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PREFACE

On February 9, 1972, the National Petroleum Council, an offi-
cially established industry advisory body to the Secretary of the
Interior, was requested by the Assistant Secretary of the Interior
for Energy and Minerals to undertake a survey of the factors--econom-
ic, governmental, technological and environmental--which affect the
ability of domestic refining capacity to respond to demands for
essential petroleum products. The Assistant Secretary asked that
the Council's report discuss those elements which are considered
essential to the development of domestic refining capacity. (See
Appendix A for request letter.)

In response to this request, the National Petroleum Council
established a Committee on Factors Affecting U.S. Petroleum Refin-
ing under the chairmanship of Orin E. Atkins, Chairman of the Board,
Ashland 0il, Inc., and the cochairmanship of Hon. Stephen A.
Wakefield, Assistant Secretary of the Interior for Energy and Min-
erals. The Committee was assisted by a Coordinating Subcommittee,
chaired by George Holzman, General Manager, Refineries, Shell 0il
Company. (See Appendix B for Committee rosters.) This report is
designed to call attention to those factors and issues which have
affected domestic refining capacity.

The results of the Committee's investigation and the detailed
findings contained in this report are the basis of the National
Petroleum Council's report, Factors Affecting U.S. Petroleum
Refining--A Summary, published in May 1973. In addition, the Com-
mittee undertook to supplement a previous NPC report entitled,
Impact of New Technology on the U.S. Petroleum Industry (1946-1965).
The review as regards refining technology was made in April 1973
with a separate report published in September 1973.

Since publication of the Summary Report in May 1973, many
events have taken place which will have an impact on the U.S. petro-
leum refining industry. These include: (1) changes in the o0il
import policy, (2) spiraling world crude oil prices--elasticity of
price to demand, (3) energy conservation measures, (4) producer
country ownershlp of oil production and 1nterest—-export reflnerles
(5) oil embargo, (6) U.S. price stabilization, etc.

This complete and final report of the NPC Committee on Factors
Affecting U.S. Petroleum Refining was based on an analysis of con-
ditions and circumstances which contributed to the lag in develop-
ment of U.S. refining capacity prior to early 1973. Events since
then, however, could have far more serious implications for the
future of the refining industry in the United States. Although the
final report of the NPC Committee is lacking the evaluation and anal-
ysis of these current events, it presents a record of the economics,
technology and prevailing policies of the Federal Government during
the early years of the 1970's which contributed to spot shortages
of petroleum products and a very serious lag in construction of
petroleum refining capacity.
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Part One
Introduction, Conclusions
and Recommendations

Extracted from
Factors Affecting U.S. Petroleum Refining—A Summary
Prepared by the National Petroleum Council May 1973




INTRODUCTION

Refining is an integral part of the domestic petroleum indus-
try. It is only through this process that crude o0il can be trans-
formed into the many varied products which have become the basis
for the Nation's continued development. Refined petroleum products
form the basis for heating oils, motor fuels, plastics, building
materials, synthetic fibers, medicines, rubber, paint solvents, bio-
degradable detergents, asphalt and lubricating oils, as well as many
other products.

The petroleum industry, which has been called upon to supply
the Nation's consumers with three-fourths of their energy needs, is
a complex web of interrelated functions. In total, over 40,000 com-
panies perform the primary functions of exploration, production,
transportation, refining and marketing. This report is addressed
primarily to the refining function.

The growth of the domestic refining segment of the petroleum
industry is affected by the growth of the other segments. For
example, domestic o0il and gas production rates directly affect . the
amount and location of refining capacity requirements. Similarly,
the development of transportation systems which allow the United
States to realize the benefits of large modern tankers affect
refiners' decisions regarding size and location of new refinery
sites.

There are nearly 200 companies in the continental United States
which are directly involved in the process of crude oil refining.
These refineries are located in 40 states and range in capacity from
250 barrels per calendar day (250 B/CD) to over 400,000 barrels per
calendar day (400 MB/CD).*%

U.S. refiners have a highly diverse range of economic and
industrial interests. Some refiners employ simple distillation
techniques for the production of the most elemental refined prod-
ucts, while others are largely engaged in the manufacture of motor
fuels and domestic heating oils. Still others produce a broad spec-
trum of petroleum products, including highly sophisticated petro-
chemicals. The various processing techniques and types of equipment
employed in the manufacture of finished petroleum products are numer-
ous. Because of the diversified interests, manufacturing techniques
and raw materials base, different refining facilities have different
interests and requirements.

This report attempts to delineate broad areas of concern to
refiners and to suggest policy options which will help maintain the
health and viability of the refining segment of the petroleum indus-
try. :

* Since product demands are expressed as daily averages, daily
average or calendar day refinery capacities are used throughout this
report. Specific process unit capacities are expressed in rated or
stream day capacities.



While numerous factors will be discussed in the body of the
report, the single most influential factor on U.S. petroleum refin-
ing today--and indeed on the entire petroleum industry--is the cur- -
rent transition from operating in an era of stable and ample domes-
tic crude and product supplies to operating in an era of instability
and shortage. Refiners are no longer assured of the availability
of needed raw materials of either the quantity or the quality for
which their refineries were designed.

This NPC study addresses the past, present and future trends
in domestic petroleum refining in relation to requirements, capac-
ities and capabilities. In addition, technological factors that
have contributed to the shortfall in domestic refining capacity are
evaluated. To determine past, current and near-term refining capac-
ity, extensive surveys were conducted, the composite results of
which are used throughout Part Two of this report.

In order to analyze the construction of new refining capacity,
the study addresses the economic factors which indicate the advan-
tages and disadvantages of building domestic refineries versus
building refineries in foreign perimeter locations such as eastern
Canada and the Caribbean. 0il import policy, environmental consid-
erations and other pertinent government policies are evaluated.

Due to the scope and complexity of the assignment, this study
is presented in three volumes. The Summary Report of May 1973 con-
tains the conclusions and recommendations of the National Petroleum
Council and incorporates a summary of this volume. The third vol-
ume is an update of the refining section of a previous NPC report
entitled, Impact of New Technology on the U.S. Petroleum Industry
(1946-1965).




CONCLUSIONS

SUPPLY AND DEMAND

This study has determined that a number of factors involving
supply/demand, environmental and economic concerns have contributed
to the shortfall of domestic refining capacity. It is important to
realize that no single program or policy has caused nor will alle-
viate current and projected shortfall of domestic refining capac-
ity. Any measures taken to attain short-term results must be cogni-
zant of the effect of these measures upon long-term situations.
Several of the more important factors which have an impact upon
the refining situation and their implications are. dlscussed in the
following sections. -

Product Demands Exceeding Capacity

The requirements for refining capacity are set by the demand
for petroleum products, which is expected to grow at a rate of 5.7
percent per year from 1971 to 1975; 2.7 percent per year from-1976
to 1980; and, 3.0 percent per year from 1981 to 1985. At these
growth rates, demand for petroleum products will be nearly double
the demand for the 1971-1985 period, increasing from 15 million bar-
rels per calendar day (MMB/CD) in 1970 to over 26 MMB/CD in 1985.
The refining capacity necessary to satisfy 1985 demand will there--
fore exceed 25 MMB/CD. Operating capacity of U.S. refineries on
January 1, 1973, was 13.2 MMB/CD, with about 2.5 MMB/CD of products
being imported.. Thus, if projected petroleum product requirements
are to be met, it will be necessary to construct new refineries or
expand existing refineries to add about 9 MMB/CD of capacity by
1985. The additional capacity will have to be built in the United
States or come from ex1st1ng or future offshore fac111t1es in order
to meet prOJected demand as shown in Figure 1. If these require-
ments were to be met solely from U.S. refineries with petroleum'u
product imports completely eliminated, about 12 MMB/CD of new ca-
pacity will have to be constructed by 1985.

U.S. ref1n1ng capac1ty was adequate to meet refined product
demands until the 1960's Since then, a shortfall in domestic refin-
ing capacity has developed espec1ally for residual fuel oil. Im-
ports of such products 'have increased substantially, partlcularly
into the East Coast. Until now, physical refining capacity has
existed in the United States to meet the total demands for lighter
fuel products--gasoline, jet fuels, etc. Now, however, demand for
light products has also exceeded domestic capac1ty By 1975, the,
total "shortfall' of domestic refining capacity is prOJected to be
25.9 percent of total refining capacity required or 4.8 MMB/CD.

The present shortfall of domestic reflnlng capac1ty is the
result of a series of emerging trends intensified by a surge in
demand in 1972. For example, the current deficit of heavy fuel oil
capac1ty developed over an extended period of time, while the short-
fall in capac1ty to meet light product requirements is of more
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recent development. It takes several years for new plans . to become
operational, and lead time must be considered an important element
of future planning. Because of the necessary lead time to plan and
build new capacity and because no large increments of new capacity
are now in the construction stage it has been necessary to modify
import controls to permit an increase in product imports in order
that projected demand can be met. Whlle this assumes that suffi-
cient petroleum products are available in world markets, the Commit-
tee has not evaluated world refining capacity to determlne the
valldlty of this assumption. However, it is felt that, if large
increases in U.S. demand continue, world capac1ty may be outstrip-
ped by demand, much as U.S. capac1ty was in 1972.

Uncertainty Concerning Assurance of Supply and Quality of CrudeeOil

The decline in exploration for and production of domestic crude
0il has resulted in greater difficulties in obtaining assured crude
supplies. This has had an inhibiting effect on the expansion of
U.S. refineries. In 1975, crude oil and product imports are
expected to be double the 3.4 MMB/D imported in 1970; imports in
1985 could be as high as 19.2 MMB/D dependlng upon the degree of




national commitment to domestic energy production.* Thus, domestic
refineries are now compelled to rely increasingly upon: forelgn

sources of crude supplies. In order to meet requirements--at least
in the short term--the United States will also have to depend upon
foreign refining capacity for increased amounts of product imports.

In addition to the uncertainty regarding long-term assurance
of crude o0il supply, the distinctive characteristics of the crude
0il itself are important factors in the refining process. A given
refinery cannot effectively process every type of crude oil. If a
refinery processes a type of crude oil for which it ‘was not designed,
the effective throughput capacity of the refinery will in many .cases
be reduced substant1ally Today there is -shortage.of both domestic
and foreign low-sulfur crude oil, and this is expected to continue
in the near future. Many domestic refineries are designed, both.
from a metallurgical and from a processing viewpoint, to accommodate
only low-sulfur crude oil. High-sulfur crude oil--the type most
generally ‘available from foreign supply sources--cannot be exclu-
sively processed. in a domestic refinery designed for low-sulfur .
crude oil without the installation of additional facilities and/or
extensive modification of existing facilities to prevent corrosive
damage and to meet product specifications.

IncreasedlDemand for Refined Petroleum Products and Petrochemical'
and Synthetic Natural Gas (SNG) Feedstocks

- The demand for refined petroleum products could increase above
projected requirements if demand is stimulated by such factors as
the continuation of current shortages of natural gas, continuation
of delays in bringing nuclear-fueled electricity generating capac-
ity on-line, and a future decrease in the availability of environ-
mentally and econom1cally acceptable low- sulfur coal.

Although oil is not completely 1nterchangeab1e with other
fuels in ex1st1ng equipment, it can supplement the needs in any -
energy consuming sector of our economy. In effect, it can act as
the "swing" fuel. If gas finding rates are disappointingly low in
the future, o0il can be used to fill the need. The same concept
holds true for oil as an alternate to nuclear power and coal when
necessary and where applicable.

The required specifications for individual products are af-
fecting both the type and the amount of capacity required. The
increasing demand for low-sulfur residual fuel oils (0.3 weight-
percent sulfur) requires the installation of extensive treating
facilities. Not all crude oils can be processed ‘utilizing exist-
ing technology to y1eld these fuels econom1cally, and crudes which
are naturally low in sulfur are in short supply in world markets.
Motor gasol1ne representlng nearly 40 percent of total U.S. o0il"
demand, ‘is also sensitive to environmentally induced specification

_ * NPC, U.S. Energy Outlook--A Summary Report of the National
Petroleum Council, December 1972. Hereafter referred to as U.S.
Energy Outlook Report.



changes. Emission control equipment on new automobiles is.reduc-
ing fuel efficiency, thus increasing gasoline demand. While this
in itself is increasing refinery capacity requirements, the need
for unleaded gasoline for these new vehicles is also significantly
increasing the amount of crude capacity required to produce a given
volume of gasoline.

In the last few years, the domestic.manufacture of petrochem-
icals has become closely related to domestic crude oil refining
capacity. Supplies of domestic natural gas liquids, which are im-
portant petrochemical feedstocks, are declining, and petrochemical
producers are having to turn more and more to refinery naphtha and
gas 0il. 'This shift in feedstock will result in'a closer-relation
ship'betweén the refining and petrochemical industries as well as-

in increased need for integration of petrochemlcal and refining
plannlng and operatlon

The National Petroleum Council has projected pétrochemical-
feedstocks to grow from less than 6 percent of total petroleum de-
mand in 1970 to about ‘8 percent in 1985.* If refining capacity
moves offshore, then petrochemical producers may have to use im--
ports for their feedstock supplies, or move offshore with those
refineries. Conversely, if refining capacity is kept onshore,
feedstock supplies can be expected to be more readily available.

An additional demand factor which will affect both petrochem-
ical and refining operations is the planned reforming of naphtha
and other petroleum liquids into SNG. Feedstocks for SNG manufac-
ture could approach 1 MMB/CD by 1985.

ENVIRONMENTAL CONCERNS

Americans are.becoming aware of the potential conflict between
energy requirements and environmental goals. Both high energy con-
sumption rates and satisfactory maintenance of environmental stan-
dards are possible but only through dealing effectively with the
total env1ronmenta1 social and economic system

The principal env1ronmenta1 factors which have had 1nh1b1t1ng
influences on the expansion of domestic reflnery capacity are dis-
cussed in the following sections.

Availability of Refinery Sites

Requirements relating to construction and operating permits
and- other environmental considerations have seriously limited and
delayed site development for new plants. Environmental issues and
restrictive emission requirements have delayed or actually prevent-
ed new refining construction. Of more concern than the difficulty

% NPC, U.S. Energy Outlook: An Initiadl Appraisal 1971-1985,
Volume Two, November 1971. Hereafter referred to as the Initial
Appraisal. '




of complying with these requirements are the instances where pro-
posed refinery construction--after complete compliance with federal,
state and local requiremenits--is halted by c1tizen group court
actions.

Despite the rigorous standards for both water and -air quality
that refineries must meet now and in the future, resistance still
exists in many areas of the country to constructing plants, even
with appropriate environmental equipment. It is hoped that, as ‘the
public becomes more aware of the excellent pollution control per-
formance of modern refineries, such resistance toward plant loca-
tion will disappear.

Availability of Deepwater Port Facilities for Crude 0il Imports

While domestic reserves need to be developed to their fullest
extent, a need will still exist for supplemental quantities of
crude o0il from other countries. The most efficient and economical
method of transporting these requirements to refinery centers 1is
through the use of very large crude carriers (VLCC's). Effective
use of VLCC's--tankers having greater than 150,000 deadweight tons
(DWT) displacement--will require the construction of deepwater
ports located offshore, with pipelines delivering supplies from
these superports to refinerles

Documented evidence ‘shows that most spills from tankers occur
during loading and unloading at ports now located on shorelines.
Deepwater unloading terminals offer environmental advantages in
that they would minimize such occurrences and effects of accidental
spills on nearby shorelines by requiring less frequent ship move-
ments and by allowing these movements to take place at more remote
distances from land. “Likewise, VLCC's with compartmented cargoes
and:highly trained crews, along with sophisticated new navigation
equipment and safety developments offer environmental advantages
over smaller’ vessels - '

Availability of Crude 0il

As mentioned earlier, basic to any refinery construction plans
is the assurance of availability of suitable crude o0il of known
quality and assured stability of supply for a reasonable period of
time. Environmental concerns have, at times, delayed the develop-
ment of supplies of available or potentlally available crude 011 to
refineries.

Perhaps the most important hinderance to refining construction
is unreasonable interference with access to domestic crude oil re-
sources after detailed studies have assessed the impact of envir-
onmental issues and demonstrated cost-benefit effectiveness. For
example, reserves of crude oil on the North Slope of Alaska which
were discovered in 1968 have been estimated to be over 10 billion
barrels, a volume which is equivalent to about one-third of the
known reserves of the lower 48 states. Billions of dollars of in-




dustry's capital have been rendered nonproductive by citizen group
court actions and other delays associated with environmental con-
cerns. These dormant reserves have not only drained funds from

uses in other ventures, such as expanding refinery capacity, but
have increased our Natlon's dependence on imports with attendant
penalties on national security and balance of trade. The Nation
cannot afford to allow these resources to remain unused indefinitely.
Even under the most optimistic predictions, it will be several years
before supplies of crude oil can be moved from the Alaskan North
Slope to domestic refineries.

The potential for discovery of large quantities of crude oil
and natural gas exists in offshore waters surrounding our continent.
However, many areas of the continental shelf of the United States
remain undeveloped or underdeveloped because of environmental
concerns.

ECONOMIC FACTORS -

Important changes are taking place in the economic environment
in which refineries find themselves. Crude oil is being supplied
in increasing amounts from foreign sources, and prices of foreign
crude o0il landed in the United States are rising sharply, exceeding
delivered domestic prices in some cases. Refining facilities are
becoming more complex in both design and materials requirements and
are increasingly more expensive per barrel of capacity.

The principal economic factors affecting the expansion of do-
mestic refining capacity are discussed in the following sections.

The Economic Outlook for New Refining Investment Has. Become Uncertain

Refiners are having to compete for funds in capital markets
at a time when investment dollars are becoming tight and are being
attracted to those investments with a rate of return more commen-
surate with future risk and stability. Rates of return on refining
investment must be adequate if financing ‘is. to be available for con-
struction of new domestic refining capacity. Current economic con-
ditions and the lack of encompassing U.S. policies on energy matters
has made the outlook for new 1nvestments in new reflnerles qulte
uncertain. -

Illustrative economic comparisons have been prepared concern-
ing the cost of operating a refinery located in perimeter areas
(Caribbean or eastern Canada) to the cost of the same refinery lo-
cated in either Petroleum Administration for Defense (PAD) District
I (U.S. East Coast) or PAD District III (U.S. Gulf Coast).* In all
cases, the refineries were operated on the same Middle East crude.

- * These illustrative economic comparisons were prepared prior
to the issuance of the President's Energy Message to Congress of
April 18, 1973, and do not take into account the oil import proc—
lamation contatned therein.




They were operated to produce a product mix comparable to the pro-
jected growth in District I product demand between 1970 and 1985,
with the products ultimately delivered to the same market locations
in District I. These costs do not include any cost associated with
acquiring the crude oil import quota but do include 1972 level im-
port duties. They assume an application of current statutory in-
come tax rates--zero for the Caribbean example, 48 percent for the
United States and 49 percent for an eastern Canada refinery.

While these studies are only illustrative examples, they in-
dicate that.a refinery located in District III can expect average
product costs which are on the order of $0.60 per barrel higher
than the refinery located in the Caribbean. Assuming that such a
refinery is built in District I, the economic advantage of the
Caribbean refinery is reduced to approximately $0.40 per barrel.

On the other hand, in eastern Canada, where the tax rates are com-
parable to those in the United States, the economic advantage tends
to disappear--except in those instances where specific tax advan-
tages and other benefits have been granted.

Recent Product Price Controls Will Lead to Increa51ng Supply
Shortages

If the United States continues to impose price controls-—direct
or indirect--on petroleum and/or refined petroleum products in
order to stabilize the economy, the full cost and financial risk of
providing new supplies of petroleum products must be recognized,
including higher costs of imported supplies. If they are not, re-
finery expansion will be discouraged, and shortages of domestically
refined petroleum products will occur. To the extent available,
products would have to be imported from world markets at prices
which are not subject to U.S. price controls. This, in turn, could
drive market prices for imported products landed in the United
States higher:. than those of products refined domestically, a con-
sequence currently being experienced.

Restrictive and Inflexible Import Regulationé*

The relative inflexibility of the crude oil quota system,
coupled with the decline in domestic crude oil production, has
restricted the development of new refining capacity While it
is true that total U.S. import quotas would increase by the amount
of new capacity built, there has been no direct mechanism to pro-

* The President, in his energy message to Congress of ApriZ
18, 1973, has removed by proclamation all existing tariffs on im-
ported crude oil and products and has suspended direct control over
the quantity of crude oil and refined products which can be im-
ported. In place of the control system, the President has initiated
a license fee system. The President stated that, to encourage do-
mestic refinery construction, crude oil in amounts up to three-
fourths of new refining capacity may be imported for a period of 5
years without being subject to any fees.




vide an existing refiner or a potential refiner with the necessary
access to foreign crude o0il supplies necessary to the operation of
new refinery capacity in the United States. Limited and inade-
quate starter allocations were the only existing provisions for
granting crude access for new refining capacity. The difficulties
and costs of acquiring imported supplies from others were discour-

aging factors in refiners' decisions regardlng new capac1ty
construction.

The exemption of certain products from formal quota controls,
however, has led to the construction of sizable refining capacity
outside the United States. The ability to import these products
into the United States, the ability to acquire long-term foreign
crude o0il supplies, and the economic advantage of offshore refining
favor the buildup of refining capacity in these perimeter ‘areas.

Requirements for Transportation and Storage Facilities

Increased requirements for petroleum will require the expan-
sion of transportation and operational storage facilities. Most of
the incremental crude oil supplies will be imported from the Middle
East and Africa. For such long distances and large quantities, the
most economical and environmentally safe system for receiving such
0oil is by direct shipment to the refining center utilizing VLCC's
and properly disigned deepwater crude unloading terminals. Con-
sidering the lowest cost logistical system for waterborne imports
of crude o0il, the capital required for the 1971-1985 period 1is sub-
stantial. Estimated investments for deepwater port facilities and
for foreign construction of new 250,000 DWT vessels range from §$14
to $16 billion. Total capital requirements may be higher depend-
ing on the extent to which U.S. shipyards must be used for vessel
construction. Additionally, cargo preference legislation which
would require the use of American flag vessels on direct shipments
to the United States would substantially increase the transporta-
tion charge per barrel of delivered oil. Because.of these
increased costs, such legislation would act as a disincentive 1in
the construction of U.S. refining capacity.

~Storage requirements will also rise as imports increase.
Domestic refineries running on domestic crude o0il production need
very little crude storage. With future receipts arriving . in
VLCC's, refiners will need fac111t1es to store their large cargoes
(almost 2 MMB can be carried in a 250,000, DWT tanker) and to main-
tain a working inventory to ensure contlnuous operation in the
event that shipments are delayed.
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RECOMMENDATIONS

U.S. ENERGY POLICY .OBJECTIVES

The National Petroleum Council recognizes that the primary en-
ergy industries, in cooperation with the government, are responsi-
ble for meeting the energy needs of American society. This respon-
sibility must. be met while assuring free consumer choice at the low-
est costs consistent with adequacy of long-term supply, preserva-
tion of the . environment, and promotion of efficient use of energy
and energy conservation. The impact of the effects of energy avail-
ability and costs on economlc welfare -and progress and, more import-
antly, the need to preserve national securlty underllne the signif-
icance of this responsibility:

The NPC's U. S. Energy Outlook Report 1ncludes recommendatlons
for a U.S. ., energy policy. This study reiterates some of those rec-
ommendations since petroleum reflnlng is an integral part of the
energy industries and, as such, is affected by overall U.S. energy
policies. This report also contains additional recommendations
which are more specifically related to domestic petroleum refining
operations.

. These recommendations are made with the belief that a healthy
and viable domestic petroleum industry, in all its functional op-
erations, is essential to the economic well-being and the national
security of the United States. . Increased '"exportation'" of petrole-
‘um ref1n1ng capacity outside the United States results in the loss
of domestic financial and manpower employment opportunities; re-
duces taxation revenue to federal,.state and local governments; re-
sults in larger deficits in the U. S balance of trade and payments;
= and, adversely affects other types of manufacturing.

The United States Must Have a National Sense of Purpose to Solve
‘the Energy Problems ‘ :

A long- term national sense of purpose must evolve to meet
the social and economic issues related to- energy problems similar
to the national dedication to environmental conservation and full
employment. It is this dedication and’ the cooperation among gov-
ernment, industry and private citizens that must be ‘expanded if
the issues relative to locating and siting future refining facil-
ities are to be resolved. Environmental issues and aesthetic con-
siderations must be balanced against the socioeconomic benefits of
developing adequate sites for refining facilities to meet public
requirements. The need to provide our Nation with adequate energy
‘at a reasonable cost is a matter of such vital concern that it will
necessitate rational resolution of the inconsistencies and conflicts
emerging in federal, state and local plannlng involved in siting
and other con51derat10ns :
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The Federal Government Should Encourage an Economic and Fiscal
Climate Conducive to Energy Development

It has been projected that meeting U.S. energy requirements
during the 1971-1985 period will require capital outlays of between
$450 and $550 billion. For such vast sums of money to be generated
by U.S. energy suppliers, several conditions must exist:

e Competition: Competitive markets are a particularly effec-
tive mechanism for determining price levels necessary to
balance energy demand and supply. The complex operation of
market forces will best serve consumers and the national in-
terest by providing energy in amounts needed and in forms
preferred for environmental reasons. Market forces, if un-
fettered, would promote efficient use of energy'and allocate
‘resources among energy activities on an economical basis-.

Vigorous competition requires unrestricted entry into the
various energy fuels markets, subject to applicable anti-
trust laws. Competition is stimulated when a supplier of
one fuel can provide additional capital investment, tech-
nology and management skill for the development of other

fuels.

® Free Market Prices: A favorable economic climate enabling
companies to generate internal sources of capital, as well
as to compete in capital markets, is essential to the long-
term development of energy resources Profitability is
essential to free enterprise, and prices must be permitted
to reflect costs and provide an adequate return on invested
capital. :

'Because of the deep and inseparable relationship between
domestic refining and the world petroleum industry, it is
very unlikely that the problem of new refining capacity
will be met without restoring the free play of an open do-
mestic market. In recent years, product prices have been
inadequate to provide sufficient return on new investments
commensurate with the risks involved. Any external forces
such as price controls which hold prices below market clear-
ing levels will continue the trend of insufficient returns
of the industry. Flexibility to adjust prices based on.
market supply and demand forces within the United States.
should be sufficient to permit realization of an adequate
return on present and future investment.

® Fiscal Policies: Fiscal policies, such as the investment
~ tax credit and . accelerated depreciation rates, should be
utilized to foster the availability of capital requisite
for the construction of new refineries. Such policies
should be designed to encourage growth of domestic refining,
petrochemical and SNG facilities.

Whatever policies are adopted should be clear and firm. If
investors believe that government inducements to build on-
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shore refineries are temporary, the economic attractiveness
of onshore refineries. will be weakened. For example, turn-
ing the investment tax credit on and off to control the
economy is not an effective inducement to refinery
construction.

Import Policies Should Be Designed to Encourage the Growth of
Domestic Refining Capacity®

Increasing product imports at the expense of domestic refining
capacity would place the United States in a position of having to
depend on foreign sources for a growing part of its crude oil sup-
ply. It would also, to an 1ncrea51ng degree, result in U.S. de-
pendence on foreign processing capacity. This would appear to be
contrary to U.S. national security and national defense as defined
by Section 232 of the Trade Expansion Act of 1962. '

In order to be effective, any system of import controls,
whether quota restrictions or variations thereof should at the
very least consider: ' '

e More favorable provisions for importation of crude oil than
refined products

e Provisions to ensure a market for all domestic crude pro-
duction

e Policies that provide the domestic refiner assurances of an
adequate and long-term supply of crude oil from domestic as
well as foreign sources and, in so doing, assure maximum
utilization of existing refining capacity

e Incentives to offset the disadvantages faced by domestic
refiners when manufacturlng products currently exempt from
formal quota control :

e Provision for malntenance of the U.S. petrochemical indus-
try's competitive position in world markets

e Consistency and stability in order to provide refiners the
basis for establishing long-term planning objectives

Vor Emergency reserve o0il storage capabilityt

e Compatibility with overall objectives of national energy.

* The President, in his energy message to Congress of April
18, 1973, has removed by proclamation all existing tariffs on im-
ported crude oil and products and has suspended direct control over
the quantity of crude oil and refined products which can be im-
ported. In place of the control system, the President has initiated
a license fee system. The President stated that, to encourage do-
mestic refinery construction, crude oil in amounts up to three-
fourths of new refining capacity may be imported from a period of &
years without being subject to any fees.

+ An- in-depth analysis of this subject is addressed by the
NPC's Committee on Emergency Preparedness.
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The Construction of Modern Transportation Facilities
Should Be Encouraged

Unloading facilities for VLCC's, built as close as practical
to the coastal refining centers, result in the lowest cost trans-
portation system. This would 1deally place the unloading facility
just offshore, with onshore distribution made by pipeline. The
site must have sufficiently deep water, uncongested approaches from
the sea and minimum potential for env1ronmental disruption. With
the equipment p0531ble under the existing technology, near pollu-
tion-free operation is attainable. In addition, if it is not at an
existing terminal or refinery, the site should have ‘an onshore area
suitable for 0il storage facilities and access to a sufficient in-
frastructure for support of the facility. Specific site locations
for deepwater terminals are currently under study by government and
industry groups. Because offshore refineries can take advantage of
the lower unit costs associated with VLCC's and deepwater ports,
the lack of such facilities has in the past and will continue in the
future to act as a disincentive to the constructlon of domestic re-
fining capac1ty

An additional cost to a domestic refiner of foreign crude o0il
would be incurred by legislation requiring receipt in American flag
tankers. Any benefits of such legislation to the economy must be
weighed carefully agalnst the added costs incurred.

A Rational Balance Must Be Achleved Between Env1ronmenta1 Goals
and Energy Requlrements

'The goals of a cleaner environment and increased domestic re-
fining capacity are not incompatible. Both are important to the
Nation's well-being, and both can be accommodated. It is not nec-
essary to export refining capac1ty to ma1nta1n a reasonably clean
environment.

Recent experience. has shown that many of the present refineries
can be expanded and the necessary new refineries can be built while
achieving a satisfactorily clean environment. In this.effort to
expand our energy supply, it is essential that the emission stand-
ards imposed be realistic. As zero emission levels are approached,
costs and operating .problems tend to become excessive, often with-
out measurable benefit to the environment and often w1th attendant
waste of resources.

Economically viable refineries have certain requirements for
their location. These include land space, access to raw material
supply, product distribution systems and adequate labor. While 1lo-
cal communities should be concerned with environmental protection,
they must recognize the Nation's need for essential plants and fa-
cilities. Regulations regarding the offical sanction of refinery
sites should be revised to speed up the approval process while main-
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taining proper environmental protection for the communities
involved.

The cost benefit of the following features of environmental
improvement must be weighed carefully. In particular, it should:
be noted that, as environmental standards are made more restric-
tive, costs and the use of irreplaceable resources go up at an 1n-
creasing rate.

e Consumption of petroleum products will be increased by the
substitution of low-sulfur residual fuel oil, liquefied pe-
troleum gas (LPG) and distillate fuels for natural gas and
nonpetroleum fuels (such as coal) as well as by the use .of
less efficient automobile engines. :

e Refining costs and crude o0il requirements will be. increased
substantially in order that fuels meet Environmental Pro-
tection Agency (EPA) proposed lead regulations and the re-
quired auto emission standards established by the 1970 a-
mendments to the Clean Air Act.

° Transportatlon costs will be 1ncreased by banning deepwater
port construction and construction of refineries in the most
economical locations.

e The magnitude of expenditures for env1ronmental needs are
significant as even large refineries (over 100 MB/CD) report
costs in excess of 10 percent of all refinery investment to
meet environmental regulations. :

Both Government and Industry Should Continue to Promote Energy
Conservation and Efficiency of Energy Use in Order to Eliminate
Waste of Our Resources

Energy producers and the U.S. Government should exert positive
leadership in advocating energy conservation measures. However,
forced reductions in energy consumption should be employed only on
an emergency basis.

A reduction in future petroleum requirements can be achieved
if the Nation takes timely and vigorous steps to use petroleum
products and natural gas more prudently than it has in the past.

To the extent that conservation results in reduced consumption, the
strain on domestic refining capacity will be lessened. Addition-
ally, the burden of either crude 0il or product imports will be
reduced.

Federal Policies Should Encourage Domestic Crude 0il and Natural
Gas Production and Development of Synthetic Fuels

Assurance and stability of crude oil supply 1is necessary to
plans and programs for expanding or building refining facilities.
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Increased availability of domestic crude o0il supply offers the
greatest assurance against future supply interruptions and provides
a stable economic climate which would attract and encourage private
investment capital for the construction of refining facilities.
Utilization of the Nation's vast resources of coal and oil shale

to manufacture synthetic oil and gas for fuels and feedstocks will
also have a stabilizing effect on the assurance of supply and the
stability of the economic climate.

Similarly, additional domestic supplies of natural gas should
be encouraged in order to decrease the burden placed on refining
capacity to manufacture those additional products which are now re-
quired due to current shortages of natural gas.

The art1f1c1a11y low price for gas established by the Federal
Power Commission (FPC) has influenced the consumer in both choice
of energy source and the amount used. The competitive price es-
tablished for alternate fuels, such as coal, fuel oils and heating
0oils, has affected production and the economics of producing these
alternate sources of energy. Rapidly increasing consumer demands
for natural gas--the ''cheap" fuel--coupled with insufficient sup-
plles have contlbuted to the overall energy shortage

The Federal Government Should Coordinate the Many Competing and
Conflicting Agenc1es Dealing w1th Energy

Much of the confusion and delay that now plagues energy sup-
pliers stems from conflicts among government agencies. All too often
one agency may encourage an action while another agency prohibits
it. Consistent guidelines and stability of policy on energy mat-
ters are necessary to ensure that the Natlon s vital needs-are
met. : :
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Chapter One

TRENDS IN PETROLEUM REFINING
REQUIREMENTS, CAPACITY AND CAPABILITIES

INTRODUCTION

This report defines '"refining capacity" as the capacity to
process crude oil, i.e., crude oil throughput for the purpose of
manufacturing reflned products The processing of crude oil to
finished products requires many varied steps. These steps or unit
processes are determined primarily by two considerations: (1) the
volume and characteristics of crude oil to be processed and (2) con-
sumer requirements for individual refined products. Each refinery
in the United States processes a mixture of crude oils different
from that being processed in any other refinery; has a different
configuration of processing units to convert the crude oil to re-
fined products; and, produces a different mixture of refined prod-
ucts. Therefore, the reported refining capacity is based on a
certain type of crude oil being processed and the manufacture of a
premised mixture of refined products having defined characteristics
or meeting certain specified requirements.

A change in the characteristics of crude oil available to a
refinery will affect the capacity -of the refinery to process crude
0il. Many refineries are designed to process low-sulfur crude oils,
if significant volumes of high-sulfur crude oil were processed in-
stead, the refinery would soon become inoperable. (See Appendix C
for a br1ef explanation of basic information and interrelationships
concerning crude oils, refining operations and refined products.)

In order to develop data for a study. of domestic refining
capacity, it was considered important to have not only historical
data but also data concerning the current status and future plans
for additional refining capacity. For this purpose, the NPC sent a
survey questionnaire to all companies operating reflnerles in. the
United States. The respondents represented over 90 percent of U.S.
capacity.  Key conclusions and data derived from this questionnaire
are used throughout this volume. . It should be noted that the sur-
vey data reflect present and future plans as of the fall of 1972.
The results serve as a background for evaluating the effects of
economic and governmental changes.

HISTORICAL AND PROJECTED PRODUCT DEMANDS

The requirements for refining capacity are related to and de-
pendent upon petroleum product demands. In the NPC's Initial
Appraisal, a comprehensive long-term projection of energy demands
in the United States through 1985 was presented. An assessment
was also made in that report of total U.S. energy consumption by
market sectors. The various fuel subcommittees (oil, gas, coal,
nuclear, etc.) applied their respective judgments in deciding what
factors would affect demands for the particular fuel examined and
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took into account the probable supply of other fuels. The result-
ing U.S. energy balance for the Initial Appraisal is shown in Fig-
ure 2. From this balance, final projections of future demand for
refined products were made

Examination of Figure 2 shows that the demand for energy is
expected to almost double during the 1971-1985 period. In order
to meet these energy requirements, a.tremendous investment program
is required to find and produce more oil and gas; to build the re-
fineries that are needed to process the additional volumes; and,
at the same time, to expand the distribution systems that will de-
liver the additional products to the consumer. Other energy sup-
pliers also have to expand and they will require additional funds
to develop new coal and uranium mines, build nuclear and conven-
tional power stations, and develop technology to commerc1allze new
sources of energy (e. g shale oil, solar, geothermal, etc.).
Substantial investments w111 also be requlred so that existing as
well as new facilities can meet environmental standards.

The detailed oil demand projections included in the energy
balance were used as a starting point. In view of 0il demands in-
creasing beyond all projections in 1972 and the expectation for
another large incrcase in 1973, the Committee believed the near-
term demand level in the In1t1a1 Appraisal to be low. Therefore,
the projection for the year 1975 was revised. It was believed,
however, that the factors limiting demand growth assumed in the
Initial Appralsal would be at work in 1980 and 1985, and' the pro-
jections for these years were not changed.

The historical.growth rate for reflned products shows an aver-
age increase of 3.2 percent per year from 1961 to 1965, and an
average rate of 5.1 percent per year from 1966 to 1970. Future de-
mand for petroleum products is projected to grow at a rate of 5.7
percent per year from 1971 to 1975; 2.7 percent per year from 1976
to 1980; and, 3.0 percent 'per year for the period from 1981 to
1985. The hlstorlcal data and the prOJected growth rates are shown
in Table 1.

The historical demand for petroleum products and the Commit-
tee's projection of future demand for these products are plotted
in Figure 3. Even though the projected demand for refined products
for the years 1980 and 1985 were not changed, it must be realized
that there are many factors which can alter future demands for
products. Already, environmental concern over pollution from high-
sulfur fuels has reduced or eliminated the use of traditional fuels
(i.e., coal and high-sulfur residual o0ils) in many areas. Since
reserves of natural gas and supplies of low-sulfur residual oils
are insufficient to fill the void, many industrial consumers have
had to switch to distillate fuels. This situation, plus the swing
by big consumers on interruptible gas service to the use of propane,
butane, or distillates, further compounds the problem of projecting
demand. ' ‘ '
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Figure 2. U.S. Energy Balance--Initial Appraisal.
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TABLE 1

TOTAL U.S. DEMAND FOR REFINED PETROLEUM
PRODUCTS—1960-1985

Average Annual Growth

Total U.S. Demand* over Previous Period
(MMB/CD) % MMB/CD

1960 ' 10.0 ' - -
1965 ‘ 11.7. 3.2 . 0.32
1970 SR 16.0° 5.1 0.66
1975 S 19.8" 5.7 0.96
1980 R . 226 2.7 : 0.54
1985 a 26:2 , 3.0 0.73
1970-1985 Average B S 3.8 0.77

* Includes adju;tments of Fi’gure 1 data for exports and more recent 1975 projections.

TOTAL U.S. PETROLEUM PRODUCT DEMAND {MMB8/D)
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Figure 3. Total U.S. Demand for Refined Products--1960-1985.
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HISTORICAL AND PROJECTED DOMESTIC REFINING CAPACITY

In order to properly evaluate the possible future trends in
domestic refining capacity, it is desirable to review the histor-
ical patterns. As detailed in Appendix D, U.S. petroleum refining
operating capacity as reported by the Bureau of Mines increased at
a compounded annual rate of 2.9 percent during the 10 year period
beginning January 1, 1962. ‘

During this 10 year period, U.S. refining operating capacity
was increased 3,241 MB/CD, or 33.1 percent,'from a 9,794 MB/CD level
to 13,035 MB/CD at the end of 1971. This net increase was accom-
pllshed by the construction of 5,386 MB/CD of additional capacity
(equivalent to a 4.5 percent compounded annual rate of increase)
and the abandonment of 2,145 MB/CD

Of the 5,386 MB/CD of total addltlons, only l 213 ‘MB/CD, or
22.5 percent, represented new grassroots reflnerles ‘The remaining
4,173 MB/CD, or 77.5 percent, consisted of. additions to the capacity
of existing plants. The 2,145 MB/CD of capacity declines resulted
from the partial or total shutdown of 73 refineries having a total
capacity of 573 MB/CD (26.7 percent of decline); the loss of 628
MB/CD (29.3 percent of decline) through consolidations of facili-
ties; and, 943 MB/CD (44.0 percent of decline) of capacity declines
and shutdowns for which no reason was specified to the Bureau of
Mines.

In spite of the addition of 38 grassroots refineries between
1962 and 1971, the number of operating refineries in the United
States declined from 287 to 253, or 11.8 percent. Reflecting the
increased capacity and the reduced number of operating plants, the
average operating capacity of all U.S. refineries increased from
34,125 B/CD to 51,521 B/CD--an increase of 17,396 B/CD, or 51.0
percent . . L

Over 58 percent -.of the increase in U.S. refining capacity
occurred in PAD District III where operating capacity increased
from 3,562 MB/CD to 5,463 MB/CD.  Figure 4 shows a map of the five
Petroleum Admlnlstratlon for Defense (PAD) Districts. During the
10 year period, District III increased its share of U.S. refining
capacity from 36.4 percent to 41. 9 percent. Although 16 grassroots
refineries were built in District III during the period, the number
of operating plants declined from.86 to 82 as 20 reflnerles were
shut down.. Overall, District III operating capac1ty 1ncreased at
a 4.34 percent compounded annual rate.

Dlstrlct V was the only other PAD qutrlct w1th ref1n1ng oper-
ating capacity growing faster than the national average and was the
only district showing a"net gain in the number of operating refin-
eries--increasing from 44 in 1962 to 45 in 1971. District'V oper-
ating capacity increased from 1,513 MB/CD to 2,151 MB/CD--a net
gain of 638 MB/CD, or 42 percent, representing a 3.6 percent com-
pounded annual rate of increase. '
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On the other end of the spectrum, refining capacity declined
by 49 MB/CD, or 3.1 percent, in PAD District I--from 1,578 MB/CD in
1962 to 1,529 MB/CD in 1971--as -no new grassroots plants were con-
structed and the number of operating plants declined from 35 to 30.
By December 31, 1971, the share of U.S. refining operating capacity
located in PAD Dlstrlct I had declined to 11.7 percent from 16.1
percent in 1962.

District II witnessed the greatest number of plant‘closings
as the number of operatlng plants dropped from 92 to 70--a net de-
cline of 22, in spite of 4 grassroots additions. District II ca-
pacity 1ncreased by 687 MB/CD from 2,783 MB/CD in 1962 to 3,470
MB/CD in 1971, representing a net compounded annual rate of
increase of 2.2 percent.

District IV operating capacity increased from 357 MB/CD to
423 MB/CD--a net increase of 66 MB/CD equivalent to a 1.7 percent
compounded annual rate of increase. District IV had a net loss of
4 plants, and at the end of 1971 the average reflnery had an oper-
ating capacity of 16,256 B/CD ,

PRESENT REFINERY CAPACITY AND CONDITION

In order to determine the present operating capacity, condition
and planned expansions of the Nation's refineries and associated
facilities, a questionnaire was sent by the National Petroleum
Council to all petroleum companles operating refineries in the
United States.

Responding to this questionnaire were 92 companiés operating
186 refineries with a combined operating capacity of 12.3 MMB/CD
as of January 1, 1973. Not responding to the questionnaire were
72 companies operatlng 73 refineries w1th an estimated operating
capacity of slightly under 1.0 MMB/CD. Thus, as of January 1,
1973, the Nation had an 1nd1cated 13.2 MMB/CD of operating reflnery
Capac1ty

The condition of the refinery capacity can be described in
qualitative terms with respect to various parameters:

e A refinery must be in relatively good ‘mechanical and phys -
ical condltlon to ensure safe and orderly operation.

e Long-term life from a physical or mechanical standpoint is
dependent on the continued expenditure of money for repair
and replacément of equipment. Type of equipment and rela-
tive severity of operation have more of an effect on main-
tenance expenditures than does equipment age.

e Probably the most important considerations with respect to
refinery condition are obsolescence due to uneconomic size,
poor logistics, depletion of normal crude supply source
and economic feasibility of meeting environmental plant and
product requirements. The magnitude of expenditures for
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environmental needs are significant as even large refiner-
ies (over 100 MB/CD) report costs exceeding 10 percent of
all refinery investment to meet environmental regulations.

The condition of the Nation's operating refineries is diffi-
cult to quantify. Even the average age of the Nation's.refineries
cannot be determined since the typical refinery has experienced
numerous modifications and expansions over its operating life.
Comparisons between Bureau of Mines and NPC questionnaire data in-
dicate that only minor changes in total refinery operating capacity
occurred in 1972. 'Based on historical performance, however, it 1is
reasonable to expect that, in the future, about 2 percent of the
Nation's refining capac1ty (or about 270 MB/CD, based on 1972
operating levels) will be abandoned each year. These shutdowns re-
flect obsolescence due to a combination of logistical, technolog-
ical, environmental and economic considerations. The fact that
little or no operating capacity was reported to be shut down during
1972 probably reflects the current and growing shortage of U.S. re-
fining capacity, and there may be a temporary deviation from the
historical abandonment trend. It should, however, also be pointed
out that those refineries not responding'to the survey were gen-
erally smaller. Historically, small refineries have had the high-
est abandonment rate--the average size of shutdowns during the 10
year period beginning January 1,_1962 being under 30 MB/CD.

Abandoning capacity is dependent in part upon operating eco-
nomics and the requirement for additional capital to modernize the
refining facilities for continuing operation. Significant sums of
money will be required over the next 6 years in order that the
Nation's present refineries may meet existing and proposed environ-
mental regulations. As reported by the NPC survey, these costs are
expected to total $3.3 billion (1970 dollars) for the 12.3 MMB/CD
of operating capacity responding to the questionnaire. This is
equivalent to an expenditure of $266 per daily barrel of capacity,
of which $112 will be required for lead removal, $54 for control of
refinery water effluent, $89 for control of reflnery ambient air
and $11 for control of reflnlng noise and light.

Applylng these factors to the Nation's total refining capacity
of approximately 13.2 MMB/CD, one might reasonably project that the
current condition of the Natlon s refineries is such that $3.5 bil-
lion will have to be spent in order to meet environmental regula-
tions. These environmental expenditures which will be required
over the next 6 years are in addition to substantial expenditures
already made. For perspective, $3.5 billion is equivalent to the
expenditures required to construct 1.6 MMB/CD of additional refin-
ery capacity based on a 1970 dollar refinery construction cost of
$2,200 per daily barrel of capacity.* . The condition of the Nation's

* The actual capital required for new refining capacity can
vary between $1,500 and $2,500 per daily barrel (in 1970 dollars)
depending upon the refinéry size, the characteristics of the crude
0il to be processed, the products to be manufactured and the spec-
ifications of the products.
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refineries is such that in order to maintain current operating
levels of 13.2 MMB/CD, expenditures of some $1.1 billion per year
(equivalent to the cost of adding some 500 MB/CD of new capacity
each year) will be required to offset abandonments and to meet en-
vironmental requirements.

An additional factor which leads to a reduction of capacity
is the type of crude o0il processed. If a refinery is forced to
process certain types of crude oil for which it was not designed,
its effective throughput capacity will, in many cases, be reduced
substantially (see Appendix C). For example, a refinery designed
to process a crude oil with a high gravity cannot process equiva-
lent volumes of low-gravity crude oil. Domestic and foreign low-
sulfur crude oils are in short supply, and many refineries are
designed to process only this type of crude oil, both from a metal-
lurgical and from a processing viewpoint. High-sulfur crude oils,
the type generally available from foreign supply soqurces, cannot
be processed in a refinery designed for low-sulfur crudes without
the installation of additional facilities and/or extensive modifi-
cation of existing facilities to prevent corrosive damage and to
meet product specifications.

HISTORICAL TRENDS IN REFINERY PROCESSES*

A survey of process unit capacities of U.S. refineries shows
how the need for certain processes has increased or decreased dur-
ing the last 10 years. The changes are due to many factors--each
refinery has its own particular problems and each section of the
country has different product demands. Still, the composite pic-
ture displayed on Tables 2 and 3 clearly shows certain trends.

‘Crude 0il Distillation Capacity

Crude o0il distillation capacity in the United States was 13.1
MMB/CD as of January 1, 1972, and has increased by over 3 MMB/CD
since the end of 1961. This is a growth rate of approximately 2. 6
percent per year, or a total increase of 30 percent in 10 years.
Since the late 1960's, however, domestic refining capacity has
shown a marked reduction in rate of growth. 1In 1971, the gain was
only 406 MB/CD, or 3.2 percent, compared to increases of about 550
MB/CD, or 4.7 percent, in each of the previous 2 years. This re-
duction was more evident in 1972 since there was only one new grass-

* Because Bureau of Mines does not report detailed refinery
process data, the 07l and Gas Journal data are utilized in this
section. Total capacity data will differ slightly for that of the
‘Bureau of Mines used elsewhere in this report. Additional discus-
sion of the changes in the technology of the refinery processes
discussed in this section can be found in the companion volume,
Factors Affecting U.S. Petroleum Refining, Impact of New Technology,
September 1973.
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TABLE 2

"SURVEY OF OPERATING REFINERIES IN THE UNITED STATES —1962-1972

Charge Capacity (MMB/SD).

Production Capacity {(MMB/SD)

*Aromaticand isomerization reported beginning 1/1/69.

Source: Oiland GasJournal, Annual hefining Reports (Jgnuatv.L 1962 throughJanuary 1, 1972); NPC RefiningSurvey Questionnaire (1973 through 1978),

Operating Refin}ﬁg Catalytic Cracking . Catalytic Catalytic Catalytic- . ! Catalytic
Num ber Capacity Vacuum~ Thermal -~ Fresh _ Catalytic Hydro- Hydro- Hydro-  Alkyla- Polymeriza- Coke
Date - Plans (MMB/CD) (MMB/SD) 'Distillation Operation Feed Recycle Reforming cracking refining treating tion tion* Lube Asphalt (MT/SD)
1/1/62 299 10.01 1059  * 367 ~1.81- 3.75 1.47 202 - - 2.37 - .0.46 0.14 0.21 0.49 18.90
1/1/63 293 9.92 10.46 3.58 175 3.89 155 1.99 - - 254 0.49 0.13 0.20 -0.49 19.20
1/1/64 288 10.18 10.72 3.75 172 3.99 1.62° 2.05 - - 275 050 - 0.13 0.20 0.51 20.94
1/1/65 275 10.256 10.76 - 3.76 “1.64" 3.99 1.57 2.06 - - 293 0.53 0.13 0.21 0.54 21.14
1/1/66 265 10.25 1075 3.76 169 3.96 153 2.09 - - 3.10 0.55 0.12 0.21 - 053 23.03
“1/1/67 261 10.45 10.95 '3.89 1.64 3.95 1.65 2.19 - - 3.35 0.60 0.1 0.21 .54 25.00
1/1/68 1269 11.14 11.66 - 4.08 1.66 4.18 1.60 238 0.4 - 3.66 0.65 0.10 0.1 0.53 28:43
1/1/69 263 11.57 1208 412 1.60.. 4.25 155 254 0.50 0.55 327 067 - 4025 0.20 0.57 29.43
1/1/70 262 12.15 12.65 455 164 4.37 149 1278 0.60 0.54 3.51. 0.75 0.29. 0.21 0.58 35.49
1/1/71 253 12.68 13.28 4.74 1.56 4.51 1.46 2.89 0.73 0.54 3.81 0.78 0.31 0.22 0.60 38.77
11472 247 13.09 13.71 4.85 7 153 457 1.26 3.17 0.84 0.63 4.26 1082 . 029 0.22 0.62 4147
Incremental Change B
1962-1972 3.08 312 1.18 (0.28) 0.82 {0.21) 1.15 0.43 0.08 1.89. 0.36 -- - 001 0.13 2257
% Crude 100.0 101.3 37.8 (9.0) 26.3 ©7n 369 13.8 26 606 . 15 - 0.3 4.2 -
NPC Questionnaire 7
& Expansion Data (MMB/CD) : .
1973-1978 ~ 1.8 - .0.50 {0:18) 0.20 0.0 0.67 on 0.67 0.99 0.13 0.14 0.18 0.09 6.4
% Crude --100.0 - 28.0° (10)° 110 0.0 37.0 6.0 37.0 55.0 7.0 8.0 1.0 5.0 -




TABLE 3
TRENDS IN DOWNSTREAM PROCESSING UNIT CAPACITY

(Percent of Crude)
Charge Capacity
: : Catalytic i Catalytic Catalytic Catalytic
Crude Vacuum Thermal Cracking Catalytic Hydro- Hydro- Hydro-
Date Ratio* Distillation Operation (Fresh Feed) Reforming Cracking Refining Treatlng
" 1/1/62 100.0 34.7 17.1 35.4 191 0 "o 224
1/1/63 98.8 34.3 16.7 37.2 19.0 0 0 243
1/1/64 101.2 35.0 16.0 37.2 ) 19.1 0 0 25.6
1/1/65 101.6 35.0 - "16.2 371 19.2 0 0 27.2
1/1/66  101.5 35.0 15.7 36.9 19.4 0 0 28.8 -
1/1/67 103.4 35.5 15.0 36.1" 20.0 0 0 30.6
-1/1/68  110.1 35.0 14.2 ~ 359 205 - 3.48 0 314
1/1/69 114.1 34.1 13.3 362 21.0 4.1 454 2717
1/1/70 1195 35.9 12.9 346 - 219 4.77 4.30 27.7
1/1/71 1254 35.7 1.7 34.0 21.7 5.51 4.04 28.7
/172 12956 35.4 11.2 33.3 23.1 6.12 4.62 31.1
Production Capacity .
Crude : ‘ o " T/MBE
Date Ratiot Alkylation Lubes Asphalt Co_ke
1/1/62 100.0 © 4,38 1.98 . 4.59 . .1.78
1/1/63 - 98.8 468 1.91 4.67 1.84
1/1/64 101.2 4.70 ‘ 1.87 . 4.74 ' 1.95
1/1/65 101.6 4.93 1.92 : 4.99 2.1
1/1/66 . 101.5 © 6,12 : 1.91 494 ‘ 2.14
1/1/67 103.4 .. B 5.44 1.91 - -4.96 2.28
1/1/68 " 1101 : 5.55 1.80 459 2.44
1/1/69 - 1144 - 555 1.66 4.75 2.44
1/1/70 119.5 5:92 . 1.65 S 4.61 2.81
/1171 . 125.4 - 584 “1.67 4.51 ' 2.92
1/1/72 129.5 6.00 1.69 452 . 3.03

*Calculated on annual stream day capacnty data {see Table 2).
tCalculated, crude capacnty as percent of1 /1/62 stream day capacny (see Tab|e 2).
jTonsof coke per thousand l?arrels of crude charge.

roots refinery to go on-stream. This trend may continue for the
next few years because of uncertainties concerning crude oil sup-
plies, lead usage, refinery sites, environmental protection prob-
lems and the availability of capital.

Vacuum Distillatioh

The chafgé rate to vacuum distillation units has increased at
about the same rate as total crude oil distillation capac1ty and
reached 4.85 MMB/SD 1n 1972.
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Thermal Operations

One of the most significant changes in refinery processes has
been the decline of thermal operations. Since the end of 1961,
their combined capacity -has decreased from 1.8 MMB/CD to slightly
~over 1.5 MMB/CD--as a precent of crude charge their capacity has
dropped from 17.1 percent to 11.2 percent. <C€lassified in thermal:
operations are gas/oil crackers, visbreakers, fluid coking, delayed
coking and others. As coke production has increased from 18.90 to
41.47 M tons per day, the capacity of fluid and delayed coking
units has increased during this period; therefore, the other ther-
mal operations must have experienced sharp reductions to offset
this increase. Most of this capacity has been diverted to cata-
lytic crackers and to the new hydrocrackers which provide a more
desirable product distribution.  The NPC survey indicates that re-
fineries are mnot including thermal operations in their future .
expansion.

Catalytic Cracking

In terms of throughput, the catalytic crackers are among the
largest units in a refinery. From 1962 to 1965, they showed a
slight increase in fresh feed capacity from 35.4 percent of total
crude inputs to 37.1 percent. Since 1965, with more active zeolite
catalyst gaining in popularity, and with the development of hydro-
cracking processes, catalytic cracking capacities have increased .
from 3.99 MMB/SD to 4.57 MMB/SD, but have declined as a percent of
crude charge from 37.1 percent to 33.3 percent. The zeolite cata-
lyst with its improved selectivity has permitted 'the refineries' to
increase conversion rates without having to expand regenerator and
gas processing facilities. The new catalysts and other develop- .

- ments, such as the introduction of hydrocracking and the reductlon
in thermal cracking, have allowed the" reflnerles to increase thelr
total gasoline yields. : :

Recent environmental regulations are creating significant ad-
ditional capital expenditure requirements. Many feedstocks must
be hydrotreated and stack gas desulfurization units and additional
catalyst recovery systems are being required. These factors result
in the overall capital requests for cat cracklng being competitive
with those of hydrocracking.

Catalytic Reforming

There was little change in reforming capacity during the years
1962 through 1966, when capacity remained at slightly over 2.0
MMB/SD, or 19.1 percent, of crude capacity. Since then, it has in-
creased to almost 3.2 MMB/SD with an average growth rate of 7.7
percent per year. In 1871, the increase was 9.7 percent and the
trend 1s expected to continue. The strong demand for catalytic re-
forming is due to the anticipated requirement to reduce lead levels
in motor fuel according to Environmental Protection Agency regula-
tions and to use aromatics for chemical feedstocks.
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Another factor has been the increase in hydrocracking capacity,
which produces naphthas that sometimes need to be upgraded via cat-
alytic reforming. The NPC survey data confirm that reforming capac-
ity 1is expected to continue to grow; for the 1973-1978 period it is
estimated at 37 percent of the proposed crude expansion. Recent
developments have resulted in more selective, higher yield and longer
life reforming catalysts. Higher reforming severity operation
processing lower quality feedstocks is now economical.

Hydrocracking

Hydrocracking, a relatively new commercial process, .enables-
refineries to produce varying ratios of gasoline from middle dis-
tillates, thus improving flexibility. It is considerably more ex-
pensive than catalytic cracking, and so, in many cases, it has been
used only to supplement catalytic cracking capacity. Since 1968,
the. hydrocracking capacity has more than :doubled, increasing from
.4 MMB/SD to .8 MMB/SD. This process has had a phenomenal growth
rate which has averaged approximately 27 percent per year; however,
with the current slack in refinery expansion, its growth rate has
also declined, and in 1971 it was only 14.7 percent.

The combined capacity of hydrocracking and catalytic cracking
has remained at approximately 39.5 percent of the c¢rude charge; in-
dicating a fairly constant amount of féed ‘available to either proc-
ess. Of this total, hydrocracklng now accounts for 6:1 percent' com-
pared to 3.5 percent in 1968, indicating a definite preference for
hydrocrackers in the last few years. Although this process may be
slightly more expensive than catalytic cracking, the problems in-
“volved in securing feedstocks for the hydrogen required by hydro-
cracking are becoming more severe as natural gas supplies dwindle.

Catalytic Hydrorefining

Since 1968, the capacity for catalytic hydrorefining has not
changed as a percent of the crude charge. Future plans show a sig-
nificant increase in catalytic hydrorefining, with most of -the
growth attributable to the need for further reductions in distillate
sulfur levels. The questionnaire results did not. indicate any plans
for direct desulfurlzatlon of residuum.

Catalytic Hydrotreating

Hydrotreating has grown from 2.4 MMB/SD capacity in 1962 to
4.3 MMB/SD in 1972. With the introduction of bimetallic catalysts
for reforming, many refiners have built new naphtha hydrodesulfur-
ization .-units to desulfurize naphthas to the very .low sulfur levels
required for these catalysts. With the emphasis on lowering dis-
tillate sulfur levels, refineries have also increased distillate
hydrotreating capacity. The combined treating capacity has in- -
- creased from 22.4 percent of the crude to 31.1 percent during the

31




last 10 years and is expected to increase by another .55 MMB/CD in
the next 5 years.

Alkylation

Total alkylate capacity during this period has almost doubled,
increasing from 0.46 MMB/SD to 0.82 MMB/SD. As a percent of the
crude charge, it has also shown a substantial increase; it went
from 4.38 percent in 1962 to 6.00 percent in 1972. Most of this
increase can be attributed to the new zeolite catalyst for cata-
lytic crackers which has increased conversion and selectivity
levels for producing additional olefin feedstock for alkylation
units. Also, many refineries are including more propylenes in
their feedstocks, a result of improved recoveries or diversion
from other usage. Since alkylate has a high clear (unleaded) oc-
tane number, it is one of the more desirable blending stocks for
motor fuel, especially if additional reductions in lead usage are
needed. '

Lube Oils

, Lube o0il production has increased very little over the past
few years, possibly indicating that improvements in service life
have offset.the increased demand. Production of lube o0il as per-
cent of crude input declined from 1.98 percent in 1962 to 1.59 per-
cent in 1972.

Asphalt:
As a percent of crude cﬁafge, asphélt demand has kept ﬁace

with refinery growth and has increased from 0.49 MMB/SD to 0.62
MMB/SD over the 10 year period 1962-1972.

Coke

Petroleum coke production has more than doubled in the last.
10 years, increasing from 18.90 to 41.47 M tons per day. This
change has produced more gas oil for catalytic crackers and/or
hydrocrackers as more residuals have been diverted from fuel -0il
to coking processes. Besides allowing the refinery to produce at
a higher gasoline to distillate ratio, coking lowers the sulfur
content of the fuel oil produced.

PROJECTED DOMESTIC CAPACITY THROUGH 1985

Based on the results of the NPC questionnaire, the operating
capacity of U.S. refineries as of January 1, 1973, was 13.2 MMB/CD.
This total represents nearly 12.3 MMB/CD of reported operating ca-
pacity and slightly under 1.0 MMB/CD of capacity operated by com-
panies not responding to the questionnaire. This capacity compares
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TABLE 4

U.S. OPERATING REFINING CAPACITY
QUESTIONNAIRE RESPONSE

(MMB/CD)

1973 1974 1975 1976 1977 1978

Beginning-Year Capacity 13.2 13.2 13.5 13.9 14.6 14.6

Add: Grassroots - 0.1 - 0.1 0.4 - - 0.3

Expansion * 0.2 0.4 0.4 0.1 0.1

Less: Abandonment * e ! 0.1 0.1 0.1 ‘ —

Year-End Capacityt 13.2 - 13.5 13.9 14.6 14.6 15.0. .

Mid-Year Average Capacity 13.2 13.3 13.7 143 14.6 . 14..8

* Less than 0.1.

t Includes 1.0 MMB/CD capacity not reported to questionnaire.

with the 13 MMB/CD of total U.S. operating capacity as reported to
the Bureau of Mines as of January 1, 1972. : -

Results of questionnaire responses were also tabulated for
planned refinery expansions, abandonments and grassroots construc-
tion through 1978. These are shown on Table 4. These changes to
capacity and the resulting total capacity based on survey results
reflect plans as of late 1972. Changes in the political and eco-
nomic climate are not reflected. =~ . -

An analysis of historical capacity, shown on Table 5, indicates
that the growth rate was 1.2 percent per year for 1960-1965, and

TABLE 5
TOTAL U.S. OPERATING REFINING CAPACITY
ACTUAL AND PROJECTED*

. Average Annual Growth

Total U.S. Mid-Year .

. Number of . Refining Capacity Over 5-Year Period
Refineries {MMB/CD) % MMB/CD

1960 290 9.6 — -
1965t 273 10.2 ' 1.2 0.1
1970t 262 12.3 3.8 0.4
1975 _ — 13.7 2.2 0.3
1980 — 15.6 2.6 0.4
1985 - 17.4 2.2 0.4
1970-1985 Average 2.3 03

* Not a forecast.
1 Average beginning and endingof year (see Tabie 50).
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3.8 percent per year for 1965-1970. A statistical projectibn which
utilizes the historical and questionnaire data shows a growth rate
of 2.3 percent per year from 1970 to 1985 (see Figure 5).

Shown in Figure 6 are historical and projected crude oil

throughput rates to refineries. In this figure and in all projec-'
tions of required refining capacity, a 92 percent refinery utiliza-
tion factor has been used *(i.e., 92 barrels of actual crude through-

put for each 100 barrels of crude 0il distillation capacity). His-
torical experience shows that this represents the highest rate :
which has been sustained by the industry on a year-in-year-out ba-.
sis. The question of the industry being unable to run at 100 per-
cent of rated crude distillation capacity: arises from the anomaly
in the definition of a '"crude distillation capacity.'" It does not
take into account the fact that other materials, such as natural
gas liquids, unfinished oils and partially refined oils are often
run in the crude distillation unit. A refinery is a continuous
flow operation, and any imbalances in the capacity of essential
‘downstream units, such as catalytic cracking and catalytic reform-
ing units, can restrict the overall refinery input volume. Operat-
ing capacity cannot be recovered if problems occur when operating
at maximum rates. Variations in crude oil supply, type and trans-
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Figure 5. Range of Projected U.S. Operating
‘ : Refining Capacity--1978-1985.
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portation, as well as such factors as unexpected process unit down-

time, make the-use of an overall industry utlllzatlon factor . -
necessary :

REFINING CAPACITY SHORTFALL

Until recently, the shortfall in production by U S reflnerles
has been primarily confined to residual fuel oil. This deficit de-
veloped over many years and was essentially attributable to .the
underlying economics of fuel use patterns and domestic refining.  As
the real price of industrial fuels fell, domestic refinérs became
increasingly unable to. compete. Forelgn refiners with unlimited
access to low-cost foreign crude could build relatlvely simple and
inexpensive refineries to supply the U.S. heavy fuel o0il market at
a cost competitive with gas and coal. Import policies recognized
the prevailing economics affecting the manufacture of residual fuel
0il in the United States and provided accordingly for liberal im-~
portation of heavy oils.

