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- ABSTRACT

The Middle East will continue to play the dominant role of a petroleum supplier in the world
oil market in the year 2000, according to business-as-usual forecasts published by the U.S.
Department of Energy. However, interesting trade patterns will emerge as a result of the
democratization in the Soviet Union and Eastern Europe. U.S. petroleum imports will increase from
46% in 1989 to 49% in 2000. A significantly higher level of U.S. petroleum imports (principally
products) will be coming from Japan, the Soviet Union, and Eastern Europe. Several regions, the
Far East, Japan, Latin America, and Africa will import more petroleum. Much uncertainty remains
about the level of future Soviet crude oil production. U.S.S.R. net petroleum exports will decrease;
however, the United States and Canada will receive some of their imports from the Soviet Union due
to changes in the world trade patterns. The Soviet Union can avoid becoming a net petroleum
importer as long as it (1) maintains enough crude oil production to meet its own consumption and
(2) maintains its existing refining capacities. Eastern Europe will import approximately 50% of its
crude oil from the Middle East.
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F.XEcIYrlVE SUMMARY

This report considers the Soviet Union, Eastern Europe, and China as free market economies
in making business-as-usual world petroleum trade forecasts for the year 2000. Forecasts are based
primarily on two scenarios considered here in detail using world wide petroleum supply and demand
projections made by the U.S. Energy Information Administration (EIA). The difference between the
two scenarios (i.e., business as usual (BAU) and low U.S.S.R. crude oil prcduction (LOIL)) lies in
(1) estimates of the U.S.S.R. crude oil production level [7.9 million barrels per day (MMBD) in case
of the LOIL scenario as compared to 10.5 MMBD under the BAU scenario] and (2) crude oil
production in the Middle East, Latin America, Africa, and the Far East are allowed to be higher than
the BAU level to compensate for the Soviet crude oil production loss. In addition, several sensitivity
analyses to the BALl scenario were used to assess the variability and stability of the key model's
projections of the BAU scenario in response to different assumptions about the energy prospects of
the Soviet Union and Eastern Europe. The EIA's Oil Trade Model (OTM) was used to make the
forecasts. The ELA version was augmented with Oak Ridge National Laboratory (ORNL) data for
the Soviet Union and Eastern Europe; and China was added to the existing nine other countries
represented within the region of the Far East.

Results indicate that (1) the Middle East will continue to be the dominant oil supplier,
especially with uncertainty in the availability of supply from the Soviet Union, and (2) interesting
world trade patterns will ensue. Under the BAU scenario, the Middle East crude oil production is
forecast to be 35.5% higher than the 1989 level and an additional 5.3% will be available due to the
Soviet crude oil production loss under the LOIL scenario.

" Under the BAU scenario, crude oil production is forecasted to decline (from 12.1 MMBD
in 1989 to 10.5 MMBD in 2000) in the Soviet Union as inefficiencies and lack of investments will

_ continue to plague its oil industry. Current trends toward lower crude oil prices will not encourage
higher levels of crude oil production in the year 2000 from the major oil producing regions of the Far
East. If U.S. domestic crude oil production is maintained at its current level, its higher consumption
in 2000 will be met by an increase in petroleum imports from 46% in 1989 to 49% in 2000. A
significantly higher level of U.S. petroleum imports (particularly refined products such as gasoline and
naphthas) will be coming from Japan, and the Soviet Union. Under the LOIL scenario, increased
crude oil supplies from Latin America, Africa, and the Far East going mainly to satisfy their own
demand will allow 1.0 MMBD of Soviet refined product exports to be exported to the U.S.

Not much change is forecasted for Canada under the BAU scenario except for its receiving
some (i.e., 0.8 MMBD) of the Soviet Union's redirected crude oil and refined products exports. The
crude oil production increase in Western Europe (mainly from the North Sea) will help to reduce
its net imports. Western Europe's exports to the Soviet _dnion will increase as the U.S.S.R.'s crude
oil production declines from 10.5 MMBD to a level of 7.9 MMBD under the LOIL scenario.

Under the BAU scenario, Japan and the Far East will continue to meet their demand with
. increased imports, with a major portion coming from the Middle East. Increases in crude oil

production in Latin America and Africa will not be great, thereby causing a decline in net petroleum
exports from these regions enough to meet their growth in domestic demand. A significant increase
in refined product imports is forecast for Latin America. However, under the LOIL scenario,
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increase in crude oil production in Latin America, Africa, and the Far East will cause a decline in
imports in these regions.

A decline in the U.S.S.R.'s crude oil production forecast under the BAU scenario will cause
a reduction of 23% in its net petroleum exports as compared to the 1989 level. Some U.S.S.R. crude
oil will be exported to U.S. and Canada instead of ali exports going to Eastern Europe. More Soviet
crude oil than refined products will be coming to the U.S.; the reverse will be true in case of Canada.
There will be no net Soviet petroleum exports when its crude oil production is forecast to decline
further from the BAU scenario level under the LOIL scenario. As long as the Soviet Union can
maintain enough crude oil production to meet its own consumption and its existing refining capacities,
it can avoid becoming a net petroleum importer. However, current conditions suggest otherwise.
Hard currencies may not be available to curb further deterioration of existing crude oil production
and refinery capacities.

Eastern Europe will import approximately 50% of its crude oil from the Middle East under
the BAU scenario; 100% under the LOIL scenario. An increase in Eastern Europe refinery activities
will help to increase its export of ref'med products, some of which will be coming to the United
States.

For the Navy.,vulnerability to disruptions in the Middle East petroleum supply will continue
to be an issue of concern amidst uncertain future supplies from the Soviet Union. However, some
of the Soviet Union's redirected petroleum supplies coming to the U.S. may help to reduce the Navy's
dependency on supplies from the Middle East.
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1. INTRODUCTION

- Within the last few years, several significant events have occurred in the world oil market, the
effects of which may be substantial in the coming years. The most notable events are the
democratization of the Soviet Union and Eastern Europe and the Iraqi invasion of Kuwait. The

" market reaction witnessed during the latter event made forecasters reassess their thinking about
changes in the world oil market reaction mechanisms (Verleger, Jr. 1990). The quality as well as the
quantity of the replacement crude oil for embargoed crude oil from Iraq and Kuwait became an
important issue. The replacement crude oil was heavier and thus the barrel-for-barrel replacement
of the embargoed crude oil did not solve the crude oil quality problem.

Numerous studies have examined in detail the issue of the vulnerability of crude oil supply
from the Persian Gulf region, which encompasses almost two-thirds of the world's oil reserves (Cutler
1986; Buck et al. 1973; Das et al. 1988; Das et al. 1990; Lee., Das, and Leiby 1991; Hadder et al.
1987; EIA 1989). However, the dynamics of energy supply and demand within the Soviet Union,
Eastern Europe, and China have largely been ignored in these prior studies for reasons of political
isolation_m. In those studies, considerations were given entirely to the free market economies, in
which the U.S.S.R.'s, Eastern Europe's, and China's contributions were relatively insignificant to the
global net export or import balance. This simplistic treatment of one-third of global energy
consumption and the world's energy reserves (e.g., approximately 9%, 40%, and 47% of total world
crude oil, natural gas and recoverable coal reserves, respectively (EIA 1991a)) sufficed until the
current introduction of political reforms in the Soviet Union and Eastern Europe. Presuming that
energy isolationism will definitely be unrealistic for the future, the focus of this worldwide petroleum
trade analysis for the year 2000 is to take into account the supply ar't demand of the Soviet Union,
Eastern Europe, and China.

