i l  promu l g a ted Pha s e  
I V  pr i c e  regu l a t ions  e s tabl i sh ing a t i e red pr i c e  sys tem for d ome s ­
t i c  prod u c t ion : " ol d " o i l  wa s pr i c e-con trol l ed , a n d  " n ew" o i l  wa s 
f ree o f  pr i c e  contro l s . Th i s  two -t i ered pr i c i ng sys t em wa s d e ­
s igned t o  provide ad equate pr ice i ncen t ive s to s t i mu l a t e  n e w  c r ud e  
o i l produc t io n  wh i l e concurren tly h o l d i ng ave r ag e  d ome s t i c c rud e 
o i l  pr ice s be l ow wor ld l e ve l s i n  ord e r  to i n s ul a t e  cons umers from 
the e f fe c t s  o f  h igher pr i c e s . 

By the e nd o f  the 1 9 7 3 - 1 9 7 4 embargo , the c o n s eq u e n t  i ncrease i n  
world o i l  pr i c e s  has  impo s ed a s ig n i f i c an t d i spar i ty be twe e n  the  
cos t of d ome s t i c " o l d " o i l  and impo r ted c rud e o i l in  the Un i ted 
State s . Th i s  d i f feren t i a l  in c r ud e  o i l  pr i c e s  a c cord i ng ly re s u l ted 
in a wide range o f  pr i c e s  pa id by c o n s ume r s  fo r re f i ned pe tro l e um 
prod uc t s . 

In the i n t e re s t s  o f  "equal i z i ng "  d ome s t i c  re f i n e r s ' c rud e o i l 
acqu i s i t ion cos t s  and consequen tly U . S .  c o n s ume r cos t s  for pe tro­
l e um prod uc t s , the Fed e r al Ene rgy Ad mi n i s t ra t io n  ( F EA ) under the  
l eg i sl a t ive mand a te o f  the Eme rge ncy Pe tro l e um A l l o c a t i o n  Ac t o f  
1 9 7 3  ( E PAA ) , e s tabl i s h ed the O l d  O i l  Al l oc a t io n  o r  En t i tl emen t s  
Program , e f f e c t ive November 1 9 7 4 .  Th e purpo s e  o f  t h e  e n t i t l eme n t s  
program was t o  equ a l i z e  ( to t h e  max imum prac t i c a l  e x t en t ) u . s .  re­
f i ners ' c rude o i l  cos t s  by d i s t r i bu t i ng the bene f i t s  o f  access to 
l ower pr i c ed d ome s t i c  c r ud e  o i l  propor t i ona te l y  to a l l  d ome s t i c re­
f i ners ( and consequen tly a l l  sectors o f  the pe tro l e um i nd u s t ry and 
the i r  c u s tome r s ) ,  t h ro ugh a s y s t em of mone t a ry rather than phy s i c a l  
transfe r s . 

As a proced u r a l  ma t t e r ,  the F EA c a l c u l a te d  and p ub l i shed , o n  a 
mon t hly ba s i s , a n a t ional ave rage ra t io o f  old  o i l  s uppl i e s  vs . 
total crude o i l  run s to s t i l l s . Re f i ne r s  we re then i s sued  en t i tl e ­
men t s  equal to t h e  prod uc t o f  th i s  ra t io and the i r  ad j u s ted c r ud e  
o i l  rece i pt s .  E a c h  e n t i t l eme n t  gave a r e f i ne r  the r ig h t  to rece ive 
i n to i nven to ry and re f ine  one barr e l  of d ome s t i c o ld o i l .  Co s t  
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equ a l i z a t i o n  wa s ach i eved by requ i r ing var i ou s re f i ne r s  to p u r c h a s e  
or s e l l  e n t i tl emen t s , b a s e d  on whe ther the i r  a c c e s s  to c on t ro l l ed 
d ome s t i c o i l  s uppl i e s  wa s h ig h e r  o r  l owe r than the n a t ional 
ave r age . 

Re f i n e r s  w i t h  grea ter than ave r age acce s s  to pr i c e  con t ro l l ed 
d ome s t i c  o i l  we r e  r equ i r ed to purchase e n t i tl eme n t s ; re f i ne r s  who 
u s ed a d i s propo r t ionate amount o f  fore ign o r  uncon trol l ed d ome s t i c 
c rud e o i l we r e  r eq u i red to s e l l  e n t i tl emen t s .  Th e F EA i n i t i a l ly 
se t the va l ue o f  an en t i tl emen t  a s  the d i f ference be twe e n  the ave r ­
age cos t o f  impo r ted o i l  and the ave r age c o s t  o f  pr i c e  contro l l ed 
d ome s t i c  o i l ,  m i n u s  21 c en t s . The 21 c e n t s ,  equal  to the fee im­
posed on impo r ted c rud e o i l , repr e se n ted an i n c e n t ive to encourag e  
t h e  re f in i ng o f  d ome s t i c o i l and to d i scourage the impor t a t ion o f  
h ig h e r  pr i c ed fore ign o i l . 

Reg u l a t ions impl eme n t i ng the 1 9 7 5  ame ndme n t s  to the E PAA im­
pos ed con t ro l s  on new o i l ,  thus c re a t i ng a th i rd r e g ul a to ry t ie r . 
Old o i l  ( now c a l led " lowe r t i e r " ) h ad the l owe s t  we l lh e ad pr i c e  
fo l l owed b y  new o i l  ( now " uppe r t i e r " ) ,  t h e n  b y  t h e  h ighe s t  pr i c ed 
o i l , impo r t s . For purpo s e s  o f  the e n t i tleme n t s  prog ram , the newly­
con tro l l ed uppe r t i e r  o i l  wa s equal to a c a l c ul a ted f r a c t ion of  
l owe r t i e r  o i l . Wh i l e  a r e f i ner o f  l owe r t i e r  o i l  w a s  r eq u i r ed to 
pos se s s  a f ul l  en t i tl emen t  for each barre l , a re f i n e r  o f  upper t ie r  
o i l  was req u i red t o  po s s e s s  only a po r t ion ( vary i ng f rom n e a r ly 2 0  
percen t i n  1 9 7 8  to ove r 7 0  pe rcen t i n  m i d - 1 9 8 0 ' s  o f  a n  en t i tl emen t  
f o r  each barre l . 

