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PROJECTIONS OF THE IMPACT OF EXPANSION OF DOMESTIC 
HEAVY OIL PRODUCTION ON THE U.S. REFINING INDUSTRY 

FROM 1990 TO 2010 

David K. Olsen, E. Bruce Ramzel and Arden R. Strycker 
National Institute for Petroleum arid Energy Research 

Guillermo Guarig uata and Fredric G. Salmen 
Bonner and Moore Management Science 

ABSTRACT 
This report is one of a series of publications assessing the feasibility of increasing domestic 

heavy oil (10' to 20' API gravity) production. This report provides a compendium of the United 

States refining industry and analyzes the industry by Petroleum Administration for Defense District 

(PADD) and by ten smaller refining areas. The refining capacity, oil source and oil quality are 

analyzed, and projections are made for the U.S. refining industry for the years 1990 to 2010. The 

study used publicly available data as background. A linear program model of the U. S. refining 

industry was constructed and validated using 1990 U.S. refinery performance. Projections of 

domestic oil production (decline) and import of crude oil (increases) were balanced to meet 

anticipated demand to establish a base case for years 1990 through 2010. The impact of additional 

domestic heavy oil production, (300 It4B/D to 900 MBID, originating in select areas of the U.S.) 
on the U.S. refining complex was evaluated. This heavy oil could reduce the import rate and the 

balance of payments by displacing some imported, principally Mid-east, medium crude. The 

construction cost for refining units to accommodate this additional domestic heavy oil production in 

both the low and high volume scenarios is about 7 billion dollars for bottoms conversion capacity 

(delayed coking) with about 50% of the cost attributed to compliance with the Clean Air Act 

Amendment of 1990. 

PREFACE 
This report is one of a series of publications assessing the feasibility of increasing domestic 

heavy oil (lo0 to 20' API gravity) production. A summary of this report was presented in briefings 

at DOE Headquarters in Washington, D.C., on September 14, 1992, and at the DOE Baalesville 

Project Office on November 6, 1992. 

The goal of this part of the heavy oil study and this report was to determine the potential 

impact of increased domestic heavy oil production on the U.S. refming industry. Many of the light 

(>30° API gravity) and medium (20' to 30' API gravity) domestic oil reservoirs are mature, and oil 

production is rapidly declining. The nation's heavy oil resource has not been as extensively 



developed because of higher costs in production and lower oil quality (oil quality being reflected in 

the lower oil price refiners are willing to pay because they can obtain less high value product from 

heavier crude oil) relative to light crude oil. The questions that this study focused on include: If 

development of the domestic heavy oil resource were accelerated (Olsen, 1993) and the oil was 

delivered to the refinery gate, what impact would this have on the U.S. refining industry? Could 

U.S. refmers handle this larger volume (300 MBD to 900 MBID beyond the current 750 MBD) of 

domestically produced heavy oil? What level of investment in upgraded refining capacity would be 

required to handle this additional domestic heavy oil? What imported oil would this domestically 

produced heavy oil displace from the market? 

This study started in the fail of 1991, and the development of the linear programming models 

(LP) of the US.  refining industry and the simulation of the effect of additional domestically 

produced heavy oil transpired during the spring and summer of 1992. Therefore, the data 

generated is currently somewhat dated. The decline of U.S. oil production and increasing U.S. 
dependence on imports of foreign oil are occuning at a faster rate than projected because of lower 

world oil prices due to plentiful oil on the world oil market and increased worldwide production 

capacity The divergence between imports and domestic production increases with lower oil prices 

as shown in Fig. 1 (DOUEIA, 1993). Increasing attention is being given to the "price of imported 

oil" in terms of loss of domestic jobs; loss of tax revenues to federal, state, and local government. 

bodies; the national trade deficit; and decreased productivity not only of the petroleum industry, but 

also other industrial sectors. Developing and using domestic oil (including the known heavy oil) 

resources could decrease this "price." 

OBJECTIVE OF THE STUDY, METHODOLOGY 
AND STRUCTURE OF REPORT 

The objectives of the National Institute for Petroleum and Energy Research's (NIPER) heavy 

oil feasibility study are to evaluate constraints to increasing domestic heavy oil production, 

specifically: (1) to investigate from secondary data the heavy oil resource, (2) to screen this 

resource for potential enhanced oil recovery applications, and (3) to evaluate various economic 

facets that may impact the development of this resource. Heavy oil is defined as having gas-free 

viscosity of >I00 and ~10,000 MPas (centipoise, cP) inclusive at original reservoir temperature, 

or a density of 943 kg/m3 (20° API gravity) to 1,000 kg/m3 (10' API gravity) inclusive at 15.6' C 

(60' F) (Group, 198 1). 

The focus of this study addresses the cost (investment level required for refining units, 

location and time frame) for refming units that would be required to process additional domestically 

produced heavy oil. NIPER contracted Bonner and Moore Management Science, 
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FIGURE I - Projections of oil production and imports through 2010 (EIA, 1991). 

(B&M), a Houston based international refining consulting company, to conduct simulation studies 

to project the costs to the U.S. refining industry given the heavy oil production volumes, oil 

quality, location (region) and time frame for future domestic heavy oil production. Using this data 

from NIPER and information available in the public domain, B&M developed linear programming 

models (LP) of the U.S. refining industry and validated the model against the 1990 performance of 

the U.S. refining industry. Projections of the volumes and quality of crude necessary to meet 

U.S. product demand (i.e., using current refineries capacity, including previously announced 

upgrades and shutdowns to refineries as of the spring of 1992) were developed. Projections of 

future domestic production and import levels of crude oil by source, oil quality and volumes were 

made for the years 1990, 1995, 2000, 2005 and 2010. Projections of the costs, location (region) 

and time frames of unannounced upgrades (to refining units) required to handle additionaI 

(incremental future) domestically produced heavy oil were developed. The 1991 domestic heavy 

oil production (Olsen, 1993) is 750 MB/D or 10.3% of the 7,300 MB/D domestic oil production in 

1991 (10.9% of the October 1993's 6,885 MB/D, domestic oil production). 

This report is comprised of two parts: (1) a background, analysis and interpretation 

(Chapters 1-4) by NIPER of the research conducted by Guillermo Guariguata and Fredric Salmen 

of B&M who developed the linear programming model of the U.S. refining industry and 

conducted a series of computer simulations; and (2) the B&M reports submitted to NIPER 

(Volumes 1 and 2 and their final report (the appendices) containing the results of their analyses, 



collected data, and computer simulations. This report is based on publicly available data, and the 

tables and figures contained herein are a compendium of information on the U.S. refining industry 

from these sources. Figures are repeated as necessary for ~ l ~ c a t i o n  and continuity of the report 
NIPER supplied, as input data for this study, the refining regions and projections of location, 

volume and time frame of additional heavy oil production (Olsen, 199 1 ; Olsen, 1993). The low 

volume case scenario had a maximum additional heavy oil production rate of 300 MB/D, and the 

high volume case scenario had a maximum additional heavy oil production rate of 900 MBID. 

Within the B&M report, these scenarios are sometimes referred to as low heavy and alternate high 

case, respectively. 
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Chapter 1 

EXECUTIVE SUMMARY 
This report is one of a series of publications assessing the feasibility of increasing domestic 

heavy oil production. Each report covers a select topic or geographic area of the United States and 

evaluates the heavy oil resource in that area in terms of geology, oil-in-place, production and 

refining capabilities. This analysis and report assesses the impact of additional domestic heavy oil 

production on the U.S. refining complex under three different production level scenarios: no new 

heavy oil (base case), low heavy oil-increase in domestic production of 300 MBD of heavy oil, 

and high heavy oil-increase in domestic heavy oil production of 900 MBID. This report is 
comprised of two parts: a background, analysis and interpretation by NIPER of its own research 

on the impact of increased domestic heavy oil production on the U.S. refining industry between the 

year 1990 and 2010, and the research conducted by Bonner and Moore Management Science 

which developed a linear programming (LP) model and conducted simulations of the U.S. refining 

industry. Petroleum Administration for Defense Districts (PADD) and 10 smaller production and 

refining areas were identified for the purpose of conducting the series of computer simulations of 

possible oil refining scenarios and determining the impact of the domestically produced heavy oil. 

This report developed three scenarios for the U.S. refining industry from 1990 to 2010. 

Although the emphasis of the study was to evaluate the impact of additional domestic heavy oil 

production (beyond the 1992 production level of about 750 MBD of 10' to 20' API gravity crude 

oil), the base case (i.e., no new heavy oil) contains a number of key points that reflect the future of 

the U.S. petroleum industry. 

CONCLUSIONS FOR NO NEW HEAVY OIL SCENARIO 

* The U.S. demand for petroleum products is anticipated to grow at a conservative 1% per 
year during the 1990 to 2010 period. Most of the growth will be in the liquid transportation 
fuel sector. To meet that demand, the U.S. will import increasing volumes of crude oil and 
refined product. The volume of imports dwarfs the volumes of incremental heavy oil 
considered in this study and soon will exceed the entire U.S. oil production. 

* By the year 2010, nearly 70% of the oil used will be imported, and this volume of imports 
dwarfs the volumes of incremental heavy oil considered in this study. The "more than fifty 
percent threshold" of imports to domestic crude supplies will probably occur by the year 
1996 and possibly as early as 1994 (assuming low oil prices and continued opposition to 
produce in "environmentally sensitive" areas such as the Alaskan National Wildlife and Arctic 
Refuge or offshore California). 

* Despite all efforts by non-Middle Eastern OPEC members to expand their crude production 
capabilities, Middle Eastern producers will be the main source of incremental supplies to the 
U.S. refmers during the next 20 years. Other sources will contribute with more modest 
volumes. 



* A 2% per year decline in domestic crude supplies, mainly in terms of Alaska North Slope 
(ANS) and Midwest light sweet crude, will increase the dependency of domestic refineries on 
imported crude. 

* Loss of ANS production will significantly affect the current U.S. crude supply logistics and 
cause an additional cost burden on refined product prices. 

* Idle West Coast refining capacity will require crudes otherwise destined to other areas in 
order to meet consumer demand. 

* Midwestern inland refineries will increase the dependency on import crudes to make up their 
crude shortfall. The current pipeline system will reverse some of its traditional flow patterns. 

Projections, for the years 1990 to 2010 (in five-year increments), for domestic oil production 

and imports of crude oil that will meet domestic demand are summarized in Figs. 1.1 through 1.3 

(all volumes in thousands of barrels per day, MB/D). Domestic oil production in 1990 was 7,400 

MB/D and is anticipated to fall below 4,500 MBlD in 2010. Imports to the US. in 1990 were 

5,900 M B D  and are anticipated to increase to 9,800 MBlD by 20 10. In Fig. 1.1, the boxes for 

PADDs (1, 2 & 4, 3), California and Alaska show domestic production by year in 

IMPORT FROM 
N. AMERICA 
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1990: 643 
1945: 640 
2000:6=ul 
2005: 640 
2010: so 

EUROPE 
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1995: 2, 
2000: 3, 
2005: 4, 
2010: 5. 

- 

FIGURE 1.1 - Projections of domestic oil production and imports necessary to meet 
. U.S. demand for the years 1990 to 2010. 
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FIGURE 1.2 - Projected decline in domestic oil production. 
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FIGURE 1 3  - Projected imports of crude oil by area of origin. 



five year increments. Imported oil is shown by area of origin and reflects anticipated oil import 

levels. The size of the arrows reflect the relative magnitude of imports. The greatest decline in 

U.S. production is anticipated from Alaska, and the largest import source is anticipated to be the 

Mid-east. The 2010 imports level from the Mid-east is nearly three times the 1990 import level 

from that area. The same data is shown in bar graphs in Fig. 1.2 (declining U.S. production) and 

Fig. 1.3 (increasing oil imports). 

Significant increases in crude imports are required to meet demand. Historic levels of 

domestic production, imports of crude oil and refined products required to meet U.S. demand are 

shown in Fig 1.4 (API, 1993). The projections made within this NIPER report assume that 

petroleum products consumption will experience a modest yearly growth rate of 1% per year 
through 2010. Crude supplies to U.S. refineries will increase their dependency on imports as 

domestic production declines about 2% per year. 
The Energy Information Administration (EIA, 1993, p. 9) recently published projections of 

domestic oil production and imports to the year 20 10 using a low oil price case ($1 8 in 2010 in 

1991 dollarshbl) and a high oil price case ($38 in 20 10 in 199 1 dollars/bbI) as shown in Figs. 1.5 

and 1.6. The projections developed from the base case shown in Fig. 1.7 from the analysis 

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 

YEAR 

FIGURE 1.4 - Historical US. oil demand, domestic production and 
imported crude oil and refined products (API, 1993). 
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FIGURE 1.5 - EIA 1991 projections of U.S. oil demand (consumption) and 
domestic production resulting in net imports under high oil price 
and low oil price projections. 
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Percentage of oil from domestic production and from imports based 
on historical record and EIA projections of U.S. oil demand 
(consumption) and domestic production through the year 2010 
(replot of data from EIA, 1991, p. 19). 
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FIGURE 1.7 - NlPER projections of oil production and imports on a percentage 
basis through the year 2010. 

developed in NIPER study of domestic oil production and imports are consistent with those of EIA 
and show approximately the same cross over point (50% import rate) and final endpoints (import 

rates in the year 20 10). 

NEW (ADDITIONAL) HEAVY OIL CONCLUSIONS 

NIPER believes the low case (300 M B D  of incremental domestic heavy oil production) is an 
achievable production rate, and the high case (900 MBID) is a target. Current (1992) 
domestic production of heavy oil is 750 MBID. These volumes of incremental heavy oil are 
significant additions to the current domestic production. Production of this incremental 
heavy oil would alter the U.S. production decline curve, provide a domestic economic base 
and jobs, using a U.S. resource. This would add flexibility to the U.S. refining industry in 
terms of secure supply. 
I .  order to process the incremental domestic heavy oil at both the High (900 MB/D) and Low 
(300 MBID) production rate scenarios, the following bottoms conversion capacity (delayed 
coking) must be constructed in the r e f ing  regions defined in Figure 1.8. 
Some fully used existing refining capacity will be freed up as ANS and PADD 3 production 
declines. 
In both of the heavy oil production rate scenarios, over a twenty year span, the US.  refining 
industry would be faced with capital expenditures in the $7 billion range. Of the $7 billion, 
approximately $1 billion would be required to refurbish existing primary refming capacity to 
accommodate demand growth, $3 billion to build the necessary conversion capacity to 
process the additional domestic heavy oil, and $3 billion to comply with the 1990 
Amendments to the Clean Air Act (CAA) and quality treatment of intermediate streams. 



FIGURE 1.8 - Ten refining areas analyzed in this NIPER study. 

CONVERSION CAPACITY BY 2010 

MBD 
Region HiQh Low 

1 17 17 
2 & 3  90 87 

4 11 - 
5 162 100 
6 30 26 

Total 310 230 

* Investment costs attributable directly to compliance with the regulation of the CAA are 
estimated at $3 billion which are in line with the petroleum industries $33 billion estimate of 
c u  costs. 

The details of the no new heavy oil projections and those scenarios with additional 

(incremental) domestic heavy oil production can be found in Chapter 3. The costs of refining 

upgrades are summarized in Chapter 4; and the B&M report volumes 1 and 2. An update to 

simulations of the U.S. Gulf Coast, with higher sulfur and lower API gravity crude, are included 

as appendices. 

To pay for all the environmental and unit costs for expansion required to process the 

additional domestic heavy oil, refining margins must be considered. Figure 1.9 is from refining 
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FIGURE 1.9 - Refining margins of the last decade in 1990 dollars (Wright Killen, 1993). 

margin data supplied by Wright Killen (1993). Although Fig. 1.9 shows increased margins in 
recent years, most of the profit is being applied to meeting environmental restrictions for product 
quality and upgrading to comply with CAA. Funds are scarce for construction, expansion, and 

upgrading of heavy oil processing capacity. 
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Chapter 2 

BACKGROUND 

U. S. PETROLEUM PRODUCTION INDUSTRY 

Current Levels of Domestic Heavy Oil Production 

Heavy oil, as used in this study, is defined as having gas-free viscosity of >I00 and 

<10,000 MPas (centipoise, cP) inclusive at original reservoir temperature or a density of 943 
kg/m3 (20° API gravity) to 1,000 kg/m3 (10' API gravity) inclusive at 15.6' C (60' F) (Group, 

1981). Figure 2.1 shows a map of the U.S. with the principal heavy oil producing reservoirs and 

Petroleum Administration for Defense Districts (PADDs) boundaries, whereas Fig 2.2 shows 

many of the 1,400 U.S. heavy oil reservoirs. Table 2.1 shows NIPERts estimates of 1991 

domestic heavy oil production. NIPER's analysis of heavy oil reservoir data for states outside 

California indicates that previous estimates of heavy oil resources (Dietzman et. al., 1965; 

Kujawa, 198 1; Interstate Oil Compact Commission, 1984; Crysdale and Schenk, 1990, Piper et. 
al., 1983) included significant light oil because data included total field production rather than 

production for only heavy oil reservoirs. Based on these analyses, the remaining U.S. heavy oil 

FIGURE 2.1 - Map of the United States sbowing principal heavy oil fieid locations and Petroleum 
Administration for Defense Districts (PADDs) boundaries. 



FIGURE 2 3  - Map of the United States showing heavy oil field locations (Crysdale and Schenk, 1990) 

TABLE 2.1 
Estimated (1991) Daily Heavy Oil Production by State 

Area bbVday Source 

Alabama 
Arkansas 
California 
Kansas 
Louisiana 
Mississippi 
M i i u r i  
New Mexico 
Oklahoma 
Texas 
Wyoming 
PADD 1 all of East Coast 
PADD 2 except states above 
PADD 4 except Wyoming 
Alaska 
All other 

TOTAL approximately 750,000 

For references see Olsen, NIPER-606, July 1993, Table 1, p. 7. 



resource was adjusted by NIPER to 80 to 90 billion bbl. Of the U.S. heavy oil, California has by 

far the most, perhaps as high as  60 billion bbl, with Alaska reported as having 5-20 billion bbl, 

and the Gulf Coast states and Wyoming having most of the rest. California is by far the major 

heavy oil producer, followed by the Gulf Coast states ( 10% the level of California's production) 

of Texas, Louisiana, Mississippi, and Arkansas. Wyoming is the remaining heavy oil producer 

with about 3% of the total. Other states have significantly lower percentages. Except for Alaska, 

these totals generally follow the regional resource pattern for heavy oil (Olsen, Taylor and 

Mahmood, 1992). 

Projected U.S. Heavy Oil Produca'on Levels, Quality, hcafwn and Time Frame 
Projections for three potential heavy oil production levels (incremental above current 

production levels) were developed in a 1991 study and are listed in Tables 2.2-2.4 (Olsen, 1990) 

and the rational has been described (Olsen, 1993). These projected future heavy oil volumes and 

the oil quality data (API gravity and sulfur content) shown in Table 2.5 (Olsen, 1990; Olsen, 

1993) were used as input data in addition to other publicly available data, for the computer 

simulation effort by B&M to estimate the impact of processing this additional domestically 

produced heavy oil on the U.S. refining industry. Ten refining areas (Fig. 2.3, sometimes 

referred to as DOE regions in the B&M appendices) were defined in this refining assessment and 

consider all refining capacity in the area as a composite unit for simulation purposes. 