These countries face numerous challenges with the onset of democratization. U.S.S.R. oil
production accounts for 22% of world output, and its energy exports account for about 40% of Soviet
hard currency earnings (of that 30% comes from oil) (International Monetary Fund et al. 1990).
However, the energy industries accounting for nearly half of industrial investment are currently in a
precarious position. Last year's 6% decline in the Soviet crude oil production and its halt to imports
of barter crude oil from Iraq following Saddam Hussein's invasion of Kuwait contributed to a sharp
reduction in its availability of oil for export 1. Crude oil production fell from 12.5 million barrels per
day (MMBD) in 1987 and 1988 to an estimated 11.4 MMBD in 1989; it was even lower last year
(approximately 10.5 MMBD). lt is difficult to be optimistic about any immediate revival in the Soviet
Union's economic fortunes. Oil deposits in western Siberia that were once sizeable and relatively
easy to exploit are declining (petroleum Economist 1991). New developments center on smaller,
deeper finds in remote areas that are environmentally hostile such as Soviet Central Asia, northern
and eastern Siberia, and Sakhalin. These areas are devoid of infrastructure and in need of better
sophisticated technology and enormous investments. Production and energy usage inefficiencies
aboond.

a

1The U.S.S.R imports mainly crude oil, ali coming from the Middle East. More than 80% of total 0.3
MMBD Soviet crude oil imports in 1989 came from Iraq. Crude oil imports help the Soviet Union to
maintain a higher level of crude oil and refined product exports of around 3.5 MMBD.

1



Soviet energy planners are exerting increased pressure on the use of gas, coal, and nuclear
power to free up oil for export. Transport shortages and public opposition to more use of nuclear
power are making fuel switching difficult. A lack of flexibility exists today in the Soviet energy sector
because of insufficient oil and gas storage capacity to cope with marked changes in demand, refinery
shutdowns, mismatch between the refinery capacity and the structure of demand (Sagers and Green
1986), and pipeline bottlenecks. Unrest throughout Soviet populations is adding to these physical
problems, making it increasingly difficult to guarantee supplies of manpower and equipment to
oilfields and the transport of fuel across the Soviet Union.

The Soviet government has made a commitment to implement a range of extraordinary
measures to reverse the drop in oil production, but the process has been slow. Reform plans have
been proposed to lease fuel deposits to foreign oil companies; foreign investment is a must to revive
the Soviet oil industry. To attract foreign investments, much remains to be done in the areas of
political and economic stability, legal and regulatory concerns of potential investors, ownership of
energy resources, and clearly defined environmental standards.

Eastern Europe faces challenges as the Soviet Union decides to discontinue intra-Comecon 2
trade arrangements and to carry out oil trade in convertible currency (i.e., dollars) at world prices.
The domestic economic implications would be far-reaching in these regions. In the past, Soviet
exports accounted for 75% of Eastern Europe's total oil consumption. Eastern European countries
were able to base their economic growth on Soviet supplies of fossil fuels and heavy reliance on
domestic energy production, primarily of coal but also of nuclear power. Extr_,ction of coal resources
has appeared to reach its limit, requiring ever higher inputs of capital with no guarantee of higher
production. Coal exporting faces increased competition in western markets.

The effects of democratization on China's oil industry remain to be seen. Crude oil
production in China is considerably higher than in Eastern Europe. However, on the basis of energy
consumption per unit of Gross Domestic Product (GDP), the Chinese economy is the most energy
intensive in the world. The outlook for the Chinese oil industry may not be good because of its
current return to reliance on central control to solve the problems generated by the partial reforms
of the last few years. Onshore crude oil production is declining. Rising imports of crude oil and
products raise the question of how and where to access petroleum supply. The domestic refining
system is unlikely to expand rapidly enough to keep up with the growth in demand. Legal and
economic reforms are necessary to promote joint ventures with the West that could help the refining
industry.

At present only speculation prevails for the future oil situation for the Soviet Union, Eastern
Europe, and China. Crude oil production will be dictated to a large extent by the availability of hard
currency for necessary investments in the industry. Consumption will depend on the effectiveness
of conservation measures, transition towards less energy intensive ligt_t industry, and fuel switching
(particularly in the Soviet Union). These supply and demand uncertainties are reflected in current
literature (Ashby and Dreyfus 1990; Fridley 1990; Gaffney, Cline & Associates 1989; Korchemkin
1989; and EIA 1990a).

ZTheCouncil for Mutual Economic Assistance (Comecon) members were Bulgaria, Czechoslovakia,East
Germany, Hungary, Poland, Romania, Mongolia, Cuba, the Soviet Union, and Vietnam. The organization was
disbanded in June 1991.



This paper attempts to forecast worldwide petroleum trade in the year 2000 by taking into
account the supply and demand of the Soviet Union, Eastern Europe, and China. Two scenarios are
considered here: (1) business as usual (BAU) and (2) low U.S.S.R. crude, oil production (LOIL).
Supply ar.d demand uncertainties in the Soviet Union, Eastern Europe, and China are considered in
the sensitivity analyses of the year 2000 BAU scenario. The following section discusses the modeling
system used for the analysis, and a detailed description of the two scenarios and sensitivity analyses

" is provided in Sect. 3. Detailed results of the two scenarios are discussed in Sect. 4. The same
section also includes the highlights of the results of the sensitivity analyses of the BAU scenario. The
final section draws major conclusions about the worldwide petroleum trade forecasts for the year
2000.



2. THE NAVY MOBILITY FUELS FORECASTING SYSTEM (NMFFS)
FOR PETROLEUM MARKEr FORECASTS

The NMFFS is based on a simplified representation of the world oil market. The forecasting
. system consists of the Oil Trade Model (OTM) and the Refinery Yield Model (RYM). OTM

(DACVA 1989) is used to forecast detailed regional crude oil and refined product distribution. The
OTM is similar to the Petroleum Allocation Model (PAL) (Turhollow et al. 1985) used in earlier
NMFFS studies (Lee, Das, and Leiby 1991; Das et al. 1988; Hadder et al. 1987). Both models link
crude oil production in producing regions and refined products from processing regions with the
region of demand. The model's calculations are guided by historical, worldwide regional flows of
crude oils and products and by the desire to minimize transportation and refining costs. OTM is a
personal-computer-based model capable of simulating nonlinear product demand schedules, and
supply-demand equilibration is based on maximizing the sum of consumers' and producers' surpluses.
However, OTM's regional representations of crude oil production, refining, and transportation
activities are more aggregate than in the PAL model. 3 The OTM forecasts of crude oil supplies and
the production of refined products are used in an enhanced version of the RYM (Hadder and Davis
1991) to estimate detailed quantities, qualities, and costs of refined products from each region. RYM
is a personal-computer-based linear program that represents regional refining operations. It includes
37 refinery processes, which can be used to produce more than 30 products from at least 100 crude
oils.