Th e e n t i t l eme n t s  program add i t ional ly i nc lud ed a prov i s ion 
known a s  the " smal l  re f in e r  b i a s . " The sma l l  re f i n e r  b i a s  wa s ,  in  
theory , a c ompe n s a t ion awa rded to sma l l  re f i ne r s  to o f f s e t  the i r  
l a ck o f  e conomie s o f  scale a nd r e l a t ive ly h i ghe r opera t i ng and c ap­
i tal c os t s .  Mod e l ed a f t e r  the s l id ing s c a l e  that had been pre s e n t  
in  t h e  Manda tory O i l  Impo r t  Progr am ( 1 9 5 9 -1 9 7 3 ) ,  t h i s  por t ion o f  
t h e  e n t i tl eme n t s  prog r am par t i a l ly e xempted sma l l  r e f i n e r s  ( those  
wi th 1 7 5  MB/D o f  capac i ty or l e s s ) from e n t i tl eme n t  p urcha s e  r e ­
q u i r eme n t s  o r  awa rded them add i t ional e n t i t l eme n t s  to s e l l .  The 
amoun t o f  add i t ional en t i tl emen t s  was s c a l ed i n  an i nver s e  r e l a t ion 
to re f i ne ry r u n s  so that the greate s t  bene f i ts we re d e r ived by re­
f iners  r unn i ng 10  MB/D or l e s s .  

REC ENT DEVE LOPMENTS 

In Apr i l  o f  1 9 7 9 ,  phased d eregu l a t ion of d ome s t i c  c ru d e  o i l  
pr ice s b egan . The progr am wa s d e s igned to prov ide i nc e n t i ve s  to 
i nc r e a se d ome s t i c c rude o i l  prod u c t ion wh i l e  concur re n tly reduc i ng 
U . S .  d e pe ndence on impor ted o i l .  The g r ad u a l  d e con trol s c he d u l e  
w a s  adopted t o  " mi n im i z e "  t h e  i n f l a t i onary impac t s  o f  pr i c e  d e regu­
l a t ion and to  prov ide an ord e r ly tran s i t ion from the r e g u l a ted e n ­
v ironme n t  und e r  t h e  E PAA to o n e  d e term i ned b y  ma rke t f o r c e s  a f te r  
the E PAA ' s  sched ul ed e xp i ra t ion o n  Sep t embe r  3 0 ,  1 9 8 1 . 

On J une 1 ,  1 9 7 9 ,  n ewly d i scovered o i l a s  we l l  a s  i n c r eme n t al 
p roduc t i on f rom enhanced o i l  re cove ry ( t e r t i a ry )  p ro j e c t s  and some 
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produc t i on f rom marg i n a l ly e conom i c  we l l s we r e  r e l eased to wo r l d  
pr ice l eve l s .  The pr ice  ce i l i ngs on t h e  r ema i n i ng c a t egor i e s  o f  
uppe r and lowe r t i e r  o i l  are grad u a l ly be ing phased ou t ,  w i th a l l  
con t ro l s  be i ng r emoved b y  Oc tobe r 1 ,  1 9 8 1 .  O n  Augu s t  1 7 ,  1 9 7 9 ,  and 
De c embe r 2 1 ,  1 9 7  9 ,  pr i c e  c on tro l s  on c e r ta i n  g rad e s  of " he avy " 
c r ud e  o i l  were a l so r emoved . As a consequence o f  the s e  me a s ure s 
and e ar l i e r  leg i s l a t ive mand a te s  decontro l l ing o i l  f rom ve ry sma l l  
we l l s and from c e r ta i n  f ed er a l ly-owned re s e rve s ,  abou t 5 5  perce n t  
o f  d ome s t i c  c rud e o i l  produc t i on wa s free o f  pr i c e  c o n t ro l s  a s  o f  
Sep t ember 1 9 8 0 .  

APPLICAT ION OF CRUDE O I L  ENT ITLEMENTS PROGRAM I N  THE NPC STUDY 

Among the f a c to r s  d e te rm i n ing the n e t  c rud e o i l  cos t to re f i n ­
i ng c ompan i e s  i n  1 9 7 8  wa s t h e  U . S .  Depar tme n t  o f  Ene rgy ' s  c r ud e  o i l 
e n t i tleme n t s  program . 

Re spond e n t s  to the January 1 9 7 9  N PC Survey o f  Pe t ro l e um Re f i n ­
i ng Capab i l i t ie s  prov ided 1 9 7 8  c r ud e  o i l  vol ume s  a n d  cos t s  b y  r e g u­
l a tory c l a s s i f i c a t ion e x c lud ing en t i t l eme n t s  e f fe c t s . Th e we igh ted 
ave r age 1 9 7 8  n a t ional f ig ure s for en t i tl emen t s  pr i ce s ,  d ome s t i c  o i l  
s upply r a t i o  ( DOS R ) , and deemed old o i l  r a t io ( DOOR ) , a s  pub l i shed 
by the De par tme n t  of Ene rgy ( DOE ) , we re progr ammed i n to the c ompu t­
e r  to c a l cu l a te the e f f e c t s  on c rude o i l  cos t s  o f  the  e n t i t l eme n t s  
prog r am a s  admi n i s t ered i n  1 9 7 8  ( i . e . , o n  a c ompa ny ba s i s ) .  The 
sma l l  re f i ne r  b i a s  fe a t ure of the e n t i t l eme n t s  program wa s s im i l ar ­
l y  progr ammed , u s i ng DOE p ubl i shed equa t ion s and f a c tors f o r  the 
v ar iou s s i ze c a tegor i e s . 

Th e e n t i t l emen t s  and sma l l  re f i ne r  b i a s  programs we re a l s o  s im­
ulated on the c omp u ter for a hypo the t i c a l  re f i n e ry ba s i s .  The DOE 
f ac tors and equ a t ions we r e  mod i f ied to appropr i a t e ly r e f l e c t  th i s  
change o f  ba s i s .  

For bo th base s , c r ud e  o i l  costs  we re e s t ima t ed for the  " a f te r  
e n  t i  tlernen t s  wi thou t sma l l  r e f i ner b i a s "  a n d  " a f te r  e n  t i  t l erne n t s  
wi th sma l l  re f i n e r  b i a s "  co s t s .  Th e me t hods used  for c omp u t i ng the 
var iou s e n t i t l eme n t s  cos t s  are d i scu s s ed b e l ow .  

Company Bas i s  

I .  " A f te r  E n t i t leme n t s  W i th Sma l l  Re f i ne r B i a s " 

( a )  For e ach company r e f i nery sys  tern , d e t e rm i ne the t o t a l  
re f i n e ry c r ud e  o i l r un s , l ower t ie r  c r ud e  o i l r un s , and 
uppe r t i e r  c rud e o i l runs  for 1 9 7 8  on a d a i ly ave r age 
ba s i s . 