Under these circumstances, refinery capacity to meet demand for
heavy oils in the United States was increasingly built in the off-
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shore areas adjacent to the U.S. markets, and U.S. capacity was de-
signed to increase light product yields. The economics for an off-
shore refinery to produce fuel oil are, however, changing. Low-cost
"and low-sulfur foreign ‘crude oil supplles which prov1ded incentives
for offshore manufacture of heavy fuel o0il are in tight supply.
Additionally, demand for low-sulfur fuel oil has increased substan-
tially and, in order to increase production levels, refiners may

have to 1nstall costly desulfurization equlpment when appropriate
Crudes can be obtalned

TABLE6 ..
COMPOSITION OF U.S. IMPORTS OF REFINED PETROLEUM PRODUCTS*
. (MB/CD)
Product Group ' 1960 1965 1970 1972
Light Products . o . .
Gasoline - ' ‘ 27 : 27 67 . 68
Jet Fuels ] 34 81 144 195 ‘
.M|ddle Distillates (Ex. No. 4 Fuel 0||) 35 36 81 ' 197
LPG ’ 4 21 52 89
" Petrochemical Feedstocks - 1 15 8
Solvent Naphthas - 8 6 .2
Total Light Products 100 174 365 459
Heavy Products
Residual Fuel Oil 637 946 1,528 1,742
No. 4 Fuel Oil - — - 70 85
Asphait : : ’ 17 17 17 25
Lubricants and Wax = ) - 1 3
Total He ayy Products - 654 ) 963 1,616 1,855
Natural Gasoline.and Plant Condensate - — - 6 86
_ Unflnlshed Oils 45 92 108 ‘ 125
Total NGL¥ and Unfinished Oils - 45 92 M4 2n
Total Product Imports o ' 799 1,229 2,095 . 2525
Bonded Products Included Above ‘ ‘ e
Light Products 20 51 144 . 179
Heavy Products . 104 - 136 . 117 . 125
Towl Bonded _ 124 187 261 } 304
: lmpbrts for Consumption : : ‘ i
Light Finished Products - . 80 123 2217 . - . 280
Heavy Finished Products : 550 827 1,499 . 1,730¢
Total Fln:iéllle'a Productsll'afip'orted BT AE PERL
for Consumptlon o o 630 950 1,720 2,010°
NGL and Unfinished oils ' 45 82 114 21
"+ Total lmports for Consumptlon : 675 1,042 1,834 - - 2,221
* Data from U.S. Department of Commerce, as reported by Bureau of Mines. ' s i
t+ Census classified No. 4 fuel oil as distillate fuel arid industry as 2 heavy fuel.
%+ Natural gas liquids. -
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Generally, however, U.S. domestic refining capacity was ade:-
‘quate to meet refined product demand until the 1960's. Since. .that
time, a shortfall in refining capac1ty has been developing, and to-
. tal product imports have been increasing sharply (see. Table 6). It:
should be noted that a large share of the total imports were heavy
fuel oils and that a large share of the light product imports were
bonded fuels. Also, a large portion represented unfinished oils im-
ported for final processing .in U.S. refineries. Table 7 shows the:
trend in refinery capacity utilization over the last 12 years. As.

a rule, the physical capacity has existed to meet total light pro- _
duct demands In 1972, U.S. product demand increased more than-1:1
MMB/CD, or 7.4 percent. Domestic capacity plus authorized imports-
‘became insufficient to meet demand and, as a result, large drawdowns
of inventories occurred. Current 1ndustry pro;ectlons for 1973

show that another large increase in demand: may be expected, and,
therefore even higher levels of product 1mports will be requlred to
meet demands - N : ) .t

Figure 7 provides a graphic demonstration. of the widening
spread between refinery capacity required to satisfy total demand’
for products and the estimated refining capacity to be avallable
For 1975, the shortfall of reflnlng capacity is projected to’ ‘be 4.8
MMB/CD, or 25.9 percent. By 1980, this may increase .to 26. 7 per-
cent, and in 1985 product demand is projected to exceed U.S. capac-

TABLE 7 ‘
7 TRENDS IN U.S. OPERATING REFINING CAPACITY UTILIZATION*
{MB/CD)
. 1960 1965 - 1970 1972
Crude Runs to Stll!s . 8,067 . 9,043 10.869. ‘ 11,699 .
Estimated NGL and Unfinished Olls Tt R
Processed in Crude Units : e 403 452 . _- 546 ~.__ 586
Estimated Total Throughputin Crude Units 8,470 9,495 11,415 . 12,285
Average Crude Distillation Capacity "(M_iqéYéar) 9,'537‘ .. . .10,166 12,2700 . . 13 134(Est )
' Apparent Spare Crude Distillation Capacity o 1,117 671 855 o 849
Finished Products imported for Consumptlon‘r S
Light Oils R 80 123 cea2210 280
: Heavy Oils T 550 827 Coanr 1,499 1,730
Total Finished Products Imported o ' LT
for Consumptlon 630 : 2950 . :...-.1,720 .- 2,010
 Refinery Capacvty Equivalentt” : ‘ 685 1,033 - 91,870 - 2,185
"“Apparent Shortfall in U.S. Refining Capacnty R
‘. to Meet Total Requirements - : (432) 362.. - 1015 | 1,336
* U.S. Bureau of Mines data. .
t Excluding imports in bond and fuels imported for military offshote use. ,
# Imports converted to capacity equivalent using 92-percent utilization factor.. :
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Figure 7. Total U.S. Operatlng Reflnlng Capac1ty Versus
Requirements--1960-1985.

"TABLE 8

. PROJECTION OF TOTAL U. S
OPERATING REFINING CAPACITY’ SHORTFALL 1960- 1985

Total Refining
: Capacity Required
Mid-Year Average ’ to Satisfy

Refining Capacity Product Demand ‘ Shortfall
_ - (MMB/CD) (MMB/CD)" " MMB/CD %
1960 . 9.6 _ 9.1 o - (05)  (5.2)
1965 10.2 105 0.3 2.9
1970 . 12.3 : 132 ' 0.9 6.8
1972 13.1 o 14.3 1.2 8.4
1975 13.7 ~ 18.5 4.8 25.9
1980 15.6 21.3 5.7 26.7

1985 17.4 251 : 1.7 30.7
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ity by 30.7 percent, or 7.7 MMB/CD.

ity requirements..

. These data are tabulated in
‘Table 8. Tables 9 and 10 show basic data and derivations of capac-

1985 — 25,069
1973 — 13,234

T At 92-percent.utilization factor.

* To meet demands and replace all product imports by 1985, capacny requlred

11,835 MB/CD or approximatety 1 MMB/CO per year growth in capacity required.

TABLE 9
u.s. PETROLEUM SUPPLY AND DEMAND- 1970 1985
{MB/CD)
1970 1972 1973 . Projection, :
Actual Actual Estimated 1975 1980 1985
Total U.S. Product Demand 14,942 16,589 17,600 19,800 22,550 26,200
Operating Refining Capacity
_ (Mid-Year Average) 12,270 13,134 - 13,234 13.735 15,614 17,359
Refinery Crude Runs* 10,869 11,699 - 12,175 . 12,636 14,365 - 15,970
Unfinished Oil Reruns (Net) 105 141 150 . 200 1250 300
Process Gain 359 388 400 415 500 550
Product Output 11,333 12,228 12,725 13,'251 15,115 16,820
Supply Factors . o
NGL Transfers 1,663 1,827 1,860 1,700 1,600 1,500
Other Hydrocarbon Inputs 17 28 30 48 75 150
Crude. Transfers to Fuel Oits - 14 12 12 - - 12 12 12,
Finished Product Imports ) : ; : :
Bonded Fuels 261 304 325 375 500 625
Imports for Consumptiof1t 1,720 2,010 2,648 4,414 5,248 7,093
Decrease in Product Inventories © —66 180 C—- ' - - -
U.S. Refining Qutput ' 11,333 12,228 12,725 - 13,261 .15,115 16,820
Total Supply 14,942 16,589 17,600 19,800 22550 26,200
* Refinery crude’ runs calculated at 92 percent of refinery capacity - 1973 1985
1t Imports for consumpnon assumed to balance supply/demand —1973-1985.
TABLE 10 .
APPARENT SHORTFALL IN U.S. OPERATING REFINING CAPAC!TY 1973 1985
(MB/CD) .
1985
1973 over
Base 1975 1980 1985 1973*
Average Operating Refining Capacity 13,234 137365 15,614 17,359 4,125
Finished Products for Imports Required -
to Balance Supply/Demand 2,648 4,414 5,248 7.093 4,445
Capacity Equivalent of Product Importst 2,878 . 4,798 5,704 7,710 4,832
Capacity Required to Meet Total ) o ' ) : ‘ :
Product Requirements 16,112 18,633 21,318 - 25,069 - 8,957
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0il imports must rise rapidly in the short term, in order to:

- cover the growing gap between total requirements and domestic pro:

duction. 0il import policies, crude supply, comparative economics

of U.S. and offshore refineries, and environmental concerns bear

, importantly on how much oil refining capacity will be built in the

United States during the next 15 years. This, in turn, will deter-

“mine the ratio between crude and product imports. Unless sufficient

" refinery capacity is added to meet growing consumer needs for non-

" residual products, the United ‘States will be forced into reliance

- on imported light products (e.g., motor gasoline, aircraft fuels

and home heating o0ils) and will contlnue to be dependent on imports
of- heavy fuel oil.

Table 11 presents historical year-by-year information for" the

6 years 1967-1972 on refining capacity, product imports and total
. demands. These data are presented for the total country as well as
for PAD Districts. Overall refining capacity decreased as a per-
cent of product demand from 83.8 to 80.1 percent. Refinéd product
imports as a percent of total demand has steadily increased from
11.0 percent to 15.3 percent to a level where total U.S. product
imports reached 2.5 MMB/CD in 1972. .Refining capacity increased .2.32
; MMB/CD in this 6 year period. At the same time, -imports increased

1.09 MMB/CD. Thus, refining capacity has been unable to keep up with
. the increasing demand through this period. : . )

PAD District I has the largest population and is in the worst
position of any ‘district with respect to self-sufficiency. In 1972,
crude capacity was only 23.5 percent of product demand.- About.2.1
MMB/CD of products are imported from offshore (83 percent of the
U.S. total), and about 3 MMB/CD are pipelined in from the South and
Southwest. There has been essentially no growth in the refining
capacity of'this district in the past 6 years.

, . PAD District II has shown a decrease in refining capac1ty in
relation to product demand from 85.6 to 70.5 percent. Essentially

no products are imported from offshore. The needed products come.

in from District III, which has maintained about 200 percent of re-

* fining capacity’ compared to the product demand. This accounts. for

the ability to ship via pipeline and water into Districts I and II.

- Districts IV and V are just about able to supply all their demands
with a miminum of product imports.

: HOREIGN EXPORT CAPACITY ON U.S. PERIMETER

In the. preceding sectlons 1985 U.S. requlrements for reflnlng
capacity were projected to exceed current capacity by 12.0 MMB/CD
and to exceed projected 1985 capacity by 7.7 MMB/CD. 1In. an effort
~ to define worldwide availability of refined products to meet both-
. U.S. incremental demand and U.S. 1985 indicated shortfall, an anal-
. ysis was made of non-Communist foreign refining capacity and trends.*

_ * The detailed analysis is given in Appendix E and is summa-
" rized here. For further information see Office of 0il and Gas,

- Department .of the Interior., Trends in Capacity and. Utilization.,
December 1972.
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TABLE 11

OPERATING REFINING CAPACITY AND PRODUCTS IMPORTED
RELATED TO TOTAL DOMESTIC DEMAND

(MMmB/CD)
1967 1968 1969 1970 1971 - 1972
Total US. -
Operatmg Refnnmg Capac:ty (Average) .10.79 11.37 11.73 12.27 112.85 o 13-‘.1‘3 '
Products Imported 1.41 - 1.65 - 1.76 2.10 224 25
Total Domestic Demand ‘ 12.88 13.63 1438 - 1499 1544 1637 .
Opetating Refining Capacity (Percent) ' T E
Total Demand 83.8 83.4 81.6 81.9 832 . 804 °
Products | mported (Percent) o ‘ ' : : . A
Total Demand 11.0 114 . 12.3 © 14.0 14.5 15.3
PAD.District | |
Operating Refining Capamty 1.41 1.45° - 1.44 1.48 "1.62 - ) 153
Products Imported S 126 1.40 - . 1.67 1.87 1.96- - - 2.08 -
Total Demand 5.05 5.33 5.52 5.91 6.06 65
Operating Refining Capacity (Percent) = ) ) ' N
Total Demand 279 27.2 26.0 250 . . 251... 235
Products Imported Offshore (Percent) ) ‘ S s
Total Demand ' 24.8 26.3 285 31.6 323 320
PAD District |1
Operating Refining Capacity 3.05 3.16 - 3.22 3.36 348 3.56
Products Imported .02 .02 .02 .05 . .06 .10 .
Total Demand ' 356 372 . 3.92 402 414 448
Operating Refining Capaci_ty (Percent) . , . . ‘
Total Demand - - - - °85.6 899 821 ' g36 841 795
Products Imported Offshore (Percent) ' C L ‘
Total Demand 0:6 0.5 05 ° . 12 147 22
_ __PAD District 11l -
Operating Refining Capacity 4.24_ 458 4._74 5.03 5.35 5.49
Products Imported .03 - .03 .04 06 - .05 . .06
Total Demand. 208 223 254 . 259 269 2.61
Operating Refining Capacity (Percent) ' } : .
 Total Demand 3 204 205 . 187 194 199 210
_Products Imported (Percent) ' . . S o
Total Demand - 1.4 1.3 1.6 23 | 19 2.3
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TABLE 11 (CONT'D.)

OPERATING REFINING CAPACITY AND PRODUCTS IMPORTED
RELATED TO TOTAL DOMESTIC DEMAND

(MIVIB/CD)
1967 1968 1969 1970 1971 1972
_ PAD District IV
Operating Refining Capacity : .39 .42 .42 .42 .42 .42
Products Imported ' — .01 .01 .01 .02 ‘ .04
Total Demand ' .35 .39 .37 .38 42 . . .43
Operating Refining Capacity. {Percent) . : _
Total Demand 111 107 114 - 102 100 . 97
Products Imported (Percent) .
Total Demand - 26 2.7 27 . 47 9.3
PAD District V
Operating Refining Capacity ©~ . . 1.70 1.77 1.87 1.97 2.08 216
Products Imported : 1 .09 11 A1 14 .13
~ Total Demand ' 1.83 196 203 2.07 2.12 2.14
Operating Refining Capacity (Percent) ‘ _ :
Total Demand 92.9 90.3 921 95.2 98.1 101
Products Imported (Percent) ‘

Total Demand 7 6.0 46 5.4 5.3 . 6.6 6.1

BaS|s of Numbers:
e Imports were taken from Bureau of Mines figures.
Total demands and PAD demand are Bureau of Mines numbers.
Operating refining cabacity imports and demand numbers are expressed as barrels per calendar day.
1972 numbers were compared with the first six months of 1971 and then ratioed for the total year of 1972.
The demand. numbers have no correction. applled as far.as relating refinery y|elds to crude input.
Operating refining capacity plus product imports should not equal product demand due to added mputs such
as NGL and the fact that crude distillation capacity does not always equal crude runs,
Operating refmmg capacity is an average of start of year and end of year.
e NGL is not included in balances.

of partlcular interest is the capacity of the so-called per-
imeter exXporting refineries--those located in Canada, the Caribbean
.and Latin America. While other export refining capac1ty, such as -
~Italian or Persian Gulf, may be available to supply products -to the
" U.S. market, they are generally at an economic dlsadvantage ‘to per-
- imeter export refineries because of transportation.

It was found that foreign refineries on the U. S. perimeter
can cover a portion of the anticipated refining capacity shortfall.
~However, the growth rate required for this additional capacity will
have to exceed prior rates. Hence, if no action is taken to expand
domestic capacity, offshore capacity may not be sufficient to meet
"~ the demand. - -
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TABLE 12
FOREIGN EXPORT REFINING CAPACITY ON U.S. PERIMETER*
(MB/CD)
1950 1955 1960 1965 1970° 1971 1972 1975
Location . o
Canada - - - = - — 184 .284
Caribbean 755. 1,204 1,706 2,095 2,755: 3,062 3,272 - .- 3,965
Other Latin America — — — — - = - —
Total 755 1,204 1,705 2,095 2,755 3,062 3,456 4,249
Avg. Avg. . "Avg. Ovei. Over
1965 1970 1971 1972 1970
Average Year-to-Year Increase — 9 100 78 132 287 394 264 209
Compound Percent Increase per Year e S e SR
Over Previous Period - 98 73 42 57 111 128" 7.2 9.1
Memo: Crude Runs Based on 92% :
: Utilization Factor 695 1,144 1,569 1,927 2535 2,817 3,180.. . 3,909
Memo: Mid-year Average Crude Runs — — ~ — 2,700 — — 3,900
Start-of-year basis. See Appendix E, Intermediate and Resource Refineries sections. B/SD’converted to B/CD by applying
0.95 factor.

The historical growth of perimeter refineries is shown in
Table 12. The refineries included are defined as resource refin-
eries and intermediate refineries. Resource refineries are those
near a producing area (in this case, specifically Venezuela) pro-
ducing products for export. Intermediate refineries are built be-
tween crude source and market, generally along major trade routes.
Both Caribbean refineries and Canadian Maritime Province refineries
meet these definitions.

Table 13 compares growth rates and annual expansion of peri-
meter refineries under several assumptions. To continue to make
up about all of the domestic shortfall, under the assumption that
no additions are made to U.S. capacity, would require growth rates
and capacities beyond any exhibited to date by these refiners--i.e.,
a 1970-1975 peak of 12.2 percent versus a 1950-1955 historical peak
of 9.8 percent, at a much lower base.

It can be concluded that if U.S. domestic refining capacity
does not increase above projected levels, domestic plus perimeter
capacity may be unable to meet U.S. product demands, and some ad-
ditional refined material would have to move in from other areas.
But logistics--the economics of moving a multiplicity of products
versus those of moving crude oil and unfinished oils--are heavily
against any such significant operation.
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TABLE 13
ALTERNATIVE GROWTH OF PERIMETER REFINERIES

(MMB/CD)
1975 1980 1985
U.S. Shortfall from Table 8*
' No U.S. Expansion vs. 1972 Mid- Year Average 5.4 8.2 12.0
With Projected U.S. Expansion 4.8 5.7 7.7
Perimeter Refineries Reported Ex1$t|ng and . .
Planned Capacity * 4.0 — —
~Percent/Year Gr'0wth1“ : 9.1
Average Annual Addition _ _ .3
Total Capacity of Perimeter Refineries Required
to Meet Total U.S. Shortfall* 4.8 5.7 7.7
Percent/Year Growtht 12.2 - 35 6.2

Average Annual Addition : : 04" ' 0:2 - 0.4

* Shortfall and expansion capacity based on actual needs; refinery additions based on 0.92 utilization factor.

t. Percent per year over preceding 5-year period.
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Chapter Two

FACTORS AFFECTING REFINING SHORTFALL
AND ENVIRONMENTAL CONSIDERATIONS

'FACTORS AFFECTING DEMAND FOR' CAPACITY

There are four major factors affecting the need for crude 0il
and petroleum p.roducts:

e The demand for energy in the United States ‘which-is pro-
jected to grow at .an average rate of 4.2 percent per: year
through 1985.

e The supply of natural gas which has become very 'short due
to 1ncrea51ng demands exceeding dlscoverles

‘e Environmental concerns which have greatly contr1buted to
the delay in many nuclear power plants belng constructed or
going on- stream S o .

e Environmental 1eg131at10n wh1ch is causing, or will cause,
the displacement of high-sulfur coal and fuel oil and lead-
ed motor gasoline by low-sulfur fuel o0il and low-lead or
unleaded motor gasoline.*®

Fluctuations in total o0il demand and in demand for individual
products stem from the fact that, although 0il is not coempletely
interchangeable with other fuels in existing equipment, it can sup-
ply the needs in any energy sector of our economy. In effect, it
can act as a 'swing" fuel. - If natural gas finding rates are dis-
appointingly low in the future, oil can be used to fill the need.
The same. concept holds true for 0il as an alternate to nuclear
power and coal when appropriate.

The power 1ndustry s efforts to utilize nuclear power plants
have been delayed by construction lead time problems, cooling water
discharge standards and environmental court actions. There are not
sufficient production facilities for low-sulfur coal, and there are
not sufficient reserves of low-sulfur coal within reasonable dis-
tances to satisfy the demand--93 percent-being a long distance from
the major demand. Thus, many power plants have been, or will be,
converted to run on low-sulfur fuel oil. This conversion has in-
creased the demand for fuel o0il over normal rates, thus contrib-
uting to the current low-sulfur fuel oil shortages

# In his April 18, 1973, energy message, the President affirm-
ed EPA's call to use the most environmentally desirable fuels only
for dattainmment of "Primary" air quality standards (those related
to health) as outlined by the 1970 Clean Air Act Amendments and
allow orderly attainment of the more stringent "Secondary" stand-
ards (those related to general welfare).
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Additionally, the supplies of low-sulfur crude oil are limit-
ed, and their worldwide availability will tighten as countries com-
pete more vigorously in the world market for a limited resource.
Also, low exploration finding rates and limited lease sales have
led to few new domestic sources of o0il being developed.

On January 10 and October 12, 1973, the EPA published in the
Federal Register 1its regulations requiring the general availability
of unleaded gasoline by July 1, 1974. These regulations were is-
sued on the premise that a catalytlc device was necessary to con-
trol auto emissions, that a suitable device (50,000 mile life)
could be developed and that lead would poison the catalyst. EPA
also proposed that leaded grades of gasoline be limited to 2.0
grams per gallon of lead by January 1, 1975, and 1.25 grams per gal-
lon by January 1, 1978.%*

One direct effect of the techniques used to control these e-
missions is that a vehicle's fuel efficiency is lowered. As a re-
sult, it is necessary to process more crude oil in order to produce
the add1t10na1 gasollne that is requlred Restricting the use of
lead additives in gasoline will require refiners to use still more
crude oil in order to produce more high-octane gasoline components.
The cumulative effect of these requirements could cause an increase
in our need for crude oil distillation capac1ty by 1985 beyond that
shown in Flgure 7, Chapter One.

FACTORS AFFECTING EXPANSION OF REFINING CAPACITY

Location of Additiona1‘Caﬁacity

Within today's p011t1ca1 social and environmental climate
there are many restrictions imposed by regulatory authorities which
are contributing to the shortfall of refining capacity. Data from
the NPC industry survey indicate that refinery expansion can take
place at existing locations. These expansions are subject to ob-
taining permits under local zoning and environmental ordinances
and are in accordance with all federal regulations. The thrust of
the question on the survey, along with later amendments, was to de-
termine from each refiner the expansion capab111ty of current Te-
finery sites based on land availability while giving consideration to
factors such as crude supply, markets for products and environmental
11m1tat10ns As to probability of obtaining permits, a range of 0.0
to 1.0 was used, with a rating of 1.0 being given to sites where a
reflner be11eved he would have no problems obtaining permits. At
several locations on the East Coast, the probability was as low as
0.5; on the West Coast an instance of 0.3 was estimated; and in the
rest of the Nation, there was only an occasional 0.7. By applying

¥ 0On December 6, 1973, the EPA published regulations stating
that the maximum 3 month average lead content of the total gasoline
pool at any refinery will be limited to 1.7 grams per gallon by
January 1, 1975, and phased down on a yearly basis to 0.5 grams per
gallon by January 1, 1979.
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the probability factors to the reported éxpansion the following prob-
able expansion capabilities of present refineries were determined:

Probable Expansion Capability Percent of January"
PAD District of Present Refineries (MMB/CD) 1, 1972 Capacity

I 1.7 111.2
II 2.5 72.0
ITI 4.1 75.1

Iv 0.5 118.5 "
\4 2.0 93.2
Total 10.8 82.9

Chapter Three discusses the incentives for expandlng capacity
in areas where products are consumed. In these areas, local ordi-
nances and state regulations such as Coastal Zone Acts prohibit
construction within specified distances of the coastline and make
the possibility of development of marine facilities very unllkely

Consumers on the East Coast will have added costs for their
products, if it is necessary to ship foreign crude o0il to the Gulf
Coast for refining and then ship products back to the East Coast.
In view of the impending shortfall of refined products, attempting
to fulfill the shortfall from foreign supply sources will impact
more heav11y on the East Coast consumer.

Special Problems of Small Refineries

Small refineries, whether owned by small or large companies,
offer many advantages to both local areas and the Nation.. These
small refineries may offer a supply of products to an- isolated or
sparsely populated area, in both cases making a significant economic
contribution to the area. The possible phasing out of many of the
smaller plants (0 to 30 MB/CD capacity) can contrlbute to the pro-
jected future shortfall in reflnlng capacity. These refineries
cannot benefit from the economics of scale as is the case with
larger refineries. In the 0 to 10 MB/CD of crude throughput class,
there are 78 reflnerles in the United States processing 316 MB/CD
of crude oil.  There are 50, 10 to 30 MB/CD throughput class refin-
eries processing a total of about 1 MMB/CD of crude. Some of the:
factors creating problems which are especially acute for smaller
plants are discussed in the following. section.

Crude Availability and Accessibility

Much of the crude charged by refineries in the 0 to 30 MB/CD
throughput class has in the past been made available through
governmental preference regulation or through the ability to assign
the rights to these preferences via the sliding scale provisions . of
the Mandatory 0il Import Program and the Outer Continental Shelf
Lands Acts. Uncertainty as to the future of these preference reg—

47




ulations, directionally precludes investing in new refineries of

. this size.  More importantly, if these programs are modified in such
a way-as to limit the availability of crude, much of the ref1nery
capac1ty in this size category could become ‘uneconomic.

Product Specification'Changes

Since only a small percentage of refineries in the 0 to 30
MB/CD category have the gasoline processing capability necessary to
increase -octane numbers, the latest federal regulations further re-
stricting the quantity of lead antiknock compounds which can be
added to gasoline will have a significant effect on the capital re-
quirements and economic viability of these refineries. Where high-
er sulfur crude oil is currently being processed, local regulations
restricting the percentage of sulfur in liquid fuels will require
the -small refinery to either invest capital in:desulfurization e-
quipmernit or change to sweet crude. Sweet crude supplies. on a world-
wide basis are -dwindling and where desulfurization is employed,
product unit costs would increase.disproportionately to those of
larger refineries due to poor economics of scale.

Env1ronmental Regulatlons

Recently promulgated federal ‘and - local regulat1ons for efflu-
ent water quality and ambient air quality will also force the small
refinery to invest heavily in pollution control equipment relative
to .total refinery investment. Again, the absence of economics of
scale and the capability requirements will directionally decrease
the.economic attractiveness of refineries in this categOry.

UNCERTAINTY AS TO THE BASIS FOR DESIGNING NEW REFINERIES-

In addltlon to.the problems of obsolescence of present small
refineries already dlscussed the regulatory trends .and the lack.
of stability in regulations in the industry have generated an at-
mosphere of uncertainty that has put a damper on major expansions.
Perhaps ,thé most important and least certain. of the factors con-.
tr1but1ng ‘to ..the uncertainty as to how to design a new. refinery. is
the prediction of what types of crude oil will be. avallable when
the facilities-.are placed on- stream ‘ ‘

._Anjadequate,‘reasonably secure;supply of suitable. crude oil
is a necessary part:of the planning for a new refinery. Many com-
panies are dependent on the availability of crude oil from others,
and even those companies which are self- sufficient could ‘have d1f-
-ficulty in providing their own crude oil.to a new reflnery because
of inadequate transportation and port. facilities. :

, Some crude o1ls would .not be su1table for ref1n1ng 1n certa1n
refineries, thereby restricting ‘the ava11ab1l1ty even more. Such
factors as sulfur content and gravity are 1mportant A change .in
these characteristics necessitates a change in the facilities re-
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quired to process the crude oil. ¥For instance, if a refinery

could be provided with low-sulfur domestic and foreign crude oils,
a wide range of products, including low-sulfur No. 6 fuel oil,
could be produced with minimim refinery facilities. On the other
hand, a high-sulfur feedstock requires extensive desulfurization
steps necessitating expensive corrosive resistant materials of con-
struction throughout, thus increasing the complexity and cost of
the refinery.

A similar problem exists for heavy crude oils. The more re-.
sidual materials that are left after atmospheric and vacuum dis-
tillation, the more downstream processing facilities may be rTe-
quired. Processing the products from a coker for instance, takes
more hydrogen and more expensive refining facilities than products
from crude distillation or catalytic cracking. : -

Projections in NPC's Initial Appraisal study indicate the im-
portation of 14.8 MMB/CD of o0il (including products) in 1985. - This
is 11.4 MMB/CD more. than was imported in 1970. The projected imports
are, indeed, 3.5 MMB/CD more than the total. domestic o0il production
in 1970. It is very likely that the bulk of the incremental oil .
imports will be high-sulfur Middle Eastern crude (unless political
conditions 1limit this source). As shown in Table 14, almost 70
percent of the Free World 1970 oil reserves are in the Middle East,
and about 80 percent are in member countries of the Organization of
Petroleum Exporting Countries (OPEC). Unfortunately, from an envi-
ronmental standp01nt most of this oil is of high- sulfur content

The close proximity of other markets to Afrlcan A51an/Pac1f1c
and European oils, many of which .are low in sulfur, 1s such that
little incremental demand in the United Statés can be expected-to-
be satisfied from these areas except at a highly competitive price.
Consequently, it can be expected that the bulk of the new importa-
tions will be high in sulfur, with the medium heavy metals content
characteristic of Middle Eastern crudes. This pattern could, of
course, be upset by new discoveries or by increased economic pres-
sure from producing countries. :

Until fairly recently, the principal constraints on most U.Sh
refineries were the needs of the consumer, competition, economics.
and foreign crude import restrictions. ‘Crude oils in the quantlty
and 'of the quality required to meet the Nation's demands iwere gen—
erally available. The use of technology having high cost or a"
high degree of sophistication was largely dictated by the special
circumstances of the various manufacturers. -The typical 'prime
fuels refinery consisted of crude distillation units, catalytic
cracking units, naphtha reformers and downstream: treatlng facil-
-ities. Light ends from cracking operations were either converted
into gasoline or consumed as fuel gas. The heavy 'ends of the crude
were made into residual fuel oil and asphalt, the light fraction-
into liquefied petroleum gas (LPG) and gasoline, and the rest into
middle-of-the-barrel products. Of course, some refineries made
lubricating oils and other specialty products but these are only
a small fractlon of refinery production. o S
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TABLE 14

WORLD RESE_RVES AND PRODUCTION-1970

*Includes captured Sinai fields. .

COUNTRY RESERVES WELLS OTL PRODUCTION REFINING
: § - Capacity (MB/D)
Producing Estimated |chang January 1, 1971
0il . .Gas 0il Drilling 1970 from No. . - [Reterm-
(MB) (BCF) 7-1-70 12-1-70 (MB/D) .| 1969 refs.: Crude Cracking ing
ASIA-PACIFIC .
Afghanistan............ . 95,000% .5,000. 16* 6 . 46.8% | --~-. --- - --- === ~--
Australia....ceeceeceen 2,000,000 12,600 386 14 170.1 210.0 10 640.0 157.3 144.1
. Bruiiei-Malaysi‘a.: 1,000,000 6,000 592 7 146.2 8.0 3 126.5 6.0
Burma....... . 40,000 80 4s 10 15.6. -2.5 2 26.3 §.0 ---
Cambodia. --- --- --- .. e - 1 13.5 --- 2.0
--- --- --- 1 --- .- 1 30.0 12,0 3.7
..... 956,000 1,800 200 43 139.0 -8.0 10 429.3 87.7 18.8
10,000,000 3,000 2,136 29 861.2 17.0 6 251.2 106.5 15.0
Japan..eeiiieieiianeannn, -30 ;000 550 1,725 . 15 16.3 0 3.2 a2 3,698.8 168.1 355.8
Korea, South.. --- --- --- --- .- 2 250.0 --- 24.
New Zealand.:. . +,226,000% . 6,;500 : 6t 2 .06 cles -1 66 .0 --- 21.0
Pakistan...... . 41,500 20,000 17 9 9.8 2.0 ‘4 115.1 --- 4.0
Philippines............. --- --- 1 - --- 4 205.0 27.7 24.6
Taiwan...... PR 20,000 800 S1 8 1.7 6.2 1 118.0 10.0 8.0
Thailand..o.ieieeeiennnn 148 Ce-- 26 1 0.3 | 200.0 3 962.0 34.4 14.1
TOTAL ASIA-PACIFIC 14,408,648 56,330 5,200 146 1,407.1 31.7 90 6,060.9 608.7 641.7
*Condensate. . : : . .
tFour Kapuni wells now' producing but.at no. regular rate yet; tiny Moturoa field has Z oilers.
EUROPE . : -
Austria........ 180,000 431 1,268 13 54.7 2 159.5 18.0 10.0
Belgium...... --- --- - --- --- 7 704.0 9.1 82.3
Denmark........ --- --- --- .en --- 3 196.0 31.0 33.1
Finland........ .- --- --- .- .- 3 2 173.0 23.0 33.6
France 125,000 324 3 47.7 -5.7 24 2,533.8 203.5 392.8
Greece --- --- 1 --- --- 3 102. --- 15.0
Ireland..ivevvvovsnnnnns . --- --- e - 1 55.0 --- 14.5
Italy (incl.. Sicily).... . 225,000 136 - 24.5 -15.5§ 36 3,235.3 624.4 356.3
Netherlands 261,000 369 36.5 -5.9 7 1,392.5 85.0 163.9
NOrWay....... eeenaas .1,000,000% 3] 1) C>) 3 202.0 16.0 20.0
Portugal.. --- --- --- 2 84.0 26.0 11.0
Spain..... - 21 3.6 | --+ 8. 846.0 , - 10.2 124..0
Sweden --- .. S 236.0 33.0 47.5
Switzerland.... Tm-- _-. . . 2 102.0 21.0 18.3
United Kingdom 1,000,000* - 60 1.8 -1.0 21 2,392.3 206.0 350.0
West Germany.......... " 584,000 3,065 147.1 -4.6 3S 2,541.8 336.6 321.5
Yugoslavia....... 325,000 - - --- 40.5 -23.6 6 222.0 23.1 32.9
TOTAL EU}!OPE 3,708,500 147,731 5,243 67 356.4 -6.7 167 15,177.2 1,715.9 1 2,026.7
*Preliminary estimate includes North Sea oil discoveries.
1+To begin production“in. Spring,.1971.- ’
. MIDDLE :EAST - .
< Ahu Dhabi..vevvernennnn, 11,800,000 9,500 94 6 640.9 6.6 .- .- .- -
Bahrain..... . 634,000 5,000 232 1. 76.8 1.1 1 216.0 59.1 16.0
Dubai..... . 983,000 © 750 11 2 77.9 --- --- ---
. 70,000,000 214,000 266 17 3,753.2 14.2 S 632.8 52.0 81.5
. 32,000,000 18,500 113 2 1,517.8 --0.6 6 102.9 14,0 8.0
. 12,900 72 32 2 93.0* 77.7 1 132.0 27.0 16.0
. --- --- --- 1 --- --- 1 15.6 1,350.0 8.7
a . 67,100,000 :38,000 741 1 2,743.8 9.1 3 504.0 - 13.6
Lebanon.. --- ' --- --- --- --- --- 2 54.5 7.6
Neutral Zone. 25,700,000 8,000 450 2 485.6 7.5 2. 80.0 --- ---
Oman. .. *1,700,000 2,000 62 2 336.1 7.1 --- " --- --- ---
atar...seees 4,300,000 .- 8,000 . 69 . 1 . 353.9 0.3 1 68.0 --- .-
Saudi Arabia........ 128,500,000 -49,500 423 S 3,437.5 19.9 2 906.0 --- 47.5
South Yemen (Aden)...... ) a-- --- 1 .- - 1 178.0 . 10.0
Syria..ci.ievienonan .. 1,200,000 © 750 " 90 8 50.0 4.1 1 59.0 20.0 3.5
Turkey...ooe... IR R R 645,000 190 279 -4 68.0 -0.9 ] 290.0 23.5 30.1
TOTAL MIDDLE EAST 344,574,900 354,262 2,862 SS 13,634.5 12.3 30 3,171.7 196.9 234.6
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TABLE 14 (CONT’D )

WORLD RESERVES AND PRODUCTION— 1970

COUNTRY - RESERVES .. i WELLS OIL PRODUCTION REFINING
’ - 3 Capacity (MB/D)
. i Producing : Estimated | change. . _Janpaty 1,-1971
Qil Gas 0il Drilling | - 1970 from No. . RefoTm-
(MB) (BCF) 7-1-70 12-1-70° (MB/D) 1969 “refs. Crude Cracking |': ing
AFRICA .
Algeriai...iveivuineennnnn 30,000,000%| - 141,000 775 25 984.0 275.0. Z 48,3 --- 13.0
Angola (xncl‘ Cabxnda) 500,000 ° 1,000 141 4 . 110.0 131.6 -1 14.0 2.0
Congo-Brazzaville....... 3,600 e S 1 0.5 -37.5 1 33.0 3.0
Congo-Kinshasa........ oo 1,000t P - 1 --- - - --= .- ---
Dahomey......... ... e 1 OOOT . --- sm—— 1 s v --- --- === ---
1:7:3'4 -2 TN 4,500,000 5,000 '332 9 328.5 35.9 3 175.0 5.0 15.2
Ethiopia....... .. ... N - --- . --- Lo --- e 1 13.4 --- 1.8
Gabon. 700,000 ' 7,000 100 4 106.0 7.5 1 - 17.2 7.9 1.5
Ghana...., -1,000t --- - 2 --- - 1 28.0 --- 6,5
Ivory Coast e - --- : .- --- 1 19.0 - 3.0- -
Kenya .- --t 1 --- 1 50.5 . 4.6 -
Liberia .- aa- “-- e 1 10.0 f 2.0
Libya....: 29,200,000 30,000 ' 13 3,385.0 1 9.5 --- 2.2
Malagasay.... e .- 2 L 1 11.9 e 2-.0
MOTOCCO. s v vrvennnn feeraes . 920 16 1 1.0 2 35.0 4.0 7.7
Mozambique......... ... .. - --- 1 --- 1 47.0 - 8.5 -
Nigeria... 9,300,000 6,000 18 1,000.0 1 55.0 --- 4.6
Rhodesia - --- --- 1 --- --- --- --- e --- :
Senegal............... .. --- --- --- --- - —na 1 12.0 - 2.0
Sierra Leone....... PRI - --- --- .- --- --- 1 10.0 -
Sudan.......coiiiiiiian. --- --- --- -~ --- --- 1 20.0 2.0
Tanzania........... P --- --- --- .- --- --- 1 30.6 == 7.7
Tunisia..........coo0uie - 550,000 1,000 : 46 3. 88.0 - 10.2 1 22.5 --- 3.3
Union of South Africa.. ... 500+ --- 4 e --- S 262.9 73.5 59.4
TOTAL AFRICA 74,757,520 191,516 2,898 91 6,003.0 36.5 29 924.9 90.4 152.1
*Government estlmat&
+0il or gas discovered but not yet developed
WESTERN HEMISPHERE
Argentina........ Ceeaenns 4,500,000 8,800 5,400 26 391:0 15.0 14 456.2 232.0 18.9
Bahamas.......... Ceveeene - --- - 1 .- — 1 250.0 - .
Barbados:........... . 750% - - 1 --- - 1 3.0 fe- ---
Bolivia.......oovvniinnn. 225,000 |. 5,000 171 .10 13.2 ~70.9 S 23.1 --- ---
Brazil............. . 850,000 6,000 1,015 28 157.6 |- -12.2° 10 504.6 92.5 - 39.5
British West Indles . --- . --- --- 1 == - 1 16.0 --- . 2.0
Chile,........couenn ‘oo 125,000 2,000 380 8 | 38.3 3.0 2 111.0 32.5 10.0
Colombia..,...... PPN 1,675,000 2 800 2,171 S 222.0 6.7 S 137.6 76.0 ---
Costa Rica......cvvunnns --- --- - --= --- .- 1 8.0 3.0 1.2
Cuba.....civiineiinnenns 14,000 --- 15 12 2.5 --- 3 93.0 24.0 15.0
Ecuador..... ettt reenns 750,000 5,000 708 7 4.0 -18.4 1 35.3 7.0 1.0
El Salvador............. --- --- --- - --- --- 1 13.0 --- 2.0
Guatemala --- --- --- --- --- m.e 2 26.0 - 6.0
Honduras. . 500+ | - ) --- --- .- --- 1 14.0 =~ 1.6
Jamaica...... . --- --- --- T EEC T B 1 36.0 --- . 3.2
Mexico.......ovvienn, . 3,200,000 10,000 3,127 80 . 427.4 5.5 .6 574.2 102.0 94.2
Netherlands ‘Antilles. --- === --- --- --= -x. 2 790.0 497.0 22.0
Nicaragua........ . . --- --= o e 1. --- - 1 .22.0 -—- 4.3
Panama........... : Te-- --- --= --- --- --- 1 75.0 22.4° 7.5
Paraguay......... .- S e --- p--— R --- 1 5.0 - ===
Peru......... . e .. ' 270,000 3,000 2,500 5 T 72.0 -20.0 S 91.5 22.7 1.8
Puerto Rico --- L= --- e --- . - 2 140.0 75.5| . 88.0,
Trinidad and Tobago §75,000 3,500 3,133 6 141.0 -13.0- 3 438.0 26.5 27.0
Uruguay....... . . e .- - . --- . v -t- -1 40.0 10.0 3.0 .
Venezuela. e 14,000,000 27,000- 9,364 14 - 3,690.0 3.3 12 1,526.1 157.5 23.1 -
Virgin,lslands... - ) Rl .- --- --- --- 21 . . 250.0. .. ~15.0
United States... 37,012,640 265,000 640,760 1,065 ' 9 506.5 3.6 1262 13,293.0°| 8,514.0] 3,065.0°
Canada....o..ouus S T 10,750,000 . 60,451 [ + 23,675 - ‘141 1,277.5 | 15.4 41 +1,450.0 | 735.0 245.0
TOTAL W-.. HEMISPHERE 73,947,890 398,551 | 692,419 1,411 . 15,943.0 4.2 386 20,421.6 | 10,540.2| 3,696.0
*0il or gas discovered but not yet developed.
TOTAL FREE WORLD 511,397,458 1,148,390 708,622 1,770 37,344,0 | .10.3 702 45,757.0 | 13,242.0| 6,752.0¢
COMMUNIST WORLD 100,000,000# 440,000t .-- LR 7,566.0 7.4 .- oo --- .-
TOTAL WORLD 611,397,458 1,588,390 --- -.- 44,910.0 16.7 --- .- --- ---

*Including Russia 77 billion, Red China 20 billion, Hungary 1 billion, others 2 billion.
tincluding Russia 426 trillion, Red China 4 trillion, Hungary 3.5 trillion, Poland S trillion.

Used by permission of the Oi/ & Gas Journal. . . ’ '
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New refineries may be more highly specialized. Modern technol-
ogy allows a refinery to convert nearly all of the crude into gas-
oline and middle-of-the-barrel products, or conversely to manufacture
primarily low-sulfur fuel oil and naphtha. In the past, the trend of
gasoline octane quality was. generally upward to accommodate increas-
ingly higher compression ratio automobile engines. Today, there are
many factors combining to upset the old accepted principles. Super-
imposed on:normal demand.growth are influences that promote uncer-
tainty as to how much gasoline to provide for and as to what quality.
The . growing .demand for accessories has added con51derably to fuel
consumptlon in today's car population. :

o ‘ Further degradatlon of fuel economy may be expected from add-
on, anti-pollution devices required by laws and regulations. Off-
setting effects are projected resulting from the volume of gasoline
required to promote the greater use of mass transit, and smaller
cars, restrictive regulation on the use of automobiles in certain
areas and threat of high gasoline taxes. There is also the concur-
rent regulatory requirement to restrict the lead content of gasolines
to accommodate anti-pollution devices. This tends to lessen the
effective capacity of existing fac111t1es to produce gasollne pools
of higher clear octane quality.

Similarly, substantial reduction of the sulfur content of gas-
olines from the present low levels will entail new processing and
sulfur removal facilities. The effect will be higher capital in-
vestment if this trend continues, since gasoline represents a very
substantial part of refinery production.

Tf all of the factors were well defined, the net effect could
be projected with reasonable certainty, and planning could proceed;
but the development of requirements on a piecemeal basis has
prompted the industry to move slowly so as to avoid making prema-
ture decisions :

_ These factors are 111ustrat1ve of some of the current in-
fluences exerted by regulatory restrictions on what must be manu-
factured in the reflnery In addition to changes in gasoline re-
quirements, there is also the somewhat more normal transition of
energy users from one type of fuel to another. The pressure of
environmental restraints. requires the use of low-sulfur petroleum
-0ils in place. of fuels whose emissions are more costly to control.
The starting point in the new refinery planning process must certain-
ly be a good evaluation of the type and quality of products required
to f111 the projected demand in the marketplace from available crude
0il's.” This becomes increasingly difficult with the increased in-
volvement of local, state and Federal Government (through regulatory
agenc1es) in the energy fleld

Current and future refineries must meet increasingly stringent
requlrements especially in the sulfur contents of fuels. The pre-
cise dlstrlbutlon of demand for products of different quality (with
regard to sulfur) is still largely undefined since the environmental
laws in the various political subdivisions vary considerably. Thus
a Priority-1 Air Quality Control Region (for sulfur oxides) may re-

52




quire the marketlng of res1dual fuel of not more than 0.3 percent
sulfur in one state, while in.another there may be no stated re-
strictions on sulfur in fuel. ‘In‘some areas, the regulations: are:
based on- the quality of stack emissions rather than the sulfur con-
tent of fuel. This places the onus of meeting the regulations upon
the consumer, who must employ an adequate ‘technology, ‘and may -at-
times aggravate environmental problems in other waste d1sposal areas
in the process. It stands to reason, however, that even in ‘these

- circumstances, ‘the consumer may seek to meet the eémission require-
ments through the grade of fuel bought, if the economics' of" d01ng
so are favorable. It is evident that this places the refinery in

a position of uncerta1nty as to what the" markét may require. The
prudent course. in the initial phases of the pattern: envolv1ng over
the last few years has been to wait until .all the facts were 1n‘be-
fore committing to largé scale expansion, part1cularly siince ‘in~
vestments are‘large *This 'may well account in part -for the pries-
ent. dearth of : new reflnery constructlon SRR R N R

_ Table 61 in Append1x F, taken from the, report prepared for the
Environmental Protection Agency s Office of. Air Programs . by. the .
Mitre Corporation, entitled Analysis of Final State Implemewtation
Plans--Rules and Regulations, shows East Coast residual fuel oil
anticipated sulfur spec1f1cat10ns It should be noted however
that the EPA may impose more stringent restr1ct1ons if. the regula-
tions enacted by the states fail to achieve and, ma1nta1n amblent .
air quality objectives. 'Until the target dates. for. pr1mary and’.
secondary objectives have been passed, there will continue to be

uncertainty as to whether -product spec1f1cat10ns can be: considered
firm. : ,

':"{.f

: The uncertalntles of env1ronmenta1 matters are made especrally
difficult by the fact that very few clean- up processes: (such" as'-
stack gas treatment) have been commercially proven. Many processes
have not even had a real commercial ‘trialy, much léss ‘operating ex-
perlence of a year or more. ' In addition, 'many ‘of -the¢ processes’ may
require ‘vast amounts of l1mestone and dolomlte over a period ofi
years. ‘These materials meutralize or precipitater‘out sulfur‘com-’
pounds that must ‘then be disposed of. If such'a: process is usédc
many acres of land must be provided to” accumulate the ‘waste. Thus
a solid waste problem may be substituted for an air pollutlon prob-
lem 1f such a process has w1despread use. ' .

At present many compan1es are trylng to come up! w1th better
‘technology . to remove sulfur oxides and partlculates from stack |, |
gases, while at the same time being concerned about whether some:
entirely different process will have to be installed to meet the
requirements for nitrogen oxide removal. There is .concern that all
" the .money being spent on sulfur compounds w1ll have been in, Va1n
because of new requirements .and other changes in regulatlons The
current state of the art for desulfurlzatlon of stack .gas. is sum¥
marized in Appendix F, Table 62. The processes. described embody
‘some 20 techniques to reduce sulfur in final gas effluents ;. TE€P-
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resentative of more than 50 identifiable processes.* Table 63 in
Appendix F shows a supplementary API tabulation which contains in-
formation on ‘'some additional proprietary processes.t To date, all
of these processes which would facilitate the handling- of high sul -
fur fuels while meeting env1ronmental requirements must be con51d-
ered to be under development

The competlng technology (catalytic desulfurization) has been
in practice for the past two decades on light and intermediate boil-
ing range distillate fuels. To meet the emerging environmental
regulations, in the absence of adequate stack gas treating technol-
ogy, and assuming the availability of a preponderance of high-sul-
fur import crudes, the refiner may want to consider the desulfur-
‘ization of residual fuels as one of the available alternatives.

Economic and adequate residual desulfurization is still in
early development. In this process, the liquid hydrocarbon is con-
tacted with hydrogen in the presence of catalysts under conditions
of high pressure and temperature. Many reactions can and do occur.
Each process specializes in accomplishing a specific type of treat-
ment. For instance, some hydrocracking will occur. This reaction
is the result of cracklng larger molecules to smaller ones and add-
ing hydrogen at the same time. It results in the formation of ma-
terials of lower boiling range, lower viscosity and, in general,
lower color level. -SuCh_materials vary from methane (natural gas)
and other light and liquefied petroleum gases to gasoline and fuel
oils. These products are more valuable than the.original heavy
black residual feedstock; however, they result in the usage of
large quantities of hydrogen and requ1re costly catalysts. Pro-
duction of very low-sulfur fuels by residual desulfurization is
very expensive because of the above features.

- The desulfurization of fuel may be either by a direct process
in which the residual material (from either a preliminary atmospher-
ic or vacuum distillation) is treated in a direct, or an indirect
process in-which distillate fractions of the re51due are treated
and are blended back into the residues. It is generally accepted
that desulfurization of fractions of the crude containing more than
about 150 parts per million (ppm) of heavy metals 'is uneconomic be-
cause of deposition of metals on the catalyst in the process. ‘Hence,
direct desulfurization is only adopted when (1) the final fuel o0il
must be low in sulfur or (2) the ‘feedstock contains a very large
amount of sulfur and the residue to be desulfurized contains a very
large amount of sulfur and the residue to be desulfurized contains
less than about 150 ppm of heavy metals. '

A number of processes are on the market which can reach a.
sulfur level of 1 percent or less on the light kerosine and heavier

, ‘*AHyﬁe; Dr. J. B.; "Methods for Desulfurization of Effluent
Gas Streams," 0:il and Gas Journal, August 28, 1972.

+ American Petroleum Institute's Division of Refining, '"Sum-
mary of Desulfurization Processes for Flue Gas and Claus Unit Tail
Gas. Paper presented at the 37th Midyear Meeting of the API's
Division of Refining, New York, May 9, 1972.
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fuel 0il when charging a Kuwait type crude oil. When distillate
fuels are combined with the heavy fuel, the. sulfur level may be
less than 0.3 percent. Kuwait crude 011 is usually chosen for pil-
ot work because it has a fairly high-sulfur content and the content
of heavy metals is comparatively low. Because the heavy metals--
primarily nickel and vanadium--are deposited on the catalyst, and
gradually destroy its activity, they determine the size and number
of reactors required and 1limit the length of runs between catalyst
replacements. Such factors weigh heavily in the overall cost of
residual fuel oil desulfurlzatlon

.If the residue is very high in metals, preliminary processing
steps such as coking may be necessary before desulfurization. This
often creates the .concomitant problem of disposition.of high-sulfur
coke. There is continuing research in this field, including ex-
ploration of the use of pretreating steps to remove metals, cat-
alyst development and modification of operating conditions; but the
present state of the art is limited by the factors noted. Table
64 in Appendix F shows average metals in major petroleum products
Table 65 shows the sulfur and nickel plus vanadium content of spe-
cific Middle East and reduced crudes. Table 66 shows processing
sequences for the most economical production of low-sulfur fuel oil.*

Today's technical literature contains many references to desul-
furization technology. One especially appropriate source is '"A .Spe-
cial Report--Hydrodesulfurization Technology Takes on the Sulfur Chal-
1enge " by Leo Aalund, in the September 11, 1972, 0%l and Gas Jour-
nal.” The report glves updated evaluation of commerc1ally available
processes for direct and indirect desulfurization of fuel o0ils and
distillates. A summary of the processes covered is shown in Table
67, Appendix F. ‘ '

In the foregoing évaluation, the anticipated growth in the
demand for petroleum products by 1985 has been discussed broadly.
The: factors that make it difficult to conduct effective plannlng--
uncertalnty as to required product quality; shortage of environ-
mentally desirable crude oils; changing regulatory requirements:
affecting both quality. and demand for specific products; -and the .
growing restrictions regarding location, makeup and operation..of
new facilities--have been mentioned as 1nh1b1t1ng factors dis-
couraging the short-term provision of new refining capacity. The
special problems of small refineries have been mentioned briefly,
as these could increase the need for new capacity due to accel-
erated obsolescence and phasing out of unprofitable plants.

In ‘the final ‘analysis, the individual crude supply, market
requirements, environmental factors and company 1og15t1cs will de-
termine the location and type of facilities built. Only when the
combined factors give ‘a fawnubhaecmumzc;ncmu@ will new reflnerles
" designed to meet the ever-growing demands of a mushrooming soc1ety,
be planned, constructed and put into operation. Only when more of
the unknowns ‘in the equation are defined, and a cohesive national
energy policy is adopted and 1mp1emented can this be done with cer-
tainty so that the country's needs for energy from petroleum- related
products will be satisfied in the amount and at the time needed.

* Nelson, W. L., 0il and Gas Journal , July 31, 1972.
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“REFINERY REQUIREMENTS RESPONSIVE TO ENVIRONMENTAL NEEDS

A 'high degree of,rndustr1allzat10n, a growing populat1on and a
continued concentration of people in urban areas are three obvious
characteristics of the-American society in  the early 1970's. They
are also factors which have combined to make pollution of the envi-
ronment a major problem of our time. Americans, who have long
taken for granted the increased materialnbenefits derived from
higher rates of energy consumption, are now becoming aware of the
,potent1al conflict between energy requirements and environmental
goals. .Both high energy consumption rates and satisfactory mainte-
nance of environmental standards are p0551ble but only through
dealing effectively with the total environmental social and eco-
nomic system. = |

- The'petroleum 1ndustry, in partlcular, 15 caught up in the
energy-environment conflict because of its special role in the over-
all energy picture. Demands for petroleum products often fluctuate
‘widely-and -have.of late increased alarmingly, -due to the fact that
‘they ‘can supplement the shortfall in any other energy sector of our
economy. '0il in effect, acts as a "swing" fuel. Production, trans-
portation and refining of petroleum, as with other forms of energy,
present special environmental conflicts.

The petroleum industry has been diligent in attempting to define
and .to take.steps.in-correcting problems that pose environmental
hazards. The industry's .concern has been well-documented in a study
made by the National Petroleum.Council entitled, Environmental Con-
servatron-—The 0%l and Gas Industries, which was released in..1971.
Concurrently, the dw1nd11ng supplies of domestic energy resources
have been receiving increased attention, not only from.the petroleum
indystry, but,also. from the government.. This matter has heen ex-
amined in detall by the Nat1onal Petroleum Council's U.S. Energy
;Outlook study released - in December 1972. :

The energy study, supplemented by other reputable 1nvest1ga-
‘tions, has conclu51vely shown that .our Nation will become increas-
“ingly. dependent on imports of crude oil and/or finished products
Since .importation of - f1n1shed products means_ exporting employment,
. with its.increased burden upon an already unfavorable balance of
_trade, one conclusion, which many have reached is that importing
‘crude is to be preferred over importing flnlshed products

The des1re to m1n1m1ze product 1mports from abroad focuses
attent1on ‘upon’, the shortage of domestic ref1nery capac1ty which
 AOW ex1sts and wh1ch prOJect1ons indicate.will .become -more acute.
This. shortage is dramatized by the fact . that the Un1vers1ty of
Texas, located in the heart of oqur Nation's crude.supply, postponed
opening.its second semester in 1973 by one week because- of nonavail-
alelty of. fuel oil. Whereas unacceptable returns on 1nvestments
have had an 1nh1b1t1ng economic influence on new refining. construc-
tion, as addressed in other sections of this report, environmental
'factors have played a s1gn1f1cant role in contributing to .refinery
.capac1ty shortages existing in our country.
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The principal environmental factors which have had inhibiting
influences on the expansion of domestic refinery capacity are:

® Availability of crude oil for refinery charge stocks
‘e Availability of deepwater port fagilitiés
° AVailability of refinery sites =

° Uncertalntles regardlng technlcal and economlc problems,,
especially those requiring quallty of alr and water efflu-
ent from refineries

e Uncertainties regardlng the present and proposed ‘environ-
mental regulations which refer to quality of refined prod-
ucts, partlcularly gasollne and fuel 0115

° Uncertainties regarding the government and/or environmental
agencies approval time and the necessary time-to plan, engi-
neer and construct new or modified reflnery fac111t1es

Availability of Crude 0il

Basic to any reflnery construction is the assurance of avail-
ability of suitable charge stock of known quality and assured sta-
bility of supply for a reasonable period of time. . Well-meaning but
perhaps overly zealous citizen groups have 1nterfered with supplies
of avallable or potentially avallable crude o0il to refineries.

Probably this "interference'" has manlfested itself pr1mar11y
in -the avallablllty of domestic crude oil. For example, reserves
of crude oil in the North Slope of Alaska have been estimated to be
more than 10 billion barrels, a volume which is equivalent to about
one-third of the knOwn'reserves of the lower 48 states. Billions
of dollars of idle capital have resulted from citizen court actions
and other delays in obtaining permission to produce and move this
0il to market through a new pipeline. All. this has been done in
the name of environmental conservation, even though the plpellne=
would be built and. operated within strict env1ronmenta1 11m1tat10ns

These dormant reserves have not only drained money from possi-
ble uses in other ventures, such as expanding refinery capacity,
but hdve increased our Natlon s dependence on imports frof out51de
of the United States, with attendant penalties on national: securlty
and balance of trade. The Nation cannot afford to allow such re-
sources to remain unused indefinitely. Yet even undér the most'
optimistic predictions, it will be several more years before sup-
plies of this high quallty crude oil move" from ‘the Alaskan North
Slope to domestic reflnerles

Surveys have indicated the potential for large-quantities of
crude o0il and natural gas lying beneath offshore waters surrcunding
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our continent. However, many areas of the continental shelf of the
United States remain undeveloped or underdeveloped because of en-
vironmental concerns. As detailed in earlier studies, incidents of
blow-outs, though widely publicized, have been extremely rare COm-
pared to the number of offshore wells drilled. These few unfortu-
nate incidents have caused the industry to further emphasize the
necessity for more vigilant protective and preventive measures which
are now commonly being applied to new offshore developments. There
is a need and an increasingly important justification for restruc-
turing the rigid constraints which are now slow1ng or prevent1ng
development of offshore oll and gas potent1al

Ava11ab111ty of Deepwater Port Fac111t1es

While domestlc reserves need to be developed to the1r fullest
the need will still exist for supplemental quantities of crude oil
from other countries. The safest, most efficient and economical
method of transporting these needed volumes is through the use of
very large crude carriers (VLCC s), delivering to refinery centers.
Effective use of VLCC'S will Tequire the construction of deepwater
ports, located just offshore, with pipelines delivering supplies
from these superports to refineries located onshore.

A1l of the U.S. unloading ports are now located at the
shorelines, in relatively shallow water, and are unable to accommo-
date VLCC's. Documented evidence shows that most - SplllS from tankers
occur -at or near these congested unloading ports. Such spills -ad-
jacent to land areas are difficult to clean up before potential
problems with coastline ‘contamination develop. ‘Superports offer
a number of environmental advantages, such as minimization of occur-
rences of accidental spills and their effects on shorelines, less
frequent ship movements and greater maneuvering ability at'remote
distances from land. Likewise, supertankers with compartmented"
cargoes and with highly trained crews, along with sophisticated new
navigation equipment and safety . developments offer environmental
advantages over more frequent movements of older .smaller vessels.

Unfortunately,,desplte the recommendatlons of various-authori-
ties and informed groups, such as the Corps of Engineers, construc-
tion of superports (and consequently, supertankers) has been delayed,
generally because of resistance of state governments off whose shores
the ports would be located. Positive action on the part of the Fed-
eral Government is needed to formulate policy whereby -the goals of
the coastal states and the welfare of the Nation's population as a
whole m1ght mesh in a mutually acceptable solution to th1s pressing
need

Avallablllty of Reflnery Sltes

In addltlon to the obv1ous need for avallable land, two key
factors are important in selecting refinery locations: (1) conve-
nience of location and (2) a means of supply for crude o11 and, in
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some cases, natural gas. In general, this means :a location adjacent
to or near a deepwater port and a location near marketing cemnters
for refined products. - :

The requirements relating to land use, construction and oper-
ating permits and other environmental considerations have seriously
limited and delayed site selection for new plants. Environmental
issues and restrictive emission requirements have delayed or actually
prevented new refining construction. Of more concern than the dif-
ficulty of complying with these requirements are the instances where
proposed refinery construction--after complete compliance with fed-
eral, state and local requirements--is halted by:.citizen group court
actlon

-Expansion . of existing plants generally presents fewer problems
than construction of new plants, at least as far as delays relat-
ing to environmental issues are concerned. However, major modifi-
cation of existing plants will; in general, require meeting new
source standards and will involve the same red-tape delays as now
exist for new plant construction. Expansion of existing plants is
also prohibited in some cases by land availability. ~Many existing
plants were built with obsolete technology, making them economically
unattractive to expand as compared to building completely new
facilities.

- Despite the rigorous . emission standards for both water and air
that refineries must meet now and. in the future, resistance to con-
structing plants in a given location is still encountered in many
areas of the country. It is believed that as the public becomes
more aware of the excellent performance.of modern refineries from
a pollution control standpoint, such resistance toward plant . loca-
tion will disappear. : :

Environmental Considerations

The situation with regard to air and water quality from refin-
eries is similar in that the national contribution of refineries 1is
not large. Among the many steps the petroleum industry has taken
to. reduce. pollutlon in the areas of air, water and noise and light
are: : - :

-® Air Pollution Control
--Greater use of low-sulfur fuels and sulfur recovery plants,
increased capacity to desulfurize products, development of
new processes for removing sulfur oxides from stack .gases
--Control of hydrocarbon emissions ‘and odors by floatihg
roofs on storage tanks, mechanical seals on pumps, closed
systems to recover vented vapors

--Reduction of particulate emissions by smoke controls,
electrostatic precipitators and cyclone separators
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--Spec1a1 furnaces to burn gases contalnlng carbon monox1de

o

—-A1r quallty mon1tor1ng instruments.
e Water Pollutlon Control

--Expanslon of water reuse systems and increased use- of air
coollng

--Multlple stage effluent treating to remove o0il and other
wastes, biological treatment to remove organic materlal
which mlght be harmful to marine life

--Designing and remodeling of facilities to minimize the
possibility of 0il spillage, closer surveillance -of oil
transfer operations

vf0'1N01se and nght Pollutlon Control

--Use of 311encers and other dev1ces to reduce n01se emls—
51ons

--—Use of 1ow level shlelded and smokeless 1nc1nerators to
reduce smoke, glare and noise from flares.

L

'fFuture new refineries will ‘incorporate many of the current
emission ‘and effluent control systéms together with newly developed
processes. Environmental studies at the site will begin before
constructlon to establish - and document the preconstruction condi-
tions. These ‘studies will also serve to ant1c1pate any potentlal
adverse impact on the facilities and to perm1t revisions-of the de-
sign to minimize or eliminate this impact,  These 'studies will be
continued through the initial period of operation to document the
suitdbility of the pollution control facilities as they are designed.
Where appropriate, buffer zones will be provided to isolate oper-
ating units from surroundlng residential or recreational areas.
Peripheral landscaplng w1ll be used to 1mprove the reflnery s ap—
pearance. '

Existing refineries either are already in conformance with
dmbient 'air quality standatrds or will be under ‘legally binding
'schedules for installing the necessary‘'equipment. Further, rational
evaluations have shown that many of the present: ‘refifieries can be
expanded and the necessary new refineries can be built while
ach1ev1ng a satisfactorily clean environment. In order to meet the
godaliiof ‘expanded energy supply, it is ‘essential that the emission
standards imposed be realistic. As zero emission .levels are ap-
proached, costs and operating problems tend to become excessive,
often without measurable benefit to- the env1ronment ‘and often w1th
attendant waste-of resources.

' 'The need for protectlon of the environment has ‘received a great

-deal -of ‘attention--measured by actual investment--from ‘the petroleum
1ndustry_ ‘The results of a recent API survey show 'that the industry
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. is currently spending. an average of $3.3.million_daily: to protect
the environment. Estimated figures for 1972 indicate that environ-
mental expenditures will total §$1.2 billion, of which more than

$1.0 billion is committed for air and water conservation. The re-
mainder goes toward land and restoration, solid waste disposal and
noise control programs, This expenditure is approximately $0.25 per
barrel of crude reflned | - '

In con51der1ng air and water effluent control from reflnerles,
a review of current national goals along with government policies
and regulatlons, should assist .in understandlng the present-day
situation. - :

Water Quality

The national policy toward water quality, as declared by
Congress in the Water Quality Standards Act of 1965, was to recog-
nize, preserve and protect the primary responsibilities and rights
of. the states in.preventing and controlllng water pollution. How-
ever, recently enacted legislation may require further definition of
the state s role in implementing water quality standards. In Oc-
tober 1972, Congress passed legislation over a Presidential veto
containing comprehensive amendments to the Federal Water Pollution
Act. President Nixon had vetoed the bill (S-2770) because of what
he. termed "its unconscionable price tag'" of $24.6 billion: which
dwarfed the or1g1na1 administration request for $6 billion. Ther
major .provisions of the new bill include: :

° A July 1, 1977 deadllne for 1nsta11at10n of "the best prac-
tlcable control technology" currently avallable for 1ndus-
trial effluents .

o,‘A July 1983, deadline for the use of "best avallable tech-
”nology economlcally achievable" for 1ndustr1a1 sources.

e The development of national standards for mlnlmlzlng pol-
lution in effluents from industrial plants falling in . 27..
dlfferent categories

° The addition of ”hazardous materlals” to the sectlon of .the
law prohlbltnng the. dlscharge of harmful quantities of 011
and the extension of liability for the .cleanup - of such’ dlS-
‘charges :

.o ‘Creatlon of a comprehen51ve natlonal permlt program for con-

~ trolling ‘the discharge of pollutants .

e Declaration of the national goal to be the e11m1nat10n of
discharges of pollutants into navigable waters by 1985.

. The new Federal Water Pollution Control Act Amendments of 1972
provide the above. requlrements as a.minimum for jindustrial plants
.However, the receiving water quallty w111 prevall The Environ.-,.
‘mental Protectlon Agency has been obtaining information to be used
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in establishing levels of '"best practicable control technology'" for
various categories of industrial plants including petroleum
refineries

‘ The definition of ”best practicable control technology'" should
be based on control methods that are available and economically
practical and proven through full-scale appl1cat1on over a consider-
able perlod of time. 'Best available technology' is subject to
changes in definition at any time, based on changes in technlques
and economics. Therefore, 1ndustry is forced to contlnually aim at
a moving target.

An Executive Order in December 1970, pursuant to the Refuse

Act of 1899, required all industries discharging into navigable
waters to apply for a federal permit. The recent legislation would
provide a new. permit program, not based on the Refuse Act, in which
states can issue discharge permits once the state program . is ap-
proved by the EPA. Federal law also prohibits .the dlscharge of oil
and hazardous materials in harmful quantities into U.S. navigable
waters, adjoining shorel1nes or the contiguous zone (3 .to 12 miles

offshore) by vessels, onshore facilities or offshore facilities.
- The Coast Guard recently promulgated regulations on pollution pre-
vention which will control and regulate activities and facilities
- at all marine installations. :

A1r Qual1ty

As prov1ded in the Clean Air Act Amendments of 1970, the EPA
has established performance standards in terms of atmospher1c emis -
sions for new and modified plants. ‘'Standards for new facilities
in only five industrial categories have been establ1shed to date.
New source performance standards for selected refinery facilities
have been developed by the EPA.

- Like water quality standards, air quality control, too, is for
the most part a function of state governments, often. act1ng coopera--
tively through designated air quality control reg1ons State stan-
dards can be no more lenient, but may be more restrictive than the
federal ambient air quality cr1ter1a dictated to be required for the
protection of health and welfare. Maintenance of air quality re-
quires the control of spec1f1c emissions as well as ‘the setting of

standards for amb1ent air, s1nce the latter would be "’ 1mposs1ble to
enforce alone

Nationwide, the contribution of oil refineries to atmospheric
pollution is relat1vely 'small (see Table lS) In some local situa-
tions, however, control of refinery emissions is required and can
be ach1eved (see Table 16).

In assessing the possible effects of government environmental
conservation policy on U.S. ref1nery capacity, it is well to
consider some fundamentals--namely, the sources, abundance and fate
of several pollutants which may tend to bulld up 1n the atmosphere
--and the status of control technology
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TABLE 15

ESTIMATED NATIONWIDE EMISSIONS—1969*
(Million Tons per Year) -

Sulfur ’ Carbon

Hydro- Nitrogen
Oxides . -Particulates Monoxide carbons Oxides . °
Petroleum Refining 2.0 0.1 2.6 2.3 <01
Total- Man-made Emissions  33.4 35.2 151.4 37.4 - 238

* Final Report of the Ad Hoc Committee, prepared forthe U. S Offlce of Science and Technology Cumulatn/e
Reguiatory Effects on the Cost of Automotlve Transportation (RECAT ), Washmgton D.C., (February 28, 1972)

TABLE 16

REFINERY AIR CONTAMINANT EMISSIONS
LOS ANGELES COUNTY—JANUARY 1971*
{Tons per Day)

With Control Program . 55 10 : 5

Sulfur Carbon Hydro-! ** ' Nitrogen

Oxides Particulates - Monoxide carbons..- ... Oxides

Without Control Program 1,320 15 1,635 1,495 130
295 95

*_ Profile of Air Pollution Control (Air Pollution Control District, County of Los Angeles, Calif., 1971).