TABLE 2.2 
Projected Heavy Oil Reduction Levels and Time Frames for an Additional 900 MBlD 

Additional crude oil 
BOPD BOPD BOPD BOPD 

PADD General location 1995 2000 2005 2010 

1 Entire PADD 1 
2 Midcontinent (KS, MO, OK) 
2 Remainder of PADD 2 
3 Permian Basin 
3 East Texas 
3 SE. Arkansas & N. Louisiana 
3 South Texas Basin 
3 Texas Gulf Coast Salt Basin 
3 Louisiana Gulf Coast Salt Basin 
3 Mississippi Interior Salt Basin 
4 Wyoming, Montana 
5 San Joaquin Valley 
5 Los Angeles Basin 
5 Coastal Range California 
5 North Slope, Alaska 
TOTAL 
TOTAL APPROXIMATE VALUES 



TABLE 2.3 
Projected Heavy Oil Roduction Levels and Time Frames for an Additional 500 MB/D 

Additional m d e  oil 
BOPD BOPD BOPD BOPD 

PADD General location 1995 2000 2005 2010 

1 Entire PADD 1 
2 Midcontinent (KS, MO, OK) 
2 Remainder of PADD 2 
3 Permian Basin 
3 East Texas 
3 SE. Arkansas & N. Louisiana 
3 South Texas Basin 
3 Texas Gulf Coast Salt Basin 
3 Louisiana Gulf Coast Salt Basin 
3 Mississippi Interior Salt Basin 
4 Wyoming, Montana 
5 San Joaquin Valley 
5 Los Angeles Basin 
5 Coastal Range California 
5 North Slope, Alaska 

TOTAL 
TOTAL APPROXUllATE VALUES 

TABLE 2.4 
Projected Heavy Oil Production Levels and Time Frames for an Additional 300 MBfD 

Additional crude oil 
BOPD BOPD BOPD BOPD 

PADD General location 1995 2000 2005 2010 

1 Entire PADD 1 
2 Midcontinent (KS, MO, OK) 
2 Remainder of PADD 2 
3 Permian Basin 
3 East Texas 
3 SE. Arkansas & N. Louisiana 
3 South Texas Basin 
3 Texas Gulf Coast Salt Basin 
3 Louisiana Gulf Coast Salt Basin 
3 Mississippi Interim Salt Basin 
4 Wyoming, Montana 
5 San Joaquin Valley 
5 Los Angeles Basin 
5 Coastal Range California 
5 North Slope, Alaska 
TOTAL 
TOTAL APPROXIMATE VALUES 



TABLE 2.5 
Composition of Projected Heavy Oil 

Additional crude oil 
Range, Sulfur, 

PADD General location gravity, OAPI % 

Midcontinent (KS,  MO, OK) 
Remainder of PADD 2 
Permian Basin 
East Texas 
SE. Arkansas & N. Louisiana 
South Texas Basin 
Texas Gulf Coast Salt Basin 
Louisiana Gulf Coast Salt Basin 
Mississippi Interior Salt Basin 
Wyoming, Montana 
San Joaquin Valley 
Los Angeles Basin 
Coastal Range California 
Offshore California 
Nora Slope, Alaska 

FIGURE 23 - Ten refining areas analyzed in this NLPER study, 



Each region (Fig. 2.3) was considered a homogeneous unit from a production and refining 

standpoint. Capabilities, product requirements and regulations differed from region to region, 

but were considered uniform throughout each region. Also, oil produced within a region was 

refined in that region. Some exceptions to this were made during the study when major volumes 

of interregional transport of oil was found (principally California regions 8, 9 and 10) to be 

necessary. 

US. Petroleum Refining Industry 
Refining History 

The U.S. petroleum refining industry has changed significantly during the last decade due 

to the phase out of lead as an octane booster and the change to cleaner fuels to meet the 

guidelines of the Clean Air Act and its amendments. This evolution toward cleaner fuels is 

anticipated to continue during the next two decades. This refining impact study on heavy oil 

considered the impact of the 1990 Amendments to CAA and implementation of the California 

Air Resources Board (CARB) fuel standards for California. It did not consider unknown 

standards of future legislation such as adoption of CARB standards by other states. A historical 

summary of the U.S. petroleum refining industry has been compiled (EIA, 1990). The US. 
refining capacity (nameplate volume of a refinery) and utilization (total, actual volume 

processed) are shown in Fig 2.4 (EIA, 1990). Since operating capacity peaked in 1980, the 

number of U.S. refineries has declined by 120 (Olsen and Rarnzel, 1991). Small to medium size 

( d o  MBID) refineries close while larger refineries, because of economies of scale, continue to 

maintain operating capacity. The CAA requirements could reduce the U.S. refining capacity by 

1,500 MB/D (Oil & Gas J., 1992) before the year 2000. 

Oil Processed in U.S. Refineries 
The quality of oil being refined in U.S. refineries is declining as shown in Fig 2.5. The 

sulfur content continues to increase. In recent years, the API gravity (which saw a rapid decline 

in the early 1980's) has begun to stabilize around 31" API gravity (EM, 1992; Olsen, Rarnzel and 

Pendergrass, 1993). This is expected since the average API gravity of imported Mid-east crude 

is 32.9 MI and contains 1.8 % sulfur. 

hports of Crude Oil 
The U. S. imports increasing volumes of refined product and crude oil. The percentage of 

total imports by AH gravity range is shown in Fig. 2.6. The figure reflects the investments made 

in the mid- to late 1970's in heavy oil processing capacity in the U.S. This permitted 

significantly larger volumes of heavier gravity oil to be refined in the late 1970's and early 

1980's. As new lighter oil was found (domestic and foreign) due to increased exploration and 
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FIGURE 2.4 - Refining history in the United States (EIA, 1990). 
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FIGURE 25  - Cmde oil quality in the United States, percent Sulfur and API gravity. 
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FIGURE 2.6 - Percent of total imported oil by API gravity. 

development spurred by the high oil prices of the late 1970s and early 1980s, the investment and 

interest in heavy oil refining capacity declined. Increasing volumes of lighter crudes began to be 

processed (as they became available) because there is a higher margin on refining light oil into 

high value products than in refining heavy oil. 
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Chapter 3 

PROJECTIONS 

INTRODUCTION 
The projections in this study and concIusions drawn from the analyses of these projections 

are divided into the base case (no new heavy oil) followed by the two scenarios where additional 

domestic heavy oil is added to the crude oil supply (300 M B D  and 900 MEVD) both of which 

displace imported oil. Some of the tabular data presented in the appendices have been converted to 

a graphic presentation superimposed on the map of the US. They reflect a snapshot in time of the 

volumes (MB/D), oil gravity, origin (domestic or imported), total volume and percentage of the 

total projected oil to be refined in an area. 

BASE CASE (NO NEW HEAVY OIL) 
Projected Volumes, Quality and Origin 

Assuming a US. petroleum demand growth rate of 1 %, US. refining industry structure, 

world wide petroleum supply and distribution capability, projections were made to meet projected 

U.S. petroleum product demand. The projected volumes (MBD), quality and origin of the crude 

oil that US. refineries will process between 1990 and 2010 are shown (MB/D) in Table 3.1, Figs. 

3.1 and 3.2. The sum of domestic production by PADD and imports (by region of origin) 

TABLE 3.1 
US. Crude Supplies (Base Case-No New Heavy Oil, MBID) 

(MB/D) 1990  1995  2 0 0 0  2 0 0 5  2 0 1 0  

DOMESTIC 
PADD Region API 

I East Light 51.6 
IIAV OWWY 36.7 
111 TXhA 36.7 
V Alaska 27.8 
V California 18.3 

Total U.S. 

IMPORTS Region API 
N. America 29.8 
S. America 24.8 
Mid East 32.9 
Africa 35.4 
Europe 37.6 
Asia 39.5 

Total U.S. 

TOTAL CRUDE 

%S 
0.26 
0.87 
0.60 
1.12 
1.33 

API 
I S  

8 s  
1-29 
2.20 
1.80 
0.17 
0.40 
0.10 

A PI 
%S 

A PI 



FIGURE 3.1 - Anticipated Domestic Crude Oil Production, 1990-2010, by PADD (PADD's 2 and 4 
combined and PADD 5 split into Alaska and California). 

FROM 
S. AMERICA 
1990: 1,624 
1895: 1,805 
2000: 2,055 
2005: 2,255 
2010: 2,425 

FIGURE 3 3  - Imported Oil (source and volume) for 1990-2010. 



were balanced to meet the anticipated demand (total crude). Average oil quality is shown in Table 

3.1 in the bottom rows for the composite mixture of crude oils to be processed in US. refmeries. 

Figure 3.1 shows schematically the trends in domestic oil production by PADD over the time 

frame from 1990 to 2010. The greatest percentage decrease in projected production is from Alaska 

(1,400 MB/D) which declines to the minimum carrying capacity (400 MB/D) of the Trans Alaska 

Pipeline System (TAPS). This assumption is based upon no new development of major fields on 

the North Slope or the interior of Alaska. The Gulf Coast experiences the second largest decline in 
production with the loss of 1,100 MBD. 

Figure 3.2 shows schematically the combination of domestic production and imports. Origin 
of the oil and anticipated volumes for each time period are shown. The largest increase in imported 
oil is from the Mid-east where an increase of 3,500 MBD is anticipated. Imports from South 

America are anticipated to increase by 800 MBD. Imports from Africa, Europe and Asia are 

anticipated to decline, whereas imports from Canada will remain nearly constant. A comparison of 

the overall percentage of domestic to imported crude oil from the base case was shown in Fig. 1.7 

with the 50% import rate achieved before 1995. This transition is anticipated to occur earlier with 

lower oil prices. 

To balance demand with domestic production and imports, significant volumes (MBD) of oil 

are exchanged between PADDs as shown in Fig. 3 -3 (EIA, 199 1). 

FIGURE 3.3 - Refinery output and domestic demand of refined product and the 
interchange of product between PADDs (EIA, 1991). 



Discussion of Base Case 

Between 1990 and 2010, crude oil consumption is anticipated to grow by 1,000 MB/D 

(13,233 MB/D in 1990 to 14,302 MBlD in 2010). This is based on a demand growth rate of 

l%/yea.. Domestic oil production is anticipated to decline from 7,356 MB/D in 1990 to 4,509 
MB/D in 2010, a loss of 2,847 MBID or 39% of the 1990 production. Nearly 1,373 MB/D of that 

loss is from Alaska, and another 1,124 MB/D is from the Gulf Coast. The domestic production 

decline rate is projected to average %%/year. 

To make up the deficit, a major increase in imported oil is required. Most of the required 

imported oil will be from the Mid-east and the second largest supplier will be South America. The 

imported percentage of oil will increase from 442 in 1990 to >68% in 2010. Of the imported 

crude oil, the fraction supplied by the Mid-east will increase from 32% in 1990 to 55% in 2010 
(1,863 MB/D to 5,418 MBID). The fraction of imported crude oil supplied by Canada, Mexico 

and South American countries will decrease from 39% in 1990 to 31% in 2010. 
The changes (in 5-year increments) for crude oil that will be refined are shown in a series of 

figures superimposed on the map of the U.S. for each of the ten refming areas considered in this 

study. The volumes (MB/D) are broken down as to light (>30° API gravity), medium (20°-30' 
API), and heavy oil (10'-20' API). Oil originating from domestic production (DOM) and imported 

(FOR) oil as well as the total refined oil in each gravity range is listed. The percentage of oil 

refined that is from domestic and imported sources is listed. Figures 3.4 through 3.8 are 

summaries of the U.S. refining crude oil feed for the base case-no new heavy oil. In Figure 3.4 
(within the block designated refinery region 1) 13 MBID of light oil is produced in the US., 767 
MB/D of light oil, 405 MB/D of medium and 100 MB/D of heavy oil are imported. Refineries in 
region 1 process 1,285 MBD. 

The greatest impact on the U.S. petroleum industry has been the Clean Air Act (CAA) of 

1976 and its amendments which caused a reduction in refinery emissions and vehicle emissions. 

Under the CAA, lead was phased out as an octane booster. The 1990 Amendment to the CAA 

requires even lower emission levels and significant improvement in product quality (gasohe and 

highway diesel). To meet product quality regulations on emissions from vehicles in air quality 

nonattainment areas, oxygenated fuels will constitute as much as 30 volume % of the gasoline 

market in most metropolitan areas of the U.S. Replacement of about 15% of the hydrocarbons in 

the gasoline pool with fuel oxygenates such as MTBE, TAME and ETBE to meet the reformulated 

fuel oxygen content requirements of 2.0 to 2.7 wt % will require large investments in a number of 

new units to produce these fuel oxygenates. This has created a huge demand on the capital 

available for refinery improvements. This capital is required for best available technology 



FIGURE 3.4 - Base case for 1990-no new heavy oil. 
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FIGURE 3.8 - Base case for 2010-no new heavy oil. 

equipment to meet the CAA and EPA standards, if the refiner wants to stay in the fuel marketing 

business. Smaller refmers have a temporary delay in implementation of some of the requirements 

of the CAA amendment regulations. Many small refineries will close in the latter half of the 1990s 
(when these exemptions expire) because they cannot meet the requirements and still make an 
adequate return on investment. 

The volumes of additional (new production) heavy oil considered in this study (300 MB/D 
and 900 MB/D) amount to only 2% for 300 MBID and 6% for 900 MB/D of the year 201 0's total 

crude oil demand of 14,302 MBfD. However, when considering these small oil volumes relative 

to the base case (no new heavy oil) domestic production of 4,509 MB/D in the year 2010, the 

percentages are not so small, 6.6% for 300 MBfD and 20% for 900 MBD. For domestic 

production only in the year 2010 and adjusting for the additional current (750 MB/D, 1992) 

domestic production, the percentage of heavy oil in the total U.S. production increases to 25% for 

300 MBlD and 33.3% for 900 MBID. These figures do not reflect the use of small amounts of 

light condensate (< 100 MBID) added to the refinery pool to meet projected demand. 

Consequently, actual percentages will be slightly less. 

In the base case, average API gravity of the refinery throughput declines slightly from 32O to 

3 lo API. Sulfur content climbs from 1.1 % to 1.4%, which is mainly due to significant increases in 
the volume of higher sulfur Mid-east imports. In NIPER's previous analysis, it was found that 

each lo API drop in crude quality resulted in an increase of difficult to process vacuum bottoms of 

about 2% (Olsen and Rarnzel 1991). Therefore, the small decrease in the base case is not of 



significance. It is only mentioned here because it will be an important point to be considered when 

looking at the low and high case heavy oil scenarios. Another important point to keep in mind is 
the large investments made by the refining industry in the 1980s (especially the early 1980s) in 

"bottom of the bmel  conversion" capacity. As Bonner and Moore note in volume 1, "...thermal 

conversion to distillation capacity ratio(s) ... nearly doubled, providing ... necessary operational 

flexibility to address ... demand within the prevailing regulatory constraints in a profitable manner." 

NIPER1s previous refinery analysis verified double digit increases in refinery heavy ends 

conversion capacity during this time period (Olsen and Ramzel, 199 1). 

NIPER's refinery analysis could only document about 900 MB/D of heavy oil charged to 

U.S. refineries in 1990 (750 MB/D of domestic production and 150 M B D  of imports). This was 
6.6% of the refinery throughput in 1990. Documentation of imported heavy crudes never rose 

much above 4%. However, when NIPER looked at crudes < 25" AH, the percentages were about 

28% in the early 1980s and had decreased to 17% in 1990. It is believed that much of the medium 

crudes being imported to the U.S. are diluted heavy crude oil. Thus, the "actual" heavy crude 

charge to U.S. refineries is probably considerably higher than reported. Private interviews 

indicated that many central US. refineries can handle 15 to 18% heavy crude charge. 

When comparing the 1990 no new heavy oil base case to the 2010 no new heavy oil base 
case, heavy oil throughput to refineries stays flat (953 MB/D to 957 MB/D); medium oil falls from 
4,395 MB/D to 3,641 MBD; and light oil rises significantly from 8,062 MB/D to 9,865 MB/D. 

The light oil increase is almost exclusively foreign imports. 

EFFECT OF AN ADDITIONAL 300 MB/D OF 
DOMESTIC HEAVY OIL ON U.S. REFINERIES 

Discussion of Low Volume Heavy Oil Case 
A picture of the low volume heavy oil productiodrefining scenario addition of 300 MB/D of 

heavy oil to the current 750 MB/D of heavy oil, can be attained by comparing the 2010 base case to 

the 2010 low volume case refinery throughput. Although it has taken approximately 30 years for 

thermal (steam) to add approximately 500 MB/D to California heavy oil production, the addition of 

300 MB/D in 20 years as projected in Table 2.4 is achievable (Olsen, 1993). The results of the 

300 MB/D addition of heavy oil are shown for each of the 10 refining areas for the years 1995 to 

2010 (by 5-year increments), in Figs. 3.9 through 3.12 in MBD. Compared to the 2010 base 
case, heavy oil throughput increases 400 MB/D (957 MB/D to 1,356 MB/D); medium oil stays the 

same at 3,641 MB/D; and light oil decreases from 9,865 MB/D to 9,466 MB/D. 



FIGURE 3.9 - Distribution of light, medium and heavy oil by region with 
addition of heavy oil, maximum 300 MB/D for 1995 (low case 
scenario). 
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FIGURE 3.10 - Distribution of light, medium and heavy oil by region with 
addition of heavy oil, maximum 300 M B D  for 2000 (low case 
scenario).  
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FIGURE 3-11 - Distribution of light, medium and heavy oil by region with 
addition of heavy oil, maximum 300 MB/D for 2005 (low case 
scenario).  

FIGURE 3.12 - Distribution of light, medium and heavy oil by region with 
addition of heavy oil, maximum 300 MBID for 2010 (low case 
scenario) .  



The increase in heavy oil is equivalent to the decrease in light oil. The light oil decrease has chiefly 

two components: (1) Mid-east high sulfur light, and (2) some domestic light condensate. The net 

effect at the refinery is to replace a loss in medium crude with a heavy crude diluted with light 

crude (i.e., "another medium"). 

EFFECT OF AN ADDITIONAL 900 MBfD OF 
DOMESTIC HEAVY OIL ON U.S. REFINERIES 

Discussion of High Volume Heavy Oil Case 

A picture of the high volume heavy oil productiodrefining scenario, addition of 900 MB/D of 

heavy oil to the current 750 MBD of heavy oil, can be attained by comparing the 2005 and 2010 
years with the base case to the 2010 as shown in Figs. 3.13 and 3.14 in MBID. Compared to the 

2010 low case scenario, the volume of heavy oil refined increases from 1,356 MB/D to 1,955 

MB/D (about 600 MB/D); medium oil volume remains constant 3,672 MB/D vs. 3,641 MBD; and 

light oil volume decreases from 9,466 MBD to 8,837 MBfD (about 630 MB/D). 

FOREIGN = (FOR) 
TOTAL OF DOM 8 FOR = (ALL) 

FIGURE 3.13 - Distribution of light, medium and heavy oil by region with 
addition of heavy oil, maximum 900 MB/D for 2005 (high 
case scenario). 



FIGURE 3.14 - Distribution o f  light, medium and heavy oil by region with 
addition of heavy oil, maximum 900 MB/D for 2010 (high 
case scenario). 

Comparing the heavy oil as a percent of the refinery crude charge from scenario to scenario, 
heavy oil accounts for 7.1% of the refinery throughput in the 1990 no new heavy oil base case 
scenario, Fig. 3.4), drops to 6.6% in the 2010 (no new heavy oil base case scenario, Fig. 3.8), 
increases to 9.48 in the 2010 low volume case scenario (Fig. 3.12), and increases to 13.5% in the 
2010 high volume heavy oil scenario (Fig. 3.14). On the surface, these higher percentages seem 
foreboding (doubling of the volume of heavy oil refmed) and are somewhat alarming. However, it 
must be remembered that the "documented1' heavy oil charge understates actual heavy oil charge to 
the refmeries due to foreign medium crudes being "diluted heavy crude." It is important to look at 
the effects on the overall API gravity and sulfur content shifts of the total crude charge in regions 
most affected by these scenarios as detailed in the B&M reporb in the appendices. 
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Chapter 4 

PROJECTIONS AND COSTS BY REFINING AREA 

PROJECTED U. S. REFINING AREA UPGRADES TO ACCOMMODATE 
ADDITIONAL DOMESTIC HEAVY OIL 

Projected Cost of US. Heavy Oil Refning Scenarws 
Based on the LP analyses of proposed incremental, new domestic heavy oil production, 

(300 MBID, low or 900 MB/D, high volume), estimates of the impact on the U.S. refining 

industry were made. Because this refining feasibility study essentially substituted "diluted 

heavy" crude for imported medium crudes and because of the anticipated huge increase in 

imported crude oil charged (Mid-east oil), the incremental costs associated with both the low and 

high sulfur Gulf Coast crudes and both the low and high volume heavy oil production scenarios, 

the costs were not substantially different-about $7 billion in all cases, Tables 4.1 through 4.4. 