The latest version of the OTM available from the EIA was used for the analysis. Subsequent
enhancements made to the OTM include (1) a routine for regional summary reports, (2) explicit
regional representation of the Soviet Union and Eastern Europe 4, and (3) updated values for the
input parameters. China was included within the OTM region, the Far East. Appendix A lists

- sources of information and assumptions made for OTM enhancements. Most data sources are from
the DOE's EIA publications and models.

3Free market economies are represented by 10supply and demand regions and 11 refinery regions. Each
supply region can haveseven types of indigenous crude distinguished byAPI gravityand sulfur content. There
are six different types of finished product demand categories.

4Definitionof OTM regions: the U.S.; Canada; Japan;W. Europe; E. Europe (Bulgaria, Czechoslovakia,
East Germany, Hungary, Poland, and Romania); Middle East (Bahrain, Iran, Iraq, Kuwait, Oman, Qatar,

- Saudi Arabia, and United Arab Emirates); Latin America (Argentina, Bolivia, Brazil, Colombia, Ecuador,
Mexico, Trinidad and Tobago, and Venezuela); Africa (Algeria, Cameroons, Egypt, Libya, Nigeria, and
Tunisia); Far East (Australia, Brunei, China, India, Indonesia, Malaysia,New Zealand, Pakistan, Taiwan, and
Thailand); and the U.S.S.R.

5



3. SCENARIO D_ON

- Two scenarios (i.e., BAU and LOIL) are considered for the year 2000; both assume that
China, Eastern Europe, and the Soviet Union are free market economies for the purposes of
international trade. The only major difference between the scenarios is in the level of the Soviet
crude oil production and in higher levels of crude oil production in the Middle East, Latin America,
Africa, and the Far East to compensate for the Soviet crude oil production loss. In addition, several
sensitivity analyses of the BAU scenario were considered.

3.1 BUSIW_.SSASUSUAL(BAU)

The BALl scenario for the year 2000 was based on EIA (1990a) supply and demand
projections for non-U.S, regions, including the Soviet Union, Eastern Europe, and China. DOE
(1991) was used for the U.S. "projections" of supply and demand. Total world oil consumption is
assumed to be 68.7 MMBD. According to EIA (1990a), the U.S.S.R.'s supply for the year 2000 is
assumed to be identical to its 1990 production level of 10.5 MMBD. The unchanged level of Soviet
oil production in the year 2000 may occur due to limited availability of investments required to boost
production.

The DOE projection of U.S. oil production for the year 2000 is 9.3 M2v'd3D,0.6 MMBD
higher than the corresponding EIA (1990a) projection. Assumptions made about measures to
increase U.S. crude oil production include (1) the use of advanced oil recovery _'.echnology,made
possible by new investments in federal and private sector research and development; (2) the
environmentally responsible development of the coastal plain of the Arctic National Wildlife Refuge
(ANWR); and (3) the implementation of the Administration's Outer Continental Shelf (OCS) leasing

- program. U.S. oil consumption is projected to be 18.4 MMBD, 0.4 MMBD lower than the
corresponding EIA (1990a) projection. This reduction in consumption would come from the use of

, alternative fuels, the results of transportation research and development, improved passenger vehicle
efficiency, and widespread use of reformulated gasoline resulting from the 1990 Clean Air Act. The
reformulated gasoline is estimated to cost an additional 10 to 15 cents/gallon (Tahmassebi 1991),
thereby causing pressure on gasoline demand growth. These supply and demand measures are aimed
towards substantial reduction of U.S. dependence on insecure supplies, keeping oil import levels at
less than the current level of 50% of U.S. consumption.

3.2 BAU SENSmVITY ANALYSES

To assess the variability and stability of the model's projections in the BAU scenario in
response to different market assumptions, seven sensitivity analyses for the BAU scenario in the year
2000 were considered. Each sensitivity analysis was based on a variation of only one of the market
parameters of the BAU scenario. For example, while considering lower refinery capacity utilization
in Eastern Europe and the Soviet Union, ali parameters except refinery capacity utilization rates in

• those specific two regions were identical to the values of the BAU scenario. The selection of the
market parameters to which variations were made was aimed to encompass the uncertainty and

• variability of the energy prospects for the Soviet Union and Eastern Europe to the extent possible.
The seven sensitivity analyses considered were:



• The refinery capacity utilization rate is assumed to be 90% in Eastern Europe and the Soviet
Union as compared to the 82% assumed in the BAU scenario.

• The refinery capacity utilization rate is assumed to be 75% in Eastern Europe and the Soviet
Union as compared to the 82% assumed in the BAU scenario.

• The crude oil and refined product transportation cost between North America (i.e., the
United States and Canada) and the Soviet Union is assumed to be 25% higher than that used
in the BAU scenario.

• The crude oil and refined product transportation cost between North America and the Soviet
Union is assumed to be 25% lower than that used in the BAU scenario.

• The high demand for foreign exchange required for necessary investments in the energy
industry and effective energy conservation measures are assumed to reduce Soviet Union and
Eastern Europe demand by 25%. Demand in these regions declines to 5.93 MMBD and
1.58 MMBD, respectively, as compared to the corresFonding 7.9 MMBD and 2.1 MMBD
BAU levels.

• The current energy demand growth is assumed to continue such that demands in the Soviet
Union and Eastern Europe are 10% higher. Demand in these regions increases to
9.87 MMBD and 2.63 MMBD, respectively, as compared to the corresponding BAU levels
of 7.9 MMBD and 2.1 MMBD.

• U.S. supply and demand estimates of 8.7 MMBD and 18.8 MMBD, respectively, are based
on EIA (1990a). Consequently, production is higher by 0.6 MMBD, and demand is lower by
0.4 MMBD compared with the DOE (1991) estimates used in the BALI scenario.

3.3 LOW U.S.S.R. CRUDE OIL PRODUCTION (LOIL)
.t

The LOIL scenario is similar to the year 2000 BAU scenario (discussed above), with the
exception that the current Soviet crude oil production decline trend would continue such that
U.S.S.R. production could just meet its own demand in the year 2000. As discussed under Sect. 1,
Soviet crude oil production has been declining during the last several years, from a level of 12.5
MMBD in 1987 to 10.5 MMBD last year. It is predicted that because of lack of availability of hard
currency to make the necessary investments in the industry, it will be difficult for the Soviet Union
in the coming years to reverse its current downward trend in crude oil production. Lippman and
Potts (1991) and Sieff (1991) predict that loss of Iraqi oil imports in exchange for military materials
and weapons and the continued lower crude oil production in the Soviet Union could force it to be
a net importer of oil by as early as the end of 1993. Soviet crude oil production in this scenario is
7.9 MMBD instead of the 10.5 MMBD assumed in the BAU scenario. Crude oil and refined product
trade in the U.S.S.R. is still assumed to take place; imports are restricted to crude oil so that
refineries use ali domestic crude oils and additional foreign crude oils to utilize its remaining refining
capacities. Soviet refining capacity is assumed to be no greater than the BAU level. No changes in
crude oil production level from the BAU level are assumed for Eastern Europe and China. Regional
consumption levels remain unchanged at the corresponding BAU scenario levels.