Sulfur‘Dioxide'(SOZ)

A product of f05511 fuel combustion, sulfur dioxide has a
relatlvely short residence time in the atmosphere--usually a few
days, or at most a few weeks. Consequently, global background con-
centrations are quite low--on the order of a few parts per billion.
Sulfur dioxide pollution is primarily an urban problem, with con-
centrations and durations of exposure in some parts of major metro-

politan areas exceeding, by a substantial margin,
ity criteria for health.

federal air qual-

. Standards presently set for most parts of the country will re-
quire a high degree of emission control. All of .the required tech-
nology is not generally available, but both research and demonstra-
tion projects are under way. Control of sulfur dioxide emissiorms
is accompllshed by two types of regulation. One establishes legal
maximum limits on the sulfur content of fuels, and the second estab-
lishes limits on the amount of sulfur that may be emitted into the
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atmosphere at a given rate of energy usage.  Currently, sulfur diox-
1de l1m1ts are usually met by using lower sulfur fuels which are
avallable in 11m1ted amounts . : : :

- Much work is being - done on processes to desulfurlze stack. .

- gases, and several are heing evaluated in demonstration size units.
Stack gas desulfurization processes would permit large plants to -
use high-sulfur fuels and still meet the sulfur dioxide emission
limits. A number of engineering problems and higher than expected
operation and maintenance costs have been encountered in the: tests
made to date. These processes are not likely to be in wide use in
time to meet existing and proposed environmental targets.. Estab-
lishing: regulations which exceed the capability of available tech-
nology may increase research and development efforts but, at the
same. time, the growth of the 1ndustry may be serlously affected

L Concern over air pollutlon would be expected to accelerate the
trend toward. nuclear power generating facilities, despite an ex-
pected increase in costs for equipment to control thermal pollution
~of lakes and streams. However, concern over atmospheric. effects
and other potent1a1 hazards cont1nues to slow development..

.Carbon Monoxide (CO)

.-Carbon monoxide, a toxic substance resulting from the incom-
plete combustion of foss11 fuels, has been encountered in- concentra-
tions. as high as 50 to. 100 parts per million (PPM) in urban atmo-
sphexes although the estimated average global concentrat1on is only
about 0. l PPM. Ambient air quality standards have been established

".at:a maximum: of -9 PPM for an 8 hour average, and 35 PPM maximum for

oal hour value These values are not to be exceeded more than once
a year. '

Total worldwide annual CO emissions from combustion sources
have been estimated at 304 million tons, with automobiles accounting
for 84 percent of this total. Coal- burn1ng installations are the
second largest sourcer of CO from combustion. Récent studies at the
Argonne Nat1onal Laboratories, sponsored by the Coordinating Re- .
search Council, ‘concluded. that natural emissions- of carbon monoxide
are about 10 t1mes ‘the man- made CO emission rates. Modern refin-
.eries haye special furnaces. to burn gases conta1n1ng ‘carbon monox1de
convertlng it to carbon d1ox1de

" Other Contaminants

Refiners; have taken positive steps to reduce hydrocarbon emis-
s1ons and odors by installing floating roofs and vapor recovery
‘systems on storage tanks and loading facilities, with mechanical
seals. on: pumps, and closed systems to recover other vented Vapors
Particulate. emissions are reduced by smoke control devices--electro-
statlc prec1p1tators and cyc]one separators. -Bag filters have: also
=_‘.found some usage.. - S ' =
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Expenditures which will be Trequired to bring air -and water ef-
fluent from refineries within the rigid limits ‘of ‘the new alr and
water acts will be sizable. Costs are expected to increase ‘even
further as new and more rigid standards emerge.  Also, since the-
"floating target" requires use of the best technology available,
costs will also increase as the industry moves to purchase new tech-
nological 1mprovements as they develop

Product Quallty

Uncertavntles regarding the quality requlrements of reflned
produc'ts in -relation to moving emission standards have been a con-
tributing factor in delaying decisions as to the type' and ‘extent
of refinery expansions. The two major areas of product quality
uncertainties surround the maximum sulfur level of fuel oils and
the octane level of motor gasoline, together with lead alkyl usage
for the latter product. The extent of product quality changes which
may become necessary to comply with government regulations to be "
promulgated have not been fully defined. - This certainly has’ delayed
and is continuing to delay final selection of refinery processes.

Sulfur in Fuels

As stated earlier, air quality controls on sulfur dioxide emis-
sions often translate-into sulfur limits on fuels. Most 'states-
impose individual - standards on allowable sulfur content: of fuel
0ils, which is generally-a 1.0 percent maximum in Priority 1 are@as
(ambient 'air contaminant level higher than national primary:stan--
dard). However; some of these areas (such as New York City, Toledo,
New Jersey, etc :) have more restrictive  standards which will ‘require
fuels as low. as 0.3 percent sulfur. Product distribution patterns
might then force-production of the 1owest spec1f1cat10n product in
order- to serv1ce all accounts. -

Direct desulfurization of high-sulfur residual fuels' can’ pres -
ently be accomplished with reasonable economics only on certain’”
low-metal content residual fuels. Consequently, the volume of low-
~-sulfur product obtained from thls process is- 11m1ted o

" ‘Relatively: m11d desulfurlzatlon may cost on’ the order of" $0 40
per- barrel. Other heavy stocks requlrlng more 'severe hydrogen'
treating or other expensive processing to meet low-sulfur limits
may cost from $0.60 to $1.00 or more per barrel on an equlvalent
heating value ba51s

‘Low-sul fur re51dua1 fuels are also obtained: by topplng natu-
rally occurring low-sulfur crudes. Residual fuels produced from
this type of operatlon generally range in 0.3 to 1.0 percent sulfur
level, dependlng on crude source. Domestic:crudes are largely of
low:sulfur type, but the supply is sorely limited. ‘Foreign supply
sources of‘this'type crude,  principally. North and West Africa and”
Indonesia, are relatively small and worldwide competition for- them
is increasing rapidly.
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The most common method of obtaining low-sulfur (1.0 percent)
fuels is by blending high-sulfur residual fuels with desulfurized
low-sulfur vacuum gas oil. This technique is being used to supply
most of the low-sulfur fuel for the East Coast markets. Desulfuri-
zation.of the overhead from vacuum distillation of reduced crude
can produce fuels having a sulfur content as low as 0.3 percent;
however, the use of only this portion, with no back blending of
resid (vacuum bottoms), would greatly reduce the volume of 1.0 per-
cent sulfur fuel, which is currently in short supply.

Motor Gasollne Quallty

The 1970 Clean Alr Act Amendments prov1de for reglstratlon of
fuels and fuel -additives ‘and authorize -the Environmental Protection
Agency to limit the use of additives if such additives either pre-
vent emission control 'systems from operating effectively to meet
the emission. standards, or. are detrimental to the health and welfare
of citizens.- EPA action on the control fuels or fuel additives
- preempts state or local government action in this area.

On February 23, 1972, the Environmental Protection Agency pub-
lished proposed regulations for fuels and fuel additives in the
Federal Register. These regulations were finalized on January 10,
1973, when the EPA published in the Federal Register requirements
on the general availability of unleaded gasoline by July 1, 1974,
containing not more than 0.05 gram - of lead and not more than 0.005
gram of phosphorous per gallon, and having a minimum Research Octane
Number (RON) of 91. This regulation provided for the quarterly
averaging. of the lead content of leaded grades of gasoline for each
.refinery and for a reduction of the 91 research octane level of the
unleaded grade for altitudes above 2,000 feet. The EPA also pro-
posed that existing grades of leaded gasoline be limited to-a maxi-
mum of 2.0 grams of lead per gallon beginning January 1, 1975, with
the permissible maximum declining to 1.25 grams per gallon by Jan-
uary 1, 1978.%

Numerous state and local political units have passed legisla-
‘tion even more restrictive than the EPA proposed. New York City's
current regulations require a complete phase-out of all lead. Also,
certain counties in California adopted regulations that would phase
out all lead in gasoline by 1976, although court action has stopped
these regulations :from being put into effect. Buffalo and Jamestown,
New York, and the state of Maryland have adopted separate and more
restrictive lead reduction regulations. Emissions from internal :
combustion engines include carbon monoxide, nitrogen oxides, hydro-
carbon and particulate matter. All except particulates are limited
by federal regulations. California has separate state.regulations.

* On December 6, 1973, the EPA published regulations stating
‘that the maximum 3 month average lead content of the total gasoline
pool at any refinery will be limited to 1.7 grams per gallon by
~January 1, 1975,and phased down on a yearly basis to 0.5 grams per
gallon by January 1, 1979.
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According to present internal combustion engine technology,
three general types of approach exist for the reduction of nitro-
gen oxides, hydrocarbons and carbon monoxide in automobile exhaust.
One approach would install a dual-catalyst system in which one
catalyst reduces nitrogen oxides (NOx) to nitrogen and by-products,
while the second catalyst converts hydrocarbons and CO to H20 and
CO2. However, even the best of these catalyst so far developed
are deactivated by lead. Unleaded gasoline, therefore, would be a
required fuel for use with such a system. Certain manufacturers
claim recent developments which may result in catalysts which-are
not deactivated by lead.

A second approach would consist of a single-catalyst system
to convert the hydrocarbon and CO emissions to H20 and CO2, with
recirculation of a portion of the exhaust gas (EGR) to control the
formation of NOyx. These control systems will result in some de-
crease in fuel efficiency. As a result, .increased crude oil.con-
sumption will be necessary in order to supply the added fuel re-
quired for a glven distance traveled.

A third approach would involve the use of thermal rather than
catalytic reactors, and if proven feasible, might permit continued
use of leaded gasoline. The magnitude of the increased demand for
gasoline as a result of the lower fuel utilization efficiency will
depend on the mode of operation selected. However, an estimated 5
to 10 percent increase in crude requirements as a result of such
new emission control devices 1is anticipated.

Based on auto industry testimony, the EPA administrator recent-
ly adopted new interim auto emission limits for 1975, while requir-
ing the original 1975 limits to be met in 1976. Emission limits
previously adopted by California for 1975 remain the same. These
California limits would require the use of catalytic mufflers on
all 1975 models sold in California. California would in effect
‘become a testlng ground for catalytlc mnufflers.

-There 1is con51derab1e concern among. auto manufacturers that
even the new interim 1975 emission limits cannot be met without the
use of catalytic or thermal reactors. While thermal reactors could
be used to meet the interim standards, they are unlikely to be used
since they would .require replacement with a catalytic muffler to
meet the 1976 standards.

Considerable debate continues concerning the necessity to in-
stall NOy control on the majority of U.S. automobiles. Original
NO data collected by EPA has been found to be invalid due to the
measurement technique used. It now appears Los Angeles is the only
city with a NOx problem. EPA has testified that the statutory NOx

standard should be relaxed, but whether there will be a relaxation
of the 1976 NOx 11m1tat10ns is not yet known. Meeting the statu-
tory NOx limitations will result in a severe gasoline economy loss
and thus additional volumes of crude 0il will be required..

Over 40 percent of the 1971 automobiles were designed to have
an octane requirement of more than 91 RON. The automobile industry
has indicated that essentially all 1973 vehicles produced will oper-
ate on 91 RON gasoline. California legislation has been enacted’
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which 1limits the octane requirement for any new car sold in Cali-
fornia to 91 RON. The average compression ratio for vehicles has
been reduced to provide satisfactory operation on gasolines of lower
RON gasoline than those regular gasolines currently being marketed.

From the preceding discussion, it is clear that uncertainties
exist, not only as to future quality required for motor fuels, but
even actual volumes required as affected by exhaust system control
devices. These uncertainties impose inhibiting influences on re-
finery expansion, as refiners wait for final definition in order to
optimize new unit design.

Alternate Motor Fuels

Although essentially all vehicles in the United States are
designed for either gasoline or diesel fuel, some limited use has
been made of other fuels in spark-ignition engines. The three
hydrocarbons that have received the most attention as alternates
to gasoline are methane, propane and butane. The latter two, and
~mixtures thereof, are referred to as liquefied petroleum gas (LPG).

All of these paraffinic light hydrocarbons are excellent fuels
for the spark-ignition engine from the standpoint of combining high-
antiknock quality with clean burning characteristics, resulting in
relatively low emissions of hydrocarbons and carbon monoxide. Their
chief disadvantages are low boiling points, requiring pressurized
fuel tankage on the vehicle--over 2,200 pounds per square inch
(psi) for compressed natural gas (CNG) and over 200 psi for LPG,
and the low-volumetric heat of combustion. :

Light hydrocarbon fuels are being used for some vehicle fleets
in large metropolitan areas. Because of logistic advantages in
handling and storing LPG compared to liquefied or compressed natu-
ral gas, it is anticipated that LPG will receive greater acceptance
in these vehicle uses than natural gas. Domestic availability will
not permit extension of the use of such fuels for other than fleet
operation.

Engine Trends (Spark-Ignited Piston Internal-Combustion
Engines)

Conventional Engine: Technology for the control of gasoline
engine emissions 1s now well advanced and is being developed to be
applied to production engines to reduce emissions to low levels.
Based on present developed technology, the conventional piston
internal-combustion engine offers the best practical solution to
a mass-produced, low-emission automobile for the next several years.

Stratified-Charge Engine: The stratified-charge engine offers
the potential of low-emissions without after-treatment of the engine
exhaust and with greater fuel economy than conventional engines
with emission control systems to treat the engine éxhaust. The
basic stratified-charge concepts being developed were first sug-
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gested in the 1920's. The stratified-charge engine depends on ig-
nition of rich fuel-air mixture which in turn ignites as larger
volume of a fuel-lean mixture. By controlling the fuel-air mixing
and the combustion in this manner and .operating the engine at an
overall fuel-lean condition, low emissions are produced. The
statified-charge engine prototypes that have been developed, .indi-
cate potential both in emission control and fuel economy. These
engines represent modifications of the conventional piston engine
and, therefore, should require somewhat less .time to translate to
mass productlon than other potential alternate engines.

Diesel Engines: The emissions from'diese1=engines, used al-
most exclusively on trucks, will be further reduced by controlling
overloading and improving fuel injection and combustion. : Smoke
emissions, which are required to be controlled for the first time
by the 1970 U.S. standards, may be further tightened. Odor problems
are receiving increased attention. Diesel engines operating in-
congested areas may employ special control equipment. to substan-
t1a11y remove remaining traces of pollutants from the exhaust

Gas Turbines: The emissions from aircraft and stationary gas
turbines will continue to be improved through improved injector and
combustor design. Because of the favorable emissions characteris-
tics of gas turbines, it is possible that greater use will be made
of these engines in heavy-duty vehicles, off-highway equipment, and
by 1980, possibly in automobiles. Also, greater use will be made
of turbines for general aviation purposes. The trend toward use
of turbines for stationary power plants continues to grow.

Rotary Engines: Increased use will be made of rotary engines,
such as the Wankel, in small vehicles. The octane quality of fuel
required for rotary engines will not be significantly lower than
that required for current production of reciprocating engines.
Rotary engines are now available on some imported cars, and it
appears that they may become a factor in U.S. manufactured vehicles
as early as the 1975 model year.

Electric Engines: Gasoline-electric, battery-electric and
other types of hybrid electric-engined vehicles exhibit favorable
emissions characteristics but suffer from range and acceleration
performance limitations. These power plants will continue to be
developed, but except for specialized uses, are not expected to be
produced in significant quantities. Providing power for such ve-
hicles would require additional electric power generating facilities.

Changes in vehicle engine design may not alter the type of
fuel needed for those vehicles, at least up to 1980, but may in-
crease fuel consumption and the demand for fossil-fuel resources
substantially. However, the various designs again create uncer-
tainty regarding the approprlate design basis for new reflnerles,
since fuels required for each are obviously quite dlfferent

69



Lead Time

.Lead time for construction of new refineries or for modifica-
tions of existing refineries, even under normal circumstances, has
always been long. For example, construction of a process facility
(such as alkylation), based on known technology and with known
past engineering as a guide, will nevertheless take 18 months to
2 years to complete from the time authority to proceed is issued.
Obviously, the lead time required for new processes involving new
technologies or complex additions to existing réfineries may be
much longer. It is not unusual for 5 or more years to elapse be-
tween the time a new process passes all research and pilot plant
evaluation .and commercial operations begin.

'Environmental regulations contribUte,significantly to the 'lead
time required to modify or build new:refinery capacity. Time is
needed to engineer and construct the special equipment necessary
for the control of air and water effluent. But further time is
also required to locate and obtain approval for a satisfactory site.
More time is necessary to file impact statements to obtain construc-
tion permits and operating permits, and to comply with other details
of the complex administrative procedures established by federal and
state regulations and guidelines. These delays are minor problems,
‘however, compared with the indeterminate delays which may result
from court actions by concerned citizen groups.
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Chapter Three

TRANSPORTATION AND STORAGE REQUIREMENTS

INTRODUCTION

The U.S. Energy Outlook Report of the National Petroleum
Council projects that future oil demands will increase greatly
from present requirements. In addition, it is possible that
domestic production will not expand significantly above the current
level, necessitating an increase in the importation of crude and/or
products. The logistics system (including transportation and stor-
age facilities), to handle increased crude as well as potential pro-
duct imports will impact upon the consumer as well as upon the con-
struction of U.S. refining capac1ty.

In order to determine a probable basis .as to the location where
imports will be required, and what type of facilities will be nec-
essary, a projected interdistrict supply and demand balance for the
United States is required. While such a balance takes into account
existing fixed facilities (e.g., pipelines), it is not restricted
to historical movement patterns.

During the 1970-1975 period, PAD Districts I, II, and, for a
time, V will require substantial volumes of oil e1ther from foreign
sources or from other districts to meet projected demand. A portion
of the increasing demand will be satisfied via overland imports
(Canada), although the majority of increases of U.S. imports will
come from the Eastern Hemisphere by water.

Today, the most advantageous way to transport crude by water
is by movement directly from the crude source to consuming refin-
-eries in. the largest vessels possible. Utilization of very. large
crude carriers (VLCC's), coupled with deepwater terminals, will
provide the Nation with the most economic transportation system,
along with the environmental benefits which derive from reduced
ship traffic.

Added 1mportat10n of large quantltles of oil will require
substantial expansion of transportation and storage facilities,
both to receive the 0il and subsequently .to transport it to the
consuming locations. Considering only the lowest cost loglstlcal
system for importing crude oil to onshore refining centers, the .
amount of capital required for the increase in imports during: the
1970-1985 period is very large. Estimated investments for the
facilities, including new vessels, range from $14 to $16 billion
(1970 dollars), depending upon whether PAD District I increases
are directly delivered to PAD District.-I or -- as reflected in the
higher number -- are supplied from PAD District III.

SUPPLY AND DEMAND BALANCES--1970-1985

Transportatidn and storage facilities necessafy to handle the
expanding petrolcum demand are functions of the type of supply
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system, the supply source and the quantities and types of stocks
to be transported. Three broad categories of supply in the United
States can be considered: intradistrict supply, interdistrict
supply and imports.

The large number of variables make accurate long-range pro-
jections of optimum supply systems a formidable task. In this
study, primary consideration has been devoted to the development
of systems which are capable of supplying increased demand levels.
within the basic supply system. Investments and/or systems for
maintenance or efficiency improvements have not been addressed,
but are factors that must be taken into account in an overall system
analysis.

Tables 17 and 18 from the NPC's U.S. Energy Outlook Report out-
line the projected U.S. supply/demand balance for Cases II and III.*-
The four cases presented in this report assume different rates of
f1nd1ng 0il, with changes in the success of o0il discovery affecting
the amount of natural gas available. The avadilability of a larger
amount of gas in the "high oil finding cases" causes the demand
for oil to be reduced as gas production satlsfles a larger share
of the total energy demand.

For this study, Cases II and III have been elaborated into a
projection of a potential district-by-district balances and are
shown in Tables 19 and 20. As accurate calculation of district
balances 1is understandably difficult, it should be emphasized that
the balances shown in Tables 19 and 20 are for illustrative pur-
poses only. The indigenous supply and demand for each district has
been developed from the samé source as Tables 17 and-18. The inter-
district movements have been assumed to go from surplus districts
to adjacent deficit districts. Imports which are shown are directed
to the district of ultimate consumption, rather ‘than the district
wherein oil may be imported. In the base case, import increases
above 1970 levels have been assumed to be crude rather than the
variety of products which may be imported; however, discussion
of product imports is included in the latter sections.

The assumptions of interdistrict movement are relatively simple
and do not attempt to analyze specific projects regarding refinery
construction of specific additions to the logistical system. Until
substantial North Slope production is available, PAD Districts I,
II, and V cannot meet demand requirements from indigenous supplies.
After North Slope supplies become avallable Districts I and II
will contlnue in a deficit postion.

* Cases II and III are both based on medium oil drilling
rates. Case II provides for a high finding rate, Case III includes
a low finding rate. Case III corresponds approximately with the
NPC Initial Appraisal. The quantity of imports varies significantly
between cases but total demand varies to a lesser extent. Thus,
the variability in transportation and storage fac111t1es is shown
by contrasting Case II and III.
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Requirements® -
Petroleum Liquid Productiont
Synthetic Oil Production

Total Domestic Petroleum Suppiy

Petro‘leum Imports
Percent of Total Required Supply

Source of Imports
Canadian Overland
Foreign Waterborne

* Qil required to balance total energy demand, net of processing

hydrocarbon inputs.
t North Slope production included in

TABLE 17
U.S. PETROLEUM SUPPLY/DEMAND BALANCE—CASE ||

(MB/D)

766
2,653

1,275
6,090

1980

20,513
12,939
100

13,039

7,474

36.4

1,925
5,649

1985

23,068
13.887
480

14,367
8,701
37.7

2,750
5,951

gain, stock -change, unaccounted for crude and other,

total production: 0 0 2,000 2,000
TABLE 18
~U.S. PETROLEUM SUPPLY/DEMAND BALANCE—CASE 11
{MB/D)
1970 1975 1980 1985
Requirements® 14,716 18,251 22,336 25,787
Petroleum Liquid Productiont 11,297 9,747 11,611 11,833
Synthetic Oil Production - — 100 480
Total Domestic Petroleum Supply 11,297 9,747 11,711 12,313
Petroleum Imports 3,419 8,504 10,624 13,474
Percent of Total Required Supply 23.2 46.6 47.6 52.2
Source of imports
Canadian Overland 766 1,275 1,925 2,750 .
Foreign Waterborne 2,653 8,699 10,724

* QOil required to balance total energy demand, net of processing

hydrocarbon inputs.

1t North Slope Production Included in

total productions

7,229

0

2,000

gain, stock change, unaccounted for crude and other

2,000
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PAD
District

TABLE 19

SUPPLY AND DEMAND BALANCES
CASE 1I-HIGH OIL FINDING RATE

(MMB/CD)

Supply and Demand Balances

Indigenous Supply

Demand
Net
Interdistrict Receipts from 11l Via Existing Pipelines
111 Other
\Y
Imports — Waterborne
Indigenous Supply
Demand
Net
Interdistrict Receipts from 11|
v
Y
Imports — Canadian
Waterborne
Indigenous Supply
Demand
Net
Interdistrict Shipments to | Via Existing Pipelines
| Other

Al

Indigenous Supply
Demand
Net

Interdistrict Shipments to 1]

Indigenous Supply
Demand

Net

Interdistrict Receipts
Shipments to |
. ]
Imports — Canadian
Waterborne

Total Imports

1970 1975 1980 1985
A - 1 2
(6.0) (7.2) (8.3) (9.0)
(5.9) (7.2) (8.2) (8.8)
1.4 2.0 2.0 2.0
2.0 - = 0.1
- - 8 9
25 5.2 5.4 5.8
1.4 1.3 1.2 1.2
(4.1) (4.8) (5.5) (6.1)
(2.7) (3.5) (4.3) (4.9)
2.0 2.1 1.7 1.3
3 2 2 6
- - 2 2
4 1.1 1.9 2.8
- A 2 -
78 6.9 7.0 73
(2.4) (2.8) (3.3) (3.9)
5.4 41 3.7 3.4
14 2.0 2.0 2.0
2.0 — — A
2.0 2.1 1.7 1.3
7 7 8 1.2
(.4 ( .5) ( .6) ( .6)
3 2 2 6
3 2 2 6
1.3 1.3 3.9 4.4
(2.0 (2.3) (2.9) (3.3)
(.7 (1.0) 1.0 1.1
2 - - -
- - .8 9
- - 2 2
2 2 — -
3 8 - -
3.4 7.4 75 8.6

Note: Fordetails of supply and demand assumptions, refer to NPC U.S. Energy Out/ook — A Report of the National Petroleum
Council, {December 1972) and to NPC U.S. Energy Outlook — Oil and Gas Availability {January 1974).
For 1975 on, assumptions include:

@Al existing refining capacity is filled first.
®Base case assumes all district demands above 1970 levels are covered by increased reflnery capacity within the district.
@ All additional imports above 1970 level are assumed to be in the form of crude.
OPAD | Supply of refined products from PAD |1l assessed constant,

@®PAD Il Excess PAD 1V production goes to PAD II,

Excess PAD V production goes to PAD Il via Transintermountain pipeline.

Canadian imports go to PAD Il after PAD V satisfied.

Excess PAD |11 production after meeting PAD | refined products demand (2.0 MMB/D) provsdes balance

of PAD Il requirements.
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PAD
District

TABLE 20

SUPPLY AND DEMAND BALANCES
CASE I11-LOW OIL FINDING RATE

(MMB/CD)

Supply and Demand Balances

Indigenous Supply
Demand

Net

Interdistrict Receipts from 111 Via Existing Pipelines

111 Other
Imports

Indigenous Supply
Demand

Net

Interdistrict Receipts from 11|
v
_ \Y
Imports = Canadian
Other

Indigenous Supply
Demand

Net .
Interdistrict Shipments to | Via Existing Pipelines

| Other
]

Indigenous Supply
Demand
Net

Interdistrict Shipments to {1

Indigenous Sﬁpply
* .Demand
Net
Interdistrict Receipts
Shipments to |
. ‘ 1]
Imports — Canadian
Waterborne

Total Impofts

1970° 1975 1980 1985
A A A 2
(6.0) (7.4) (9.0  (10.3)
' (5.9) (730 (89  (10.1)
1.4 2.0 2.0 1.9
2.0 -~ 3 -
25 5.3 6.6 8.2
14 1.2 1.1 1.0
(4.1 (5.0  (6.0) (6.8)
(2.7) (38)  (4.9) (5.8)
2.0 1.6 7 -
3 2 - 3
- - 2 2
4 1.1 15 2.8
- 9 25 2.5
7.8 6.5 6.3 62
(2.4) (2.9) (3.6) (4.3)
5.4 3.6 2.7 1.9
1.4 2.0 20 1.9
2.0 - - -
2.0 1.6 7 -~
7 7 6 1.0
(4 (.5 (.6) (.7
3 2 - 3
3 2 - 3
1.3 1.3 3.6 3.9
(2.0) (2.4) (3.1) (3.7)
(.7) (1.1) . 2
2 - - -~
— — 3 —
- . 2 2
2 2 - -
3 9 - -
3.4 8.4 10.6 13.5

Note: For details of supply and demand assumptions, refer to NPC U.S. Energy Outlook — A Report of the National Petroleum

Council, {December 1972) and to NPC U.S. Energy Outlook — Oil and Gas Availability (January 1974).

For 1975 on, assumptions include:

@Al existing refining capacity is filled first.

®Base case assumes all district demands above 1970 levels are covered by increased refinery capacity within the district.
O®All addmonal imports above 1970 level are assumed to be in the form of crude.

®PAD | Supply of refined products from PAD I1! assessed constant,
OPAD 11 Excess PAD 1V production goes to PAD |1,

Excess PAD V production goes to PAD Il via Transmtermountaln plpellne

Canadian imports go to PAD Il after PAD V satisfied.

Excess PAD:I!! productlon after meeting PAD | refined products demand (2.0 MMB/D) provides balance

of PAD Il requirements.
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The U.S. Energy Outlook Report's Cases II and III both project
substantial increases in imported supplies during the period from
1970 to 1985. Case II imports increase from 3.4 MMB/CD to 8.7
MMB/CD during the period, while Case III imports reach a level of
13.5 MMB/CD by 1985. As outlined in the report, 1970 to 1975 will
be the period of greatest relative and absolute growth. For Case
III, the projected balances show that waterborne imports into
District I will more than triple (from 2.5 MMB/CD to 8.2 MMB/CD
during the 1970-1985 period).

Waterborne imports into District V will also triple (from 0.3
MMB/CD to 0.9 MMB/CD). District V imports are projected to continue
to increase until North Slope crude arrives, optimistically estima-
ted to start in 1976/1977. The Canadian imports which are shown
have been derived from the U.S. Energy Outlook Report. Should
future Canadian imports be restricted, it is likely the needed o0il
would come from the Persian Gulf via VLCC's and deepwater terminals
to the Gulf Coast and subsequently move inland via pipeline.

Tables 19 and 20 have projected future oil demands by district
with an individual district either receiving or shipping stock,
not both. Table 21 outlines the historical transportation move-
ments between the districts as a prelude to considering how each
deficit district might be supplied. Movements of crude and petro-
leum products within the existing supply distribution system are
primarily done via pipeline and marine facilities. Pipeline crude
movements have historically been localized within PAD Districts
(see Table 21) except for movements between Districts II and III
and Canadian imports. Crude movements to District I from both
Districts II and III have been primarily via barge or coastal
tanker. Future demand increases will necessitate increasingly

greater crude movements from foreign sources primarily to Districts
I and III.

The large product movements into PAD District I have been made
with a combination of marine and pipeline systems while movements
into and within Districts II and III have utilized upriver barge
and pipelines from Gulf Coast refining centers. Figures 8 and 9
illustrate the relative magnitude of petroleum movements as derived
from Tables 19 and 20. Figures 10 and 11 show the increased trans-
portation system capacity which would be required in the 1971-1985
period under Case II and Case III conditions, respectively.

METHODS TO MEET SUPPLY REQUIREMENTS

As noted earlier, future petroleum requirements will require
large increases in imports during the coming years. In order to
satisfy this growth of U.S. demand for petroleum products, sub-
stantial increases in transportation and distribution system capa-
bility will be needed. This section will deal with possibilities
as to how the imports will move to the United States, what type of
facilities are required and the cost of such facilities.
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TABLE 21

SOURCES OF SUPPLY—-1970

(MB/CD)
PAD | PAD || PAD Il PAD IV PAD V
Crude and Crude and -Crudeand Crude and Crude and
Unfinished Product Unfinished Product Unfinished Product Unfinished Product Unfinished, Product
Domestic Production e 31 - 1,169 — 6,507 — 675 .- 1,254 -
Natural Gas Liquids -24 = 243 - 1,307 — 34 — 52 —-
Receipts from Other
Districts
Marine:
Il to | 720 1,191 —_— - — — — — — —
V to | 2 3 — — — — — — — —
Il to V- —_ — — — — —_ - — — 9
Great Lakes/Ohio River
ltol 101 31 - - — - - - —_ —
Mississippi Barge :
Il tol — 64 — — - — — — — —
Il to Il — — 49 213 — — - — —_ —
Pipeline
I toll - - — 120 —_ — — — - -
Il to | 12 56 - — — — — — - —
1l to 111 — - - - 3 72 - — — —
Il to ! 5 1,442 — — — — - — — —
1l to (I —_ — 1,406 322 — — —_ — — —
Il to IV — — - — — — — 27 — —
Il to V — — — — — — - — - 51
IV to | 10 — — — — — — — 8 —
IV to I — — 274 21 — — — —_ — -
IV to 11l —_ — - — 8 — — — 30 —
IVtoV — - — - —_— — - - — 50
Imports 662 1784 317  54- __ 3 58 _48 _9 _402 82
Total Supply 1,567 4,57 3,458 730 7,828 130 757 36 1,746 192

SOURCE: U.S. Department of the Interior, Bureau of Mines, Mineral Industries Survey, “Crude Petroleum, Petroleum Products and Natural-Gas-Liquids: 1970 {Final Summary)

Washington, D.C., December 23, 1971.
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MODES OF TRANSPORTATION AND STORAGE

Import of petroleum into the United States can be accomplished
either with waterborne or with overland transportation systems.
The inherent limitations in both supply and demand projections
cause this study to deal only in general terms of requirements, to
consider only the more desirable supply methods and to reference
only major supply/distribution alternatives. Pipeline delivery
has been well established as the most desirable mode for long dis-
tance overland movement. The most advantageous means of transport-
ing required long distance waterborne crude imports today is by
using VLCC type vessels in combination with deepwater terminals
and pipelines connected to consuming refineries.

Marine Transportation

The primary categories of vessels which are of interest to
this study and are used to transport petroleum include:

e Very large crude carriers (VLCC's)
e Transhipping vessels (crude o0il)
e Product vessels

e Ocean-going barges/inland barges.

Crude Movements"

Waterborne petroleum imports are projected to be some 6 to 11
MMB/CD by 1985 with most of the increase from current levels expect-
ed to come from the Persian Gulf.

For the long distance hauls from the Persian Gulf or Africa,
the most economical and environmentally safe system to receive
the o1l is via direct shipment from supply source to the refining
center in a combination of VLCC's and properly designed deepwater
crude unloading terminals.¥®

VLCC is a general term applied to tankers of greater than
150,000 mean deadweight ton (150 MDWT) displacement. While specific
sizes (such as 250 MDWT, 350 MDWT, 500 MDWT, etc.) are used in
individual. economic evaluations, the term VLCC does connote cer-
tain minimum requirements--primarily size (150 MDWT minimum) and
required water depth (for 200 MDWT vessels about 65 feet draft plus
clearance). However, the largest ships currently planned today may
require 120 feet of water. The economics of size enable VLCC's to
transport crude more economically on longer hauls than can smaller

* For extensive environmental and cost/benefit analysis of
use of VLCC's for U.S. imports, see U.S. Department of Army, Corps
of Engineers, ¢.S. Deepwater Port Study, Institute for Water Re-
sources, Washington, D.C., August 1972.
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vessels, providing port facilities are available to handle the

VLCC's. 1In order to handle such vessels, ports must have berths

of sufficient capacity and length and adequate tankage for unloading
full cargoes. For shorter distances (movement within the Western
Hemisphere), smaller vessels may provide a more economical total
transport system when additional major terminal investments (dredging,
berth and tank construction) are considered for handling the VLCC's
large cargoes. :

In crude transshipping, larger vessels are utilized for the
initial, longer portion of the transportation movement., with the
"second stage shorter haul being moved directly to the consuming
terminal or refinery in vessels sized to meet the terminal receiving
capability. Illustrative of this type of transportation system are
the existing and proposed terminals in eastern Canada and the Carib-
bean. These terminals can receive crude in VLCC vessels and then
transship this crude to East and Gulf Coasts demand centers in
smaller vessels (roughly a range of 40 to 70 MDWT for fully loaded
vessels). In many cases, transshipping can provide substantial
savings over direct movement in small vessels, however, it does
not reduce the number of vessels calling at the final delivery
point. Substantial reduction in vessel traffic is provided by dir-
ect movements to area deepwater terminals and final delivery by
pipeline.

A further alternative for importation of crude is via direct
movement from the crude source to the refinery in vessels of size
similar to transshipping vessels (i.e., roughly 40 to 70 MDWT or
larger if lightered). While this method eliminates the terminalling
step involved in the transshipping case, the distances involved
from the Persian Gulf make transshipping a more desirable alternative
for economical petroleum supply to the Nation.

Product Movements

Product marine movements are generally. direct from refineries
to distribution terminals or large consumers. Included in this-
category would be U.S. Gulf to East Coast product movement as well
as product imports. Use of VLCC's is not attractive for .this type
move because of the widespread demand and the number -of terminals
involved. Maximum loaded vessel sizing (roughly 50 to 75 MDWT in
the United States) is controlled by port water depth however, few
existing terminals have sufficient dock capacity or tankage avall—
ability to receive full 75 MDWT product vessels.

Should increased petroleum demands be met by refining capacity
constructed at offshore locations, then product imports would
necessarily increase. Indeed, in the near:term, the lack of con-
struction of new onshore refining capacity will require that growing
demands be met by major increases in product imports, which will
continue to grow unless domestic refining capacity is added.

By 1985, PAD District I import levels will have increased to
between 5.8 and 8.2 MMB/CD. Without addition of domestic refining
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capacity, the increased product demand will likely be met through
waterborne imports from offshore refineries. In this case, pro-
duct import levels to PAD District I alone would be in the 4.3 to

6.7 MMB/CD range, two to three times that of 1970. Assuming these
imports were to move in average 40 MDWT vessels (which is larger

than the current average dock capacity of the majority of East
Coast terminals), product imports alone into District I could account
for between 5,000 and 8,000 ship calls per year.

Product movement via barging or a tanker/barge transshipment
mode is an alternative to direct tanker movements. Since barges
normally do not carry volumes as large as those which can be handled
on tankers, shore tankage requirements are generally less. New
designs have allowed improved barge handling by more rigid tug/barge
connections utilizing '""nmotched" barges. Small barges draw less
water than comparable tankers and hence can service shallow water
terminals. Also, manning requirements are generally less on a barge
operation than on conventional tankers of comparable size; however,
barge speeds are normally lower than those of tankers. -

Barging for short to intermediate moves, as well as longer
moves up the Mississippi River from Gulf refining centers, has gained
in popularity where the waterways permit realization of economic
advantages associated with larger barges (200 to 250 MB per vessel)
and the reduced operating costs. On longer movements (Gulf to East
Coast), the economics of size tend to favor utilization of the larger
tankers. :

Environmental Considerations

One important objective in handling increasing volumes of
imports is to minimize any adverse impact on the environment. Use
of VLCC's make it possible to reduce the total number of ships re-
quired to import petroleum which thereby reduces the chance of
collisions. Furthermore, since VLCC's require 70 to 100 foot water
depths (which is more than existing terminals on the East and Gulf
Coasts have), new deepwater unloading sites can minimize the intru-
sion of tankers into existing inner harbors, thus reducing the risk
of groundings. Use of these terminals will not only permit a reduc-
tion in total number of vessels required to import crude but would
also minimize the number of smaller tankers using existing ports
and harbors. This combined effect will substantially reduce marine
traffic congestion. Historical data on collisions and groundings
indicate that most o1l spilling accidents occur where harbor con-
gestion is great and when the maneuvering of the ships is restricted
by narrow winding channels.?®

If the size of the ship carrying imported crude oil is held
constant, then there must be a great increase in traffic to handle

* Porricelli, Joseph D., Keith, Virgil F., and Storch,
Richard L., "Tankers and Ecology.'" Paper presented at the Annual
Meeting of the Society of Naval Architects and Marine Engineers,
New York, November 11-12, 1971.
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the increased volumes projected. In 1970, there were approximately
4,000 ship unloadings to handle petroleum imports to the United
States. These ships averaged 30 MDWT. If projected 1985 imports
(Case III) use this same average ship size, then traffic would
increase to approximately 18,000 annual ship calls. If the ships
averaged 75 MDWT (the largest loaded size currently handled on

the East Coast), 7,500 calls would be needed. Port congestion

from these ships would substantially increase the opportunity for
accidents and perhaps increased water pollution. If, on the other
hand, the imports arrived in ships of optimal size (including VLCC's
averaging 250 MDWT), total activity could be reduced below the 1970
level to about 3,000 annual ship calls.

As indicated, product imports into PAD District I alone could
account for some 5,000 to 8,000 annual ship calls moving on tankers
if increased product demands were met through imports from offshore
refineries. These movements would most probably be made directly
to the demand terminals, normally located within the inner harbors,
and would add to ship congestion in the inner harbor areas where
maneuvering is most restricted.

The criteria of terminal efficiency includes, in addition to
speed and economics, the assurance of environmentally safe opera-
tions. With the equipment possible under the existing technology,
near pollution-free operation is attainable. For example, a current
government report indicates that the Milford Haven port is operating
with a loss of less than .0004 percent of the oil handled.* The
Milford Haven terminal has no exotic pollution control equipment.
Good design and adherence to good operating procedures have resulted
in this type of operating record.

Economics

Historically, much of the crude o0il run in East Coast refin-
eries has come from the Gulf Coast region. However, as the Gulf
Coast goes from a crude surplus to a crude deficit, the availability
of domestic crude for the East Coast refineries w111 be eliminated.
In 1970, about 55 percent of East Coast refinery runs utilized
domestic crude. However, for the first half of 1972, only 29 per-
.cent was domestic, while almost 45 percent was imported from the
Eastern Hemisphere. Soon the majority of crude going to the East
Coast will come from the Eastern Hemisphere (primarily Persian Gulf).
Other advantages aside, utilizing VLCC's on long hauls will provide
the consumer the most economical supply of petroleum products.

Economics of waterborne movements favor use of the largest
ship possible.+ Figure 12 shows the relationship of vessel size

* U.S. Department of Commerce, Maritime Administration,
Feasibility of a North Atlantic Deep Water 0Oil Terminal,'" Executive
Paper, 1972.

+ For general discussion of relative costs, see Cooke, Robert,

""Modern Concepts of Ocean Transportation of Petroleum," American
Society of Mechanical Engineers, August 1968.
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Figure 12. Relative Transportation Costs for 10,000
Mile One—Way Voyages.

to relative cost for a 10,000 mile voyage, which is slightly 1less
than a typical Persian Gulf to North Atlantic voyage. This figure
shows the cost of transportation via a 250 MDWT vessel is about
two-thirds that of a 75 MDWT vessel.

In the case of long distance crude movements, construction of
offshore deepwater terminals permits the direct movement of crude
using VLCC's to locations where it can be pipelined ashore. Trans-
shipment provides economies over moving all crudes directly in
small vessels (see Table 22). However, transshlpplng does not
reduce the ultimate number of ship calls.

'VLCC_Déepwater Crude Unloading'Terminals

As the earlier district supply balances indicated, there will
be increased petroleum deficits in Districts I, II and V. Existing
U.S. terminals are limited primarily by water depth from utilizing
VLCC's in filling such demands.* Thus, deepwater terminal capacity

* Problems of deepening existing harbors include physical
obstacles (relocation of bridges, tunnels, terminals, etc.) and. rock;
environmental problems (handling of dredging, dislocation of marine
life); political competition for (against) facilities, and cost.
The Corps of Engineers Report (op. eit.).and U.S. Department of
Commerce, The Economics of.Deepwater Terminals, Washington, D.C.,
1972, go into these problems further.
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TABLE 22

INCREMENTAL CRUDE OIL SHIP CALLS TO U.S. EAST COAST
FROM PERSIAN GULF—1970-1985

(MMB/CD)
Approximate :
Difference Ship Calls Per Year*
‘ Over Base -

Vessels Employed ($/8Bbl) Case Il Case l1|
VLCC Direct (250 MDWT) . Base 650 1,100
VLCC with Caribbean Transshipping Terminal ' : -

(40 MDWT Transshipping Vessel) 0.25 4,000 6,800 .

75 MDWT Direct (Excluding Lightering Vessel Calls) : 0.40 2,150 3,650 -

* Based on increase in imports over 1970: Case I, 3.3 MMB/CD:; Case Iii, 5.7"MMB/CD.

is needed to serve the Nation's major concentrations of refining .--
the New York-Philadelphia areas on the East Coast, Capline Midwest,
the upper Texas Gulf Coast and the West Coast. Table 23 outlines
existing port restrictions. ' '

Unloading facilities for VLCC's s bullt as close as practical.
to the coastal refining centers, result in the lowest cost system -
of operation. This would ideally place the unloadlng facility just
offshore, with onshore distribution made by pipeline.* The site

TABLE 23

EXISTING PORT RESTRICTIONS (DRAFT AND DEADWEIGHT)

Estimated Estimated
Fully Loaded "Light Loaded
Draft - Vessel Size Vessel Size

U.S. Refining Area i (Feet)* (MDWT)+ (MDWT)
N.Y. Harbor (Stapletoﬁ Aﬁchdrage) 45 80 -

(Arthur Kill, ‘South End) 36 35-40 100-120
Philadelphia : 38.5 45-50. 100-125
Louisiana (Capline) 39-40 50 100
Houston : 39-40 50 . 100
Los Angeles/Long Beach o 35/51-52 : 30-35/100 . 80/120
San Francisco (Richmond) 36 . 30-35. 100-125
Seattle (Cherry Point) 60 130 . 130

* These values represent going maximum draft limitations at terminals. Capline {at St. James} is fresh water.

t Vessel dimensions vary considerably. The sizes shown are considered representative; however, in most every case there
are larger vessels of equivalent draft. Such special design vessels may have sacrificed other characteristics such as investment
or operating speed to achieve such dimensions,

1 Vessels lightered to draft available. Channel and berth limit size of ship. For detailed discussion of lightering, see
Corps of Engineers report, ).S. Deepwater Port Study, IWR 72-8 (1972).

* For illustrative calculations comparing deepwater offshore
0il terminals with and without pipeline service, see Soros Associ-
ates, Inc., Offshore Terminal System Concepts, 1972.
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must have sufficient deep water, adequate shelter from storms, un-
congested approaches from the sea and minimum potential for environ-
mental disruption.

In addition, if it is not at an existing terminal or refinery,
the site should have an onshore area suitable for oil storage
facilities and access to a sufficient infrastructure for support of
the facility. Specific site locations for deepwater terminals are
currently under study by governmental and industry groups. Much
work has been done by the Corps of Engineers (previously cited),
which is responsible for development of harbors. The Council on
Environmental Quality is making extensive studies of seven locations.*®
The Maritime ‘Administration has commissioned the Soros study (pre-
viously cited) of a multipurpose terminal off the Delaware Coast.
Jointly owned terminals have been studied in the lower Delaware Bay
area, off Louisiana and the Texas Gulf Coast; individual projects
have been discussed for many additional sites.t However, there
have been specific rejections or legislative prohibitions of several
VLCC terminal proposals on the East Coast. (Sites included are
Machiasport and Searsport, Maine and Delaware Bay, Delaware.)

Two or possibly more terminals may be required in areas where
total crude requirements of individual refiners exceed the economic
throughput of a single terminal. Construction of more than one
terminal will also alleviate marine traffic congestion which would
otherwise occur in the vicinity of a single terminal.

VLCC Terminal Design

The studies mentioned previously (Corps of Engineers, Soros,
etc.) present detailed information on VLCC terminal design. Let
it suffice here only to outline the general criteria and types of
design generally considered.

The ideal offshore unloading facility should allow maximum
berth occupancy under prevailing weather conditions, fast total
turnaround time and a reasonable investment and operating cost.

It should be safe, environmentally sound and consistent with proven
technology.

Multiple-use offshore deepwater port concepts (i.e., crude,
coal, ore, etc.) compromise the safety, efficiency and economics
of single-use crude facilities. Specialized equipment and tech-
nology have been developed for use in terminals which handle crude
unloading only. Multiple-use ports are undesirable because they

* See U.S. Congress, Senate Committee on Interior and Insular
Affairs, Deep Water Port Policy Issues, Serial No. 92-96, April
25, 1972.

+ The President, in his energy message to Congress of April
18, 1973, proposed legislation for Congressional consideration
granting the Department of Interior authority to license deepwater
terminals in federal waters.

88




involve more complex designs and operating procedures and.attract
increased vessel traffic. Consequently, such ports result in
higher investment and operating costs and unnecessary increases in
maritime and terminal operating risks.

Types of facilities used for VLCC crude terminal application
include: sea islands, fixed piers, multipoint mooring systems and
single-point mooring systems (monobuoys or SPM). There are varia-
tions of each type in use, and each has its advantages and disad-
vantages, depending upon location and design criteria.

Where sheltered deepwater sites occur naturally, a conven-
tional fixed pier type terminal may be suitable. However, in un-
protected areas where weather can be troublesome, the fixed berth
system would be both expensive and have a lower berth utilization
factor than a monobuoy. With a conventional pier type terminal,
the moored vessel has' a fixed direction and under adverse weather
conditions can impose heavy stresses on the terminal facility.
This factor also applies-to the multipoint mooring system because
utilization is limited by the direction of the prevailing seas
relative to the heading of the system. Conversely, the monobuoy
design allows the tanker to swing around the buoy with wind and
current changes providing a higher utilization factor. It also
provides more safety in the unloading operation in open sea con-
ditions. The fixed berth design is generally 11m1ted to about
3 foot waves which are often exceeded in open seasS. Monobuoy
designs, on the other hand, can safely conduct unloading operations
in up to 10 to 15 foot seas. '

Cargo Preference Legislation

Cargo preference bills such as those which have recently been
before Congress would, if enacted, directly and negatively affect
the economic feasibility of U.S. refining. While the most recent
bill before the Senate was defeated, there will undoubtedly be
continuing attempts to impose U.S. flag vessel preferences for
the shipment of imported oil.

The justification for cargo preference legislation, which
would requiré a certain percentage of o0il imports to be carried in
U.S. flag vessels, is the creation of incentives to build up and
maintain a healthy and viable U.S. flag fleet. Although such legis-
lation is intended to improve and benefit distressed conditions in
the American Merchant Marine fleet, it raises far more serious
problems and complications with regard to: (1) U.S. relationships
in international trade, (2) the economics of the domestic refining
industry and (3) future cost of energy to American consumers.

There are a great number of substantive reasons why the
cargo preference bills are contrary to national economic interests,
national security objectives, consumer objectives and specifically,
to the 0il refining industry.

e The cargo preference legislation would invariably raise
costs to the refiner which can be expected to lead to
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higher retail prices. Thus, there is a direct and negative
impact on consumer interests. Moreover, the cost will
continue to rise as the United States becomes more depend-
ent upon oil imports.

Within the framework of the National Petroleum Council's
Energy Outlook Report, it is evident that crude oil imports
could increase significantly through 1985, with most of the
additional crude imports originating from longer haul sources
in the Eastern Hemisphere. Thus, the "consumer" cost of cargo
preference would be increasing substantially each year.

In the broader sense, one " of the more difficult aspects
of cargo preference leg1slat1on is that it would be con-
trary to the principles of international trade to which
“the United States has long subscribed. It would contra-
vene the intent and objectives of international agreements
between the United States and other countries, a consider-
able number of which were sponsored by this country. Spe-
cifically, it would be a departure from the long-established
principle of freedom of choice of carrier for private goods
being imported into this country. Moreover, cargo pref-
erence legislation could lead to a proliferation of special
bilateral shipping arrangements which would be contrary to
the U.S. policy of multilateral trade.

There can be little doubt that such a fundamentally re-
strictive move on the part of the U.S. Government would
spur 0il producing countries to retaliate. By imposing
cargo preference legislation of their own, they could.
require that a certain portion of any oil exported must
henceforth be carried in their national vessels. The
negative effects on the domestic refining industry of
_such polarized shipping patterns would be serious today
and would become more serious as the U.S. imports increase
by 1arger volumes of crude from abroad. ' :

Narrowing these '"flag questions" to the oil'industry; and
specifically to the refining industry, this study reflects
a need for about 9 MMB/CD of additional refining capacity
in the United States by 1985. Cargo preference legisla-
tion would have a serious adverse effect on new refinery
construction to meet this growing demand for products.

Such leg1slat1on would force refineries to import a portion
of their crude in U.S. flag vessels. This would mean that,
as foreign crude accounts for a larger and larger share of
total refinery crude inputs, the landed cost of the average
barrel of crude would be higher. To the extent that re-
fineries would have to draw crude increasingly from the
Middle East, the long haul would raise costs substantially.

Cargo preference leglslatlon would also severely affect

the economics of any incentive plan designed to locate new
heavy fuel oriented refineries in the United States. These
plants would run primarily, if not exclusively, on foreign
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crude. Such new U.S. plants would, however, be competing
with existing heavy fuel oriented refineries located off-
shore. If these U.S. refineries must use U.S. flag vessels
to import a large portion of their crude, they may well
not be competitive with existing foreign heavy fuel refin-
eries. Under such circumstances, it is most likely that
refiners would continue to see an incentive to locate

heavy fuel refineries in the Caribbean and other adjacent
areas.

e Any increase in foreign petroleum import costs would also
adversely affect the competitiveness of U.S. petrochemical
manufacturers who rely upon imported crude for a portion
of their feedstocks.

Cargo preference legislation could have adverse effects
on all existing U.S. refiners. The cost of U.S. tonnage
in place of foreign tonnage would add to the already high
price of foreign crude. Thus, refiners will become more
reluctant to absorb the costs of foréign crude rather
than rely on domestic crude. The result will aggravate
the shortage of domestic crude and may cause refineries
to spare their capacity. In turn, this would aggravate
the growing shortage of petroleum products.

If indeed there is a case for a strong U.S. flag fleet
from the standpoint of national security, then the sub-
sidies required to build and operate such a fleet should
be covered by the Merchant Marine Act. In fact, a com-
prehensive Merchant Marine Act providing construction and
operating subsidies is already in effect. Under this Act
U.S. Government grants, financed loans and direct federal
operating differential subsidies are offered. However,
this Act is based on dry cargo and liner transportation
concepts which are not readily applicable to tanker and
dry bulk trading. Consideration should be given to modi-
fying and liberalizing the Merchant Marine Act to apply :
to the special needs generated by the bulk segment of the
U.S. maritime industry.

Pipeline Transportation

In addition to marine transportation, pipelines are a major
mode of transportation for petroleum. In 1971, some 64 percent
of movements between PAD Districts were made by pipeline. Generally,
pipeline transportation cost is lower than other means of transport
except possibly direct water transportation of significant size.
However, pipeline costs include a high capital investment in fixed
facilities. Hence, substantial movement of material assured over a
long period of time is required to economically justify pipeline
construction.

The increasing dependence on foreign oil will necessitate
additional pipeline systems designed both to move crude from off-
shore unloading terminals and to transport adequate supplies to
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thé many refineries in the country which do not have direct marine
access. Additionally, should major expansions of refining capacity
occur on the Gulf Coast, it is logical to assume that there will be
increasing numbers of product pipelines for moving products from the
Gulf Coast to both the Midwest and the East Coast. The need for
pipeline capacity to the inland refiner is underlined by the survey
results which indicate that the 1978 PAD District II crude running
capacity is not matched by crude receipts, with a deficit of 0.4
MMB/CD.

Environmental Considerations

Routes for crude pipelines have been established from exist-
ing domestic producing -areas to refining areas. Major product
pipelines run from PAD District III to Districts I and II, as well
as within PAD Districts. However, new pipeline routes may become
more difficult to create because of environmental restrictions.
The North Slope Alaskan pipeline is a recent example of the diffi-
culties involved. Much pipeline capacity may be added to existing
systems by addition of parallel, joined lines ('looping" systems),

TABLE 24
INTERDISTRICT PIPELINES '
Crude ] ___Products
' Diameter ‘ Diameter
‘To From - Major Lines {Inches)* From Major Lines (Inches)*
PAD | Canada * Interprovincial .12 " Colonial 36
I + — Plantation 12,18, 20
1 1 —_—
PAD I} PAD Il Capline - 40 i t —
Mobil 20 11 ‘Texas Eastern 20
v Amoco 22 Explorer .28
Platte 20 —
Arapahoe "~ 18 v t —
Canada Lakehead 18, 24, 34
PAD Il v Texas/New Mexico 16 I + —_
PAD IV Canada T —_ H1 T —_—
PAD V I, 1v t -— 1] T -
Canada Trans Mountain 20 v Southern Pacific 18, 12
* Line size is only very rough measure of potential capacity. Pump stations, line pressure and stock handled also
affect capacity.
t Indicates numerous smaller lines.
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TABLE 25
COMPARATIVE SUPPLY CONSIDERATIONS
. VLCC/40 MDWT 75 MDWT
Importation Supply (Persian Gulf) VLCC Transship Direct
Cost : Lowest Mid Highest
Environmental Risk Lowest High High
Security Risk Equal Equal Equal .
Flexibility Lower Higher Higher
Inter-Intra District Supply . Pipeline ~ Marine
Initial Investment High High
Operating Cost ‘ Low : ] ) Higher
Inflation Effect ' Low High
Environmental Risk Low Higher
Security Risk Equal Equal
Flexibility . Limited : High

as well as by increasing the number of pumping stations along pipe-
line routes. Current major interdistrict pipelines are outlined
in Table 24 including source, destination and nominal -diameter.

Table 25 summarizes comparative supply considerations for
import and inter~--and intradistrict transportation systems.

Rail and Truck Transportation

Rail and truck facilities are currently used primarily to
transport specialties (lubes, asphalt and liquid petroleum gas
(LPG) products) from refineries to terminals or customer locations,
as well as motor gasoline to the retail outlets. Movements of
crude by rail have been essentially eliminated, while crude move-
ment by truck is primarily limited to a field gathering mechanism,

Rail and truck transportation is normally more expénsive than
pipeline or water movement and, therefore, is used only where alter-
native modes are not available. As a broad generalization, rail
transportation becomes more economical than trucking on distances
over 200 to 300 miles. In the longer range, it appears that special-
ties (lubes and asphalt) will continue to move by rail and. truck to
accommodate future growth levels. However, products such as LPG,
which now comprise a portion of rail movements, will decrease in
movement due to competitive advantages of pipeline and truck systems.
The future rail movements should, therefore, comprise a decreasing
portion of petroleum transportation.
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Storage Facilities

Refinery storage may be divided by type of inventory (crude,
intermediates, products) as well as by use (receipt or shipping,
working or seasonal, available or unavailable). Storage capacities
derived from the NPC questionnaire, with response coverlng 90 per-
cent of U.S. refining capacity, are shown on Table 26.

Tankage volume is a function of demand and means of trans-
portation. Working volume is generally sufficient to handle the
maximum receipt rate with normal withdrawals. Hence, when a pipe-
line 'supplies a refinery at essentially refinery operatlng capacity,
little crude tankage may be required except for protection and
flexibility. However, when crude is delivered by ship, tankage
volume is equal to the ship size plus allowance for variation in °
shipping schedule. The same principles apply to product. shipment =--
i.e., rate and means of shipment affect volume. In addition, the

volume of product tankage is influenced by seasonal demands for
products.

Future crude tankage volume requirements will be affected
by the increased percentage of imported crude, movement of crude
over greater distances, as well as the increase in average vessel
size. At the same time, product tankage requirements will also
increase due to increasing demand levels. The optimum amount of
tankage at a refinery is a function -of the size and frequency of
crude arrivals and product shipments. The trade-offs are excess
tankage on the one hand or tanker delay, commingled stocks or
refinery downtime on the other:. A common guide of experience in
sizing marine crude receiving tankage is to provide a minimum of
10 days .operation plus one (maximum) vessel-size tankage volume.
Number, types and relative amounts of stocks also affect the abso-
lute Volume of tankage requ1red

" . TABLE 26

PETROLEUM STORAGE CAPACITIES

Shell Capacity

Crude Tankage Capacity Days of Crude Run
Available , ' 22
Unavailable , _ 9

Total : 31

Intermediate/Product Tankage Capacity

Available : ‘ . 65
Unavailable ' ' ' 23
Total ' | : 88
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PAD DISTRICT REQUIREMENTS FOR TRANSPORTATION AND STORAGE FACILITIES

The preceding material has outlined the type of facilities
required to handle the added volume of imports which will be re-
quired to satisfy increasing energy demands. These facilities
include importing crude tankers, deepwater terminals and pipelines
to interior district refineries. Table 27 outlines projected costs
associated with handling the increased volumes of imports. Addition-
ally, but not included within these estimates, substantial facilities
will be necessary to handle intradistrict requirements -- the North
Slope Alaskan pipeline, tankers for crude movement from Alaska to
the West Coast and intradistrict pipelines. The magnitude of
these facilities can only be roughly approximated; however, cost
estimates at the $6 to $8 billion level appear reasonable.

The Base Case assumes that all increases of imports are in
the form of crude o0il delivered directly to the consuming district.
Hence, increases in PAD District I imports go directly to District I;
District II imports (after Canadian receipts) are moved from Gulf
VLCC terminals via pipeline to District II. The total investment
in tankers, terminals and lines was $7 to $14 billion.

As an alternative, a Memo Case considered supplying PAD Dis-
trict I demand by imports into the U.S. Gulf and subsequently trans-
porting refined products to the East Coast. Both pipeline and tanker
capacity was projected for the added 3.3 MMB/CD movement. The cost
of the Memo Case was $9 to $16 billion.

These estimates project a lower limit to investments required,
due to utilization of 1970 dollars, as well as to exclusion of the

TABLE 27
TRANSPORTATION AND STORAGE REQUIREMENTS*

FOR HANDLING INCREASES IN OIL IMPORTS—1971-1985
(Billions of Dollars—1970)

Case l1—High Oil Finding Rate

~ Domestic VLCC
VLCC's Ships. Terminals Pipeline Total
Base Case 4.6 1.2 . 3 1.2 7.3
Memo Case: '
If PAD | Imports Are Refined
in PAD 111 4.6 2.3 3 1.9 9.1
Case I1l—Low Oil Finding R ate
Base Case 11.4 — .8 1.8 14.0
Memo Case:
If PAD | Imports Are Refined
in PAD Il! 1.4 1.2 .8 25 15.9

* Only terminal storage included; refinery storage included elsewhere in refinery investment. No working capital included.
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many intradistrict additions which will be required. Additionally,
the estimates do not include the likely substitution of Persian Gulf
crude for declining Western Hemisphere production outside the United
States. While not increasing the absolute amount of imports in
itself, the substitution will encourage replacement of small vessel
deliveries by VLCC's with attendant deepwater terminal capability.

CURRENT SITUATION AND FIRM PLANS: NPC SURVEY RESULTS

The previous parts of this secton on transportation have out-
lined the volume of anticipated PAD District deficits. This part
reviews U.S. refiners' existing facilities, firm plans and potential
expansions which are presently under consideration by domestic re-
finers as indicated in the NPC questionnaire.

Crude Deliveries

Refiners reported plans for increased receipts of crude via
water transportation. As seen in Table 28, PAD District III and V
show the largest increases.

However, these numbers may understate the magnitude of the
problem because, as indicated in prior sections, reported U.S. re-
finery capacity increases will not meet demand levels. The reported
PAD District I waterborne crude receipts will increase from 23 per-
cent domestic, 62 percent foreign input level in 1972 to 16 percent
domestic, 71 percent foreign by 1978.

Refiners have generally projected crude receipt increases to
be equal to, crude capacity increases. However, in PAD District II,
about 0.4 MMB/CD of crude running capacity (by 1978) has not been
matched with anticipated crude receipts. As the supply balances
made earlier indicate, substantial pipeline capacity -- both from
Canada and the Gulf -- is yet to be defined for PAD District II.

Marine Movements

There is a great disparity between what refiners plan to do
about marine facilities and what would have to be done to maximize

TABLE 28

REFINERY RECEIPTS OF CRUDE OIL DIRECTLY BY WATER
(Percent of Total Crude Oil Received)

PAD Districts Total

I w v us.
1972 85 15 45 27
1978 87 30 59 38
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use of existing sites. Only a net of four berth additions (1972

to 1978) were reported in the NPC questionnaire as planned, split
between Districts I, III and V. Thus, the total reported berths

go from 233 in 1972 to 237 in 1978. Most of these berths (138 in
1978) have a water depth of less than 35 feet. Only two locations
exist with 60 feet or more of water, both in PAD District V. Results
of the refinery survey reveal that, if existing refineries were to
expand to make maximum use of the existing refining sites, over 60
marine facilities would need to be constructed or developed, and
nine of these would require over 60 feet of water.

Tank Car and Tank Truck

As anticipated, rail and truck movement of crude is planned to
decrease as a percent of overall crude capacity. Survey results
indicate 1972 rail/truck receipts at 1.1 percent of capacity wversus
0.9 percent in 1978. Product movements by rail/truck from refineries
are projected to remain at about the same level (13 percent of
capacity).

Tankage

The NPC refining survey included questions on shell capacity
of crude as well as intermediate and product tankage capacity. The
results are summarized in Table 29 in terms of days of crude run
capacity. As the table shows, Districts II and V show significant
changes in capacity; District II increases its reserve, while
District V decreases its crude tankage volume. Similarly, inter-
mediate and product tankage decreases with respect to crude running
capacity most significantly in PAD District V.

Tankage volumes have historically tended to decline in terms
of crude capacity. The increase in PAD District II's crude storage
capacity may be in anticipation of more imported stock; however,
response to delivery method (see Table 29) did not indicate this.

Refinery tankage, described in terms of days of crude running
capacity, has historically tended to decrease over time. The re-
sults of the refinery survey show this trend continued relative
to reported planned refining capacity. Reported 1972 crude inter-
mediates and product storage capacity available was 87.5 days of
crude run, declining to 82.1 days in 1978. This is about the same
rate of decline as estimated for actual inventory (as opposed to
capacity) from Bureau of Mines data.* This would indicate a trend
towards higher utilization (i.e., inventory level divided by capacity)
at the end of the period. Higher utilization is in line with his-
torical trends.*

However, if the refining shortfall is to be met with onshore
capacity, proportionate volumes of tankage must be added. Alter-

* NPC, Petroleum Storage Capacity, 1970.

T Ibid.
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TABLE 29
NPC 1972 REFINING SURVEY—-CRUDE, INTERMEDIATE
AND PRODUCT TANKAGE
(Days of Crude Running Capacity)
Total PAD District
u.S. I 11 I v \Y4
1972 - Crude 30.7 17.5 62.4 13.4 20.6 38.3
Unavailable ( 8.6) ( 6.3) (12.4) ( 5.3y ( 6.9) (12.3)
Net 221 11.2 50.0 8.1 137 26.0
Intermediates and Products 88.1 83.9 113.4 78.2 76.8 77.6
Unavailable (22.7) (23.8) (17.6) (25.2) (18.1) (19.5)
Net 65.4 60.1 95.8 53.0 58.7 58.1
1978 - Crude 31.0 15.6 80.7 13.1 19.6 29.9
Unavailable ( 7.8) ( 5.6) (12.4) ( 5.0) ( 6.5) (10.1)
Net 23.2 10.0 68.3 8.1 131 19.8
Intermediates and Products 78.5 71.3 114.5 74.0 73.0 58.9
Unavailable (19.6) (19.9) (17.8) (22.4) 17.2) (15.0)
Net 58.9 51.4 96.7 51.6 55.8 439

natively, tankage will be required in the United States for in-
creased product import volumes to meet the refining capacity short-
fall. Much of increased product imports may be expected to go
directly to consumers (such as shore-located power plants) or
distribution terminals. "For example, in PAD District I, the largest
importing district, significant volumes of storage are located at
terminals not associated with refineries. These storage capacities
were not included in the refinery storage data of the 1972 NPC
survey questionnaire. Hence, no statement can be made on the
adequacy of tankage to receive imported products.

CONCLUSIONS

U.S. refiners will not expand or add new capacity to meet in-
creasing demands for petroleum products unless adequate dependable
supplies of crude are available. Due to the declining trend of
U.S. production, the oil to meet increased demands will have to
be imported. The increasing demand for foreign petroleum will
necessitate substantial changes to existing transportation systems.
For the longer haul, imports from the Persian Gulf and the use of
VLCC's, combined with optimally placed deepwater terminals, can
provide the Nation with both environmental and economic benefits.
Movement of the required imports in less than an optimum transporta-
tion system will result in higher consumer costs and added environ-
mental risks. Utilization of VLCC-type ships results in a lower
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number of vessel arrivals; and, moreover, use of the larger ships
provides significantly lower cost per barrel moved.

If direct VLCC movements are not possible, then the next most
viable alternative for handling the increased crude imports would
be to utilize VLCC's combined with transshipping from offshore
foreign terminals. However, vessel traffic would tend to grow
proportionately with increasing levels of imports resulting in
major congestion in existing harbors.

Assuming utilization of VLCC's to import foreign oil, a number
of deepwater terminals will be required to handle the VLCC's. Today
there are numerous proposals for VLCC terminals in the United States.
Within PAD District I, VLCC terminal plans have not proceeded beyond
conceptual planning stages to date due to governmental as well as
environmental opposition to proposals. Proponents of terminals have
not been successful in obtaining recognition that the VLCC's provide,
both environmentally and economically, a better solution to problems
of the immediate and long-run energy supply situation.