Table 4.1 shows a summary (in 2010) of the composite refining units (in MBCD) and their cost 

(MM$) to accommodate the low volume (300 MBID) of additional domestic heavy oil. No 

expenditure is anticipated for area 7. Construction of delayed coking capacity (page 10 of 
Executive Summary) is only part of the facilities and cost required to process this incremental 

domestic heavy oil. Table 4.2 shows required expenditures in 5-year increments. Table 4.3 

shows the cost for upgrading refineries vs. meeting CAA requirements. 

TABLE 4.1 Summary of Units and Cost for New Refinery Construction Required by the Year 2010 to 
Accommodate 300 MB/D of Additional Domestic Heavy Oil 

Size of Units (New Facilities, MBCD) 
Refining Area 1 2 & 3  4 5 6 7 9 8 &  10 TOTAL 
Crude Distillation 101.0 262.0 93 .O 622.0 71.0 - 281.0 9.0 1,439.0 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydro treating 
Plan utilities- 

Total 351.2 852.3 281.3 2,409.8 211.9 - 1,227.7 82.9 5,417.1 
Cost (New Facilities, MM$) 

Refining Area 1 2 & 3  4 5 6 7 9 8 &  10 TOTAL 
Crude Distillation 565 105.1 53.6 184.3 45.0 - 110.0 11.7 566.2 
Vacuum Distillation 46.2 110.8 44.8 229.0 47.4 - 127.3 19.7 625.2 
Coking 35.8 87.1 95.1 113.6 331.6 
Oxygenates 355.8 519.3 315.4 1,162.9 - 623.5 875 3,064.4 
Isomerization 107.1 107.1 
Cat Cracking - 278.9 39.6 318.5 
Hydrocracking - 242.2 119.0 361.2 
Alkylation 13.9 - 254.5 39.5 307.9 
Hydro trea ting 24.4 24.4 
Plan Utilities 0 253.1 129.6 395.6 97.9 350.8 9 1 . 3 4 4 . 2  

Total 625.3 1,075.4 538.4 1,966.9 424.9 - 2,011.6 408.2 7,051.7 



TABLE 4.2 Total Investment in Facilities-Low Volume (300 MB/D) Heavy Oil Refinery 
upgrade costs W$) 

Befiming Area 1995 2000 2005 2010 

Total 

TABLE 4.3 Total Investment in Facilities-Low Volume Heavy Oil Refmery Upgrade Costs vs. 

Clean Air Act Costs (MM$) 

Refining 
Area 

--2ooo--..- --U)lO--- 
Hew' Total Heavy Total 
Crude CAA Investment C d e  CAA Investment 

TABLE 4.4 - Total Investment in Facilities-High vs. Low Volume Refinery Upgrade Costs (MMS) 

Re- 
Area 

--=- --2010- 
Higb Low Difference High Low Difference 



Regional API and Sulfur Content Shifts 
Sulfur content increases are minimized in the analysis because high sulfur Mid-east light 

crude is replaced by a "not so bad" low sulfur Gulf Coast crude (i.e., 19.8" API, 0.6 wt 5 sulfur). 

An additional study has been conducted by (Appendix 111) using a lower gravity, high sulfur 

(18.2' API, 2.8 wt % sulfur) Gulf Coast crude. The total refining investment required $7.253 
billion by the year 2010 (high volume production scenario, 900 MB/D, Table 4.4) and will 

increase by $1 10 million with this compositional change in Gulf Coast heavy crude oil. 

Regions most in need of capital investment were regions 2,3 ,5 ,  and 9 in all cases. These 

regions account for about 70% of the total of $7 billion. Only regions 2,3, and 5 changed when 

going to a higher sulfur Gulf Coast crude. 

When incremental costs are divided between those costs associated with processing 

additional heavy crude and those costs associated with meeting the 1990 amendments to the 

Clean Air Act, differences among the four regions most affected are apparent, see Table 4.3. 
Regions 2 and 3, which were considered together in the analysis, split costs about 50-50. About 

605 of the incremental costs in region 5 are associated with meeting the CAA, while about 80% 
of the incremental costs in region 9 are associated with processing additional heavy crude. The 

reasons for the difference between region 5 and 9 are twofold: (1) Region 9 is in California 

where strict environmental regulations have been in place for some time, and the costs to meet 

these have already been largely incurred, and (2) California is already running significant 

amounts of heavy crude through its refineries, and in order to process more, it would have to 

make some significant investments. Region 5, on the other hand, has not had to meet such 

stringent environmental regulations, and its refineries do not process such large amounts of 

heavy crude as California. However, as was noted earlier, significant thermal conversion 

capacity that is not presently being used in region 5 was built in the 1980s, especially in the tight 

oil market of the early 1980s. Therefore, region 5 ends up spending more to meet the CAA than 
it does to process more heavy crude. 

It is imperative to note some costs and items are considered by the analysis. First, &l 

costs associated with reformulated fuels and with refineries meeting the requirements of the 1990 

amendments to the Clean Air Act are not considered. Only those incremental costs associated 

with additional heavy oil processing are considered. These costs are largely mitigated by 

blending domestic heavy oil with imported light oil to replace a loss in medium crude and by a 

large increase in imported light crude oil charged relative to the 1990 base case. Second, 

production costs associated with bringing the additional heavy oil on-line are not considered in 

this refining report. Third, costs associated with waste water treatment were not specifically 

addressed. Newly implemented regulations on waste water treatment could increase costs. 

Fourth, infrastructure costs to the refining and petroleum industry to handle the large increase in 



imports were not considered-such items as new foreign oil loading facilities, port facilities, 

storage facilities, pipeline additions and pipeline flow reversal costs, product pipeline additions, 

or costs associated with possible product pipeline segregation. 

The three regions most affected by the addition of heavy oil under the heavy oil production 

scenarios and that are of most significance to the overall picture are regions 4, 5 and 9. In the 

low volume heavy oil case, API gravity in region 4 goes up slightly, region 5 goes from 33" to 

32" API, and region 9 goes from 26" to 24" API gravity. In the high volume heavy case 

scenario, API gravity in region 4 goes from 24" to 23' AN, region 5 from 33' to 31" API, and 

region 9 from 26' to 23' API. In no region is a shift greater than 4" to 5' API downward in 

either scenario. The regions most affected in this regard are regions 6, 8 and 10; all minor in 

terms of total refining capacity. Region 6, since it has little heavy oil refining capacity, will be 

the region most affected by this relatively large downward shift. Regions 4, 8, 9, and 10 are all 

part of the California heavy oil refmery area and can accommodate these decreases in crude API. 

Overall, the decrease in total crude quality charged to U.S. refineries in terms of API decrease 

and sulfur content increase is tolerable to levels under the two heavy oil production/refining 

scenarios that are considered in this study. 

Future of Heavy Oil Refining 
Currently, California (Regions 4, 8, 9, and 10) produces and refines most of the Nation's 

heavy oil. Heavy oil accounts for about 28% of the refinery throughput in these regions. This is 

an extremely high percentage relative to other regions of the U.S. In those regions (e-g., the Gulf 

Coast and Mid-west), 15 to 18% heavy oil charge to a refinery configured to process more heavy 

oil is probably the current maximum (Olsen and Ramzel, 1991). In California, where most 
refineries are configured to handle heavy oil, 28% heavy oil charge is a moderately high level. 

NLPER's previous heavy oil refining study (Olsen and Ramzel, 1991) indicated two areas in 

the lower 48 states (outside of California) with a sufficiently high heavy oil resource base to be 

considered as future heavy oil production and processing centers-Wyoming and the Gulf Coast 

states. The Gulf Coast states have about 50% of the Nation's refining capacity (about 50% of the 

Nation's heavy oil processing capability), but only 25% of the Nation's asphalt capacity. 

Unfortunately, Wyoming and the Rocky Mountain states have little refining capacity; thus, it 

was abandoned as a viable alternative. Alaska with its large heavy oil resource was considered, 

but was excluded due to high oil productiodtransportation costs, and because of the high 

environmental, processing, and marketing restraints of Alaska's most likely marketplace for 

heavy oil, California. 



Summary 
In order for domestic refineries to take additional heavy oil, three things must occur: 

(1) The additional heavy oil will have to be produced (2) the heavy oil must be priced at the 

refmery gate at a cost sufficiently low to ovedome the operational margin disparity (economics) 

to the refmer between light crude oil and heavy crude oil, and (3) the refining infracstructure 

(bottoms conversion units as described in this report) must be constructed, but this must occur in 

increasingly tight and competitive capital, investment, and credit markets with widely divergent 

rates of retum on investment. This study addressed cost of required refining units; however, the 

scope of the problem of the feasibility of increasing domestic heavy oil production is larger than 
that which was addressed. 
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CONCLUSIONS 

The U.S. demand for petroleum products is anticipated to grow at a comenative 1% per 
year during the planning period. Mo6t of the growth will be in the transportation fuel 
sector. 

Despite all efforts by OPEC members to expand their crude production capabilities, 
Middle Eastern producers will be the main source of incremental supplies to the U.S. 
refiners during the next twenty years. Other sources will wntn'bute with more modest 
volumes. 

A 2% per year decline in domestic crude suppfies, mainly in terms of Alaska North Slope 
(ANS) and Midwest light sweet crude, will increase the dependencg of the reheries to 
crude imports. The "more than Gfty per- threshold" of imports to domestic crude 
supplies d probably o a r  by the year 1996 (assuming a continued relentless 
opposition to produce in "new" areas). 

Lms of A N S  production will si=dcantly affect the current US. crude supply logistics 
and cause an additional cost burden on refined product prices. 

idle West Coast refining capacity will require crudes otherwise destined to other 
areas in order to meet consumer demands. 

O Midwestern inland refineries win depend more on import crudes to make up their 
crude shortfall. The current pipeline system will significantly reverse its traditional 
flow patterns. 

In order to process the incremental domestic heavy oil at both the High (930 MB/D) and 
Low (300 MBD) production rate scenarios estimated by the National Institute for 
Petrdeum and Energy Research (MOPER), the foUowing bottoms conversion capacity 
(delayed coking) must be constructed: 

CONVERSION CAPACITY BY 2010 

-MBD 
Region =I$ Low A 

Total 310 230 80 
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In either, or both, heayr oil production rate scenarios, in a twenty year span, the US. 
refining industry could be faced with capital expenditures in the 7 billion dollar range, of 
which approximately 1 billion would be required to maintain operable the existing 
distillation capacity, another 1 billion dollars to build the necessary conversion capacity 
to process the additional domestic heayr oils and crude imports, and the balance to 
comply with the Amendments to the Clean Air Act (CAA) and quality treatment of 
intermediate streams. 

Investment costs attributable directly to compliance with the regulation of the CAA are 
estimated at 3 billion dollars. 



SECTION 1 

CONVERSION CAPACITY REQUIREMENTS 
LOW HEAVY OIL PROJECTIONS 





BACKGROUND 

Recovery of heavy crude oils (defined in this study as less than 20 degrees API) by enhanced 
oil recovery (EOR) technology accounts for a nominal volume of the world crude 
production. However, in some countries, EOR production is an important contri'bution to 
the overall crude availabili~ In the United States, at the end of 1990, heavy crude oil 
ori,@ating from EOR projects, predominantly in California, was slightly under 700 MBD. 

Worldwide, there has been little increase in EOR crude production because of ample 
availabilities of less costly and qualitatively more desirable crudes originating £kom areas with 
low production costs. Furthermore, high crude prices are crucial for justlfgng EOR projects 
since some of the technology (steamfloodhg) utilizes nearly 20% of the production as fuel 
for steam generation. This, coupled with strict envirome~tal regdations and other 
technologica1 considerations, emphasizes the need for sound economic incentives to allow for 
the required capital outlay. 

There are two areas identified in the United States as most promiring for additional heavy oil 
production outside of California: the northern Rocky Mountain states (mainly Wyoming) and 
the Gulf states (principally Texas and Louisiana). The development of these resources 
requires significant economic investment, and without meaningful incentives expansion of 
domestic heavy oil to areas outside current producing areas will be limited, 

Several approaches could be taken by the U.S. refining industry to process and upgrade an 
increased supply of heavy crude oils (less than 20 degrees API). Among the available 
commercially proven processes are delayed coking, fiexicoking, and resid hydrocracking. The 
first two utilize, primarily, the carbon-rejection technology to upgrade bitumen, while the 
latter is based on hydrogen-addition technology. 

Delayed coking is the lowest investment, and is a proven, environmentally acceptable 
technique for upgrading heavy crudes. Approximately 60% of the vacuum resid feedstock is 
converted to liquid products, requiring further downstream hydrotreating before they are 
used as components for commercial products. Product coke, which at times contains up to 5 
wt % sulphur, depending on the sulphur content of the crude, would be disposed of as fuel- 
grade coke. Better quality coke (less than 3 wt % sulphur) has an outlet in the metallurgical 
industry which pays-a price premium over the fuel coke market 

Delayed coking is the preferred process for heavy oil conversion in this study. 
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OBJEer][vE AND SCOPE 

Bonner & Moore has been subcontracted by NIPER to evaluate the necessary refinery 
expansion to accommodate incremental production of domestic heavy oils in ten proposed 
regions of the United States. 

The analytical procedure to answer the key question, if domestic production is increased 
between now and the year 2010, what necesary adjustments can the US. refinery industry 
make to process the incremental volume?" involves developing the following: 

A US. petroleum supply demand outlook in accordance with the prevailing 
world petroleum market environment anticipated during the next twenty years. 
Forecast of the associated crude and product prices where the US. refined 
product price outlook is in compliance with the regulatory quality requirements 
of the 1990 Amendments to the Clean Air Act (CAA). 

A U.S. refinery industry profile to fully describe the sources and crude intake 
qualities used by the existing US. operable refining capacity to meet consumer 
demand for refined products. The 1990 data bas been designated as the "Base 
Case" for model validation purposes. 

Consistent with the proposed refining regions, the development of ten linear 
programming (LP) models, with the objective of estimating the necessary 
investment levels in conversion capacity to acco~~l~~lodate the forecasted 
incremental US. domestic heavy oil production. Also, in accordance with the 
petroleum market outlook, a forecasted crude supply was performed assuming 
no new incremental domestic heavy oils. 

A detailed analysis of each one of these facets of the study are descriibed in the second 
volume of this report. 



Base Case Market Assessment 

The US. market for petroleum products will experience a modest yearly demand growth of 
about 1% during the balance of this decade. Most of the growth will be in the transportation 
fuels sector, although motor gasolines are not viewed as the major contributor because of 
moderate population growth and improvement in the vehicle fleet mpg ratings. Jet fuek and 
environmentally acceptable automotive diesel are the most accountable for the contemplated 
growth. On the other hand, demand for residual boiler fuels are envisioned to decline, or at 
best remain stagnant, as competition from alternate fuels continue to make a dent in the 
market. 

Crude supplies to US. refineries will increase their dependency on imports as domestic 
production declines about 2% per year. The bulk of the loss in domestic production is mainly 
in terms of A N S  crude (80 to 100 MBD per year), along with moderate declines in other 
light crudes from the Gulf and Midwest producing areas. The "over the 50% import 
dependency" threshold is foreseen to occur in 1996. 

Crude prices are forecasted to follow an upward trend in current and constant 1990 dollars 
over the planning period This assumption, supported on projections of the world 
supply/demand balance, which, based on moderate demand growth rates and realistic 
production profiles, results in increasing capacity utilization rates for OPEC, the incremental 
world crude producer and price setter. 

The forecasted crude price is not entirely linear, as we are projecting a price hike in 1998 as 
OPEC's capacity u t h t i o n  temporarily increases near 90%. As in the past, we anticipate 
that this particular market environment will set the stage for a politically-motivated (versus a 
supply constrained) price spike that will be temporary in nature due to the seE-correcting 
reaction of demand declining. 

Refined product prices are expected to follow a trend similar to crude prices. Light products 
are forecasted to rise faster than crude due to increasing demands, and the lightening of the 
United States and world refined product slate. 

The prices in our forecast meet the requirements of the CAA, and for distillate that meets 
the new low sulphur diesel specifications. Spot US. residual fuel prices are also expected to 
trend upwards with crude prices, but at a lower rate due to our projection of low US. and 
world demand gowth rates for residual fuels and a decking market share. 

Based on our crude and refined products forecast, we are projecting US. refining margins to 
average close to $200 per barrel during most of the planning period. 

Industry Profile 

The single most important marketariven events to impact U.S. reheria, to date (without 
significant disruptions), have been the motor gasoline lead phasedown and the need to 
accommodate declining consumption of residual fuels for electric power generation. 

Significant investments took place for the production of high octane components, to replace 
lead quality stabilization, and "bottom of the barrel conversion" during the last ten years. As a 
result, the thermal conversion to distillation capacity ratio was nearly doubled, providing the 
industry with the necessary operational flexibility to address the demand within the prevailing 
regulatory constraints in a profitable manner. 
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A geographical breakdown of the US. distillation capabilities clearly indicates coastal regions 
as areas with significant processing capacity. Because of their direct access to deepwater 
ports, they are more dependent on foreign rmde imports to make up the refinery charge 
volume requirements. 

During 1990, the refining industry responded to mounting emironmental concerns, and 
earmarked simcant investments to meet reduced emission motor gasoline spedications 
before the end of 1992 Capacities of primary downstream refining processes, which yield 
gasoline and diesel, logged gains, while processes that treat feeds for the secondary units 
increased because of feed requirements for acceptable quality conversion and light fuels. 

The industry has begun accommodating itself to meet the increasingly stringent air quality 
regulations which require higher oxygen content gasolines in winter and less volatile gasolines 
in snmmer, 

The U.S. refineries have made up more than half of their crude needs from domestic 
production. Declining domestic production will reverse this trend, most likely, early in the 
second half of this decade. 

Forecasted Crude Supplies 

A forecasted U.S. crude supply and demand balance shows moderate increases in crude 
requirements for refinery runs during the period under study (Table 1). Supplies of crudes, 
from both domestic and import sources, do not account for small amounts of associated 
domestic condensate included in the refinery intake slate. 

A qualitative breakdown of the forecasted crude supplies to me& the needs for the US. 
refining industry (assuming no incremental domestic heavy oil production) &'bits an 
average 2% per year decline in domestic crude production, m a w  in terms of ANS. 
California heavy crudes show a modest production decline per year (Table 2). 

Crude imports from Africa, Europe and Asia are expected to decline as current production 
rates in some countries become unsustainable towards the future. Additionally, demand 
growth for environmentally desirable refined products will also nutail the availability of 
crude for export to the United States. 

Despite all efforts by producing countries to increase their crude production capabilities, the 
Middle East area will be the incremental supplier of import crude to the -US r e h e r i a  
during the next decades. 

Forecasted average crude intake gravities for the overall refinery system will be around 32 
degrees API, and crude intake sulphur quaIity will deteriorate as higher sulphur Middle 
Eastern crudes replace declining domestic production. 
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LOW INCREMENTAL HEAVY OIL PROJECTIONS 

Proposed Refining Regions 

For the purpose of this study, which is to identify the required additional refinery conversion 
capacity should incremental domestic heavy crude oil become available during the next 
twenty years, the Department of Enera (DOE) proposed ten regions to be evaluated. The 
refining industry profile used as Base Case 1990, and all projections throughout the study, 
have been developed according to these regions (Figure 1). 