This loss in crude oil production from the U.S.S.R. is met by market-based (price-driven)
adjustments in the behavior of producers and consumers in the regions outside of the Soviet Union,
where excess crude oil production capacity is available. In the OTM, the availability of the excess

- of BAU crude oil level was represented by marginal crude oil production cost 5 curves for the Middle

East, Latin America, Africa, and the Far East. Major countries in the Far East that were assumed
to have the excess of BAU crude oil production capa.cities include Indonesia, Malaysia, and
Australia/New Zealand. Higher crude oil production levels are assumed to be available in this
scenario as a result of higher crude oil price.

_'he following nonlinear marginal cost function of Leiby and Teisberg (1991) was used:

P =A+ B/(C-Q)

where P denotes the crude oil production cost and Q denotes the associated quantity. The supply parameters
A, B, and C are determined by user input of three points along the supply curve. The parameter C imposes
an upper bound upon supplies. Average regional crude oil production cost and regional maximum sustainable
crude oil production capacity were based on information available from EIA (1991b) and EIA (1990a),
respectively.



4. RESULTS

Two scenarios (i.e., BAU and LOIL), in addition to sensitivity analyses of the BAU scenario
for the year 2000 were evaluated using the OTM Model. Appendix B contains detailed results for
the two scenarios considered: (1) changes in regional crude oil and refined product flows in the year
2000 with respect to the corresponding flows in the year 1989, and (2) a summary of refined product
output in the 13 OTM world regions. These data are too voluminous to discuss in this section, but
they provide the interested reader with details and insights into the geographic redistribution of
petroleum trade and the output of refined products under the different scenarios. Results of the
sensitivity analyses of the BAU scenario are not discussed in detail; only highlights of the results are
presented here.

The OTM results in this section provide a general overview of forecasts for the year 2000.
The results of the two scenarios are provided in the following order: projected world oil supply and
demand, projected U.S. petroleum supplies, projected world oil trade, and projected world refinery
output. Results of the BAU scenario are discussed in terms of changes in corresponding activities
for the year 1989. Discussions on the LOll. scenario results highlight the changes as compared to
the BAU scenario. More specific analyses of the preferences of refiners to produce individual
military fuels under these two scenarios are discussed by Hadder and Davis (1991). Highlights from
results of sensitivity analyses of the BAU scenario are only discussed under Sect. 4.5.

4.1 WORLD OIL SUPPLY AND DEMAND

BAU: Figure 4.1 shows the regional petroleum supply and demand for the forecast year 2000
(EIA 1990a) and 1989 (EIA 1991a) that have been used in our analysis. Compared with the 1989
level, we,rid oil production and consumption will increase by 8.1% and 4.2%,6 respectively, in the year
2000. The forecasted world oil consumption level of 68.7 MMBD (EIA 1990a) used in our analysis
lies within the forecast range of 56.7 MMBD to 76.5 MMBD (DOE 1991). The consumption will

• decrease most notably in the Soviet Union as more petroleum exports are necessary to make the
necessary investments in the industry. In the remaining regions, the consumption increase will range
between 6% and 30%. The intensity of oil use in developing nations (e.g., the Far East) will
continue to be high for the next decade as these nations build a manufacturing base and
transportation infrastructure. Conservation measures will temper U.S. consumption to a moderate
increase (i.e., 1.1 MMBD, or 6.3%).

Most oil production increases will come from the Middle East. The Soviet Union and the
Far East are the only two regions that will experience a decline in their crude oil production levels.
Decline in crude oil production in the Far East will not only be limited to China. Other major Far
East crude oil producers such as Australia/New Zealand, Indonesia, and Malaysia will also experience
a decline in their production leve]L_if the current trend of lower crude oil price continues through
the end of this century. As discussed in Sect. 3.1, several new oil developmental program initiatives

. will help the United States to reverse the current downward trend of oil production.

6Increase inworld oil productionand consumption in the year 2000is not the same; for the United States,
production is higher and consumption is lower than corresponding values projected by EIA (1990a). EIA
(1990a) projections for oil production and consumption for ali regions outside the United States are used.
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IX)H._ Under the LOIL scenario, the ,Soviet crude oil production loss of 2.6 MMBD will be
compensated by increased production from the Middle East, Latin America, Africa, and the Far East.
As discussed in Sect. 3.3, the Soviet crude oil production loss is compensated by higher crude oil

production than the BAU scenario level in the regions outside of the Soviet Union, where excess
production capacity is available. More than half of the total Soviet crude oil production loss (i.e.,
54.8%) will be compensated for by production in Latin America; the Middle East will provide another
23.7% of total loss. Increased crude oil production by major F=r East crude oil producers such as
Australia/New Zealand, Indonesia, and Malaysia will offset 17% of the total Soviet crude oil
production loss.

4.2 U.S. PE'I_OLEUM SUPPLIF_,S

BAU: Table 4.1 shows U.S. petroleum supplies in 1989 and for the year 2000 under the BAU
and LOIL scenarios. Under the BAU scenario, domestic crude oil production and total petroleum

imports will increase by 0.1 MMBD and 1.2 MMBD, respectively, compared with corresponding 1989
levels. Higher imports of crude oils and refined products (i.e., 12.3% and 23.3%, respectively) than
corresponding 1989 levels will be coming to the United States. Imports will account for 49% of total
petroleum requirements. The Middle East will continue to be the major crude oil supplier to the
United States, but the increase in total petroleum imports will come from regions other than the
Middle East and Canada. An estimated 0.1 MMBD of Soviet crude oil will be imported to the

United States. A significantly higher level of 300 thousand barrels per day (MBD) of refined product
imports will be coming from Japan. Eastern Europe will also help to meet the demand for increased
refined products.

Table 4.1. U.S. petroleum supply (million barrels per day)

1989 _ 2000

Regions BAU" LOIL b
Crude Refined d Crude Refined d Crude Refined d

oil products oil products oil products

Domestic 9.2 15.8 93 15.9 93 14.9

F°re_nada 0.6 0.3 0.6 0.3 0.6 0.3

Japan 0.0 0.0 0.0 0.3 0.0 0.3

Western Europe 0.3 0.3 0.5 0.3 0.3 0.3

Middle East 1.8 0.1 1.7 0.1 1.9 0.1

Latin America 1.4 1.1 1.5 1.1 1.2 1.1

Africa 1.3 0.2 1.5 0.2 1.2 0.2

Far East 0.3 0.1 0.4 0.1 0.4 0.1

Eastern Europe 0.0 0.0 0.0 0.2 0.0 0.0

U.S.S.R. 0.0 .05 0.1 .05 0.0 1.0

Total Foreign 5.7 2.15 6.4 2.65 5.6 3.4
" 'BAU: Business as usual scenario

bLOIL: Low U.S.S.R. crude oil production scenario
_Source: EIA (1990b), EIA (1991a).