On the other hand, plans for VLCC terminals in District III
are progressing, and two projects have reached design stages. Dis-
trict V's most pressing need for VLCC capacity will be in California;
however, no current plans are in process.

In addition to the major marine transportation systems re-
quired to import foreign petroleum to the United States, the in-
creasing demand levels will necessitate changes within the existing
operating system. Additions to both pipeline, storage and terminal
facilities will be required to handle future demands.

The location of added domestic refinery capacity will heavily
influence the transportation and storage systems. Major capacity
additions to Gulf Coast capacity will require system increases in
transportation facilities to move products from the Gulf to both
the Midwest and the East Coast.

Cost of the major components of the transportation systems
required to handle only the additional imports and to transport
this product from refineries to terminals will approach $9 to $16
billion.

Storage volume additions reported by refiners are generally
in line with capacity added and historical trends. However, since
planned refinery expansions are not projected to meet demand,
additional storage capacity will be required. A portion of this
capacity will be provided by terminals not associated with refineries
and are not included in this survey.
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Chapter Four

PETROLEUM REFINING AND PETROCHEMICAL PLANT ECONOMICS

INTRODUCTION

Important changes are taking place in the economic environ-
ment surrounding U.S. refiners: (1) crude oil supplies are coming
from new sources and prices of foreign crude oils are rising sharply,
(2) new environmental regulations are causing changes in product
characteristics making refineries more costly, (3) domestic crude
0il supplies are declining, (4) both crude o0il and product prices
are subject to controls, and (5) a recent sharp surge in o0il demand
has strained domestic refinery production capabilities. These con-
ditions and the lack of a consistent government approach with re-
spect to matters affecting refineries -- particularly long-term
access to foreign supplies of crude oil and product import policies --
have made the outlook for investments in new refineries 1in the
United States much more uncertain than it was in the 1960's.

A continuation of these conditions will create an increasing
shortage of domestic refining capacity between now and 1985. Fur-
thermore, there could be a future worldwide shortage of refining
capacity available to supply U.S. markets, depending on economic
and political conditions .both here and abroad. While the Committee
has not evaluated the ability of world refining capacity to meet the
growth in both U.S. and non-U.S. world demand, the assumption is
made that sufficient refining capacity will be built. However, it
is felt that if petroleum product demands continue like the rapid
growth which. occurred during the last 1 to 2 years and if U.S.
policies are not sufficiently responsive to the refining situation,
adequate worldwide capacity may not exist. Some of the capacity to
meet U.S. demand has already been constructed just outside the peri-
meter of the United States for the specific purpose of supplying
U.S. demand for selected products.

A number of key factors have dictated the decisions made by
some companies to establish refining facilities in perimeter loca-
tions. Some of these factors are:

® To accommodate revisions in U.S. import quota restrictions:
Foreign crude o0il could be imported without limitations
into perimeter locations. Products could be manufactured

This chapter was prepared prior to the issuance of the Presi-
dent's Energy Message to Congress of April 18, 1973, and does not
take into account the oil import proclamation contained therein.

Crude prices and product values as used in this chapter were
representative at the time of this study--and do not reflect condi-
tions as prevailed during and since the period of the Arab oil
embargo: wunstable crude prices and product price stabilization by
governmental regulation.
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that were exempted from formal U.S. quota controls --
such as residual fuel oil for District I -- and exported
to the United States.

® For logistical considerations: Natural deepwater harbors
were available to accommodate larger, more efficient and
economical tankers.

@ To minimize the risks associated with acquiring crude oil
supply: Foreign refinery locations frequently provided
greater long-term access to necessary foreign crude oil
supplies than did refinery locations in the United States.

® To avoid environmental delays: In recent years, environ-
“mental constraints in the United States have made foreign
locations more attractive. Environmental obstacles have
been less severe in the foreign perimeter locations in
terms of building or expanding refining .capacity compared
to alternative U.S. locations. These offshore areas have
low-density populations and less port siting problems.

® To minimize overall costs: Economic advantages favored
refining operations in some perimeter locations compared
to onshore U.S. locations. These included lower crude -0il
handling, transportation and operating costs and advantage-
ous tax provisions and other industrial development incen-
tives.

RELATIVE ECONOMICS#*

To illustrate the relative economics of refining foreign
crude oil domestically and offshore, an economic model was construct-
ed and studies were made to evaluate different situations that might
arise between now and 1985. Many of the cases concentrated on the
situation in District I (due to the critical refinery shortage in
that area) and on the likely refining combinations for meeting the
demand. Other districts were also examined to determine the cost
of meeting the demand district-by-district. Comparisons between
District I onshore refineries and offshore refineries were made,
and the costs of supplying environmentally acceptable fuels were
examined.

* The illustrative economic model studies presented in this
Chapter were prepared prior to the issuance of the President's
Energy Message to Congress of April 18, 1973, in which the Presi-
dent removed by proclamation all existing tariffs on imported crude
01l and products and suspended direct control over the quantity of
crude oil and refined product imports. In place of the control
system the President has initiated a license fee system. This re-
port does not attempt to evaluate or comment on the President'’s
Energy Message and i1s based solely on policies in effect prior to
April 18, 1973.
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In addition to direct refinery-to-refinery comparisons
illustrating the basic onshore/offshore cost differences, three
energy scenarios were postulated to determine the overall effect
on Districts I, II and III: (1) a product import scenario in which
import quota controls continue and the growth of domestic capacity
is projected from the responses to the survey questionnaire with
foreign capacity making up the difference; (2) a national security
scenario which brings all new capacity onshore; and (3) a zero
growth scenario, an unlikely situation where all new capacity moves
offshore. This section details the methodology of the model as
well as numerous other combinations studied.

The principal assumptions used in the economic models are:

e Growth in product demand is based~0n the Initial Appraisal.

e Demand growth is to be satisfied in new 200 MB/CD
refineries. (Actually, a substantial amount of product
will be produced by expanding existing refineries.)

e Iranian light crude oil is representative of future crude
0il supplies. The crude o0il price is an assumed price for
1985, Recent dollar devaluation and negotiated changes
between international oil companies and Middle Eastern
countries indicate that this price ($2.50 per barrel) might
be reached by the 1975-1977 period. If this price is
exceeded, the effect will be to increase the per barrel
cost of products from both onshore and offshore refineries.
This increase will be almost the exact amount of the per
barrel crude oil price increase.

@ Crude o0il import quotas are available at no cost.

@ Crude o0il is delivered to offshore (Caribbean) refineries
in VLCC's and products are barged to the United States.

e Import duties on all products are assumed to be at 1972
levels. :

e For domestic refineries, crude oil is delivered in VLCC's
to an offshore deepwater transshipment port and thence by
barge to the United States or (in the case of District III)
in VLCC's to an offshore receiving terminal.

e Construction costs will increase 3 percent per year to
reflect anticipated real cost increases in the construction
industry.

e All dollar costs are expressed in constant 1972 dollars.

e Manpower cost is assumed to be effectively 28 percent
higher in the United States than offshore (Caribbean).
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e Expected product costs include interest on working capi-
tal and an assumed return on investment required on fixed
assets. Although costs were computed for rates of return
from 4 to 20 percent, costs are displayed at 10 and 15
percent rates of return for illustrative purposes. Rate
of return is based on the discounted cash flow (DCF) method
or internal rate of return method commonly used in the
economic analysis of business projects.

e Future effects of inflation are not included.

@ An income tax rate of 48 percent applies to onshore loca-
tions. No income tax is assumed for an offshore Caribbean
location on the premise that refiners would be in a position
to use tax concessions commonly available. However, off-
shore Caribbean costs with tax rates up to 28 percent are
shown for purposes of comparison. In eastern Canada, the
49 percent statutory tax rate is assumed to be in effect.

These studies do not attempt to give finite answers on prefer-
able locations either onshore or offshore. Each refinery location,
of course, presents a special case with its own particular site,
transportation, labor, environmental and other related operating
situations. However, the studies do adequately show the order of
magnitude of the differential costs of producing petroleum products
between the general areas studied.

On the basis of these assumed data, it would be expected that
to a large degree, the necessary refineries will be constructed
offshore (except in the cases of Districts IV and V where suitable
offshore locations are not readily available, but refineries supply-
ing the U.S. West Coast from a Pacific Island or the West Coast of
Latin America are not inconceivable). However, the government may
conclude that other considerations -- military and economic security,
balance of trade, and provision of jobs for U.S. citizens -- pro-
vide greater overall benefits for the national economy than the
cost savings from using foreign refineries.

If overriding benefits require that new refining capacity be
located in the United States, some differential incentives will be
required to induce the domestic construction. Whatever policy is
adopted, it should be clear and firm. If investors believe that
government.inducement to build onshore refineries is temporary,
the economic attractiveness of doing so will be weakened. A pro-
gram aimed at the lowest possible current product prices is not
compatible with having ample domestic refining capacity. Policies
that try to accomplish both of these“objectives are ambiguous and
are not likely to be effective.

The approach followed in conducting these illustrative studies
was to define the expected demand growth between 1970 and 1985 for
each PAD District, define an incremental crude oil of reasonably
representative quality, construct an economic model encompassing all
of the governmental, environmental, refining, transportation and other
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cost factors (including investment and operating costs), and dis-

play the results of various cases.

The cases studied are listed

on Table 30 and the more significant cases are discussed in the

following.
TABLE 30
CASES EXAMINED WITH ILLUSTRATIVE STUDIES
Case Location Type Refinery Nominal Size (B/D)
(1) District | Balanced Demand Refinery 200,000
(2) District 1 Balanced Demand Refinery 200,000
(3) District 111 Balanced Demand Refinery 200,000
(4) District V Balanced Demand Refir)ery 200,000
(5) Onshore Fuel Oil and Naphtha for District |
only (ICOP)* ‘ 100,000
(6) Offshore District | Balanced Demand 200,000
(7) Offshore District | Balanced Demand 500,000
(8) District | Balanced Demand
All 1% Sulfur No. 6 Fuel Qil 200,000
(9) District | Balanced Demand
All 0.7% Sulfur No. 6 Fuel Oil 200,000
(10) District | Balanced Demand
All 0.3% Sulfur No. 6 Fuel Oil 200,000
(11) Combined Balanced Demand for District |
with Light Product Onshore and
Fuel Qil Offshore with Excess
Naphtha 400,000
(12) District 111 District | Balanced Demand 200,000
(13) District 11 District | Light Products and Half
of District | Fuel Oil 180,000
(14) Offshore District | Fuel Oil Not Supplied .
in (13) Excess Naphtha 250,000
(15) District | District | Light Products and 8%
of Fuel Oil 150,000
(16) Product Import Scenario Refer to text
(17) National Security Scenario  Refer to text
*Imported Crude Oil Processing Facility (ICOP).

Supply of District I

A number of alternative supply possibilities were examined
for meeting the increase in demand for petroleum products between

1970 and 1985 (see Table 31).

little new capacity is planned for the future.
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Mogas

Avgas

Special Naphtha
Kero-Jet
Kerosine
Distillate
Residual Fuel
Asphalt

LPG

Petrochem Feed

Total

Percent of Total u.S.

TABLE 31

PROJECTED GROWTH IN PRODUCT DEMAND-—-1970-1985

District | District 11 District 111 District 1V District V Total U.S
MB/D % MB/D % MB/D % MB/D % MB/D % MB/D %
1,137 26.67 1,155 42,54 507 25.70 929 32.46 517 30.36 3,415 31.16

6 14 6 2. b : .25 3 .98 9 53 29 .26

8 19 6 .22 8 4 - - 3 .18 25 .23

642 15.06 341 12.56 139 7.05 49 16.07 513 30.12 1,684 15.37
20 47 45, 1.66 30 152 - 6 1.97 23 1.35 124 1.13
564 13.23 31 11.45 132 6.69 58 19.02 151 8.87 1,216 11.10
1,450 34.01 316 11.64 124 6.28 36 11.80 304 17.85 2,230 20.35
78 1.83 139 5.12 60 3.04 23 7.54 61 3.68 361 3.29
138 3.24 254 9.36 11 5.63 30 9.84 7 4.17 604 5.561
220 5.16 142 5.23 857 43.44 1 .33 51 2.99 1,271 11.60
4,263 100.0 2,715 100.0 1,973 100.0 305 100.0 1,703 100.0 10,959 100.0
165 100.0

24.8 18.0 2.8




Throughout this section, the following definitions apply:

Balanced Refinery: 1is one that produces a yield of
products proportional to the growth in product m1x
projected between 1970 and 1985.

Light 0ils Refinery: 1is one that produces the fequired.
gasoline, distillate, and lighter fuels.

Fuels Refinery: 1is one that produces primarily the
residual fuels requirement with only that distillate
and naphtha necessary to make the refinery viable.

Five alternatives for supplying District I are considered;

Table 32

summarizes the relative costs of the five, and the follow-

ing section describes them in detail.

Rate - Rate -

Origin of Supply of Return of Return
Case 6 Offshore Balanced Refinery .

(Full Range of Products) 5.42 5.68 -
Case 1 District | Balanced Refinery 5.58 6.07
Case 12  District Il Balanced Refinery 5.85 6.28
Case 11 Combination of a Light Products Refinery in : . ) )

District | and a Heavy Fuel Oil Refinery Offshore 6.08 6.49
Case 14 Combination of a Light Products Refinery in ' .

District Il and a Heavy Fuel Oil Refinery Offshore 6.10 _ 6.56

* Thesecostdata include 1972 level U.S. imporf duties.

TABLE 32

ILLUSTRATIVE RELATIVE COSTS FOR SUPPLYING DISTRICT I*
($/Bbl of Product in 1985)

10% DCF 15% DCF

From an Offshore Balanced Refinery: As restrictions on
light product imports are eliminated or changed into purely
economic constraints such as nominal duties, the likeli-
hood increases ‘that balanced refinery capacity will be
exported offshore. To evaluate this possibility in

connection with District I -- using 1972 duty rates,
clean product shipping rates from offshore to onshore
and offshore construction and operating costs -- Case 6

was constructed.

This case shows that the cost of products are $5.42 per
barrel and $5.68 per barrel at 10 and 15 percent DCF rates
of return respectively (see Table 32).. Consequently,
offshore refining has an advantage in supplylng District I
by a cost of $§0.16 to $0.39 per barrel. Figure 13 shows
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DISCOUNT CASH FLOW RATE OF RETURN (PERCENT)

22

14

[ oFrsHORE REFINERY ./ | /
(500 MB/D) DISTRICT |

/
BALANCED DEMAND / / /
/

18 0% TAX 100% EQUITY/,

OFFSHORE REFINERY (200 MB/D) DISTRICT |
BALANCED DEMAND 100% EQUITY
0% TAX  28% TAX

. /
/ /A

/ / / ONSHORE REFINERY (200 MB/D)

10

; / // /L _ DISTRICT | BALANCED DEMAND
/ / / 48% TAX 100% EQUITY

./ / , ~————— CASE 1

/ | / | LEGEND

, ———— = CASE 6

// e=——-—" CASE?7

e
4.50

5.00 . 5.50 6.00 6.50 7.00 7.50
COST OF PRODUCT (DOLLARS PER BARREL).

Figure 13. Comparison of Onshore Versus Offshore Refineries--

District I Balanced Demand.

a range of rates of return and also shows a 28 percent

tax rate alongside the zero tax rate. It should be noted
that several of the cost differences relate to environ-
mental restrictions, offshore being less rigid than they
are onshore -- i.e., higher sulfur content plant fuel may
be used and effluent treatment facilities are less sophis-
ticated.

From a District I Balanced Refinery: If a site were avail-
able, a 200 MB/CD refinery located along the East Coast
would require an expenditure of at least $414 million and
would produce products at an average cost per barrel of
$5.58, assuming a 10 percent DCF rate of return on invest-
ment or $6.07 at a 15 percent rate of return (see Table 32).
Between now and 1985, District I will need to add a capacity
equivalent of at least 20 such refineries, if it is to meet
its incremental product demands.
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Crude 0il for the assumed refinery was received in VLCC's

in the Bahamas and transshipped to the East Coast in barges,
which for the refinery represented a terminalling and trans-
shipment cost of $0.28 per barrel. For further details see
Case 1 on Table 33. The cost of products at various rates
of return is shown on Figure 14. Tables 34 and 35 show the
product yields of Cases 1-10 in District I and Districts II
through V, respectively. The effect of investment leverage
is illustrated on Figures 15 and 16. Currently, the aver-
age debt to equity ratio for 36 companies--both integrated
and independent--is 30/70, but may well increase to the
range of 40/60 by 1985. A wide range of rates of return is
presented because it is impossible to produce a single. rate
that is or would be acceptable to every individual company.

From a District III Balanced Refinery: Since District III
has more refining capacity than other districts and has his-
torically supplied much of the District I product demand--
mainly by pipeline to the East Coast market centers--this
case was studied to determine the cost of continuing the
existing practice for a balanced demand. Case 12 (see Table
37) shows this:.can be done at a cost of $6.28 per barrel
including allowances for light product and fuel oil trans-
portation costs to District I. The receipt of crude oil

was assumed to be in VLCC's via a LOOP or SEADOCK type
project at a transshipment tariff cost of $0.15 per barrel.

From a Combination Light Products Refinery in District I

and a Heavy Fuel 01l Refinery Offshore: 1f the Mandatory
0il Import Program (MOIP) as it is now, remains in effect in
1985, there will continue to be an export of '"fuel o0il" re-
finery capacity, with balancing "light o0il" refineries on-
shore. If these onshore refineries are located in District
I, Cdse 11 (see Table 36) illustrates the effect of meeting
the entire District I demand through a combination of op- '
timized facilities for light products onshore in District

I and for fuel oils offshore. This case has several special
features--the offshore location is permitted to export some
No. 2 0il to District I and, in addition, naphtha produced
in excess of the U.S. petrochemical demand is exported to
locations other than the U.S. mainland.

Satisfying District I demand in this manner would require
about 10 refineries in District I and the same number of
refineries offshore. Each offshore refinery would produce
about 33.5 MB/CD of excess naphtha and supply about 9.4
MB/CD of No. 2 o0il to the East Coast. After adjusting

the cost for the excess naphtha (at $0.06 per gallon)

the weighted average cost of products (product value
including a 15 percent DCF) is $6.49 per barrel (see

Table 32), with a zero tax rate offshore and a 48 percent
tax rate onshore. Consequently, this method of meeting
the District I balanced demand is more costly to the end
user than supplying District I from District III, or

than building balanced refineries in District I or offshore.
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Unit (B/SD)

Nominal Capacity
Crude Unit

Vacuum Unit
Reformer Pretreater
Reformer

Catalytic Cracker

HF Alkylation

Cat Cracker Desulfurizer
Distillate Desulfurizer
DAO Desulfurizer
SDA

Partial Oxidation
Sulfur Recovery
Hydro Cracker
Hydrogen Plant

Gas Qil Desulfurizer

investment ($M)
Onsite

Offsite

Effluent Control
Docks

Tankage, Crude
Tankage, Product
Offshore Tankage
Catalyst

Royalty

Total Investment
Working Capital
Total Funds

Expenses {$/CD)
Crude OilT
Butane

Refining

Total

Cost of Product {$/Bbl)

Including 15% DCF
Rate of Return

Including 10% DCF
Rate of Return

* imported Crude Oil Processing Facitity (ICOP).
TOffshore crude oil cost includes duty on products imported to United States.

TABLE 33

REFINERY CONFIGURATION TO MEET DEMAND

{Case 8- (Case 9- {Case 10-
{Case 1) (Case 2) {Case 3) {Case 4) (Case 5) (Case 6) {Case 7) 1%S) 0.7% S) 0.3% S)
PAD | PAD I PAD Il PAD V 1ICOP* Offshore Offshore PAD ! PAD | PAD |
200,000 200,000 200,000 200,000 100,000 200,000 500,000 200,000 200,000 200,000
215,561 206,279 218,750 213,380 108,293 217,408 - 531,250 214,880 215,412 217,618
90,125 97,364 103,250 100,716 38,993 85,707 219,330 79,041 86,716 102,668
21,392 36,734. 1,008 9,008 - 23,700 47,788 22,470 22,059 27,823
30,030 46,824 18,129 27,754 — 31,645 70,291 29,096 30,446 36,830
66,010 113,952 86,870 85,306 - 62,193 196,418 73,083 65,924 48,679
6,381 9,646 7.121 6,902 - 5,510 6,504 5,463 5,630 4,483
49,645 65,774 50,064 49,289 - 47,212 120,818 43,540 47,767 43,790
29,023 24917 530 34,899 21,479 33,179 73,307 18,589 32,773 36,893
25,968 14,178 20,563 23,616 9,407 24,695 63,197 22,627 24,986 20,582 .
30,551 22,530 33,701 32,690 11,067 29,053 74,349 26,620 29,395 24,803
296 250 247 292 159 284 726 249 287 374
- - 27,221 17,030 - - - - - -
- - 50,688 . 28,068 7.907 - 1,119 - — -
- - - - - - - - — 11,911
218,680 240,879 211,544 219,441 71,348 222,632 350,299 212,228 218,399 230,400
77,192 82,836 71,639 72,998 27,087 72,019 115,937 76,228 77,002 78,409
5,939 5,446 5,250 5,060 2,984 3,235 841 5,920 5,935 5,993
16,048 27,130 28,770 18,436 8,067 22,958 61,200 16,008 16,047 16,204
9,830 10,396 7,875 7,600 4,938 16,947 12,750 9,799 9,823 9,919
9,426 9,835 7.399 7,157 4,578 10,878 29,217 7,991 7,991 7,991
14,486 - - - 7.277 - - 14,440 14,476 14,017
2,125 3,388 1,515 2,079 - 2,229 4,608 2,073 2,165 2,479
1,986 .3,209 1,547 2,009 - 2,078 4,100 1946 2,029 2,245
355,722 383,119 335,539 324,778 126,378 352,976 586,522 346,634 353,866 368,256
58,149 60,596 61,740 59,405 29,213 * 68,666 167,790 57,965 58,109 58,677
413,871 443,715 397,279 394,183 155,591 421,642 754,312 404,699 411,975 ] 426,933
793,193 801,617 - 787,080 728,017 398,483 829,210 2,025,724 790,689 792,645 800,395
7.500 16,106 7.500 5,707 C—- 7.500 18,156 7,500 7,500 5411
96,173 107,731 104,082 103,684 29,986 75,109 115,956 91,391 95,624 103,200
896,866 925,454 898,662 837,407 428,469 911,819 2,159,832 889,580 895,769 909,006
6.07 6.71 6.01 5.87 5.56 5.‘68t 5.248 6.00 6.06 6.19
5.68 6.16 5.56 5.37 5.28 4.88 5.52 5.58 5.21

+Balanced District | demand at zero income tax rate,

§ 28 percent tax rate.
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Figure 14. Onshore Refinery (Case 1)-— District I
Balanced Demand.
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Mogas

Avgas

Special Naphtha

Kero-Jet

Kerosine

Distillate

Residual Fuel
(0.3% Sulfur)
(0.7% Sulfur)
{1.0% Sulfur)
(2.0% Sulfur)

Asphalt

LPG

Petrochem Feed

Total

Crude Inputs

TABLE 34

REFINED PRODUCT YIELDS

(B/CD)
District | Cases
(1 (5) (6) (7) (8) (9 (10)

Balanced 1COPt Balanced 500 MB/CD 1% Sulfur .7% Sulfur .3% Sulfur
% Yield* District | District | Offshore Balanced Offshore Residual Residual Residual
26.67 52,923 — 52,580 129,891 52,923 52,923 52,923
.14 278 - 276 682 278 278 278
.19 377 - 375 925 377 377 377
15.05 29,885 - 29,690 73,347 - 29,885 29,885 29,885
47 933 - 927 2,289 "~ 933 933 933
13.23 26,253 — 26,083 64,434 26,253 26,253 26,253
34.01 67,488 68,025 67,051 - 165,639 67,488 67,488 67,488

( 7.89) (15,657) (15,782) (15,556) ( 38,428) — - (67.,488)
(21.87) © (43,395) (43,741) (43,113) (106,506) - (67,488) -
( 1.84) { 3,644) { 3,673} { 3,621) ( 8,945) (67,488) - -
( 2.42) ( 4,792) ( 4,829) ( 4,761) ( 11,760) — — -
1.83 3,631 3,659 3,608 8,913 3,631 3,631 3,631
3.24 6,429 - 6,388 15,780 6,429 6,429 6,429
5.16 10,239 25,584 10,173 25,131 10,239 10,239 10,239
100.00 198,438 97,268 197,149 480,031 198,438 198,438 198,438
206,938 103,961 208,711 510,000 206,284 206,795 208,817

*Based on projected District | demand.

tImported Crude Oil Processing Facility {tCOP).
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TABLE 35

REFINED PRODUCT YIELDS OTHER THAN DISTRICT |

(2) ' (3) (4)

District I | District I11 District V

B/CD % B/CD % B/CD_ %

Mogas 79,694 4254 50,700 2E:>.70 58,564 30.3
Avgas 412 22 500 .25 _ 1,022 5
Special Naphtha 412 .22 800 4 347 A
Kero-Jet 23,530 12.56 13,900 7.05 58,101 30.1
Kerosine 3,110 1.66 3,000 1.52 ' 2,604 1.3
Distillate 21,450 11.45 13,200 6.69 - 17,110 8.8
Residual Fuel 21,806 11.64 12,400 6.28 34,433 17.8
(0.3% Sulfur) - - - - . (28,752) (14.9)
(0.7% Sulfur) {12,895) (6.88) (2,959) (1.50) — —
(1.0% Sulfur) { 6,047 (3.23) (5,055) (2.56) - -
(2.0% Sulfur) { 2,864) (1.53) (4,385) (2.22) - ( 5,681) { 2.9)
Asphalt 9,692 5.12 '6,000 3.04 6,906 35

LPG 17,535 9.36 11,100 ‘ 5.63 8,044 4.1
Petrochem Feed 9,798 5.23 85,700 43.44 5,768 _29
Total 187,340 100.00 197,300 100.00 192,900 100.00

Crude Inputs 198,027 210,000 204,844
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DISCOUNT CASH FLOW RATE OF RETURN-{PERCENT)
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COST OF PRODUCT $5.00/BBL*
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*¥*CURRENT PRODUCT VALUE IS ABOUT $4.85/BBL
(DEC. 1972). AT THIS VALUE % DCF IS NEGATIVE
AT 48% TAX AND 100°% EQUITY.
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Figure 16. Onshore Refinery (Case 1)-- District I
Balanced Demand.

The current MOIP tends to cause capacity to be constructed
offshore as described in this case, primarily due to the
fact that fuel oils are readily exported to the United
States. 1In addition, this case is illustrative of the
reason why naphtha is "often available offshore -- 1ts
production is linked to fuel oil demand.

From a Combination Light Products Refinery 1in Dzstrzct IIT
and a Heavy Fuel 0il Refinery Offshore: Assuming that new
capacity continues to be denied in District I but not in
District III, then it is probable that District III will
supply all of the light products for District I and about

half the fuel o0il, with the balance of the fuel 0il origina-

ting offshore. This situation would result in the con-
struction of about 21 refineries in District ‘III and 4
refineries offshore--all dedicated to supply District I.
Implicit in this situation is the added environmental
exposure associated with transporting about 800 MB/CD of
fuel o0il from the Gulf Coast to the East Coast in shallow .
draft vessels or barges.

115




TABLE 36

REFINERY CONFIGURATION ONSHORE AND OFFSHORE
TOMEET DISTRICT | DEMAND
(Current Mandatory Oil Import Program)

(11) (11)
Unit B/SD Offshore Onshore
Crude Unit 201,584 286,012
Vacuum Unit 92,264 134,998
Reformer Pretreater - 43,188
Reformer - . 92,220
Catalytic Cracker - 66,367
HF Alkylation - 11,193
Catalytic Cracker Desulfurizer - 38,194
Distillate Desulfurizer 3,116 22,521
DAO Desulfurizer 26,585 5,312
SDA 31,276 6,249
Partial Oxidation - 27,980
Sulfur Recovery (Long Ton) 402 367
Hydrocracker — 61,054
Hydrogen Plant 2,413 56,300
Gas Oil Desulfurizer 50,824 —
Investment ($M)
Onsite 127,437 331,945
Offsite 41,002 104,133
Effluent Control 3,000 7,880
Docks 21,287 21,307
Tankage Crude 15,714 13,042
Tankage Product 11,581 11,810
Offshore Tankage - . 19,220
Catalyst ‘ - 6,205
Royalty ‘ : — 12,194
Total Investment 220,021 527,734
Working Capital 66,321 77,154
Total Funds 206,342 604,888
Expenses—Cash ($/CD)
Crude Oil 709,058 1,052,431
Butane - -
Refining 41,975 179,906
Total 751,033 1,232,337
Cost of Product ($/Bbl)
(Including 15% DCF :
Rate of Return) 5.06 6.77
(Including 10% DCF
Rate of Return) 4.85 6.24

116




TABLE 37

SUPPLYING DISTRICT | FROM DISTRICT 111 AND OFFSHORE

(12) (13) (14)
District l11 to . District 111 to Offsho!'e to
Supply District | Supply District | Supply District |

Unit B/SD Balanced Demand" Light Products Demand Fuel Oif Demand
Crude Unit 215,618 136,773 250,615
Vacuum Unit - 89,996 - 64,557 . 118,290
Reformer Pretreater 20,730 . 22,115 -
Reformer : - 30,116 40,407 —
Catalytic Cracker 49,360 25,747 —
HF Alkylation - 4,253 4,658 ~
Catalytic Cracker Desulfurizer 49,574 15,337 67,470
Distillate Desulfurizer 35,223 15,525 —
DAO Desulfurizer’ 25,931 2_,706 : 34,084
SDA ‘ 30,507 3,637 40,098
Partial Oxidation ' ' - ' 12,938 -
Sulfur Recovery 299 ' 177 . 522
Hydrocracker ' ' - 26,790 ‘ =
Hydrogen Manuf. - = 27.3_71 26,149
Investment ($M)
Onsite . 184,900 182,231 145,052
Offsite 64,455 , 58,142 46,777
Effluent Control 5,175 3,233 3,729
Docks 28,358 17,988 26,465
Tankage Crude 7,762 4,924 19,5636
Tankage Product . 7,443 4,499 14,575
Offshore Tankage - — -
Catalyst - 2,062 ‘ 2,704 -
Royalty 1,889 5,480 - —

Total Investment 302,042 279,750 : 256,134
Working Capital 60,855 38,602 79,154

Total Funds ' 362,897 318,352 335,288
Expenses—Cash ($/CD)
Crude Oil* 875,372 551,205 902;935
Butane 7,039 - -
Refining o 87,222 66,438 48.850

Total 969,633 . 617,643 951,785
Cost of Product ($/Bbl) '

{Including 15% DCF

Rate of Return) 6.28 6.77 5.75
(Including 15% DCF
Rate of Return) 5.85 6.24 5.59

*Offshore crude oil cost included duty on products imported to U.S.
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As in Case 11, (Table 36), there is a surplus of approxi-
mately 38.7 MB/CD of naphtha at each offshore refinery.
The combined economics of a light products refinery in
District III (Case 13, Table 37) and a heavy fuel oil
refinery offshore (Case 14, Table 37) with an adjustment
for excess naphtha, indicates an average cost of $6.56
per barrel (see Table 32). By comparing Cases 11 through
14, it can be seen that producing some residual fuel oil
in a refinery that primarily produces light oils tends

to reduce the average cost of all products. However,
product re‘alization is also held at low levels because .
of lower cost offshore residual fuel oil. The net result
is that, as things now stand, capacity is not build on-
shore for either light products or for residual fuel oil.

PRODUCT IMPORTS SCENARIO VERSUS NATIONAL SECURITY SCENARIO

Refiners are projecting that they could physically expand
existing capacity in Districts I, II and III by about 4 MMB/CD by
1985. Since demand will 1ncrease by about 9 MMB/CD, the shortfall
will have to be made up through new grassroots reflnerles or through
product imports. Under the assumption that the 4 MMB/CD of expan-
sion capability is constructed, the following scenarios were
developed to supply the remaining 5 MMB/CD.

The Product Import Scenario is shown as Case 16 on Tables
38 and 39. These tables show the firm plans (extrapolated to 1985)
for new or expanded capacity reported on the 1972 NPC survey of
refiners. However, these plans do not necessarily imply that
environmental approval has or will be forthcoming. Table 39
indicates a shortage of capacity in every district, except District
III, and implies that large volumes of product 1mports will be
needed from offshore.. The economics of Case 16 show that the
~weighted average product value (Table 38) is $6.07 per barrel for
:Dlstrlcts I, IT and III.

The product 1mport requirements for Districts IV and V are
on the order of 944 MB/CD (see Table 39) and probably will have
to come from somewhere in the Pacific or even the Persian Gulf.
Due to the uncertainty of where this supply will or1g1nate it is
impossible to estimate the cost of supply.

Also shown on Table 38 are the calculated balance of trade
and associated investment costs associated with the export of about
.5 MMB/CD of refining capacity. The exported capacity might be in
excess of what can physically be constructed at perimeter locations,
but to the extent that offshore capacity is displaced further off-
shore (i.e., Europe or the Persian Gulf) the average cost will
increase sharply, mainly due to transporting clean products in
smaller size tankers over greater distances.

The National Security Scenario is shown as Case 17 (see

" Table 40). While there are many factors that transcend the refinery
economics shown, Case 17 contemplates that government, industry and
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TABLE 38

COST OF MEETING INCREMENTAL U.S. DEMAND BETWEEN
1970 AND 1985 IN DISTRICTS I, 11 AND 111

- Product Import Scenario (Case 16)

, New _ Total Balance of .
Demand Capacity Number Investnient Trade Cost
(MB/CD) (MB/CD)* Refineries " ($MM) (SMM/Yr)
District | 4,263 - -~ - 8,463
District Il . 2,715 1,008 " b 2,360 2,743
District 11 1,973 2,973 16 6,196 4,032
Offshore I 4,970 .25 10,245 —
Total 8,951 8,951 46 19,245 15,238
Average Onshore Plus Offshore Cost of Products
(Including 15% DCF Return on Investment) $6.07/Bbl
* See Table 39 for District Transfers and Imports.
TABLE 39 _
PRODUCT IMPORT SCENARIO—(_.'fASE 16
(MB/CD)
PAD District .
1 1 il ' V&V Total
Capacity 1970° 1,500 - 3,492 -5,227 2,436 12,655
Capacity 1985 1,500 4,500 8,200 3,500 17,700
Increase - 1,008 2,973 ' 1,064 5,045
Demand Increase 4,263 2,715 1,973 2,008 10,959
Excess (Shortage) (4,263) (1,707) 1,000 (944) (5,914)
District Transfers — 1,000 - - 1,000
Imports 4,263 707 ) - 944 5,914
Imports by Product
~ Mogas 1,137 297 - — 1,434
Jet 642 79. - 401 1,122
Distillate 564 70 — 50 684
Fuel Oil 1,450 86 — 340 1,876
Other 470 175 - 153 798
Total 4,263 707 - 944 5,914
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TABLE 40

COST OF MEETING INCREMENTAL U.S. DEMAND BETWEEN
1970 AND 1985 IN DISTRICTS |, 11 AND 11l

National Security Scenario (Case 17)*

New Total Balance of

~ Demand Capacity Number Investment Trade Cost

(MB/CD) (MB/CD) Refineries ($MM) ($MM/Yr)
District | 4,263 4,263 21 8,890 6,054
District |1 2,715 2,715 14 6,430 3,609
District |1 1,973 1,973 10 3,972 2,677
Total 8,951 8,951 - 45 19,292 12,340

Average Cost of Products
(Including 15% DCF Return on Investment) $6.24/Bbl

* Assumes each district will meet its balance demand.

the public will conceive of and concur on policies that will re-
sult in all new refining capacity being constructed onshore with
balanced capacity located in Districts I, II and III to meet the
needs of each district. The cost of supplying District V under

the same thesis is shown as Case 4 (see Table 33). The National -
Security Scenario product value is $6.24 per barrel or about $0.17
per barrel more than Case 16, However, the balance of trade impact
is $12.3 billion, or about $0.88 per barrel less than the Product’
Import Scenario. Thus, while product values increase and end users
pay slightly more for products, the effect on the Nation is posi-
tive by a very significant margin. In this case, as in all other
cases, it has been assumed that crude oil quotas are available at.
no cost, Naturally, to the extent that such a condition does not
prevail, the added cost would raise the cost of products made on-

shore and result in giving offshore locations a greater competitive
advantage.

SUPPLEMENTAL ECONOMIC STUDIES

Light Products in District I

Refinery economics over the past 10 years favored the output
of light o0il products. This has meant increased conversion of
heavier o0il fractions to gasoline and home heating oil at increased
levels of capital investment. In the event that future capacity
increases follow the historical pattern (but not as add-ons to old
capacity) in new refinery facilities, then Case 15 (Tables 41 and
42) illustrates the cost of producing predominantly light products
to meet District I light o0il requirements. The residual fuel o0il
yield was limited to 8 percent as this is approximately typical
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TABLE 41

CONFIGURATION FORDISTRICT I LIGHT PRODUCTS
REFINING—CASE 15 (8% FUEL OIL)

Mogas
Unit (B/SD) Refinery
Crude Unit 149,885
Vacuum Unit 70,746
Reformer Pretreater 23,142
Reformer 47,454
C_Iatalytic Cracker 30,'6_67
Catalytic Desulfurizer 17,723
Distillate Desulfurizer 17,055
DAO Desulfurizer ) 13,616
SDA 23,728
Sulfur Recovery 161
Hydrocracker 28,460
Hydrogen Plant 27,110
Alkylation 5,442
Investment ($M)
Onsite 217,544
Offsite 69,427
Effluent Control 4,130
Docks 11,166
Crude Tankage 6,835
Product Tankage 6,339
Catalyst 3,174
Royalty 2,862
Total Investment 321,477
Working Capital 40,433
Total Funds 361,910
Expenses ($/CD)
Expenses (Cash)
Crude Oil 551,628
Refining 100,797
Total 652,325
Cost of Product ($/Bbl)
(Including 15% DCF Rate of Return) 6.93
(Including 10% DCF Rate of Return) 6.27
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TABLE 42
REFINERY OUTPUT FdR DISTRICT I LIGHT
PRODUCTS REFINING—CASE 15 (8% FUEL OIL)
(Bbl/CD) '
. Mogas
Product Refinery
Mogas 53,342
Jet Fuel 30,119
No. 2 Qil _ . 26,460
No. 6 Oil 2.0% Sulfur 4,800
1.0% Sulfur 3,800
0.7% Sulfur 3,246
LPG. 3,510
Naphtha ' 4,510
Asphalt 3,660
Total 133,447

of the average now produced in U.S. refineries. The product value
is $6.93 per barrel -- well above the current price these products

would bring (i.e., $4.85 per barrel if such a refinery were located
in northern Florida).

The use of northern Florida as a point of location comparison
is arbitrary, but it represents a grassroots location where no
refineries now exist. Any other location along the East Coast
could have been nominated without introducing any substantial
effect on the difference noted between required product value and -
current average prices. The point of concern remains, therefore,
the very substantial difference between cost and price ($0.048 per
gallon at 15 percent DCF). This difference needs to be closed
before facilities which make light products can be considered
economically attractive on the U.S. East Coast. Even if the required
rate of return were halved (to 7% percent DCF), the product value
of $5.96 per barrel would be $0.025 per gallon more thdan the current
(December 1972) weighted average price of products produced.

Economics of Size for Large Offshore Refinery

Case 7 on Table 33 attempts to show the magnitude of savings
possible through economics of scale for a 500 MB/CD balanced demand
refinery located in the Caribbean. Figure 13 shows the comparison
with a smaller offshore facility meeting the same demand and for a
District I refinery also meeting a balanced demand. Several Carib-
bean refineries are in the size range of 500 MB/CD although they
are not balanced-demand type installations. However, large hydro-
skimming type plants (utilizing mixtures of low-sulfur and high-
sulfur crude oils) are capable of producing fuel oils at much lower
costs than shown in this study. : :
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Consequently, as long as fuels made in large offshore plants
which use combinations of crudes and processing operations have
free access to the U.S. market, it will be most difficult for on-
shore refineries to justify building desulfurizZation capacity to
produce low-sulfur fuel oils, regardless of what may happen to
increase prices. On the other hand, to deny existing offshore fuel
0il refineries now in operation access to the United States for fuel
0il would represent an unfair restriction for those companies who
made commitments to produce fuel o0il in accordance with the MOIP.

Low-Sulfur Fuel 0il Costs

Considerable attention has been focused on the cost of manu-
facturing low-sulfur fuel oils. By comparing Cases 8, 9 and 10
(see Figure 17) the increase in average product value can be seen
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SULFUR CONTENT OF FUEL OIL
' CASE 8 - (1%)
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Figure 17. Effect of Reducing Sulfur Content in Fuel 0il--
Onshore Refinery District I Balanced Demand.
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as fuel o0il sulfur levels decrease. Comparing these data with the
yields and costs of Case 15 (see Tables 33, 34 and 35 versus Tables
41 and 42) it is possible to estimate the incremental cost of pro-
ducing various sulfur levels of No. 6 fuel o0il rather than only

light products. These costs are shown in the following tabulation:

15% (DCF)

Percent Sulfur No. 6 0il ($/Bbl.)
1.0 $4.09
0.7 $4.27
0.3 $4.67

These product values are for the special case in which a
refiner decided to install a balanced demand type refinery rather
than a light products refinery -- all for District I. They do
not apply, however, unless the refiner is in a position to initially
achieve a product value of $6.93 per barrel for light products --
certainly not the case under current conditions (1972) as explained
earlier in this chapter. However, it can be seen that between
Case 8 and Case 10, 1.2 percent more crude oil is needed to decrease
sulfur in fuel o0il from 1.0 percent to 0.3 percent plus a decrease
in the volumetric heating value of 1.4 percent. Therefore, it
takes 1.2 percent more crude and requires 1.4 percent more volume
to satisfy a given energy demand to change from 1.0 percent sulfur
to 0.3 percent sulfur in No. 6 oil.

Comparing the offshore portion of Case 11 and Case 14 (see
Tables 36 and 37, respectively) with the foregoing item reveals
that producing fuel oil offshore can range in cost between $5.06
per barrel and §5.75 per barrel, whereas producing fuel o0il onshore,
as discussed earlier, is much less. This would indicate that once
product prices have reached a point where onshore facilities are
justified for light products, it then becomes more competitive
to manufacture fuel oils onshore than to make them offshore.

Investment Tax Credit as a Fiscal Incentive

There are several possible fiscal changes which might assist
in improving onshore refinery economics: (1) a more rapid deprecia-
tion for new or expanded facilities, (2) an increase in the percent-
age of investment tax credit, (3) a flexible duty on imported
products and crude or (4) some form of tax on offshore facilities.
The last alternative is not apt to be effective since there would
be no way to tax non-U.S. companies who might locate offshore and
supplant existing U.S. investments. Some combination of the other
three alternatives could provide a real inducement to bring capacity
onshore. However, rather than evaluate each alternative separately,
several cases were examined relative to the investment tax credit
necessary to offset all of the cost difference between an onshore
and offshore location for District I demands.
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As a result of examining investment tax credits of 7 percent,
14 percent and 21 percent, it was determined that if the tax credit
for new facilities were increased to 21 percent the rates of return
curves would cross at 11 percent and a product value of §5.44 per
barrel for onshore and offshore refineries. With a tax credit
offered at this level -- say for the first 1 MMB/CD of capacity
installed each year for 5 years -- there would probably be a steady
reversal in the exportation of capacity, provided it becomes possible
to obtain environmental approval of new plans without delay. With
some combination of a lower investment tax credit, a modest increase
in depreciation and a tariff or duty on products produced offshore,
the desired result of increasing refinery capacity onshore could
be achieved -- assuming the long-term security of crude o0il supply
is assured concurrently.

Conclusions and Assumptions

The principal economic conclusions of this study are (1)
that the current product price structure is low in comparison with
expected future product costs onshore and to a lesser extent off-
shore and (2) that the costs of producing products in new refinery
capacity will be lower offshore than onshore. The following
tabulation shows published prices as of December 1972 for the
additional products that will be required between and by 1985 (ex-
pressed in dollars per barrel of product) and the costs of making
those products in a new refinery in the United States and in a new
refinery offshore. Costs include an assumed 10 percent and 15
percent DCF rate of return on capital invested for facilities.

$/Bbl of Product

Additional demand in 1985

at 1972's prices = $4.85

Cost of additional demand: : 10%(DCF) 15%(DCF)
in a domestic refinery $5.68 $6.07
in an offshore refinery $5.42 $5.68

If permitted to function, the forces of a free, competitive
marketplace might be adequate to cause the expansion or new con-
struction of some of the necessary refineries at the lowest cost
location -- probably offshore. Considering, however, the enormous
magnitude of the potential shortfall in domestic capacity and the
fact that a completely free uncontrolled market is unrealistic to
anticipate, there will need to be programs that recognize other con-
siderations--military or economic security, balance of payments or
providing jobs for U.S. citizens--and provide greater overall bene-
fits for the economy other than cost savings from using foreign
refineries. These overriding benefits may require that new refining
capacity be located in the United States. In such a case, further
inducement or some form of product import control will be required.
Whatever policy is adopted, it should be clear and quantitative.
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If investors believe that government inducement to build
onshore refineries is temporary, the economic attractiveness of
doing so will be weakened. Any benefits, over and above those
needed to reduce the costs of onshore refineries, would eventually
be passed on to consumers in the form of lower prices. .

The implications of refining cost differences between offshore
and onshore locations under various conditions are. clearly illus-
trated in terms of District I supply. The same principles apply
in other districts, but more alternative supply patterns are possi-
ble for District I.

Assuming that there are no controls on prices and that a Zero
tax rate offshore can be achieved, the supply costs as shown lead
to the following conclusions:

® Assuming refineries can be built in District I and imports
of light products are prohibited: New balanced refineries
will be built in District I and will save consumers about
$0.42 to $0.50 per barrel over bringing heavy fuels from
offshore. The term '"balanced refinery" refers to a re~
finery with a product slate of both light and' heavy pro-
ducts proportional to the projected growth in product
demands. To assure the production o0f low-sulfur heavy
fuel o0il in District I, it might also be necessary to
limit its import from specialized units, such as low-
sulfur crude oil topping plants.

® Assuming refineries ¢an be built in Districet I and imports
of light products are permitted: Balanced refineries will
be built offshore to supply District I demands at a saving
of $0.16 to $0.39 per barrel over an onshore, balanced
refinery. In other words, a cost disadvantage of $0.16 to
$0.39 per barrel over and above the crude oil import quota
cost must be overcome if the refineries are to be built in
the United States.

® Assuming refineries cannot be built in District I and
light product imports are prohibited: There would be a
slight advantage of $0.25 to $0.28 per barrel to supplying
District I from balanced refineries in District III in-
stead of from light product refineries in District III and
heavy fuel o0il refineries offshore. As previously noted,
it might also be necessary to prevent fuel oil imports
from low-sulfur crude oil topping plants. :

® Assuming refineries cannot be built in Distriect I and light
product imports are permitted: Balanced refineries would
be built offshore to supply District I at a saving of $0.43
to $0.60 per barrel over an onshore, balanced refinery in
District III, In other words, a cost disadvantage of $0.43
to $0.60 must be overcome if the refineries are to be
built in the United States in the event that they are
prohibited in District I.
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Offsetting the cost disadvantages of onshore refineries, the
Nation's economy would benefit from the creation of U.S. jobs,
savings in the balance of trade and a more secure refining system.
Again in terms of District I supply, Table 43 illustrates where
the differences between expected offshore and onshore costs occur.

TABLE 43
ILLUSTRATIVE COSTS OF ONSHORE VS. OFFSHORE

REFINERIES TO SUPPLY DISTRICT | GROWTH IN DEMAND
($/Bbl of Product in 1985)

Origin of Supply

Onshore
District | District 111 Offshore*

Crude Oil in Persian Gulft 2.65 2.63 2.69
Transportation and Terminallingt 1.28 1.21 1.00
Duty 0.1 0.11 0.29
Operating Costs 0.48 0.45 0.38
Product Transportation - 0.51 0.27
Interest on Working Capital 0.08 0.08 ) 0.10
Marketing Expense 0.05 0.05 0.05
Income Taxes$§ 0.52 0.45 -
Return on Refinery Investment || 0.90 0.79 0.90

Total (15% DCF Rate of Return) 6.07 6.28 568

Total (10% DCF Rate of Return) 5.58 5.85 - 5.42

* The tabulation of costs shown in this table for an offshore refinery is not based on any particular location, nor are
there currently any offshore refineries making the assumed *’balanced” District | slate of products. Current offshore re-
fineries are of the hydroskimming type, feeding mixtures of low-sulfur and high-sulfur crude, primarily producing fuel

oil for the U.S. market. Consequently, these costs are not intended to display actual circumstances of current offshore
conditions. "

+ Prices of crude oil in the Persian Gulf are the same. Figures in the table differ because they are expressed in dollars
perbarrel of product, and product yields vary from location to location. Costs include butane purchases and exclude
cost of acquiring import quota.

I Shipping at Worldscale 70 rates. Oil moves to District | by VL.CC to a Caribbean terminal and thence by barge to
the United States. District 11 uses VLCC’s and a man-made deepwater port.

§ 48-percent tax rate onshore and-zero offshore. It is assumed that a refiner offshore will make full use of tax con-
cessions. .

i 15-percent rate of return. Return is related to estimated refinery investments. Offshore refinery investments in-
clude a power plant which onshore refineries do not have,

It can be seen that several cost variations exist between
onshore and offshore refineries. In general, the lower crude oil
handling costs and lower operating costs offshore just about off-
set the duty on products imported into the United States. In
addition, offshore refineries frequently enjoy tax advantages.

Because of the assumption that crude oil import licenses are
available at no cost, these studies show that providing refiners
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with free access to foreign crude oil will not, by itself, be

enough of an incentive to cause new grassroots refinery construction
onshore. Supplemental incentives or programs, such as firm restric-
tions on product entry, are required to ensure onshore construction.

If foreign taxes are assumed to be higher, or if the rate of
return is assumed to be lower, the $0.39 per barrel advantage of
foreign refineries shown in Table 43 will be less. These effects
are illustrated in Table 44.

TABLE 44
SENSITIVITY OF PRODUCT COST

TO INCOME TAX RATE AND RATE OF RETURN
($/Bbl of Product in 1985)

Advantage of Offshore Refinery over District |

10% DCF 15% DCF
Rate .. Rate

of Return of Return
0% Tax Rate Offshore 0.16 0.39
28% Tax Rate Offshore 0.05 0.17
48% Tax Rate Offshore (0.02) (0.02)

The illustrative economics of a refinery located in eastern
Canada (see Table 45) show quite a different set of economics than
the cases previously described. In eastern Canada, the current
income tax rate is 49 percent and, in addition, there is a
statutory $0.04 per barrel environmental tax now applicable. As
indicated by Tables 44 and 45, when the perimeter location income
tax rates are comparable to domestic U.S. tax .rates, the economic
advantage of offshore locations tends to disappear vis-a-vis an
onshore location.

From the work done in this study, it would appear that any
type of grassroots refining facility located offshore which has
the same cost opportunity of acquiring crude oil can manufacture
a comparable slate of products cheaper than a domestic refinery,
provided an effective low tax rate is obtained offshore.

As has been shown, a balanced offshore refinery maintains
an economic advantage even it if pays duty on the products it
exports to the U.S. East Coast. Consequently, even with free
access of crude oil into the United States an offshore location
would have an economic advantage over a U.S. location, if product
imports are permitted from the offshore location. Naturally, any
added costs for the onshore location such as a crude oil tariff,
crude o0il ticket cost or crude o0il auction cost simply worsen the
cost disparity and create greater pressures to export capacity and
increase light o0il product imports.
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TABLE 45
ILLUSTRATIVE COSTS OF EASTERN CANADA REFINERY*
$/Bbl
of Product
_in 1985
Crude Oil in Persian Gulf 2.63
Transportation and Terminalling 1.10
Duty Crude and Products 0.29
Operating Costs 0.31
Product Transportationt 0.20
Interest on Working Capital 0.10
Marketing Expense 0.06
49% Income Tax 0.52
Return on Investment
(15% DCF Rate of Return) 0.91
Total 6.12
Pollution Tax 0.04
Total (15% DCF Rate of Return) 6.16
Total (10% DCF Rate of Return) 5.76
* Estimated from existing operations; hence the product slate is not wholly consistent with the product slate
projections used to develop Table 43.
t At Worldscale 125 rates.

If product imports are not permitted (assumption is that
they would be frozen at 1970 levels) and free access of crude
0il is permitted to the United States, then the economic forces
at work are primarily U.S. refining economics per se, rather than
competition from foreign locations. In this case, we find that
the cost of producing products relative to the current price
levels for products would provide virtually no return on invest-
ment incentive for a refiner to install balanced capacity, as
explained earlier.

Consequently, the only capacity increase that would possibly
be stimulated by a free access of crude o0il program would be that
which could be undertaken as debottlenecking of existing facilities
in connection with producing higher valued products such as gaso-
line, jet fuel, kerosine, and distillate. Debottlenecking
feasibility is highly dependent on each particular refinery instal-
lation. Without a detailed analysis of each refinery, it is diffi-
cult to estimate how much could be undertaken in each PAD District.
However, if those products that are imported attract significantly
higher duties than at present, then free access of crude oil
would greatly enhance the possibility of new capacity onshore.
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INCOME TAXES

The difference between the U.S. and foreign taxes can be a
significant element in determining the location of a new refinery.
Of all the kinds of taxes, income tax is the most important. It
can often be as much as 20 times the total of other taxes.

The tax structure in several illustrative countries where
U.S. refining capacity might be built has been examined for this
report. In several instances, rates of income tax and the related
tax on dividends (which a foreign subsidiary would be expected to
pay to its parent) are in the 40 to 50 percent range. The taxes
in these countries are comparable to those of the United States,.

In several other countries, however, there is either no in-
come tax or the government, in an effort to stimulate economic
development, has offered tax holidays or special tax allowances
(such as fast depreciation). These areas have a significant ad-
vantage over the United States, not only because of the favorable
taxes, but also because of the kind of investment climate that
such inducements suggest. Experience indicates that the tax situ-
ation may vary from time to time. In some countries special nego-
tiations are possible and refiners will find that they may be able
to develop tax concessions particularly suited to their operations.
On the other hand, as countries achieve their development goals,
or find their economies unbalanced by the inflow of refining capa-
city, tax inducements to new investment are likely to be stopped.

Table 46 shows the possible variations in tax rates on refin-
ing projects in selected perimeter areas outside the United States.
Summaries of the tax structure of several countries are detailed in
Appendix G (Tables 68-75).

PRICE CONTROLS

Wage and price controls have come at an unfortunate time for
the domestic refining industry. Prices have been frozen at levels
which are inadequate for justification of new refining capacity
appropriately designed for the 1970's. The disparity between
product prices required for acceptable economics on new refinery
capacity and the level of prices allowed under the current controls
is so wide that the details of the control machinery are not
really important. The situation is that controls are intended
to maintain the status quo (if controls function perfectly) rather
than correct any economic imbalances. There are only two alterna-
tives for the future. If present controls are retained, U.S.
refining capacity cannot economically expand. If U.S. refining
capacity is to expand, then price controls will have to be removed,
or at least relaxed, with the expectation of refinery gate product
values rising.

Prevailing Price Levels at Freeze

Just how it came about that permitted price levels are
insufficient to support new refinery investment is probably a
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Regular With Incentive
Aruba and Curacao $0.50 $0.21
Bahama Islands 0 0
Guadeloupe 0.35 .0
Jamaica 0.57 ‘ 0
New Brunswick, Newfoundland 0.50 ‘ 0.43
Puerto Rico 0.60 0
Trinidad and Tobago : 0.50 0
Virgin Islands 0.50 0

Note: The taxes shown in this table are illustrative only. They include income and profits taxes and
taxes on d’ividends paid. There are numerous variations in tax concepts from country to country which have
not been examined in detail.

Tax incentives offered by the different countries also vary depending on the project, how it’s organized,
and the circumstances in the country at the time. They frequently have time limits. The taxes in the
“With Incentive’’ column are an indication of the lowest tax rate that might apply, at least for a few years
of the project’s life. (Those figures in this column which are greater than zero reflect special known instances
of negotiated rates and are not intended to be indicative of any future situation.} It is assumed that a
refinery operator’s overall tax affairs can be so organized that the tax savings can actually be realized.

TABLE 46
INCOME AND RELATED TAXES ON A REFINERY PROJECT

IN SELECTED COUNTRIES
(Dollars of Tax per Dollars of Pre-tax Profit)

Amount of Tax

separate study in itself. Some factors which may have had some
bearing are as follows:

Product values of mid-1971 were still influenced primarily
by the economics of processing incremental crude in an
environment of surplus refining capacity. Profits at

that time and during the several previous years were too
low to justify refinery expansions. Thus, controls hap-
pened to fall at the wrong point in the product price-
refinery construction cycle relationship.

The scope of facilities required for new refinery capacity
is greater and more costly than pre-1971 facilities. Re-
finers were in the process of assessing the impact of
increasingly difficult product quality and plant effluent
standards on refinery investments. Clearly, 1971 product
values did not represent recovery of costs of doing busi-
ness under the future ground rules.

A rapid escalation in construction costs between 1965 and
1971 resulted in further discouragement for building new
refining capacity. Controls came at the end of a period
when cost escalation had outrun the economics of techno-
logical improvements, productivity and scale and before
product prices could adjust to reflect the increase in .
costs.
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Cost-Price Squeeze

The economic .environment in which refiners find themselves
has been one of steadily increasing costs without compensating
changes in product price. The costs for labor, employee benefits,
materials, supplies and utilities have been steadily increasing.
Traditionally, petroleum and other energy has been supplied to
Americans largely from domestic sources at relatively low costs.
The latter point is demonstrated by the movement of both gasoline
and crude oil prices relative to other price trends.

For example, over the 1960-1971 period, gasoline prices,
including sharply increased excise taxes, rose by less than half
as much as the consumer price index for all items (Figure 18). The
increase in gasoline prices over that period amounted to 15 percent.
This compares with a 37 percent increase for all consumer items and
a 34 percent rise for necessities such as food and clothing.

Similarly, petroleum wholesale prices have lagged behind the
rise in wholesale prices generally since 1960, From 1960 to 1971,
the price index for all commodities rose by 20 percent, while crude
0il prices increased by 15 percent and gasoline prices by only 4.5
percent (Figure 19).

Operating costs for each refinery vary widely depending upon
the size of the refinery, the type of crude oil being charged, the
type of products being produced and the specifications for the prod-
ucts. As an illustration, the average hourly earnings in the
petroleum industry (see Figure 20) are indicative of the increases
in costs experienced over the last 11 years.

In brief, the U.S. energy situation in the past has been
characterized by plentiful domestic supplies at relatively low
costs., This availability of low-cost energy, particularly petro-
leum energy, has sparked an economic growth thrust that is un-
paralleled in world history.

CRUDE OIL SUPPLY

The problem of certainty of quality and quantity of crude
0il to meet continuing U.S. needs is very large and complex.
Important parts of the problem are phsyical, economic, financial
and finally political. It is essentially a world problem and in-
volves the demands of other nations, most importantly Western
Europe and Japan, and the supplies available which are concentrated
in relatively few parts of the world.

Physical Factors

Near-term production of crude o0il within the United States
has peaked. Much o0il remains to be discovered in the United States;
additional o0il can be recovered from known deposits by secondary
and tertiary methods if appropriate incentives exist. Because of
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this potential for future oil production, the United States will
not become wholly dependent on others for oil, but the rate of
accumulation of new supply within the United States will probably
be slower than the rate of consumption. As a consequence, we

may be required to import an increasing proportion of our
consumption of crude o0il or the products made from it. We imported
25.9 percent of required oil supply in 1971. As discussed in

U.S. Energy Outlook, depending on whether we find oil at a high
rate or low rate, we may need to import as much as 65 percent of
our supply by 1985.

Since Canadian supplies are incapable of supplying Canada's
needs and ours too, most of the imported crude oil must come from
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overseas by tanker. Because South American sources are limited,
much of any additional crude o0il must come from the Middle East

and Africa. The economic incentive to transport the o0il in large
supertankers generally exceeding 200,000 deadweight tons (200 MDWT)
is great. Ecological considerations also tend to favor use of large
tankers since the number of transporting events is -reduced, dimin-
ishing the potential for spills especially from collision in con-
gested waterways. The rivers and harbors of the United States,
with the exception of a portion of the coast of Maine and a part

of Long Island, do not have an adequate depth to handle these large
vessels. We will need, therefore, to develop specially designed
ports for off-loading supertankers in the Eastern Seaboard, Gulf
Coast and West Coast areas. Pipelines must then be constructed

to deliver oil from the water's edge to refining centers.

Economic Factors

The finding of crude o0il, as well as its recovery by secondary
and tertiary means will be increasingly more expensive both within
the United States and abroad. The problem is much larger than one
of general inflation of costs. It is axiomatic that man seeks
the easiest task first, and easy-to-find crude o0il has already
been discovered. Newer discoveries of crude oil are and will
continue to be found in increasingly hostile environments ~- in
the arctic areas of Alaska, in the jungles of Africa, in the deserts
and in deeper and deeper offshore waters. Moreover, in the United
States, new discoveries will be in much deeper strata or in much
deeper water, both of which require a geometric increase in expense
to achieve the result. Whether these investments are made overseas
or at home, the price of crude oil must reflect the cost of dis-
covery and production, cost of capital and some profit incentive,
or the investment required will be unavailable.

A precise evaluation of capital requirements for tank ships
hinges upon the accuracy of projecting supply sources. However,
if it is assumed that our total waterborne oil requirements in
1985 were to originate in the Persian Gulf, a fleet of at least
four hundred 200 MDWT tankers would be required. This implies
an investment of some $14 to $16 billion for ships by 1985. 1In
order to provide incentives for such investments ~-- the cost of
constructing and operating these tankers, the crude oil pipelines
to refineries and the supertanker ports -- must ultimately be re-
covered from the consumer by virtue of the price mechanism.

The problems and economics of storage of large quantities
of crude o0il as a.hedge aganist political interruption of supplies
are not only those of the industry but also vital to the well-being
of this Nation. This need for storage of material vital to the
working of the U.S. economy is a national security consideration.

An additional economic factor which must be considered --
regardless of the certainty of the foreign energy source -- is
the outflow of U.S. dollars required to purchase these supplies.
The NPC has projected that 1985 energy imports will cost the
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country between $18 and $26 billion as compared to $3.6 billion
in 1970.

Financial Factors

The financial problem is two-fold. First, the industry
must spend capital monies in the next 15 years at a much greater
rate than heretofore. Secondly, attracting these sums from the
financial markets will be in a large measure dependent on an
adequate prospect of profitability.

Political Factors

From the foregoing it is concluded that the impact of
uncertainties in crude o0il supply arising from physical, economic
and financial factors can be reduced by a program based on the
workings of the free market. We probably have no choice since
the United States will be bidding for these supplies against other
nations and vital national security interests are involved.

Political factors contribute the greatest element of uncer-
tainty, especially since many are not under our national control.
The United States, Western Europe, Japan and other oil consuming
entities in the Free World will become increasingly dependent on
the supplies of Africa and the Middle East.

One political uncertainty arises in the relative stability
of the young governments of Africa and the Middle East. Another
element of uncertainty arises from the functioning of power blocs
created by the governments of the USSR and the Peoples' Republic of
China. Finally, we must continue to negotiate price with the
supplying nations in circumstances where their perception of value
could cause major disagreement at the negotiating table.

It is a world problem and, as a consequence, world price will
be set not just by our own actions but by those actions of all
consuming and producing countries. However, there are domestic
political efforts which can be undertaken to improve the certainty
of supply of crude oil to the Nation's refineries. They would
provide incentives to investment in domestic energy supplies.

It is evident that o0il industry costs in the forthcoming
period will accelerate more rapidly than general price levels in
the economy. This implies a dedication of a greater fraction of
disposable income by the citizen in acquiring energy, be it gaso-
line, heating o0il or electricity. Efforts by the U.S. Government
to restrain prices for political reasons will adversely affect
profit incentives in all sectors of the oil industry. Such dis-
incentive to investment would later be manifested by shortages as
demand grows. Artificial stimulation of investment by the govern-
ment could then be expected to ensue, accompanied by a substantial
increase in degree of regulation.

Such a process would lack stability and efficiency, and con-

tinuing problems and uncertainties in energy supply could be ex-
pected. It would appear that government action should be toward
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a free market, not away from it. Investments made where capital
recovery is expected only over periods of 10 or 15 years depend
importantly on the predictability of market forces and actions
of government. The Federal Government could do much to assist
stability in the supply of crude oil (hence, energy products) by
adopting a National Energy Policy around which the country could
rally.

CONSTRUCTION COSTS AND LIMITATIONS

In addition to such refinery expansion constraints as financ-
ing, siting and environmental problems, the increasing cost of
construction has also contributed ‘to the shortfall of refinery
capacity. For instance, construction cost indices have risen
over 50 percent during the decade of the 1960's.

Cost of construction is less in the Caribbean than in the
Canadian Maritime Provinces and at most U.S. locations, except the
Gulf and West Coasts. As an example, contractors active in many
different areas offer the following cost factors for construction
of similar facilities relative to the Gulf Coast:

Areas Cost Factors
Canada, Maritime Provinces 1.2

Gulf Coast 1.0
Caribbean (Jamaica - Puerto

Rico - Virgin Islands) 1.1
East Coast (Baltimore - Philadelphia) 1.15
Midwest (Chicago - Kansas City) 1.15
West Coast 1.0

Furthermore, more stringent environmental considerations in the
United States and Canada for future construction will increase the
cost per barrel of throughput relative to the costs at a Caribbean
site.

Possibly the most significant factor in future construction
costs is not the cost difference between locations, but the effect
of the total workload on the construction industry. Since 1952,
refining and chemical industry expenditures fluctuated around §3
billion until it peaked at nearly $6 billion around 1966-1967., Ex-
penditures have been cyclic in nature and each peak period has
been accompanied by signs of stress in the industry -- almost
complete reliance on more costly 'cost-plus'" contractual arrange-
ments, slow equipment deliveries, poor quality of work, labor
shortages and pressures for overtime. Despite these protbtlems,
facilities were completed, although at a higher cost and on a de-
layed schedule.

Although the future is extremely difficult to predict, the
need for increasing levels of investment in the refining industry
alone is great. There will be a need for additional refinery capa-
city serving the United States of about 11 MB/CD between 1970 and
1985 which will require a total of as much as $23 billion -- or
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$1.5 billion annually. This expansion investment, plus capital
investments in the refining industry for product quality improve-
ments, environmental obligations, and modernization for obsoles-
cence or efficiency and probable increases in investment in the
chemical industry, will tax or exceed the capacity of the '"heavy"
construction industry. Many in the petroleum industry have
questioned the ability of the construction industry to meet these
future expansion requirements with reasonable costs and minimum
delays.

To understand the current capability of that portion of the
construction industry associated with refining and chemical
plants, three main factors have been examined separately. These
are engineering contractors, material suppliers and fabricators,
and construction labor.

Engineering Contractors

Engineering contractors have drastically reduced their forces
since the peak years of the mid-1960's because of the slump in
refining and chemical-type construction. Many of the engineers
have moved to nonoil industry jobs. As a whole, however, contractors
have been successful in retaining many of their key employees at
all levels, and this cadre will serve as a building block for
expansion. Hopefully, many of the contractors' former employees
will return to the construction industry when the need arises.
Furthermore, there is a pool of retrainable people formerly associ-
ated with the defense related industries. However, process engi-
neers will remain the most critical discipline.

The Fluor Corporation in mid-1972 made a projection of the
outlook for the U.S. engineering and construction market for the
next 5 years (see Table 47). Although no attempt has been made to
verify their projection for each category, their estimate for petro-
leum refining is reasonably consistent with the one put forth by
this Committee. In any case, this table indicates the magnitude
of technical manpower problems the construction industry will face
in the future. This technical manpower may be slightly less than
indicated -- to the extent that future refining projects are of
larger scale, less engineering manpower per barrel per day of
capacity will be necessary. Similarly, a greater than historical
grassroots expansion results in a higher proportion of offsite
facilitiés which require less engineering support. In any case,
technical manpower will have to grow rapidly to undertake the
expected flow of capital commitments.