A detailed description ,of the different counties and geographical boundaries depicting the 
designated areas is available in the second volume of this report 

Volume Estimates 

Projections of heavy oil production rates through the year 2010 were provided by NTPER 
Estimates are conservative DOE targets that we have labeled our "LOW C A S r  since we 
understand they are technically achievable with no major difficulties (Table 3). 

Some assumptions on the estimated incremental regional production rates are: 

The EPA does not regulate oil field produced water as hazardous waste. The 
refining industry continues to be environmentally conscious and meets current 
EPA regulations. 

There are no government restriction or fees on importing crude oiL The U.S. 
refinrno industry operates in a free world market economy. 

There is no government ' incentive program to stimulate heavy oil or EOR 
production. 

The application of geothermal produced hot water for recovery of heavy oil on 
the Gulf Coast is successful at a pilot plant scale and grows toward commercial 
scale. - 

Eavironmental and economic restrictions continue to prevent the 
construction of new grass root heavy oil refineries. 

The trends in production of heavy oil in LQS Angeles and Coastal Range Basins 
continue to follow the decline established over the part few years. 

Continued environmental pressure keeps the Los Angela refineries from 
expanding, but still allows them to operate within the Los Angeles Basin at the 
current processing levels. 

Nationalized state oil companies, or major international companies, do not 
make a major push to take their foreign crude to dedicated refineries so they 
can corner the market in a given area 

These heavy crude oil projections were qualitatively incorporated for I9 modeling purposes 
in the US. crude supply forewt, which is consistent with the ouwrence of events desai'bed 
in Appendix A, Worldwide Petroleum Balance, Section 1 in the second volume of the study. 
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US. HEAVY OIL REFINING CAPAClTY 
PROPOSED REGIONAL ANALYSIS 
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CRUDE SUPPLIES FOR I.2 MODELS 

In all refinery LP modeling efforts, there is a tradeoff between model complexity and 
accuracy of results. With this in mind, Regions 2 and 3 in the Midwest were grouped into one 
LP model, as well as Regions 8 and 9 in the California area. Aggregag refinery 
confprations in these areas reduces the modeling effort while the accuracy sought in the 
study is still being met. Region 7, which includes Alaska and Hawaii, was not modeled since 
the projected incremental heavy oil volumes for this area are relatively small, and will most 
likely wili be blended in the ANS production with negligible qualitative impact. 

Although Region 1, United States Atlantic East Coast (USAEC), has no incremental 
domestic heavy oil production planned, the region depends heavily on imports to meet its 
crude needs. Traditionally, South American medium and heavy crudes have made there way 
to this important retining region; therefore, all new heavy crude production born this foreign 
geographical area will most likely continue to take part in this market in the future. A 
detailed LP model was developed for Region 1 to assess the impact of these imports on 
rehery conversion capacities. 

Also? in the same tenor "of sound modeling practices without jeopardizing accuracy," the 
number of crudes being represented in the LP models is another important consideration. A 
total of 18 crudes are being included in the models, of which 1 1 are domestic production. The 
imports are represented by an area's commercially known average crude quality, verified with 
historical data. 

Because of the importance of the heavy crude that enters the United States blended with 
light crude from South America (as medium crude), two representative crude qualities are 
being considered for this geographical area; a heavy with 16.5 degrees API and a medium 
with 24.8 degrees API. 

Base Case 1990 

The US. crude supply data for the year 1990 has been chosen for LP model calibration 
purposes. Actual refinery runs and intake mtde qualities show a 13,409 MB/D throughput 
level with 31.9 degrees API gravity and 1.1 percent sulphur, respectively. When the total 
crude barrels of imports (5,867 MB/D) plus domestic production (7,356 MB/D) is added to 
conform with the actual crude runs, a small deficit (186 MB/D) appears. This imbalance is 
being made up in the models with a light condensate-type material (Table 4). 

The ten region distribution of the total crude supplies to the U.S. reheries during 1990 is 
evaluated using factual refinery crude slate data and industry knowledge of the gravities and 
sulphur qualities processed in the proposed areas. Since some of the boundaries differ 
significantly from the way data is grouped and published in the literature (by Petroleum 
Administration for Defense Districts (PADD)), the estimation of regional gravities required 
some judgement from Bonner & Moore comultants. 

The regional gravity qualitative estimation and sulphur levels becomes crucial when 
forecasting the future refinery crude slates once incremental heavy crudes are incorporated. 
We will clarify this shortly. 



BASE CASE 1990 

Eaet Llght 
custrrng Sweet 
Mld West Sour 
Mld Weat Hvy 
Rocky Mt Hvy 
West Texae tnt. 
Lou8lane Sweet 
Gull C Heavy 
Alaska No Slope 
Catltornla Mad 
Calllornla Hvy 
Canada Blend 
So Amerlcs Med 
80 Arnerlca Hvy 
Mlddle Ea8t 
Alrlca 
Europe 
Asla 

PROPOSED DOE REGION 
PbS - 1 9 4 4 , 6 1 8 9  -- TOTAL " 

Target Supply 1288 

Table 4 



The 1990 U.S. ten region crude distribution is the basis for all crude forecasts required by 
the LP models. AU projections are based on the underlying assumption that supply logistics 
characterizing the Base Case 1990 resulted from a global optimum within the physical. 
constraints imposed by the U.S. petroIeum market and the preMiling economic conditions 
during that year. We are forecasting variations in the future economic conditions duencing 
the petroleum marketplace, but some of its physical constraints will remain unaltered. 

As a reminder, the question being asked is not one of crude selection for the US. r e f i g  
industry; rather, predicted crudes will be forced through the regional LP models in order to 
identify the necessary conversion capacities to economically process them 

As previously mentioned, the ten region crude distriiution pattern followed in the Base Case 
1990 is used in the study to forecast the crude supplies for the different refining regions. 

An "unbalancedn case reflects the crude distriiution as domestic ANS and fight Midwest 
crude production decreases, domestic heavy oils increases, as estimated by NIPEIi, and the 
makeup of imports completes the planned refinery runs. Still, a small amount of condensate- 
type material is included (Table 5). 

All regional shortfalls must be made up with excess crude from other areas in an effort to 
maintain, within limits, the crude intake quality as estabkhed in the Base Case 1990. 
Regional gravities are an essential element in establishing an acceptable rmde quality range 
for a specific refining center since the distillation capacity and codipration responds to this 
critical feedstock property. Si@cant deviations from the refinery design gravity can cause 
problems in light ends handling and, therefore, must be minimi7ed. 

The crude balancing exercise is also necessary to meet the regional refined product demands 
with the existing rehexy configuration; unfortunately, it also generates significant changes in 
the traditional rmde supplies logistics to the US. refineries. Crudes that typically have made 
their way to a particular region will be forced to take advantage of idle distillation capacity in 
some areas (e.g., Regon 9 because of less ANS) and freight incentives. 

Balancing Criteria for 1995 

An important assumption to consider when balancing the different refming regions is that 
both iaeremental domestic and imported heavy crude oils must be processed near the 
production or traditiosal refining areas. With the exception of Regions 8 and 10, no h e w  
oils are inter-regionally transferred to make up for any crude shortfalL 

Significant loss of ANS crude dramatically impacts the use of available distillation capacity in 
Regions 4, 7, and 9. 

To balance Region 4, we asume that excess South American medium crude previousfy 
destined for Region 1 will make its way through the Panama Canal, attaching additional cost 
to the refined products in Region 4. Replacement barrels for lost ANS in term of South 
American medium will bring a small detriment in quality (marginal lower gravity, more 
sulphur). In an attempt to make up the quality loss, Region 4 refiners will fiercely try to 
secure Asian light sweet crudes, over and above the quantities already king processed there. 
We anticipate that Asian light sweet. crude currently going to Region 1 will end up in Region 
4, taking advantage of the freight savings. 



CRUDE REPRESENTATION FOR REGIONAL LP MODELS 
UNBALANCED 1985 

PROP08EO OOE REGION 
R~ECIION ~ e r t ) ! m  API mi 1 a a n s z a e t o x s n a  

Eaa! Clght 
Cushlng Sweet 
Mld Weat Sour 
Mld West Hvy 
Rocky MI Hvy 
West Texab Int. 
Loudana Sweet 
aull c Heavy 
Alaska No Slope 
Califomla Med 
Celllomla Hvy 
Canada Blend 
So Amerfca Med 
So Ametlca Hvy 
Mlddts East 
Afrlca 
Europe 
Aela 

13418 1.000 SUPPLY 1372 2248 824 1 1 1 6 3 2 0  417 202 8 1004 108. 13416 



Small volumes of Middle Eastern crude will also be required in Region 4 to fill up the 
remaining idle capacity (bringing it up to an 89% operating rate). No striking volumes of this 
crude quality can be processed because of limitations in overhead light product handling. 

Regions 8 and 10 are producers of heavy California crude, over and above the requirements 
of the regional refineries. No crude balancing is required since ANS is not being depleted in 
their traditional crude slate. Excess crude is being sent to Regions 4 and 9, their historical 
outlets. 

Balancing Region 7, as a result of ANS loss, will occur in terms of Middle Eastern quality 
crude otherwise destined to Region 5, United States Gulf Coast (USGC). This regional crude 
shortfall is mainly at the Hawaiian refineries which can qualitatively accommodate these light 
sour crudes (There will be a moderate quality upgrade versus their current crude slate.) 

To balance Regions 2,3 and 6, all remaining excess a& in Region 5, in terms of Middle 
Eastern light sour, will cause the pipeline systems to reverse their current flow patterns as 
crude is pumped towards the inland refineries The overall regional quality deteriorates 
somewhat as the Midwest light sweet is replaced by marginally heavier crude (32 versus 36 
degrees API) and significantly more sour. In addition to the quality degradation, these 
regions will  be more dependent upon the changes of the international petroleum market, 
both for volnmes and prices, than in the past. 

"Balanced" 1995 crude supplies for the different LP regional models shows a detailed crude 
distribution (consistent with the previous assumptions) necessary to meet the regional 
refiery crude needs and satisfy the demands for refined products (Table 6). 

Estimates for 2000,2005 and 2010 

Crude requirements for future years are forecasted using the same criteria as explained for 
the year 1995. The major difference lies in the magnitude of the anticipated volumetric 
imbalances. 

The net loss in ANS production by the year 2010 could very well exceed more than one 
million barrels per day (our estimates project a 1,373 MB/D drop during the next twenty 
years). On the other hand, incremental domestic heavy oil production, as estimated by 
NIPER, is expected to reach 300 MBD in the Low Case. 

Evidently, there will be a serious dependency on crude imports to fill the idle refining 
capacity and meet the US. rehed  product demands. This is particularly true for Region 9 
(other California) where the bulk of the ANS production is currently destined Coastal 
Regions 1 and 5, which depend heavily on imports for their crude needs, will provide their 
excess supplies to makeup for crude shortages at inland refineries and Region 9 (Tables 7,8 
and 9) 
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CRUDE REPRESENTATION FOR REGIONAL LP MODELS 
BALANCED 2000 

PROPOSE 0 DOE REGION 
AEG~~OPJ M~UD- m w  I Z ~ ~ B L B B I ! I  

East Llght 
Cuahlng Sweet 
Mid West Sour 
Mld Weal Hvy 
Rocky Mt Hvy 
West Texas Int. 
Lousiana Sweet 
Gull C Heavy 
Alsaka No Slope 
Callfornle Med 
Callfornla Hvy 
Canada Blend 
So America Mad 
So America Hvy 
Mtddle Eaat 
Afrlca 
Europe 
Aela 

13721 1,000 SUPPLY 1316 2305 698 1221 6201 471 242 9 1070 108 

TARGET 1314 2385 898 1222 6201 471 242 9 1070 110 

TOTAL 

Table 7 



CRUDE REPRESENTATION FOR REGtlONAL LP MODELS 
BACANCEO 2005 

PROPOSED DOE REGION 

Eastllght 
Cushlng Sweet 
Mld West Sour 
Mfd West i ivy 
Rocky Mt Hvy 
West Texas Int. 
Louslorna Sweet 
Gulf C Heavy 
Ala8)ra No Slope 
Callfornle Med 
Callfornter Hvy 
Canada Blend 
So America Med 
80 America Hvy 
Mlddte East 
Afdca 
Europe 
Aala 

51.6 0.26 
39.4 0,42 
25.1 2.55 
18.8 f,98 
t9.8 3.30 
405 0.35 
35.8 0.36 
193 033 
27,7 1.12 
28.7 0,68 
13.1 1.21 
29,8 1.29 
24,8 1.86 
10.8 2.40 
32.9 1,80 
36.4 0.1 7 
37.6 0,40 
39,s 0.10 

SUPPLY 

TOTAL 

TARGET 1350 2440 716 1264 6306 483 248 9 1099 113 14087 

Table 8 



CRUDE REPRESENTATION FOR REGIONAL LP MODELS 
BALANCED 2010 

PROPOSE0 DOE REQlON 
BEGION .M&D VOLFBAC r)6S 1 2 S 4 4 B Z B B l o m  

East Llght 
Cushlng Sweet 
Mld Weat Sour 
Mfd West Hvy 
Rocky Mt Hvy 
Wesl Texas lnl. 
Louelane Sweet 
Gulf C Heavy 
Alaska No Slope 
Calilomla Med 
Calilornla Hvy 
Canada 0lend 
So Amerlca Med 
So America Hvy 
Mlddle East 
Alrlca 
Europe 
A s h  

14462 1,000 SUPPLY 1386 2614 736 1288 6536 496 266 9 1128 116 14482 

"fable 9 



ESTIMATED CONVERSION CAPACITY REQUIREMENTS 

Gened Comments 

As mentioned before, additional (new) bottoms conversion capacities reported in this study 
refer to delayed coking. This well established process themally "cracks" hydrocarbons 
otherwise destined for asphalt or residual fuel oil sales into refinery stocks suitable for 
processing into higher value gasoline and distillate fuels. Other types of bottoms conversion 
technology exists in US. refineries and these processes and capacities are recognized. 

Capacity additions shown throughout the report are in units of MB/D or "thousands of 
barrels per calender day." This unit of measure is consistent with that used for refinery crude 
oil intake slate and refined products demands in all regional LP models. 

Reformulated motor fuels, necessary to meet the 1990 Amendments to the Clean Air Act 
(CAA), are acknowledged by the regional LP models as of 1995. The average motor gasoline 
pool for the United States is estimated to be 35% reformulated in 1995 and 2000, for 2005 
and 2010, the w e d  average is increased to 50%. An attempt has been made to apportion 
these national averages among the proposed regions based on published non-attainment 
areas, 

Automotive diesel fwl quality mandated under the provisions of the CAA is estimated to 
average 47% of the diesel produced beginning in 1995. Although the 47% US. average was 
maintained across the 1995 to 2010 period, a distinction is made among the different regions. 
The biggest factor to recognize is agricultural or other off-road use. 

These apportionments are necessary to make the refining cost calculations more accurate 
between the regions. As the reader shall see, the refining costs associated with complying 
with CAA motor fuel quality are very large; much greater than costs associated with 
increasing the amount of heavy crude oil. 

As part of this reformulated fuels environment, motor gaso~es must contain oxygenates. 
There are various means available to the refiner-marketer to accomplish this. Each wilJ have 
certain advantages and disadvantages, depending on the particular location. For the purposes 
of this study, we hate restricted the oxygenates to MTBE and TAME, both of which can be 
produced kom typical refinery feedstocks. 

The individual regional models were allowed to purchase or produce MTBE to meet 
oxygenate requirements for reformulated gasoline specifications. However, any level 
purchased in 2000 was established as the Maximum allowed for years 2005 and 2010. This 
modeling restriction was set to insure the model estimated the investment costs for producing 
oqgenates in the later years, and avoid all regions depending on the "open market" for 
oxygenated components. 

Finally, as a reminder, this study was commiiEcioned by NIPER for the DOE to estimate the 
magnitude of refining investment costs incurred by increasing the production of heavy crude 
oil in the United States. Hence, the study recognizes the economic impact of the anticipated 
changes in motor fuel quality between the years 1990 and 2010. However, the study was not 
intended to determine the cost of producing reformulated motor fuels, and the individual 
reader should not try to infer such. 
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Regional LP Models Results 

REGION 1 - ?his (USAEC) region produces small amounts of domatic crude, yet no heavy 
oil, to supply area refineries. Foreign rmde imports amount to nearly 99% of the intake slate. 
Some of the imported crude has a gravity less than 20 degrees API and is purchased m a y  
for the purpose of producing seasonal asphalts. From the NIPER estimates, no indigenous 
heavy crude oil production is projected for the futnre, and planned increases in other areas 
of the United States will have virtually no direct impact (Table 10). 

These refineries are in a privileged geographical position to acquire crude oils from all parts 
of the world, except Asia This allows the regional refiner considerable flexiiility to adjust 
crude quality to seasonal product demands, circumventing the need for capital expenditures 
on process conversion technology- The small change anticipated in calculated gravity of 
crudes wer the twenty year study period is indicative of our belief that this crude selection 
process will endure. 

AdditionaUy, this refining area acquires refined fuel products from several different sources: 
product pipeline and marine deliveries from the US. Gulf Coast; and imports fiom the 
C a n i n ,  eastern Canada and Europe. The region's dependenq on imports to meet 
bottom-of-the-barrel demands can be vividly confirmed with historical data: imported asphalt 
was 94% of the total US asphalt imports in 1990 and 36% of that was produced from all 
regional refineries; imported residual fuel amounted to 88% of the total US residual 
imports, an astonishing 325 times more than the amounts from other regions. 

To meet tbe requirements of the CAA, this region is anticipated to have a reformulated 
gasoline pool greater than the assumed national average of 35% until 2000, and 50% 
thereafter. .This study assumed 40% for Region 1 until 2000 and 57% thereafter. For 
automotive diesel, the regional demand used was 50% of the diesel produced versus the 
expected U.S. average of 47%. 

The regional LP model shows additional bottoms conversion capacity being economically 
unattractive until 2000. The 17 MB/D shown for 2010 is 25% of that reported in operation 
for 1990. To say with conviction that this amount of conversion will be built, given the large 
imported amounts of offshore asphalt and residual fuel mentioned earlier, is somewhat 
mcerfain. 

REGIONS 2 & 3 - These two regions were combined for LP model analysis. This is a verg 
reasonable and appropriate aggregation since Region 3 has surplus indigenous crude and is 
the transportation hub for crude oil pipelines that provide much of Region 2's supply. Region 
3 currently produces about 4 2  MB/D of heavy crude and incremental production up to 92 
MB/D is expected in 2010. Most of the current and future heavy crude will be diluted with 
lighter crudes for pipeline shipment into Region 2 The latter is only producing 0.25 MB/D of 
heavy crude oil in 1990 and w increase is anticipated through 2010. 

The regions refineries currently produce relatively little residual fuel 02. This is due to 3 
factors: asphalt is stored over the winter months in order to have adequate supply for the 
next paving season; a significant decline has ocamed in the heavy manufacturing industries, 
reducing fuel oil demands; and there is also a sisnificant amount of existing bottoms 
conversion capacity to help control bottomof-the-barrel inventories over the (sometimes 
long) winter months. 
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Region 2 and 3 were assumed to have a reformulated gasoline requirement of 25% and 20%, 
respectively, for 1995 and 2000, considerably below the U.S. average of 35%. This was due to 
the relatively few cities that are mandated (currently) or expected to 'opt in". For the years 
2005 and 2010, the respective levels were assumed to be 35% and 29% when compared to 
the expected U S  average of 50%. 

For highway diesel, the demand used was assumed to be 30% and 47% for Regions 2 & 3, 
respectively, versus the expected US. average of 47%. The low usage in Region 2 is related 
to its large demand of No. 2 diesel fuel for agriculture and other off-road use. 