' dNumbers under "Domestic Refined Products" indicate domestic refinery output
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LOIL Under the LOIL scenario, total U.S. petroleum imports will not change significantly
from the BAU scenario. A decline in crude oil imports will complement a similar level of increase
in refined product imports. As other regions that import Middle East crude oil reduce their imports
by increasing their own crude oil production and refinery output, more crude oil will be available to

the United States from the Middle East (1.9 MMBD instead of 1.7 MMBD under the BAU
scenario). However, total crude oil imports will not increase as compared with the BAU scenario.
Lower crude oil imports will cause a decline of 1.0 MMBD in refinery output. The reduced refinery
output will be balanced by increasing refined product imports. The Soviet Union will provide 30%
of total refined product imports as there will be reduction in the Soviet refined product exports
demand in other regions due to either more refinery activities or less refined product exports.

4.3 WORLD OIL TRADE

Table 4.2 shows world petroleum trade in 1989 and for the two scenarios (BALl and LOIL)
considered here for the year 2000. Specific sources and destinations of world petroleum for the BAU
and LOIL scenarios are shown in Fig. 4.2 and 4.3, respectively. Detailed regional trade flows for the
two scenarios are provided in Appendix B.

Table 4.2. Worldwide petroleum trade (million barrels per day)

1989 c 2000

Regions BAU" LOIL b

Imports Exports Imports Exports Imports Exports

United States 7.9 0.6 9.1 0.8 9.0 0.6

Canada 0.6 0.9 1.4 1.7 1.0 1.2

Western Europe 8.7 1.0 8.3 1.4 8.0 1.0

Middle East 0.0 12.2 0.0 16.9 0.0 17.7

Latin America 1.1 3.3 2.5 3.6 1.0 4.0

Afxica 0.5 4.4 1.3 4.8 1.0 4.6

Japan 4.6 0.0 5.8 0.3 5.8 0.3

Far East 2.6 1.6 4.1 1.7 3.5 1.5

Eastern Europe 1.8 0.1 2.2 0.5 2.1 0.4

U.S.S.R. 0.3 3.8 1.4 4.1 1.8 1.8

°BAU: Business as usual scenario.

bLOIL: Low U.S.S.R. crude oil production scenario.
_Sources: EIA (1990b), EIA (1991a), EIA (1991c).
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In the year 2000, the volume of petroleum trade activities will be higher, although net trade
activities will not be significantly different than 1989. The following paragraphs highlight region
specific trade flows. Readers not interested in regional details may skip this subsection and can find
the d_scussion of major results in Sect. 5. As for discussion of results in earlier sections, results of
the BAU scenario are discussed similarly (i.e., in terms of changes in corresponding activities for the
year 1989). Discussions on the LOIL scenario results highlight the changes as compared to the BAU
scenario.

United States

BAU: U.S. net petroleum imports will increase moderately, by 1.0 MMBD. The greatest
increase in crude oil imports will come from Western Europe, Africa, and the Soviet Union.
Primarily, Japan and Eastern Europe will provide increased product imports to meet increased
demand in the United States. U.S. export levels will increase by 0.2 MMBD to supply residual fuel
oil and coke for Eastern Europe and Africa.

LOLL: The level of net petroleum imports will not change significantly under the LOIL
scenario. As discussed in Sect. 4.2, crude oil imports will decrease and refined products imports will
increase (1.0 MMBD from the Soviet Union and 0.3 MMBD from Japan).

Canada

BAU: Canada will remain a n,_'tpetroleum exporter at the same level as in 1989. However,
there will be changes in its trade patterns due to sensitivity of refined product availability to crude
mix quality and refinery configuration. Petroleum imports will increase by 0.8 MMBD as a result of
imports from the Soviet Union (0.3 MMBD crude oil and 0.5 MMBD refined products, mostly
gasoline). Canada's exports will likewise increase by 0.8 MMBD, ali in the form of refined products
(middle distillates and residual fuel oil) to Japan and Latin America.

LOI_ Under the LOIL scenario, 94% of the Soviet petroleum exports to Canada are lost.
Most of the increased petroleum imports now come from Africa, where crude oil production will
increase. Eastern Europe will supply 61 MBD of refined products.

Western Europe

BAU: Increased crude oil production and lower consumption will cause a decline in Western
Europe's net petroleum imports (approximately 6.9 MMBD as compared to 7.7 MMBD in 1989).
The decline will occur mainly in crude oil imports from Africa and the Middle East. The United
States and the Soviet Union will receive a total of 0.3 MMBD more crude oil from Western Europe
(as compared with the 1989 level).

LOII_ Middle East crude oil supplies to Western Europe will increase by 0.6 MMBD (for
a total of 3.7 MMBD) because of the Soviet crude oil import loss under the LOIL scenario. Western
Europe's crude oil exports to the United States and the Soviet Union also will decline to offset the
lost Soviet crude oil imports. No significant changes from the BAU scenario in refined product trade
will occur under this scenario.
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Middle East

BAU: The Middle East will continue to be the dominant petroleum supplier in the year 2000
(crude oil and refined product exports will increase by 37.5% and 44.4%, respectively). An increase
in crude oil exports to Japan, Eastern Europe, Latin America, Africa, the Far East, and the Soviet
Union will occur. The Far East will receive more (i.e., 0.3 MMBD) than any other region from the
Middle East's total increased level of refined product exports.

LOLL: Under the LOIL scenario, the increased level of Middle East petroleum will supply
the Soviet Union and the regions that receive the Soviet crude oil imports under the BAU scenario.
Ali of the Eastern Europe crude oil demand will be satisfied by the Middle East. Refined product
exports to the Far East will increase by 33.4%.

Latin Amerk.a and Africa

BAU: Latin America and Africa will be net petroleum exporters to a lesser extent under the
BAU scenario, r:ompared with 1989. Increased crude oil imports to these regions will come from the
Middle East. Refined product imports to Latin America will increase by 0.8 MMBD (or 463%),
supplied in varying amounts by almost ali regions. On the other hand, Latin America and, to a
greater extent, Africa will supply 0.3 MMBD of (78.5% of total) refined product imports to the Soviet
Union.

LOIL: As discussed in Section 4. I, crude oil production will increase in these regions under
the LOIL scenario. Crude oil imports from the Middle East to these regions will decrease. The
increase in Latin American crude oil production will be sufficient for its own needs. Refined product
exports from this re,en will increase by 0.6 MMBD or 44%, with most exports going to Japan and
ASi'iea. Latin America will become the major source of refined product imports to Africa. °

Japan and Far East

BAl/: Japan and the Far East will increase their petroleum imports and will continue to
meet their major share of petroleum consumption by imports, mainly from the Middle East. The
share of Middle East petroleum imports will be 66% in Japan and 88% in the Far East. However,
Japan will export 0.3 MMBD of refined products (mainly gasoline and naphtha) to the United States,
as it will refine higher volumes of crude to meet its demand for middle distillates.

LOll_. In the LOIL scenario, net petroleum imports of the Far East will decrease because
of increased crude oil production. No significant changes will occur in sources of crude oil for Japan.
Because of increased refinery activity (a higher level of domestic crude oi!. production) in Latin
America, that region's exports of products to Japan will compensate for lost exports from Canada.

Eastern Europe

BAl/: Eastern Europe will import more (i.e., 0.4 MMBD) of both crude oils and refined
products. It will import a total of 1.9 MMBD of crude oil in the year 2000, 45% of which will be
imported from the Middle East and the rest from its old trading partner the Soviet Union. Eastern
Europe will become a net exporter (i.e., 203 MBD) of refined products; exports will come to the
United States, Western Europe, and Latin America.
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LOIL: Lower Soviet crude oil production under the LOIL scenario will result in ali crude
oil imports coming from the Middle East. Refined products exported to the United States and Latin
America under the BAU scenario will be diverted to the Soviet Union in the LOIL scenario.