Material Suppliers and Fabricators

A survey of 18 leading manufacturers and fabricators serving
the refining and petrochemical industries was made in 1970 regard-
ing growth of their productive capacity. On the average, they
reported an annual growth in capacity of 8 percent during the
1965-1970 period. While limited activity in the past 2 or 3 years
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6¢1

1973
1974
1975
1976
1977

Total

TABLE 47

U.S. ENGINEERING AND CONSTRUCTION MARKET OUTLOOK — 1973-1977
*(Capital Commitments — Millions of 1973 Dollars)

. : Ave. Tech.8
Petroleum Synthetic Natural Gas Synthetict  Residuum Contd. Staff
Petrochemicals® Refining Liquids Coal Crudes Desulfurization Miscellaneous ¥ Total Required
2,200 1,3OQ 300 700 700 550 140 5,890 20,500
- 2,500 1,350 500 .350 400 500 506 6,100 25,200
2,650 1,500 700 500 700 500 450 7,000 32,000
2,900 1,600 700 700 400 350 800 7,450 36,900
3,100 1,650 700 900 800 450 750 8,350 39,800
13,350 7,400 2,900 3,150 - ‘3,000 2,350 2,640 34,790
(38.4%) (21.3%) (17.4%) 6%  (6.8%) (7.6%) (100%)

* Excludes work by captive personnei.

TIncludes liquids from tar sands, shale oil, and coal liquefaction.

Flncludes gas treating, domestic and overseas liquefied natural gas {LNG) facilities, and foreign contracts.

§Calculated at $190,000 in-plaoe:;)'lant per technical man-year.

Il U.S. technical manpower {major -E & C) staff estirﬁatéd at 18,000 on 1/1/73.
SOURCE: The Fluor Corporation, 1972. :




may have forced them to develop other outlets for their capabilities,
it is reasonable to assume that they can once again match and even
exceed the capacity reached during 1966 to 1967.

Construction Labor

Construction labor is an enigma. The skills of and the num-
bers in the labor pool in a geographical area tend to be determined
by the historical level and type of activity in that area. Today's
craftsman is relatively immobile and he is not too interested in
traveling to a distant job site just for the sake of employment.

If he is mobile, he tends to migrate to the projects that are paying
large amounts of overtime. Local labor leaders take varying atti-
tudes toward accepting the worker who will travel and to allowing
the local residents with some skills to work on a permit basis.
Recent incentives to increase the size of the local labor organiza-
tions have been minimal because there has been some degree of
unemployment in many areas. As a result of this, apprentice train-
ing has moved slowly. In fact, the level of apprentice training .
may not have been sufficient to replace attrition in some of the
crafts. In areas where the numbers of craftsmen have increased,
there is probably some form of long-term employment opportunity
foreseen that will accommodate the increase.

In view of the above considerations, it is probable that the
numbers of craftsmen readily available for refinery construction are
not much greater, if any, than were available during the last indus-
try construction peak. To duplicate the peak, one must anticipate
the same pressures for overtime that existed before, productivity
problems and additional leverage for higher compensation. Further-
more, this increased activity in the power generation field may
have its greatest impact in the area of construction labor and
thereby adversely affect the refining industry.

In summary, it would appear that the engineering contractors
and the material suppliers and fabricators will be able to achieve
or slightly exceed the peak activity demonstrated during the 1966~
1967 period; however, it remains very uncertain that they can meet
all the future construction needs. Construction labor will probably
be limited, and relief will come only if labor accepts the challenge
to open employment channels. Although the labor resource is the
most questionable of the three areas, the availability of the
technical manpower may also become limiting. :

Outside Factors in Other Industries

Power Generation

The power generation industry started an expansion program in
the late 1960's that has been setting new peaks. There is a need
for expansion as witnessed by the actual or threatened brownouts
in various parts of the country. In all probability, the peak
expenditures have not yet occurred in this sector particularly if
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there is a significant move toward stack gas effluent control de-
vices. Problems in obtaining permits and suitable sites have at
least partially accounted for a backlog in the power generation
industry and, thus, there is a contained demand that can break
loose in the future.

For many of the same reasons, the power generation industry
now is tending to locate their new facilities in the same general
areas that are attractive to the refining industry. Thus, there
is bound to be a conflict for construction labor in these areas.
The impact of this development has yet to be assessed as the demand
in the two industries has not yet peaked at the same time. Timing
of the expansions in the same area will be critical.

Synthetic Natural Gas (SNG) and Liquefied Natural Gas (LNG)

There are a number of plants (both SNG and LNG) now being
engineered and constructed. While the exact future of this indus-
try is far from clear, pending further rulings by the Federal
Power Commission (FPC), it can impact on refinery construction
in several aspects -- construction engineering and labor and
material fabricators, particularly those supplying rotating equip-
ment such as compressors. Certainly there will be competition
for the technical engineering staffs of the construction companies.

Just as with utilities, the locations tend to be near popula-
tion centers, the same areas that are becoming increasingly attrac-
tive to refineries. Rapid expansion in this industry will compete
directly for field manpower. Should the SNG and LNG industry be-
come more significant, there will be direct competition with the
refining industry in all aspects of construction. The end result
might well be a sharing of the construction resources .and a re-
duction in the capability to expand refineries.

Unconventional Raw Materials

As more emphasis is placed on developing unconventioral sources
for raw hydrocarbons, competition will develop in the contractors'
shops and with the suppliers and fabricators of material and equip-
ment. Since technology is still under development in this field,
it is reasonable to assume that this competition will not develop
until late in the decade and that it will first be noticed in the
contractors' offices. At least insofar as needs through 1980 are
concerned, the conflict should be minimal. Forced acceleration of
a program to develop unconventional sources, however, could affect
this judgment.

Conclusions

It may not be possible for the construction industry to meet
all of the future demands of the refining industry without excessive
costs and delays to the industry. Construction labor will probably
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be the limiting factor. Many of the problems associated with the
peak years of 1966~1967 will again be encountered. Generally,
expansion will tend to occur -at or near the existing refineries.
New sites in other labor markets would assist in solving the labor
problem. Competition with the power generation industry will de-
tract from establishing new refining centers near market concen-
trations.

Further delay of the expansion program will-create the need
for higher annual expenditures, historical investment opportunities
may have to be set aside and environmental and incompleted lead
removal projects may have to be deferred. Significant expenditures
for product improvements or specification changes will present
problems even under the normal expenditure schedule tor expansion
unless environmental expenditures are delayed. In the delayed
expansion case, expenditures of this nature likely would be imprac-
tical.

REFINERY FUEL

The availability and cost of fuels have become recent problems
which must be considered in building new refinery capacity in the
United States. Whereas domestic refineries have enjoyed a very
favorable climate in terms of fuel costs in the past, this situation
is changing, and the outlook is toward substantially higher levels
for the future. One effect of the significant increase in fuel cost
expectations is a shift in the relative positions of such costs
between domestic refinery and offshore refinery locations. In
other words, the historic refinery fuel cost advantage of domestic
locations, particularly on the Gulf Coast but also in other domestic
areas, is expected to disappear and become an economic disadvantage
versus offshore locations in terms of new refinery capacity.

There are several reasons for this marked change in outlook
for fuel costs for new domestic refinery capacity. The principal
factor is the future availability and value of natural gas. Although
domestic refineries use significant volumes of fuel oil, refinery
gases and petroleum coke for fuel, a high proportion of fuel
requirements are met by external supply in the form of natural
gas. In 1971, natural gas accounted for about 40 percent of the
fuels consumed at domestic refineries nationally and almost 60
percent of such fuels consumed in PAD District III. Furthermore,
other refinery fuel supplements have tended to be valued in rela-
tion to natural gas prices which, until recently, at Gulf Coast
locations could be obtained-at less than half the cost of domestic
crude oil. Fuel costs in other domestic locations generally
reflected the added transportation costs of gas and the competitive
economics of alternate fuels.

Because of limited natural gas supplies, there is at present
both an active gas curtailment program by suppliers, which is
reducing the availability for refinery fuel, and also a trend
toward higher alternate use values for natural gas from the histor-
ical low levels of the past. While refineries receive natural gas
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supplies from a variety of sources, such as from their own producing
functions, from intrastate suppliers and from natural gas utilities,
the possibility of obtaining natural gas for a large new or sub-
stantially expanded refinery appears dim for all locations. Such

a shift in developments points toward total dependence upon refinery
produced product for refinery fuel at substantially higher costs

for these projects. The availability of low-cost natural gas for
hydrogen and joint petrochemical operations, as well as the supply
of related natural gas liquids feedstocks for both refining and
petrochemicals, are integral parts of this problem.

At the same time that the outlook is changing radically for
refinery fuel costs in terms of past dependence upon low-cost
external natural gas supplies for new domestic projects, alternate
fuel choices must be made on the basis of environmental improve-
ments, both in refinery products produced for sale and those pro-
ducts produced for plant consumption. In particular respect to
refinery fuels, sulfur specifications must be planned to meet
emission standards which are being set forth by all the states.
From an economic and alternate fuel standpoint, the net effect
is a further rise in cost and the elimination of high-sulfur con-
tent supplies of fuel o0il, coke and coal from consideration in
new projects.

In contrast to new domestic refinery capacity, plants located
offshore to supply petroleum markets in the United States must
meet domestic product sale specifications but generally are per-
mitted to burn fuel with a higher sulfur content. While most such
locations do not have access to natural gas supplies and fuel and
hydrogen are produced internally from oil, the absence of sulfur
emission standards results in lower fuel costs than comparable
new capacity fueled by o0il at domestic locations.

In summary, the very favorable fuel cost climate enjoyed
by :-the domestic refiner is in a process of change. Limited supplies
and alternate value economics have entered the picture in the case
of natural gas, and emission regulations have changed the outlook
for alternate fuels by eliminating the consumption of high-sulfur
content fuels. Thus, the domestic refiner is faced with an increase
in fuel costs for new or expanded capacity from the historical
level of less than half the cost of domestic crude o0il to the
equivalent of sweet crude costs or higher. Changes in the level
of fuel value will also force a change in the value of lighter
refined products (C3, C4, Cs) with alternate sales potential,
tending to increase their sales price as an incentive for removal
from refinery fuel: Although strong incentives exist to minimze
heat requirements, such a large increase in fuel costs cannot
be offset by gains in efficiency. These developments have intro-
duced new problems into refinery construction planning, both in
terms of higher domestic costs and in terms of the competitive
economics of various locations.

PETROCHEMICAL FEEDSTOCKS

The primary effect of the "energy crisis" on the petrochemi-
cal industry will be a switch from natural gas liquids feedstock
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to heavy liquids feeds derived primarily from refining operations.
Associated with this change in feedstock will be a significant in-
crease in production of energy by-products by the petrochemical
industry. Thus, close coordination of operations and planning
between the refiner and petrochemical producer will be required

in the future. '

The huge capital investments that must be made in heavy
liquid olefins units require that the industry seek new ways to
share the risk of these ventures through creative contractual
arrangements. For the past two years there has been much discus-
sion on the impending "energy crisis'" which the United States 1is
facing. For the most part this '"crisis'" has been interpreted as
an imbalance between domestic supply and demand of crude oil and
natural gas with the inevitable effect of an increased dependence
on imported oil and gas. Figure 21 is a typical analysis of the
problem in this regard.
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Figure 21. U.S. Domestic 0il and Gas Consumption and Supply.
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Recently attention has begun to be focused on the changing
structure of the industry as it moves to heavy liquids as feed-
stock for olefins manufacture. The purpose of the following sec-
tion is to assess the effect of these two aspects of the energy
crisis on the petrochemical industry during the 1970's

Demand for Basic Petrochemicals

Olefins and aromatics are the basic petrochemicals on which
the U.S. petrochemical industry is based. The demand for these
basic petrochemcials is supported primarily by the demand for
plastics and fibers which are projected to grow at a rate of 10
to 13 percent per year during the 1970's. Over 50 percent of all
aromatics and olefins are consumed in these end uses.

Industry projections of the growth rate for the major basic
petrochemicals vary from 7 to 9 percent per year.*+3 As shown
in Figure 22, the demand for these petrochemicals is projected to
increase from 33 billion pounds in 1970 to as much as 80 billion
pounds by 1980. Ethylene alone is projected to grow from 16
billion pounds to 33 to 40 billion pounds by 1980, an average
increase of 7.5 percent to 9.5 percent per year.

Olefins Plant Feedstocks

At the current time, petrochemical feedstocks for the produc-
tion of ethylene are largely ethane and propane recovered from
natural gas processing (LPG's) and, to a lesser extent, from
liquefied refining gas (LRG) operations. These materials, together
with other refinery gases, account for over 80 percent of the
current U.S. ethylene production.§1 Future supplies of these LPG's
and LRG's are sufficient to satisfy current demands and to provide
for modest expansions of ethylene production capacity. However,
as shown in Figure 23, projected supplies will be nowhere near
sufficient to satlsfy the projected growth in ethylene demand
during the 1970's

* Reynolds, W.W., "The Elements of Decision for Investment
in Basic Petrochemicals," 71st Nat10na1 AIChE Meeting, February
23, 1972, Dallas, Texas.

t+ Spitz, P.H., "Charting Future Ethylene Growth," 71st Nation-
al AIChE Meeting, February 23, 1972, Dallas, Texas.

$ Humble Oil and Refining Company, Chemical and Engineering
News, March 8, 1971, p. 15.

§ Reynolds, Ibid.

T Burke, D.P., Plyant H., "Energy Crisis,'" Chemical Week,
September 20, 1972, p. 39.
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Figure 22. Basic Petrochemical Demand Projection.
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Figure 23. Domestic Supply of Volatiles for Chemical Use.

Furthermore, as natural gas prices increase, as they surely
will in order to at least equilibrate with low-sulfur fuel values,
ethane and propane values will rise accordingly. Price increases
will be even greater if ethane and propane are used to enhance
the heating value of low BTU synthetic natural gas (SNG) or as
raw material for SNG production. For example, based on an SNG
value of $1.25/MMBTU* ethane and propane would be valued at 8.7¢
per gallon and 11.5¢ per gallon, respectively for direct blending
into low BTU SNG. As feedstock for SNG manufacture, the values
could be as high as 7¢ per gallon and 9¢ per gallon, respectively.
These values are considerably higher than late 1972 Gulf Coast
prices of 3.0¢ to 3.5¢ per gallon and 5.5¢ to 6¢ per gallon for
these materials.

* This price seems to be a reasonable basis regarding produc-
tion costs reported in the literature for proposed SNG plants:
Algonquin SNG--$1.41/MSCF, Tecon--$1.23/MSCF, Columbia Gas--
$1.12/MSCF.
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Thus, as a result of the declining supply and increasing

price of light hydrocarbons (see Figure 24), future expansions of
olefins production will be based almost exclusively on heavy liquid

feedstocks derived from refining operations (naphtha, gas o0il) and
from natural gas processing (natural gasoline, condensate).

40 | ' E
LEGEND
% INCREASED SUPPLY NEEDED TO
B ////// MEET HIGH DEMAND
ETHYLENE FROM VOLATILE
FEEDS
ETHYLENE FROM HEAVY LIQUID
30 -] FEEDS
% BASIS LOW ETHLENE DEMAND
{%) BASIS HIGH ETHYLENE DEMAND
o
5 o
> — 7
x _
L B
o
wn
[m]
Z 20
2
(@]
o
=2
o
|
3 -
m 5
2ot
21t :
e Is
10 = ==
s =
— B =
2o -
3 g =2
i =
] o
0 = = :
1975 1980

-
©
~
o

YEAR

Source: Industry Forecasts/Shell Chemical Data

Figure 24. Projected Ethylene Demand.

Feedstock Demand

The total petrochemical feedstock demand (including demand
for natural gas) is projected to increase at an annual rate of
6.2 percent during the 1970's. This will cause petrochemical
feedstock demand to become a larger fraction of the total oil and
gas consumption, increasing from 3.3 to 4.1 percent in 1980.
ever, the demands of the petrochemical industry will remain a very

small fraction of thetotal domestic demand for crude o0il and
natural gas. Olefins plant feed requirements, reflecting the high
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demand for ethylene and the switch over to heavy liquid feedstocks,
will increase at an annual rate of 13 percent on a gross basis.

On a net basis the annual growth is 11.5 percent (see Figure 25).
(Chem Systems have projected a growth rate of 11 percent per year
on a gross basis.¥*)
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Figure 25. Annual Growth of Petrochemical and Olefins
Plant Feedstock.

# Struth, B.W., "Economics of Olefins - 1980's ," 021 and Gas
Journal, August 2, 1971, p. 70.
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During the same period domestic consumption of crude oil and
natural gas is projected to grow at an annual rate of only 3.9
percent while total energy demand will increase at 4.9 percent
per year.x A somewhat more conservative growth in energy demand

(4.2 percent per year) has been projected by the National Petro-
leum Council.

Aromatics Production

The following shows that total demand for aromatics (benzene,
toluene and xylenes) is projected to grow to 26 million pounds
per year by 1980.+%5§

1970 1980
(MM Lbs./Yr.) (MM . Lbs./Yr.)
Benzene 8.9 17.3
Toluene 1.0 1.9
Xylene 4.3 6.8
14.2 26,0

~

This growth represents an average growth rate of 6.2 percent per
year. More optimistic projections predicted an average growth
rate of 7.8 percent per year.fT :

At present, catalytic reforming is the predominant source
of aromatics in the United States., . Catalytic reforming accounts
for more than 80 percent of the benzene produced and essentially °
all of the toluenes and xylenes. Currently about 13 percent of
“the aromatics in catalytic reformate are extracted for chemical use.
Based on a conservative projection of catalytic reforming growth
(5 percent per year) and assuming operating severity of 96 RON by
1980, aromatics available in catalytic reformate will increase
to 23 MM gallons per year.xx Chemical demand will reach 3.5 MM
gallons per year or 15 percent of that available from reformate.

* Shell 0il Company, "The National Energy'Problem: Implica-
tions of Forecast Demand and Supply: O0il and Gas," May 1972.

T Chemical and Engineering News, op. cit.

$ Clair, D.R., "Benzene Market Outlooks for '70's," 71st
National AIChE Meeting, February 23, 1972, Dallas, Texas.

§ McCormick, W.A., Bonanni, V.A., "Xylenes~--Supply/Demand
Next Ten Years," 71st National AIChE Meeting, February 23, 1972,
Dallas, Texas.

T Field, S., "What's Ahead for Aromatics," Hydrocarbon Pro-
cessing, May 1970, pp. 113-120.

®% ITbhid.
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In addition to aromatics available from catalytic reformate,
large quantities will be available from pyrolysis gasoline streams
produced from heavy liquid olefins plants. For example, a 1 MM
pounds per year olefins plant processing a conventional gas oil
feed, produces as much as 90 MM gallons per year of aromatics.
Thus, by 1980 as much as 1.3 MM gallons per year of aromatics
could be available from pyrolysis gasoline.

In view of the above, little change in the basic structure
of the aromatics business is predicted. The bulk of aromatics
demand for chemicals will be satisfied by extraction from catalytic
reformatée and aromatics prices will continue to be related to the
value of aromatics in the gasoline pool.

ECONOMIC FACTORS AFFECTING PEEDSTOCK SELECTION

The petrochemical industry in the United States has developed
on the economic base of low-cost natural gas liquids as feedstocks
for olefins manufacture. Yields of by-products which were ‘consumed
in the energy sector were minimal such that an investment in an
ethylene plant represented a cléar cut investment in basic petro-
chemicals. As the industry enters the heavy liquids era of the
1970's, this will no longer be the case. As shown in Figure 26,
the product slate from a heavy liquid olefins plant contains a
significant quantity of by- products which must be consumed by the
energy sector. For example, energy. by-products from a gas oil.
olefins plant, excluding offgas, represents about 37 percent of
feed as compared with less than 3 percent for an ethane cracker.
Furthermore, it requires nearly 5 billion pounds of. heavy gas oil
feedstock to produce 1 billion pounds per year of ethylene—-over
three times as much as when feedlng ethane.

In addition to a 31gnif1cant yield of energy products
coproduct yields of basic petrochemicals from-heavy liquids olefins
plant are important. Total yield of propylene, butylene and buta-
diene from a heavy liquids plant is almost equivalent to ethylene
production. Thus, no longer can the ethylene producer concern -
himself only w1th ethylene, but. the marketing aspects of all the
basic petrochemicals must be considered. His ability to profitably
move these coproducts, as well as the energy products, will have
a significant impact on overall project profitability.

Another factor which must be considered is the capital
requ1rement for an olefins plant in the heavy 11qu1ds era. -As shown
in Table 48, the capital cost for a 1 billion pound olefins plant
is almost $100 million for a naphtha unit as compared with $70
million for an ethane cracker. The cost of a gas o0il cracker may
reach $135 million.

Thus, the proper choice of feedstock for olefins manufacture
in the future will not be obvious but will depend on the individual
producer's circumstances. Such factors as relative feedstock prices
(or values) and availability, values of various coproduct petro-
chemicals as well as energy by-products produced, and capital
requirements for the facility must be considered.
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TABLE 48

OLEFINS PLANT CAPITAL REQUIREMENT

($MMm)
Feedstock
Ethane Propane Naphtha Gas Oil
Total Capital 70 75 95 135
Capital Allocation
Chemical Sector 69 71 71 ' 97
Energy Sector 1 4 24 38

Basis: a) 1,000 MM Lb./Yr. Ethylene Production
b} Startup Date—1976

Advantages of Integration

As previously discussed, the shift to heavy liquid feedstocks
will increase the relationship between the refining and the petro-
chemical industries. There is no doubt that maximum efficiency in
the use of heavy liquids feedstocks will be realized by careful
integration of petrochemical and refinery planning and operations.

This concept of the integrated petrochemical/refinery complex
has received much discussion in the literature and at industry
meetings. To the refiner, the integrated complex offers an attrac-
tive disposal alternative for low quality gasoline streams and the
olefins plant serves as a partial conversion unit in that gas o0il
can be converted to highly aromatic gasoline and to olefins for
potential alkylation feed. On the other hand, the complex provides
the petrochemical producer with an assured feedstock supply and a
convenient and attractive means for disposal of energy products
from the olefins plant.

Another concept which has received much attention is that of
a "chemical refinery" wherein crude oil is processed for the pro-
duction of olefins and aromatics with no net production of energy
products excepting residual fuel. This type facility, however,
is not as attractive as the integrated petrochemical/refinery
complex. Results of integration studies indicate that optimum
petrochemicals production from an integrated complex is in the
range of 30 to 70 percent of total product out-turn with a rapid
decline in profitability outside this range.*

* Dutkiewice, B., "Integrate the HPI Interface," Hydrocarbon
Processing, July, 1970, pp. 85-90.
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Development of Petrochemical Complexes and Their Effect on the
Industry

The economics of scale have caused significant increase in
the size of the "efficient sized" olefins plant. In the early
1960's plants of 200 to 250 million pounds per year were built for
a total cost of about $25 million. The standard size plant of
today is 1 billion pounds a year costing from $100 to $135 million
if heavy liquid feedstock is processed. The petrochemical out-
turn from a plant of this size is sufficient to support several
downstream derivative and polymer units. Since these basic petro-
chemicals, particularly ethylene, are difficult to transport long
distances, petrochemical complexes will develop around the olefins
plants in the future. An example of such a complex is provided in
Figure 26. Such a complex will represent separate investments
by several companies and will be connected to other complexes by
relatively short pipelines, barge canals where appropriate, and
railways.

A petrochemical complex of this type offers potential savings
to the industry which will be passed on to the ultimate consumer.
Location of suitable sites which will permit industry development
along these lines must be found and approved if these savings are
to be realized. The capital requirement for a typical complex will
be about $500 million. Feedstock supply to the olefins plant,
which produces the basic raw materials for the downstream consuming
units, must be assured if the economic integrity of the complex is
to be maintained. Thus, it will be necessary to develop means
for effective coordination of operations and planning among the
refiner, the olefins producer and the downstream derivatives and
polymer. This type of coordination has not been necessary in the
past since (1) the petrochemical industry developed from natural
gas liquid feedstocks, which were in ample supply, and little, if
any, coordination between the petroleum and chemical companies was
required and (2) the olefins plants of the past were much smaller
units and, hence, there were many fewer downstream units dependent
on its out-turn so that close coordination of operating plants pre-
sented fewer problems.

Another barrier which must be overcome to permit effective
coordination of the plans of the several business sectors involved
in a petrochemical complex is that associated with supply contracts.
Long-term (5+ years) contracts are written to assure physical sup-
ply and off-take in relatively thin markets. Escalator clauses or
price schedules are written in to preserve the economic viability
of each party's project. This places substantial stress on the
ability to foretell general price movements in the economy. 1In
spite of the uncertainties now faced by the industry, new ways
for sharing the risk of these huge investments through creative
contractual commitment must be devised.

Impact of 0il Import Regulations on Petrochemical Feedstocks

As discussed earlier, the U.S. petrochemical industry developed
on the economic base of low-cost natural gas liquids for olefins
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manufacture. In the mid-1960's, it became apparent that supplies
of natural gas liquids would soon be inadequate and that future
growth of the petrochemical industry would necessitate a switch to
-heavy liquid feeds derived primarily from refining operations.
However, the 0il import control program precluded obtaining heavy
liquid feeds except from domestic sources at costs higher than
those existing in international markets. The petrochemical industry,
therefore, sought an exemption from the 0il Import Regulations for
importation of foreign naphtha petrochemical feedstock. Section

9B of the 0il Import Regulations, which was recently approved,
granted this exemption for the importation of naphtha and other
heavy liquid feeds. The impact that this will have on future feed-
stock selection is unknown.

The driving force which prompted the chemical industry to
pursue this exemption was the historical differential of about 2¢
per gallon which has existed between the price of domestic naphtha
and the delivered price of foreign naphtha. However, continued
efforts by the OPEC Nations to escalate crude oil prices may ulti-
mately approach equilibration of foreign and domestic crude oil
prices. Shoudd this equilibration be reached, the differential
between imported and domestic naphtha prices will diminish.

Another factor to be considered in addition to price is
availability. An estimate of Free World naphtha flows for 1970
was presented in a recent report of the Stanford Research Institute.*
About 400 MB/CD of excess naphtha was available in the Caribbean in
1970 as a result of large scale production of fuel oil for the
Eastern Seaboard of the United States. This naphtha, together with
that from the Middle East, was utilized to balance naphtha demands
of Europe and Japan. The amount of this Caribbean naphtha which
could be bid away from other consumers at the much quoted '"foreign
naphtha'" price is unknown, but it appears doubtful that a signifi-
cant quantity could be obtained without a substantial price increase.

A factor which will affect both the price and the availability
of foreign naphtha as petrochemical feedstock is the demand for this
same material as SNG feedstock. Proposed SNG plants which have been
announced to date could conceivably consume up to 750 MB/CD of
naphtha by the mid to late 1970's.t+ In a paper presented at the
meeting of the American Association of Chemical Engineers in Dallas
in 1972, Union Carbide estimated that an. attempt to import this
volume of naptha would increase the delivered price by at least

* Stanford Research Institute, '"Chemical and Petroleum Fcre-
casting Program--Preliminary Report," March 1972.

+ Importation of naphtha for SNG production is not currently

permitted under current Oil Import Regulations. Issue is currently
under investigation by the Office of Emergency Planning.
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$0.50 per barrel and perhaps by more than §1.00 per barrel under
more restrictive conditions.*

On the other hand, present government policy permitting the
importation of heavy fuel oil and preferential tax incentives en-
courages the building of crude refinery capacity in offshore loca-
tions. Thus, the growth in naphtha supply is offshore. Until
these imbalances are corrected and normal growth in domestic crude
refining capacity is restored, it will be necessary to permit the
domestic petrochemical industry to import naphtha feedstocks in
order to maintain its normal growth. Otherwise, the petrochemical
industry would also be exported.

In view of the aboVve factors, and assuming the return to nor-
mal growth of crude refining capacity, the U.S. petrochemical
industry will find it economically attractive on a long-term basis
to utilize domestically produced raw materials to satisfy most, if
not all, of their growth in feedstock demands. This conclusion
supports the need for a strong domestic refining industry so that
ample feedstocks will be available to the petrochemical industry
at competitive costs.

Recent import/export balances of chemicals lend support to
the foregoing. In the 1968-1972 period, imports of chemicals rose
from $1.1 to $2.0 billion--an 82 percent increase--while exports
rose from $3.3 to $4.1 billion--a 24 percent increase.+ Imports
have been increasing proportionately faster than exports, and the
Nation's favorable trade balance on chemicals, which formerly en-
joyed good growth, has shrunk in 1971 and 1972 from the peak level
of $2.4 billion enjoyed in 1970.

FINANCING

Over the past 10 to 15 years the choice of location, either
within or outside the United States, for construction of refining
facilities by U.S. petroleum companies has not been influenced to
any significant extent by differences in available financing.
Although there was a period of about 2 years when money was extreme-
ly tight in the United States, this 1s not particularly relevant
to the long-term trend in refinery construction under consideration.

For major international o1l companies with strong credit
records, adequate long-term financing is available in the Eastern
Hemisphere for construction of refining capacity in that area at
a cost equal to or slightly higher than the cost of money in the
United States. Smaller companies with weaker credit ratings would

% Dickinson, R.M., "Computer Analysis of Energy and Feedstock
Values at the Petroleum--Petrochemical Interface," 71st National
AIChE Meeting, February 23, 1972, Dallas, Texas.

T Eleven months actual, one month estimated.

156




pay more for long-term money in the United States, whereas in Europe
they would have to rely on revolving bank credit or other short-term
financing. In some cases, special government-backed financing may
be negotiated, facilitating ease in obtaining construction capital.

The financing of refining installations in developing areas
is somewhat different from that in Europe or the United States.
Most developed nations (including the United States) have export
promotion programs backed up by 8 to 10 year financing at interest
rates somewhat lower than that which might be obtained from sources
within the country in which the facility is to be installed. A
major international oil company with a good credit rating would
encounter borrowing costs very little different in an offshore
venture than with a U.S. location, whereas a smaller firm with
a short history of successful operation would generally find off-
shore financing slightly cheaper than raising money for a U.S.
venture. The political stability of the host country is a factor
which will be weighed heavily by financial lending institutions.
Industrial development incentives plus U.S. crude import restric-
tions and other advantages, such as deep water close to shore,
use of foreign flag vessels and a favorable tax climate, have made
it attractive to construct a substantial amount of refining capac-
ity in the Caribbean, basically to serve the U.S. East Coast heavy
fuel market.

It may be concluded from the foregoing that the availability
of financing at reasonable and competitive terms has not been a
factor in choosing a European refining location versus a U.S. site,
but lower interest rates plus the other factors mentioned, influenced
some refiners in deciding to build in developing areas such as
the Caribbean rather than in the United States. Implementation of
regulations on foreign direct investment does not appear to have
been a major deterrent to the construction of refining facilities
outside the United States.

ENVIRONMENTAL CONSIDERATIONS

Environmental considerations will increase the costs of petro-
leum products in numerous ways. For example:

e Consumption of products will be increased by the substitu-
tion of low-sulfur fuel o0il, LPG and distillate fuel for
alternative high-sulfur petroleum, natural gas and nonpe-
troleum fuels (such as coal) and by use of less efficient
automobile engines.

e Refining costs and crude o0il requirements will be increased
sharply in order to make environmentally acceptable fuels
and to meet environmental standards.

e Transportation costs will be increased if refinery con-

struction continues to be delayed or banned in the more
economical locations.
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e The magnitude of expenditures for environmental needs
are significant as even large refineries (over 100 MB/CD)
report costs in excess of 10 percent of all refinery in-
vestment to meet environmental regulations.

Estimates of expenditures to meet existing and proposed
environmental regulations were obtained from the refining survey.
Over the 6 year period 1973-1978, costs in terms of 1970 dollars
are expected to total $3.2 b11110n for the 12.1 MMB/CD capacity
covered by the survey response. This is equivalent to an expenditure
of $265 per daily barrel of capacity, of which $110 will be required
for manufacturing no lead gasoline, $54 for control of .refinery
water effluent,,$90 for control of ambient air, and $§11 for control
of refinery noise and light. These env1ronmental expenditures will
be required over the next 6 years and are in addition to substantial
expendltures already made by the industry. For perspective, this
$3.2 billion expenditure is equ1valent to the expenditures requ1red
to construct between 1.3 and 2.1 MMB/CD of additional refinery
capacity, based on refinery construction costs of §1,500 to $2,500
per daily barrel of capacity. (For discussion of an illustrative
case study, see Appendix H.) :
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Chapter Five

OIL IMPORT POLICY AND OTHER
RELATED ISSUES OF GOVERNMENT POLICY*

INTRODUCTION

Government policies, legislation and regulations at the
federal as well as state and local levels have become an increasing-
ly more important factor to be considered in building and operating
refineries in the United States. It is critical, therefore, that
(1) existing policies and regulations be evaluated in terms of their
impact on the shortfall of refining capacity; (2) current policies
and regulations be modified as necessary to facilitate sufficient
supply of imported crude oil and products to meet the short-term
growth in demands; and (3) new policy guidelines be implemented
within a reasonable period of time in order to maximize long-term
domestic refining capabilities.

The decline in production of domestic crude oil and the near-
term shortages in domestic refining capacity have been contributing
factors in the emerging shortages of crude oil and products in the
United States. Long-term planning by the oil industry to provide
for increased domestic production of crude oil and adequate refining
capacity for processing both domestic and foreign crude supply has
become increasingly more difficult. Uncertainties and inconsisten-
cies in government policies and the lack of consistent and cohesive
long-term policy guidelines have aggravated the planning environment.
Sound government policy guidelines at federal as well as state and
local levels are necessary 'if the oil industry is to maximize supply
for domestic sources.

The relative inflexibility of the crude o0il quota system,
coupled with the decline in domestic crude oil production, has

* The President in his energy message to Congress of April
18, 1973, has removed by proclamation all existing tariffs on im-~
ported crude oil and products and has suspended direct control
over the quantity of crude oil and refined products which can be
imported. In place of the control system, the President has initi-
ated a license fee system. The President stated that, to encourage
domestic refinery construction, crude oil in amounts up to three-
fourths of new refining capacity may be imported for a period of &
years without being subject to any fees.

This chapter was prepared prior to the issuance of the Presi-
dent's Energy Message and does not take into account or evaluate
any of the policy changes or recommendations contained therein.

The chapter does, however, evaluate various factors which affected
refinery operations prior to April 18, 1973. Many of these factors
are still relevant, particularly from the point of view of future
governmental policy decisions, and are presented in that Llight.
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restricted the development of new refining capacity. While it is
true that total U.S. import quotas would increase by the amount of
new capacity built, there has been no direct mechanism to provide

an existing refiner or a potential refiner with the access to foreign
crude o0il supplies necessary to the operation of a new refinery in
the United States. Limited and inadequate starter allocations were
the only existing provisions for granting crude access for new
refining capacity. The difficulities and costs of acquiring imported
supplies from others were discouraging factors in decisions regard-
ing new capacity construction.

OIL IMPORT POLICY--1954-1973

The principal element of government policies affecting the
petroleum refining industry and the petrochemical industry has
been the 0il Import Program. Voluntary and mandatory controls
on the level of oil imports have now been in effect .since early
1955. They have had a substantial and significant effect on the
economies and logistics of the domestic refining industry.

Voluntary Import Control Program

The issues and concerns regarding.oil imports actually pre-
date World War II. Post-War policy, however, was effectively cre-
ated by the establishment of the Cabinet Committee on Energy Sup--
plies and Resources Policy in July of 1954. This committee con-
cluded that in the interest of national security, imports of crude
and residual oils should be kept in balance with the domestic pro-
duction of crude o0il at the proportionate relationships that existed
in 1954. Importing companies were requested to limit imports on
a voluntary, individual basis to conform with the policy directives
of the Cabinet Committee. No effort was made to establish volun-
tary limitations by individual companies.

This phase of the voluntary system was reasonably successful
until early 1957. By that time, tentative estimates of programmed
imports by the 0il companies indicated a significant increase in
the level of imports. 1In response, the President established a
Special Committee to Investigate Crude 0Oil Imports. After study
of the facts, this committee concluded that the proposed level
of imports in 1957 were a direct threat to the national security.
It further recommended that unless importing companies comply with
voluntary guidelines, the President should invoke the national
security provisions of the Trade Agreements Extension Act.

Voluntary guidelines were more formalized as a result of the
committee's recommendations. Controls were limited to crude oil
imports, total levels of imports were developed by geographic area
and individual company allocations were established. Because of
the failure of certain companies to comply with provisions of the
guidelines established in 1957, and because of the substantial
increases in imports of unfinished oil and finished products, vol-
untary controls were eliminated in early 1959, and mandatory regula-
tions were adopted.
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Mandatory 0Oil Import Program

In order to minimize the shortcomings and difficulties experi-
enced with voluntary controls, mandatory regulations were adopted,
effective as of March 1959. The Mandatory 0il Import Program, like
the voluntary control system, was adopted to restrict imports of
petroleum to a level which would not threaten the national security
and to provide a basis for preserving a vigorous and healthy petro-
leum industry in the United States. These restrictions and limita-
tions on imports of petroleum were considered necessary to prevent
a surplus of low-cost foreign production from displacing higher
cost domestic supplies. It was evident that unless a reasonable
limitation on imports was imposed, the following developments might
occur:

@ O0il imports would flow into this country in increasing
quantities, entirely disproportionate to the quantities
needed to supplement domestic supply.

@ There would be a resultant discouragement of, and a de-
crease in, domestic production.

e There would be a substantial reduction in domestic explora-
tion and development.

e In the event of a serious emergency, this Nation would
find itself years away from attaining the level of petro-
leum production necessary to meet national security needs.

In suggesting mandatory controls in early 1959, the Special
Committee to Investigate Crude Oil Imports further recommended that:

e Crude o0il and its principal derivatives, including unfin-
ished oils, be controlled.

e Bonded fuel imports be exempt from controls.

e Maximum level of imports of crude oil, unfinished oils and
finished product (excluding residual fuel) in Districts I
through IV (east of the Rockies) be limited to a fixed
percentage of demand. (This was subsequently revised to
a fixed percentage of production.)

e Maximum level of imports of crude oil, unfinished oils
and finished product in District V be limited to the
difference between domestic supply and total demand. (This
was to recognize that District V was a deficit supply
area lacking any significant inter-area flow of o0il to
meet the shortfall in domestic supply.)

e Imports of residual fuel be reviewed as necessary and
adjustments made in the level of such imports consonant
with the objectives of the program. (This was subsequently
revised with controls on imports into District I effectively
removed in 1966.)
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e Imports of crude o0il, unfinished oils and finished pro-
ducts into Puerto Rico should be limited to an amount which
would not substantially exceed the level of imports during
all or part of 1958, or to such levels required to meet
increases or decreases in local or export demand. (This was
subsequently revised to permit increased imports of feed-
stock and shipments to the U.S. mainland for facilities
of benefit to the Puerto Rican economy.)

e Imports of crude and unfinished 0il be limited to companies
having refining capacity in the United States, and refinery
inputs be used as a basis for allocations. (This was sub-
sequently revised to include manufacturers of petrochemical
derivatives.)

e Imports of unfinished o0il be limited to 10 percent of an
allocation. (This was subsequently revised to 15 percent
in Districts I through IV and 25 percent in District V,
with special provision up to 100 percent for petrochemical
plants.)

e Import licenses be exchanged for domestic crude or unfin-
ished o0il providing that the domestic crude -is processed
in the importers' refinery.

@ The Secretary of Interior be authorized to provide for
the establishment and operation of an Appeals Board with
the power to modify or grant allocations because of hard-
ship, error or other relevant considerations.

The specific recommendations of the Special Committee to
Investigate Crude 0Oil Imports were approved by the President and
have remained the basic structure of implementing regulations for
the Mandatory 0il Import Program.

This program has been in operation for more than 14 years.
During this time period, it has maintained the total level of
imports "controlled" within the framework of the President's
proclamation and has provided procedures for allocating imports
among eligible domestic companies. As the import program has evolved,
the volume restrictions on certain imports have been removed. For
purposes of this study, these imports are designated as ''decontrolled."
At the same time, certain procedures for distributing the quota for
controlled imports have been revised in order to accommodate changing
conditions and circumstances in the oil and petrochemical markets.
Without elaborating in detail, the Mandatory 0il Import Program
established:

e A system of quota-regulated imports in three separate
geographic areas--east of the Rockies (Districts I through
IV), West Coast (District V) including quota drawbacks for-
production of low-sulfur fuels, and Puerto Rico.

e A system of licenses for decontrolled imports of petroleum

products from foreign refineries, principally residual
fuel oil.
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@ An allocation system for distribution of quota licenses
to petroleum refiners, petrochemical companies and, to
a limited extent, marketers without raw material process-
ing facilities.

e Preferential status for overland imports from Canada and
Mexico in recognition of their proximity to the U.S. mar-
ket and their inherent security advantages.

e Special exceptions for promoting and encouraging exports

of petrochemicals and development of new industries in
Puerto Rico, the Virgin Islands, etc.

Quota-Controlled Imports

Imports subject to quota limitations and allocations have
been primarily limited to crude and unfinished oils requiring fur-
ther processing in U.S. refineries and petrochemical plants. The:
allocation of licenses to refiners has been based on an applicant's
refinery input prorated by a predetermined graduated scale for
different levels of input. Basically, the sliding scale system
provicded smaller refiners a proportionately larger volume of import
licenses relative to their eligible inputs than that of larger
refiners. Quota allocations for the manufacture of petrochemical
derivatives have been included in the quota system since the mid-
1960's. The quota licenses for petrochemical feedstocks are allo-
cated to both eligible petroleum refiners and chemical companies
on a fixed percentage of plant input. The petrochemical import
regulations for allocation of feedstock quota permit the licensee,
with proper certification, to import up to 100 percent of such
allocation in the form of unfinished oils. The import regulations
permit the exchange of import licenses for domestic feedstock.

The total level of quota-controlled imports east of the
Rockies is shown in Table 49. Until recently, this level was set
at a fixed percentage of domestic crude and natural gas liquids
production. Imports west of the Rockies (also shown in Table 49)
have continually been -derived as the difference between domestic
supply and total demand. Overland imports from Canada, although
not subject to formal quota allocation, have been included in the
controlled level of imports in Table 49.

Crude and natural gas liquids production in Districts I
through IV increased from 7.1 MMB/CD in 1960 to 10.0 MMB/CD in
1970. Since then, however, production has remained at about
this level, averaging 9.8 MMB/CD in the first quarter of 1973. As
a result, quota imports into Districts I through IV have increased
substantially since 1970 in order to meet the growing shortfall in
domestic supply. Quota controlled imports which were fixed at 12.2
percent of production have increased to almost 28 percent of esti-
mated production in 1973.
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TABLE 49

CONTROLLED IMPORTS

(MB/CD)

1960 1970 1973*

Districts -1Vt
Finished Products 76 171 130
Crude and Unfinished Oil 776% 1,138 2,600
. Total 852 1,309 2,730

District VT

Finished Products 7 18 8
Crude and Unfinished Oil 292% _ 464 _ 942

Total 299 482 950

* As authorized April 1, 1973.
1 Includes overland imports from Canada.

1 Includes petroleum refiners and chemical companies.

Production in District V increased moderately from 1960 to
1970 (.9 MMB/CD to 1.3 MMB/CD). Since then, production has declined
moderately (1.2 MMB/CD in 1972) thus accelerating the already
existing deficits in domestic supply. As a result, quota controlled
imports into District V have increased sharply.

Decontrolled Imports

Since 1966, imports of residual fuel oil on the East Coast
(District I) have been exempt from formal quota limitations. Very
little residual fuel is imported into the other districts and is
generally subject to quota restrictions. The growth in residual
fuel demand since the inception of the Mandatory 0il Import Program
has been met entirely from offshore sources. Production of heavy
fuel o0il in U.S. refineries actually declined during this period.

The following have been excluded from quota restrictions:
imports of liquefied petroleum gas from the Western Hemisphere,
asphalt, overland imports of finished product from Canada processed
from Canadian origin o0il, No. 4 fuel o0il imports and, more recently
(the first 4 months of 1973), No. 2 fuel o0il imports. In addition,
a small but growing bonded fuel market has continually been exempt
from import restrictions. This is fuel loaded in the United States
on vessels and aircraft engaged in foreign commerce.

Imports formally exempt from quota restrictions increased

from about .7 MMB/CD in 1960 to almost 2.5 MMB/CD in 1972. The
increase of almost 2.0 MMB/CD has been primarily supplied from
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refining capacity located in areas adjacent to the U.S. mainland,
and in effect represents refining capacity that might otherwise
have been built in the United States. The ability of refiners to
supply this market by processing lower cost foreign crude oil in
areas adjacent to the U.S. East Coast has been the primary factor
contributing to the export of refining capacity from the U.S.
mainland.

This situation developed over many years and was primarily
attributable to the underlying economics of fuel use patterns and
the domestic refining industry. Foreign refiners with unlimited
access to low-cost foreign crude could build relatively simple
and less costly refineries to supply the heavy fuel o0il market in
the United States at costs competitive with gas and coal. Import
policy recognized the prevailing economics affecting the manufacture
of residual fuel 0il in the United States and accordingly provided
for liberal importation of foreign refined products.

Increasing requirements for naphtha to meet future petro-
chemical feedstock demands and potential requirements for manufac-
ture of synthetic natural gas could result in accelerated building
0of new refining capacity in areas outside the U.S. mainland. The
U.S. refiner, because of import regulations and economic considera-
tions, 1s at a disadvantage in supplying the U.S. market with these
products. Until recently, the economics of the domestic refining
industry necessitated minimizing the yield of lower value heavy
fuel oils. The increased demands for higher value, low-sulfur
fuel o0il has modified domestic comparative product economics to
some extent.

0il Policy Considerations

Import controls alone have not achieved the desired levels of
exploration for new oil and gas reserves in the United States over
the last 10 to 15 years. Mandatory controls, however, have main-
tained domestic production at levels which otherwise would have
been substantially lower than the maximum production rates now
being realized. Furthermore, in the absence of such controls it
is reasonable to conclude that: (1) production in certain major
fields would have been shut in with a significant loss potential;
(2) most, if not all, of stripper well production would have been
permanently shut off; (3) the decline in exploration activity would
have been substantially greater; (4) exploration in the North Slope
Alaska might have been delayed indefinitely; and (5) substantially
more refining capacity to supply the U.S. market might have been
built in foreign locations.

Although new reserves of oil and gas have not developed as
originally anticipated and, in fact, have failed to keep pace with
consumer requirements, the Mandatory 0il Import Program has never-
theless been instrumental in balancing the priorities of the dom-
estic 0il industry relative to 0il imports from various producing
areas. It should be recognized, however, that the circumstances
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and conditions leading to the adoption of formal quota controls in
1959 have changed considerably. Specifically, these were:

e A substantial surplus of o0il production capacity existed
in Districts I through IV during the mid-1950's.

e A worldwide over-supﬁly situation prevailed.

e Excessive quantities of low priced oils from foreign
producing areas were available for the U.S. market.

‘These circumstances led the Director of the Office of Civil
Defense to conclude, in a special study on imports in February 1959,
that: ’

In such a situation, without control of production
in relation to demand by the countries of origin,

it is to be expected that there would be substantial
~economic incentives to increase imports into the
United States.

The circumstances prevailing when formal controls were first
adopted in early 1959 are in sharp contrast to conditions now
existing, namely:

e That the domestic oil industry has moved from a period
of "surplus' productive capacity (Districts T through
IV) to a period of developing shortages of crude oil as
well as refined products Production peaked at a daily
rate of 11.7 MMB/CD in the fourth quarter of 1970 and
is currently averaging about 11 MMB/CD. Shortages of
heating oils as well as some local shortages of jet fuel
were evident during 1972. Shortages in domestic supply
of gasoline have become a reality in -1973.

e The surplus of foreign productive capacity has been reduced

significantly with developing shortages of low-sulfur
crudes. Several countries have cut back production pre-
sumably as a ''conservation' measure designed to maximize
long-term recovery of in-ground reserves.

e The landed price of foreign crude o0il and products has
‘increased and, in some cases, now exceeds the price of
equivalent domestic petroleum.

e The ownership of petroleum reserves in foreign producing
areas 'is reverting to the host country governments.

In evaluating the impact of these changing circumstances on

0il import policy and the import control system, it is quite evident

that other policy considerations should complement the oil import
control system as a means for developing an economic climate favor-
able to long-term development of domestic productive capacities as
well as refining capacity. These considerations include but are
not limited to the following:
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® Recognition by the Federal Government that petroleum
prices in the United States must be adequate to provide
sufficient return on the new investments necessary to
develop domestic resources. Flexibility for prices to
adjust, based on market supply and demand within the
United States, should provide sufficient incentive to
develop a relevant degree of self-sufficiency in raw
material supply and processing capabilities.

@ The need to re-evaluate certain aspects of environmental
regulations in order to ensure that benefits are commen-
surate with cost.

e The need to establish standards for orderly siting of
new energy producing facilities in order to prevent . the
serious delays now realized in almost all facets of the
energy industries.

The basic structure and implementing regulatlons governing
the Mandatory 0il Import Program were adequate to meet the needs and
conditions existing in the domestic o0il markets for most of the time
period since controls were first adopted. Events over the last
several years, however, suggest that import policies and the import
program will have to be modified to meet the needs of the immedi-
ate future as well as long-term policy goals.

The Mandatory 0Oil Import Program encouraged additional
domestic crude production, which in turn supported an attendant
amount of U.S. refining capacity. Placing limits on the volume
of crude imports actually encouraged domestic refining capacity--
as long as the import allocations were sufficient in conjunction
with domestic crude production to meet total crude demands. How-
ever, there are certain aspects of the Mandatory 0il Import Pro-
gram that created a negative influence on domestic refining capacity.

Imports of Unfinished Products

. A percentage of the licenses allocated to refiners and petro-
chemical plants may be used to import unfinished products instead
of crude. These percentages are 15 percent of offshore licenses
awarded to refiners in PAD Districts. I through IV and 25 percent
for District V refiners. Up to 100 percent of the Canadian quota
awarded to Districts I through IV refiners and, under special
circumstances, up to 100 percent of awards to petrochemlcal plants
may also be used to import unfinished products.

In the past, well over helf of the option to import unfinished
products in lieu of crude has been exercised. By importing these
unfinished products, which are usually components from crude dis-
tillation, less dlstlllatlon capacity has been required in the United
States. However, at the same time, downstream refining capacity has
been provided in the United States to process the unfinished oils.
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Imports of Finished Products

Provisions existed in the Mandatory Oil Import Program to per-
mit finished product imports. 1In some cases, such as residual fuel
0oil imported into District I, no rigid control was exercised over
the volume of products imported. In other cases, the product volume
was limited and special product quotas were allocated in a variety
of ways, such as awards to certain Puerto Rican refiners.

Petroleum products are refined in the United States from a
combination of foreign and domestic crudes. Until recently, domestic
crude has been higher in price than foreign crude. Therefore, prod-
ucts from U.S. refiners were higher in cost and price than products
manufactured in foreign refineries from foreign crude alone. In
addition to raw material cost differences, foreign refineries, in
many cases, have been cheaper to construct and operate. This has
further lowered the cost of products from foreign refineries
relative to those produced in U.S. locations.

Thus, a driving economic force has existed to use all of the
licenses granted to import finished products from foreign crude run
in refineries located outside the United States. There has been
a corresponding reduction in refining capacity required within
the United States. For example, some of the finished product
quotas apply to imports from the Virgin Islands and Puerto Rico,
resulting in location of refining capacity there as opposed to
PAD Districts I through IV.

Special Incentive Plans

In the-past, certain plans have been considered to neutralize
the raw material cost disadvantage that the domestic refiner used
to face when foreign crudes were cheaper than domestic. These
plans were designed to grant the domestic refiner treatment under
the Mandatory Oil Import Program similar to that afforded to the
offshore refiner. '

For example, the foreign trade zone plan allows a refiner to
build facilities on U.S. soil; however, his refinery is treated as
being outside of the U.S. customs territory. The refiner is per-
mitted to import crude outside of normal U.S. quota restrictions
into the trade zone. The products manufactured in the trade zone
are in turn subject to the same imports treatment as offshore
products. However, establishing a foreign trade zone entails legal
complications and requires strict segregation of the trade zone
facilities from normal refining operations. As a result, the
benefits of facilitieés integration cannot be realized.

There were other incentive plans that existed in the Manda-
tory Oil Import Program. For example, the low-sulfur bonus plan
allocated crude quota to a PAD District V refiner equivalent in
volume to his sales of low-sulfur fuel oil. The petrochemical
import-for-export plan allocated quota based on the hydrocarbon
contained in exported petrochemicals. The fuel o0il desulfurization
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plan, which was suspended, would have in essence allowed the de-
sulfurization of high-sulfur fuel o0il imported without the use of
regular unfinished quota.

These plans would have allowed the refiner to manufacture
specific products (low-sulfur fuel oil in District V, exported
petrochemicals, etc.) from foreign raw materials, just as the
offshore refiner does. In this way, the domestic refiner would
have been able to reflect the historically lower cost of foreign
raw materials in the price charged for these specific products and
would have been more able to compete with the products of foreign
refineries. This applied to both exports of products from the
United States and reduction of product imports into the United
States.

Overland Crude Imports

Generally speaking, if overland crude imports were not per-
mitted, they would be replaced by increased imports of offshore
crude. Thus, permitting overland crude imports in the absence
of other factors has a minimal effect on the volume of U.S.
refining capacity.

In the case of Canadian crude imports, however, other con-
siderations come into play. Products could be imported free of
volume restrictions overland from Canada into the United States,
providing the products were. manufactured from Canadian crude in
Canadian refineries. At the same time, the volume of Canadian
crude and equivalent that may be imported is limited by Canadian
export controls. This creates a driving force to locate refining
capacity in Canada.

Quota Allocations

The majority of the import quota was allocated to refiners
on the basis of their refinery throughputs. Those refiners wishing
to process foreign crude must trade with other parties whose allo-
cations exceed their needs. Under the allocation system, offshore
import quota was distributed on a sliding scale basis which awarded
a decreasing percentage of import quota as a refiner's throughput
increased. Thus, the incentive to expand capacity resulting from
quota allocations decreased with the refiner's size, thereby penal-
izing the construction of large, efficient refineries. This
feature of the program discouraged U.S. refining capacity.

If quota grants had been equally prorated on the basis of
throughput, a refiner would have received the same amount of quota
for his first and last increments of throughput. In this way,
increases in refinery runs would have earned more quota than under
today's system, thereby lending more encouragement to expand domes-
tic refining capacity.
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0il Import Policy and Refining Capacity

At present, the petroleum .industry is operating near or at
a maximum refining capacity in the United States, with every indi-
cation that persistent shortages of domestic capacity will exist
for at least the next several years. The lag in development of
new refining capacity in the United States, coupled with the extent
of related capacity already exported to the Caribbean and other
adjacent areas, is cause for serious concern. These trends involve
a number of complex national as well as international considera-
tions, the more important of which are discussed in the following
sections.

The National Security

In evaluating the relationship of oil imports to requirements
of national security, the Trade Expansion Act of 1962 (Sec. 232,
Safeguarding National Security) provides that the President and the
Office of Emergency Preparedness shall give consideration to:

...domestic production need for projected national
defense requirements, the capacity of domestic in-
dustries to meet such requirements, existing and
anticipated availabilities of the human resources,
products, raw materials, and other supplies and
services essential to the national defense, the
requirements of growth of such industries and such
supplies and services including the investment,
exploration and development necessary to assure
such growth, and the importation of goods in terms
of their quantities, availabilities, character,
and use as those affect such industries and the
capacity of the United States to meet national
security requirements.

...further recognize the close relation of the
economic welfare of the Nation to our national
security, and shall take into consideration the
impact of foreign competition on the economic
welfare of individual domestic industries; and

any substantial unemployment, decrease in revenues
of government, loss of skills or investment, or
other serious effects resulting from the displace-
ment of any domestic products by excessive imports
shall be considered, without excluding other factors,
in determining whether such weakening of our intern-
al economy may impair the national security.

An expanding, viable domestic refining industry capable of
meeting primary product demands is essential to the economic
structure of the U.S. 0il industry and the considered require-
ments of national security. Although the U.S. 0il industry will
require substantially larger volumes of foreign oil to supply the
anticipated growth in demands, maximizing domestic refining capacity
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to the fullest extent possible provides a greater degree of flexi-
bility in meeting basic national security considerations. To
increase product imports at the expense of domestic refining capa-
city would place the United States in a position of having to de-
pend on foreign sources for not only a growing part of 1ts_crude
supply but also to an increasing degree on foreign processing
capacity. This would appear contrary to the national security
and the national defense as defined by Section 232 of the Trade
Expansion Act. ' .

In February of 1970, the Cabinet Task Force on 0il Import
Controls concluded that:

e National security in petroleum requires that there be
sufficient domestic refining to meet essential U.S.
demand in supply emergency.

e Sufficient capacity requires not only adequate '"barrels
per day'" capacity but also the ability to accept different
types of crude inputs and produce different outputs in
response to a supply crisis. :

@ Any system of import restrictions should be designed to
maintain adequate refining capacity and flexibility, to
encourage maximum competition and to safeguard existing
investment to the greatest extent possible.

The Political and Economic. Risk of Foreign-lnvestment

One of the more critical issues to be considered in evalua-
ting onshore wersus offshore location of refining capacity to meet
domestic requirements is the uncertainty created by political and
economic instability in various areas of the Free World. The
growing rate of expropriation and nationalization of American and
other foreign investments in such areas must be considered in
determining the advantages and disadvantages of import policies
which would 'substantially increase product supply from foreign
refiners. Foreign refineries, designed to export the majority
of their output, are located either in proximity to crude oil
resources or along transportation routes between major sources of
crude 0il and the major markets, and are potentially more vulner-
able to the risk of political and economic pressures than are
market located refineries.

Short of actual expropriation and/or nationalization .is the
risk of host government control of part or all of the operations
of a particular facility. This could affect a company's operations
in any number of ways including the availability of supply, price
and, possibly, control of finished product sales in consuming areas.
These are risks which must be weighed in evaluating the long-term
security of such facilities.
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Foreign Host Country Demands

Notwithstanding the political and economic risks involved in
the export of refining capacity to supply the U.S. market, there is
the real possibility that, in the long run, the U.S. Government may
not be in a position to effectively implement policies designed to
maximize construction of refining capacity in the United States.

0il producing country members represented by the Organization
of Petroleum Exporting Countries (OPEC) have about 80 percent of
the non-Communist world's o0il reserves (see Table 14, Chapter Two)
and supply almost 85 percent of Western Europe's and Japan's o0il
requirements. An increasing percentage of U.S. requirements is
expected to be met from production from these sources through at
least 1985.

The investments and operating interests of U.S. nationals in
these foreign producing operations are huge. The economic return
from such operations has for some time represented a strong and
favorable element in this country's balance of payments. In these
circumstances, the U.S. Government should continue equitable tax
treatment of U.S. investments abroad, including U.S. income tax
credits for foreign income taxes paid.

Further, these foreign interests of U.S. nationals are
deserving of full understanding and positive support of.the U.S.
Government. Particularly important is the need for the U.S.
Government to continue to advocate the free flow of capital and
technology to o0il producing countries with the understanding that
U.S. private investments will be equitably treated on the basis of
commitments made by both the host country and the U.S. investor.
Of course, the legitimate demands and concerns of host countries
deserve and should receive serious and full consideration by the
U.S. Government.

Early in 1972, a number of oil companies agreed in principle
to the OPEC request for 20 percent participation in exploration
and producing operations. Subsequently, Kuwait, Qatar, Abu Dhabi
and Saudi Arabia agreed to acquire an initial 25 percent interest
in operations within their respective countries and an eventual
51 percent interest by 1983. Negotiations are now under way, or
remain to be completed, with a number of other foreign producing
country governments, including Libya and Nigeria.

The whole matter of foreign producing governments participa-
ting in downstream operations remains highly uncertain. With so
many important matters still to be negotiated with respect to ex-
ploration and producing operations, it would be premature to
speculate too much at this time on the extent and method of such
participation. Nevertheless, the agreements already negotiated
with foreign producing countries have raised the possibilities of
future participation by these producing countries in the downstream
refinery operations of the o0il industry. The extent to which this
may materialize in the construction of new capacity in either the
consuming markets or producing areas could have far-reaching
significance on long-term import policies.
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The concept of "participation" is not new or unique. Joint
ventures in which private -companies operate in conjunction with
national concerns have been in effect for some time in a number of
areas. Hopefully, producing country government ownership or
participation in foreign o0il operations will work to strengthen
existing relationships between o0il companies and foreign govern-
ments and thereby contribute needed stability to these operations
as well as moderate widely different current political attitudes.

Over the longer term it seems inevitable that the higher the
cost of 0il from the OPEC countries rises due to increased govern-
ment "take," the greater the incentive will become to explore for
and develop crude oil reserves or synthetic oil from coal or shale
in the United States. Also demands for participation, with 51
percent control by the host governments, improve the relative
attractiveness of investing in domestic producing and refining
operations. A constructive policy to encourage development of
domestic energy sources is clearly called for. U.S. oil imports
will rise in any event due to limitations in domestic supply, but
the greater the encouragement of domestic o0il resources, the less
the growth in imports will have to be.

Recognition of these foregoing considerations may result in
major changes which affect traditional positions, but on the other
hand, they will provide opportunities for establishing policies
consistent with the political and economic factors of today and
the future. Thus, neither a rigidly defensive posture on one side,
nor an irresponsible radicalism on the other, can help to create a
balanced and more stable situation in which the legitimate goals,
requirements and interests of the o0il exporting and importing coun-
tires, as well as of the international oil companies, can be
reconciled .and realized.

U.S:. Government policy may be forced to recognize the growing
level of hydrocarbon imports as but one part of the total energy
supply required to meet rapidly expanding domestic requirements--
taking into consideration national security, foreign policy and
technological, economic and environmental factors. As the U.S.
becomes more dependent on petroleum imports, increased refining
capacity could give the U.S. more:leverage in dealing with foreign
producing countries. On the other hand, participation negotiations
might ultimately lead to insistence by the foreign producing
countries that some part of our imports be supplied in the form
of finished products.

Balance of Trade

The National Petroleum Council's U.S. Energy Outlook Report
concluded that oil imports could increase from 3.4 MMB/CD in 1970
to as much as 19 MMB/CD in 1985 (Case IV). The more likely level
ranged from a low of 8.7 MMB/CD (Case II) to 13.5 MMB/CD (Case III),
The NPC study further concluded that the annual deficit in balance
of trade in petroleum fuels could increase to as much as $30 billion
by 1985, with the intermediate range estimated at $13 to $20 billion.
These conclusions were based on the following assumptions:

173



e No restriction on construction of refining capacity in
the United States will be imposed.

e Future mix of imports will remain at present levels (47
percent crude oil, 40 percent residual fuel and 13 per-
- cent other products). '

‘e Landed value of oil in 1985 will reflect projected

1975 crude oil prices based on escalation factors in
. Teheran and Tripoli agreements as follows:

Crude 0il $3.73

Residual Fuel . 4.34
Other Products 5.00

Weighted Average: $4.14

This results in a very conservative estimate of 1985
prices and U.S. dollar outflow for imports.

e Transportation charges will remain constant at current
levels. ’

@ Deficits in the balance of petroleum trade of potentially
as much as $30 billion annually will have serious con-
sequences on the Nation's overall balance of payments by
1985. (All calculations used constant 1970 dollars.) The
outflow of dollars in payment for oil imports has in the
past been more than offset by an inflow of funds from
the foreign operations of American petroleum companies
(i.e., repatriated earnings and exports of related
technology and equipment). It is unlikely, however, that
increases in the dollar outflow of the magnitude indicated
above could be offset by a corresponding inflow of earnings.

Importing proportionately more refined product by exporting
U.S. refinery capacity for whatever reason would further impair the
already unfavorable balance of trade projected in the NPC studies.
The delivered price of imported crude '0il is considerably lower than
the delivered price of equivalent imported finished product. The
annual dollar outflow on petroleum imports could be $2 to $4 billion
higher if total imports in 1985 were limited entirely to other fin-
ished product. These estimates developed by the NPC are summarized
below:

Value of 1985 Imports
(Billions of Dollars)

Case IT Case III
A1l Crude 11.8 18.3
All Finished Products 15.9 24.6
Current Mix 13,1 : 20.4
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No allowance has been made for the impact of additional capi-
tal outflow to finance the incremental foreign capacity. The U.S.
Government presently restricts capital outflows for foreign invest-
ment. An individual company's permissible outflow is determined by
a formula which takes into account such factors as previous invest-
ment outflows during the 1965-1966 base period and the level of
foreign earnings. Because of these restrictions on capital outflows,
some U.S. o0il companies have had to raise funds abroad in order to
help finance foreign direct investment. Assuming that this situation
remains unchanged in coming years, the construction of new refineries
overseas to supply additional product imports into the United States
would have to be financed largely abroad, with no additional capital
outflows beyond U.S. Government limits.

Employment in the United States

The Department of the Interior indicated in a recent study

that the "export" of refining capacity since 1961 has eliminated
employment opportunities in the United States, not only in refining
but also in other allied and supporting industries.®* The study by
the Department of the Interior indicates that more than 100,000 jobs
may have been lost as a result of the increase in product imports

of almost 2 MMB/CD over the last 10 years. The loss of about 25,000
of these jobs is directly attributable to refinery employment, and
the balance to allied industries. This serious loss of employment
opportunities would undoubtedly be accelerated if the United States
commits itself to greater dependence on foreign processSing capacity.

Modification of the Import Control System

0il import policy and the implementing control system can be
instrumental in promoting the long-term growth of domestic refining
capacity, providing adequate economic incentives prevail to encour-
age refinery investment in the United States. With a growing depen-
dence on foreign o0il and with future increases in the prices of for-
eign supplies almost a foregone conclusion, refined product prices in
the United States will have to ensure the refiner an adequate return
on investment. ‘Anything less will result in continued shortages
of refining capacity to meet demand.

The Mandatory 0Oil Import Program alone is no longer an
effective means for ensuring adequate supplies of petroleum to meet
requirements in the United States. The complexity of the refining
industry, the size and geography of the U.S. market, the rapidly
changing supply conditions and the widespread location of inland
refining capacity have made it increasingly difficult to administer
a quota allocation system and, at the same time, ensure adequate.
supply to all refiners. =

* U.S. Department of the Interior, Office of 0il and Gas,
Trends in Capacity and Utilization, December 1972.
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Uncertainties concerning the future direction of import
policy, uncertainties with respect to allocations within the existing
system and quota restrictions limiting access to foreign supply have
made it increasingly difficult for any refiner to realize the assured
and adequate long-term supply of crude oil necessary for large scale
expansion of refining capacity. The resulting lag in development of
new refining capacity, coupled with the deficit in domestic raw mater-
ial supply and the rapid increase in requirements for foreign crude
0il, has created an urgent need for modificaiton of existing import
controls.

Short-Term Considerations

Short-term considerations within the import control system
have become critical in the last 6 to 12 months. This is evidenced
by the growing shortages of both crude oil and products, by the
necessity of e11m1nat1ng controls on” light heating oils for the
first 4 months in 1973 and by the fact that the refining industry
is operating at or close to maximum effective capacity.

With no substantial additidns to capacity scheduled to come
on-stream over the next several years, the growth in petroleum de-
mand, at least through 1975, will have to be increasingly supplied
by imports of finished products, assuming sufficient foreign re-
fining capacity is available to meet these requirements. Lead time
of at least 3 years to construct new large increments of refining
capacity preclude any other possibilities at the present time to
meet the normal short-term growth in petroleum demands. Revisions
in the import program will be necessary to meet the short-term con-
siderations of product shprtages.

It is important to’ recognize, however, that product imports
discourage the development of domestic refining capacity. At the
same time, increased petroleum product imports are essential to
meet demand over the near term. Changes in the import program to
accommodate additional product imports have been necessary, but
it 1s important that these changes be compatible with long-term
goals and priorities of import policy. Adequate incentives to phase
out the short-term increase in product imports will be necessary
as additional domestic refineries are brought on-stream.