( b )  l .  De t e rm i n e  " En t i tl eme n t s  I s s ued " = [ ( to t a l  re f i n e ry 
r un s ) x ( DOSR ) ] ,  wh e r e  DOS R  d en o t e s  " dome s t i c o i l  
s upply ra t i o "  wh ich h ad an ave r age va l ue o f  0 . 1 9 3 4  i n  
1 9 7 8 .  
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2 .  I n  add i t io n  to the number o f  e n t i t l eme n t s  i s s ue d  i n  
a c cord ance w i t h  ( l )  above , i s s ue to e ac h  re f in i ng 
c ompany w i t h  an ave r age volume o f  c rud e o i l  run s to 
s t i l ls of l e s s  than 1 7 5  MB/D the n umb e r  of add i t i o n a l  
e n t i t l eme n t s  computed i n  accord an c e  w i th the  S ch e d u l e 
for Sma l l  Re f in e r  B i a s  Ent i tl emen t s  s hown l a te r  i n  
t h i s  append i x . 

( c )  De t e rm i n e  " En t i t l eme n t s  Req u i red " = [ l owe r t i e r  run s + 
( upper t ie r  r un s x DOOR ) ] ,  where DOOR d e no te s  " d e emed o l d  
o i l  r a t io , " t h e  f r ac t i onal e n t i tl eme n t  req u i red for e ac h  
barrel o f  upper t ie r  o i l ,  wh i ch h ad an ave r ag e  v a l ue o f  
0 . 1 8 9 7 i n  1 9 7 8 . 

( d ) De term i n e  " En t i t l eme n t s  Co s t  Wi t h  Sma l l  Re f i n e r  B i a s "  = 
( en t i tl eme n t  pr i c e ) x ( en t i tl emen t s  r eq u i r ed l e s s  e n t i ­
t l eme n t s  i s s ued ) ,  whe r e  the aver ag e  e n t i t l eme n t s  p r i ce 
wa s $ 8 . 2 6 .  

( e )  D i v id e  " En t i t l eme n t s  
t o t a l  r e f i n e ry runs  
bene f i t ) . 

Cos t  Wi t h  Sma l l  Re f in e r  
t o  d e term i ne pe r-barrel 

B i a s "  by 
c o s t  ( or 

( f )  Add e n t i t l emen t s  c o s t ( or s ub trac t e n t i tl emen t s  bene f i t ) 
f rom ( e ) above to ave rage c rud e o i l  cos t b e fore e n t i t l e ­
men t s  to obta i n  " a f te r  en t i tl emen t s  w i th sma l l  re f in e r  
b i a s  c rud e o i l  cos t s . "  

I I .  " A f te r  E n t i t l emen t s  W i thout Sma l l  Re f in e r  B i a s " 

Compute e n t i t l eme n t s  c o s t  a s  i n  ( I )  above e x ce p t : 

( a )  U s e  DOSRl = 0 . 2 0 8 4  

( b )  Omi t  c a l cu l a t io n  o f  add i t i o n a l  e n t i tl eme n t s  u n d e r  sma l l  
re f in e r  b i a s  provi s ion . 

I nd i v i d u a l  Re f i ne ry B a s i s  

I .  " A f t e r  E n t i t le me n t s  W i th Smal l Re f i n e r  B i as "  

The e n t i tl emen t s  c a l c ul a t ions on a hypo the t ic al i nd i v id u a l  r e ­
f i ne ry b a s i s  d i f fe r  from t h e  company b a s i s  c a l cu l a t i on s  i n  the f o l ­
lowi n g  ways : 

( a )  Al l i nd iv i d u a l  re f iner i e s  w i th c rud e o i l  c apac i t ie s  o f  
l e s s  than 1 7 5  M B/D qual i f i ed for the  sma l l  re f i n e r  b ia s , 

lThe c h a nge i n  DOSR value re s ul t s  f r om omi t t i ng the t e rm fo r 
sma l l  re f i n e r  b ia s  ( S RB ) i n  the Depar tme n t  o f  E ne rgy equa t i on fo r 
DOS R ; i . e . , 

DOS R  = [ OOR + ( DOOR ) ( UTR ) - SRB - EAR - COR - Naph t h a  - C a l ] 
� [Crud e  o i l  run s - 0 . 5  ( DRD ) + 0 . 5 ( I R ) ] .  ( Eq ua t io n  A )  
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not j us t  those c ompan i e s  w i t h  ag g rega te c apac i ty l e s s  
than 1 7 5 MB/D . 

( b )  Sma l l  re f i n e r  b i a s  en t i tl eme n t s  wer e  c al c u l a ted on an 
i nd iv i d u a l  r e f inery b a s i s .  The r e fo re , i n  the c as e  o f  
e a ch c ompa ny , the number o f  s uch e n t i tl emen t s  i s  g r e a t e r  
than or equ a l  t o  t h e  f ig u r e  c a l cu l a ted on a c ompany 
ba s i s .  

A revi s ed DOS R wa s c a l c ul a ted by mod i f y i ng the sma l l  re f i n e r  
b i a s  ( SRB )  term i n  t h e  DOSR formul a t i on to r e f l e c t  t h e  above 
ch ange s .  More s pe c i f i c a l ly , a rev i s ed na t ion a l  aver age DOS R wa s 
c a l cu l a ted ba sed on an e s t ima t ion o f  the t o t a l  u . s .  sma l l  r e f i ne r  
b i a s  ent i tl emen t s  con s i s tent  wi th i t ems ( a )  and ( b )  above . 

The fol l owing pro c e d ure was u t i l i zed i n  the  e s t i ma t ion o f  the 
SRB t e rm : 

( a )  As s ume t h a t  the c ompan i e s  t h a t  d id no t r e s po nd to Pa r t  I I  
o f  the Janu a ry 1 9 7 9  N PC s urvey , reque s t i ng c r ud e  o i l 
c os t s ,  are  s ing l e  r e f i nery c ompan i e s .  Th i s  i s  approx i ­
ma t e l y  correc t b e c a u s e  mo s t  o f  the non-re s pond e n t s  are  
sma l l  compan i e s  ( and mos t  l ike ly s i ng l e  re f i ne ry c ompan­
ie s ) .  S i xty-n i n e  ( 6 9 )  out  of a t o t a l  o f  1 5 9  re f i ne r i e s  
i n  t he 0 -3 0 M B/D r ange d id n o t  r e spond t o  the r e l evan t 
i t erns o f  Par t I I .  The non-re s ponse  i n  t h i s  c a t egory i s  
ove r 8 0  p e r c e n t  o f  the to tal non- r e s po n s e . 