Soviet Union

" BAU: In the Soviet Union, petroleum imports will increase by 1.1 MMBD (367%) in tiie
year 2000. The Middle East and Western Europe will be sources for crude oil imports. Crude oil
exports will not increase; however, destinations will change. The U.S. and Canada will receive
0.2 MMBD and 0.9 MMBD, respectively, of Soviet crude petroleum exports. Higher levels of the
Soviet petroleum exports to the United States and Canada occur as its exports to Eastern Europe
decline. Imports of refined products will be 0.4 MMBD (almost insignificant in 1989), with more than
50% coming from Africa.

LOLL: Total loss of Soviet crude oil exports under the LOIL scenario will cause the Soviet
Union to import an additional 0.2 MMBD (17%) of crude oil, with ali supplies coming from the
Middle East. However, there will be no net petroleum imports. Increased crude oil imports will go
into increased refined product exports. At the expense of reduction in Soviet exports to other
regions, 1.0 MMBD of refined product exports to the United States will occur.

4.4 WORLD REFINERY OLVI'PUT

Table 4.3 shows world regional output of refined petroleum products for 1989 and the two
scenarios in the year 2000. Appendix C details the product slates of regional world petroleum
refineries for the two scenarios.

Table 4.3. World output of refined petroleum products (million barrels per day)

1989_ 2000

Regions BAU* LOIL b
United States 15.8 15.9 14.9

Canada 1.7 2.3 2.0

Japan 3.3 3.6 3.6

Western Europe 12.5 10.2 10.3
Middle East 4.2 5.1 5.0

Latin America 5.8 6.4 7.9

Africa 2.1 3.1 3.1

Far East 6.9 8.3 8.1

Eastern Europe 2.4 2.2 2.3
U.S.S.R. 9.7 8.8 8.7

. *BAU: Businessas usual scenario.
bLOlL" LOWU.S.S.R. crude oil production scenario.

"Source: EIA (1991a), Eastern Bloc Research, Ltd. (1991), Movit (1991).
(1988 numbers used in cases where data are unavailable).
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BAU: Under the BAU scenario, refinery output will be higher in most of the 10 world
regions except for Western Europe, the U.S.S.R., and Eastern Europe, compared with the
corresponding 1989 level. The decrease in consumption in these former two regions (as observed in
Sect. 4.1) will cause a significant decline in their refinery output. Canada and Africa are the two
regions where increases in refinery output will be high, at 35% and 48%, respectively. No significant
change in refinery output is projected for the United States.

LOLL: Lower Soviet crude oil production under the LOIL scenario will cause a decline in
the refinery output of the United States, Canada, the Middle East, the Far East, and the Soviet

Union. Import demand for refined products of Latin America, Africa, and the Far East from these
five regions decreases. Became of the increased indigenous crude oil production, a larger share of
demand in Latin America, Africa, and the Far East is now being met dor_aestically. The increased
crude oil production from the Middle East will be used to increase crude oil exports instead of
refinery output as seen in Table 4.2. Refinery output in the U.S.S.R. does not change much. The
U.S.S.R. will continue to maintain the same level of refined product trade by importing more crude
oi! from the Middle East. Refinery output in Eastern Europe will increase by 0.1 MMBD.

4.5 BAU SENSITIVITY ANALYSIS

As discussed in Sect. 3.2, seven sensitivity analyses varied the values of some of the key
assumptions used in the year 2000 BAU scenario. The variability or stability of 10 key model
projections found to be significantly different in the BAU scenario tha5 current (1989) conditions was
considered. Table 4.4 lists those 10 key model projections along with the variability observed in these
projections under the seven sensitivity analyses considered here. The results of the LOIL scenario
(as eighth sensitivity analysis case) are also included in Table 4.4 as they indicate variation only in the
level of Soviet crude oil production from the BAU scenario.

U.S. Petmicm Import_

Total net U.S. petroleum imports will remain unchanged under most sensitivity scenarios.
The increase in crude oil imports will be compensated for by a reduction in net refined product
imports. For example, under a lower Soviet and Eastern European refiner./utilizatioh rate of 75%,
more Soviet crude oil available to the U.S. refineries would help to similarly reduce the U.S. net
refined product imports. The effect of a higher (90%) Soviet and Eastern Europe refinery utilization
rate on U.S. im_r_artswould be opposite, but the level would be considerably lower due to inadequate

Soviet rcfint_ c_nfiguration required to satisfy the U.S. demand for specific refined products (mostly
gasoline and middle distillates). Higher demand in the Soviet Union and Eastern Europe will be met
by increased refined product imports (more Soviet crude oil available to the U.S. refineries helps in
reducing the net U.S. refined product imports); lower demand in the Soviet Union and Eastern
Europe will cause an increase in the Soviet refinery activities (more refined product exports available
from the Soviet Union and Eastern Europe cause an increase in the net U.S. total refined product
imports). Lower U.S. crade oil production and higher consumption, according to EIA (1990)
estimates, will cause the United States to import an additional 1.03 MMBD of petroleum (crude oil:
0.83 MMBD; refined product: 0.2 MMBD).
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U.S.S.R. Petroleum Imports to the U.S.

The United States will import both crude oils and refined products from the Soviet Union
under most sensitivity analysis cases. Total levels of imports vary from 0 to 2.0 MMBD. Lower
transportation costs between the United States and the Soviet Union will necessitate maximum crude
oil imports, whereas maximum refined product import will occur under the LOIL scenario. Under
most sensitivity analysis cases, crude oil imports will be significantly higher than refined product
imports. Higher transportation costs and lower Soviet crude oil production will limit Soviet petroleum
coming into the United States.

U.S.S.R. Petroleum Imports to Canada

Canada will import comparatively more refined products than crude oils from the Soviet
Union. Imports to Canada will be lost almost completely under the LOIL scenario. The lower
consumption level in the Soviet Union and Eastern Europe will permit the maximum amount of
Soviet petroleum (crude oils: 0.39 MMBD; refined product: 0.81 MMBD) imports to enter Canada.
It is interesting to note that under lower transportation cost between the Soviet Union and Canada,
the U.S.S.R. petroleum exports to Canada will not increase, as most of the increased Soviet
petroleum exports will come to the United States. Comparatively, less variability in the amount of
crude oil imports will occur under various sensitivity analysis cases.

U.S.S_R_Petroleum Exports

Total Soviet net petroleum exports will remain unchanged under most sensitivity analysis
cases. For example, under the lower refinery utilization rate of 75%, the loss of 0.55 MMBD of net
refined product export will be compensated for by 0.57 MMBD higher net crude oil export. As
discussed earlier, higher consumption in the Soviet Union and Eastern Europe will be satisfied by the
increase in refined product imports and financed by its increased crude oil exports. A maximum
amount of 4.65 MMBD of net Soviet petroleum exports will be available under the lower
consumption in the Soviet Union and Eastern European sensitivity analysis case. Net petroleum
exports will almost disappear from the Soviet Union because of its lower crude oil production in the "
LOIL scenario. Because of crude oil imports into the Soviet Union, refinery activity, and hence
refined product exports, will not be affected due to the loss of domestic crude oil production.
Changes in the transportation cost between North America and the Soviet Union will not cause
significant changes in the level of the Soviet petroleum exports, but destinations will change, as seen
earlier.