Long-Term Considerations

The NPC U.S. Energy Outlook Report recommended that import
policies be designed to encourage the growth of domestic refining
capacity by assuring refiners adequate access to long-term crude
0il supplies. The extent to which product imports may be required
to meet short-term considerations should not obviate the need for
long-term policy guidelines to encourage the development of dom-
estic refining capabilities.

Various proposals and recommendations to revise the import
control system and make it more responsive to refinery requirements
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have been studied and considered. These proposals include, but are
not limited to:

@ Modification of the existing quota system with special
incentives for development of U.S. refining capacity.
Included are quota incentives for new refinery capacity,
incentives for development of heavy fuel o0il refineries,
low-sulfur bonus proposals, etc.

¢ Elimination of formal quota controls on crude oil, a
phase-out of product imports or alternatively a tariff on
"product imports, with provision for standby controls in
the event that foreign productive capacity threatens the
well-being of the domestic producing industry.

@ A tariff system with a phase-out of formal quota controls.
e A quota-auction system or quota-tariff system.

¢ Elimination of crude quota controls by requiring each
refiner to run a predetermined percentage of U.S. pro-
duced petroleum liquids.

It is not the intent of this study to evaluate the advantages
or disadvantages of any of the specific proposals suggested, but to
consider those guidelines essential to the long-term development of
crude processing facilities. In order to be effective, any system
of import controls, whether quota restrictions or variations thereof,
should at the very least consider:

e More favorable provisions for importation of crude oil
than refined products.

@ Provisions to ensure a market for all domestic crude
production.

@ Policies that provide the domestic refiner assurances
of an adequate and long-term supply of crude oil from
domestic as well as foreign sources and, in so doing,
assure maximum utilization of existing refining capacity.

e Incentives to offset the disadvantages faced by domestic
refiners when manufacturing products currently exempt
from formal quota control.

e A degree of consistency and stability in order to provide
refiners the basis for establishing long-term planning
objectives.

e Compatibility with overall objectives of energy policy.

NATURAL GAS POLICIES

Federal control of wellhead prices of natural gas at arti-
ficially low ceilings has contributed to (1) an inflated demand

177




for gas relative to other energy fuels, (2) a reduction in explora-
tion activity for new gas reserves, and thus (3) an accelerated
depletion of existing reserves. As a result, shortfalls in natural
gas supplies have become more frequent in recent years. With a
continuance of the existing economic and political environment, the
projected shortage in domestic supply is almostly directly propor-
tional to the increase in future requirements.

Because of environmental considerations and other factors,
0il has been and will continue to be required in increasing quantities
to meet this shortfall in domestic gas supply. To this extent, the
current shortage of gas, attributable to past federal policy, has
contributed to inflating the demand for oil and attendant refining
capacity.

Permitting field prices of natural gas to reach their com-
petitive levels with other energy fuel sources would expand explora-
tion efforts for new oil and gas reserves and future domestic
supplies to meet market requirements. To the extent that additional
domestic supplies of natural gas can effectively reduce the Nation's
overall energy shortfall, there would be an equivalent reduction
in the demand for o0il and a reduction in required refinery capacity.

The U.S. is presently faced with short-term shortages of
energy fuels and potential long-term deficits in available hydro-
carbon resources. According to the NPC's U.S. Energy Outlook Report,
the domestic 0il supply deficit by 1985 could be as much as 19 MMB/
CD (Case 1IV). The gas deficit could be as much as 7 trillion cubic
feet (TCF) in 1985 depending on the level of demand.

While domestic oil and gas production has been adversely
affected by lack of economic incentives, by infrequent Outer
Continental Shelf (OCS) lease sales and by unrealistic environmental
limitations, a reversal of such policies now is not apt to narrow
significantly the supply/demand gap in the near term. This short-
fall must necessarily be provided from foreign sources. The sig-
nificant factor is the form in which that energy can and should be
imported. '

It should also be noted that the United States Supreme
Court has decided in the United Gas Pipe Line Case that the Federal
Power Commission (FPC) has authority to allocate sales of natural
gas by interstate pipelines. An exercise of this jurisdiction
based upon such allocation could dramatically modify existing fuel
preferences and economic restraints. Inasmuch as FPC policy in this
area has not been articulated in a meaningful way, it is impossible
now to speculate upon the eventual effect of such possible action-
on demand by fuel types. All of these considerations lead to the
possibility that both objectives and remedial actions concerning
domestic refining capacity may have to be examined and considered
on both short- and long-term bases.

Current import policies have encouraged offshore production

of residual fuel. The resulting growth in offshore refining capa-
city has also provided substantial volumes of naphtha to meet local
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gasoline requirements, military grade jet fuels, feedstock for
manufacture of petrochemical and unfinished oils for further pro-
cessing in U.S. refineries. Under mandatory controls this material
would only be imported by using quota licenses.

This report recognizes that neither the regasification of
liquefied natural gas (LNG) nor the conversion of a liquid petro-
leum feedstock into synthetic.natural gas (SNG) is considered to be
domestic refining capacity per se. Though SNG facilities are not
recognized as '"'refining capacity," those facilities could be consid-
ered an incentive for a refiner to locate incremental refining
capacity onshore due to the synergistic benefits such facilities
may have to a refining complex. Naturally, the incentive benefits
of SNG facilities are conditioned upon a favorable federal regulatory
policy on SNG. On the other hand, integration of LNG facilities
within a refinery offers no 1ncent1ve

If the price of new gas were allowed to reach market clear-
ing level, the effect on domestic refinery capacity should be
beneficial in the long term. Gas prices would no longer be arti-
ficially low, and gas would probably be displaced in many of its
low-cost energy applications by the refiner's products, such as dis-
tillate or residual fuel o0il. This could result in a decreased
demand for supplemental natural gas in the form of LNG and SNG. On
the supply side, higher wellhead prices would stimulate more drilling
for gas. This in turn, would result in additional domestic associa-
ted crude oil being discovered and produced. Higher domestic crude
0il production would favor domestic refineries, espec1ally those
unfavorably located to receive foreign crude 0115.

Liquefied Natural Gas

quuefactlon is a means of preparing natural gas for either
shipment or storage One, cubic foot (0.177 barrels) of liquid
methane, at -260°F and at 1 atmosphere pressure (atm), is the
equivalent of approximately 630 standard cubic feet (SCF) of methane
gas. i

Present Regulatory Authority

The Department of the Interior does not currently have a
regulatory policy on the importation ot LNG. The FPC regulates
LNG imports on a case-by-case basis; however, it does have authority
pursuant to Section 3 of the Natural Gas Act to approve or disapprove
imports of LNG, or to require imports to be made under conditions
needed to protect the interests of consumers.

There are no present proposals before the FPC to import
a major portion of total fuel requirements in the form of LNG. At
present no imports have been finally authorized, except relatively
small volumes to meet peaking réquirements, and the first date on
which imports could be received would be 1975, Giveén the above
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circumstances, there is no reason to modify the FPC's jurisdiction
over LNG imports.

In 1972, the Commission approved the importation of Algerian
LNG--equivalent to approximately 1 BCF/CD or almost 18 TCF for
the life of the contracts.*® The Commission (1) required incremental
pricing of the substantially higher-cost LNG at the pipeline level
instead of permitting it to be "rolled in'" with the lower cost
domestic supplies; and (2) limited the price to 77¢-83¢/MMBTU's,
with provision only for a 1¢ increase in 1980. The FPC has not
assumed jurisdiction of imported LNG that is not sold interstate.
This may become a province of the state regulatory body.

Considerations

The FPC policy applicable to LNG, as set out in the Columbia
LNG Opinion (particularly with respect to incremental pricing),
exerts some effect on the construction of incremental refining
capacity and could result in pressure for the emplacement of more
U.S. refining capacity. If the importation fails, both the short-
term and the long-term demand/supply gap, and the demand for other
energy, will increase by the amount of energy lost from this source.
In the event that such projects became feasible because of demands
at incremental prices, LNG may be higher priced than altermnative
natural hydrocarbons such as naphtha, fuel oils and crude, and thus
increase the demand for those energy sources.

LNG and other natural gas substitutes, even though increment-
ally priced and accepted, may have no substantial adverse effect on
incremental domestic refining construction if short-term demands
for gas cannot be practically satisfied by products from new dom-
estic refineries. While the overall objective should be to encourage
the maximum construction of domestic refining capacity, failure to
expand refinery capacity in sufficient quantity to meet long-term

demand could necessiate increasing the use of LNG as a substitute
fuel.

Synthetic Natural Gas(SNG)

Synthetic natural gas is gas of pipeline quality manufac-
tured for supplementing natural gas supplies and manufactured from
light hydrocarbons, o0ils and coals.

--Present Regulatory Authority

The Department of the Interior has no authority to regulate:
the manufacturing of SNG. The Foreign Trade Zones Board could
approve a Foreign Trade Zone (FTZ) and the Office of 0il and QGas

#Columbia LNG Corporation, et al., Opinion Nos. 622 § 622A,
Docket Nos. CP71-68, et al., June 28, 1972 § October 5, 1972.
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would then be responsible for issuing an import license or licenses
for withdrawal of the product from the FTZ.

Section 9 of the 0il Import Regulations provides that methane
produced from oil is a petrochemical and thus may earn quota. A
petrochemical plant earns 11.2 percent of its inputs in Districts
I through IV and 11.9 percent of its inputs in District V. An SNG
plant running Western Hemisphere butane and lighter or Canadian
natural gas liquids would import without quota. The United States
imposes no quantitative restrictions on crude or unfinished oils
imported into District V from Canada.

The Federal Power Commission redered an Opinion on December
7, 1972, recommending that SNG should not come under FPC regulation
until it is mixed with natural gas.* This is the first FPC
opinion and order concerning jurisdiction over SNG. The opinion
said that SNG is not '"'matural gas'" within the meaning of the
Natural Gas Act. The Act would not cover any aspect of the proposal,
including SNG's proposed manufacture, or its transportation and sale
in interstate commerce unmixed with natural gas. However, a mixture
of natural and artificial gas would be considered natural gas subject
to regulation.

The Commission will not regulate the purchase contract of the
naphtha feedstock which would be domestic naphtha, but the feedstock
supplier could not assure that the naphtha would be produced only
from domestic crude. Algonquin proposed that the higher-priced
($1.80/MCF) SNG be used for peaking periods only, when regular
supplies of lower priced ($0.70/MCF) gas are not available.

There was an assumption on the part of the pipeline companies
that the SNG; an unconventional, higher-priced gas like LNG, if
utilized for base load rather than 'peaking' purposes, could be
"rolled in" the domestic gas rates, but Commission language in the
Columbia LNG Case suggesting that all unconventional gas be priced
incrementally now casts doubt on that assumption. In the Tecon
Case, the initial staff brief recommended that SNG be treated com-
parable to LNG, as in the Columbia LNG Case.

Considerations

The 0il Policy Committee is currently under pressure to autho-
rize imports of naphtha, crude or both for conversion into SNG to
supplement short domestic supplies. From the viewpoint of time,

SNG from naphtha is a near-term (2-3 years) source of additional gas
supplies in the United States. The primary foreign source of
naphtha for most proposed SNG plants is from refiners who have a
supply of naphtha that accompanies their residual oil production

for shipment to the U.S. East Coast. The importation of naphtha,

as well as other unfinished oils and finished products, has the
effect of "exporting refining capacity" as the offshore refinery

* Algonquin SNG, et.al., Opinion No. 637, Docket Nos. CP72-35,
et al., December 7, 1972,
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takes advantage of lower cost of construction and better harbor
facilities. Thus, SNG would otherwise be made from domestic naphtha
or would be replaced by other domestic products (e.g., distillate
fuel) in the energy market.

On a long-term basis, a modification of the 0il Import Program
to permit the quota-free importation of crude oil into special
facilities, which would process the imported oils into residual fuel
0il, SNG or other products not subject to quantitative import
restrictions under Mandatory 0Oil Import Program, would provide
necessary SNG without the resultant exportation of refining capacity.

The regulatory policies of the FPC respecting '"'incrementa]l
pricing," if extended to SNG projects, would have the same effect
as they do in the case of LNG--that is, they would encourage the
expansion of domestic refining capacity. The same consideration of
energy need and timing discussed above with respect to LNG 1is
applicable to SNG, except that gas from imported naphtha could be
available in a shorter time period than LNG. Whether domestic
refining capacity is a practical substitute for this energy source
in this time period is problematical.

REFINERY SITING AND LAND USE

Local environmental restrictions and a growing antagonism on
the part of some state and local governments and privately organized
citizen groups to the location of heavy industry, such as refineries
and electric power plants, have created serious problems for locating
new facilities in the major energy markets of the East and West
Coasts. With today's political, social and environmental climate,
there are many restrictions imposed by regulatory authorities which
are contributing to the shortfall of refining capacity. For
example, California and Delaware have legislated coastal land-use
laws that place major restrictions on the industrial use of coastal
zones.

The NPC refinery survey revealed that very few companies were
planning new refineries~-eight refineries with a total of only 900
MB/CD capacity are in the planning stage industry-wide. Other
companies reported that land was available, but that environmental
considerations have forced them to defer any firm plans.

Survey data from the industry indicate that, in general,
refinery expansion can take place at existing locations. These
expansions are subject to the lengthy process of obtaining permits
under local zoning and environmental ordinances and in accordance
with all federal regulations. However, new grassroots refinery
sites are difficult to obtain, particularly on the East and West
Coasts where additional refining capacity is most needed. In these
areas, local ordinances and state regulations, such as coastal zone
acts, restrict construction within specified distances of the coast-
line and make the possibility of development of marine facilities
very unlikely.
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The East Coast (PAD District I) has the largest population
and is in the least favorable position of any area with respect to
energy self-sufficiency. In 1971, crude capacity was only 25.1
percent of product demand. About 2.0 MMB/CD of products were impor-
ted from offshore (87.5 percent of U.S. total product imports), and
about 3 MMB/CD were brought in from the South and Southwest (PAD
District III) by ship and pipeline. There has been essentially no
significant growth in the refining capacity on the East Coast since
import controls were adopted. Projections of petroleum product
requirements indicate an increase between 1970 and 1985 of 4.8
MMB/CD. This represents 41.1 percent of the total growth for the
United States during that time period.

If it is necessary to ship foreign crude o0il to the Gulf Coast
for refining and then back to the East Coast, there will be added
costs. In view of the impending shortfall of refined products, the
usual product allocation procedures or the attempt to fulfill the
shortfall from foreign supply sources will impact more heavily on
the East Coast consumer.

Several legislative bills before the Congress are specifically
related to land-use planning of both private and federal lands.
These bills would provide for:

e Land-use planning and management by the states

e Planning in terms of population growth, expanding urban
development, industrial diversifications, etc:

e A means of overfiding conflicting patterns of land use and
lack of uniformity among governmental entities

e Exercising authority on the location and siting of key
facilities by assuming local regulations do not unreason-
ably restrict land use.

Legislation of the type now under consideration would have 1lit-
tle impact on the energy industry until at least 1980 because of
procedures which essentially provide the states with lead time of
at least 5 years to develop land-use plans. Even then, there is
no assurance that such legislation would enable industry to develop
adequate refining facilities.

Traditionally, the United States has placed primary reliance
on the private sector for production, generation, distribution
and marketing of energy and energy fuels. This reliance necessarily
implies the availability of land for energy-related facilities.
Proper land-use planning at both the state and federal levels is
recognized .as an important governmental function. However, such
planning, in addition to meeting preservation, conservation
and environmental goals, must make specific provisions for energy-
related facilities for both public utilities and private business.
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Construction Lead Time

Refinery equipment is, by its nature, large, complex and
costly. Even under the best of circumstances, it takes a long time
to plan for, design and construct a new process facility. For
example, the construction of an alkylation plant with known tech-
nology and proved engineering takes 1.5 to 2.0 years. The lead time
for a process using new technology can be 5 or more years when
research 1is required.

Lead times are being lengthened by the need to file impact
statements, obtain permits, hold public hearings and attend to all
the complex administrative procedures established by federal, state
and local agencies. It is estimated that the current lead time for
a major process facility is 3 to 6 years.

Long lead times accentuate the importance of long-range plan-
ning. The lack of a national energy policy to establish goals, set
priorities and help coordinate the interested federal, state
and local agencies makes it difficult for the petroleum industry to

effectively plan how to supply its share of the growing U.S. energy
needs.

Coordination of Agencies Dealing with Energy

Prompt action should be taken to develop a comprehensive na-
tional energy policy and a coordinated, consistent program to
accomplish national energy goals. The chief role of the government
should be to establish priorities and guidelines and to eliminate
the delays, conflicts and confusion that presently prevail among
the many different federal, state and municipal agencies involved
in energy matters.
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UNITED STATES DEPARTMENT OF THE INTERIOR
OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

February 9, 1972

Dear Mr. True:

The increasing dependency of this Nation on imported supplies
of petroleum, both crude and refined products, the sources of which
vary considerably in reliability, is a cause for serious concern.

At the same time the United States appears to be increasing its de-
pendence on refining facilities and capabilities located outside

this country. This growing proportion of foreign manufactured petro-
leum products which are necessary for the economic well-being and
security of this Nation is also a matter of increasing concern.

I therefore request that the Council undertake, as a matter of
urgency, a survey of the factors--economic, governmental, technolog-
ical and environmental--which may affect the domestic refining in-
dustry's ability to respond to the demands for essential petroleum
products that are made upon it. The Council should discuss those
elements which are deemed essential to a healthy domestic refining
industry. To the extent that petroleum belonging to other phases
of petroleum supply and consumption impinge upon growth and technolog-
ical capabilities of the refining segments, these should be in-
cluded in the analysis.

Representatives of the Department of the Interior will consult
with you in the near future to arrive at a detailed outline of the
matters relative to this general request.

Sincerely yours,

/s/ HOLLIS M. DOLE
Assistant Secretary of the
Interior

Mr. H. A. True, Jr.

Acting Chairman

National Petroleum Council
1625 K Street, N.W.
Washington, D.C. 20006
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Operations and Product Use



FUNDAMENTALS OF REFINING OPERATIONS AND PRODUCT USE

PAST HISTORY OF PRODUCT USE

The demand for petroleum products has grown enormously in the
past 25 years in both volume and complexity. During this period,
demand for all products has increased from less than 5 MMB/D to
over 16 MMB/D in 1972. The most spectacular growth has been in the
use of aviation fuels, where consumption has increased over 30 times
the amount used at the end of World War II.

The quality of virtually all petroleum products has been
improved significantly during this period, resulting in more effi-
ciency with less polluting emissions such as those caused by sulfur.

Petroleum products are the major source of energy for trans-
portation and are the raw materials for many of the products through-
out our economy. They also provide a substantial part of the energy
for the production of electrical power. They provide the mobility
required for national security and contribute greatly to the eco-
nomic welfare of our society.

The chief factors contributing to the rapidly growing demand
for petroleum are the increasing population and the rapid growth in
the demand for energy. The U.S. per capita demand for petroleum
products has more than doubled since World War II.

The United States has become a nation on wheels. Four out of
five workers use an automobile for commuting to and from work. Over
80 percent of the vacationing public use their own automobiles for
transportation.

Air travel developed rapidly after World War II, causing rapid
growth in the demand for aviation gasoline. The jet age began in
the 1950's, creating a demand for an entirely new fuel. Faster and
larger planes were required to supply the very rapidly increasing
demand for air travel. Although Americans travel more than the rest
of the world combined, air travel in the United States is still in

the early stages of growth.

The demand for oils for space heating increased sharply after
World War II, chiefly because of the switch from coal for home use.
In 1946, 2.7 million homes in the United States were centrally heat-
ed with oil, increasing to 11.2 million by 1969.

The demand for residual fuel oils for heating large buildings
rose substantially after World War II because of the large increase
in new construction of such buildings. In the past few years, the
demand for residual fuel oils has taken a sharp increase as a result
of industrial and electrical power plant usage. Nuclear power gen-
eration has not developed as rapidly as previously anticipated, and
coal has not been able to fill the increasing demand for low-sulfur
fuels. During the 1946-1970 period, residual fuel oil experienced
an overall growth rate of 2.2 percent per year. However, annual
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growth for this fuel increased 4.2 percent in 1971 and over 8.9 per-
cent in 1972.

Liquefied petroleum gas (LPG) is a large-volume product which
has experienced an overall growth rate since World War II of approx-
imately 10 percent per year and has continued at a rate of about 5
percent per year since 1960.

PRODUCT DEVELOPMENT- - CHARACTERISTICS AND IMPROVEMENTS

Motor Fuels

Motor Gasoline

Since World War II, gasoline has changed in hydrocarbon compo-
sition and is now a product made by careful blending of refinery
stock prepared by involved new processes.and special additives de-
veloped in extensive research programs. The most outstandlng change
in gasoline during this period has been a vast improvement in anti-
knock quality. Although the past benefits enjoyed by the consumer
in terms of high-efficiency, high-performance automobiles are being
eliminated in order to meet automobile pollution regulations, this
octane quality not only is needed but will have to be increased to
supply unleaded fuels of the future. Higher octanes have been ob-
tained largely by new refining technology and processing, including
better desulfurization of gasoline blending stocks, which has made
the lead antiknock additives more effective. During this same peri-
od, the control of gasoline volatility has improved, contributing
to-better engine performance '

Spec1a1 detergent or dlspersant addltlves are now avallable to
help maintain a clean carburetion system, resulting in improved en-
gine performance, better mileage in city driving, reduced carburetor
maintenance and reduced exhaust pollutants.

At present, there are proposed regulations limiting the lead
alkyl content of future motor gasolines. In-addition, one grade of
unleaded gasoline must be available for public use by mid-1974.

The primary reason for these considerations is the expectation that
low-lead or unleaded fuels will permit operation of proposed pollu-
tion control systems on automobiles. Voluntary action on the part
of the o0il industry has already resulted in general availability of
low-lead and unleaded gasolines. This trend will undoubtedly con-
tinue, bringing about increasing supplies of these types of fuels,
and will result in major investments for proper process facilities.
Further changes in motor fuel characteristics may be required. Such
characteristics as sulfur content, volatility and boiling range may
require further modifications to satlsfy automoblle pollutlon con-
trol system requirements.

Diesel Fuels

Like gasoline, distillate diesel fuels for use in automotive
diesel engines have been improved during the past several years to
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meet requirements imposed by changes in engine design and operation.
The most significant change 'in diesel fuels has been the use of hy-
drogen treating in refineries, primarily to reduce sulfur content.
In addition, fuels have been gradually improved, resulting in de-
creased engine deposits, smoke and odor. Railroad diesel fuels have
not changed significantly since the large diesel engines used in.
railroad service operate satisfactorily on fuels with less exacting
specifications. :

The use of additives in diesel fuels has become more common to
provide improvements such as lower pour points, ignition quality and
storage stability. Recent air pollution regulations have generated
an 1ncreased interest in antismoking additives.

Other Petroleum Motor Fuels

LPG has been used as a motor fuel since the 1920's in bus,
truck and taxi fleet operations which have central servicing cen-
ters.. The use of compressed natural gas (CNG) and liquefied natural
gas (LNG) as motor fuels is a recent development proposed for urban
use 1in service vehicle fleets.

Aviation Fuels

Aviation Gasoline

"Quality control is particularly important in aviation gasoline
production. Antiknock control is especially critical because, -un-
like the motorist, the pilot is not able to hear an engine knock.
over the noise level. Other important quality factors are volatil-
ity, freezing point, heat of combustion and oxidation stability.
Quality control surveillance and close process control have enabled
the industry to produce a uniform-quality premium product. ’

Jef Fuels

Commercial kerosine was first used as a fuel in early develop-
ment on jet aircraft since it provided the necessary volatility and
was a readily available commercial product of rather uniform charac-
teristics. .Jet tfuels are exposed to both high and low temperatures
in use.. Therefore, .these fuels must have very low freezing points
and must be stable when exposed to high temperatures. The JP-4 and
JP-5 military jet fuels and equivalent.commercial fuels have thermal
stability properties satisfactory for operations up to speeds of
Mach 2.

Industrial and‘Heating Fuels

Liquefied Petroleum Gas

LPG has taken on increased importanee during the past few years.
The extensive use of catalytic cracking and catalytic reforming
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processes -and’ ‘the growth in hydrocracking have resulted in ‘large ~
quanti'ties' in ‘addition to ‘the production from natural gas process~-
ing. Prior to the start of the tremendous growth in the use of LPG
in ethylene production, its major use was in household and industri-

al fuel, although LPG has long been used to a 11m1ted extent as a
motor fuel. P _

Distillate Fuel 0il

:Distillate’ fuel oil can'be defined as Nos. 1, 2 and 4 heating
oils, diesel :0il and industrial distillates. Grade No. 2 fuel oil
is the designation given to -the heating or furnace ‘0il most coms:
monly used for domestic and small commercial space heating.

The period since World War II has seen marked changes in both
the quality of home heating oils and the manufacturing techniques
employed in producing them. Domestic heating o0il should form no
sediment in storage and leave no measurable quantity of ash’ or other
deposits on burning. It should be fluid at storage ¢conditions en-
countered during the winter months. The composition of the product
must be controlled to assist in reducing smoke emission. -~Low-sulfur
content has become -quite important. The fuel must have a light
color, an attractive appearance and an acceptable odor. It is these
properties, along with sulfur removal, which have undergone the
greatest changes in the past 20 years.

In the early 1950's, hydrogen treating was adopted as a means
of reducing the sulfur and nitrogen compounds content of distillate
fuel 0il. Through the use of this process, carbon residue is re- -
duced to less than 0.10 percent. Hydrogen-treated products are of
excellent quality from the standpoint of a change in both color and
sludge formatlon durlng storage

The superlor processing technlques used in produc1ng dlstlllate
fuel oils ‘today, coupled with the improvements and developments in
additives, result in a cleaner-burning product. The reduction in
sulfur has contributed to the improvement of air quality.

Residual Fuels

Residual fuel o0il can be defined as Nos. 5 and 6 heating oils,.
heavy diesel, heavy industrial and Bunker C fuel oils. Typically,
these fuels are used to provide steam and heat for industry and
large buildings, to generate electricity and to power ships.

Since World War II, refining processes in the United States =
have continued to favor the breaking up of the heavier residuum into
lighter petroleum products until re51dua1 fuel amounts to less than
8 percent of the crude refined.

Methods of desulfurizing low metal-content residual oils have

been developed and are being utilized as stringent air pollution
regulations become more widespread. The o0il industry and boiler
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manufacturers have stepped up their research. and development efforts
considerably ‘in the areas of desulfur1z1ng hlgh metal-content fuel
0oil and stack gas desulfur1zat1on ; : :

Other ﬁefroleuﬁ Products

Petrochemical.Feedstocks

Petrochemical feedstocks, such as benzene, toluene, xylene,
ethane- and propane, are used:in -such diverse products .as -synthetic
rubber, synthetic fibers .and plastics.- - Tremendous growth in the
petrochemlcal industry over -the last 10 years has resulted in many
new and improved uses for petrochemicals. PR :

‘Lubricants

Lubr1cants fall generally 1nto three categorles automo.tive,
01ls, industrial oils and greases.. . Engine oils, 'gear oil-.and auto-
matic transmission -fluids are three major .-lubrication products.used
in automotive operations.. These products function to lubricate,.
seal, cool, clean, .protect and cushion. Industrial oils are formu-
lated to perform a broad range of functions under a variety of -oper-
ating conditions.  The major functions ‘provided include lubrication,
friction modification, heat transfer, dispersancy and.rust preven-
tion. Greases are basically gels and are composed of lubricating
0il ‘in a semirigid network of gelling agents .such- -as. soaps clays
and more recently, totally organlc substances :

-Petreleum Sblveﬁts

: A variety of petroleum solvents are produced, and critical
specifications -are largely -a function ofi the.end-product use. For
example,: rigid specifications are required for . -petroleum solvents
used in the paint industry.. :These products must coentain no mate-
rials that would discolor<p1gments -They must:-possess, low odor .for
interior paints. Control devices make it possible to maintain con-
sistent product quality even under the most rigid specifications.

-Asghalt

The heav1est fract1ons of a great many crude 0115 1nc1ude- .
natural bitumens-or '‘asphaltenes and are -generally called rasphalt.
Actually this material is the oldest product of petroleum and has
been .used throughout recorded -history. However, new-uses . and new
demands for asphalt-are continually- being developed .The industry
- has -satisfied -these demands- by changing processing and types~of
crudes and by improving storage, transportation and blending faC1l—
ities.
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A CRUDE OIL REFINERY*

Crude 0il is a substance comprised of a very complex mixture
of hydrocarbons, which are molecules consisting almost solely of
carbon and hydrogen atoms in various arrangements. Crude oil con-
tains thousands of different molecules of varying sizes, their size
being determined by the number of carbon and hydrogen atoms aggre-
gated together. As a result of the different sizes and configura-
tions, the molecules boil at different temperatures It can be as-
sumed that most of the molecules boil between-100°F and something
in excess of 1,500°F. Due to the complexity. of the hydrocarbon -
mixtures, only a few of the smaller, lower boiling molecules are
named. : ' : '

Paraffinic type crude oil is generally of high °API gravity
and low in sulfur content and contains a lesser amount of other
contaminants such as metals and nitrogen. The straight-run gasoline
derived from this type of crude oil is low in octane quality. The
naphtha fraction is a poor reformer charge stock but an excellent
SNG feedstock and cracking stock for olefins. The heavy naphtha
and kerosine fractions give problems in meeting product freeze point
specifications, and the diesel fuel fractions have problems in meet-
ing pour point specifications. The residual fuel oils also have
high pour points, and the asphalt quality is often poor. However,
the heavy naphtha and kerosine have good smoke point characteristics,
and the heavy naphtha, kerosine and light gas o0il have high cetane
indices. The volumes of residuals are low and often can be cracked
without too much penalty.

The physical properties of naphthenic crude 0ils vary widely
between different producing fields. They are generally of low °API
gravity, may be either high or low in sulfur content, and are often
high in nitrogen and metals. The straight-run gasolines from this
source are higher in octane but often of lesser volume. The naphtha
-is excellent reforming charge stock. The heavy naphtha. has a poor
smoke point and cetane index, and should be reformed. -The kerosine
and light gas oils have very poor cetane indices - and are not suit-
able for domestic.distillates. Pour points and freeze points of
this latter fraction are very low. The residual fuel oil may be of
high or low volume, high or low sulfur content and, high in metal-
content. The metals are corrosive to boiler tubes, and the use of
high-sulfur fuel oils is becoming more restrictive. These crudes
are the source of naphthenic lubricating oils, and their asphalt
quality is often good.

Intermediate type crude oils are, as their name implies, some-
where in between the paraffinic and naphthenic type crudes. These
crudes generally will fall in the medium to high gravity range.
Sulfur content may fall between 0.1 and 2.5 weight-percent sulfur.
The distillate from these crudes generally has pour point and cetane
index characteristics suitable for burning oil and diesel fuel.
Figure 27 illustrates the differences between a typical intermediate
crude o0il and a typical naphthenic crude oil.

* Terms used in this section are defined in the Glossary.
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CRUDE ROSTAM SAN ARDO REMARKS
Gravity (CAPI) 38 13
Sulfur {(wt. %) 1.5 2,0
LIQUID VOLUME % Type Intermediate Naphthenic
ROSTAM .0- SAN ARDO
; % B Gasoline (60-400°F)
v 7 Octane 69.1 . 79.3
Naphthene: 20
10- A:Ematics s 16;: . :g: San.Ardo gasoline is only 3 percent
Reid Vapor Pressure 49 1.0 of crude and high in sulfur content.
GASOLINE 0. Sulfur (wt. %) 0.05 033
Kerosine (400-500°? ) i
-50. Gravity {°API) 42 ‘ 3
Viscosity @ 100°F 33sUS™ 355US
Sulfur (wt. %) 0.30 . 0.57-
.40 -
Stove Oil (400-550°)
KEROSINE ' Gravity (9AP]) 40 29
.50- Viscosity @ 100°F 355Us 43SUS |  san Ardo distillate is not salable
STOVE OiL. Sutfur {wt. %) 0.47 0.76 due to failure to meetCAPI, sulfur
Lo Pour Point ~27%F —459F and cetane specifications because of
§0 - the naphthenic nature of the crude.
DIESEL Diesel Base {500-650°) , ' ’ :
BASE . Gravity (°API). 36 ; 26
-70- Pour Point +250F —259F
Cetane - 535 41.5
Sulfur (wt. %) 0.92 101
. .80 Viscosity @ 1009F 39sus 54 SUS
TOPPED ' s ’
CRUDE Topped Crude (650°F+)
-890. Gravity (CAPI) 16 . 9
Sulfur (wt. %) 33 2.2
Viscosity @ 122°F 99SFS 1800 SFS
- 100- Pour Point 70°F 80OF

Figure 27. Crude 0Oil Characteristics.

In addition to the paraffinic, naphthenic and intermediate
types of crude oils already discussed, there exist many. combinations
of these crudes. The Bureau of Mines categorizes oils in the fol-
lowing classifications: ‘ ‘ : ‘ ' :

e Paraffin--Paraffin

° Pgraffin--lntérmediate

° Paraffin—-Naphthenic

o Intermediate--Paraffin

e Intermediate--Intermediate

e Intermediate--Naphthenic

e Naphthene--Intermediate

e Naphthene--Paraffin.

Crude oils are also classified as low-sulfur content (below
weight-percent sulfur), intermediate-sulfur content (between

0.5
0.5 and 1.0 weight-percent sulfur) and high-sulfur content (over
1.0 weight-percent sulfur). In general, the definition'of a sweet
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crude o0il is one that does not contain hydrogen sulfide and has
below 0.5 weight-percent sulfur content, with only a minor portion
of the sulfur content being present as mercaptans. Mercaptans
(sulfur compounds) are one of the most unde51rab1e contaminants

of crude oil and petroleum- products

Each refinery processes a different mixture of crude oils, and
over a period of time a processing sequence has.been developed which
converts these particular crude oils into the products required by
consumers in the marketing area served. Therefore, it is not mean-
ingful to attempt to describe the operation of an "average" refinery.
The following discussion uses instead a simple-iexample refinery for
its illustrative purposes. Flgure 28 graphlcally shows the flow
within the example refinery.

When the crude oil 1is charged into this reflnery, the first
processing equlpment it reaches is called a crude oil distillation
unit. The purpose of the crude unit is to separate thé crude oil
into at least four different boiling range fractions.  The first
fraction contains the lower boiling materials and is termed straight-
run gasoline. This: lower boiling fraction is then further processed
into a finished gasollne blend stock. The next fraction boils be-
tween 400°F and 650°F and is called the straight-run d;stlllate
fraction. This distillate fraction is the material that is primarily
sold as kerosine, jet fuel, heating 0il (No. 1 and No. 2 fuel o0il),
and diesel fuel. j ‘ : :

The next heavier fraction, which boils between 650°F and 850°F,
is called the /gas oil ‘fraction. It is somewhat difficult to define
gas oil, except to say that it is usually the material that is heav-
ier than the distillate fraction-and is' not'a black residual fuel’
0il. There is no consumer market for gas oil. Since it is too high
boiling to be sold'as distillate.and too Valuable to be sold’as ‘re-
sidual fuel oil, it:is necessary to convert this fraction into some-
thing that can be utilized in the marketplace To accomplish this
the molecules are:+cracked (molecularly ruptured) into smaller-size
molecules boiling .in the gasoline and No. 2 fuel oil boiling range.
The heaviest fractlon from the crude unit is usually referred to as
the residuum. This includes materials that boil at 850°F to the
heaviest material in the barrel of crude, wh1ch boils at temperatures
in excess of 1, 500 F.

After the crude has been separated into these four fractions,
each fraction is further processed to yield a prodict slate that
can be accommodated in the market. The actual refined product dis-
tribution varies considerably, depending upon the exact pature of
the crude 0il that is available and the demands in the marketlng
area surroundlng the refinery.

Many years ago, the stralght-run gasoline fraction was used
directly as automotive gasoline. Technological developments have
now made this material unsuitable for modern day engines. Today,
it is necessary to process the straight-run gasoline by molecular
rearrangement and by making certain changes in the molecules that
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will increase the octane number. This is usually accomplished by
sending the straight-run gasoline to a fractionator and separating
it into two fractions. The lower boiling fraction,.boiling between
100°F and 200°F, is called 1light, straight-run gasoline and has
ordinarily gone directly into ‘automotive gasoline. : Although the
octane number 1is not extremely high, light, straight-run gasoline
can be included in finished gasoline. However, under proposed no
lead regulations, additional processing will be required to:increase
the clear (no lead) octane rating of the stralght run gasoline.

The rema1n1ng portlon of the straight-run gasollne b0111ng be-
tween 200°F and 400°F is sent to a catalytic reformer. The catalytlc
reformer uses a very expensive catalyst containing platlnum The
heavy gasoline is first mixed with hydrogen and the temperature in-
creased to over 900°F. When it is passed over the platinum catalyst,
hydrogen is removed from some of the compounds, greatly increasing
the octane number. When performing this operation, some of the
molecules rupture, producing propane and butane which are then sold
as liquefied petroleum gases. On a lead-free basis, the usual range
of research octane numbers in gasoline resulting from this process
is 90 to 100. Once the platinum catalyst has been used for a con-
siderable length of time, it becomes economically unusable and must
be rejuvenated or replaced.

The next heavier fraction from the crude still is the dlstlllate
fraction. Ordinarily, the. distillates are treated to improve color
stability and reduce the.sulfur content to very low levels. The
process whereby this treatment is accomplished is called hydrodesul-
furization. This process consists of mixing hydrogen with. the
dlstlllate at an elevated temperature of between 600°F-and 700°F,
then passing the hydrogen-distillate mixture over a catalyst con-
taining the metals cobalt and molybdenum. The sulfur contained in
the dlstlllate reacts with the hydrogen to form hydrogen sulfide
gas. This.gas is then collected with various other refinery 'gases
and sent to a central unit where the sulfur is removed as elemental
sulfur. . This elemental sulfur is a basic raw material used in many
industrial applications. The treated distillates are fractionated
to specifications for space heating o0il, industrial heating o0il and
diesel fuel.

Gas oil, the next higher boiling range fraction from the crude
still, is converted into marketable products by processing in a
unit called a catalytic cracking unit. The catalyst used in most
installations is a finely divided material that has a consistency
similar to that:of fine sand. It is generally composed of silica
and alumina, theé principal components of naturally occurring clay.
The newer catalyst used today is modified into particular crystal-
line structures, greatly enhancing the value of the catalyst to a
refiner by improving the yields of gasoline, which in turn increases
the value of the total products from the catalytic cracking unit.
The objective of this unit is to reduce the molecular size of the
gas o0il by rupturing or cracking the molecules and thereby lowering
their boiling points into the gasoline and distillate boiling range.
The gasoline from the catalytic cracking unit goes directly to the
motor gasoline pool and has an octane number--between 88 and 94 on
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a tetraethyl lead-free basis. In this process, there is also pro-
duced a considerable amount of fuel gas that can be used as refinery
fuel and a rather large volume of propane and butane fractions which
also contain the olefins propylene and butylene.

Olefins are molecules from which a part of the hydrogen has
been removed. These olefins are reacted with isobutane (a four-
carbon molecule where the carbon atoms are not in a straight line
but are what is termed 'branched hydrocarbons'"). This iscbutane
may be made to react with hydrogen deficient molecules of butylene
to make isooctane, or with propylene to make isoheptanes. The iso-
paraffln mixture processed from this reaction is termed alkylate
and is used for blending premium gasoline. It has also been used
for many years as the principal high octane component of aviation
gasolines. The octane number of the alkylate usually ranges from
92 to 95 w1th no tetraethyl lead.

Not all of the gas o0il is converted into gasoline and alkyl;
ation unit feed in the fluid catalytic cracker. Part of the gas
0il feed is only reduced in boiling range to a range comparable to
that of the distillate fraction from the crude oil, and this mate-
rial is the-principal base stock for No. 2 heating oil. A small
amount of very heavy fuel 0il is made, which is a distillate fuel,
but this is usually blended in with residual type fuel oil for sale.

The fourth and highest boiling fraction from the crude oil--
topped crude--is processed in several different ways, depending
upon geographic location of the refinery and the market demands of
the area. This extremely high boiling fraction of the crude oil
can be further processed through a vacuum distillation unit. The
purpose of the vacuum unit is to allow vaporization of more of the
heavier gas o0il molecules from the crude residue without thermal
disintegration of the molecules. The hydrocarbons vaporized can be
included in the fluid catalytic cracker as additional gas oil feed-
stock. The heavier residual bottoms can be further processed into
various kinds of fuel oil, primarily No. 6 or bunker fuel oil, and/
or asphalt. The residual bottoms may also be coked, producing addi-
tional gasoline, distillates and solid petroleum coke.

The refinery described above is of the simplest form. Many
specialty products--such as solvents--can be made in a refinery.
Special processing can be performed to recover a variety of aromat-
ics, including benzene, toluene and xylenes, for which there is a
demand in the petrochemical markets. Typical boiling ranges for
the major petroleum products are shown in Figure 29.

Several gasoline streams of varying quality can be produced
from this refinery which can be blended in various proportions for
making the different grades of gasoline and achieving desirable
characteristics in each of the marketable grades.

Each petroleum refinery processes a different type of crude
0il, and each refinery uses different amounts and types of conver-
sion units. The conversion units are designed on the basis of con-
verting the particular hydrocarbons in the available crude oil to
the volume and type of products required by the consumer.
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"TABLE 50

'HISTORICAL REFINING CAPACITY DATA-TOTAL UNITED STATES

" No. of Beginning
Opgr.a(:ing, 82;;2};39 Shutdown Capacity Additions Grassroots Total Additions
Refineries {Bbis/Day} Bbls/Day % No. Bbls/Day % No. Bbls/Day %  No. Bbls/Day - %,
1962 287 9,793,748 292,899 3.0 64 211,119 22 4 26,500 3 68 237,619 © 24
1963 287 9,814,791 303,530 31 61 233,775 24 3 142,100 1.4 64 375,875 3.8
1964 282 10,063,164 322,210 3.2 54 357,731 3.6 6 197,950 2.0 60 555,681 5.6
1965 . 273 10,161,311 613,284 6.0 56 139,596 1.4 1 700 .0 . 57 140,296 1.4
1966 267 10,171,159 321,580 3.2 82 428,663 4.2 1 1,000 0 83 429,663 4.2
1967 260 10,412,447 347,160 33" N 665,313 6.4 12 202,250 1.9 103 867,563 . 8.3
1968 270 11,172,694 360,160 3.2 88 492,114 4.4 1 .. 800 . .0 89 492,914 4.4
1969 264 11,575,829 163,680 1.4 73 412,146 36 1 89,000 8 74 501,146 43
1970 262 11,882,393 191,930 1.6 81 814,149 6.9 3 280,000 24 84 1,094,149 9.2
1971 253 ‘ 12,658,248 361,730 2.9 54 418,250 3.3 _5 272,500 22 59 690,750 5.5
10-Yr. Summaryt - 9,793,748 704 4,172,856 427 38 1,212,800 12.4 742 5,385,656 55.0
Compounded Annual . : ) .
Rate of increase or (Decrease) ™ - . 3.6 1.2 4.5
Capacity Lost
Through Endin
Total or Partial . Capacity Lost Other Declines Net Increase Opera tig
Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Cgpacityg
No. = Bbls/Day %, No. Bbls/Day %  No. Bbls/Day % No. Bbls/Day % Bbls/Day % (Bbls/Day)
1962 5 -57,300 .6 3 10,250 A 31 149,026 1.5 - 39 216,576 - 2.2 21,043 .27 9,814,791
1963 8 49,900 .5 1 1,100 .0 21 76,502 8 30 127,502 1.3 248,373 25 10,063,164
1964 14 113,044 1.1 9 273,280 2.7 28 71,210 i 51 457,534 45 98,147 1.0 10,161,311
- 1965 4 44,300 4 2 7,000 .1 19 79,148 .8 25 130,448 1.3 9,848 A 10,171,159
1966 6 57,200 .6 2 40,500 4 21 90,675 .9 29 188,375 1.9 241,288 2.4 10,412,447
1967 2 3,500 0 -2 80,400 .8 18 23,416 2 22 107,316 1.0 760,247 7.3 11,172,694
1968 10 46,650 3 1 2,000 .0 19 41,129 4 30 89,779 i 403,135 3.6 11,575,829
1969 6 40,600 4 1 20,600 2 22 133,382 1.2 29 194,582 1.7 306,564 2.7 11,882,393
1970 1 -102,300 9 - 2 120,900 A 18 95,094 .8 31 318,294 2.7 775,855 6.5 12,658,248
1971 A 58,300 5 1 72,000 _.6 29 183,880 14 3 314,180 2.5 376,570 3.0 13,034,818
10-Yr. . . .
Summaryt 73 573,094 5.9 24 . 628,030 6.4 226 943,462 9.6 323 2,144586 21.8 3,241,070 33.1 13,034,818
Compounded Annual . ‘ '
Rate of Increase or (Decrease) .5 .6 9 2.0 29

*1/1/62 capacity later revised by Bureau of Mines to 9, 812, 248'B/D.
110-Year Summary percentages are based on 1962 beginning operating capacity.

Source: U.S. Bureau of Mines, “Petroleumn Refineries in the United States,” Mineral Industries Survey, published annuatly.
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~ TABLE'51 "~

“HISTORICAL REFINING CAPACITY DATA-DISTRICT |

10-Yr. Summary*

1962
1963
1964
1965
1966
1967
1968
1969

1970

1971

10-Yr.

Summary* 7.

L Begifining
Og;;a?i;g_ - g;);;?:ittlcg Shutdown capacitvy ‘ﬁddi‘t?ons i LGr?ssroots» — - Total Additions
Refineries (Bbls/Day) Bbls/Day % Noe. Bbls/Day %, No, Bbls/Day % No. Bbls/Day =~ %
35 1,577,990 57,300 3.6 9 *'21,500 1.4 0 -0 0 -9 21,5000 - 1.4
36 1,507,140 75,0000 © 5.0 4 " 14,450 1.0 0 0 o -4 14,450° . 1.0
36, 1,479,790 75,000 5.0 8 “147,000 - "10.0 0 0 0 -8 147,000 - 0.0
34 1,448640 225400  16.0 5 7,960 5 0 0 o 5 7960 5
32 - 1,391,000 143,700 10.0 7 32,300 23 0 0 0 7 32,300 0 - 2.3
31 1,409,300 155,700 11.0 7 ~ 17,600 1.2 0 ) o -7 17,600"5 1.2
31 1,423,100 126,300 8.9 11 57,600 4.0 0 0 0 11 57,600 4.0
31 1,479,720 54,000 3.6 7 24,700 1.7 0 0 o 7 24,700 1.7
31 1,473,220 36,000 24 8 30,200 2.0 0 -0 0" - -8 30,200 20
30 1,501,420 -0 0 7 133,000 - 8.9 0 0 0 -7 133,000 - " 8.9
1,577,990 13 ..-486,310 308..-- 0-. 0 0: 73 486,310,.. - 30.8
Compounded-An’rii'lél"R‘ate“ Fo T ” e e ‘
of Increase or (Decrease) . "** 2.8 2.8
Ca;')-acity Lost
Through Endin
+ ~ Total or Partial Capacity Lost Other Declines Net Increase o eratig
" . Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Cgpacityg
No. Bbls/Day % No. Bbls/Day % No.  Bbls/Day % No, Bbls/Day, = % Bbls/Day % . (Bbls/Day)
1 31,000 20 1 5000 3 5 56,350  3.6° 7 92,350 5.9 - (70,850)  (4.5) - 1,507,140
0 0 0 - 0 s .0 0 5 41,800 2.8 5 41,800 - 28 - (27,350) ("1.8)‘ - 1,479,790
3 51,000 3.5 4 1'13,400 7.7 4 13,750 1.0 1M 178,150 .12.0 = (31,150) (2.0)- " 1,448,640
1 ©27,300 - 1.9 0 n 0 0 5 38,300 2.6 6 65,600 45  (57,640) (44.0)3 1,391,000
1 12,000 ) 0 0 0 4 2,000 A 5 14,000 1.0 © 18,300 1.3 © 1,409,300
0 0 0 0 0 0 3 3,800 3 3 3,800 3 13,800 1.0 1,423,100
‘0 0o -0 0 0 0 3 -980 A 3 980 -~ .1 56,620 40 1,479,720
0 0 0 0 0 0 4 31,200 2.7 4 31,200 2.1 ( 6,500) (".4.) - 1,473,220
0 - 0 0 o “ - 0 0 1 2,000 g1 2,000 A 28,200 2.0 1,501,420
1 33,000 2.2 1 - 772,000 48 3 ' 900 1 5 105,900 7.1 27,100 1.8 - 1,528,520
C 4300 (100 8 . 190400 121 37 191,080 121 50 535,780 340 (49,470 (3.1 1528520
Compounded Annual ﬁate L
9 1.15 1.15 3.0 (.3)

of Increase or {Decrease)

* 10-Year Summary percentages are based on 1962‘be‘giiix\ir;g 'tiberétix'\.é Eaﬁac‘(ty'

Source: U.S. Bureau of Mines, “Petroleum Refineries in the United States,’” Mineral Industries Survey, published annually.
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TABLE 52

HISTORICAL REFINING CAPACITY DATA—DISTRICT Il

.- Beginning
. Oyeor.a(t’ifng“ , 85:;2;:39 Shutdo,wn Qapacitv Addit_i?ns . . Gra‘ssroots __Total Additions ‘
Refineries (Bbls/Day) Bbls/Day % No. Bbls/Day % No. Bhls/Day %  No. Bbls/ Day %
1962° 92 2,783,100 91,875 ' 33 ‘30 92,295 3.3 0 0 0 .30 92,205 . 3.3
1963 90 2,833,669 69,580 25 21 55,985 2.0 0 o0 0o -2 55,985 2.0
1964 88 - 2,860,154 63,400 22 18 71,490 25 1 450 0 19 71,940 2.5
1965 - 85 2,878,870 101,024 3.5 20 62,700 2.2 0 0 0 20 62,700 2.2
1966 84 2,912,870 70,880 2.4 28 170,220 5.8 0 0 0 28 170,220 - 5.8
1967 79 . 2,988,515 69,560 2.3 31 200,285 6.7 1 7,500 3 32 207,785 ° 7.0
1968 79 ' 3,108,750 134,510. 4.3 29 139,230 45 0 -0 0o - 29 139,230 45
1969 78 - 3,211,580 55,880 1.7 25 131,033 4.1 0 =0 0 25 131,033 4.
1970 73 3,226,531 76,980 2.4 29 237,149 7.3 2 250,000 7.8 3 487,149 - 15.1
19N 70 - 3,492,670 220,980 - 6.3 13 50,520 1.5 0 0 0o 13 50,520 1.5 -
10-Yr. Summary* .- 2,783,100 v 244 1,210,907 435 4 . 267,950 9.3 248 1468857. 52.8
Compounded Annual Rate & - - ' . o e ' ‘ ' S .
of Increase or (Decrease) : - o 3.7 .9 4.34
Capacity.Lost
Through . Endin
. - Total or Partial Capacity Lost Other Declines ' Net Increase o eratig' :
- Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Czpacitr\]/g
*No.: Bbls/Day = - %_ - :No. Bbls/Day %  No. Bbls/Day.- % .. No.  Bbis/Day %  Bbls/Day- % . [Bbls/Day)
1962 4 26,300 S a 2 5,250 .2 7 10,176 .4 13 7 41,726 1.5 50,569 1.8° 2,833,669
1963 4 17,900 .6 0 ;0 0 4 11,600 4 - 8 29,500 1.0 26,485 9 2,860,154
1964- 5 28,744 1.0 2 12,880 5 7 11,600 .4 14 © 53,224 1.9 18,716 ° .7 2,878,870
1965 1 5,000 2 1 6,000 "2 5 17,700 .6 7 28700 - 1.0 34,000 1.2 2,912,870 -
1966 4 31,700 1.1 0 -0 0 7 62,875 2.2 1 94,575 33 75,645 26 - 2,988,515-
1967 1 1,500 A 1 80,000 27 5 6,050 2 7 87,550 2.9 120,235 ° 4.0  3,108,750-
1968 4 29,400 S ] 0 4 7,000 2 8 36,400 1.2 102,830 3.3 3,211,580
1969’ 3 21,100 Wi 0 0 0 10 94,982 3.0 13 116,082 . 36° 14,951 .5 3,226,531
1970 5 82,000 25 1 72;400 2.2 4 66,610 2.1 10 221,010 6.9 266,139 83" 3,492,670
1971~ 1 8,000 2 0 -0 0 10 65,100 1.9 1 73,100 21 (22,580} { .7)- 3,470,090
10-Yr. S L . . . : e - e .
Summary* 32 251,644 9.0. . 7 .176,530-.- 6.3- 64 358,993 127 102 781,867  27.9 686,990 24.7 3,470,090
Compounded Annual Rate . .
of Increase or (Decrease) .85 .5 1.2 2.5 2.2

* 10-Year Summary percentages are based on 1962 beginning operating capacity.
Source: U.S. Bureau of Mines, “’Petroleum Refineries in the United States,” Mineral Industries Stirvey, published annually.
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TABLE 53

HISTORICAL REFINING CAPACITY DATA-DISTRICT IlI

' Beginning

Oyec:"a?iﬁg gap;;gittlgg Shutdown. Capacity . Additions Grassroots _ . Total Additions

Refineries (Bbls/Day) Bbls/Day % No. Bbls/Day % No. Bbls/Day %  No. Bbls/Day %
1962 86 3,561,925 125,100 35 1 75,400 2.1 3 125,000 7 14 100,400 2.8
1963 87.- 3,688,525 142,800 4.0 19 84,000 2.3 2 122,100 3.4 21 206,100 © 5.7
1964 85 . 3,752,875 . 175,300 4,7 14 102,200 27 2 146,000 3.9 16 248,200 6.6
.1965 85 3,858,190 205,500 5.3 16 33,437 9 0 0 0 16 33,437 9
1966 84 3,872,119 61,000 1.6 31 158,863 4.1 1 1,000 0 32 159,863 4.1
1967 84 3,967,282 . 71,000 1.8 31 398,978 10.1 6 156,000 3.9 37 554978 * 14.0
1968 90 4,513,514 61,000 1.4 26 168,734 3.7 0 ’ 0 0 26 168,734 3.7
1969 86 . 4,648,099 25,500 5. 25 213,083 4.6 0 0 0 25 213,083 46
1970 86 4,825,782 55,700 1.2 29 488,960 10.1 0 - 0 0 29 488,960 10.1
1971 82 ) 5,227,258 122,500 2.3 21 188,830 3.6 _2_ 161,500 3.1 i3_ 350,330 6.7
10-Yr.Summary* © 3,561,925 ' 223 1,912,485 537 16 611,600 - 17:2 ~ 239 2,524,085 . 70.9
Compounded Annual Rite . T - ' :
of Increase or (Decrease)., = . - 4.4 1.65 5.5

-Capacity Lost
-. - Through Endi
_Total. or Partial Capacity Lost Otlier Declines Net increase o ncing
Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) c';:':cti'tr;lg
"No. Bbis/Day % No. Bbls/Day % No. Bbls/Day % No. -  Bbls/Day - % Bbls/Day % {Bbls/Day)

1962 0 0 0 0 . 0 0 15 73,800 - 2.1 15 73,800 21 26,600 .8 3,688,525
1963 4 32,000 .9 1 1,100 0 6 8,650 2 11 41,750 1.2 164,350 4.6 3,752,875
1964 1 2,000 A 1 109,000 29 8 31,885 9 9 142,885 3.8 105,31‘5. 28 3,858,190
1965 2 12,000 "3 0 .0 0 T4 7,508 2 6 19,508 5 13,929 4 3,872,119
1966 0 0 .0 2 40,500 1.1 7 24,200 6 9 64,700 1.7 95,163 25 3,967,282
1967 0 0 0 0 -0 0 5 8,746 2 5 8,746 .2 546,232 13.8 4,513,514
1968 4 11,000 22 0 0 0 11 23,149 5 16 34,149 1.6 134,585 3.0 ) 4,648,099
1969 2 14,500 .3 1 ., 20,600 S 4 2 300 0 5 35,400 8 177,683 3.8 4,825,782
1970 4 18,300 4 1 © 48500 1 7 20,684 4 12 87,484 1.8 401,476 8.3 ° 5,227,258
1971 3 8000 .2 0 0O "0 9 106830 20 12 114830 22 235500 45 5462758
10-Yr. R . s " ‘ e ' SR .
Summary* 20 97,800 2.7 6 - 219,700 6.2 74 305,752 8.6 100 623,252 | 17.5 1,900,833 ' 53.0 5,462,758
Compounded Annual Rate S
of Increase or {Decrease) .25 5 .8 1.65 4.34

+ 10-Year Summary percentages are based on 1962 beginning operating capacity.

Source: U.S. Bureau of Mines, “Petroleum Refineries in the United States,’" Mineral Industries Survey, published annyally,
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TABLE 54

HISTORICAL REFINING CAPACITY DATA-DISTRICT IV

10-Yr. Summary*

Compounded A.nnual Rate-
of Increase or {(Decrease)

1962
1963
1964
1965
1966
1967

- 1968

1969
1970
1971

10-Yr.
Summary*

Compounded Annual Rate
of Increase or (Decrease)

* 10-Year Summary percentages are based on 1962 beginning bperating capécity‘

Source: U.S. Bureau of Mines, “Petroleum Refineries in the United States,” Mineral Industries Survey, published annually.

Beginning
Oygr'a?ifng ggg;:a:ittlcg Shutdown Capacity Additions Grassroots . Total Additic.ms
Refineries (Bbls/Day) Bbls/Day % No. Bbls/Day % No. Bbls/Day % No. Bbls/Day =~ " %
30. 357,431 5,324 1.5 6 4,974 1.4 1 1,500 4 7 6,474 1.8
31 361,705 4,850 1.3 6 24,600 6.8 0 0 (VI 6 24600 - 6.8
31 384,605 3,050 8 4 7,020 1.8 2 6,500 1.7 6 13,520 35
28 385,050 13,600 35 3 2,700 7 1 700 2 4 3,400 9
29 386,950 12,600 3.3 9 11,500 3.0 0 0 0" 9 11,500 3.0
28 384,450 25,100 6.5 11 1_7,-350 4.5 1 5,000 1.3 12, 22,350 5.8
29 402,580 25,550 . 6.3 9 26,800 6.7 0 0 0 9 26,800 ° 6.7
28 422,380 15,550 3.7 7 6,530 1.5 0 0 0 7 6,530 1.5
27 421,610 19,750 4.7 6 - 9,990 2.4 0 0 0 6 9,990 - 24
26 425,300 8,750 21 3 6.900 1.6 0 0 o 3 6,900 16
357,431 ) 64 118,364 33.1 5 - 13,700 3.8 69 . 132,064 37.0
2.9 .3 - 33
Capacity Lost
. Through Endin
‘Total or Partial Capacity Lost Other Declines - Net Increase 0 t'g
~__Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) cg;;gi;';g
No. Bbls/Day % - No. Bbls/Day %  No. Bbls/Day .%  No. Bbls/Day % Bbls/Day % (Bbls/Day)
0 0 0 0 0 0 2 2,200 .6 2 2,200 .6 4,274 1.2_ ) 361,7‘05
0 0 0 0 ) 0- 0 2 1,700 5 2 1,700 5 22,900 6.3 - 384,605
2 6,000 1.6 1 5,000 1.3 4 2,075 5 7 13,075 3.4 445 A | 385,050
0 : 0 .0 0 0 0 1 1,500 4 1 1,500- 4 1,900 5 386,950
1 13,500 35 0 .0 0 1 500 1 2 14,000 36 {2,500) (.6} 384,450
0. 0 0 1 400 N 3 . 3,820 1.0 4 4,220 1.1 18,130 4.7 402,580
1 5,000 1.2 1 2,000 5 0 -0 0 2 7,000 1.7 19,800 49 . 422,380
1 5,000 1.2 0. .. 0 0 "~ 3 2,300 5 4 7,300 1.7 ( 770) (.2} 421,610
1 1,000 2 0 0 0 5 '5,300 1.3 6 6,300 1.5 {3.690) 9 425,300
0 0 o_. O 0 ©0 5 9550 22 &5 9550 22 (2,650) (6) 422,650
6. 30500 85 3 7,400, 21 26 28945 81 35 66,845 187 65219 180 422,650
8 .8 1.7 1.7
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TABLE 55

HISTORICAL REFINING CAPACITY DATA-DISTRICT V

Beginning
Oglg'.a?iﬁg g;)pe;gittlgg Shutdown Capacity Additions Grassroots Total Additions
Refineries (Bbls/Day) Bbis/Day % No. Bbls/Day % No. Bbls/Day % No Bbls/Day %
1962 44 1,613,302 13,300 0 8 16,950 1.1 0 0 0 8 16,950 1.1
1963 . 43 1,523,752 11,300 i 1 54,740 3.6 1 20,000 1.3 12 74,740 4.9
1964 42 1,685,740 5,460 3 10 30,021 1.9 1 45,000 2.8 1 75,021 4.7
1965 41 1,590,561 67,760 4.3 12 32,799 21 0 0 0 12 32,799 21
1966 38 1,608,220 33,400 21 7 55,780 3.5 0 0 0 7 55,780 35
1967 38 1,662,900 25,800 1.6 1 31,100 1.9 4 33,750 2.0 15 64,850 3.9
1968 41 1,724,750 12,800 7 13 99,750 5.8 1 800 0 14 100,550 58
1969 41 1,814,050 12,750 7 9 36,800 20... 2 89, 000 49 1 125,800 6.9
1970 45 1,935,250 3,500 2 9 47,850 2.5 1 30,000 1.6 10 77,850 4.0
1971 45 2,011,600 4,500 2 10 39,000 1.9 _3_ 111,000 5.5 13 150,000 7.5
10-Yr. Summary* 1,613,302 100 444,790 29.4 13',"“ . 329,550 -21.8 113 774,340 51.2
Compounded Annual-Rate ) o :
of Increase or (Decrease) 2.6 20 43
Capacity Lost
Through Ending
Total oy Partial Capacity Lost Other Declines ; o Net Increase Operatin
Refinery Shutdowns Through Consolidations in Capacity Total Declines- or (Decrease) Cgpacityg
No. = Bbls/Day % No. Bbls/Day %  No. Bbls/Day % ... No. " Bbls/Day**: %  Bbls/Day E (Bbls/Day)
1962 0 0 o0 0 0 o 2 6,500 4 2 - 6500 .4 10,450 7 1,523,752-
1963 0 0 0 0 0 0 4 12,752 .8 4 . 12,752 .8 61,988 4.1 1,585,740
1964 3 25,300 1.6 1 "33,000 21 5 11,900 8 .9 70,200 4.4 4,821 3 1,690,561
1965 0 0 0 1 1,000 A 4 14,140 9 5 "15,140 1.0 17,669 1.1 1,608,220
1966 0 0 0 0 0 0 2 1,100 A 2 1,100 A 54,680 3.4 1,662,900
1967 1 2,000 N 0 0 0 1 1,000 A 2 3,000 2 61,850 3.7 1,724,750
1968: 1 1,250 A 0 0 0 1 10,000 6 2 11,250 7 89,300 5.2 1,814,050
1969 0 0 0 0 0 0 3 4,600 3 3 4,600 3 121,200 6.7 1,935,250
1870 1 1,000 A 0 0 0 1 500 0 2 1,500 A 76,350 3.9 2,011,600
1971 2 930 _5 0 0 0 2 150 _A 4 10800 _5 133,200 69 2,150,800
10-Yr, R - ,
Summary* 8 38,850 3.6 2 34,000 2.2 25 63,992 4.2 35 136,842 9.0 637,498 42,0 2,150,800
Compounded Annual Rate
of Increase or (Decrease) 3 2 4 .85 3.6

* 10-Year Summary percentages are based on 1962 beginning operating capacity.

Source: U.S. Bureau of Mines, “Petroleum Refineries in the United States,'“Mineral Industries Survey, published annually.
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FOREIGN REFINING CAPACITY TRENDS

The NPC non-Communist foreign energy/oil, requirements/supply
and U.S. import projections provide an appropriate context in which
to review foreign refining capacity trends--past, present and fu-:
ture. For purposes of assessing foreign refining capacity we will
consider trends in three types of foreign refineries. These are
classified according to principal function (resources, market and-
intermediate refineries) and are explained as follows:

® Resource Refineries: Refineries designed to convert crude
to products mainly for export, and which are located proxi-
mate to foreign crude producing areas--malnly the Middle
East and Venezuela

® Market Refineries: Refineries designed to éupply specific
market areas and located at or near large centers of con-
sumption, such as Western Europe or Japan

@ Intermediate Refineries: Swing or balance reflnerles bu11t
along the transportation route between several major crude
supply sources and major markets. . These refineries import
all or most of their crude requ1rements and export large
product volumes, such as refineries at Aden, Canary Islands,
Singapore, Trinidad, Bahamas, Aruba, Curacao and the Virgin
Islands. '

DATA BASE AND ASSUMPTIONS

Specifically, the basis and the principal assumptions behind"
the data are as follows.

Data Base

To provide a consistent, continuous data base over the 1950-
1972 period, the 0il and Gas Journal'’s annual '"Worldwide Refining"
tabulation was used for all non-Communist foreign refinery capac-'
ities as of January 1 of the indicated year. All capacities are
reported in thousand barrels per stream day (MB/SD). A 95 percent
operating factor was used to convert volumes to a stream day basis
where necessary (see Table 56).

Capacities shown for 1975 are projected on a current plus
announced basis: that is, they are based on the 0Z1 and Gas
Journal 1972 annual survey data plus all new capacity which is
scheduled for completion before January 1, 1975, under construction
or announced in the press as of late 1972 Thus, the 1975 capacity
projection does not allow for any new capacity yet to be anounced
or for modifications in present announcements, nor does it allow
for additional capacity which may be needed over that shown in
some areas.
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Western Europe
Resource Refineries
Intermediate Refineries
Market Refineries

Total
Affica "~
Resource Refineries

intermediate Refineries
Market Refineries

Total

Middle East

Resource Refineries
Intermediate Refineries
Market Refiner-ies

- Total

Far East! *
Resource Refineries
Intermediate Refineries
Market Refineries

‘Total '
‘Oceaniia’
Resource Refineries

Intermediate Refineries
Market Refineries

Total

TABLE 56

NON-COMMUNIST FOREIGN REFINING CAPACITY
(Start-of-Year)

1950 1955 1960 1965 1970 1971 1972 1975
MB/SD % MB/SD %  MB/SD %  MB/SD %  MB/SD % MB/SD % MB/SD % MB/SD %.
151 18.4 369 15.7 597 15.0 1,158 15.2 2,007 142 2,251 14.3- 2,460 l 14.8 2,568 1186
668 81.6 1,988 843 3,387 85.0 6,483 848 12,129 85.8 13453 857 14,135 85.2 19,662 88.4
819 100.0 2,357 100.0 3,984 100.0 7,641 100.0 14,136 100.0 15,704 100.0 16,595 100.0 22,230 100.0
3% 100.0 68  100.0 116 1000 502 100.0 779 100.0 853 100.0 902 100.0 1232 100.0
39 100.0 68 100.0 116 100.0 502 100.0 779 100.0 853 100.0 902 100.0 1,232 100.0
702 84.9 848 77.9 1,008 70.7 1,198 699 1538 666 1617 663 1735 675 1,735 589
- - 120 11.0 120 8.4 150 8.8 178 77 178 . 7.3 178 6.9 178 -.6.0
125 15.1 121 na 297 20.9 365 21.3 592 257 645 264 . 658 _25.6 _1.033 _35.1
827 100.0 1,089 100.0 1425 100.0 1,713 1000 2,308 100.0 2,440 100.0 2,571 100.0 2,946 100.0
71 27.3 131 275 156 138 156 5.6 173 3.5 173 3.0 273 4.3 326 3.7
- — —— — o - - 100 21 285 49 285 4.5 958 .11.0
189 727 346 725 978 86.2 2,638 944 _4615 944 5,331 921 5830 912 _7418 853
260 100.0 477 1000 1,134 100.0 2,794 100.0 4,888 100.0 5,789 100.0 6,388 100.0 8,702 100.0
14 100.0 57. .100.0 237 100.0 424 1000 659 100.0 706 100.0 767 -100.0 812  100.0
14  100.0 57 100.0 237 100.0 424 100.0 659 100.0 706 100.0 767 100.0 812 100.0
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Caribbean

Resource Refineries
Interriieidate Refineries
Market Refineries

_ Total "’

Otier Latin America

Resource Refineries
Interimediate Refineries
Market Refireries

~ Total

Canada *

Resource Refineries

Intermediate Refineries

Market Refineries

Total

Total Non-Communist Farelgn

Resource Refineries
Intermediate Refineries
Market Refineries

o Total

TABLE 56 {CONT’D.)