Required bottoms conversion capacity in these areas indicates the need for approximately 
30 MB/D in the year 2000 and increments of roughly an additional 30 MBD in 2005 and 
2010, I.espectively (Table 10). 

REGION 4 - This geographic area of the western United States currently produces 
essentially no indigenous heavy crude, and will have no h e m e n t a l  production under 
NIPER scenarios being evaluated. The total amount of crude currently produced is also very 
small, about 12 MB/D in 1990, and most of this came fiom California fkom otherdefined 
regions (8,9 and 10). 

The region has two major rehhg centers. The Puget Sound area of Washington has a crude 
processing capacity of 462 MB/D, or 37% of the region's total, and most of it was built 
specifically to process Alaskan North Slope crude. Other crudes constitute a very small 
percentage. As the amount of this crude declines for the other U.S. refining centers, it will 
still be refined here because of its geographic location and efficiency of plant design. 
Incrementai heavy crude oil produced ekewhere will not be processed at these refineries. 

The other major rehning center is San Francisco. The aggregated capacity here is 757 MB/D 
of crude processing, or 61% of the region's total. Refinery configuration, or complexity, is 
similar to that observed for Los Angeles (Region 9). It was designed to efficiently process 
the heavy crude oil from the San Joaquin Valley. Some of the incremental production 
expected fiom Regions 8 and 10 will be processed here. 

The investment costs associated with processing the additional heavy crude at San 
Francisco Hill be negligible. Most of the costs shown in Table 11 are a direct function of 
demand growth and reformulated motor fuel regulations, not £ram changes in crude quality. 

The reformulated motor fuel quality specikations used in the regional LP study were the 
same as those assumed for the United States as a whole. In reality, we feel that this will not 
be the case because of the efforts of the California Air Resources Board to gain control over 
the San Francisco area. The accuracy associated with trying to aggregate quality would 
always be questionable. The percentage of reformulated gasoline sales was assumed to be 
45% for 1995 and 2000, increasing to 64% for the years 2005 and 2010. US. averages for the 
time periods were 35% and 50%, respectively. Reformulated highway diesel was assumed to 
be 60%, versus the U.S. average of 47%, for all years 

REGION 5 - This geographical region is the largest producer of crude oil in the United 
States (44% of the total domestic production), and also has the largest concentration of 
refining capacity (43% of primary distillation). Even so, imports made up almost 55% of the 
total crude oil processed in 1990 and are expected to grow to about 73% in 2010. This is 
because the producing areas of New Mexico and north and west Texas divert a significant 
amount of their crude production (595 MB/D in 1990) north into the pipeline system for 
supplying Region 2 
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Heavy crude oil amounted to only 64 MBCD during 1990, or less than 2% of the region's 
total indigenous crude production. All is diluted with lighter crudes for pipeline delivery to 
Region 5 rekeries or north to Region 2 Under the NIPER estimates used for this study, 
heavy oil production could increase to 261 MBD by 2010. Although it would constitute a 
much greater percentage than 1990, this increased domestic heavy oil is not expected to 
have a significant impact on refining operations in general, or bottoms conversion capacity, 
until about 2003- 

This conclusion is reasonable when one considers that this rehning region contains many of 
the largest and most sophisticated refineries in the world. SigniEcant capital investments in 
technology and metallurgy have been made in this area since October 1973 to ensure the 
region the capability of processing any type of crude oil into light fuel products and 
petrochemicals. Bottoms conversion was an obvious key factor for these investments, and 
substantial opekting flexibility currently exists for processing heavy oil. With the incIusion 
of amomced capacity changes prior to 1995, the region is well positioned to handle 
increased amounts of US. heavy oil with a minimum amount of refining costs until after 2000 
(Table 11). 

Although the region has few localities mandated for use of reformulated fuels, it does supply 
a large portion of motor fuels into eastern and midwestem localities that are, or expected to 
be, mandated by the CAA Because of the physical limitations associated with product 
blending, storage, and transportation, we have required Region 5 to produce the U.S. 
average for reformulated motor fuels: for gasoline this is 35% in 1995 and 2000, increasing to 
50% in 2005 and 2010. Automotive diesel remaim at 47% for the entire period 

REGION 6 - This region is composed of the six Rocky Mountain states. Although a large 
geographic area, it is relatively isolated or seE-contained from a relining standpoint On 
paper, in 1990, the regon was closely balanced in crude production and refhing capacity, 498 
versus 486 MB/D, respectively. However, given its relatively close proximity to Canadian 
fields, about 90 MBD of indigenous production was pipeiined into Region 2 Heavy crude oil 
made up 20 MB/D of the production in 1990 and it is expected this could increase to 28 
MB/D in 2010. 

As seen in Table 12, the regional LP model has selected to build bottoms conversion 
capacity in 1995. This is a different situation than evidenced for the other regions. Notice 
that the demand for residual fuel oil is low, coming mostly in the winter months, and the 
asphalt is also very seasonal. This on create a difficult supply situation since there is no 
navigable water way to transport surplus product to a large consuming market; rail cars are 
expensive and difficult to schedule, especially in the winter. Therefore, to keep heavy product 
inventories in balance, refiners located adjacent to crude pipekes, sometimes inject 
"reduced" crude for reprocessing in Region 2 These pipeline exchanges (returns) are not 
finished products and the regional LP model has found economic incentives to eliminate 
most of this unfinished oil. This is done by building the bottoms conversion capacity in 1995 
and turning it into light fuel products. Between 1990 and 1995 only 1.0 MBfD of incremental 
heavy oil is made available to regional refineries; therefore, the balance of the 19 MB/D of 
conversion capacity to be built by the mode1 in 1995 is mainly to upgrade the "extra" fuel oil 
fiom the heavy crude production. 

Even with the unrestricted option of building facilities for 1995 and beyond, the regional LP 
- model stin had to "dumpn wer 3 MBCD of an unfinished oil called cat cracker decanted oil. 
This is a highly refkactory "cracked" stock and cannot be returned to crude oil pipelines- It is 
usually only suitable for blending into residual fuel oil. It is not at all unusual for some 
refiners in this region to store excess material in railroad tank cars for shipment outside the 
region. 
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This region will also be relatively unaffected by CAA mandates for reforxnuIated motor fuels. 
We have assumed a motor gasoline level of only 10% for 1995 through 2000 and 14% for 
2005 through 2010. These are considerably below the expectednational averages of 35% and 
50%. For diesel fuel, highway diesel was assumed to require 30% of the total versus the 
expected national average of 47%. 

Because of the region's lower average temperatures, the yearly average RVP was increased 
to 9.0 in the regional LP model fmm the 8.0 used for most of the refomdated motor 
gasoline in 2000. 

REGION 9 - This region, known as the Los Angels Basin, has a major impact on this study 
in several ways: 1) it is the largest, single urban refining center in the counfry, 2) it currently 
produces 12% of the heavy crude oil in the United States, and 3) it has highest levels of air . 
quality contamination. The latter results mainly from the geographical location and 
automotive emissions. This combination has spawned a slate of local air quality regulations 
that, as we shall see, will require huge capital expenditures for the refiner. 

The total amount of indigenous crude oil produced in the region amounted to almost 150 
MF3D in 1990, with about 90 MBD, or 60%, being heavy oiL The fields are mature and in 
decline; heavy oil production is expected to decline at a rate of 5 MBD per year and reach a 
level of 70 M B D  in 2010. 

Because of the quality of indigenous crudes and its geographical proximity to the San Joaquin 
Valley (Region S), refineries in the Los Angeles Basin were originally designed to prucess 
heavy crude. A considerable amount of bottoms conversion capacity currently exists and 
should be sufficient to accollll~lodate the incremental heavy oil being moved to the area 
during the study's time period The regional LP results confirm this by electing not to build 
any additional capacity (Table 13). 

The large amount of crude and vacuum distillation capacity shown to be built in 1995 (199 
and 160 MB/D, respectively) is not entirely a result of related product demand growth, but 
reflects the need to reinstate the capacity, which has recently been unavailable due to 
decisions by some refiners to suspend operations rather than spend large amounts of capital 
to attain compEance with reformulated motor beIs qualities. Again, it bears mentioning that 
motor fuel qualities expected for the Los Angeles Basin beginning January 1, 1996 will be 
much more restrictive (ie., costly) than any other urban area in the world The individual 
refiners who currently make up this shutdown list in Region 9 are as follows: 

Capacity Loss 
Companv Location MRlD Status 

Edgington Oil Long Beach 44 Closed 
Fletcher Oil Carson 30 May Close 
Golden West Santa Fe Springs 46 Closed 
UnocaVSheU Los Angeles 11 1 Partially Closed 



Region 9 was assumed to be prodncing refo~ll~lulated motor gasoline at a 
apportionment factor for 1995 and 2000 and increasing to XOm for the years 2005 and 
2010. The national average is estimated to be 35% and SO%, respectively. Reformulated 
highway motor diesel apportionment was assumed to be 80% for all years, a h  substantially 
above the national average of 47%. The quality of motor fuels required for 1995 were the 
same as the rest of the United States, with the exception of a lower RVP for gasoline (8 VS-9). 
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SUMMARY OF LP MODEL RESULTS 
LOW HEAVY OIL PRODUCTION 

Heflney Crude Inlakc, MICD 
Domestic 
Imports 

Crlculaled Cravlty, AlgI  
Base Case 
New Heavy 011 

MaJor Products, MBCD 
Oasollne 
Light Dlstlllalc 
Middle Dlsrlllatc 
Fuel 011 

Cspaclly Added, MIICI) 
Crude Distillalion 
Vacuuin Dlslillacion 
Boltoms fimvcrsian 
Motor Fuel Quality 

Refinery Crude Inltlke, MBCD 
Domcstlc 
Imports 

Total 

Cd~~Lttd  Gmvlly, AM 
Base Case 
New Heavy Oil 

Mqjor Frodude, MBCD 
Oasollne 
Light Dlslillare 
Middle Disllllatc 
Fuel 011 

Capaclty Addtd, MBCD 
, Crude Dlsllllatlon 
Vacuum Dlsllllatlon 
Boltoms Conversion 
Motor Fuel Quallry 

Capltal Invcsi.ment, MMS 

Table 13 



REGIONS 8 & 10 -- These two regions were combined for the regional LP analysis. This is 
very reasonable given their geographical proximify; individually limited areas, nominal 
refining capacity and large production of heavy crude oiL For example, Region 8 produces 
almost 64 MB/D of heavy oil, but there is only one small refinery (8 MB/D); similarly, Region 
10 has ten refineries, totaling only 109 MB/D of primary capacity, but it produces over 500 
MB/D of heavy oil (approximately 670 MB/D total crude). . 

From the refining technology perspective, these reheries were not designed to process 
heavy oil as were the rehneries in the Los An~eles or San Francisco area The heavy crude oil 
has been mixed with lighter crude and sent by pipeline to these two popdated refinery 
centers. Coking technology was used to convert the heavy oil to motor .fuels. These coastal 
locations also had deep water ports; a si~ificant advantage for refiners with large amounts of 
solid coke byproduct to dispose of. 

Among the eleven active refiners in Region 8 & 10, there are currently no catalytic crackers 
and only one colrer. They were desiped to supply the local San Joaquin Valley urban and 
agricultural interests with light fuel products and asphalt, and could select the appropriate 
crude quality to minimize hardware technology costs. Some amounts of unfinished stocb 
were also produced. These would be redistributed locally or transported to Los Anseles. The 
LP case for 1990 simulated this by producing about 9 MB/D of unfinished stocks. Given the 
option in later yean of building capacity, the mfiaished stock disappeared. 

The NIPER data used as the basis for projected heavy oil crude production indicates that 
Region 8 heavy oil availabilities could increase by 30 MBD in 1995 and an additional 20 
MBD in 2000. Production at this level (approximately 114 MBID) could only be sustained 
until 2005 when production declines would begin. By 2010 heavy oil production would be 
decreased by 20 MB/D, or back to the level of 1995. The bulk of this production wili be in 
of&hore fields. 

Region 10 also shows considerable capability to produce additional quantities of heavy cnxde 
between 1990 and 2010, increasing to over 575 MB/D. AU of this crude would be produced 
from existing fields. 

The LP chose to build no bottoms conversion capacity over the four time periods, probably 
for much the same reasons as mentioned earlier; product demands from area refineries are in 
balance with the replacement crude quality. The major capital expenditure the LP did select 
was for process technology to improve the environmental quality of products; e.g-, cat 
cracking, hydrocracking (Table W). 

Detailed New Facilities Investments 

Our discussion in the previous section centered on the regional LP model results identifying 
the amount of bottoms conversion capacity required to process NIPER's projected 
incremental domestic heavy oil production. These incremental barrels have been qualitatively 
wmingled with our crude imports volume estimates to jointly replace the projected A N S  
production decline (and other Midwest light sweet crudes) and still meet the country's 
reked product demands during the next twenty years. 

The conversion capacity figures generated by the regional LP models reflect the combined 
effects of all rmde supply sources (new heavy oiI, imports, and declining domestic 
production) and the CAA environmental restrictions on refined product demands. The latter 
also incorporates growth factors consistent with our assumptions on economic activity and 
the associated product price structure driving the models. 
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As in any economic analysis and, in particular? those involving mathematical abstractions of 
physical processes (like LP models), all supply demand effects tend . to  be evaluated 
co1lectively. To assume that there will be incentives for capita1 investments without any 
economic activity (in an unregulated indusw) seems unrealistic. Consequently, demand 
growth is a fundamental assumption in this study and has been set at extremely conservative 
levels, as explained in detail in the second v h e  of the report. 

The investment requirements necessary to comply with the Amendments to the Clean Air 
Act (CAA) are complicated to isolate from all other factors contemplated in a study of this 
nature. However, as a request from NE'ER, we have tried to separate them by setting rehed 
product demands at 1990 specifications and re-run all regional models. An analysis of these 
results are presented in the next section. 

The regional LP models were configured using 1990 capacity data as a base and include al l  
amoll~~ced capacity additions (both primary distillation and secondary units) being planned, 
or under construction, for the next years. This essentially means that new capacity additions 
from LP model results are over and above what the US. refining industry has already 
committed to in its effort to comply with the CAA Bonner & Moore's estimation of these 
investment commitments, to date, is about eleven b i b  dollars to be spent before 1995. 

In the second volume of this report (Appendix B, Table R2), a summary of the of the 
regional refining capacities used in the 1990 Base Case is presented (secondary units are also 
detailed). As a reminder, total US. nameplate capacity was 16,304 MBSD (stream days), 
operable was 13,932 MBlD (calender days at 85% utilization rate), and actual processed was 
13,409 MBD- 

Also in Appendix B @age B-8), a summary of the announced capacity shutdowns by region 
and company is given. An estimated 647 MBSD, or 550 MBD (calender days), distillation 
capacity is expected to become unavailable in the following regions: 

Total 550 

These expected shutdowns, plus some announced distillation expansions (approximately 130 
MB/D in Region 5), are included in each corresponding regional modeL 

When evaluating future comrersion capacity needs, each regional LP model generates the 
need for new distillation and vacuum capacities (at a cost) mainly as a response to refined 
product demand growth or the need to reinstate shutdown capacity (or both). 

The 1990 Base Case crude processed levels (13,409 MB/D), less the expected shutdowns (550 
MB/D), plus the announced distillation expansions (130 MB/D), originates a net available 
total US. crude processing capacity from which the forecasted runs are based (12,989 



(12,989 MB/D). The summation of all required "newn distillation capacity, by the year 2010 
@om the LP model results in the previous section), shows that approximately 1,439 MB/D 
must be made available in order to comply with refined product demand growth. 

This "new" distillation capacity (1,439 MBID), added to the net available in 1990 (12,989 
MBD), approximates the required refinery ntns in 2010 (14,428 MBD) to meet the refined 
product demand growth. As a means of verification, our projections in the US. Crude Oil 
Supply and Demand balance (Appendix A, Table A-11) shows a requirement of 14,462 
MB/D for refinery runs in 2010 (good!, less than a 1% dewiation for results generated by 
different methodologies). 

The meaningful conclusion is that under the %OW CASE" incremental hemy oil scenario, no 
new distiIlatio11 capacity will have to be built during the twenty year span. However, 
utilization rates will have to increase (to approximately S%), and the U.S. refining industry 
will have to spend approximately one billion dollars to refurbish and keep the existing 
capacity operable during the twenty years. This figure does not sound unreasonable since 
the U.S. refining industry currently spends about that amount each year on overall 
maintenance (includes overhead, which is not a cost contemplated in the LP models). 

An alternative to not spending the one billion dollars in refurbishing costs in the twenty year 
period would be to import more refined products over our estimated volumes in this study 
(2,487 MBD in the year 2010, as shown in Appendix & Table A-5). The analysis to evaluate 
the economic preference between these options is beyond the scope of this study. 

In summary, there is a need to build approximately 230 MB/D of new conversion capacity 
in P twenty year period in order to process the incremental heavy crudes and meet the CAA 
specifications, incurring approximately 330 million dollan solely for the process units. With 
plant utilities, the conversion capacity costs amount to approximately 750 million dollars. As a 
reference, 80 million dollars for a 25 MBlD coking unit and utilities (without ofEsites) seems 
a conservative market figure. 

CONVERSION CAPACITY BY 2010 

Region MB/D 

Total 230 

The regional LP models are constrained such that, mathematically, they have limited degrees 
of fieedom, since the question being asked is "what me (not should) the necessary investment 
levels and capacity additions to (not try) process incremental heavy oil with declining 
domestic production and import replacement barrels. Limited opportunity is aIIowed to 
make choices. A rather innexible scenario, but consistent with the premises of the study. 

Profitability measures to the model's investment figures in this study have no particular 
economic significance. In RPMSm) 2000, there are built-in profitability indicators (15% ROI 
and 35% tax rate), but the generated investments in this study must be spent in order to meet 
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the qualitative restrictions on refined product demands and process the d e  slate 
determined in the previous sections. 

The LP model's investment figures associated with the capacity requirements perform 
mathematically as step functions. If we compare two investment leveIs; e-g., 2000 versus 1995, 
the difference between the two is the incremental cost of postponing a decision between the 
two periods. In the twenty year horizon, total investment costs are those reported by the 
regional model for the year 2010. The industry would have to invest the total dollar amount 
to cornp1y with refined product demand growth, strict environmental restrictions and a 
changing crude slate dwing that time frame. 

The total investment requirements shown h Tables 14 throngh 17 are det& of the 
following model results: 



TOTAL INVESTMENT OF FACILITIES 
LOW HEAVY OIL PRODUCTION 

Proposed 
Region 1995 2000 2003 2010 

Total 

As one would expect, Regions 2, 3, 5, and 9 are the areas with the highest investment 
requirements because they process the bulk of the incremental heavy oils and are more 
affected by the CAA regulations. 

Considering the 11 billion dollar amount of committed investment (announced or under 
construction), an additional 7 billion dollars to replace the 2% US. domestic prodoction 
decline with 300 MB/D of "not so bad qrralitg heavy crude,' some incremental Saudi Light, 
and meet the CAA restrictions, seems Iike a reasanable proposition to be contemplated by 
the U.S. refining industry. 