( b )  Ba sed on the above a s s urnpt ion ( wh i c h  l e ads d i re c tly to 
the con c l u s ion that the numbe r  of sma l l  re f i n e r  b ia s  
e n t i t l eme n t s  a c counted for by the non- r e s po nd e n t s  w i l l  be 
appr o x ima te ly the s ame regard l e s s  o f  whe ther the b a s i s  
for c a l cu l a t ion i s  by r e f i n e ry o r  by c ompa ny ) ,  e s t imate 
the number of  sma l l  re f iner  b ia s  e n t i tl emen t s  on a re f i n­
e ry b a s i s  u s i ng the fo l low i ng equa t i on : 

whe re 

SRBr e f i nery = S RBDQE - S RBc s + S RBRS 

S RBr e f i ne ry = E s t ima ted t o t a l  U . S .  
b ia s  en t i tl emen t s  on 
r e f i nery b a s i s  

sma l l  r e f i ne r  
a n  i nd i v id u a l  

S RBooE = DOE d a i ly ave r ag e  u . s .  t o ta l  sma l l  re f in­
e r  b ia s  en t i tl emen t s  

SRBc s = Ac t u a l  d a i ly ave r age sma l l  re f i n e r  b i a s  
e n t i t l erne n t s  among P a r t I I r e s po nd e n t s  o n  
ac ompany bas i s  

S RBRs = C a l cu l a ted d a i ly ave rage sma l l  r e f iner  
b ia s  e n t i tl emen t s  amo ng Par t  I I  re s pond en t s  
o n  a r e f i ne ry b as i s .  
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Crud e o i l cos t s  o n  an ind i v i d u a l  re f i n e ry b a s i s  we r e  s ub s e ­
q ue n t ly e s t ima ted b a s ed on the above SRB t e rm a nd Equa t io n  A ( se e  
Page G- 4 ) ,  wh i c h  i s  t he s t andard fo rmu l a t i o n  fo r t he DOS R  ( e s t i ­
ma ted a t  0 . 1 8 2 9  for t h i s  c a s e ) .  The s ame g e n e r a l  pro c e d ure a s  the  
c orrespo nd i ng c ompany b a s i s  c a se wa s adopted , e x c e p t  f o r  the d i f­
ferent f a c to r s  a s  d i s c u s s ed above . 

For re f in e r ie s o f  more than 1 7 5  MB/D , the c o s t o f  the en t i t l e ­
men t s  program i s  g re a te r und e r  t h e  hypo the t i c a l r e f i n e ry b a s i s  than 
und e r  the c ompa ny b a s i s .  Th i s  is  because the s e  re f in e r i e s  bear the  
e n t i r e  cos t o f  the b ig ge r , mod i f i ed , hypo the t i c a l  sma l l  re f i ne r  
b ia s  progr am . As e xpe c ted , t h e  U . S .  aver ag e  c o s t o f  c r ud e  o i l i s  
a l so unchanged und er t h i s  sma l l  r e f iner b i a s  prog ram because the 
add i t ional c r ed i t s  to the sma l l  re f in e r s  are o f f s e t  by the add i ­
t ional d e b i t s  t o  the b ig g e r  ( g re a te r  than 1 7 5 MB/D ) re f i n e r ie s . 

Th i s  hypo the t i c a l  ver s ion of the sma l l  re f i ne r  b i a s  prog ram 
increases  the e s t ima ted n a t ionw id e  sma l l  re f i ne r b i a s  poo l  from 
about $ 7 1 5  m i l l ion to over $ 1 , 2 0 0  m i l l ion annua l ly .  

I I .  " A f t e r  E n t i t l emen t s  W i thou t Sma l l  Re f i n e r  B i a s " 

Th e c al cu l a t io n  o f  e n t i t l eme n t s  cos t s  wi thou t sma l l  re f i ne r  
b ia s  use s t h e  s ame proc ed ure and DOS R  a s  the corre s pond i ng case  for 
the c ompany b as i s .  

SCHE DULE FOR SMALL RE F I NER B IAS ENT ITLEMENTS 

I n  add i t ion to the n umbe r  o f  e n t i tl emen t s  i s s ued in acco r ­
d an c e  wi th the e n t i t l eme n t s  program , e ach r e f i n e r  w i th a n  ave r ag e  
vol ume o f  c rud e o i l r un s  to s t i l ls o f  l e s s  than 1 7 5  MB/D i s  i s s ued 
the fo l low i ng number of add i t ional e n t i tl emen t s : 

( a )  Fo r ave r ag e  volume o f  run s o f  1 0 0 -1 7 5 M B/D , 1 ,  2 5 8  e n t i ­
t l emen t s  l e s s  the n umbe r o f  e n t i tl emen t s  obta i n ed by 
mu l t iply i n g  the d i f fe rence b e twe e n  t h a t  d a i ly volume o f  
c rud e o i l runs a n d  1 0 0 , 0 0 0  by 0 . 0 1 6 7 7 3 3 . 

( b )  For ave r ag e  vol ume o f  run s o f  5 0 - 1 0 0 MB/D , 2 , 0 7 9  en t i t l e ­
men ts l e s s  the  n umber o f  en t i t l eme n t s  o b t a i n ed b y  mul t i ­
p ly i ng the d i f ference s be twe en t h a t  d a i ly vol ume o f  crude 
o i l  runs  and 5 0 , 0 0 0  by 0 . 0 1 6 4 2 .  

( c )  For ave r ag e  volume o f  run s o f  3 0 - 5 0  MB/D , 3 , 1 2 3  e n t i t l e ­
men t s  l e s s  t h e  n umbe r o f  e n t i tl emen t s  be twe e n  t h a t  d a i ly 
vol ume o f  c rud e o i l  runs and 3 0 , 0 0 0  by 0 . 0 5 2 .  

( d ) F o r  ave r ag e  volume of run s  o f  1 0 - 3 0 M B/D,  2 , 2 8 8  en t i t l e ­
men t s  plus  t h e  n umbe r  o f  en t i tl emen t s  o b t a ined by mul t i ­
ply i ng the d i f f erence be twe e n  t h a t  d a i ly volume o f  c rud e 
o i l runs and 1 0 , 0 0 0  by 0 . 0 4 1 7 5 .  
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( e )  For aver ag e  vol ume o f  run s o f  0 -1 0  MB/D , 0 . 0 2 2 8 8  e n t i tl e­
men t s  fo r each barre l of t ha t  sma l l  re f i ne r ' s  d a i l y  ave r ­
age vo l ume o f  c r ud e  o i l  r un s . 