Eastern Europe Petroleum Imports

Eastern Europe will receive a large portion of its total crude oil imports from the Middle East
under most sensitivity analysis cases. No Middle East crude oil supplies will be necessary in Eastern
Europe when petroleum demand in the Soviet Union and Eastern Europe is 25% lower. Lower
levels of U.S.S.R. crude oil production in the LOIL scenario will force Eastern Europe to obtain its
2.05 MMBD of crude oil supplies from the Middle East. Eastern Europe will export refined products
to the United States in ali cases, except under the LOIL scenario in which the refined product
exports will be diverted to the Soviet Union. Eastern Europe will export up to 0.31 MMBD of
ref'med product to the United States under the sensitivity analysis case with low U.S. crude oil
production but high consumption. Under the same situation, Middle East crude oil exports to
Eastern Europe will increase by 0.82 MMBD as more U.S.S.R. crude oil supplies are now being
diverted to the United States to compensate for low U.S. production.
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5. CONCLUSIONS

. This report presents forecasts of world petroleum activities under normal market (i.e., BAU)
conditions for the year 2000. The analysis considered two primary scenarios. The only difference in
the other scenario (i.e., LOIL) from the BAU scenario is in the level of Soviet crude oil production

- and in higb.er crude oil production levels in the Middle East, Latin America, Africa, and the Far East
to balance the Soviet crude oil production loss. Several additional sensitivity analyses of the BAU
scenario were considered in order to assess the variability or stability of some of key model
projections of the BAU scenario.

EIA's forecasts of worldwide petroleum production and consumption for the year 2000 used
in our analysis present only a few interesting behaviors. Under the BAU scenario, crude oil
production is forecast not to decline except in two regions compared to the 1989 level: the U.S.S.R.
and the Far East. Soviet crude oil production is assumed to remain unchanged from last year's level
of 10.5 MMBD as great uncertainty remains with the availability of necessary future investments.
Current trends toward lower crude oil prices will cause production declines in major oil producing
regions of the Far East. Vulnerability of the rest of the world to the Middle East supply will
continue. The increased crude oil production from the Middle East is forecast to be 35.5% higher
than the 1989 level. Total growth in world oil demand continues in the year 2000 at a level 4.2%
higher than the 1989 level. Demand growth is slower in most OECD countries than in developing
countries. The Far East and Japan account for 43% of total world demand growth in 2000. The
East-West Center (Vervalin 1990) and DOE (1991) also predict growth in the Asia-Pacific region,
the area from which the greatest demand for oil will come.

About half of the replacement for loss of crude oil under the LOIL scenario will come from
Latin America. Crude oil from Latin America will help to replace the same quality of crude lost.
Although crude oil from the Middle East was available, it was heavier than the lost Soviet crude.
Interestingly, during the Iraqi invasion of Kuwait, the barrel-for-barrel replacement of the embargoed

- crude oil coming predominantly from Saudi Arabia and the United Arab Emirates was not sufficiently
effective to solve the crisis. The replacement oil was heavier and _sourer_ (higher in sulfur content)
than the lost oil. Crude oil qual,.'tycan be as important an issue as quantity.

Under the BAU scenario, as compared to 1989, interesting changes occur in worldwide trade
patterns. U.S. imports will increase moderately from 46% in 1989 to 49% in the year 2000 if the
current crude oil production level of around 9.3 MMBD is maintained. Sources of major imports will
remain the same. However, a significantly higher level of imports will be coming from Japan, the
Soviet Union, and Eastern Europe. Not many changes are forecast for Canada and Western Europe.
The Soviet Union will become the new source for crude oil and refined product imports for Canada
(a total of 0.8 MMBD). The increased level of Western Europe (i.e., mainly North Sea) crude oil
production, combined with no substantial growth in demand, will cause its net petroleum imports to
decrease by 10.4% (compared with 1989). The major share of consumption in Japan and the Far

. East will continue to be satisfied by Middle East imports. Total Middle East imports to these regions
will increase by 20% (Japan) and 75% (the Far East). Indigenous production in Latin America and
Africa will not change much, although consumption increases in these regions _ill be substantial. Net

o petroleum exports will decline in these regions (e.g., in Latin America by as much as 51% from its
1989 level). Decline in Soviet crude oil production will cause a reduction of 23% in its net petroleum
exports compared to the 1989 level. The U.S. and Canada will emerge as new significant oil trading
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partners of the Soviet Union. Nearly half of Eastern Europe's crude oil imports will come from the
Middle East. Refinery activities will increase, and a portion of Eastern Europe refined products
export will come to the United States.

There are considerable shifts in worldwide trade patterns under the LOIL scenario from the
BAU scenario as crude oil production increases in the Middle East, Latin America, the Far East, and
Africa to offset the Soviet crude oil production loss. Net petroleum exports will increase in these
four regions where crude oil production increases. The Middle East supply will replenish the lost
Soviet crude oil exports, including ali of the Eastern Europe crude oil demand as ali of the increased
crude oil production from Latin America will go to satisfy its demand. U.S. net petroleum imports
will not change significantly. However, increased refined product imports will occur at the expense
of reduced crude oil imports, the Soviet Union providing 30% (i.e., 1.0 MMBD) of total refined
product imports. More Soviet refined product imports to the U.S. will occur as a result of (1)
increased crude oil production in Latin America and Africa that, to a large extent, will satisfy their
own demand and (2) reduction in the Soviet refined product exports demand in other regions due
to either more refinery activities (e.g., Eastern Europe and Western Europe) or less refined product
exports (e.g., the Far East and Canada).

Uncertainties in future Soviet and Eastern Europe petroleum markets considered here in
sensitivity analyses of the BAU scenario indicate that the BAU level (i.e., 49%) of total net U.S.
petroleum imports will remain unchanged. Crude oil availability from the Soviet Union will affect
the distribution of U.S. crude oil and refined product imports. A higher level (i.e., 52%) of total U.S.
petroleum imports is forecasted if its crude oil production declines by 6.5% from the BAU level of
9.3 MMBD. The U.S. will import more crude oils than refined products from the Soviet Union; the
reverse is true in the case of Canada. A maximum level of Soviet petroleum imports coming to the
U.S. and Canada will be 1.05 MMBD and 1.2 MMBD, respectively. A consumption level 25% higher
than the BAU scenario in the Soviet Union and Eastern Europe will be satisfied by the increase in
refined product imports, financed by increased Soviet crude oil exports. On the other hand, a
maximum amount of 4.65 MMBD of net Soviet petroleum exports could be available if consumption
in the Soviet Union and Eastern Europe decreases by 10%, compared with the BAl_/scenario level.
Speculation about the Soviet Union becoming a net petroleum importer if the current crude oil
production decline trend continues was observed in our analysis. We observed no net Soviet
petroleum imports under the level of its crude oil production enough to meet its demand. Under that
case, because of mismatch between the mix of refinery output and its refined products demand,
refined products importation occured at the expense of refined product exports provided from crude
oil imports. The assumption of no further deterioration of existing refining capacities made under
that case may not be realistic in the future.