This approximate 7 billion doliar investment is, of course, subject to the occllrrence of the 
basic premises in this study. We have chosen a rather conservative approach and, possibly, 
some policy actions a u l d  very well help to make the fundamental assumptions become a 
reality. 
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DETAILS OF LID NEW FACILITIES 
LOW I.I[EAVY OIL PRODUCTION 

Crude Distiltalion 

Vacuum Distillation 

Coking 

Oxygena tcs 

Isomerization 

Cat Crakking 

Hydrocracklng' 
Alkylation 

Hydrotreating 

Plant Utlilics 

Crude Distillation 27.0 

Vacuum Distihlion 43.9 

Coking .. 
Onygcnatcs -. 
lsomcriwtion .. 
C H ~  Cracking .. 
Hydrocracking -- 
Alkytarton -- 
Hydrotreating .- 
Plrml Utilities .- 

REGION 1 

Crudc Distillation 

Vacuum Distillation 

Coking 

Oxygenates 
Isomcrizalion 

Cat Cracking 
Hydracracking 

Alkylation 

Hydrotreating 

Plant Utilities 

REGION 2 & 3 
262,O Crude Distillation 

2 16.4 Vacuum Distillation 

87.0 Coking 
286.9 Oxygenates 

.- Isomcrizat ion 

*I Cat Cracking 

-. Hydrocracking 

.. Alkylatlon 

. . Hydrotreating 
-. Plant Utilities 

Table 14 



DETAILS OF LP NEW FACIIdTIES 
LOW RIEAW OIL PRODUCTION 

Crude Distillation ' 
Vacuum Dlstill8tlon 
Coking 
Oxygetlntes 
Isomcrizatian 
Cat Ct~ckhg 
Hydrmrncking 

Alkyl~tion 
Hydrolrceling 

Plant Utltit/cs 

Crude Disrillatbn 
Vacuum Distillation 

Coking 
Otygenates 
tsomerization 
Cnt Cr~ckkg 

Hydrocracking 
Alkytdon 
Hydratrenting 
Plant Utilities 

REGION 4 

Crude Distillation 
Vricuum Ilistill~lion 

Coking 
Oxygcnatcs 

Isomctiznrion 
Cat Cracking 
Hydrmrncking 

Alkylnlion 
Hydrcltrc~ling 
Plant Utifilics 

REGION 5 
Crude Dlatithlion 
Vacuum Dtlill~tion 

Coking 
Oxygenalm 
Isomerimt ion 
Cat Crackinn 

Hydrocracking 
Alkylation 
Iiydrolrcating 
Plant Ulilitics 

Table 75 



DETAILS OF LP NEW FACILITIES 
LOW HEAVY OIL PRODUCTION 

Crudc Distillation 

Vacuum Distillation 

Coking 

Oxygena tcs 

lsomerizstian 

Cat Cracking 

liydracracking 

Alkyla tton 

Hydrotreating 

Plant Utilities 

Crudc Dislillntion 

Vacuum Distillation 

Coking 

Oxygcna tcs 
lsomcrization 

Cat Cracking 

Hydrocracking 

Alkylation 

I lydrotrcaling 

Plant Uli l i t ia 

REGION 6 

Crude Distillelion 

Vacuum Distillation 

Caking 

Ouygenata 

lsomerizalion 

Cal Cracking 

Hydrocracking 

AIkylat ion 

Hydrotrcating 

Plant Ufititics 

REGION 9 
281.0 Crude Distillation 

260.6 Vacuum Dhtillalion 
-- Coking 

370.2 Oxygenates 
.- Isorncrizetion 

127.6 Cat Cracking 

70.7 Hydrocracking 

100.9 Alkylarion 

16.7 Hydratreating 
*. Plant Ulilitics 

Table 16 



DETAILS OF LP NEW FACILI'lllFJS 
LOW EIEAVY OIL PRODUCTION 

Crude Dtslillation 
Vacuum Dtstillnlton 

W i n g  
Oxygenate8 
taomcrization 

Crrt Cracking 
Hydrocracking 

Al kylatlon 

Hydrotreating 
PImt Ulililiw 

REGION 8 & 10 

2010 

9.0 Crude Dlslillstbn 

21.6 Vacuum Dirt illation 
-- Coking 

16.6 Onygcnntca 
we tsomcriz~tian 

6.4 Cnl Cracking 
22.8 Hydrocracking 
6.5 Alkylation 

om Hydrot renting 
-. Plant Utilittcs 

fable 17 



Clean Air Act Amendment Costs 

As requested by NIPER, we have attempted to isolate the economic effecf~ of the 
Amendments to the Clean Air Act (CAA) from the overall investment figures pr-esented in 
the previous section. The analysis was focused on the years 2000 and 2010. 

Our methodology was based on relaxing the 1995, and beyond, motor gasoline specification 
constraints to quantities as defined in the 1990 Base Case (regulations to be in effect in 1992) 
and zero reformulated gasoline p l  in the total US. gasoline demands. The regional LP 
models were not divergent in any other constraint with the respect to our previous setup 
mow CASE). 

The investment wsts generated from these "slackened" model runs should conceptually . 

reflect the investment in "new" conversion capacity needed to solely accommodate 
incremental heavy oils and meet the projected rehed product demands. Theoret ie ,  by 
difference from the "LOW CASE" results we could estimate the effects of the CAA We must 
proceed with caution. 

The majority of the properties that characterize intermediate petroleum components suitable 
for blending into marketable products do not behave, in reality, in a linear fashion.. The 
competition between components fiom different crudes to become part of a marketable 
product is driven mainly by the finished product qualities and market prices 

In this particular anaiysis we are significantly modifying one of the driving forces (product 
s ~ c a t i o n s  and pool) and, therefore, the model will obviously choose different 
components to blend products and meet the market demands. Unfornately, because 
economics are the driving forces, the models may choose to produce these components with 
other processes different than those selected in the "LOW CMEW The models are forced to 
run the projected crude slate (the same) and may choose to build new units (different ones) 
to produce octane components to meet a different set of specifications. 

Essentially, we present the following results with caution since isolating economic effects with 
LP models in a stepwise manner can be, at times, misleading for all of the reason previously 
explained. 

For the purposes of trying to approximate the investments associated to only the incremental 
heavy oil production, we must remind ourseIves that the effect of our projected crude import 
qualities and volumes and demand growth assumptions are also being included. 

With these shared concerns brought before the reader, the following investment ccat 
breakdown for the "LOW CASE is presented. 



TOTAL INVESTMENT OF FAcLlTIES 
HEAVYCRUDEVSCLUNAIRACT 

(LOW HEAVY OIL PRODUCTION BASS) 
(MM $1 

-2000- - 2010 - 
Hemy Total EW Total 

Proposed Region Crude CAA Investment Cmde CAA Investment 

1 
2&3 

4 
5 
6 
7 
9 

8&10 

Total 

A detail of the new investment cost for new faciiities with the "LOW CASE" heavy oil 
production estimates, excluding the CAA restrictions, is presented in Tables 18 through 21. 

Thir analysis can provide NIPER with an approxZmate assessment of the amount of capital 
imrestment required by the US. refining industq associated with the processing of the 
incremental heavy oil production. 

In the twemty year plrtoaing period, up to the year 2010, the US. industry a d d  be faced 
with capital expenditures in the 7 billion 'dollar range, of whicb 3 billlion d d  be 
associated with processing the incremental heavy oil production and crude imports, 1 
billion to refu~b'ih the existing primary ndinhg capacity to accomadate demand growth, 
and approxhateIy an additional 3 billion to comply with the regulations of the CAA (over 
the already commEted and announced investments). 
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DETAILS OF LP NEW FAClLITIES 
NO CAA AMENDMENTS 

(Low Heavy Oil Production lasls)  

Crude Distillation 

Vacuum Distillstion 

Coking 
Oxygenate8 

tsomerfzation 
Cat Cracking 
Hydrocracking 

Alkyltrlion 
Hydrolreating 

Plant Utilitlcs 

Crude Dlstillal?on 
Vacuum Dfntillalion 

a k i n 8  
Onygenates 

lsomeritdtion 

Cat Cracking 
ltydracracking 
Alkylation 
14ydrolreathg 
PInnt Utililics 

MRCD 
REGION 4 

Crude Dislillrlion 
Vacuum Dislillmtian 
Coking 

Oxygcnalcs 
Isomcr imt ion 
Cfll Cr~ckhg 
t iydrocracking 

Al kylat ion 

Hydrotrcdng 
Plant Utilities 

REGION 5 
622.0 
557.4 
1 18.9 

0.0 
6.8 
.. 
-0 

.. 

Crude Distillalion 
Vacuum Dintillation 

Coking 
Oxygenates 

Isomeritat ion 
Cat Cr~cking 
Hy drocracking 
Alkytat Ion 
Hydrotrc~ting 
Plant Utilitks 

Table 19 



DETAILS OF LP NEW FACILITIES 
NO CAA AMENDMENTS 

(Low Heavy Oil Production Basis) 

Crude Distillation 

Vacuum Distillation 
Coking 
Oxygenates 
lsomerization 
Cat Cracking 

Hydrocracking 
Alkylation 
Hydrot renting 
Plant Ulilities 

Crude Dislillation 

Vacuum Distillation 
Coking 
Oxygenates 

Reforming 

Cat Cracking 
Hydrocracking 
Akylation 
f lydrotrcaling 

I1lnnl Ulilitics 

REGION 6 

2010 

71.0 Crude Distillalion 

69.8 Vacuum Distillation 
26.1 Coking 

Oxygenales 
37.0 lsomerizalion 
.- Cat Cracking 
. . HydrocracW ng 

8.2 Alkylation 
-- Hydrotreating 
.- Plant Ulilitiea 

REGION 9 

Crude Dislillation 
Vacuum Dlstillalion 

Coking 
Oxygenates 
Reforming 
Cal Cracking 
Hydrocracking 

Alkylation 
Hydrot refiling 
Plant Utililies 

table 20. 
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SECTION 2 

SENSITIVITY ANALYSIS 
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EIGH INCREMENTAL HEAVY OIL PROJECTlONS 

General Comments 

Our analysis of the "LOW CASE incremental heavy oil projections demonstrated the need 
for the US. refinng industry to invest approximately 7 billion dollars in the next twenty years 
to, essentially, "remain in business," should all the premises of the study materialize. 

Furthermore, a breakdown of this total cost shows that approximately 3 billion dollars can be 
associated to processing the incremental heavy domestic oil (300 MB/D in 2010) if one 
accepts that a signscant portion of the costs is also attributable to processing crude imports. 

There is a request by NIPER to further separate these 3 billion investment dollars in an 
effort to isolate the costs directly associated with processing the domestic incremental heavy 
oil. There is no uncomplicated way to generate this estimate, since crude imports are 
required to meet the refined product demands. Unless another source of crude becomes 
readily available, this dependency by the US. refining industry is another fundamental 
assumption of the study. 

In an attempt to set this request in perspective, we trust that the following comments will be 
helpful. 

For the U.S. refining industry to equip itself to process 300 MBD of heavy oils is, in reality, 
not a colossal challenge. This is confirmed by the fact that only 230 MBD of additional 
conversion capacity is required (a meager 13% boost over the &ting capacity), and the vast 
increase is in areas which traditionally have not required this type of conversion process. The 
associated cost to build this new capacity is estimated by the LP models at approximately 330 
million dollars. As explained before, these costs are solely for the units and do not include 
offsites With the plant utilities, the new conversion capacity costs amount to approximately 
750 million dollars. 

Some of the necessity for conversion capacity also arises from the need to process heavier 
vacuum bottoms from imported crudes. The foreign incremental supplies to the regional LP 
models are Middle Eastern light crude (329 degrees API and 1.8% sulphur) and some South 
American medium crudes (24-8 degrees API and 1.8% sulphur). The vacuum bottoms (1050 
degrees Fahrenheit) of these crudes have certain critical properties comparable to those of a 
few domestic heavy crude oils of considerably less gravity and sulphur content Essentiayl, 
replacement of declining domestic ANS and light sweet production with these foreip 
incremental crudes and additional heavy oils requires the conversion capacity as indicated by 
the regional models. 

The incremental 300 MB/D of heavy oils are a small percent (2%) of the total refinery crude 
runs forecasted for the year 2010 (14,462 MBID). It is also an equally small proportion of 
crude import volumes (3%) and of domestic production (7%) in 2010. Using any of these 
proportional relationships, it could be possible to theorize on an estimate of the costs directly 
attributable to the incremental domestic heavy oils. However, in reality, there is no validity in 
using any of these proportional relationships for such an estimate. 

In summary, f ie costs associated with processing the heavy oils in the "LOW CASE" are 
approximately 3 billion dollars, to be disbursed in a twenty year span, in addition to those 
costs needed to comply with CAA and to refurbish the existing distillation capacity to keep 
up with demand growth. Approximately 730 million dollars of the 3 billion are investments 
for conversion capacity, and the balance for octane component production and 
intermediate streams qmIity treatment. 
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NIPER has provided a projection of heavy oil production estimates which exceed the 
previous %OW CASE" estimates by more than 600 MB/D in the year 2010. We have labeled 
the following analysis "HIGH CASE" and will begin by namining the major differences in 
production rates between this alternate =GI3 CASF and our previous estimates. 

Volume Estimates 

The volume estimates? up to the year 2000, under this high scenario (Table 22) do not differ 
significantly from the figures in our previous analysis. Therefore, it was not necessary to re- 
run the regional LP models to estimate investment costs for the yean 1995 and 2000, since 
the only additional meaningful heavy oil volume occurs in Region 5 and is less than 1% of the 
projected refinery runs. These differences are undetectable by the regional mode&. 

We suppose that the basic assumptions that were clearly stated by NIP= for the "LOW 
CASE production rates also hold for these higher estimates. In particdar, we are concerned 
with a U.S. r e 6 g  industry operating in a fkee world economy and that emironmental 
regulations continw to prevent the construction of new grass root heavy 03 refineries. 

These two premises are very important, since they support our study in the need to make up 
regional crude shortfalls (because of declining domestic production) with excess crude fiom 
other areas in order to meet the re£ined product demands- 

The most salient aspect of the high production rate estimates is the 930 MB/D of additional 
heavy oil projected to become available by the year 2010; a lofty 630 MB/D increase versus 
the previous low estimates (Table 23). Also, more than half of this volume occurs in Region 5 
(Gulf states), qualitatively represented in the LP model as a crude with 19.5 degrees API and 
0.68% sulphur; a heavy crude, but of good qualify versus the incremental supplies of what k 
being imported to that particular region. 

The additional volumes that make up the 630 B / D  are small quantities in Region 5 3 and 6, 
and nearly 200 MBlD in California's San Joaquin Valley (Regions 8 & 10). However, most of 
this latter additional v01ume is processed in other California areas (Regions 4 and 9) as 
traditionally has been the case. 
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ESTIMATES OF INCREMENTAL DOMESTIC HEAVY OIL 
ALTERNATE HIGH VS LOW PRODUCTION RATES 

MBD 

1 East Coast . 0 0 -. 0 0 .. 0 0 .. 0 0 .. 

6 Rocky Mountain 21.25 21.25 -- 30.25 25.25 S.00 40.25 28.25 12.00 60.25 28.25 32.00 

9 h s  Artgclcs Basin 84.90 84.90 0- 79.90 79.90 .- 87.90 74.90 13.00 88,90 69.90 19.00 

*- 739.40 577.4Q 2JJQ 864.4Q 669.40 19530 8& 10 Snn Jonquin Valley 619.411 619.41) 2 664240 f564.40 - 
Total 807.19 806.19 1.00 902.79 685.19 17.60 1,143.19 949.19 194.00 1,673.19 1,043.19 630.00 



CRUDE SUPPLES FOR LP MODELS 

Estimates for 2005 and 2010 

The balancing criteria used to equalize the crude supplies between the different regions for 
the years 2005 and 2010 are quite similar to those utilized in the low production rates 
scenario. The main difference lies in the fact that in this "HIGH CASE*, the incremental 
domestic heavy oil production is assumed to volumetrically back out equal amounts of 
imported crude, mainly Middle Eastern light sour. 

The primary reason to base the crude supply estimates for the regional LP models @igh 
production rates scenario) on the premise that the additional domestic heavy oil displaces 
Middle Eastern type crudes, arises from the undeniable fact that this crude quality will be the 
United States' and world's incremental supplies for years to come. The next in line to supply 
the US refineries are the South American crude producers, whom we believe will always be 
in a better position (proximity and lower quality) to react with price actions (lower them) to 
guarantee their crudes a secure outlet in the US. marketplace. 

The crude representation for the LP models under the high production rates scenario 
(Tables 24 and 25) can be compared with the low production rates estimates (Table 8 and 9). 
Note that the Middle Eastern m d e  supplies in the former are reduced by an equal amount 
of incremental domestic heavy oil availabilities (small differences arise due to rounding since 
these projections were done on an electronic spreadsheet). 

In the years 2005 and 2010 balanced crude estimates for the LP models, there are two inter- 
regional transfers of incremental domestic heavy oils: from Region 5 (Gulf Coast) to Region 
2 (Midwest), and from Regions 8 and 10 (San Joaquin Valley) to Region 9 and 4 (Los 
Angeles Basin and San Francisco area). AU other incremental heavy oil volumes are 
processed in the region where they are being produced. 
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CRUDE REPRESENTATION FOR REGIONAL LP MODELS 
ALTERNATE BALANCED 2010 

PROPOSED DOE REGION 
REGION M W  VOLFRAC - 1 - 2 7 8 -  9 lo- TOTAL 

Eaat LIght 
Cushtng Sweet 
Mld West Sour 
Mid West H y  
Rocky Mt Hvy 
West Texas Ink 
Coudana Sweet 
Gull C Heavy 
Alaska No Slope 
Callfornla Med 
Callfornla Hvy 
Canada Blend 
So Arnerlca Med 
So America Hvy 
MlMa Eaat 
Alrlca 
Europe 
Asla 

61,8 0.26 
39.4 0.42 
25.1 2.65 
18.8 1.98 
18.8 3.30 
40.8 038 
35.8 0,36 
18.6 0.63 
27.1 1.12 
28.7 0.88 
13.1 1.21 
29.8 1.29 
24.8 1.85 
t8.6 2.40 
32.9 1.80 
36.4 0.17 
37.6 0.40 
39.5 0.10 

SUPPLY 

Table 25 



ESTLMATED CONVERSION CAPACITY REQUIREMENTS 

Regional LP Models Results 

The basic underlying premises affecting rebed product demands set forth in our ''LOW 
CASE" scenario for the regional LP models continue to be in effect for the subsequent 
results. The only change introduced for this analysis is the new crude refinery intake slates 
with the high heavy oil production rates. 

Regional LP model results indicate that an additional 80 MBD of new conversion capacity 
will be required by the year 2014 versus our "LOW CASE" findings (230 MB/D) to proc'Rss 
the additional 630 MB/D of domestic heavy crude. This is a relatively small amount for such 
an increment of additional domestic heavy oils production. 

COWEF€SXON CAPACITY BY 2010 

Region --- MB/D 
Hi@ LQw A 

1 17 17 - 

Total 310 230 80 

The main reason for this result stems on the assumption on the quality of the crude being 
replaced by the new domestic hemy oils As mentioned above, both the gravity and the 
sulphur levels of the bulk of the additional domestic oil is of a desirable quality fiom a 
refiner's point of view, especially in terms of its sulphur content Middle Eastern crudes are 
sour (1.8% sulphur) while the majority of the additional domestic heavy oil is essentially on 
the sweet side of the scale (0.63% sulphur), although nearly 200 MBD of Cal'iornia heavy 
sour is also being processed (reflects the need for additional conversion capacity in Region 
4)- 

As expected, most of the additional conversion capacity requirements are in Region 5 where 
more than half of the 630 MBD additional production estimate occurs. ?his capacity 
requisite in Region 5 responds also to the need to accommodate the refinery configuration 
for the loss in gravity, as MiddIe Eastern type crude (329 degree APT) is being replaced by a 
-not so bad" domestic heavy oil (195 degrees API). 

The capital investment for the 310 MBD of conversion capacity to process the additional 
heavy oils from the high production rate estimates by the year 2010 is approximately 1 
billion dollars, which incorporates the plant utilities costs (no offsites included). 

As in the previous case, there is no need for additional distillation capacity rather increase 
operating rates at similar levels as in the "LOW CASE" The costs to maintain the distillation 
capacity operable towards the next twenty years is also in the 1 billion dollar range. 