DOE VS . N PC ENT IT LEMENT ADJUSTMENTS 

Th e en t i tl emen ts prog ram i s  a c l osed sys t em , b o th i n  theory and 
a s  admin i s tered by the DOE ; eve ry en t i tl emen t  bu ye r i s  ma tched by 
an en t i tl eme n t  se l l e r .  Almo s t  a l l  o f  the mon i e s  are  tran s f e r red 
amo ng re f ine r s , a nd the prog r am there fore h a s  o n ly a ve ry sma l l  im­
pact on ave r ag e  r e f i n e r  c rud e o i l  acqu i s i t io n  cos t .  Dur ing 1 9 7 8 ,  
the d i f fere nce s i n  i ndu s t ry-wide c r ud e  o i l  c o s t s  be fore and a f te r  
e n t i tleme n t s  transac t i ons  are appro x ima te ly $ 0 . 0 3 /bb l , d u e  t o  pay­
men t s  to non-re f i ners who e i ther impo r t ed re s i d u a l  f ue l  o i l  i n to 
the E a s t  C o a s t  o r  s uppl i e d  c rud e o i l  to the S t r a teg i c  Pe tro l eum Re ­
se rve . ( Almo s t  a l l  o f  the se payme n t s  wen t  to re s idual  f u e l  o i l 
impo r te r s . ) 

Th e tabl e s  i n  Chapter Th ree of th i s  repo r t  show a d i f f e rence o f  
$ 0 . 3 3 /bbl be tween aver age pr e- and pos t-en t i tl emen t s  c r ud e  o i l 
cos t s .  Th e var i a t i o n  be twe e n  actual  d a ta a s  shown i n  DOE f ig u r e s  
( a  $ 0 . 0 3 /bbl d i f ference ) and the d i f ference repo r t ed here  ( $ 0 . 3 3/ 
bbl ) i s  due to a var ie ty o f  factors , wh i c h  r e s ul t  f rom the u s e  o f  
t h e  DOS R ,  DOO R ,  and en t i t l emen t  pr ice  c a l c ul a ted b y  the DOE . 

The l arge s t  d i f f e r e nce ar i se s  from the f a c t  tha t no t a l l  re f i n­
e r s  i n c lud ed i n  the DOE ' s  c a l cu l a t ions re sponded f u l ly to Pa r t  I I  
o f  the N PC ' s  S urvey o f  Pe troleum Re f i n i ng Capab i l i t ie s ,  and thus  
could no t be i n c lud e d  i n  NPC computa t io n s . I n  add i t io n , e n t i tl e ­
men t  c a l c u l a t ions use s pe c i f i c ave r age pr i ce s ; DOE ' s  r e po r t ed ave r­
age pr i c e s  are d i f fe re n t  f rom NPC ' s  due to the var i a t ion in the 
un ive r s e s  for the two c ompu t a t ion s . Con s t r uc t i ng a hypo t he t i c a l  
DOSR for the two s e t s  o f  d a t a  g ive s an i nd i c a t i o n  o f  the  impac t o f  
the appl i c a t ion o f  DOE fac tors t o  N PC s u rvey r e s pond en t s ' d a t a . 
Th i s  s impl i f ied DOSR c a l cu l a t ion , wh i ch i s  b a s ed o n ly o n  d e emed old  
o i l a s  a perc en t age o f  c r ud e  o i l r un s  and t h u s  e x c l ud e s  the e f fe c t  
o f  a l l  spe c i a l  programs , shows t h a t  n e t  c rud e o i l  cos t s  repo r ted 
for the N PC ' s  s ampl e were r a i s ed by appro x ima te ly $ 0 . 1 5/bb l  by the  
u s e  o f  DOE ' s  pub l i shed DOS R ,  DOOR , and e n t i t l emen t  pr i c e . 

Th e g ran t i ng o f  s pe c i a l  e n t i tleme n t  b e n e f i t s ,  another po r t ion 
of the en t i tl emen t s  prog r am a s  admi n i s te red in 1 9 7 8 ,  would h ave 
prov i d ed reduc t io n s  i n  c e r t a i n  re spo nd e n t s ' c rud e o i l  cos t s .  Th e 
cumul a t ive cos t o f  these add i t ion a l  en t i tl emen t s  i s  i n c l uded i n  the 
Chapter Th ree po s t -e n t i t l emen t  f ig u r e s  b e c ause the p ub l i shed 
nat ion a l  ave r age DOS R  and DOOR va lue s  were u s ed . Howeve r , the 
ben e f i ts o f  the prog r ams we re not d i s t r ibuted to the spec i f i c  
rec i p i e n t s  by t h e  c a l c ul a t ion . 

As shown i n  DOE e n t i tl emen t  not i ce s ,  a sma l l  numb e r  o f  c ompan­
ies d omina ted s pe c i a l  e n t i tl emen t  rece i p t s  in 1 9 7 8 .  For e x ampl e ,  
one company ( four pe r c e n t  o f  the N PC ' s Pa r t  I I  s urvey popul a t i o n ) 
rece ived 4 6  pe rc e n t  o f  the s pe c i a l  e n t i tl emen t s  award ed to the  0 -1 0  
MB/D c ompany c l a s s  ( e x lu s ive o f  the sma l l  r e f i n e r  b i a s ) . I t  wa s 
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conc l uded t h a t  to g e n e r a l i ze the e f fe c t  o f  t h e s e  s pe c i a l  b e ne f i t s  
by ave r ag i ng the c rud e o i l  cos t r educ t ions  a c ro s s  a n  e n t i r e  c a te­
gory could b e  m i s l e ad i ng i n  that the data could be s kewed away f r om 
the " av e r ag e " re f i ne r  i n  a g iven c l as s . I t  shou l d  be r e c og n i ze d , 
howeve r ,  t h a t  s pe c i a l  en t i tl emen t s  are a maj or f inanc i a l  f ac tor for 
c e r t a i n  c ompan i e s  in the indus t ry . 

Th e s pe c i a l  programs wh ich concern us  here  are e x c ep t i o n s  and 
appe a l s  re l ie f , e n t i tl emen t s  for r e f i ne r s  o f  Cal i forn i a  c r ud e  o i l ,  
t r e a tme n t  o f  r e s i d u a l  f ue l o i l  marke ted on the Ea s t  Co a s t , and 
naph tha i mpor ted i n t o  Pue r t o  Ri co . Al though the sma l l  r e f i n e r  b i a s  
i s  a l s o  a s pe c i a l  prog r am wh ich red u c es crude o i l  cos ts f o r  g i ven 
r e f iner s , the b i a s  bene f i t s  have been d i s tr i buted t o  rec i p i e n t s  f o r  
t h e  purpo s e s  o f  th i s  s t ud y , b e c a u s e  t h e  be ne f i ts are  au toma t i c a l ly 
ava i l ab l e  to a l l  sma l l  r e f iner s . In the e n s u i ng d i s cu s s io n , ther e ­
fore , no da ta on sma l l  re f i ner b i as bene f i t s  a r e  i n c l ud ed . 