In summary, democratization of the Soviet Union and Eastern Europe will cause a few
interesting world oil patterns in the year 2000. The U.S. and Canada will receive some portion of
their total petroleum imports from the Soviet Union and Eastern Europe. However, the Middle East
will continue to play the dominant role of petroleum supplier, as great uncertainties remain about
future supplies from the Soviet Union. Easten: Europe will face financial problems as more than
50% of its crude oil imports are forecasted to be coming from the Middle E,_s:..

For the Navy, vulnerability to disruptions in Middle East petroleum supply will continue to .
be an issue of concern until the current downward trend of the Soviet crude oil production improves.
However, a significantly higher level of imports from the Soviet Union, and Eastern Europe may
reduce the Navy's dependency on Middle East supplies.
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NAVY MOBILITY FUEI.B FOREC4_.STING SYSTEM REPORT:
WORLD PETROLEUM TRADE FOI_ ECASTS FOR THE YEAR 2000

APPENDIX B
WORLD PETROI.F.UM TRADE FLOWS IN THE YEAR 20007

7Results for crude and refined products are provided separately here and represented as changes from those
corresponding flows in 1989 and/or the year 2000 BAU scenario. Changes (i.e., bottom table in the page)
when added to the actual flows (i.e., top table in the page) from which changes are calculated, give the actual
flows for a particular scenario. For the LOlL scenario only, comparisons of world trade flows have been
provided against flows in 1989 as well as the year 2000 BAU scenario.
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APPENDIX C
WORLD REFINERY OUTPUT IN THE YEAR 2000
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SUMMARY OF REFINED PRODUCT OUTPUT IN OTM REGIONS UNDER
VARIOUS SCENARIOS FOR 2000

D

U.S. PADD 1 U.S. PADD 2 & 4 U.S. PADD 3 U.S. PADD 5 U.S. TOTAL

SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO ,

Product BAU LOIL BAU LOIL BAU LOIL BAU LOIL BAU LOIL

LPG Product 167 180 840 768 1645 1686 279 272 2,933 2,907

Gasoline

(Hi-Octane) 554 538 1977 1731 2807 2877 992 990 6,332 6,138

Gasoline

(Lo-Octane) 0 0 0 0 0 0 0 0 0 0

Naphthas 0 6 0 0 0 0 0 0 0 6

Middle Distillates 374 391 1050 1018 2308 1890 813 819 4,547 4,120

Residual Fuel Oil -
Low Sulfur 233 74 91 39 457 338 141 154 923 606

Residual Fuel Oil -
High Sulfur 42 125 34 147 522 281 290 297 890 852

Coke Product 44 44 51 51 44 44 158 136 299 277
i

[ I X, l 1 7,11912,675! 2,671 15,925 14,908

Note: 1. Units are thousand barrels per day (MBD)

Scenario Descriptions

BAU: Business-As-Usual Scenario
LOIL: Low USSR Crude Oil Production Scenario

Region Definitions

U.S. PADD1 Connecticut, Delaware, District of Columbia, Florida, Georgia, Maine, Maryland,Massachusetts, New Hampshire, New
Jersey, New York, North Carolina, Pennsylvania, Rhode Island, South Carolina, Vermont, Virginia and West Virginia.

U.S. PADD2&4 Colorado, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, Minnesota, Missouri, Montana, Nebraska, North
Dakota, Ohio, Oklahoma, South Dakota, Tennessee, Utah, Wisconsin, and Wyoming.

U.S. PADD3 Alabama, Arkansas, Louisiana, Mississippi, New Mexico and Texas.
U.S. PADD5 .Alaska, Arizona,"California, Hawaii, Nevada, Oregon, and Washington.
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. SUMMARY OF REFINED PRODUCT OUTPUT IN OTM REGIONS UNDER
VARIOUS SCENARIOS FOR 20OO

REGION

CANADA WESTERN LATIN AFRICA FAR EAST
EUROPE AMERICA

SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO

PRODU(.'T BAU LOlL BAU LOlL BAU LOlL BAU LOlL BAU LOlL

LPG Produ,:_ 404 429 1161 1169 984 1108 385 416 820 781

Gasoline (Hi-Octane) 462 646 2722 2716 184 102 114 49 592 586

Gasoline 0 0 0 0 1339 1534 382 531 1364 1303

(Lo-Octane)

Naphthas 77 51 285 318 337 426 364 365 622 439

Middle Distillates 585 425 2982 3113 1444 1628 867 889 2107 2261

Residual Fuel Oil - 342 238 2065 1723 606 783 635 757 1572 1564
Low Sulfur

Residual Fuel Oil - 4_4 175 961 1171 1394 2210 396 130 1166 1171

High Sulfur

Coke Product 0 I 14 56 56 74 74 0 3 45 29
ii

TOTAL 2,276 1,982 10,235 10,269 I 6,3,, I 7,S,8 1 _,_,,[ 3,143 ! 8,291 i 8,137I

Note: 1. Units are thousand barrels per day (MBD)

Scenario Descriptions

BAU: Business-As-Usual Scenario
LOIL.: Low USSR Crude Oil Production Scenario

Region Definitions

LATIN AMERICA Argentina, Bolivia, Brazil, Colombia, Ecuador, Mexico, Tobago and Trinidad, and Venezuela.
AFRICA Algeria, Cameroons, Egypt, Libya, Nigeria, and Tunisia.
FAR EAST Australia, Brunei, China, India, Indonesia, Malaysia, New Zealand, Pakistan, Taiwan, and Thailand.
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SUMMARY OF REFINED PRODUCT OUTPUT IN OTM REGIONS UNDER
VARIOUS SCENARIOS FOR 2O0O

REGION

MIDDLE EAST JAPAN EASTERN U.S.S.R.
EUROPE

SCENARIO SCENARIO SCENARIO SCENARIO

PRODUCT BAU LOlL BAU LOlL BAU LOlL BAU LOIL

LPG Product 781 736 320 320 136 153 758 661

Gasoline (Hi- 52 156 734 734 135 115 943 1028
Octane)

Gasoline (Lo- 594 508 0 0 458 532 1503 1232
Octane)

Naphthas 523 503 339 369 0 70 0 $

Middle Distillates 1439 1353 1140 1118 658 793 2396 2465

Residual Fuel Oil - 488 478 766 877 184 258 1042 1341
Low Sulfur

Residual Fuel Oil - 1163 1144 252 214 626 383 2078 1879
High Sulfur

L

Coke Product 108 103 4 4 0 3 74 97

[ 5,151 4,984 3,556 3,638 2,200 2,311 ,! 8,797 8,704 .

Note: 1. Units are thousand barrels per day (MBD)

Scenario Descriptions

BAU: Business-As-Usual Scenario
LOLL: Low USSR Crude Oil Production Scenario

Region Definitions

MIDDLE EAST Bahrain, Iran, Kuwait, Oman, Qatar, Saudi Arabia, and UAE.
EASTERN EUROPE Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, and Romania.
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