In summary, the US. refining industry could be faced with capital expenditures in the 7 
billion dollar range, of which approximately 1 billion would be to maintain operable the 
existing capacity, another 1 billion to build the necessary conversion capacity to accommodate 
the additional domestic oiIs and crude imports, and the balance to cumply with the 
Amendments to the Clean Air Act (CAA) and quality treatment of intermediate streams 
(Tables 26 to 29). 

Investment Comparison- High versus Low Production Rates 

There is a relatively low difference in the estimated required investment levels between tbe 
"HIGHn and "LOW CASES" being evaluated (Table 30). In a twenty year span, the difference 
amounts to only 203 million dollars 

The results are not surprising, since this "HIGH CASE," in reality, is a sensitivity to our 
previous analysis and, in reality, does not involve processing any additional barrels. The 
economic impact being determined on the regional refineries are those associated with a 
quality switch in their crude intake. We are not determining the investment impact of an 
additional production to the refineries, rather the replacement of a light sour crude with a 
heavier crude (12 degrees API lower), but si@cantly sweeter (a full 1% less sulphur). 

The regional models indicate that although there seems to be a detriment in the quality 
switch (reflected in the need for additional vacuum capacity) (Tables 31 and 32), there are 
significant savings in investments for treatment of intermediate streams and sulphur recovery 
costs. 

Results from the regional models indicate that under the premises for the "HIGH CASE," 
by the  year 2010, the U.S. refining industq wouId be faced with an investment still in the 7 
billion d o b  range if it is trusted with the responsibility of processing the 930 MB/D of 
heavy oil production as estimated by NIPER. The breakdown would dlso be similar to o m  
results determined for the "LOW CASE," with tbe exception that approximately 1 billion 
dollars must be invested in conversion capacity to process these incremental barrels. 
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SUMNARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless otherwise noted) 

Rqijlon 1 
I990 1995 2006 2Ol)S 2010 

(No Change) 

Refintty Crude Intake, M0CD 
Domesrlc 
Impor& 

Cdculrtcd Gradiy, API 
Base Case 
New Heevy Oil 

Major l'roclucls, MDCI) 
Oasaline 
Light Dislillate 
Mlddle Distillate 
Fuel 011 

Cupaclty Added, MHCD 
Crude DIslillallon 
Vacuum Dlstitlalion 
Bottoms Conversion 
Motor Fuel Quallly 

Refinery Crude Inlake, MBCD 
Domesrlc 
Imports 

Mqjor PFOduC16, M8CD 
Oasollne 
Light Dlstlllare 
Mlddlc Dlsfillate 
Fuel Oil 

Capacity Added, MECD 
Crude DLstillallon 
Vacuum Dlslilla(ion 
Wttams Convcrslon 
Motor Fuel Quality 

Table 26 



SUMMARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless othenvise noted) 

Catculattd Cnvlty, API 
Base C w  
New Heavy 011 

Malor Produde, MRCn 
Clasollne 
tight Dbtltlate 
Mlddle Dis!lllate 
Fuel 011 

Capaclb Add* MBCD 
Crude Dldlllstfon 
Vacuum Dlstlllation 
Bottoms Convenlon 
Motor Fuel Quallty 

Total 

Cnlcutatcd Gmvlty, API 
Base Case 
New Hay 011 

Msjor Probuds, MRCD 
Gasoline 
Llghc Distfllate 
MIddte Dlstlllate 
Fuel Oil 

Cspaclty Added, MRCD 
Crude Dis!lllation 
Vacuum Dlstflletlon 
Bottoms Conversion 
Motor Fuel Quallv 



SUMMARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless otherwise noted) 

Rtnnery Crude Intnkc, MBCD 
Domestic 
Imporb 

Calculated Grnvlty, AFI 
Basa Casa 
New Heavy 011 

MaJor Products, MDCD 
Oasallne 
Light Distillate 
Middle Distillate 
Fuel Oil 

Cspaclly Added, MBCU 
Crude Distillation 
Vacuum Dlstlllatlon 
Bottoms Conversfon 
Motor Fucl Quallty 

Cspltul Invcatment, MME 

Rcflncry Cruds Intake, MBCD 
Domestic 217 182 131 81 53 
Imporb - i t S 1 1 1 m  

Calculalul Gmvfty, API 
Baa Ca!ie 29,s 29.5 29,s 29.5 29.5 
New Hcsvy 01 -- 29.5 30,s 31.5 32,O 

Maor Pdud8, MBCD 
Oesollne 
Light Dls!lllate 
Middle Dlsclllate 
Fuel 01 

Cepoclty Added, MBCD 
Crude Dls~lllallon 
Vacuum Dlsllltellon 
Boltoms Convenlon 
Motor Fuel Quallly 

Cupttsl Invcslment, MMS 

Table 28 



SUMlMARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless otherwise noted) 

Renneiy Cwde Intake, MBCD 
Domestic 
lmporls 

Cntculrtcd CmrlQ, AP1 
Base Case 
New Heavy Oil 

MaJw Pduets, MBCD 
Oawllne 
Llght DlsllHate 
Mlddla Dls~illata 
Fuel 011 

Capclty Added, MBCD 
Crude Dlallllatlon 
Vacuum Dlstltlstlon 
Bolloms Conwralon 
Motor Fuel Quality 

Rtflnery Crude lnlake, MIICI) 
Domcsllc 
Imports 

Cntculsted Gtsvily, API 
Dasc Case 
New Hcavy 011 

MaJor Products, MRCO 
aasotlna 
Light Dlstlllate 
Mtddle Distillate 
Ftucl011 

Capacity Added, MBCD 
Ctude ~lstltlafion 
Vacuum Dlsllllatlon 
Bolloms Conversion 
Molor Fuet Quallty 

Cspllal Investment, MMS 



TOTAL INVESTMENT OF FACILITIES 
ALTERNATE HIGH VS LOW PRODUCTION RATES 

(MM $1 

Table 30 



RESULTS COMPARISON SUMMARY 
(HIGH) - (LOW) HEAVY OIL PRODUCTION 

Years 2005 & 2010 

Refinery Crude Inlrkt, MBCD 
Domeslfc 
lm pns 

Cnpaclty Added, MBCD 
Crude Dlsllllellon 
Vacuum Olstlllallon 
Boltoms Convcnlon 
Motor Fuel Quallty 

Capital fnwalmmt, MMS 

Refinery Crude Intake, MRCD 
No Change No Change Dameslic No Changc $4 

fmporls 44 

Capaclty Addd, MBCD 
Crude Dlslillatlon 
Vacuum DistHlallon 
Bottoms Converslon 
Molor Fuel Quality 

Capital Inveulmmt, MMS S 

CnprcitJ Addad, mCD 
Cwde Dlstlllatton 
Vacuum Dlstllladon 
Bolloms Convcnlon 
Motot Fuel Quality 

Caprdty Added, MBCD 
0 Crude Dlsllllatlon 

44 Vacuum Dlstlllatlon 
1 I Bottoms Conversion 
0 Molor Fuel Quallty 

Table 31 



RESULTS COMPAWON SUMMARY 
(HIGH) - (LOW) HEAVY OIL PRODUCTION 

Years 2005 & 2010 

Rqlons 7 
200s 2010 

Refinery Crude Intake, MBCD 
Domcscic 
Imports 

Cnpnclty Added, MBCD 
Crude Dlstlllatlon 
Vacuum Dbtlllation 
Bottom anversion 
Motor Fwl Qwllry 

Refinery Crude Intaltc, MBCD 
12 32 Domesllc No Change 4 
42 -32 Jmjmrt8 4 

CrpaclQ Added, MBCD 
0 0 Crude Dlstltlellon 
2 6 Vacuum Dlslll!ation 
1 4 Bottoms Conversion 

-3 -2 Molot Fuat Quellly 

Refiner), Cruds ln(ekq MBCD 
Domesllc . 
lrnporo 

C q ~ ~ t t y  Added, MBCD 
Crude DlstHlallon 
Vacuum Dlsllllellon 
Bollom Canvarslon 
Motor Fuel Quality 

Rellntr)r Cruds Intake, MBCD 
Domc~lic No Change No Change 
Impow 

Cnpaclly Add* MBCD 
Crude Dls~i~lallon 
Vacuum Dhriltarlon 
Bottoms Convenlon 
Molor Fud Quality 

Capital Investment, MMS 

Table 32 
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WORLD PETR0I;EUMBALANCE 

Throughout this forecast we have made every attempt to be as thorough and accurate as 
posslile without miss'mg the major points and implications. As a starting point, we have 
consistently kept our asumptions mnservative and reasonable. W e  have placed equal weight 
on the historical trends and the highly probabk future changes from trends that we have 
been able to identify. 

Our goal was to produce's consistent, thorough, .and reasonable supply/demaad forecast 
specifically for the United States, with additional, more general, forecasts for Europe and the 
Far East, which can stme as a consistent basis fot a regional crude and refined products price 
forecast. 

In this section, we use the following terms: 

Cosnmpption is production, plus stock change, plus imports, minus 
exports, plus international marine bunkers (gasoil or 
distillate, and resid or heavy fuel oil). Hence, trade 
flows are taken into a a n m t  Consumption figures are 
IEA data through 1988 for the non-OECD countries, 
and IEA data through 1989 for the OECD countries. 
Consumption Ques beyond these. points through 1991 
are based on IEA data for 'apparent demand." W e  have 
made adjustments to account for trade flows in order to 
arrive at the underlying consumption figures. 
Co~~~umption figures for 1992 and beyond are based on 
the adyses of Bonner & Moore &ket Consultants, 

Demand (the numbers d e d  consumption in the IEil Quarterly 
and the MopltiJy IEA 02 M&f Repat) k production, 
plus stock change, plus internattional marine bunkers. 
Hence, trade flows are not taken into account, and the 
numbers called cotlswnprion in these reports win not 
match up (as they should not) with the consumption 
figures in this forecast for the post 1988 time period 

?he tables which substantiate the vkws offered in this study appear at the end of this section 
under the heading, Addendum to Sertron L 
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PETROLEUM GROWTlBl PATTERNS 

World Petrdeum Growth Patterns 

Three trends in total petroleum growth patterns are apparent from viewing the historical 
grwrth rate data (Figum A-1). From 1981 to 1990, world growth rates @oth positive and 
negative) have been getting smaller. Historidy, ,the OECD growth rate has been below that 
of the total world. The Merencer between OECD and non-OECD have been declining, 
with little difference in relative gowth rates since 1983. In general, these three trends are 
projected to continue throughout the forecast period. 

Despite ali the publicity about the growth rates of Third World and Pacific Rim countries, 
since 1983 world petroleum produd consumption, on a percentage of total world basis, has 
been remarkably steady, with the OECD muotties mnsuming slightly wer 55% (Figwe A-2). 

'Ihis stability in world petroleum energy share k forecast to remain virtually unchanged 
through the forecast period 

In 1992 and continuing throughout the planning period, we are forecasting the world's 
economy to return to a modest growth track as was begun in 1991. We e x p t  total 
petroleum w11sumption to recover, averaging slightly below 1% growth in 1992, slightly 
above 1% in 1993, and then close to 1.5% for 1994 through 1998 (Table A-1). 

During the period from 1995 through 1998, we see OPEC capacity utilization increasing, 
reaching 88.6% utilization in 1998. At this point, although we are not forecasting a supply- 
limited environment, with the high utihtion rates as in the past, we expea another politid 
event within the oil exporting nations to arm which temporarily restrains supplies 
sdEciently to cause a sharp price jump in real dollar terms (see the Supply section of this 
document for complete details). This price spike is followed (as has been the case in the past) 
by a decline in consumption and a decline in prices in real dollar terms. 

Therefore, we are forecasting total world consumption to decline in 1999 by close to 1.8%. 
We do not expect a greater degree of decline, as was the case in 1980, as the structure of the 
market has changed since then. Due to economics, the amount of resid used in quickly 
switchable or dual fired boiler senice is no longer large enough to have a price spike cause a 
negative 4% growth rate, as was the case in 1980. 

After the 1998 price spike and reaction OCCUT, total world demand is expected to recover, but 
to a slightly lower growth rate than before the price spike. Since 1971, each price spike has 
resulted in a permanent lowering of the rate of growth of petr0Ieu.m pducts  demand We 
foresee no reason for this trend not to continue in the h e -  

Therefore, we are forecasting a recovery in the total world growth rate to be Oat in 2000, 
slightly under 1% in 2001, and close to 125% in 2006 through 2010. 
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North American eonsumption bad been Nnning close to 3% until the current 
recession hit in 1990- Our forecast assumes that the cunent recession bottoms at the 
end of the second quarter of 199 and that the US. economy recovers back to a 
modest economic growth rate of approximately 3% for GNP, with petroleum demand 
remaining at a 3:l ratio to GNP, or a 1% growth rate. . 

With the constant improvement m the vehicle fleet mpg and modest population and 
economic growth, we do not foresee a large gasoline growth rate. 

North American co~umption is forecasted to decline by 2% in 1999 due to the 1998 
price spike and the recover to a 0.75% rate (slightly less than before the price spike), 
for the balance of the f m t  period 

OECD Europe comumption growth has been closer to the 1% level prior recently as 
the opening up of Eastern Europe has stimulated the Western Europe economies 
(especially in Germany). Our forecast calls for growth in OECD Europe to average 
15% from 1992 through 1994, and then decline slightly to the 125% be1 until after 
the 1998 price spike occun. 

OECD Europe consumption is expected to decline 2% in 1999 and then recover to the 
1% level, which is slightly below the level before the price spike. 

OECD Pacific includes Japan, Australia, and New Zealand (plus US. territories such 
as Samoa); hence, it is only a small part of the Pacific market. The OECD Pacific 
mnsumption growth rate has been declining since 1988, and was near the 3% level in 
1990. We expect that the Pacific market will continue to grow faster than other 
markets Our forecast calls for OECD Pacific growth to average slightly above 2% in 
1992 through 1994 and then decline to a more sustainable level of 25% fiom 1995 
until after the 1998 price spike. 

OECD Pacific demand is forecasted to dedine by only 1% in 1999 and then recover 
back to the 2% level for the balance of the forecast period 
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WORLD PETROLEUM CONSUMPTION VOLUMES 

With these growth rates total world consumption is forecast to increase h m  over 65 
MMBPD in 1990 by 165 MMBPD, to slightly wer 82 MMBPD in 2010 (Table A-2). 

World Refined Products Gmv& Patterns 

Gasoline growth rates have been declining for the total world, OECD, and mn-OECD 
sine 1972 Given our economic outlook and the inmeasing fuel efficiency of newer 
cars, we expect that this trend will mntinue into the future. 

Our forecast atso ayumes that non-traditional alternative transportation fuels (ie, 
e1ectricity, natural gas, alcohols,, and propane) do not make a significant wntn'bution to 
the gasoline pool during the forecast period Frankly, the economics, distniution 
systems, technology, and comumer acceptance just do not exist 

Additionally, the two largest possible future gasoline markets, Russia and China, are 
lacking not only the US. social structure, but also the equivalent of the US. interstate 
highway system and mass transit systems that have fostered our wban sprawl and mass 
commuting of single workers to the job; therefore, we are projecting world gasoline 
growth rates moderately over 1% prior to the price spike and slightly below 1% after 
the price spike. 

Aviation fueb plus kerosene growth rates have been trending dowmaard slightly, but by 
a lesser extent than other petro1eum products. The relationship between the total 
world, OECD, and non-OECD growth rates has been slowly reversing in that the 
OECD growth rate has recently tended to be higher than the non-OECD growth rate. 
We attribute this to relativeiy steady non-OECD passenger rra86c and low freight 
traffic, versus expanding OECD passenger and freight traffic as the OECD economies 
have out performed the non-OECD countries as a group. W e  expect this trend of 
higher OECD than non-OECD jet plus kerosene consumption growth rates to 
continue throughout the forecast period 

Based on our steady but sustainable economic growth scenario, we expect jet PIUS 
kerosene underlying growth rates will be clme to 2% before the price spike and slightly 
under 1.75% after the price spike. lhis is not a dramatic change fkom the actual 
historical average growth rate of21756 for the 1972 to 1988 period 

Based on our forecast for future world economic growth, we are forecasting world 
distillate growth rates of close to 1.75% before the price spike and close to 15% after 
the price spike. We believe that thge growth rates are sustainable and consistent with 
our outlook of total world economic growth averaging close to 3% during the forecast 
period. 



Resid growth rates, except for temporary rebounds recently when prices were low, 
have been negative since the price shock of 1979. 

Our forecast k based on the a~urnptions that the backing out of resid and replacement 
by natural gas in dual fired boilea has run its course for the most  par^ We do not see 
resid moving back at the eqmse of natural gas but we believe that the majority that 
can be switched out already has been, and it will remain out due to cheaper natural gas 
prices, (additional dectrid generation plants being gas fired both in the OECD, and 
in the NON-OECD), and due to environmental concerns. 

Therefore* we expea reski camniption to grow at the modest rate of close to 0.75% 
through out the entire forecast period. 

Other petroleum product consumption is forecasted to be linked to economic growth 
and grow at a rate close to 15% before the price spike in 1998, and close to 125% 
after the price spike. 

World Refined Products Consumption Volames 

Based on these consumption growth rates, total world consumption is projected to inaease 
fiom 1990 to 2005 2 2  MMBPD for gasoline, 13 MMBPD for jet plus kerosene, by 27 
MMBPD for distillate, and by only 0.6 MMBPI) for resid and 0.8 MMBPD for other 
products. 

US. refined product demand is projected to gmw at the same rate as OECD North 
America. US. crude runs are projected to increase from an annual average of 13.4 
MMBPD in 1990 to close to 14.1 MMBPD in 2005 and 145 in 2010. At the same time, 
US. crude production is projected to decline b m  73 MMBPD in 1990 to 5.1 
MMBPD in 2005, or a drop of 22 MMBPD over the forecast period The 2010 
forecast is 45 MMBPD, a dramatic 40% drop hxn 1990 levels. This production p d e  
is based on our estimate of an average US. decline rate of less than 20% per year. 

The balance, of murse, is made up by aude imports, which are projected to increase 
from 5-9 MMBPD in 1990 to 8.8 MMBPD m 2005. At these rates, the politically visible 
point of imports making up 5W0 of the US. crude supply is pmjected to occur in 1996. 

This trend of declining U S  production and haeasing demand is one of the factors 
supporting our forecast of increasing W I I  versus foreign crude price spreads. 

Bonner 8 Moore Management Science 
APPENDMA A-7 



Crude Oil Supply 

World crude oil production has quite naturally followed a path similar to that of demand; ie., 
pealdng in the late 19705, declining in the ar iy  1980s, and steadily climbing d d g  the past 
five years (Figure A-3). Crude oil production in 1992 is estimated at about 6.6 MMPBD 
above the low level of 1985, with most of the gain coming h m  OPEC (Tabk A-3). Our 
forecast calls for additional production of 3.0 MMBPD by 1995, with OPEC accounting for 
the greatest share of the increase. Production requirements by the year 2000 will have only 
increased by about 1 J MMBPD over 1995 (Figmo A4). By that year, OPEC will be required 
to produce 27.0 MMBPD, which should be quite within its capab'rlity, given its 31.0 MMBPD 
output in 1979. 

OPEC 
Non-OPEC 

Total 

% OPEC 393 424 -415 442 43.2 

OPEC Crude Oil Supply 

In our forecasts, we have taken the middle ground between differing opinions regarding 
OPEC's future production capability. The production capability of OPEC nations is expected 
to increase from apprdate iy  27.8 MMBPD in 1990 to 31.8 MMBPD in 1995, and to 36.6 
MMBPD by the end of the forecast period (Table A-4). 