A rough e s t ima te o f  t he value o f  these bene f i ts c an b e  c omp u t e d  
by us i ng DOE mon t h ly en t i tl emen t  no t i ce s .  T a b l e  G - 1  s hows the  
g ra n t s  and the  s pe c i a l  e n t i t l emen t s  to spec i f i c N PC s ur vey r e s po n ­
d e n t s  b y  c ompa ny s i ze .  

In e x amin i ng Tabl e  G-1 , one s hould bear i n  m i nd t h a t  par t i c u l ar 
r e f i n e r s  g o t  the prepo nd e r an c e  o f  bene f i t s i n  c e r ta i n  c a tegor i e s , 
as w i l l  b e  d i s c u s s ed b e l ow .  In add i t io n , the ave r ag e  ne t c r ud e  o i l 
cos t s  fo r a l l  N PC s urvey r e spo nd e n t s  wo u l d  be r educ ed by s ome 
$ 0 . 1 1 /bbl . The e f fe c t  o f  a r e d uc t ion on the c ompe t i t ive po s t io n  o f  
any g roup o f  r e f i ne r s , t he r e fo re , s hould be a s s e s sed a s  a n e t e f­
f e c t  aga i n s t  the r e d uc t i on for a l l  re f ine r-re s po nd en t s . La s t ly , n o  
o f f s e t t i ng upwa rd ad j u s tme n ts i n  c rud e o i l  cos t s  a r e  n e c e s sary f o r  
ref i n e r  c a t egor i e s , b e c a u s e  the cos t o f  the s e  progr ams h a s  b e e n  
s ub s umed i n  t h e  o r ig i n a l  c a l cul a t ion . 

E xc e p t i o n s  and Appea l s  Re l ie f  

Th e DOE g r a n t s  re l ie f  t o  spec i f i c r e f i ne r s  wh e n  they c an show 
par t i c ul ar h a rm from the e n t i tl emen t s  progr am ,  un i q u e  marke t f a c ­
tors , o r  o t h e r  abe r r a n t  s i tua t i on s . F o r  i n s tanc e , i t  wa s the  po l i ­
cy o f  DOE ' s  O f f ice  o f  He ar i ng s  and Appe a l s  to g r a n t  re l i e f  to sma l l 
re f i ners who we r e  n e t  buye r s  o f  e n t i t l eme n ts i f  those r e f i n e r s  we r e  
unable to mee t  c e r ta i n  c r i ter i a  o f  h i s tor i c a l  p ro f i tab i l i ty .  No 
s im i l a r re l ie f  wa s ava i l ab l e  to sma l l  r e f i n e r s  who we r e  n e t s e l l er s  
o f  en t i tl emen t s , and by n o  me ans a l l  g r a n t s  o f  r e l ie f  c ame und e r  
th i s  po l i cy . Th e to t a l  value o f  e n t i t l eme n t s  i s s ued to r e c i p i e n t s  
of except ion s and appe a l s  re l ie f  i n  1 9 7 8  wa s $ 3 2 0  m i l l io n , $ 2 4 0  
m i l l i o n  o f  wh i ch wa s i s s ued to r e f i n e r s  among the N PC s ur vey r e ­
s pond en t s . A s  i nd i c a ted i n  Table G-1 , t h e  d i s tr i bu t ion o f  t h e  r e ­
l ie f  bene f i t s  b y  c ompany s i ze shows g r e a t  va r i a t ion among d i f f e r e n t  
ca tegor i e s .  The c ompan i e s  i n  t h e  5 0 -1 0 0  MB/D s i z e  range r e c e i ved 
the h ighe s t  g r a n t s  o f  e x ceptions  r e l ie f .  Howe v e r , t h r e e  c ompan i e s  
rece ived v i r t u a l ly a l l  o f  the se bene f i t s .  Of the to t a l  o f  1 1  r e ­
f i ners i n c l ud ed i n  th i s  c a tegory , s i x we r e  i s s ue d  no e x c ep t i o n s  
r e l ie f en t i tl emen t s  a t  a l l . 
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TABLE G- 1 

Estimated Value of Special Entitl ements Earned in  1978  
by Companies Participating in the NPC Survey 

Company Size 1 9 7 8  Throughput* Value of 1 978 Entitlements ( MM$ )  
Range ( MB/D ) ( MB/D ) Exceptions and Appeals Product California Total 

0 - 1 0 1 24 1 2 . 1 0 .  1 9 . 3  2 1 . 5  

1 0-30 457 6 1 . 0  1 . 3  1 9 . 9  82 . 2  

G) 3 0 -50 3 1 4  2 . 4  0 5 .  1 7 . 5  I 
1.0 

5 0- 1 00 644 1 28 .  1 0 o . 8  1 28 . 9  

1 0 0 - 1 75 375  1 . 6  0 .  1 0 . 3  2 . 0  

1 75+ 1 1 , 0 1 0 36 . 0  90 . 4  1 49 . 6  276 . 0  

All 1 2 , 924 24 1 . 2  9 1 . 9  1 85 . 0 5 1 8 .  1 

* Throughput data from January 1 979 NPC Survey of u . s .  Petroleum Refining Capabilities for companies 
receiving entitlements .  



C al i fo rn i a  E n t i tl e me n t s  

Downward pr e s s ur e  o n  po s ted we l l h ead pr i c e s  f o r  Ca l i fo r n i a  
crude o i l s  ( pa r t i c u l a r l y  h e a v i e r  o i l )  threatened to encourage the 
shut t i ng - i n  o f  prod u c t ive c apc i ty i n  1 9 7 8 .  S i nc e  the r e s ul t wou l d  
have been t o  i nc r e a s e  impo r t s  t o  replace the s up p l y , DO E began a 
progr am i n  June 1 9 7 8 t o  grant e x t ra e n t i t l eme n t s  to r e f i n e r s  o f  
Ca l i forn i a  c r ud e  o i l . The ent i tl emen t  i s s ua n c e s  h ad the e f f e c t  o f  
l owe r i ng po s t-e n t i t l eme n t  acq u i s i t ion cos t f o r  the s e  re f i ne r s , t h u s  
encour ag i ng th em to pay h i gher pr i c e s  to p ro d ucer s .  The bene f i t s 
are gran ted on a s l id i ng s c a l e , inve r s e l y  r e l a te d  to g rav i ty be­
twe e n  June and Dec embe r 1 9 7 8 ,  the total va l ue of Cal i fo rn i a  ent i ­
t leme n t s  wa s some $ 2 1 2 m i l l i on , $ 1 8 5 m i l l i o n  o f  wh i c h  we n t  t·o N PC 
s urvey r e s pondent s .  Approx ima t e l y  8 0 perc e n t  o f  the e n t i tl emen t s  
wen t  t o  c ompan i e s  i n  t h e  1 7 5 +  MB/ D  c ategory . O f  th i s  amou n t , seven 
out  o f  the 10  large re f i ne r s  ope ra t i ng in  PAD V rece i ved the  vas t  
maj or i ty .  I t  sho u l d  be noted , howeve r , t h a t  spe c i f i c sma l l e r  com­
pan i e s  a l so bene f i te d ; one re f iner in the 1 0 - 3 0 MB/D s i ze range 
rece ived 6 4  p e r c e n t  o f  a l l  Ca l i forn i a  e n t i tl eme n t s  i s s ued to tha t  
s i ze c a t egory . 