NON-COMMUNIST FOREIGN REFINING CAPACITY
{Start-of-Year)

1965

- 1970

1971

1975 .

SOURCE: 0i! & Gas Journal, *'Worldwide Refininé Tabulation.”

1950 1955 1960 1972
. MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD %

135 14.9 516 388 874 440 1,075 423 1279 377 1,313 352 1341 334 1,652 34.6
660 725 750  56.3 921 464 1,130 445 1,621 478  1,910° 511 2,103 524 2522 528
115 12.6 64. 4.9 190 9.6 337" 13.2 493 14.5 513 13.7 567 14.2 599 12.6
910 1000 1,330 1000 1985 100.0 2542 100.0 3,393 100.0 3,736 100.0 4,011° 100.0 4,773 100.0
365 100.0 501 100.0 874 100.0 _1.349  100.0 _1,759 100.0 _1,828 100.0 _2,134 1000 _2,634 100.0
365 100.0 501 100.0 874 100.0 1,349 100.0 1,759- 100.0 1,828 100.0 2,134 100.0 2,634 100.0
_ _ - - - = - = _ iA - —: 193. 105 298 14.7
340 100.0 609 100.0 920 1000 1,115 1000 1,438 1000 1,483 1000 1,639 895 1,734 853
340 100.0 609 100.0 920 100.0 1,115 100.0 1,438 100.0 1,483 100.0 1,832 100.0 2,032 100.0
908 254 1,495 23.0 2,038 19.1 2429 13.4 2990 102 3,103 95 3,349 95 3713 8.2
811 227 1,239 19.1 1,638 153 2,438 135 3906 133 4,624 142 5219 14.8 6,524 14.4
1855 519 3,754 57.9 6,999 65.6 13,213 73.1 22,464 765 243812 76.3 26,632 75.7 35,124 774
3,574 ‘100;6 6,488 100.0 10,675 1000 18,080 100.0 29,360 -100.0 32,539 100.0 35200 100.0 45,361 100.0




Data on refinery ownership was obtained from the press, in-
dustrial directories, annual reports, etc., giving equity ownership
of refining companies and governments in each of the refineries.
Changes in company and refinery ownership throughout the historical
period were taken into account.

Working Assumptions

Consistent with the above definitions of resource, intermedi-
ate, and market refineries, each non-Communist foreign refinery
existing on January 1, 1972, was assigned to one of the three cat-
egories. As explained below, a portion of mainland Europe's’'ca-
pacity is allocated to the intermediate class as required to supply
Scandinavia. Each refinery was kept in its 1972 category through-
out the historical period. The same groupings were maintained for
the 1975 data as well, but new refineries were added to each of the
three classes as appropriate

The tables on refinery ownership (Tables 57 and 58) show the
equity share of refinery capacity owned by '"100 percent government
owned companies.'" . Companies which are partly government owned--
such as British Petroleum (50 percent) and Companie Francaise des
Petrols (35 percent)--are excluded from the '"'government owned"
class.

Some of the specific assumptions involved are best covered in
an area-by-area discussion:

® Jlestern Europe: The Organization for Economic Cooperation
and Development (OECD) definition of Western Europe (i.e.,
Greece and Turkey are included) is expanded to include
Yugoslavia and the Canary Islands.

The Western European 'market" is defined as a single inte-
gral market (except for Scandinavia). Thus, essentially
all of Europe's refineries are classified as market refin-
eries, despite the .large amount of trade in oil products
between the European nations. The only refineries specif-
ically included in the intermediate class are those on the
islands of Sicily, Sardinia and the Canaries. In addition,
however, the share of Europe's refineries required to sup-
ply products for export to the Scandinavian market was
included in the intermediate class.

@ Caribbean: The Caribbean area includes the Central Amerlcan
mainland south of Mexico, Antigua, Bahamas, Barbados, _
Columbia, Jamaica, Martlnique Netherland Antilles Puertd
Rico, Trinidad and Tobago, Venezuela and the Virgin Islands.

® Canada: Canada's '"'market" is treated as a whole, so that’
all of her refineries are classified as market refineries
with the exception of three new refineries in the northeast
These new refineries--Gulf (Nova Scotia), Golden Eagle
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Western Europe
7 International Majors
Memo: 5 U.S. International Majors

. ’New Majors" {U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

Africa
7 International Majors
Memo: 5 U.S. International Majors
“New Majors*’ (U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

Middle East

. 7 International Majors
Memo: 5 U.S. International Majors
“New Majors”’ {U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

Far East
7 International Majors
Memo: 5 U.S. International Majors
’New Majors* {U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

Oceania
7 International Majors
Memo: 5 U.S. International Majors
*’New Majors’ (U.S. Based Companies)

TABLE 57

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY AREA
{Start-of-Year)

1950 1955 1960 1965 1970 e 972 1975
MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD %

393" 48.0 1,427 60.5 2,413 606 4,373 57.3 8,150 57.7 8,727 55.6 9,489 57.2 12,266 55.2
121 14.8 496 21.0 951 239 1,978 259 4,171 295 4,515 28.7 4,899 29.5 5,869 26.4
6 0.7 14 0.6 49 1.2 153 2.0 486 3.4 535 3.4 548 3.3 737 3.3
30 3.7 106 45 174 4.4 553 7.2 1,146 8.1 1,387 8.8 1,507 9.1 2,017 9.1
390 47.6 B10 344 1,348 33.8 2,562 335 4,354 30.8 5,055 32.2 5,051 30.4 7.210 32.4
819 100.0 2,357 100.0 3,984 100.0 7,641 100.0 14,136 100.0 15,704 100.0 16,595 100.0 22,230 100.0
12 30.8 12 17.6 20 17.2 165 329 237 30.4 244 28.6 248 27.5 389 31.6
- - - - 2 1.7 39 7.8 71 9.1 81 9.5 82 9.1 131 10.6
- - - - — - 3 0.6 8 1.0 5 0.6 5 0.5 5 0.4
23 59.0 32 471 63 54.3 163 325 269 34.6 283 33.2 322 35.7 486 39.4
4 10.2. 24 35.3 33 28.5 171 34.0 265 34.0 321 37.6 327 36.3 352 28.6
39 100.0 68 100.0 116 100.0 502 100.0 779 100.0 853 100.0 902 100.0 1,232 100.0
662 80.1 913 83.8 1,175 82,5 1,286 75.1 1,525 66.1 1,603 65.7 1,702 66.2 1,714 58.2
437 52.8 545 50.0 685 48.1 736 43.0 920 39.9 990 40.6 1,069 41.6 1,074 36.5
— - 30 2.8 80 5.6 160 9.3 194 8.4 194 8.0 194 7.5 194 6.6

2 0.2 40 3.7 51 3.6 1M 6.5 272 1.8 279 1.4 284 1.1 502 17.0
163 19.7 106 9.7 119 8.3 156 9.1 317 13.7 - 364 14.9 391 15.2 536 18.2
827 100.0 1,089 100.0 1,425 100.0 1,713 100.0 2,308 100.0 2,440 100.0 2,571 100.0 2,946 100.0
183 70.4 319 66.9 522 46.0 1,064 38.1 1,473 30.1 1,723 29.8 1,839 28.8 2,661' 30.6
64 24.6 119 24.9 219 19.3 564 20.2 967 19.8 1,086 18.8 1.167 18.3 1,844 21.2
4 1.5 8 1.7 30 2.7 82 29 143 2.9 163 2.8 163 2.6 270 31

- — 3 0.6 5 0.4 67 2.4 535 11.0 629 10.9 908 14.2 1,004 115
3 28.1 147 30.8 577 50.9 1,581 56.6 2.737 56.0 3,274 56.5 3,478 54.4 4,767 54,8
260  100.0 477 100.0 1,134 100.0 2,794 100.0 4,888 100.0 5,789 100.0 6,388 100.0 8,702. 100.0
9 64.3 46 80.7 224 945 386 91.0 548 83.2 594 84.1 637 83.1 682 84.0

2 14.3 2 3.5 88 371 215 50.7 225 34.1 252 35.7 270 35.2 315 38.8
et - - - - — - - 25 3.8 27 3.8 27 35 27 3.3
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Oceania (Cont’d.)
100% Government-Owned Companies
All Other Companies

Total

Caribbean
7 International Majors
Memo: 5 U.S. International Majors
“Mew Majors” (U.S. Based Companies)
100% Government-Owned Companies
All Other Companie's

Total

Other Latin America
7 International Majors
Memo: 5 U.S. International Majors
“’New Majors”’ {U.S. Based Cotilpanies}
100% Government-Owned Companies
All Other Companies

Total

Canada

7 International Majors

Memo: 5 U.S. International Majors
“’New Majors” {U.S. Based Companies}
100% Government-Owned Coimpanies
All Other Companies

Total

Total Non-Communist Foreign
7 International Majors
Memo: 5 U.S. International Majors
“New Majors” (U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

TABLE 57 (CONT‘D.)

{Start-of-Year)

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY AREA

SOURCE: Based on O/ and Gas Journal capacities.

1950 1955 1960 1965 1970 1971 1972 1975
MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD % MB/SD %
5 357 11 _19.3 13 _55 38 9.0 86 _13.0 85 _121 __103 _134 _ 103 127

14 100.0 57 1000 237 1000 424 1000 659 1000 706 100.0 767 100.0 812 100.0
841 924 1254 943 1824 919 2,190 862 2724 803 2867 767 2953 736 3347 70.
530 582 834 627 1212 611 158 625 1874 552 2,014 539 2072 517 2350 492
- - 8 28 108 54 194 76 432 127 640 171 785 196 1,016  21.3
23 25 37 238 48 24 139 55 187 55 190 51 231 58 352 7.4
46 _ 5.1 1 0.1 5 03 19 0.7 50 1.5 39 11 42 1.0 58 1.2
910 1000 1,330 1000 1,985 100.0 2,542 100.0 3,393 1000 3,736 100.0 4,011 100.0 4,773 100.0
54 14.8 94 188 127 145 206 153 183 10.4 187 102 247 116 247 9.4
54 148 76 152 104 119 126 9.3 93 5.3 9% 53 126 59 126 4.8
- - - - - - 1 0.1 3 02 3 0.2 3 0.1 3 0.1
270 740 353 704 683 782 1,027 835 1468 834 1523 833 1771 83.0 2239 850
41 112 54 108 64 7.3 15 1.1 _ 105 60 _ 115 63 _ 113 53 _ 145 5.5
365 100.0 501 100.0 874 100.0 1,389 100.0 1,759 100.0 1,828 100.0 2,134 100.0 2,634 100.0
204 600 346 568 591 642 814 730 999 695 1043 703 1246 680 1326 653
175 515 285 468 518 563 597 535 674 469 706 476 904 493 933 459
- - 17 2.8 16 18 32 29 106 7.4 107 72 107 58 212 104
136 400 246 404 _ 313 340 _ 269 240 _ 333 231 _ 333 _225 _ 479 _262 _ 494 _243
340 100.0 608 1000 920 100.0 1,115 100.0 1,438 100.0 1,483 100.0 1,832 100.0 2,032 100.0
2358 660 4411 680 6896 646 10484 580 15839 539 16,988 522 18,361 522 22632 499
1,383 387 2357 363 3,779 354 5843 323 8995 306 9,740 299 10589 301 12,642  27.9
10 03 107 16 283 26 625 35 12397 48 1674 51 1832 52 2,464 5.4
348 97 57 8.8 1,024 96 2,60 119 3,877 132 4,291 132 5023 143 6,600 14.6
858 240 1,399 21.6 2472 232 4811 266 8247 281 9586 295 9984 283 13665 30.1
3574 100.0 6,488 100.0 10,675 100.0 18,080 100.0 29,360 100.0 32,539 100.0 35200 100.0 45361 100.0
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Resource Refineries
7 International Majors
Memo: 5 U.S. International Majors
“New Majors” (U.S. Based Companies}
100% Government-Owned Companies
All Other Companies

Totai

Intermediate Refineries
7 International Majors
Memo: 5 U.S. International Majors
*“New Majors’’ (U.S. Based Companies)
100% Government-Owned Companies
All Other Companies

Total

Market Refineries

- 7 International Majors
Memo: 5 U.S. International Majors.
“New Majors” (U.S. Based Companies)
100% Government-Owned Companies
All Otrer Companies .

Total

Total Non-Communist Foreign

7 International Majors

Memo: 5 U.S. International Majors
“New Majors* (U.S. Based Companies}
100% Government-Owned Companies
All Other Companies

Total

TABLE 58

(Start-of-Year)

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY REFINERY TYPE

- 1950 1955 1960 1965 1970 1971 1972 1975

MB/SD %  MB/SD % MB/SD % MB/SD % MB/SD % MB/SD %  MB/SD %  MB/SD %
903 994 1,384 926 1,867 91.6 2234 920 2542 850 2640 851 2,764 825 2954 79.6
494 54.4 825 562 1,123 55.1 1,415 6583 1,724 577 1822 587 1,904 56.9 2,094 564
- - 68 45 69 3.4 152, 6.2 191 6.4 191 6.2 194 5.8 194 5.2
- - - - - - - - 110 3.7 110 35 210 6.3 384 10.3
5 0.6 43 2.9 102 5.0 43 1.8 147 4.9 162 5.2 181 54 181 49
908 100.0 1495 1000 2038 1000 2429 1000 2990 100.0 3,903 100.0 3,349 100.0 3,713 100.0
752 92.7 1,048 84.6 1,239 756 1,617 663 2,175 557 2506 542 2624 503 3,274 502
479 59.1 582 47.0 700 42,7 1,001 41.1 1,344 344 1,499 324 1,600 307 2,068 317
1 0.1 2 0.2 75 4.6 127 5.2 359 9.2 548 1.9 738 14.1 1,118 171
5 0.6 13 1.0 19 1.2 96 4.0 109 28 13 24 125 24 121 1.9
53 6.6 176 14.2 305 18.6 598 245 1263 323 1457 315 1,732 332 2,01 30.8
811 100.0 1,239 1000 1638 1000 2438 100.0 3,906 100.0 4,624 100.0 5,219 100.0 6,524 100.0
703 379 1,979 52.7 3,790 541 6,633 502 11,122 495 11,842 47.7 12973 487 16404 46.7
410 221 950 25.3 1,956 279 3,427 259 5927 264 6,419 259 7,085 266 8,773 25.0
9 0.5 37 1.0 139 2.0 346 26 847 38 935 3.8 900 34 1,152 3.3
343 18.56 558 14.9 1,005 14.4 2,064 156 3,658 16.3 4,068 16.4. 4,688 17.6 6,095 17.3
800 43.1 1,180 31.4 2,065 295 4,170 31.6 6837 304 7967 321 8,071 30.3 11,473 327
1,855 100.0 3,754 1000 6,999 100.0 13,213 100.0 22,464 100.0 24,812 100.0 26,632 100.0 35,124 100.0
2,358 66.0 4,41 68.0 6,896 646 10484 580 15839 539 16988 522 18,361 522 22632 499
1,383 387 2357 36.3 3,779 354 5843 323 8995 306 9740 299 10589 30.1 12,935 285
10 0.3 107 16 283 2.6 625 35 1,397 48 1674 5.1 1,832 52 2,464 5.4
348 9.7 571 8.8 1,024 9.6 2,160 1.9 3,877 13.2 4,291 13.2 5,023 14.3 6,600 14.6
858 24.0 1,399 21.6 2,472 232 481 266 8247 281 9586 295 9984 283 13665 _30.1
3574 100.0 6488 100.0 10,675 100.0 18,080 100.0 29,360 100.0 32,539 100.0 35,200 100.0 45,361 100.0

SOURCE: Based on 0i/ and Gas Journal capacities.




(Quebec) and Newfoundland Refining (under construction in
Newfoundland)--are scheduled to refine imported crude and
reportedly will ship most of their product output to the
U.S. East Coast. The total capacity of these three refin-
eries is included in the intermediate category.

CAPACITY TRENDS IN REFINERY TYPES AND OWNERSHIP

Capacity Trends in Refinery Types

Total refining capacity in the non-Communist world has increas-
ed from 3.6 MMB/SD in 1950 to 35.2 MMB/SD in 1972 (see Table 56).

Market refineries have increased significantly in their share
of total foreign refining capacity over the past 20 years, up from
about 1.9 MMB/SD, or about 52 percent of total capacity in 1950,
to over 26 MMB/SD, or almost 76 percent in 1972.

Resource refineries have been declining in relative importance
over the past 20 years, although capacity has increased in absolute
terms from 0.9 MMB/SD in 1950 to 3.3 MMB/SD in 1972. Resource re-
fineries share of total foreign refining has dropped from over 25
percent in 1950 to 9.5 percent in 1972.

Intermediate refinery capacity was 0.8 MMB/SD, or 23 percent
of the total, in 1950. Although their capacity has grown steadily,
their share of the total dropped until 1970 (3.9 MMB/SD, 13 percent
of the total), when the trend reversed. Intermediate refineries
are now on the upswing, amounting to 5.2 MMB/SD, or almost 15 per-
cent of the total in 1972.

Ownership Trends

The International Majors share of foreign capacity has de-
clined from almost 66 percent in 1950 to about 52 percent in 1972.
In the meantime, government owned companies and all other companies
have increased their share significantly. The "New Majors" (U.S.
based companies) have carved out a 5 percent share of. foreign re-
fining capacity by 1972, starting from essentially nothing in 1950.

The International Majors have owned nearly all of the resource
refinery capacity, but their share has declined from 99 percent in
1950 to under 83 percent in 1972 (Table 58). The Majors ownership
of intermediate refineries has declined sharply, from 93 percent in
1950 to 50 percent in 1972. The New Majors and other nongovernment
companies have accounted for most of the difference. Government
company ownership of both resource and intermediate refineries has
been much lower than the government share of market refineries.

The International Majors increased their share of market refineries
from 38 percent in 1950 to 54 percent in 1960, but have slowly de-
clined in importance since then (49 percent in 1972).
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CAPACITY TRENDS IN PROCESSING

Downstream Processing Capacity Trends

Table 59 shows trends in the development of downstream proc-
essing capacity in the non-Communist foreign area over the past 20
years. Total cracking capacity has declined from 22 percent of
total refining capacity in 1960 to 13 percent in 1972. Total re-
forming capacity has remained essentially constant as a percent of
crude capacity over the same period (10 percent in 1960, 11 per-
cent in 1972).

These trends reflect the fact that foreign refiners operate
primarily to produce distillate and residual fuel oils. Rapid in-
dustrialization in these areas over the past 20 years, combined
with the substitution of o0il for coal in many areas, has increased
the requirement for these fuels as compared to the lighter frac-
tions used in transportation, etc. Even Canada shows a decline in
cracking capacity as a percentage of crude capacity, reflecting the
growing production of heavy fuel oils in eastern Canadian refiner-
ies for industrial and utility use in the United States and Canada.

The primary emphasis in foreign refinery downstream processing
trends has been on product quality improvement rather than on the
alteration of the basic product slate. These trends are expected
to continue. The recent appearance of fuel o0il desulfurization
facilities in foreign refineries, discussed in the following sec-
tion, is an important example of this ''quality improvement" type
of downstream processing.

Fuel 0il Desulfurization

Fuel o0il desulfurization capacity, nonexistent until 1967, has
increased at an average rate of 100 MB/SD per year since 1968 both
in Japan and in the Caribbean. The outlook for the 1970's, based
on the estimates in Table 60, is for construction rates several
times higher than this in both areas, with particular emphasis
likely around mid-decade. Construction plans already on the books
amount to about 350 MB/SD in each area by 1975, and the supply/
demand balance indicates that even more new capacity will be re-
quired by that date. Westeérn Europe, now some 5 years behind the
United States in sulfur emission regulations, will need to build
fuel 0il desulfurization capacity at a similar rate starting after
1975. This, of course, depends on the disposition of low-sulfur
crudes to the various market areas.

Table 60 shows the outlook for 1975 and 1980, emphasizing the
growing gap (particularly in the Atlantic area) between low-sulfur
fuel 0il requirements and low-sulfur crude availability. The prin-
cipal assumptions behind the calculations are as follows:

@ The estimate of low-sulfur fuel o0il demand in the U.S.

Districts I through IV is based on our overall appraisal
of U.S. energy and fuel o0il demand and our most current
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W. Europe - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

Africa - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
" Fuel Oil Desulfurization

Middle East - Total Refining Capacity

Thermal Cracking and Visbreaking
Catalytic Cracking

Hydrocracking

Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

TABLE 59

NON-COMMUNIST FOREIGN REFINING: DOWNSTREAM PROCESSING
{Start-of-Year Feed Capacities)

1950* 1955% 1960 1965 1970 1971 1972

% of % of % of % of % of % of % of
MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total

819 2,318 3,984 7,641 14,136 15,704 16,595
301 13.0 115 29 407 5.3 432 3.1 443 2.8 502 3.0
306 13.2 an 11.8 613 8.0 777 5.5 894 5.7 930 5.6
- - - - 7 0.1 35 0.2 40 0.2 55 0.3
_ - - — 20 03 62 04 89 08 12 07
142 17.3 607 26.2 586 14.7 1,047 13.7 1,306 9.2 1,466 9.3 1,599 9.6
43 1.9 374 9.4 995 13.0 1,846 13.0 1,948 12.4 2,118 12.8
_ - — — 200 5.0 198 26 111 0.8 109 0.7 87 05
43 1.9 574 14.4 1,193 15.6 1,957 13.8 2,057 13.1 2,205 13.3

39 68 116 502 779 853 902
8 11.8 3 2.6 7 1.4 27 35 28 3.3 23 25
6 8.8 13 11.2 30 6.0 42 5.4 63 7.4 63 7.0
- - - - - - - - 10 1.1 10 11
I — —_ _ S _ 6 2.2 = = —— _ = =
7 17.9 14 20.6 16 13.8 43 8.6 69 8.9 101 1.8 96 10.6
- - 5 4.3 87 17.3 126 16.2 148 17.3 139 15.4
_ - - 7 80 7 14 4 _0S 4 05 4 04
- - 12 10.3 94 18.7 130 16.7 152 17.8 143 15.8

827 1,089 1,425 1,713 2,308 2,440 2,57
194 17.8 51 3.6 62 3.6 70 3.0 77 3.2 92 3.6
58 5.3 62 4.3 68 4.0 73 3.2 73 3.0 74 29
- - - - - - 62 2.7 62 25 72 2.8
P I 1 = — — —_ = = —_ —20 08 20 07
208 25.2 252 23.1 113 7.9 130 7.6 205 8.9 232 9.5 258 10.0
26 24 48 3.4 88 5.1 131 5.7 128 5.2 130 5.1
_ - = 127 88 82 48 72 3.1 77 32 72 28
26 2.4 175 12.3 170 9.9 203 8.8 205 8.4 202 7.9
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Far East - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

Oceania - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking '
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

Caribbean - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

TABLE 59 (CONT'D.)

NON-COMMUNIST FOREIGN REFINING: DOWNSTREAM PROCESSING
(Start-of-Year Feed Capacities)

1950* 1955t 1960 1965 1971 1972
% of % of % o % of % of % of % of
MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total

260 477 1,134 2,794 4,888 5,789 6,388

74 15.5 60 5.3 49 1.7 103 2.1 117 2.0 103 1.6

14 29 96 8.4 161 5.8 210 4.3 264 4.6 339 5.3

- - - - - - 10 0.2 12 0.2 12 0.2

- = - 2 0.2 8 0.3 33 07 33 0.6 33 0.5

62 23.8 88 18.4 158 13.9 218 7.8 356 7.3 426 7.4 487 7.6

16 3.4 35 31 207 7.4 435 8.9 476 8.2 522 8.2

_ - - 19 1.7 15 05 15 0.3 15 0.3 16 0.2

16 3.4 54 4.8 222 7.9 450 9.2 491 8.5 538 8.4

- - - —_ - - - - 274 5.6 386 6.7 469 7.3
14 57 237 424 659 706 767

- - 76 321 133 314 166 25.2 157 222 154 20.1

— - - - - — 4 0.6 4 0.6 4 0.5

- - - - 76 321 133 31.4 170 25.8 161 228 158 20.6

- - 2 8.9 86 20.3 143 21.7 162 229 164 21.4

- - 21 8.9 86 20.3 143 21.7 162 229 164 21.4
910 1,330 1,985 2,542 3,393 3,736 40N

532 40.0 535 26.9 603 23.7 614 18.1 595 15.9 593 14.8

74 5.6 283 14.3 261 10.3 29 8.6 287 7.7 282 7.0

299 32.9 606 45.6 818 41.2 864 34.0 905 26.7 882 2_3.6 875 21.8

- - - 38 94 143 4.2 21 5.6 206 5.1

_ - - 29 15 28 1.1 7 02 7 0.2 7 0.2

- - 67 3.4 122 4.8 150 4.4 218 5.8 213 5.3

- - - - - - - - 30 0.9 260 7.0 360 9.0
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Other Latin America-
Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking '

Total Cracking and.Coking

Catalytic Reforming
Thermal Reforming

Total Reforming

Fuel Oil Desulfurization

Canada - Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Thermal Reforming

Total Reforming
Fuel Oil Desulfurization

Total Non-Communist Foreign-
Total Refining Capacity
Thermal Cracking and Visbreaking
Catalytic Cracking
Hydrocracking
Coking

Total Cracking and Coking

Catalytic Reforming
Therma! Reforming

Total Reforming
Fuel Oil Desulfurization

TABLE 59 (CONT'D.)

NON-COMMUNIST FOREIGN REFINING: DOWNSTREAM PROCESSING
{Start-of-Year Feed Capacities)

1950* 19554 1960 1965 1970 1971 1972
% of 9 % of % o % of % of % of
MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total
365 501 874 1,349 1,759 1,828 2,134
125 249 194 22.2 185 13.7 148 8.4 144 7.9 144 6.7
20 4.0 90 10.3 253 18.7 244 13.9 297 16.2 351 16.5
- - - - - - - = - - 21 1.0
- - - — 1 0.1 55 .1 55 3.0 67 31
104 28.5 145 28.9 284 325 439 325 447 25.4 496 2741 583 27.3
- - - - 52 39 115 6.5 116 6.4 133 6.2
= - 7 0.8 11 0.8 15 0.9 15 0.8 4 0.2
- - 7 0.8 63 4.7 130 7.4 131 7.2 137 6.4
340 609 920 1,115 1,438 1,483, 1,832
172 28.2 52 5.7 57 5.1 34 24 34 23 34 1.9
212 348 281 30.5 355 318 394 27.4 390 26.3 427 23.3
- - - - - - 6 0.4 24 1.6 24 1.3
- . = = 13 14 _ 13 12 __14 10 14 09 _ 17 09
180 52.9 384 63.0 346 37.6 425 38.1 448 31.2 462 31.1 502 27.4
12 2.0 151 16.4 192 17.2. 234. 16.3 248 16.7 290 15.8
12 2.0 151 16.4 192 17.2 234 16.3 248 16.7 290 15.8
3574 6,449 10,675 18,080 29,360. 32,539 35,200
1,406 21.8 1,010 9.5 1,370 7.6, 1,428 4.9 1,438 4.4 1,491 4.2
690 10.7 1,372 12.9 1,874 10.4 2,197 7.5 2,425 75 2,620 7.4
- - - - 7 - 117 0.4 152 05 198 0.6
— — 15 0.1 48 0.3 164 0.5 211 0.6 249 0.7
1,002 28.0 2,096 325 2,397 225 3,299 18.3 3,906 13.3 4,226 13.0 4,558 129
97 1.5 672 6.3 1,801 10.0 3,173 . 10.8 3437  10.6 3,702 -10.5
- - 389 3.6 341 1.9 224 0.8 227 0.7 190 05
97 1.5 1,061 9.9 2,142 11.9 3,397 11.6 3,664 11.3 3,892 11.0
- - - - - - - - 304 1.0 646 2.0 829 2.4

+ 1950 data does not provide detail on types of processes. Number shown-under "Total Cracking and Coking” includes Thermal Cracking, Catalytic Cracking, Visbreaking, Coking and Thermal Reforming.

1 Number shown under “’Thermal Cracking and Visbreaking* in 1955 includes Coking and Thermal Reforming.

SOURCE: Based on Oi/ and Gas Journal capacities.
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TABLE 60

LOW-SULFUR FUEL OIL ASSESSMENT —1975 AND 1980

ATLANTIC AREA

Low-Sulfur Crude Production and Disposition
Production.
Africa
North Sea
Latin America
Total

Disposition
Europe
U.S. Districts [-1V/Canada
Caribbean ’
Other Areas and Inventory

Total

Low-Sulfur Fuel Oil Supply/Demand Balance
Western Europe |

Low-Sulfur. Fuel Oil Consumption (‘I% S or less)

Potential Supply from Low-Sulfur Crude

30% Potential Supply Unavailable*
Net Potential Supply

Supply Required from Desulfurization (Potentlal
Export Available for U.S.)

U.S. Districts | -1V
Cow-Sulfur Fuel Oil Consumption (1% S or less)
Potential Supply from -Low-Sulfur Crude
Supply Required from Desulfurization

Memo: U.S. and Caribbean Desulfurization Feed Capacity

Required for Above Supply¥
Capacity On-Stream and .Announced8
Unannounced New Capacity Required

‘Memo: - Foreign Fuel Oil Desulfurization Capacity
{January 1]
Western Europe
Caribbean
Japan
Total Foreign

1975

5,275
750
600

8,625

5,925

1980

9,200
2,000
1,000

12,200

7,350
1.650

1,600 ,

1,600

12,200

1,420
2,590
(780)
1,810

(390)

4,500 .

3.620

(1,090)

2,530
1,970t
3,790

1,480
2,310

2,530
760

1,770

(MB/SD)
EFAR EAST
1975
Low-Sulfur Crude Production and Disposition
Production
Brunei/Malaysia 225
Indonesia : 1,615
Total 1,840
Disposition
" Japan 1,000
U.S. District V 200
Other S.E. Asia & Inventory 640
Total ' 1,840
Low-Sulfur Crude from Atlantic Areato Far East 330
Total Low-Sulfur Crude Available for Far East 2,170
Low-Sulfur Fuel Oil Supply/Demand Balance
Japan ~
Regulated Onshore Fuel Oil Consumption (PoolWt.%S) 2,545(0.7) 4,000(0.3)
Potential Supply from Low-Sulfur Crude 1,210
Low-Sulfur Fuel Oil Imports 325
Adjustment for Stack Gas Treating 100
Supply Required from Desulfurization 910
Memo: Desulfurization Feed Capacuty Required for
Above Supply, MB/SD' 1.120
Capacity On-Stream and Announced 803
Unannounced New Capacity Required 317
Memo: Low-Sultur Crude Bu‘r.ned Directly by Utilities 260
{(Announced)
1968 1969 1970 1971 1972 1975
— — - - - 3
- 30 30 260 360 700¢
40 88 274 386 469 803
40 118 304 646 829 1,506

*Potential low-sulfur fuel oil not available due to use as cracking feedstock, failure to segregate from high-sulfur crude use in markets where not required by law, etc.
‘tMaximum requirement; “posential supply unavailable” may be considerably lower than 30 percent by 1980.
#Based on 90 percent operating factor and 90 percent fuel oil yield; allowance is made for blending VGO desulfurizer output with high-sulfur material toa 1 percent sulfur fuel oil.

§Includes 60 MB/SD unitannounced by Supermarine Inc., New Jersey.
Il Based on 90 percent operating facto.r and 90 percent fuel oil yield.

1980

300
2,300

2,600

1,650

1,650
450
300

1,600

1,975

480




assumption of the likely impact of EPA regulation limits
which will be in effect in 1975 and 1980 as a result of
the 1970 Clean Air Act provisions.

The estimate of low-sulfur fuel oil demand in Europe is
based on our overall appraisal of European energy and,
specifically, fuel o0il demand. (Our estimates for total
European 0il demand correspond to the "high" end of the
range agreed upon by the NPC.) It takes into account cur-
rent air pollution regulations and our best present esti-
mate of the development of new regulations through 1975.
For 1980 we have assumed that total SOs emissions from
fuel o0il burning will be limited to a level no higher than
in 1975.

Low-sulfur fuel oil demand estimates for the United States
and Europe do not account for stack gas treatment on oil-
burning installations which, later in the decade, may prove
economical for large consumer installations enabling them
to burn high-sulfur fuel oil. Allowance is made, however,
for stack gas sulfur removal from coal-burning installa-
tions later in the decade. U.S. low-sulfur fuel oil de-
mand takes into account expected production of pipeline-
quality gas by gasification, part of which will be competi-
tive with low-sulfur fuel oil. No production of low BTU
gas from o0il or coal is assumed; if such a process proves
economical, it could have an impact on low-sulfur fuel oil
demand by 1980. Direct burning of low-sulfur crude oils
and of light distillate fractions, such as naphtha, is ex-
pected to be comparatively small.

The European balance allows for '"potential supply unavail-
able" (from low-sulfur crude) for the low-sulfur fuel oil
pool, due to use as cracking feedstock, failure to segre-
gate from high-sulfur crude use in markets where not re-
quired by law, etc. The European refiners' '"potential sup-
ply unavailable'" is assumed to be 30 percent of total po-
tential supply. Before 1975, the percentage unavailable
because of nonsegregation undoubtedly is higher than 30
percent. However, by 1980, with low-sulfur fuel oil supply
tight, the unavailable volume is likely to approach zero
percent.

The estimate of low-sulfur fuel oil demand in Japan is
based on our overall appraisal of Japanese energy require-
ments. It takes into account direct crude burning, naphtha
burning and significant commercialization of stack gas
treatment on oil-burning installations. The Japanese now
have operating or under construction 25 different pilot or
semi-commercial stack gas treating plants representing 13
different processes. The competitive economics of stack
gas treatment versus desulfurization have yet to be proved;
the outcome will have a direct bearing on the desulfuriza-
tion requirements estimated in Table 60.
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@ The allocation of desulfurization capacity to the various
areas is arbitrary, since the inter-area flows of low-
sulfur crude and fuel o0il will depend on the specific
logistic/economic situations of individual refiners. The
Japanese balance allows for moderate imports of low-sulfur
fuel o0il produced from Asian low-sulfur crudes in the re-
source refineries of Indonesia and intermediate refineries,
such as those in Singapore. However, no allowance is made
for desulfurization of Persian Gulf crudes in the Middle
East's resource refineries or in Asia's intermediate
refineries.

Due to the assumptions noted above, the 2 MMB/SD of desulfur-
ization capacity indicated for Europe in 1980 should be considered
a maximum requirement. For example, if the '"potential supply un-
available'" were 10 percent instead of 30 percent, Europe's required
desulfurization capacity in 1980 would be 1.2 MMB/SD instead of 2
MMB/SD. The estimates for the United States/Caribbean area and
Japan are on firmer ground, but are quite susceptible to the as-
sumptions relative to stack gas treatment and direct crude burning.
On balance, considering the current state of technology for sulfur
removal from stack gas, the outlook over at least the next 3 to S
years is for accelerating growth of fuel o0il desulfurization capac-
ity in both Japan and the United States/Caribbean area.

THE OUTLOOK

The data on refinery capacity additions suggests that recent
trends will continue. That is, market and intermediate refineries
will continue to increase their share of total foreign refining
capacity, rand resource refineries' share of the total will con-
tinue to decline. Strong growth in intermediate refining capacity
(beyond that shown by the data) will be encouraged by refinery
siting problems and environmentalist concerns in the United States
and Japan. The next few years will see Singapore become one of the
large intermediate refining centers, with almost 500 MB/SD of new
capacity planned between now and 1975. Other Asian areas, such as
Okinawa and Taiwan, are also likely to develop as important inter-
mediate refining sites.

The scheduled growth of intermediate refining capacity in the
Caribbean and in eastern Canada is supported by the need to supply
the United States with increasing volumes of low-sulfur fuel oil
and bonded products and by the fact that U.S. refining capacity
growth has failed to keep pace with demand. Further future growth
of intermediate refining capacity to provide products for import
into the United States will be, of course, heavily contingent on
whether U.S. import controls are modified to stimulate the expan-
sion of U.S. refining capacity.

Although the share of resource refineries is indicated to con-
tinue to decline, several factors may serve to counteract this
trend. With the limited world supply of low-sulfur crudes, the
African nations, Indonesia, Ecuador, etc., will be able to command
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premium prices for it. Rather than accept poorer prices for high-
sulfur crudes, the Mid-East countries (with or without o0il company
participation) have a strong incentive to desulfurize their crude
before marketing it. These countries have land, cheap natural gas,
capital funds, a desire for downstreaming, etc. In addition, Japan
is known to be looking to both the Middle East and Indonesia to ex-
pand their resource refinery capacities to supply Japan with oil
products and ease her refinery siting problems.

Refinery ownership trends are also expected to continue, with
the International Majors share declining and the government owned
and other companies share increasing. The overall outlook for re-
fining may be contingent on the outcome of negotiations now under
way between the producing country governments and the oil companies.
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TABLE 61

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES —

ALLOWABLE EMISSIONS LBS $02/106 BTU

FUEL LINLTATRON 2S
(LBS. /106 BTU)

HEAT LNPUT (MILLION BTL/HH}

ol1L

LOAL

< 50

luo

<250

>250

1000

>2000

REMARKS

ALABAMA
CLASS I COUNTY

CLASS 11 COUNTY

FOR NEW SOURCES ONLY.

CLASS 1 CO.: 50X OR LESS QF THE COUNTY POPULATION
RESIDES IN A NON-URHAN PLACE, AS DEFINED BY THE
U.S. DEPT. OF COMMERCE CENSUS BUREAU FOR 1970 OR A
SECONDARY NATIONAL AMBIENT AIR QUALITY STANDARD IS
BEING EXCEEDED BASED ON 1971 AR QUALITY MEASURE-
HENTS,

CLASS 11 CO.: MORE THAN 502 OF ALL COUNTY POPULA-
TION RESIDES IN A NON-URBAN PLACE, AND NO SECONDARY
RATIONAL AMBIENT AIR QUALITY STANDARD IS BEING
EXCEEDED BASED ON 1972 AIR QUALITY MEASUVREMENTS.

ALASKA

AR1ZONA

HARICOFA COUNTY
PIMA COUNTY

HOT TO
CAUSE GROUND LEVEL CONCENTRATIONS TO EXCEED THEIR
LIMITATIONS.

SAME.AS STATE REGULATIONS.
SAME AS STATE RECULATIONS.

ARKANSAS

HOT TO CAUSE GROUND LEVEL CONCENTRATIONS TO
EXCEED THEIR LIMITATIONS.

CALIFORNIA

EZACH OF .THE S0 COUNTIES IN CALIFORNIA
HAS ITS OWN REGULATIONS.

COLORADO

THE STATE OF COLORADO REGULATION COVERS THE
METROPOLITAN DENVER AQCR. THIS LIMITATION APPLIES
AFTER JANDARY 1, 1975, BUT UNTIL THEN THE
REGULATION IS 1.0 LBS $0,/106 BrU.

CONNECTICUT

0.3

AFTER APRIL 1, 1973

DELAWARE

NEW CASTLE CO.

STATE REGULATION: SO, EMISSIONS SHALL BE CONTROLLED]
TO MZET THE AMBEENT AIR QUALITY REQUIREMENTS.

AFTER JANUARY 1, 1975 IF NATIONAL SECONDARY AMBI
AIR QUALITY STANDARD HAS BEEN EXCEEDED IN METROPOL-]
ITAN PHMILADELPEIA AQCR. BETWEEN JULY 1, 1973 AND
OCTOBER 1, 1974. OTRERWISE:

DISTILLATE OIL 0.3X AFTER JANDARY 1, 1972

ALL OTHER FUEL 1.0Z AFTER JANDARY 1, 1973




e

TABLE 61 (CONT'D.)

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES -~
ALLOWABLE EMISSIONS LBS SO2/106 BTU

FUEL LIMITATION
x's (LBS /106 BTU)

HEAT INPUT (MILLION BTU/HR)

oIL COAL

s10 | <so

i

100 <250 >250 | 1000

>2000

ALL

REMARKS

KENT & SUSSEX CO.

0.3 DISTILLATE

EMISSION RATE SHALL BE DETERMINED BY ACCEPTABLE
ATMOSPHERIC DISPERSION EQUATIONS .IN ORDER TO MEET
AIR QUALITY STANDARDS.

DISTRICT OF COLUMBIA

0.5 0.5

AFTER JULY 1, 1975 - UNTIL THEN 1X S FOR COAL;
FOR OIL 1X S UNTIL JULY 1, 1973 AND 0.8% S UNTIL
JULY 1, 1975.

FLORIDA

0.8 OIL
1.2 CoAL

FOR NEW SOURCES ONLY. REGULATIONS FOR EXISTING
SOURCES:

1.1 LBS 502/108 BTU FOR OIL | FOR >250 MILLION
1.5 LBS 505/106 BTU FOR COAL BTV

GEORGIA

0.8 oL
1.2 coAL

FOR NEW SOURCES ONLY; FOR EXISTING SOUPCES LIMIT-
ATION IS A FUNCTION OF STACK WEIGHT, HEAT INPUT,
LOCATION, FUEL USED., 2.5X S FOR COAL AND OIL FOR
FUEL BURNING SOURCES <100 MILLION BIU/MR OF HEAT
INPUT; 9.0X S FOR COAL AND OIL FOR FUEL BURNINC
SOURCES >100 MILLION BIU OF HEAT INPUT

HAWAII

0.5

AFTER JUNE 1, 1974 FOR FUEL BURNING SOURCES >250
MILLION BTU/MR AND 2.0X S FOR FUEL BURNING SOURCES
<250 MILLION BTU/HR.

IDAHO

0.3 RESIDUAL
0.2 DISTILLATE 0.7

THIS REGULATIOH IS BEING DELETED, AND NEW X S
LIMITATIONS WILL BE SET BY THE STATE WITHIN 1 YEAR
OF APPROVAL OF THE PIAN.

ILLINOIS

GRANITE CITY

CCOK COUNTY

1.0 1.0

FOR NEW SOURCES ONLY; FOR EXISTING SOURCES AT ALL
HEAT INPUTS:

1.0 LBS 502/106 BTU FOR RESIDUAL OIL | EOR CHECAGD.
0.3 LBS 502/10 BTU FOR DISTILLATE OIL} pre -io o
1.8 LBS S02/106 BTU FOR COAL. AQCR's

S0, FMISSIONS MAY NOT CAUSE THE AMBIENT -AIR TO
EXCEED ITS LIMITATIONS AT ANY OCCUPIED PLACE
BEYOND THE PREMISES ON WHICH THE SOQURCE IS
LOCATED.

INDIANA

TAKE COUNTY

PORTER COUNTY

ST, JOSEPH COUNTY

VIGO COUNTY

ANDERSON
EAST CHICAGO
EVANSVILLE
GARY

NOT IN EXCESS OF 6.0 LBS S0,/106 BTU OR
£5=17Q-0.33 WHICHEVER IS LESS. IN NO CASE
WILL STANDARD OF LESS THAN 1.2 LBS

S02/106 BIU BE REQUIRED,

NOT TO CAUSE GROUND LEVEL CONCENTRATIONS TO EXCEED
THEIR LIKITATIONS. .

"“PROPOSED ORDINANCE WHICH IS SIMILAR TO LAKE
COUNTY" -0.33
BUT NOT IN EXCESS OF Ey=17.0Qp
EQUIPMENT CAPACITY)
NOT TO CAUSE GROUND LEVEL CONCENTRATIONS TO EXCEED
LIBITATIONS

NO S0, REGULATIONS

SAME- AS IAKE COUNTY

NO 502 -REGULATIONS

SAME AS LAKE COUNTY

(Qg IS TOTAL
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TABLE 61 (CONT’D.)

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES —
ALLOWABLE EMISSIONS LBS S02/106 BTU

FUEL menno: HEAT INPUT (MILLION BTU/HR)
2 s (LBS S/106 BTU) REARKS
oL coAL <10 <50 100 | <250 | >250 1000 | >2000 | ALL
HAMMOKD 1.5 1.5 SAHE AS (LAXE COUNTY
INDIAMAPOLIS : NO 07 RBGULATIONS.
MICHICAN CITY SAHE AS LAKE COUNIY®
WAYNE COUNTY : NO S04 REGULATIONS
I0WA 5.0 | PROPOSED REGUIATION - AFTER JANUARY 1, 1974; AFTER
COAL | JANUARY 1, 1973:
1.5| 6.0 LBS 50,/106 BTY FOR COAL
01L 2.0 LBS -S05/106 BTU FOR OIL
KANSAS ) ' 3.0 '
KENTUCKY
PRIORITY 1 4.0 COAL 1.2 COAL
2.5 OIL 0.8 OIL 2.0 COAL
PRIORITY II 4.0 COAL 8 o FOR 500 MILLION BTU/MR
2.5 OIL .
PRIORITY III 4.0 COAL 3.5 COAL
2.5 OIL 2.0 oIL
0
LOUISIANA 2000 ppw
HAINE
PORTLAND AQCR 1.5 1.5
CENTRAL MAINE 2,5 2.5
DOWNEAST 2.5 2,5
AROOSTOOK CO. 2.5 2.5
N.W. MAINE AQCKR 2.5 2.5
MARYLAND
CUMBERLAND MD. AQCR 0.5 RESIDUAL UNTIL JULY 1, 1975, 1Z S WILL APPLY'TO RESIDUAL OIL.
0.3 DISTILLATE 1.0 .
BALTIMORE AQCR 0.5 RESIDUAL UNTIL JULY 1, 1975, 1X S WILL APPLY TO RESIDUAL OIL.
0.3 DISTILLATE 1.0 :
NATIONAL CAPITAL AQCR 0.5 RESIDUAL SAHE AS BALTINORE
0.3 DISTILLATE 1.0 : :
EASTERN SHORE AQCR 0.5 RESIDUAL SAME AS BALTIMORE
] 0.3 DISTILLATE 1.0 :
SOUTHERN SHORE AQCR 0.5 RESIDUAL SAHE AS BALTI}MORE
0.3 DISTILIATE 1.0
CENTRAL MD. AQCR " 0.5 RESIDUAL SAME AS BALTIMORE
0.3 DISTILLATE 1.0
MASSACHUSETTS
CENTRAL MASS. AQCR 0.17 M. 2 ou.)
0.55 OTHERS €0.55)
MERRIMACK VALLEY AQCR 0.17 NO. 2 OIL
BOSTON g.ss OTHHZ{S 1 : Eg'ggg . FOR ARLINGTON, BELMONT, BOSTON, BROOKLINE, CAMBRIDGE,
AQCR ( .17 M. 2 0 . OHELSEA, EVERETT, MALDEN, HEDFORD, NEWION, SOMMER-
0.28 OTHERS . VILLE, WALTHAM, WATERTOWH - FOR ALL OTHER
TOKNS & CITIES IN THIS AQCR: FOR COAL & OLL
PIONEER VALLEY AQCR (017 M. 2 omy | 0-35 LB 5/20° BTU
0.55 OTHERS . - (0.55) -
S.E. MASS. AQCR 0.17 0. 2 ou.) o :
0,55 OTHERS €0.55)
BERKSHIRE (0.17 ¥o. 2 ou.) (0.55)
0.55 OTHERS
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TABLE 61 (CONT'D.)

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES -
ALLOWABLE EMISSIONS LBS SO2/106 BTU

FUEL LIMITATION
% s (LBS S/106 BrU)

HEAT INPUT (MILLION BTU/HR)

REMARKS

oI

COAL

<50

100 <250 >250

1000

>2000

MICHIGAN

WAYNE COUNTY

2.0
1.5

0.3 DISTILLATE
0.7 HEAVY & CRUDE

2.0
1.5

0.5 PLANTS
0.3 RES. ,COM.

NN W
RN
onof

<€500,000 LBS STEAH PER'HOUR BY JULY

1, 1975 FOR POWER PLANTS ONLY.
>500,000 LBS STEAM PER HOUR BY JULY
1, 1975 FOR POWER PLANTS ONLY.

*AFTER AUGUST 1, 1975 - 1.25X S FOR PULVERIZED COAL
FOR POWER:PLANTS.

HMINNESOTA

HINNEAPOLIS - ST PAUL AQCR

2.0

2.0

2.0

2.0

AFTER JUNE 1, 1974 - FOR FUEL BURNING SOURCES >250
MILLION BTU/HR & LOCATED OUTSIDE OF THE MINNEAPOLIS
ST. PAUL AQCR.
AFTER JUNE: 1, 1974 FOR <250 MILLION BTU/HR.
ANY INSTALLATIONS >250 MILLION BIU/HR WILL HAVE THE
FOLIOWING LIMITATIONS:
AFTER JUNE 1, 1974 1.52 S FOR OIL
AFTER JUNE 1, 1973  1.5% §
AFTER JUNE 1, 1972 2.0% s| FOR COAL

HISSISSIPP1

2.4 LBS 502/106 BTU FOR ANY MODIFIED FUEL BURNING
UNIT (MODIFIED MEANS A PHYSICAL CHANGE IN AN AIR
CONTAMINANT SOURCE WHICH_INCREASES THE AMOUNT OF
ANY AIR POLLUTANT EMITTED OR KESULTS IN THE
EMISSION OF ANY AIR POLLUTANT NOT PREVIOUSLY
EMITTED).

MISSOURI
KANSAS CITY

SPRL..GFIELD-GREENE CO.

2.0

2.0

2.0

STATE RBGULATION INCLUDES ST. LOUIS METRO. AREA.
SO EMISSIONS SHALL NOT CAUSE AMBIENT AIR QUALITY
LIMITATIONS TO BE EXCEEDED AT ANY OCCUPIED PLACE
BEYOND THE PREMISES ON WHICH THE SOURCE IS LOGATED.

FOR EXISTING.SOURCES; 0.5 LBS 502/].06 BTU FOR NEW
SOURCES. THIS REGUIATION IS FOR SOURCES TMAT BURN
FUEL PRIMARILY TO PRODUCE HEAT AND VMERE THE SULFUR
COHPOURD EMISSION IS DUE PRIMARILY TO THE SULFUR
IN THE FUEL BURNED - FOR ALL OTHER SOURCES THE
REGULATION SHALL BE NOT TO EXCEED AMBIENT AIR
QUALITY LIMITATIONS.

MONTARA

(L.0)

(1.0)

NEBRASKA

NOT IN EXCESS OF THE FOLLOWING: a) DURING ANY CONSE~
CUTIVE 12 HONT® PERIOD, SULFUR OXIDES IN EXCESS OF

-|THE AMOUNT EMITTED DURING 1971 CALENDAR.YEAR

b) DURING ANY 24 HR. PERIOD, SULFUR OXIDES EXGEEDING
THE MAXIMUM AMOUNT EMITTED DURING ANY CONSECUTIVE
24 MR, PERIOD DURING 1971 CALENDAR YEAR.

NEVADA
WASHOE CO.
CLARK €O.

1.4

0.105 X HEAT IKPUT FOR 2250 MILLION BTU/HR-

0.15x HEAT INPUT

NEW HAMPSHIRE

AFTER OCTOBER 1, 1972




TABLE 61 (CONT'D.)

7975 REGULATIONS APPLICABLE TO FUEL BUSNING SOURCES -
ALLOWABLE EMISSIONS LBS $02/106 BTU

Sv¢

FUEL LIMITATION HEAT INPUT (MILLION BTU/HR)
% S (LBS S/106 BTL)
REMARKS
OIL COAL =10 <50 100 <250 >250 1000 [>2000 |aLL
NEW JERSEX 0.2 NO. 2 OIL 0.2 HICHER Z S. COAL AN OIL CAN BE USED IF IT CAN
NJ-NY-CONN AND 0.3 No. &4 & BE DEMONSTRATED THAT THE 50 EMISSIONS CAN BE
PHILADELPHIA AQCK'S HEAVIER OIL ] COMTROLLED SO AS NOT TO EXCEED 0.3 LBS
NE PENN-UPPER OELAWARE g'? o ‘2 olllll.:L ;“7’ :L‘l:i‘:i'gg: 50/106 BTU.
e 5 . .
AND NJ INTRASTATE AQC 10 Ho. 5 &
HEAVIER
NEW MEXICO 0.34
ALBUQUERQUE-BERNALILLO CO. NO 502 REGULATIONS
NEW YORK . (1.65) (2.00) AFTER SEPT. 30, 1973; 0.12 S FOR DISTILLATE AFTER
: FT. 30, ; 0.
NJ-NY-CONN AQCR 0.3 RESIDUAL 0.3 SEPT. 30, 1974; AFTER OCT. 1, 1971 FUEL CANKOT
0.2 DISTILLATE, CONTAIK MORE THAN 0.2 LBS S/100 BTU 6ROSS HEATOONTENT
NIAGARA FRONTIER AQCR (0.6) (1.4) AFTER OCT. ‘1, 1975 FOR OIL; AFTER OCT. 1,
1974 FOR COAL. EXCEPTIONS TO THE SULFUR LTMITA-
TIONS ARE ALLOWED IF SULFUR EMISSIONS ARE NOT IN
EXCESS OF THOSE PROVIDED BY THE RULE. -
NORTH CAROLINA 1.0 1.6 |FOR NEW INSTALLATIONS ONLY; 2.3 LBS S02/106 BTU FOR
EXISTING INSTALLATIONS; BY 1980, 1.6 LBS S0,/106 BTU
FOR ALL INSTALLATIONS.
NORTH DAKUTA 3.0
OHIO
PRIORITY I REGIONS 1.0 |{RECIONS ARE: CINCINNATI, CLEVELAND, MARIETTA, N.W.
ORIO, STEUBENVILLE, TOLEDO, YOUNGSTOWN, ZANESVILLE
PRIORITY 11 RECIONS 1.6 |REGIONS ARE: DAYTON, MANSFIELD-MARION
PRIORITY I71 REGIGNS 3.1 |REGIONS ARE: COLUMBUS, PORTSMOUTH-IRONION,
SANDUSKY, WILMINGTON-CHILLICOTHE-LOGAN
OKLABOMA ! 0.3 |AFTER JULY 1, 1975, FOR NEW LIQUID BURNING EQUIPHENT.
OIL | UNIIL THEN THE LIMITATION IS 0.8 LBS 502/106 BTU.
2.0 | THIS COAL LIMITATION IS FOR NEW EQUIPMENT ONLY; ONLY
COAL | GROUND LEVEL CONCENTRATIONS ARE GIVEN FOR EXISTING
€UEL BURNING EQUIPMENT.
OREGON 1.75 RESIDUAL 1.0 1.4 °1k]J 0.8 OIL THE RESIDUAL OIL RESTRICTION APPLIES AFTER JULY 1,
0.3 DISTILLATE 1.6 coall2.2 COAL 1974. UNTIL TREN THE RESTRICTION IS 2.5% S
EMISSION LIMITATIONS APPLY TO NEW SOURCES ONLY
COLIMBIA-WILLAMETTE 1.0
MID WILLAMETTE 1000 ppa
LAKE REGIONAL 1000 ppw
PENNSYLVANIA 3.0 1.8 A=5.1E"0.14145/106 BTV FOK SO<HEAT INPUT<2000
PHILADELPHIA 0.2 NO. 2 & LIGHTER 0.3 OIL REGULATIONS APPLY AFTER OCTOBER 1, 1973; COAL
0.3 NO. & & HEAVIER REGULATIONS APPLY AFTER OCTOBER 1, 1972 - HIGHER
2 S FUELS CAN BE USED WHEN EQUIPMENT OR PROCESSES
ALLEGHENY CO. , BEAVER VALLEY, ARE USED TO REDUCE EMISSIONS.
MONOGAHELA VALLEY, SE AIR BASIN 1.0 0.6 A=1.7E-0+14 1357106 BT FOR S0 < HEAT INPUT <2000
RHODE ISLAND 1.0 1.0
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TABLE 61 {CONT'D.)

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES -

ALLOWABLE EMISSIONS LBS SO2/106 BTU

FUEL LIMITATION . - . .
25 (LES 57106 BIG) HEAT INPUT (MILLIUN BIL/HR)
REMARKS :
0IL COAL :10 <50 100 <250 2250 1000 >2000 ALL
SOUTE CAROLINA
1.6 0IL] THESE REGULATIONS GO INTO EFFECT JULY 1, 1977;
2.0 COAL UNTIL THEN THE REGULATION FOR ALL FUELS 1S 2.3 LBS
502/106 BTU - RESIDENCES OR DWELLINGS OF FOUR
SOUTH. DAKOTA 5 FAMILIES QR LESS ARE EXEMPT
TENNESSEE 2000 ppe FOR EXISTING SOURCES BY AUG. 1, 1973
620 ppo TOR NEW SOURCES AND FOR ALL SOURCES BY
o o A
! BE UPDATED BY MARCH 30, 1972
CATTANOOGA-RAMILTON CO. 2.0 2.0 TO CONTORM WITF THE STATE REG *
avisson o, T EGULATTONS.
2000 ppm AT 507 EXCESS AIR FOR EXTSTING 620 ppm
HEMPHIS-SHELBY CO. AT 137 EXCESS AIR FOR NEW SOURCE AND FOR ALL
SOURCES AFTEP JCLY 1, 1975.
TEXAS 3.0 C. | FOR STEAM GENERATORS.-
, 500 ppm FOR OIL FOR STEAM GENERATORS.
GALVESTON & HARRIS CO.'S 50z EMISSIONS HOT TO -CAUSE GROUND LEVEL COMCENTRA-
TIONS EXCEEDING 0.28 PPH AVERAGED OVER A 30 MINUTE
) _PLR10D
JEFFERSON & ORAKGE CO.'S 507 EMISSTONS MOT TO CAUSE GROUND LEVEL CONCENTRA-
TIONS EXCEEDING 0.32 PPM AVERAGED OVER A 30 MINUTE
. PERIOD. '
UTAH 1.5 1.0
VERMONT 1.0 1.0 AFTER OCTORER 1, 1974; BY OCTORER 1, 1972
FUEL LIMITATION IS 1.5% §.
VIRGINLA HOT IN EXCESS OF 2.64KeS WHERE X IS TOTAL CAPACITY
FATING K MILLION BTU/HR AND 5 IS ALLOWABLE
EMISSIONS OF SULFUR OXIDES IN LBS/HR.WHERE ATTAIN-
HENT OF AMBIENT AIR QUALITY STANDARDS IS REQUIRED,
K CAN BE MULTIFLIED BY FACTORS 1.5B AND/OR 1.06.
WASHLKGTON 1000 PR FOR ALL SOURCES AFTER JULY I, 1975 AND
PRESENTLY FOR ALL NEW SOURCES; UKTIL THEN EXISTING
SOURCES ARE RESTRICTEL TO 2000 PPH.
PUGET SOUND 0.3 0. 1 UISTILLATE 2000 ppm
SPOKANE CO. NO 507 REGULATION
HORTHWEST 0.3 KO. 1 DISTILLATE s
SOUTEWEST HO 50 REGULATIONS
OLYHPIE 1.5
YAKIMA NO 507 REGULATIONS
WEST VIRGINIA 1.5 2.0 EFFECTLVE 1975
PRIORITY T & 11 2.7 EFFECTIVE JULY 1975 ONLY IF GENERATING STEAM FOR
PRIORITY 1T1 EXCEFT KANAWHA 3.2 EFFECTIVE JULY, 1975 ELECTRIC POKER
KANAWHA VALLEY 1.6 EFFECTIVE JANGARY, 1973 _
WISCONSIN f-za g FOR NEW SOQURCES GNLY
WYOHIKG NO S02 REGULATION GIVEN 1IN FIRAL PLAN.
AMERICAN SAMOA 3.5 3.5 2.81 | EFFECIIVE 1975; 1.94 LBS SD,/106 BTU EFFECTIVE
AS QF 1577,
CUAM 2.81 | SAME AS FOR AMERICAN SAMOA.
PUERTO RICO 1.0 1.0 BY APRIL 1, 1975; 1.5% EY APRIL 1, 1974; 2.0% §
BY OCTOBER L, 1973; 0.5% BY APRIlL 1, 1975 IN SAN
JUAR, CATAND, GUAYNABO, 5 BAYAMON
VIRAIN ISLANDS 5.5 BY MARCH 1974; 1.0% BY MARCH 1§73

SOURCE:. Report of the Mitre Corporation for the Office of Air Programs, Environmental Protection Agency, Analysis of Final State

Implementation Plans—Rules and Regulations, July 1972,




Process
(Developer)
No. (Reference)

TABLE 62
PROCESS FOR DESULFURIZATION OF EFFLUENT GAS STREAMS

PROCESSES PRINCIPALLY IN THE GAS PHASE

Comments

Process Chemistry

YIELDING SULFURIC ACID OR SULFATE (S= +6)

1 Dry limestone
(30)

Simultaneous reaction of SO2 with lime and
air oxidation of resulting sulfite to sulfate.
End product slag requires suitable disposal.
Swedish Bahco Process uses hydrated lime

slurry (31). Lignite ash also used as absorber -

(Carl Still, W. Germany).

Cald, —— [0 0280 AR, CASO,‘.

+ (0, (7o ATMOSPHERE)

2 Manganese dioxide

(Mitsubishi)
(25)

Initial concentration and oxidation of S02 to
metal sulfate with air regeneration of MnO2
oxygen carrier and ammonium sulfate (fer-
tilizer) production.

S0, —pg;— TS0, M @W),%0, + HO

1 |
REGENERATION

3 Active magnesia

(Showa Hatsuden)

(Chemico)
(32)

Essentially a concentration process using Mg0
as a "collector” followed by regeneration of
concentrated SO2 stream for sulfuric acid
plant feed. '

200°- °F, i
0, LRpEE M, 8, 157 90, eas

4 Modified contact
(Monsanto-Penelec)

(Tokyo Tech.)
(26)

Essential Contact Process yield acid (Monsanto)
or ammonium sulfate (Tokyo) but accepts hot
dilute SO2 gas stream rather than high SO2
acid plant feed. (see also Topsoe Process)

5 Modified chamber
(Tyco Labs. Mass.)
(24)

Updated version of Chamber Process for sul-
furic acid, modified to accept dilute SO02
stream. NO/NOz2 couple as oxygen carrier.

l Co TACT
REGENERATION PROCESS
RS0,
300°E,
AR + X0, V05 S H,S0,
B (M;3,%0; -+ HD
W, + W0 + ‘fz — H80, + W
i
1/2 0,

6 Activated carbon
{Sulfacid-Lurgi)
(Hitachi, Tokyo)

(Reinluft, W. Germany)
(Westvaco Corp. U.S.)

(33, 34, 35, 36)

All method depend on absorptive ‘powers of
various forms active carbon to first concen-
trate and then catalyze oxidation SO2 to SOa
for acid or sulfate production. Fluidized, fixed
and plugged flow beds variously employed.

D, ‘.ACTlVE % i HZSUfo

YIELDING SULFUR (S=ZERO)

7 Sulfreen
(SNPA-Lurgi)
{37)

Catalytic use of active carbon for high effi-
ciency Claus redox reaction to yield sulfur

rather than oxidation of SO2 to S04=. Re- -

quires both H2S and SO2 in stream.

BS + 90, mmroma™ W0 + S

8 Catalytic redox

(Princeton Chem. Res.)

Essentially modified Claus redox with unspec-
ified but claimed high efficiency catalyst.
Where H2S not present in feed can be gen-
erated from product S and natural gas.

A L B
, CATALYST, HIGH TEMP, CH,

9 (0/S02 redox

(Chevron Research)

{Univ. Mass.
(29, 39)

Being examined with and without NOx in-
volved and at various temperatures; COS for-
mation problem at lower temperatures.

0, + @ ——— 20, + S

1000°F, Cu ON AL,0, N0 PRESENT CONVERTED To N,

10

Alkalized alumina
(U.S. Bur. Mines (dis-

cont.)

(UK. Cent. Elect.
Board)
(27)

Concentration "of dilute SO2 stream on alk/
alumina and in situ catalytic reduction to
H2S using reformer Hz, H2S then to Claus with
regenerated S02.

247

0, APME—— oo W,
+ | e

REGENERATION l

S ‘—_mJ_H—CLAUS S + (0

W, + O

REFORMER



TABLE 62 (CONT'D.}
PROCESS FOR DESULFURIZATION OF EFFLUENT GAS STREAMS

PROCESSES WITH AT LEAST ONE PRINCIPAL SOLUTION STAGE

Process
(Developer)
No. (Reference) Comments Process Chemistry

YIELDING SULFATE (S=-+6)

11 Ammoniacal solution  Absorption and concentration of SO2 and air

(Cominco) in ammonia solution yields bisulfite and thio- S0, + M —AE—s M0, +  (H).50;
(Showa-Denko)- sulfate which subsequent undergo solution - : [
(TVA) ) redox to yield (+6) and sulfur (zero). One of : iR
gllﬂ’hgrg’ Szlgl)on-Carves) few solution processes yielding sulfate. . | M,%0, + KO = §
YIELDING SULFUR (S=ZERO)
12 Molten salt Dilute S02 concentrated by absorption in 5o + M 0. —wec 0. +
(Atomics Internatl)  molten salt as sulfite and reduced by He S’ O .30, v ol
(Garrett, Res. & Dev.) (atomics) or coke roasting (garrett) to sulfide CWST T TR oas REFORMATE
28, 40) and hence H2=S. Both processes feed Claus. H,0 OR COKE ROASTING
HS + MOO,L) e=—— #HS + HO0 + (0,
. ' STEAM + €0,
13 Solution Claus IFP Essentially Claus redox in solution with or
(Inst. Francais without added catalyst. High boiling solvents
du Petrole) preferred to accept hot gases without exten- S + S0, — L iy S+ 10
(9) sive cooling. :

see also Townsend (7)
Shell (Deal) (8)

14 Bumines Citrate Claus solution redox here catalysed by form- 0, + W = k0 + K
(U.S. Bureau of Mines) ing intermediate citrate complex of SQ2 for s+ - (D02
43) reaction with H2S. Catalytic H2S formation 5 Ut = 35UT

from natural gas and sulfur if no H2S in gas . e

stream. % 00+ Moy — ps

S + CH, + 200 —KL—H 5

15 Giammarco-Vetrocoke  Solution oxidation of H2S absorbed as thioar-

(same) senite with arsenate/arsenite air regenerat- 3H,S + KiA0; ——>  KiAS; + 3H0

(16, 17} able redox couple as oxygen carrier. Several Ik

see also Thylox (7) s;mila(rt hsy]stems invt?lvitng inlorg?(nil(l: rec(ii)%( C(l)gi 3UN0,8 + KHASD; ——  KASS; +  3KAsD,

es ox, manchester, lacykeller (17,
Baist, g L 150, @m + 35
16 Stretford Solution oxidation of H2S absorbed as Bisul- >

(UK. North W. fide by two stage redox couple involving van- s Mz@, t, a0,

Gas Board) adate “and anthraguinone disulfonic acid as S+ MV, + M0, + HO + N0,

(10, 12) oxygen carriers. Takahax uses napthaguinone. ] Repax i

see also Takahax (11) ] T .

AEDSACO,) ADSA
AR 0, |
17 Wellman-Lord A solution method for concentrating dilute M50, ——> 20, (sou)

((ZZ;HE) fSOz stream to riclr feed for glaltj]s by bisulfite _ 0, BO o T, e
ormation, crystallization and thermal regen- .
eration. No reduction or oxidation in solution S0, + M0+ KS0SEIRONE oD, (Xsm)
step.

. HS —]—Feg%——) Cavs — §
18 Alkazid Preliminary gas phase catalytic hydrogenation g + CMPOLND!