Prod u c t  E n t i t l eme n t s  

Th e DOE g rants  por t ions  o f  e n t i t l emen t s  for  impo r t s  o f  r e s id u a l  
f ue l  o il i n to t h e  u . s .  Ea s t  Coa s t .  En t i tl emen t s  a r e  a l so gran t ed 
f o r  impo r t s  o f  n aphtha i n to Pue r to R i c o  f o r  pe trochem i c al f e e d ­
s to ck s . The maj or rec i p i en t s  o f  naph tha e n t i tl emen t s  are  no t amo ng 
t he N PC s urvey r e spo nd e n t s , however . Wi th r e sp e c t  to r e s i d u a l  f ue l  
o i l  the e n t i tl emen t s  are awarded to the impo r t e r  o f  r e c o rd , whe the r 
a r e f i ner ' o r  non-re f i ne r .  To the e x t e n t  t h a t  the  e n t i tl eme n t s  
g o  t o  non-re f i ne r s , c r ud e  o i l cos t s  o f  a l l  u . s .  re f i n e r s  are i n­
c reased . By contras t ,  t he e n t i tl eme n t s  awa rded to r e f i ne rs for 
re s idual f ue l  o il impo r t s  h ave no bear i ng on the  r e c i p i en t s ' c om­
pe t i t ive po s i t ion f o r  U . S .  c rud e o i l  r e f i n ing ope r a t i on s . Th e d a ta 
are inc l ud ed o n ly to i l l u s t r a te the cos t/bene f i t  o f  a l l  s pe c i a l  e n ­
t i tl emen t prog rams . Th e to tal va lue o f  produc t e n t i t l eme n t s  i s s ued 
by DOE i n  1 9 7 8 wa s $ 3 0 2  m i l l ion . Of t h i s  amoun t ,  approx ima t e ly $ 9 2 
m i l l ion we n t  t o  c ompan i e s  par t i c ipat i ng i n  the  N PC s ur vey . Th e 
$ 2 1 0  mil l i on granted to no n-re s pond e n t s  i n c l ud e s  $ 6 0  m i l l ion fo r 
naph tha impo r t s  i n to Pu e r to R i c o ,  and payme n t s  t o  r e f i n e r s  and non­
re f iners who impo r ted re s idual f ue l  o i l .  

From Jan u a ry to June 1 9 7  8 ,  U . S . r e f i n e r s  we re pen a l i z e d  po r­
t ions o f  e n t i t l emen t s  for sh i pme n t s  o f  d ome s t i c  re s id u a l  f u e l  o i l  
to the u . s .  Ea s t  Coas t ,  a provi s ion known a s  the  " r eve r s e  e n t i tl e­
men t . " The t o t a l  va l ue o f  t h i s  pe n a l ty , wh i ch e f f e c t i ve l y  i n ­
c rea s ed c r ud e  o i l c o s t s  for c e r ta i n  re f i n e r s  i n  the  G u l f Coa s t ,  
E a s t  Coas t ,  and V i r g i n  I s l and s , wa s $ 6 3 mi l l i o n . Th e mon thly e n t i ­
tl ement no t i ce s  d o  not prov id e the d a t a  nece s s a ry t o  a l l o c a te the  
p e n a l ty to spec i f i c  r e f iners , howe ve r .  I t  shoul d  be noted t h a t  the 
reverse en t i t l eme n t  ad j u s tmen t s  are no t i nc l ud ed i n  the prod uc t 
e n t i t l emen t  f ig ur e s  c i ted above . 
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COMPARI SON OF NPC AND PACE COMPANY ECONOM I C  ANALYS E S  

A s t udy wa s r e l e ased t o  t h e  Depar tme n t  o f  Ene rgy i n  Dec embe r 
1 9 7 9 by the Pa ce Comp any Con s ul t an t s  and Eng i ne e r s , I nc . , e n t i t l ed 
Compe t i t i ve Economi c s  o f  Un i ted S t a te s  and Fore i g n  Re f in i ng . A 
c omp a r i so n  b e twe e n  the Pa ce Comp any s tudy and the N PC r eport i s  
made b e l ow .  

The data i n  Tab l e  H - 1 , based on the a c t u a l  1 9 7 8  compe t i t ive 
e n  v i  ronme n t ( f rom the N PC s t udy ) t h a t  e x i s ted be twe e n  U . S .  and 
fore ign e xport re f i n e r i e s ,  show PAD I I I  t o  h ave a compe t i t i ve 
adva ntage ove r the Ca r i bbean re f inery of $ 0 . 8 7/b b l  o f  crud e o i l  
proce s sed . Tab l e  B - 2  on p ag e  2 4  o f  the Pa c e  Compa ny repo r t  s h ows a 
1 0 0  MB/D h igh conve r s ion re f i ne ry i n  PAD I I I  t o  h ave a comp e t i t ive 
d i s ad vant age o f  $ 0 . 4 5/bb l  i n  1 9 8 0 ,  re l a t i ve to a Car i bbean h ydro­
s k immi ng r e f inery ,  the  l a tter based on pro j e c t ed 1 9 8 0  wo r l d  p r i ce s  
from the Pac e  Company s t udy . 

Whe n  the re f i n e r i e s  i n  th i s  s t udy are e va l u a t ed o n  the s ame 
bas i s  a s  the Pace Comp any s tudy , the PAD I I I  r e f i n e ry has  a comp e t ­
i t ive d i s ad van t age o f  $ 0 . 5 1/bb l , or on l y  a $ 0 . 0 6/bb l  g r e a t e r  d i s a d ­
vantage t h a n  t h e  Pa ce Company r e s ul t s .  Th e pr ima ry reasons  for the 
s e eming d i spar i ty be twe e n  the 1 9 7 8  and 1 9 8 0 ba s e s  are : ( 1 )  the 
inc reme n t a l  e n t i t l eme n t s  through p u t  cred i t  rece ived by a dome s t i c 
re f iner i n  1 9 7 8  o f  $ 1 . 6 1/bb l ; ( 2 )  the ave r a g e  FOB c r ud e o i l  cos t 
o f  a PAD I I I  r e f i n e r  w i th con tro l led pr i c e s  on dome s t i c crud e wa s 
an ad van tage o f  $ 0 . 6 8/bb l  for th i s  s t udy re l a t i ve to the  Pac e  Com­
pany s tudy ; a nd ( 3 )  the d i f ferent prod u c t  pr i c e s  and t a x e s  wh i ch 
accoun t for mos t  o f  the r ema i n i n g  d i f ference s .  