(Shell) all sulfur compounds to H2S followed by con- SR ¢ * S — :

(45) centration in amino acid salt solution to yield REFCRIER. Hy/L0 " RCH(H,)C00%
rich Claus feed. A _

S e {uaws — HS gy (ROH(NH,)CO0NA), S
0, CONCENTRATE

19 Beavon Preliminary gas phase catalytic hydrogenation

(Parsons Co.) all sulfur compounds to H2S for feed to Stret- ()., S0, s, €5, DAL 5 g

(12, 13) ford. In particular COS and CS2 reduced.

ReFoRMER H,/C0 ————
S €—— STETFORD

20 Cleanair H2S rich tail gas water cooled to continue —H0

(Pritchard) Claus and hydrolyze. COS and CS2; final H2S HSthien. S0, 005, G, COOLING s + W, + S

gg)S) to Stretford. FURTHER CLAUS

S <«—— SIRETFORD
Source: Used by permission of the Oi/ & Gas Journal, August 28, 1972.
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Company

Wellman-
Power Gas

Ralph M.
Parsons -
Union

Combustion
Engineering

USBM

TABLE 63

SUMMARY OF DESULFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS

Process

Aqueous
Scrubbing
NapSO3

Beavon Process
(Reduction/
Stretford)

Wet Limestone

Scrubbing

Citrate Process

Process Description

SO2 is reacted with NagSO3 in solution to form the bi-sulfite.
When heated the pyrosulfite is formed, and is decomposed to
produce SO and solid Na2SO3 which is redissolved and recycled.
NapSO03 + SOp + HO—2NaHS03
2NaHSO3—Na2S205 + H20
Na2So05——NapS03 + SO2
Sulfur in Claus Plant tail gas is reduced in fixed-bed catalytic
reactor to H2S. The H2S is recovered by the Stretford Process
(chemistry shown below)
H2S + NapCO3——NaHS + NaHCO3
NaHS + 1/202——=NaOH + S (using anthraquinone and
vanadate reagents as catalyst)
NaOH + NaHCO3—#NasCO3 + H20

Limestone is injected into furnace to remove SO3 and some SO2.
Ca0 in wet scrubber completes SO removal.
Furnace: CaCO3— Ca0 + CO2
Ca0 + SOQ.&...Ca%O;;
Scrubber: 2Ca(OH)7 + 250922 CaSO3 + CaSO4 + 2H20

Flue gas is contacted with a sodium citrate solution, forming a
citrate-bisulfite complex. In a separate section the complex is
then reacted with H2S to form sulfur and release the citrate for
recycle.

citr. + SO2 + HoO—=(citr. HSO3)

{citr. HSO3) + H2S—=S + citr. + H20

Status

Several com-
mercial units
built

Commercial
unit under
construction

Several
commercial
units built

Piloted on
smelter gas

Primary Application

Flue gas, Claus
plant and H2SO4
plant cleanup

Claus plant cleanup

Flue gas cleanup

Flue gas, smelter
gas or Claus plant
cleanup
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Company

Westvaco

Stone and
Webster

uopr

Foster-
Wheeler

J. F.
Pritchard

MW Kellogg

TABLE 63 (CONT'D.)

SUMMARY OF DESULFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS

Process

Activated Carbon
Adsorption

lonics

Sulfoxel

Bergbau-
Forschung
Activated Coal
Coke Adsorption

CLEANAIR

KEL-S

Process Description

SO2 is adsorbed on activated carbon and converted to H2SOg4
in a fluidized bed. In another section the HpSOg4 is converted
to S with HS. Part of the S is used to generate the necessary
H2S. Other regeneration methods can be used.

SO7 + 1/202 + H2O——H2S04

H2S04 + 3H2S—4S + 4H20

SO2 is absorbed in NaOH, forming NaHSO3 and Na2S03. These
are reacted with dil. H2SOg4, forming SO2 and Na2S0O4. An elec-
trolytic cell is used to convert the Na2SO4 to NaOH and H2SOg4.

SO is‘'removed in an aqueous alkaline absorption system. The
absorbent is then moved to a chemical section where the sulfite
type material is catalytically converted to solid sulfur. Process
is capable of removing sulfur to the level of a few ppm. The
regenerated solvent is recycled to absorber.

A moving bed process where SO2 in the presence of H20 and
and O2 is converted to HpSO4 on the coke. Regeneration can
produce H2S0g4, SO2 or throw-away product, depending on
method used.

A 3-stage process which consists of the following parts: Stage 1 -

a catalytic process to convert COS and CSp; Stage 2 - a proprietary
process which removes about half the sulfur; Stage 3 - the Stretford

process, which also removes about half the suifur.

Solid CaCO3 in alkaline solution removes SO2 in a modified venturi

scrubber, forming CaSQO4, which is separated and can be discarded
or regenerated as shown below:

CaS04 + coke——=CaS (in rotary kiln)

CaS + Hos—=Ca (HS)2 )

Ca (HS)2 + flue gas (CO2)——CaCO3 + H2S

Status

Pilot Plant

Pilot Plant

Demonstration
unit under
construction

Unknown

Several
units
contracted

Unknown

Primary Application

Flue gas cleanup

Flue gas or Claus
plant cleanup

Flue gas cleanup

Flue gas cleanup

Claus plant cleanup

Flue gas cleanup
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Company

Atomics Int’l.
(North Amer.
Rockwell Corp.)

Chemical-
Construction-
Basic Chem.
Company

Monsanto

Shell

Institut
Francais .
du Petrole

Societe
Nationale
des Petroles

Shell

TABLE 63 (CONT'D.}

SUMMARY OF DESULFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS

Process

Molten Carbonate

Chemico-Basic
MgO

Cat-Ox

Shell Flue Gas
Desulfurization
IFP

Sulfreen

SCOT
(Reduction/
Amine)

Process Description

SO2 reacts with molten carbonate to form sulfites and sulfates.
Solution is reduced with Hz and CO, then treated with CO2 and
H20 to regenerate carbonate and produce H3S.

SO32 is reacted with magnesium oxide in a venturi scrubber to form
magnesium sulfite. The sulfite is separated from solution and cal-
cined to recover the SO2 and regenerate magnesium oxide.

SOz is oxidized' to SO3 over a \)anadium oxide catalyst. The SO3
is absorbed in a circulating sulfuric acid stream to make 78% H2S04
product.

SO32 is reacted with CuO (on alumina) to form CuSOg4 in a fixed-bed
cyclic process. Regeneration with a reducing gas produces a concen-
trated SO2 stream and restores the copper.

The Claus reaction {2H2S + SO2——=3S + 2H20)
is carried out in an organic liquid. Process temperature is such that
liquid sulfur is produced as a second phase.

The Claus reaction is carried ou't on activated charcoal to produce
adsorbed liquid sulfur in a cyclic process. The sulfur is stripped
with a hot inert gas.

All sulfur compounds in the Claus tail gas (prior to incineration) are
reduced to H2S in a catalytic reactor. The tail gas is then treated in an
amine adsorber for selective removal of H2S for recycle to the Claus
Plant. Treated tail gas is incinerated before discharge to the atmos-
phere. Final effluent concentrations of <500 ppm can be obtained.

Status

Demonstration
unit to be
built

One commer-
cial unit built

Commercial
unit under
construction

Commercial
unit under
construction

One commer-

cial unit built

Two commer-
cial units built

Two commer-
cial units built

SOURCE: American Petroleum Institute Division of Refining, *“Summary of Desulfurization Processes for Flue Gas and Claus Unit Tail Gas,”
Paper presented at 37th Meeting of API, New York: May 9, 1972.

Primary Application

Flue gas cleanup

Flue gas cleanup

Flue gas cleanup

Flue gas cleanup

Claus plant cleanup

Claus plant cleanup

Claus plant cleanup




TABLE 64

AVERAGE VANADIUM IN
MAJOR PETROLEUMS,* PPM

°API '
gravity Venezuela ~ Mid. East California &

10 1,000 - - -
15 320 - 160 -
20 205 - 88 59
25 160 - - b5 (35)
30 100 56 . (34) (16)
35 42 (26) (17) ( 4)
40 (10) (3.4) (4.8)

Note: Parenthesisindicates metals may not be troublesome.
*From Questions on Technology graph {OGJ, Mar. 14, 1966, p. 128).
tU.S., excluding California

Source: Oil & Gas Journal.

TABLE 65

PRODUCTION AND PROPERTIES OF
MIDDLE EAST CRUDES

Crude Reduced Crude
Production Gravity, Gravity,
Crude Source 1,000 B/D SAPI SAPI S, wt% (Ni+V), ppm
Murban 564 39 249 1.5 2
Umm Shaif 93 37.4 — - -
2akum 245 40 — - -
Khurais 22 33 14.6 3.3 31
Sassan 137 33 18.3 3.3 33
Kursaniyah 74 31 15.1 4.0 41
Arabian light 3,257 35-36 18.3 3.0 42
2abair 83 35 18.1 3.3 43
Rumaila 480 35 - - . =
Kuwait 2,951 30-32 16.7 39 60
Darius 100 34 12.8 4.7 61
Ahwaz 285 328 17 - —
Kirkuk 1,097 36 15 - 80
Agha Jari 838 34 16.6 2.5 110
Marun 893 33.2 - - -
Paris 324 33.9 - - -
Ratawi 67 24 S 14.2 4.7 100
Safaniyah 791 27 12.7 4.26 102

Source: Or/ & Gas Journal.
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TABLE 66

PROCESSING SEQUENCES FOR PRODUCING LOW-SULFUR FUEL OIL MOST CHEAPLY

Desulfurization of or by

% sulfur in % sulfur in
atmospheric fuel ail Atmos
residue product go

Low sulf. (under 1.5) 1.0 A
Low sulf. (under 1.5) 0.5 G
Low sulf. (under 1.5) 0.3 Y
Med. sulf. (1.5 - 3%) 15 G
Med. sulf. (1.5 - 3%) 1.0 Vv
Med. sulf. (1.5 - 3%) 0.5 R
Med. sulf. (high V) 0.5 C
Med. sulf. (high V) 0.3 C
High sulf. (over 3%) 2.0 G
High sulf. (over 3%) 1.5 \Y
'High sulf. (over 3%) 1.0 R
High sulf. (high V) 1.0 C
High sulf. (high V) 0.5 R
High sulf. (high V) 0.3 C
Note:

A — Atmospheric distillation gas oil is desulfurized and mixed with the residue.

G — Vacuum flashing produces gas-oils which are desulfurized and mixed with the residue. .
V — The residue of vacuum flashing is viscosity broken and the atmospheric, vacuum and viscosity broken gas oils are desulfurized.

R — Vacuum flash bottoms are directly desulfurized as well as atmospheric and vacuum gas oil.

Vac vb Residue, Coker
_go_ g0 low metals go
G — —_ —
\% \ - -
G — — —
\Y \Y — -
R - R -
C - - C
C - — C
G —_ — —
\Y \ - —
R — R -
C - - C
\Y — R —
C . - — C

C — The vacuumflash bottomsare coked and three gasoils (atmospheric and coke) which constitute the fuel oil are desulfurized.

Source: Oi/ & Gas Journal,
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TABLE 67

COMMERCIAL DESULFURIZATION PROCESSES FOR FUEL OILS*

' ‘ Commercial Capacity
Process Developed By Type Charge On-Stream or Planned

VGO Isomax Chevron Research Co. Vacuum Gas Oil 300,000 B/SD On-stream

RDS, VRDS Isomax  Chevron Research Co. Reduced Crudes None Reported

H-Oil Cities Service Research and  Atmospheric or 52,500 B/SD On-stream (3 Units)

o Hydrocarbon Res., inc. Vacuum Residuum

Go-fining Esso Research and Virgin and Cracked 390,000 B/SD On-stream
Engineering Co. Gas Oils 580,000 B/SD Planned

Residfining and Esso Research and Reduced Crudes None Reported

Flexicoking Engineering Co.

Gulf HDS, Types Gulf Research and Atmospheric Residuum 80,000 B/SD On-stream (2 Units)

I, 11 and 111 Development Co. 45,000 B/SD Planned (1 Unit)

Heavy Gas Oil Guif Research and Virgin and/or Cracked 70,000 B/SD On-stream {6 Units)

Gulfining Development Co. Heavy Gas Oils

IFP Resid. and Vac. Institute Francais de Reduced Crudes Two Units On-stream

Gas Oil Hydrodesulf.  Petrole Capacity Not Reported

Resid. Ultrafining Standard Oil Co. (Ind.) Reduced Crudes None Reported

Vac. Gas Qil Standard Qil Co. (Ind.) Vacuum Gas Oil “None Reported

Ultrafining

RCD lIsomax Univ. Oil Products Co. Not Reported 75,000 B/SD On-stream (2 Units)

RCD Isomax Univ. Oil Products Co. Atmospheric Residuum 45,000 B/SD On-stream (1 Unit)

* «A Special Report—Hydrodesulfurization Technology Takes on the Sulfur Challenge,” by Leo Aalund, Refining Editor,
The Oil and Gas Journal, September 11, 1972.
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Comparisons of Tax Structures
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Corporate Income Tax

Excess Profits Tax
Dividend Tax (foreign shareholder)
Typical Manufacturer’s Tax Loadt

Tax on Branch Profits

Tax on Royalties

Tax on Interest ||
Normal Depreciation Allowances

Loss Carry-forwérd

Annual Tax on Capital
General Sales or Turnover Tax$§

Major Tax Incentives

* In France

TABLE 68

COMPARATIVE CORPORATE TAX RATES
FRENCH CARIBBEAN-GUADELOUPE

50%

None*
5% -25%
36-2/3%

40%

0-5%, 24%%
25%

Straight line
or accelerated

5 years*

Value added
tax

(On two-thirds of earned profits or.33-1/3%
effective rate)

(5% - 10% for a U.S. shareholder)
(Assumes all earning paid as dividend)

(33-1/3% company tax plus 6-2/3% for divi-
dends to a U.S. holder)

(10% for interest paid from France to the
u.s.)

(Carry-forward’s subject to negotiation)

(Registration tax of 0.25%, Real property
transfer [17%], Business tax)

(Export sales from a refinery exempt)

(It may be possible to obtain a ‘‘custom-free
zone’’ for unrestricted entry and exit of cer-
tain items. ‘/Privileged tax treatment status
may allow: tax exemption on reinvested
profits, corporate tax exemption in certain
activities, job creation exemptions of taxes.”
Further tax incentives may be given to com-
panies qualifying as “/long-term taxregimes.’’)

1t Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreign-owned subsidiary
not benefiting from incentives. Computation assumes that company has capital base (as defined by taxing country) of $1 million,
earnspre-tax net income of $200,000 and declares gross dividend of $100,000.

¥ France: Tax is generally withheld on royalties paid to non-residents at the rate of 24% on 70-80% of the royalties. The
treaty with the United States provides that no tax is withheld on royalties on artistic, literary, or scientific copyrights and that
royalties or other payments for the use of patents, trademarks and similar property and for know-how are subject to withholding

tax at the rate of 5%.

H Tax on payments to foreign non-bank lender.

§ Certain products may bear higher rates or be exempt.
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Corporate Income Tax

Excess Profits Tax

Dividend Tax (foreign shareholder)

Typical Manufacturer’s Tax Load*

Tax on Branch Profits

Tax on Royalties

Tax on Interestt

Normal Depreciation Allowances

Loss Carry-forward
Annual Tax on Capital

General Sales or Turnover Taxi

Major Tax Incentives

*

TABLE 69

COMPARATIVE CORPORATE TAX RATES
U.S. CARIBBEAN—-PUERTO RICO

22% plus

9 - 18% surtax

None

15% or 29% (29% rate applies to profits derived from ac-
tivities other than manufacturing, shipping,
or hotels)

42%

22% plus (On local source income only. Dividends dis-

9 - 18% surtax tributed by parent company pay 15% or
29% [see dividend tax] if 20% or more of
parent’s gross income is derived from Puerto
Rico)

15% or 29% (29% rate applies to profits derived from ac-
tivities other than manufacturing, shipping,
or hotels)

15% or 29% (29% rate applies to profits derived from ac-
tivities other than manufacturing, shipping,
or hotels)

2.25 - 3% on (Flexible system may be used for hotel man-

buildings, 5 - 10% ufacturing, or construction)

on heavy machinery

5 years

3% property tax (Lower rates outside San Juan)

Excise taxes of (There is also a small, municipally levied li-

5 - 20% on ““taxable cense [patente] tax based on annual gross

price” of certain sales)

articles

Qualifying firms are entitled to tax exemptions of 10 - 20 years, de-
pending on location, including 100% exemption from income tax,
property tax, patent and other municipal taxes, and excise taxes
(Sun Qil’s refinery received a 17 year exemption). The law also pro-
vides a choice of percentage tax deductions with a corresponding
extension of the exemption (i.e., 50% for twice the time). Dividends
paid by tax exempt corporations are exempt from withholding tax if
paid to bonafide residents or to foreign shareholders who are not
taxed on such dividends in their country of domicile. In all other
cases they are subject to the reduced 15% withholding tax. Capital
gains from sales of stock in an exempted business are tax exempt
during the exempt period. In addition, tax-exempt corporations
may obtain a 10-year tax exemption on their export income to des-
tinations other than the U.S. Cash grants are available in less devel-
oped areas, based on employment. Other operational and licensing
aids are provided.

Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreign-owned subsidiary

not benefiting from incentives. Computation assumes that company has capital base {as defined by taxing country) of $1 million,
earns pre-tax net income of $200,000 and declares gross dividend of $100,000.

t Tax on payments to foreign non-bank lender.

1 Certain products may bear higher rates or be exempt.
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Corporate Income Tax

Excess Profits Tax

Dividend Tax
(foreign shareholder)

Typical Manufacturer’s
Tax Load™

Tax on Branch F"rofits

Tax on Royalties

Tax on Interestt

Normal Depreciation
Allowances

Loss Carry-forward

Annual Tax on Capital

General Sales or Turnover
Taxi

Major Tax Incentives

TABLE 70

COMPARATIVE CORPORATE TAX RATES
BRITISH CARIBBEAN—JAMAICA

35%, plus 37.5%
’*additional’’ com-
pany profit

None

12.5% on first

$850 (Jamaican),
37.5% on rest

39%

45%

12.5%

12.5%

2.5 - 5% on buildings,
7.5 - 10% on machinery,
20% on vehicles

6 years

None

Excise taxes on
certain products

Full or 50% exemption
for 10 - 15 years, de- -
pending on location

(Wholly-owned foreign subsidiaries deduct
the regular 35% company tax and 26% of
their taxable income before -calculating the
37.5% ‘‘additional’’ company profits tax)

(37.5% income tax is paid by company on |
behalf of shareholders, and credited against .
the 37.5% ‘’additional’’ company. profits
tax)

(Also 20% initial allowance in year of invest- |
ment) :

* Aggregate burden of taxes 6n corbqrate ihcom_e, excess profits, divide_nds and capital, for a wholly foreign-owned subsidiary
not benefiting from incentives. Computation assumes that company has capital base {as defined by taxing country} of $1 million,
earns pre-tax net income of $200,000 and declares gross dividend of $100,000.

t Tax on payments to foreign non-bank lender.

1 Certain products may bear ﬁiéher rates or be exempt.

259




Corporate Income Tax

Excess Profits Tax

Dividend Tax
(foreign shareholder)

Typical Manufacturer’s
Tax Load*

Tax on Branch Profits

Tax on Royalties
Tax on Interestt

Normal Depreciation
Allowances

Loss Carry-forward
Annual Tax on Capital

General Sales or Turnover
Taxi

Major Tax Incentives

TABLE 71

COMPARATIVE CORPORATE TAX RATES
CANADA (EAST)—NEW BRUNSWICK, NEWFOUNDLAND

50% (To be reduced to 46% at 1% per year. Half
of capital gains are included in taxable in-
come. A 7% rebate of corp. tax is allowed
in 1972), Plus 13% Newfoundland; 10%
New Brunswick (may be credit against fed-
eral rate up to 10% in some cases)

None

10-15% (To be increased to 25% in 1976 unless ex-
empted by treaty. The 10% rate applies to
resident Canadian companies meeting cer-
tain standards)

53-56%

50% - 15% (Differs from ‘‘normally’’ corporate income
tax in that the equivalent dividend tax is
charged immediately on income in excess
of prescribed allowance respecting increased
investment in property in Canada)

15%

15%

Straight line

and accelerated

20% machinery

30% vehicles

10% wooden buildings
5% other buildings

5 years
None

Federal sales tax 12%. Excise tax on luxury items. Provincial sales tax:
8% New Brunswick; 7% Newfoundland. (Salesand excise taxes are rebated
on exports but generally added to imports)

Just about all provinces will supply capital funds for worthwhile undertak-
ings. Terms and conditions vary. The best results come from personal
contact with provincial authorities. Newfoundland makes loan guarantees
and offers lower power rates (2.5 mills) for large users. New Brunswick
makes loans for machinery and equipment and builds plants of leaseback
basis. The Federal Government grants 99% drawbacks of duty on materi-
als and components that are imported for subsequent exports in finished
goods. Also available depreciation deferral or acceleration, tariff conces-
sions, cash grants (oil refining not eligible) R & D incentives.

* Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreign-owned subsi-
diary not benefiting from incentives. Computation assumes that company has capital base {as defined by taxing country} of
$1 million, earns pre-tax net income of $200,000 and declares gross dividend of $100,000.

+ Tax on payments to foreign non-bank lender.

i Certain products may bear higher rates or be exempt.
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Corporate Income Tax
Excess Profits Tax

Dividend Tax
(foreign shareholder)

Typical Manufacturer's
Tax Load*

Tax on Branch Profits
Tax on Royalties
Tax on Interest

Normal Depreciation
Allowances

L oss Carry-forward

Annual Tax on Capital

General Sales or
Turnover Tax

Major Tax Incentives

TABLE 72

COMPARATIVE CORPORATE TAX RATES

BAHAMAS

None
None

None
None

None
None
None

Does not apply

Does not apply

A nominal real property tax, based on 12-1/2% of the assessed rental value
on property in New Providence. Annual $250 fee.

A 2d sales tax on gasoline only. Import duties are high on non-essential
items. The normal ad valorum rate is 20%. An additional emergency rate
of 7-1/2% is also applied. Many items of machinery, tools, equipment and
necessary raw materials are exempt. Approved manufacturers are exempt.
Stamp taxes are imposed on various documents.

Note: There is no tax treaty with the United States avoiding double tax-
ation. Bahamas and the United States do not have a bilateral agreement
providing an investment guarantee covering war, expropriation or inconver-
tibility of currency. As a member of the British Commonwealth, the Ba-
hamas. gives preference. tariff rates to imports from Britain and other

. Commonwealth countries.

Attractive long term leases. Capital gains exemptions. Excise tax, custom
duty and stamp tax exemptions.

* Based on $200,000 income and $100,000 dividend.
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' Corporate Income Tax
- Excess Profits Tax
- Dividend Tax
(foreign shareholder)
Typical Manufacturer’s

Tax Load*

Tax on Branch Profits

Tax on Royalties
Tax on Interest

Normal Depreciation
Allowances

L oss Carry-forward

Annual Tax on Capital

General Sales or
Turnover Tax

Major Tax Incentives

TABLE 73

COMPARATIVE CORPORATE TAX RATES

TRINIDAD AND TOBAGO

45%

None

10 - 30%. There is a 30% tax withheld on distributed profits to non-
residents. If a Trinidad company makes a distribution to a non-resident
parent company, the rate is reduced to 15% (10% in the United States).
50%

30% withholding tax is charged on non-resident company’s branch profits
whether remitted or not. '

15%

15%

2-1/2% - 5% industrial buildings. 10 - 20% machinery and equipment.
25% vehicle. '

Trading losses may be carried forward indefinitely and setoff against sub-
sequent profits. However, the amount of the setoff in any one year is

limited to one-half of the taxable profits.

Nominal registration tax.

No- sales tax. - Purchase ‘tax 3 - 45%. Excise taxes are applied on domestic-
ally produced gasoline and kerosine. 2% real estate conveyance tax.

Import ‘duties. 5% unemployment tax.

Note: There is a tax treaty with the United States avoiding double tax-
atiorr. Trinidad and Tobago have a bilateral agreement with the United -
States providing an invéstment guarantee covering war, expropriation and

" inconvertibility -of currericy. “There is a 5-year tax exemption from the

date of ‘iniitial production for new industries in the majority of cases. The
exemption ‘may be extended 5 more years by special legislation. Com-
mencing January 1, 1969, the tax holiday for new ’Pioneer Industries” in
normal cases was reduced from 5 to 3 years and a system of graduated
corporate tax rates became- effective upon expiration of the tax holiday.
Under revised guidelines some areas were exempted from 100% foreign
participation. Some foreign operations were forced to give Trinidadians
the opportunity to get equity positions and learn all aspects of the busi-
ness operations. An export allowance is given on increased exports.

* Based on $200,000 income and $100,000 dividends.
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Corporate Income Tax
Excess Profits Tax

Dividend Tax
(foreign shareholder)

Typical Manufacturer's
Tax Load*

Tax on Branch Profits
Tax on Royalties
Tax on Interest

Normal Depreciation
Allowances

Loss Carry-forward
Annual Tax on Capital
General Sales or

Turnover Tax

Major Tax Incentives

TABLE 74

'COMPARATIVE CORPORATE TAX RATES

VIRGIN ISLANDS

. Taxes are based basically on U.S. code.

Taxes are based basically on U.S. code.

Taxes are based basically on U.S. code.
Taxes are based basically on U.S. code.

Taxes are based basically on U.S. code.
Taxes are based basically on U:S. code.
Taxes are based basically on U.S. code.

Taxes are based basically on U.S. code.

Taxes are based basically on U.S. code.

Property tax 1-%% rate on 60% market value.

6% import tax (90% rebates poésible). Excise tax 2 - 10% (100% exemp-
tion allowed). Gross receipts tax 2%. Stamp tax 0.1% - 1%. Gasoline 6¢/
gal. Import 3 - 10'%"including LNG, fuel oil.

No industrial Incentive Act is in force today, the previous act expired
Décember 1970." Expected reinstatement in 1972 may include: (1) 90%
subsidy based on import duties levied on goods necessary for producing or
creating an artlcle (2) non-taxable subsidy equal to 75% of the income tax

liability; (3) non-taxable’ sub5|dy equal to 75% of the income tax liability
. on dividends for stockholders of exempt corporations, providing the stock-
. holder isa bonaflde re5|dent of the Virgin Islands; (4) real property tax ex-

emptlon (5) exemptzon of exctse (local) taxes on materials used in con-
struction and operatlon of exempt business; (6) exemption of all annual
or specmc ||censes Busmess must be created in Virgin Islands.

* Based on $200,000 income and $100,000 dividends,
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TABLE 75

COMPARATIVE CORPORATE TAX RATES
NETHERLANDS ANTILLES (ARUBA AND CURACAO)

Corporate Income Tax

Excess Profits Tax

Dividend Tax
(foreign shareholder)

Typical Manufacturer's
Tax Load*

Tax on Branch Profits
Tax on Royalties
Tax on Interest

Normal Depreciation
Allowances

Loss Carry-forward

Annual Tax on Capital

General Sales or
Turnover Tax

Major Tax Incentives

27 - 34% + 15% surtax (graduated tax rate) imposed in Aruba and Curacao.
Petroleum refining companies established in the Netherlands. Antilles pay
a profits tax on their Antilles operation equal to 61¢ per 1,000 kilograms
of products shipped.

0-5%

31-39%

None?

None?

10% on machinery and equipment.

5 years (a loss sustaified in the first 6 years of operation can be carried for-
ward indefinitely.)

Minor registration fee.

No sales tax. Minor stamp tax. Various real estate use, transfer and rental
taxes. Free zones exist for entry and exit of goods.

Note: There is a treaty with the United States avoiding double taxation as
a result of the extension of the treaty with the Netherlands ratified in
1948. Netherlands Antilles and the United States have a bilateral agree-

‘ment providing an ifwvestment guarantee covering expropriation and incon-

vertibility of currency under an arrangement with the Netherlands to in-

_clude her territorial dependencies. The absolute rate of profit tax charged

investment, rental and holding companies during their first year of oper-
ation cannot be raised during the 10 years immediately following. Profits
of enterprises operating in the Curacao free zone until January 1, 1981,
only pay 1/3 of the normal tax as long as the products do not physically
pass through the free zone or the Netherlands Antilles or 13.03% if the
profits have not been derived from domestic sales.

* Based on $200,000 income and $100,000 dividend.
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APPENDIX H

A Case Study of Environmental

Drain on Capital



.+ 'west Texas, Oklahoma, Kansas, Montana and Wyoming. Refinery proces

A CASE STUDY OF ENVIRONMENTAL DRAIN ON CAPITAL

The requirement for capital to be invested in nonincome pro-
ducing facilities due to régulations or standards inposed upon the -
refining industry is one of the reasons for the shortage of refining:.
capacity. To demonstrate the magnitude of this drain on available:
‘capital a specific situation has been examlned

This mid-continent refinery has a nomlnal crude capac1ty of ’
85 MB/CD charging a mixture of crudes brought in by pipeline from?

‘equipment consists of crude desalting, crude distillation, a vacuum
unit charging atmospheric topped crude, a fluid catalytic cracker,:

a catalytic reformer, an alkylation unit a straight-run distillate
hydrodesulfurization unit, light ends recovery and separation units,
various gas and liquid treaters, a sulfur plant, gasoline and dis-
tillate blenders, steam boilers and tankage. The plant fuel supply
consists of heavy fuel oil, purchased natural gas and plant: residue
gas. The product slate produced includes LPG, gasoline, jet fuels,
.diesel fuel, distillate fuel oils, heavy residual fuel oil, asphalt
‘and road oils and sulfur. ' ' '

In order to meet proposed EPA requirements for 1975 gasolines,
along with 1975 air and water quality standards, additions to or
revisions of process equipment will be necessary. The necessary
changes, listed below along with estimated capital requirements.
(1970 dollars), are summarized in Table 76.

CHANGES REQUIRED TO MEET 1975 EPA REQUIREMENTS

Produce Lead-Free Motor Fuel--92.3 RON Clear Pool

e Replace bauxite desulfurization unit on
.catalytic reformer charge w1th a hydro- - :
'desulfurlzatlon unit : . $3,400,000

e Revise catalytlc reformer to produce 97
RON clear reformate at the maximum charge
- rate by adding a fourth reactor and a new
heater. Unit limited to about 90 RON clear
or less : $1,470,000

® Revise alkyiation unit to improve alkylate" -
RON $3,800,000

e Install C -C, isomerization ﬁnit to
convert all NC to ICS and isomerize Cg's
once through ' ~ '$7,200,000

e Total Investment L ' $15,870,000
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TABLE 76

EXAMPLE REFINERY INVESTMENT REQUIRED TO MEET
1975 ENVIRONMENTAL STANDARDS

Period 1968 - 1975

Base Crude Slate International Crude
Incr emental Incremental
Investment Mfg. Exp. Investment Mfg. Exp.
($m) ($/Bbl Crude) ($™m) ($/Bbl Crude)
Lead Free Motor Fuel 15,870 0.148 15,870 0.148
Air and Water Quality 6,792 0.016 7,390 0.017
Low-Sulfur Distillate 2,210 0.006 2,600 0.008
Low-Sulfur Heavy Fuel Oil 8,800 0.046 — —
Heavy Oil FCC - — 17,000 0.062
Total : : 33,672* 0.216 42,860 0.235
Capital Charge Rate, DCF 15% 10% 15% 10%
Incremental Manufacturing
Expense ($/Bbl Crude) 0.216 0.216 0.235 0.235
Capital Charges ($/Bb! Crude) 0.364 0.260 0.463 0.332
Additional Cost of Crude
Transportation - — 0.270 0.270
Increased Revenue Required
($/Bbl Crude) 0.530 0.476 0.968 0.837

- . &)
* Assuming new refinery capacity costs $2,200 per daily barrel, $33,672,000 would buy 15.3 MB/CD
of refinery capacity.

Meet 1975 Ambient Air Quality

The 1968 refinery configuration was as follows: smokeless
flares, a CO boiler on the fluid catalytic cracker, an acid gas
amine scrubber on the refinery residue gas, a sulfur plant and a
molecular seal on the crude unit flare stack.

The following items will be required to meet 1975 air quality
standards: .

e Improve operation of electrical precipitator

on catalytic cracker $ 70,000
e Install catalyst fines disposal system on

catalytic cracker $ 60,000
e Install soot blowers on CO boiler $ 50,000
@ Modernize steam boiler control system $ 24,000

e Improve disposal facilities for sour
water stripper overhead gas $ 50,000
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e Hydrocarbon controls--cover API
separator, loading rack vapor recovery
system, inner floating roofs for certain ,
tanks $ 500,000

e Odor control as needed $ 50,000

e Control sulfur emissions at cat cracker
(an amount shown even though the process
is not commercially proven in this
application) $3,500,000

e Total Investment $4,304,000

New units to be added will have any necessary air pollution
control equipment included as a part of the capital requirement.

Meet 19757Watér Effluent Quality

The 1968 refinery configuration was as follows: pollution
control facilities for waste water which included air flotation,
centrifuges and a sour water stripper. Additional items required
to meet 1975 water quality standards are as follows:

e Improve sewers in certain areas $ 38,000

e Install biological treatment for

waste water $1,500,000
e Segregation and handling of storm water $ 350,000
e Segregate sanitary sewage and pump to

treatment system $ 150,000
® Reduce fluorides in waste water $ 150,000
° Incinerator for heavy o0ils and sludges $ 300,000
e Total Investment $2,488,000:
e Total Investment for Air and Water $6,792,000

Produce Low-Sulfur Distillate

This will require the installation of a light cycle oil
hydrodesulfurization unit since the FCC light cycle o0il is
the only distillate stream not hydrodesulfurized. This will
require a 10 MB/CD unit.

$2,210,000
Produce Low-Sulfur Fuel 0il--0.5 Percent

Production of low-sulfur oil will require the installation
of residuum hydrodesulfurization facilities. This would require
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a unit capable of charging about 7 MB/CD of residual fuel with the
base crude slates. Also, a 4 million standard cubic feet per day
(MMSCEF/D) hydrogen plant (steam naphtha), amine scrubber to recover
H2S and a 17 long tons per day (LT/D) sulfur plant with tail gas
scrubbing will be required.

e Residuum hydrodesulfurization $6,350,000
o H, plant ©§ 900,000
® .- Amine scrubber and sulfur plant . ~$1,300,000
e Tail gas scrubbing for sulfur unit : $ 250,000
e Total Investment ' | _ $8;800,000

A hydrogen plant will be necessary since the other three hydrode-
sulfurization units--naphtha, straight-run distillate and light
cycle 0il--will consume most of the reformer hydrogen.

PROCESS INTERNATIONAL CRUDE SUCH AS ARABIAN LIGHT

Since it appears that the supply of domestic crude will
decline, it was assumed that eventually an international crude,
such as Arabian Light, will be available to replace domestic
crude. This will require some additional heavy ends processing
equipment since the Arabian Light crude has more 1,050°F+ material
and more sulfur than the base crude slate.

One possibility would be to make asphalt and road oils -out
of all the residuum produced. This would require an increase in
vacuum unit capacity and additional storage-:and blending facilities.
This would produce about 13.2 MB/CD (195 MM gallons per year) of
asphalt and road oils. This is 2% times the base case operation,
so probably is not a- feasible processing procedure.

-Another possibility would be to install a residuum hydrode-
sulfurization unit charging 11.9 MB/CD of residuum and producing
a low-sulfur (0.5 percent) heavy fuel oil. Besides the. residuum
hydrodesulfurization unit, an 8 MMSCF/D hydrogen plant (steam-
naphtha), an amine scrubber for HZS-reCOVery, and a 65 LT/D.sulfur
plant with a sulfur plant tail gas clean-up unit would be required.

e Residuum hydrodesulfurization

(uncertain technology) - ‘ $ 8,700,000
° Amine scrubber and sulfur ﬁlant | $ 2,750,000,
e Tail gas scrubber for sulfur unit | $ 500;000‘
e H, plant o $ 1,300,000
e Total Investment . = o ' $13,250,00Q
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This much fuel o0il, as with the asphalt processing, far
exceeds base case operation. It would require shipping the heavy
fuel o0il great distances out of the area, which makes this process-
ing scheme uneconomical.

A third possibility would be to install a heavy oil fluid
cat cracking (FCC) unit charge 15 MB/CD of residuum and topped
crude. This is a fluid cat cracking unit designed to convert
topped crude into light ends, gasoline, distillate and coke with
the liquid products having a lower sulfur content than the raw
charge. This unit would require some kind of SO, recovery equip-
ment on the regenerator flue gas stream.

e Heavy oil FCC unit $12,000,000

e Control sulfur emissions $ 5,000,000

e Total Investment (an amount shown even
through the process is not commercially
proven for this application). : $17,000,000
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GLOSSARY

additives--any materials incorporated in finished petroleum products
for the purpose of improving their performance in existing appli-
cations or for broadening the areas of their utility.

alkylate--a synthetic gasoline of high octane number used in aviation
and motor gasoline produced from an olefin and isoparaffin.

alkylation--a refinery process for chemically combining isoparaffin
with olefin hydrocarbons. The product, alkylate, has high ogctane
value and is blended with motor and aviation gasoline to improve
the antiknock value of the fuel.

alumina--a naturally occurring type of clay containing a high
percent of hydrated aluminum oxide commonly referred to as
bauxite. Also a synthetically produced hydrated aluminum
oxide of high purity. Used in refining processes as a drying
agent and as a support for certain catalysts.

ambient--a term usually referring to surrounding conditions.

amine--a class of organic compounds of nitrogen that may be consid-
ered as derived from ammonia (NH ).

analog computer--computer that operates with numbers represented by
directly measured quantities.,

antiknock--a quality to reduce autoignition knock in gasoline engines.

°API gravity--American Petroleum Institute gravity is an expression
of the density or the weight of a unit volume of material when
measured at a temperature of 60°F.

aromatic hydrocarbons--hydrocarbons characterized by the presence of
a six-membered, unsaturated ring structure of carbon atoms. Ex-
amples include benzene, toluene and xylenes.

ash--the amount of nonvolatile material left after complete burning
of the oil.

asphalt cement--a refined asphalt, or combination of refined asphalt
and flux, of suitable consistency for paving purposes.

base oil--a refined or untreated o0il used in combination with other
0oils and additives to produce lubricants.

benzene--clear, colorless, extremely flammable liquid of molecular
weight 78.11 found as a high octane component of catalytic
reformate. Used in organic synthesis and as a solvent.

biodegradable detergents--detergents susceptible to destruction by
bacteria especially in sewage treatment plants.
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blending--the process of mixing two or more oils having different
properties to obtain a final blend having the desired character-
istics. This can be accomplished "off-line" as a batch process
or automated "'in-1line" as part of the continuous flow of a refinery.

bright stocks--high viscosity, fully refined and dewaxed lubricating
0oils produced by the treatment of residual stocks and used to
compound motor oils.

butane--a hydrocarbon of the paraffin series, consists of 4 carbon
atoms and .10 hydrogen atoms. A naturally occurring component of
crude oil and natural gas as produced at the well. A gas at room
temperature and atmospheric pressure. Used in motor fuel, as
petrochemical feedstocks, and as LPG (bottle gas).

butylene--a hydrocarbon of the olefin series, consists of 4 carbon
atoms and 8 hydrogen atoms. A product of a cracking operation
and a gas at ambient temperature and atmospheric pressure. May
be used as a component of motor fuel, feed to an-alkylation unit,
or in petrochemical operations.

carbon monoxide--colorless, odorless, very toxic gas formed as a
product of incomplete combustion of carbon (as in water gas and
producer gas, exhaust gases from internal combustion engines).

carbon residue--the amount of carbonaceous material left after
evaporation and pryolysis of an oil.

catalyst--a substance capable of changing the rate of reaction
without itself undergoing any net change.

catalytic cracking--a refinery process that converts a high boiiting
range fraction of petroleum (gas o0il) to gasoline, olefin feed
for alkylation, distillate, fuel o0il and fuel gas by use of a
catalyst and high temperature.

catalytic cracking unit--a refinery process unit that converts a
high boiling range fraction of petroleum (gas o0il) to gasoline,
olefin feed for alkylation, distillate, fuel o0il and fuel gas
by use of a catalyst and high temperature.

catalytic hydrorefining--a refining process that replaces sulfur
and nitrogen in high boiling point range fraction of petroleum
(such as residual fuels, heavy gas o0ils and catalytic cracking
and recycle feedstocks) with hydrogen by use of a catalyst,
high temperature and a high ratio of hydrogen to feed.

catalytic hydrotreating--a refining process that replaces sulfur
and nitrogen and saturates intermediate range boiling point
fractions of petroleum (such as catalytic reformer feedstocks,
naphtha and straight-run distillates) with hydrogen by use of
catalyst, high temperature and a high ratio of hydrogen to
feed.
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catalytic reforming--a catalytic process used to improve the anti-
knock quality of low octane gasoline by conversion of naphthenes
(such as cyclohexane) and paraffins into higher octane aromatics
such as benzene, toluene and xylenes.

cetane index or cetane number--a term indicating quality of diesel
fuel as octane number indicates a quality of gasoline.

chelating agents--a metal deactivating additive that chemically
combines with a metal to make it inactive. Especially useful
where metals may be present in extremely small quantities.

clear octane--the octane number of a gasoline before the addition
of antiknock additives such as TEL or TML.

cloud point--the temperature at which paraffin wax or other solid
substances begins to crystallize out or separate from solution
when an o0il is chilled under specified conditions.

cobalt--a tough, lustrous, silver-white metal related to iron and
nickel. In refinery use, cobalt oxide is combined with molybdenum
oxide to make a catalyst used in hydrodesulfurization units.

coke--the so0lid residue remaining after the destructive distillation
of crude petroleum or residual fractions.

coking--distillation to dryness of a product containing complex
hydrocarbons, which break down in structure during distillation,
such as tar or crude petroleum. The residue of the process is
coke.

compound--chemically speaking, a distinct substance formed by the
combination of two or more elements in definite proportions by
weight and possessing physical and chemical properties different
from those of the combining elements.

conversion--the chemical change of one material into another through
chemical processes such as cracking, polymerization, alkylation,
hydrogenation and isomerization.

cracking--process carried out in a refinery reactor in which the
large molecules in the charge stock are broken up into smaller,
lower boiling, stable hydrocarbon molecules, which leave the
vessel overhead as unfinished cracked gasoline, kerosines and
gas oils. At the same time, certain of the unstable or reactive
molecules in the charge stock combine to form tar or coke bottoms.
The cracking reaction may be carried .out with heat and pressure
(thermal cracking) or in the presence of a catalyst (catalytic
cracking).

crankcase "blowby"--engine combustion gases that do not leave the
cylinder through the exhaust manifold but leak into the crank-
case.
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crude unit--first processing equipment which crude o0il reaches after
it enters a refinery. Separates the crude oil into at least four
different boiling range fractions. The four boiling ranges would
be gasoline, distillate, gas oil and topped crude.

cryogenic fuel--a fuel that must be maintained at extremely low
temperatures to remain liquid, i.e., liquefied hydrogen, methane,
propane, etc.

cycle stock--unflnlshed product taken from a stage of a reflnery
process and recharged to the process at an earlier period in
the operation.

cyclone separator--a mechanical device for separation of liquid or
solid particles from a gas stream by use of centrifugal force.

deactivators--a chemical added to oils and fuels to suppress a
reaction or make another chemical inactive.

deasphalting--process for removing asphalt from petroleum fractions,
such as reduced crude. A common deasphalting process introduces
liquid propane, in which the nonasphaltic compounds are soluble
while the asphalt settles out.

desalting--removing calcium chloride, magnesium chloride and sodium
chloride from crude petroleum.

desulfurization--the process for removal of undesirable sulfur or
sulfur compounds from petroleum products, usually by chemical or
catalytic processes.

detergent--a substance having the properties of washing away unde-
sirable substances through lowering of  surface ténsion; wetting,
emulsifying and dispersive action; foam formation. Soaps are
natural detergents. In a lubricating oil, the property which
prevents the accumulation of deposits in engine parts.

detergent additive--a substance incorporated in lubricating oils
which gives them the property of keeping -insoluble matter in
suspension and preventing its deposition where it would be
harmful. -Such o0ils are referred to as. detergent oils.

dilution--in motor oils in use, the contamination of oil in the
crankcase with some of the less volatile portions. of the fuel
wh1ch have- passed unburned 1nto the crankcase.

d1mer--a molecule formed by union of two slmpler molecules, 1.e.,
isobutane dimer is a combination of two molecules of. 1sobutane.

diolefins--a type of open-chain, hydrogen-deficient hydrocarbons
which oxidize easily in a1r and form gum in petroleum products
during storage. -

direct digital control (DDC)--a process control system using a
computer connected directly to the process controls without
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using conventional control instruments for malntalnlng preset
variables. -

dispersant--an additive used to prevent lubricating oil impurities
(usually oxidation products) from adherlng to each other and
forming sludge.

distillate--that portion of a liquid which is removed as a wvapor
and condensed during a distillation DPTOCess. As fuel, 'dis-
tillates are generally within the 400°F to 650°F b0111ng range
and irclude Nos. 1 and 2 fuel, diesel and ker051ne.

disti]]ation--the general process of Vaporizing liquids, crude.oil,
or one of its fractions in a closed vessel, collecting and con-
densing vapors into liquids. - o '

downtime--time during which a machine, department or factory is
inactive during normal operating hours.

effluent--material dlscharged or emerging from a process or from
a spec1f1c p1ece -of equ1pment

electrostatic prec1p1tator——a dev1ce used to- separate partlculate
materials from a vaporous stream. Separation is made by elec-
trically charging the solid particles which are then attracted
to an electrode of the opposite charge while the vapors pass
through without change. This:device is commonly used to remove
partlculates from catalytlc cracklng unit flue gases. -

L

emu]s1f1cat10n~-the phenomenon. of flne dispersion of one liquid
held in suspension in a second liquid in which ‘it is partly or
completely 1mlsc1ble.

end p01nt-~the temperature at which the last portlon of oil has
been vaporized in ASTM or Engler distillation. Also called
final boiling point, That point at which titration or other
chemlcal actlon is deemed complete.

engine oil--generic term applled to 0oils used for the bearing lub-
rication of all types of engines, machines rand shafting -and -
for cylinder lubrication other than ‘steam .engines. In 1nterna1
combustion engines ‘synonymous with motor oils, crankcase 0ils.

ergometrics~-the 'study of human reactions to -the physical-environ-
ment to optimize the interaction between man, machine and the
workplace.

extreme pressuré Tubricants (EP)--lubricants which have the property
of imparting to-rubbing surfaces the ability to carry appreciably
heavier loads than would be possible with ordinary:lubricants
without excessive wear. This property is usually imparted by
additives. ‘ : - SO )

flare--a device for disposing of gases by burning.
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flash--the lowest temperature at which vapors from an oil will ig-
nite momentarily on application of a flame.

floating roof--special type of steel tank roof which floats upon
the surface of the 0il in the tank, thereby eliminating tank
breathing and reducing evaporation losses.

flowers and sulfur--the element sulfur in a powder state. Some-
times called sulfur flour, sulfur flowers or brimstone.

flue gas--the products of combustion consisting principally of
nitrogen, steam and carbon dioxide with small amounts of other
components such as oxygen and carbon monoxide.

flue gas expander--a turbine used to recover energy where combustion
gases are discharged under pressure to the atmosphere. The
pressure reduction drives the impeller of the turbine.

fractions--refiner's term for the portions of oils containing a
number of hydrocarbon compounds but within certain boiling
ranges, separated from other portions in fractional distillation.
They are distinguished from pure compounds which have specified
boiling temperatures, not a range.

freeze point--the temperature at which a liquid changes to a solid.

fuel oils--any liquid or liquefiable petroleum product burned for
the generation of heat in a furnace or firebox or for the genera-
tion of power in an engine. Typical fuels include clean distil-
late fuel for home heating and higher viscosity residual fuels
for industrial furnaces.

gas oil--a petroleum product produced either from the distillation
of crude o0il or synthetically by a cracking process. The boil-
ing range may vary from 500°F to 1,100°F.

gear oils--lubricating oils for use in standard transmissions, most
types of differential gears, and gears contained in gear cases.

grease, lubricating--a solid to semifluid product of the dispersion
of a thickening agent in a fluid lubricant. Other ingredients
may be added to impart special properties. :

heat sink--a mass used to absorb heat. In jet aircraft the fuel
may be used for this purpose.

heating oils--trade term for the group of distillate fuel oils used
in heating homes and buildings as distinguished from residual

fuel o0ils used in heating and power installations. Both are
burner fuel oils.

heavy ends--the highest boiling portion of a gasoline or other
petroleum oil.

hydraulic fluid--liquid of petroleum or nonpetroleum origin used
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in hydraulic systems. Low viscosity, low rate of change of
viscosity with temperature, and low pour point are required
characteristics.

hydrocarbon--any of a large class of organic compounds containing
only carbon and hydrogen, comprising paraffins, olefins, acety-
lenes, alicyclics and aromatic hydrocarbons. Crude o0il, natural
gas, coal and bitumens are primarily hydrocarbons.

hydrocracking--the cracking of a distillate or gas oil in the

presence of catalyst and hydrogen to form high octane gasoline
blending stocks.

hydrodesul furization--the removal of sulfur from hydrocarbons by
reaction with hydrogen in the presence of a catalyst.

hydrofluoric acid--a colorless liquid boiling at 67°F soluble in
all proportions in water., The water mixture 1is extremely cor-
rosive to metals. Adequate safety precautions must be used
when working with either liquid or vapor hydrofluoric acid. The
use in the 01l industry 1is as a catalyst in alkylation units and
in acidizing oil wells.

hydrogen sulfide--a poisonous, colorless, flammable gas, which
may be prepared by the direct combination of hydrogen and sulfur.
Hydrogen sulfide can be reacted with caustic to form sodium
sulfide or charged to a sulfur plant to produce sulfur. A com-
pontent of sour crude oils.

hydrogenation--a refinery process in which hydrogen is added to
the molecules of unsaturated (hydrogen-deficient) hydrocarbon
fractions. It plays an important part in the manufacture of
high octane blending stocks for aviation gasoline and in the
quality improvement of various petroleum products.

hydrotreating--a treating process for the removal of sulfur or
nitrogen from feedstocks by replacement with hydrogen.

hypoid gears--automotive differential gear system designed to
lower the height of the passenger car by having the driveshaft
pinion gear meet the axle gear at a point below the centerline.
To mesh at this point, the gears must have teeth in a shape
which resembles a hyperboloidal curve. This causes the teeth
to slide together with high friction as they mesh which makes
lubrication of this type gear very critical.

inhibitor--an additive substance which, when present in a petro-
leum product, prevents or retards undesirable changes taking
place in the product, particularly oxidation and corrosion.

in-line blending--see blending.

intermediate crude oil--a crude o0il containing both naphthenes and
paraffins. Usually of intermediate sulfur content and in the
medium gravity range.
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isobutane--a hydrocarbon containing 4 carbon atoms and 10 hydrogen
atoms, the same as normal butane. Different -arrangements of the
molecular structure result in different physical properties.
Isobutane with olefin(s) is the feed to an alkylation unit to
produce high octane gasoline.

isomerization--a refining process which alters the fundamental
arrangement of atoms in the molecule. Used to convert normal
butane into isobutane, an alkylation process feedstock, and
normal pentane and hexane into 1sopentane and 1sohexane, high
octane gasoline components.

isomers--in petroleum, different compounds composed of the same
amounts of carbon and hydrogen but differing in physical proper-
ties owing to variation in molecular structure. - .

isooctane--a hydrocarbon composed of 8 carbon atoms and 18 hydrogen
atoms, a liquid at normal temperatures and a highly desirable
component of gasoline. Although found in crude oil, the princi-
pal source is from synthetic processes such as alkylation.

kinematic viscosity--the absolute viscosity'of a liquid (in
centipoises) divided by its specific gravity at the temperature
at which the viscosity is measured. See viscosity.

knock--the sound or "ping" associated with the autoignition in the
combustion chamber of an automobile engine of a portion of the
fuel-air mixture ahead of the advancing flame front.

lead--industry parlance for the motor fuel antiknock additive
compound - tetraethyl lead.

lead susceptibility--the increase in octane number of gasoline
imparted by the addition of a specified amount of tetraethyl lead.

linear programming--instructing a computer in mathematical language
to perform some action under certain conditions which is aimed
at optimizing the objective function.

Tiquefied natural gas (LNG)~-natdral gas which has been-liquefied
at a temperature of minus 258°F for ease of storage. and trans-
portation. :

liquefied petroleum gas (LPG)--as a rule, it is a mixutre of natural
and/or refinery gases, compressed until a liquid and contained
under pressure in steel cylinders. It is used as fuel for many
different purposes, such as tractors, buses, trucks and stationary
engines; for domestic and industrial purposes; and for power
generation where commercial natural gas is not available. New
uses are constantly being found. A recent development is the
use of LPG as a direct quick freezing agent in the frozen foods
industry. It is also known and marketed as butane, propane,
bottled gas, etc.
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lithium-base grease--a lubricating grease prepared from lubricating
0il and a lithium soap.

low-sulfur crude oil--crude o0il containing low concentrations of
sulfur-bearing compounds. Crude is usually considered to be
in the low-sulfur category if it contains less than 0.5 weight-
percent sulfur. Examples of low-sulfur crudes are offshore
Louisiana, Libyan and Nigerian Crudes. See also sweet crude.

lube stocks--refinery term for fractions of crude petroleum of
suitable boiling range and viscosity to yield lubricating oils
when further processed and treated.

mechanical seal--usually applied to ‘the application of sealing a
rotating shaft that extends into a vessel containing gas or
liquid against escape to the atmosphere as in pumping with a
centrifugal pump or mixing material in a vessel using a type
of impeller. The seal is effected by having a stationary ring
in the seal housing and a rotary ring affixed to the shaft.

A spring arrangement keeps the two seal faces together.

mercaptans--organic compounds possessing a thiol group (—SH).
The simpler mercaptans have a strong, repulsive, garlic-like
odor which becomes less pronounced with increasing molecular
weight., Small amounts are intentionally added to LPG so that
even small leaks will be readily noticeable.

metal deactivators--organic compounds sometimes added to gasoline
to suppress or overcome the tendency of metal compounds in the
gasoline to form gum. The metal compounds result from copper-
treating the gasoline or from other catalytic metals.

methyl ethyl ketone (MEK)--colorless liquid obtained from petro-
leum derivatives. A component of a solvent used in dewaxing
lubricating oils, also as a chemical intermediate.

molybdenum--silvery-white, very hard, metallic element with
physical properties similar to those of iron and chemical -
properties similar to those of a nonmetal. The oxide of
molybdenum with the oxide of cobalt is used to make hydrode-'
sulfurization catalyst.

naphtha--liquid hydrocarbon fractions, generally boiling within
the gasoline range, recovered by the distillation of crude petro-~
leum. Used as solvents, dry cleaning agents and charge stocks
to reforming units to make high octane gasollne.

naphthenic crude oil--a crude oil that contains a‘large amount of
naphthenic type compounds. A source of naphthenic lubricating
0oils. Characteristics vary widely between the different
producing fields.

natural gas liquids (NGL)--a mixture of liquid hydrocarbons natur-
ally occurring in suspension in natural gas and extracted by
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various means to yield a liquid product suitable for refinery
and petrochemical feedstocks.

nitrogen oxide--any of several oxides of nitrogen, some of which
are formed in a mixture as toxic fumes by the action of nitric
acid on oxidizable material or by the decomposition of metal
nitrates used as catalysts in refineries and the combustion
of gasoline-in internal combustion engines.

octane number--a term numerically indicating the relative antiknock
value of a gasoline. It is based upon a comparison with the
reference fuels isooctane (100 octane number) and normal heptane
(0 octane number). The octane number of an unknown fuel is
the volume percent of isooctane with normal heptane which
matches the unknown fuel in knocking tendencies under a specified
set of conditions.

olefins--a class of unsaturated (hydrogen def1c1ent) open- chaln
hydrocarbons of which butene, ethylene and propylene are
examples. Propylenes and butylene olefins with isobutane are
used in alkylation unit to produce high octane gasoline.
Ethylene is the feedstock used by chemical plants to produce
polyethylene plastic.

paraffin--a white, tasteless, odorless waxy substance obtained
from some petroleum oils.

paraffinic type crude oil--a crude oil containing predominantly
paraffinic hydrocarbons. .Some types of this crude oil are used
to produce high quality motor oils.,.

petrochemical feedstock--a fraction of crude oil or hydrocarbons

which are used as a charge to process units in the production
of petroleum based chemicals.

platinum--a silvery-white metéllic element closely related to silver
and gold. Used in the manufacture of catalysts used in catalytic
reforming and isomerization units.

polymer--a product of the polymerization of normally gaseous olefin
hydrocarbons to form high octane hydrocarbons in the gasoline
boiling range.

polymerization--the process of combining two or more simple molecules
of the same type, called monomers, to form a single molecule
having the same elements in the same’ proportion as in the original
molecule but having different molecular weights. The product
of the combination is a polymer. The combination of two. or more
dissimilar molecules is known as copolymerization. The product
of this combination is a copolymer.

pour depressant, pour point depressant--an additive which lowers
the pour point of a lubricating 0il. Also pour point inhibitor,.
Also used in furnace oils to 1mprove low temperature flow and
pumpability properties.
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pour point--the lowest temperature at which an oil will pour or
flow when chilled, without disturbance.

presulfide--a step in the catalyst regeneration procedure which
treats the catalyst with a sulfur-bearing material such as
hydrogen sulfide or carbon bisulfide to convert the metallic
constituents of the catalyst to the sulfide form in order to
enhance its catalytic activity and stability.

process unit--a separate facility within a refinery, consisting
of many types' of equipment such as heaters, fractionating ,
columns, heat exchangers, vessels and pumps, designed to accom-
plish a particular function within the refinery complex. For
example, the crude processing unit is designed to separate the
crude into several fractions, while the catalytic reforming
unit is designed to convert a specific crude fraction into a
usable gasoline blending stock.

propane--a saturated hydrocarbon containing 3 carbon atoms and 8
hydrogen atoms, gaseous at normal temperature and pressure,
but generally stored and transported as a liquid under pressure.
Used for domestic heating and cooking and for certain industrial
purposes, such as metal cutting.

raffinate--in solvent refining, that portion of the oil which
remains undissolved and is not removed by the selective solvent.

reference fuel--a standard fuel used in testing performance quality
of fuel products.

refinery pool--an expression for the mixture obtained if all
blending stocks for a given type of product were blended together
in production ratio. Usually used in reference to motor gasoline
octane rating. o

refluxing--in fractional distillation, the return of part of the
condensed vapor to the fractionating column to assist in making
a more complete separation of the desired fractions. The
material returned is reflux.

reformate--the high octane product from reforming a naphtha.

reforming--the mild thermal cracking of naphthas to obtain more
volatile products, such as olefins, of higher octane values or
catalytic conversion of naphtha components to produce higher
octane aromatic compounds.

Reid vapor pressure (RVP)--the method of measuring vapor pressure.
See vapor pressure.

research octane number (RON)--an expression for the antiknock
rating of a motor gasoline. Accepted as the guide to the anti-
knock qualities of fuels when vehicles are operated under con-
ditions associated with low engine speeds.

285




residual desulfurization (RDS)--the removal of sulfur-bearing com-
pounds from topped crudé or viscous residuums. obtained in re-
finery operations.

residual fuel oils--topped crude petroleum or viscous re51duums
obtained in refinery operations. Commercial grades of burner
fuel oils Nos. 5 and 6 are residual oils and include Bunker
fuels.

riser crack1ng--app11ed to fluid catalytic cracking units where
the mixture of feed oil and hot catalyst is ‘continuously fed
into one end of a pipe. (riser) and discharges at the other end
where catalyst separation is accomplished after -the discharge
from the pipe. There is no .dense phase bed through which the
0il must pass as all the cracking occurs in .the inlet pipe
(riser).

road octane--a numerical value based upon the relative antiknock
performance in an automobile of a test gasoline as compared.
with specified reference fuels. Road.octanes are determined
by operating a car over a stretch of level road or on a chassis
dynamometer under conditions simulating those encountered on the
highway.

SAE numbers--a classification of motor, .transmission and differential
lubricants to indicate viscosities, standardized by the Society

of Automotive Engineers. They do not connote quality of the
lubricant. :

scale wax--the paraffin derived by sweating the.greater part of
the o0il from slack wax. It contains up to 6 percent . of oil.
Also called crude scale. ' :

shear--rate of shear is the ratio of flow rate or velocity (of a
lubricant) to the clearance between two parallel surfaces moving
in opposite directions., For practical purposes, shearing stress
may be considered as the pressure to cause flow and rate of
shear as the rate of flow.

silica--dioxide of silicon. Used in the manufacture of glass and
refractory materials. '

slack wax--soft crude wax obtained from pressing paraffln dlstlllate
or wax oil. ,

smoke point~—the maximum height a flame .can be extended without
smoking the lamp chimney when testing kerosine under spec1f1ed
test conditions.

solid . state electronics--1low voltage electrical circuiting using
transistor-type components. Very rugged and durable with no
vacuum tubes or parts susceptible to vibration.

solvent--a substaﬁce, usually‘a liquid, capable of absorbing
another liquid, gas or solid to form a homogeneous mixture.
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solvent extraction--the process of mixing a petroleum stock with
a selected solvent, which preferentially dissolves undesired
constituents, separating the resulting two layers and recover-
ing the solvent from the raffinate (the purified fraction) and
from the extract by distillation.

sour crude--crude 0il which (1) is corr051ve when heated (2)
evolves significant amounts of hydrogen sulfide on distillation,
or (3) produces light fractions which require sweetening. Sour
crudes usually, but not necessarily, have high sulfur content.
Examples are most West Texas and M1ddle East crudes.

stability--in petroleum products, the resistance to chemical change.
Gum stability in gasoline means resistance to gum formation
while in storage. Oxidation stability in lubricating oils and
other products means resistance to oxidation to form sludge or
gum in use.

stationary turbine fuel--fuel for industrial turbines as opposed
to a1rcraft type turbine engines.

stocks-epetroleum in storage, both crude. and reflned products,
includes crude awaiting processing and products awaiting trans-
fer to the point of utilization.

straight-run distillate--fraction of crude oil which boils between
400°F and 650°F. Primarily sold as kerosine, heating oil (No.
1 and No. 2 fuel o0il), and diesel fuel.

straight-run gasol1ne—-low b0111ng fraction of Crude oil which,
after further proce551ng, is used as a finished motor gasollne
blending stock. : :

substitute natural gas (SNG)--a gas having similar chemical and
use properties to natural gas. Manufacturable from petroleum
liquids, coal and other hydrocarbons. L

sulfonates--a group'of petroleum hydrocaibons resulting’from treat-
ing oils with sulfuric acid. Used as synthetic detergents,
emulsifying and wetting agents, and chemical 1ntermed1ates.

sulfuric acid--a heavy corrosive 011y dibasic strong acid that is
colorless when pure and is a vigorous oxidizing and dehydratlng
agent. Composed of sulfur, oxygen and hydrogen. Used in the
chemical refining of petroleum products. One of the two com-
monly used catalysts for alkylation units.

surfactant--a substance which imparts emulsifiability, spreading,
wetting, dispersibility or other surface-modifying properties.

sweet crude--crude o0il which (1) is not corrosive when heated,
(2) does not evolve significant amounts of hydrogen sulfide
on distillation, and (3) produces light fractions which do
not require sweetening. Sweet crude always has low sulfur
content. Examples are offshore Louisiana, Libyan and Nigerian.
crudes.
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sweetening--the process of improving petroleum products in color
and odor by converting the undesirable sulfur compounds into
less objectionable disulfides or by removing them by contacting
the petroleum stream with alkalies or other sweetening agents.

synthetic detergents--liquid or solid materials capable of dissolv-
ing oily materials and dispersing or emulsifying them in water.
Petroleum sulfonates are examples of Synthetic detergents.

synthetic lubricants--a group of products, some of which are made
from petroleum hydrocarbons, natural gas or refinery gases,
which are used as o0ils or lubricating greases where heat,
chemical resistance and other requirements can be better met
than with straight petroleum products.

tetraethyl lead (TEL)[Pb(CpHs)4]--a volatile lead compound which
is added in concentrations up to 3 cc. per gallon to motor and
aviation gasollne to increase the antiknock properties of the
fuel.

tetramethyl lead (TML)[Pb(CH3)4]--a highly volatile lead compound
added to motor gasoline to Teduce knock. May be used alone or
in mixtures with TEL.

thermal cracking--a refining process which decomposes, rearranges
or combines hydrocarbon molecules by the appllcatlon of heat
without the aid of catalysts.

thiophosphates--1lube 0il additives formed by the combination of
sulfur and phosphorus. Usually P,Sg5, phosphorus pentasulfide,
sometimes called phosphoric sulfide, phosphorus persulfide or
thiophosphoric anhydride. These additives are usually supple-
mented by more conventional additives, i.e. barium salts.

toluene--an aromatic solvent having a specific gravity ranging
between 0.8690 and 0.8730. Has many chemical uses and may be
a component of aviation gasoline or motor gasoline.

topped (reduced) crude--a residual product remaining after the
removal, by distillation or other processing means, of an
apprec1ab1e quantity of the more volatlle components of crude
petroleum.

topping--the distillation of crude petroleum to remove the light
fractions only.

total oxygen demand (TOD)--for aqueous effluents, the sum of chem-
ical and biological oxygen demand.

trace contaminants--impurities present in small concentrations.

tricresyl phosphate (TCP) [PO(OC H4CH3) ]--colorless to yellow
liquid used as a gasoline and 1ubr1cant additive and plasticizer.

trimer--a molecule formed by union of three simpler molecules of
the same compound.
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unsaturates--hydrocarbon compounds of such molecular structure
that they readily pick up additional hydrogen atoms. Olefins
and diolefins, which occur in cracking, are of this type.

vacuum distillation--distillation under reduced pressure, which
reduces the boiling temperature of the material being distilled
sufficiently to prevent decomposition or cracking.

vacuum unit--a unit operated below atmospheric pressure which
allows vaporization of more of the heavier gas oil molecules
from the crude residue without thermal disintegration of the
molecules.

vapor lock--the displacement of liquid fuel in the feed line and
the interruption of normal motor operation, caused by the vapor-
ization of light ends in the gasoline. Vaporization occurs when
the temperature at some point in the fuel system exceeds the
boiling points of the volatile light ends.

vapor pressure-~the pressure exerted by the vapors released from
an oil at a given temperature when enclosed in an airtight con-
tainer. For motor gasoline a criterion of vapor-lock tendencies;
for light products generally an index of storage and handling
requirements.

vapor recovery system--system for controlling hydrocarbon vapor
losses from a refinery.

virgin gas oil (VGO) desulfurization--the removal of sulfur-
bearing compounds from hydrocarbon fractions boiling in the gas
0il range and containing no cracked material.

virgin stock--0il processed from crude oil which contains no
cracked material. Also called straight-run stock.

visbreaking--lowering or breaking the viscosity of residuum by
cracking at relatively low temperatures.

viscosity--the measure of the internal friction or resistance of
an oil to flow.

viscosity index--a scale showing the magnitude of viscosity changes
in lubricating oils with changes in temperature.

volatility--that property of a liquid which denotes its tendency
to vaporize.

water scrubber--a mechanical device usually applied to a gas con-
taining particulate matter in which water is sprayed counter-
current into the stream. The water containing solids is usually
sent to some means of separating the solids from the water.

wax--a term used loosely for any of a group of substances resembling
beeswax in appearance and character and, in general, distingished
by their composition of esters of the higher alcohols and by
their freedom from fatty acids.
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yield--in petroleum refining, the percentage of product or inter-
mediate fractions based on the amount charged to the processing
operation. ' '

zeolitic catalyst (fluid catalytic cracking)--catalyst is normally
considered to be of two types: mnatural clays can be used or
a synthetic clay can be chemically produced. Since the early
1960's, modern cracking catalysts contain a silica-alumina
crystalline structured material called zeolite. This zeolite
is commonly called a molecular sieve. The admixture of a mole-
cular sieve in with the base clay matrix imparts desirable
cracking selectivities. ‘
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