The c a l c u l a t ions i n  Tab l e  H - 1  were based o n  the re l a t i ve prof i t  
( be f ore i ncome tax ) , wh i ch wa s d e r ived f rom d e l i ve re d  p rod u c t  va lue 
less c rude o i l  cos t s  and other pro d u c t  proce s s i ng cos t s  f rom Tab l e s  
1 3 1 ,  1 3 2 ,  1 3 3 ,  1 3 5 ,  1 3 7 ,  and 1 3 8  o f  Ch ap t e r  Fou r ,  f o r  t h e  8 5- 1 0 0  
percent operat ing capa c i ty incr emen t .  The r e l a t i ve prof i t  ( be fore 
i ncome tax ) wa s redu ced by the total f i xed cos t s  ( $/b b l  f rom Ta b l e  
1 5 4  o f  Ch apte r Four ) .  Th i s  re s ul t  was e n t ered o n  Tab l e  H - 1  a s  
" Ta xe s . "  Th e fo l l ow i ng i s  an examp l e  o f  t h e  c a l cu l a t ion f o r  taxe s :  

PAD I 

Us e Co l umn fo r 1 0 0 %  Operat i ng Capac i ty ( Ta b l e  1 3 2 )  

Re l a t ive Prof i t  ( Be fo re I n come Tax ) 

To ta l F i xed As s e t s  ( Ta b l e  1 5 4 ) 

Re l a t ive Prof i t  l e s s  F i xed As s e t s  

Income T a x  ( 5 0 %  Ra t e , s e e  Ta ble 1 4 9 )  

H - 1  

$ 2 . 4 8 

$ 1 . 1 5  

$ 1 . 3 3  

$ 0 . 6 7 



TABLE H- 1 

Estimated 1 9 78 Relative Advanta�e ( Disadvantage ) -- Total Cost Bas is 
( A l l  Cost F i gures i n  u . s .  $/Bbl of Crude Oi l Charge ) 

Caribbean E .  Canada 
Existing Retrofitted Existing Retrof itted 

PAD I PAD I I I  Ca12acity Downstream Ca12acity Downstream Netherlands Italy 

Base : PAD I ,  1 a a% Capacity --
Prof itabi l i ty 

Due to : 
Crude Oil Cost ( FOB ) Base ( a . 2 5 )  a . 1 3  a .  1 3  a . a 9 a . a 9 ( a . a 4 )  ( a . a 4 )  
Crude Oi l Transportation Base a . 4a a . 53 a . 5 3 a . 55 a . 55 a . 39 a . 44 
Crude O i l  F e e s  and Duties Base a . a 5 a .  1 1  a .  1 1  a .  1 1  a .  1 1  a .  1 1  a .  1 1  
Delivered Product Value Base a . 3 5 ( 1 .  78 ) ( a . a 6 )  ( 1 . 4 2 ) a . 22 ( 1 . 85 ) ( 1 . 9 1 )  
Product Transportation Base ( a . 7 4 )  ( a . a6 )  ( a . a 5 )  a .  1 5  a .  1 8  ( a .  5 3 ) ( a . 6 8 )  

::r: Product Fees and Duties Base ( a . a 9 )  ( a . 3 1 ) ( a . 24 )  ( a . 38 )  ( a .  1 Q )  ( a . a9 )  I 
Fuel Cost Base a .  1 6  a . 4 3  a . a 2 a . 2 6 ( a .  1 3 )  a . 4 2 a . 47 N 
Other Variable Costs Base a . a 3  a .  1 2  a . a6 a . a 1  ( a .  a 1 )  a .  1 4  a .  1 4  
Fixed Costs* Base a . a 9 a . 4a a . 47 a . 26 a .  7 7  a . 4 1  a . 5 1  

Subtotal ( Pre-Entitl ements 
and Taxes ) Base a . a 9 ( a .  2 1 )  ( a . a 4 )  ( a . 2 3 )  ( a .  1 4 )  ( 1 .  a 5 )  ( 1 .  a 5 )  

Entitl ement s  Crude O i l  Throughput Base ( 1 . 6 1 ) ( 1 . 6 1 ) ( 1 .  6 1 ) ( 1 . 6 1 ) ( 1 .  6 1 ) ( 1 . 6 1 )  
Entitlements -- Residual Produced Base a . a 6  a . a6 a . a 6 a . a 6 a . a 6 a . a6 
Ent itl ements - - Re s idual Imports Base a . 2 2  a . a 7 a .  2 1  a .  1 a a . 2 a  a .  1 9  

Total Advantage ( Di sadvantage ) 
( Without Taxe s )  Base a . a a ( 1 . 5 4 )  ( 1 .  5 2 )  ( 1 .  5 7 )  ( 1 .  59 ) ( 2 . 4 a )  ( 2 . 4 1 )  

Taxes Base ( a . a 5 )  a .  7 2  a .  7 2  a . 79 a . 79 1 .  1 8  1 .  1 a 
Tot a l  Advantage ( Dis advantage ) 

( With Taxes ) Base a . a 5 ( a . 82 ) ( a . 8 a )  ( a . 78 )  ( a . 8 a )  ( 1 .  2 2 ) ( 1 .  3 1 )  

*See Tabl e  1 5 4  of Chapte r  Four for f ixed cost dat a .  



Car i bbean 

Us e Co lumn for 1 0 0 %  Ope ra t i ng Capa c i ty ( Ta b l e  1 3 4 ) 

Re l a t i ve Prof i t  ( Be fore Inc ome Tax ) 

To t a l  F i xed As s e t s  ( Ta b l e  1 5 4 )  

Re l a t i ve Prof i t  le s s  F i xed As s e t s  

In come Tax ( 2 5 %  Ra te , s e e  Ta b l e  1 4 9 ) 

$ 0 . 5 4 

$ 0 . 7 5  

( 0 . 0 5 )  

( 0 . 1 9 )  

Th e inc ome t a x  d i f f e rence be tween PAD I and th e Car ibbean re f ine ry 
i s  $ 0 . 6 7  l e s s  ( 0 . 0 5 )  equal  to $ 0 . 7 2 .  

H-3  
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