Production 233 26.9 27.8 27.0 30.6 31.9 
Capability - 27.8 - 31.8 - 322 - 324 34.8 36-6 - 
OPEC's Percent 
of Its 
Capability 83-8 84.6 863 833 87.9 872 
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................. - NON-OPEC OPEC - OPEC CAPACITY 



We base our crude oil price forecasts t b u g b  the mid-1990s on the expectation that OPEC 
wil l  continme to attempt to conbo1 praductbn by member nations to balance supply and 
demand. However, when OPECs prodpetion begins to closely approach its maximu61 
snstainnb1e capability - projected to occur in 1998 - there will be upward pressure on 
crude oil prices (Figttes A-5, Ab). 

World Refined Products Market Shares 

hoking at the world, the major change is a continuation in the decline of resid's share of the 
refined product banel Gasoline's share declines slightly (0.4)% from 1990 to 2005, jet-plus- 
kerosene's share increases close to 0-7%, distillate increases slightly over 0.6%, raid's share 
declines 1.7%, and others' share declines by less than 02%. 

The change in the composition of the OECD's refined product bane1 is very similar to the 
changes in the world's composition. OECD gasoline declines slightly faster, minus 1.0% 
verms minus 0.4% for the total worlQ while OECD jet-plus-kerosene's share of OECD 
produn consumption increases faster, 1.4%. 

The net effect of all of these changes is that an increasing percentage of the world's refined 
product barrel is comprised of light products, while the percentage of heavy products is 
declining- On a MMBPD basis, from 1990 through 2010 the cuhsumption of the major light 
products, gasoline and distillate, is ~~ntinuously growing, while in comparison the 
wnsumption of resid, due to its low growth rate, appears to be nearly amstant From 1990 to 
2005 the diEEerence in the cu~l~umption of gasoline plus distillate versus resid is projected to 
increase by more than 4 3  MMBPD. 

This continuing lightening of the refined produn barrel is the underlying factor behind our 
forecast of: increasing light versus heavy d e  spreads, inaeasing light product veaus crude 
spreads, increasingly negative resid vema aude spreads, and increasing refining margins, all 
in constant dollar terms over the forecast period 

REFINED PRODUmS 

U.S. Refined Products Demand 

Projected US. growth rates are assumed to be the same as those for OECD North America 
(Figam A-7). To slunmati;re, total demand is arpected to average 1% growth per year prior 
to the projected price spike in 1998, and 0.75% after the price spike (Table A-5). 

Major product growth rates (gasoline, jet-kern, distillate, and resid) are eqected to benearly 
equal to the total product growth rates. The exception to this is during the 1992 to 1995 time 
period. For the 1992 to 1995 period, "other" demand is depressed, and major product demand 
is elevated by the projected change over in military jet fuel cansumption (180 MBPD) fkom 
JP4, which is in the "other" category, to jet-kero, which is in the 'major" category. 

Individual US. product growth rates are projected to be the same as for OECD North 
America, with some minor differences due to changes in the US. market. 
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Figure A-7 



Gasoline growth is based on an underlying rate of 0.75% prior to the price nm up and 
05% afterwafds. With incxeasing auto fleet mpg ratings, sIOWiXlg population growth, 
and moderate economic growth forecast, we do not foresee a y  major non-gasoline 
market share growth during tbis forecast horiU,n, For alternative fuel cars, our position 
is that of the wmum= show mjkt (Table Ad). 

Jet-kero growth rates wiU continue their upward growth trend; however, though 1995 
we are projecting jet-kern growth rates of over 5% through 1995, based on the phasing 
out of JP4. We project growth rates of slightly wer 2% once the phase-out has ended 
(beyond 1996) until the pdoespike in 1998. After 1998 the long term jet-kero rate is 
projected to decline to 1-75s (Table A-7). 

Distillate growth is related to GNP, and is forecast to average 15% prior to the spike 
in prices, and close to 1.2% thereafter (Table A-8). 

the end of the natural gas surplus not in sight, and crude prices expected to 
increase in real dollar terms during the forecast period, plus environmental regulations, 
we do not foresee resid moving back into the boiler fuel market in significant volumes. 
W e  expect dual hred boilers to remain on natural gas. By the time that natural gas 
supplies tighten, raid prices are forecasted to be high enough due to the increase in 
aude oil prices that natural gas will still be the fuel of c h o i ~  even with increasing 
natural gas prices in real dollar terms. Regardless, the mIume iwo1ved (2oo.MO 
MBPD) would be supplied from imports of low sulfur raid and this volume is not large 
enough to effect the global residual fuel market or change our outlook Therefore we 
are forecasting resid growth rates of only 025% during the forecast period (Table A-9). 

Based on these growth rates, US. total rehned product domestic demand is pmjeaed to 
increase b m  16.9 MMPBD in 1990 to 18.7 MMBPD in 2010. Gasoline h a n d  is expected 
to increase kom 7 2  MMBPD to 7.8 MMBPD, jet-kero demand should run up from 13 
MM8PD to 20 MMBPD, distillate is forecasted to increase b r n  3.0 MMBPD to 3 3  
MMBPD, and resid demand should drop from 1990s level of 1 2  MMBPD but increase 
slightly from 1991's projected demand of 1.1 MMBPD by only 31 MBPD (Figrve A-8). 

With these growth rates the same worldwide phenomena of the lightening of the refined 
product barrel should also occur in the US. market. Gasoline's market share is projected to 
decline slightly from 1990 to 2005 by 0.7%' jet-kero's share should increase by =, and 
distillate should increase by 0.4%. Overall, the percent of light products (gasoline, jet-kero, 
and distillate) s h o d  in- by 26%, which will support refining margins and light to heavy 
crude and product spreads. 
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Interesting is the implication of these grow& rates on the individual light product balances. 
As is covered in the subsequent sectiom, the possible tightness m refined products wiU shift 
more towards jet-kero. Gasoline and distillate should remain firm, but the overall trends ark 
strongest for supporting jet-kem, and weakening rrsid-tocrude spreads. How prices 
eventually eqdiirate may be m d m d o w d  by disruptions in the market due to 
reformulated gasoline and low sulfur dieseL If the end point of gasoline is reduced to meet 
clean air emissions standards, a bt of material for jet-kero production win be freed up, and 
will tighten the gasoline supply/demand balance. 

U.S. Refinery Operations 

U.S. crude runs are forecasted to increase kom l3.4 MMBPD in 1990 to 14.1 MMBPD in 
2005 and 143 MBPD in 2010. We have not assumed any significant change in the US. cmde 
distillation capacity in our forecast- Incremental capacity creep is expted to be off& by 
some refhev cioswes due to the capital required to upgrade to make refomdated gas01i.e~ 
low sulhu diesel, and to phase-out JP4 production. 

The aggressive small-size r e h  are apected to realize that their most profitable future 
role is to become adjunct distillation capacity for the larger refiners7 and to provide them with 
today's finished products - which will be tomomw's intermediate streams and blending 
components - and let the larger refiners with their economics of scale and deeper investment 
pockets make the required capital investments. 

Our forecast calls for refinery utilization, defined as crude nan as a percent of opetable 
distillation capacity, to increase slowly over the forecast period, reaching close to 90% of 
capacity by 2005 ( F i r e  A-9). This is one of the factors that underlies our, forecast of ridng 
refining margins in constant dollar terms. 

Ola projected rehed  products balance also has several important assumptions 
concerning product exports, product imports, and other supp1y. As stated earlier, 
domestic demand and m d e  runs are projected to be gradualiy increasing through the 
forecast period, with a pull back in both as demand temporarily declines in 1999 and 
remains flat in 2000, due to the price spike in 1998 

Product impom play a pivotal role due to the nature of a commodity market in which a 
small surplus or &fitit of under 5% of demand is enough to swing prices horn their 
low to their hi@ Ur in economic terms, swinging from margins equalling miable 
cash costs to margins providing a level of capital recuveq that provides enough 
incentive to expand capacity. 

Bared on our analysis of the Clean Air Act and the population of the non-attainment 
cities7 and of supply logistics, we believe that the minimum percent of the US. gasoline 
pool that is comprised of reformulated gasoline in 1995, if no cities "opt in," is 35% of 
the total pooL 

Bonner E Moore Management Science 



(US. REFINERY OPERATIONS) 
(CRUDE RUNS % CAPACITY) 

90.0' 

88.0- .................................................................................................................................................. 



Our forecast is based on the assumption that U S  gasoline imports, which primarily 
come into the New York harbor area, will meet the Clean Air Act requirements. Since 
the majority of the exporters of gasoline to the United States do so based on economic 
incentives, or foreign exchange needs, we do not b e b e  that they will walk away h m  
the US. market, Instead, m' believe that they will gear up to produce reformdat& 
gasoline for export to capture what they believe will be a high priced commodity. 
However, this switch to reformulated gasoline, along with growing specification 
changes in non-US. markets and rising non-US. demand, is apeaed to keep gasoline 
imports flat at the 300 MBPD h l  through most ofthe forecast period 

With fiinished gasoline imports projected to be flat, the balance of the MIBE and 
other w e n a t e  requirement must be met by US production and by imports. While 
this volume is small on the scale of the total US. refined product balance, it is 
important in the US gasoline batance because it represents an additional source of 
gasoline without mming any more aude. 

With domestic demand growing, refinery utjhtion increasing, new grassroots 
refineries being built overseas, and the United States' being a net refined product 
importer, we do not expect refined petroleum produds exports to increase during the 
forecast period. In fact, we expect total product exports to decline slightly as exports of 
major products decline as US. refining capacity approaches fun utilization, and exports 
of other products level off. Gasoline exports are forecast to remain c011smt at 50 
MBPD, jet-kero exports should be flat at at MBPD, and distillate exports should 
decline to 50 MBPD as domestic demand increases. Resid exports are projected to 
remain flat at 225 MBPD, bared on the assumption that additional coking capacity will 
be b d t  or present cokers expanded to o&t the otherwire eqected increase in 
production that would occur with the crude slate getting heavier, and crude nms 
increasing. 

Product imports are forecast to move up and down with the changes in US. demand, a3 
they are the incremental balancing item in the refined product supplyfdemand balance, 
especiauy as the United States nears 90% of capacity near the end of the forexast 
period Product imports are currently depressed, as was domestic demand in 1991. 
Imports should recover in 1992 and 1993 as the economy rebounds, and demand moves 
back up to an annual projected gravth rate of 0.75%. 

Both categories, 4 0 r  products and other products, are expected to foIIow this profile. 
With the switch to reformulated gasoline, gasoline imports are projected to remain 
constant at 300 MBPD as stated previously. Jet-kero imports are expeded to increase 
steadily as demand grows throughout the forecast period. Distillate imports should 
track the overall distillate demand pattem, and resid imports are projected to remain 
essentblly flat sirnilas to domestic demand 

. 

On a percent of domestic demand bask, product imports should rebound in the next 
several yean to slightly wer 12%, decline as demand falls in 1999, and rise back above 
the 12% level by the end of the forecast period This cyclic need for imports to balance 
the market implies that there will also be a similar cyde in the support for product-to- 
crude spreads and refining margins, as these imports will need higher prices than at 
their originations in order for the economic incentives to be present 
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As disnmed earlier, US. domestic gasoline demand is expected to be 
undergoing moderate growth (with the exception of the reaction to the 1998 
price spike) throughout the forecast period (Figam A-lo), (Table Ad). With 
imports projeaed to be fiat, this translates to an increasing requirement for US. 
production, Gasoline poduction is projected to inaease from close to 7 
MMBPD in 1990 to slightly under 7.4 MMBPD in a 5 ,  an increase of 400 
MBPD, and to reach the 75 MMBPD range in 2010. 

These numbers translate to an increasing production of gasoline Erom crude or 
yield £kom the 19% level of 52%; this rate is achiewable, however, due to the 
introduction of an additional 185 MBPD of MIBE into the gasoline pool If this 
incremental volume of MIBE were backed out of the gasoline yield calculation, 
then the yield of gasoline at the 1991 level of MTBE usage would actually 
decline from dose to 52% doMl to 51% in 2001 and then level off at that point 
This adjusted yieM pattern is based on stage two vapor pressure reductions, some 
volume bss due to processing changes to meet reformulation specifications 
other that axygen content, declining yields as production capacities are pressed, 
a slightly heaver US. crude slate, and an increase in the percent of unleaded 
premium and unleaded midgrade in the gasoline pool 

The US. gasoline supplyfdemand balance is expected to continue to set the level 
of US. crude rams and the overall level of refining margins. Although gasoline 
imports are projected on an annual basis to be flat, they will still have an effect 
on future gasoline-t0-c~d.e spreads, but to a possibly lesser extent than in the 
recent past, 

With all of the possible disruptions due to the changing gasoline specifications, 
the underlying fundamentals of increasing demand and additional incremental 
processing are the support for our expectation of a gradually tightening gasoline 
market which is expeaed to support higher gasoline-tOlcrude spreads in constant 
dollar terms through out the forecast period. 

One hnal comment on refomdated gasoline specifications: the recent report of 
the autoloil industry study that reducing gasoliae's end point muld be beneficial 
in terms of air quality, could have a siificant effect on our forecast, I£ gasoline's 
end point were to be reduced, it would have the effect of shifting barrels out of 
the gasoline pool and into the jetkern p m L  This situation would result in an 
increase in jet-kem yields, and a decrease in gasoline yields, thus making the 
gasoline supply /ded balance tighter and the jet-kero supplyfdemand balance 
longer versus its current slightly short position. 

In 1990, we saw the drop in premium market share, while midgrade market share 
remahed constant when pump prices jumped through the roofwith the invasion 
of Kuaait (Figure A-11). As data comes in for 1991 actual and the premium 
market share is rmering but has not gone back to the 22% level of before the 
war despite a retreat in prices, our conclusion that the last increment of premium 
demand was based on a "buy the bestn rather than %uy what is requiredm 
reasoning appears to be conect 



IuS. GASOLINE BALANCE] 
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Based of this and historical trends, our forecast calls for the premium unleaded 
market share to gradually rise over the forecast period, reaching almost 25% in 
1997, declining as p h  jump up in 1998 back to the 22% level, and then slowij 
increase and remain at the 25% level dmhg the end of the forecast period 
Unleaded midgrade market share is forecasted to increase to 21% by 1997 and 
then remain at that level for the rest of the forecast period ?his grade mix 
prme will result in an haeasing average pool octane, which, along with the 
underlying growth in demand will result in an increasing total octane barrel 
requirement 

Some of this additional octane will be provided by the increase in MTBE 
supplies; however, due to the time limits of the Clean Air Act, MIBE is going to 
be a rather expensive octane source, as its price is likely to be more a function of 
cash malpubctlaing costs than octane blending value. This projections supports 
our forecast of slightly increasing gasoline grade differentials over the forecast 
perid 

The US. JP4 market is a result almost exclusively of US. military purchases. 
This product falls into the "other" refined product categoq. Recently the military 
has been consistently purchasing close to 200 MBPD of JP4. This volume 
dropped to 180 MBPD in 1990, and is projected to average 180 MBPD in 1992 

Due to safety concern and the fact that since JP4 is a specialty product it carries 
a price premium, the military has been considering a phaseout ofJP4 purchases 
and switching over to jet-kero which is less volatile and cheaper. 

Based on conversations with various sources, our estimate is that the phase out 
will begin in 1992, with no JP4 being purchased by 1995. Therefore our forecast 
has military demand constant at 180 MBPD, and switching from IP4 to jet-kern 
by 45 MBPD each year kom 1992 to 1995. 

Because the majority of the JP4 stream falls in the gasohe boiling range, this 
phase out will increase the jet-kero yields slightly, but the voIumes are so small 
that its net effect will be minor. The major effect is that the jet-ken, demand 
growth rate will be above our base gmwth rate assumption of slightly over 2% 
until the phasea~ t  is completed 

The US. jet-kem growth rate has been trending downward since 1984. Given 
moderate economic growth, the fact that air fares are low and airlines are losing 
money, and the government can only "deregulate" an industry one time, we 
expect the trend of declining growth rates to continue throughout the forecast 
period. As previously disrwsed, US jet-kern growth will be above our estimate 
of its long term growth potential due to the phaseout of JP4 b r n  1992 to 1995. 

Regardless of the timing of the JP4 phase out, we are predicting a tightening of 
the US. jet-kern supplyfdemand balance over the forecast period With 
increasing demand and increasing imports, jet-kero yield on crude will still need 
to increase substantidy in order for production plus imports to meet demand. 
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Our forecast calls for the jet-kero yield to increase from 9.6% of crude ~ o s  in 
1990 to 12.5% in 2005. The basis for thic strong performance is the industry's 
fourth quarter 1990 actual performance of producing jet-kern at a yield of 11% 
of crude runs. 

Jet-kero imports are forecasted to increase throughout the forecast period An 
increase in imports k consistent with a lower NON-OECD jet-plus-kerosene 
growth rate than the OECD growth rate. If our import forecast is tm low, there 
will still be a strong jet-lero market, as a greater economic incentive will be 
required to provide higher imports (Table A-7). 

Based on this tight jet-kero balance, we are forecasting jet-kero to distillate 
spreads to increase in constant dollar terms over the forecast period 

US. distiUate demand is projected to grow based on its 'linkage to GNP during ' 

the forecast period. With distillate demand growing faster than the total refined 
products growth rate, and faster than gasoline7 which is apeaed to continue to 
set US. crude runs, we are forecasting an increase in distillate imports with a 
nuctuating7 but essentially flat, distillate yield profile to balance the distillate 
market. 

Due to the increase in jet-kero yields to meet demand, we tbe majority of 
the incremental distillate supply to w m e  born imports. Our foreast assumes 
that the combined jet-kero plus distillate yield on crude will increase £tom its 
current level of siightly under 31% to 33% by 1995, and then remain fairly flat 
increasing slightly to just over 335% in 2005 and 2010. 

W~th domestic production getting tighter, we see imports returning back to the 
350 MBPD level by 1998, declining slightly with the price spike and then 
increasing again in the first decade of the U)OQr. This level of imports represents 
an increasing dependence on imports with the percent of domestic demand 
being comprised of imports rising to 12% by the end of the forezast pedod 
(Table A-8). 

WIth distillate or gasoil the major product for the rest of the world, this balance 
supports rising distillate to crude prices in constant dollar terms. 

US. resid demand is projected to experience a low growth ate throughout the 
forecast period, resulting in raid demand remaining essentially flat. W1th flat 
demand and increasing crude nms, either exports will have to increase or resid's 
yield on crude will have to decrease. 

With a slowly growing export market and a tightening light product market, we 
believe that US. coking or other resid conversion capacity will be expanded 
enough over the f o r a t  period in order to keep resid production and exports 
essentially flat. This means that resid exports as a percent of production will 

. increase only slightly, imports as a percent of demand will remain constant, and 
the resid yield on aude will decline from 7.1% in 1990 to 6.8% in 2005 and 2010. 



With resid becoming more of a byproduct and less of a co-product, we see fittie 
fundamental support 5ot anything but increasingly negative resid to aude 
spreads in anstant dollar tams once the resid market reaches a price 
equiliibrium (TsMe A-17). 

US. Refining Margin Implicntions 

The major impfication of the US total and individual refined product balances is a 
fundamental support for increasing refining margins. Wfi positive but modest light product 
growth rates, and stagnantgsid demand, the US. rebed product banel is getting lighter just 
as is happening in the rest of the world A-12). In addition, with relining capacity 
utibtion atready high and inaesdng, incremental demand will have to be met by product 
imports which traditionally have a higher cost than buying crude and refining it. 

While on a yield-fhmuude bask the pressure on gasoline is not apparent, the changing 
specifications and increasing octane barrel requirement will support the gasoline market. At 
the same time, the combined middle distillate market (jet-kern and distillate) is projected to 
be tightening which will support middle distillate prices. And finally, a permanently weak 
raid market, due to the low yield on d e ,  will not be enough to outweigh the positive light 
product pressures on refining margins. 

WORLD PETROLEUM SUPPLY 

Based on our demand balances, ,e total world petroleum demand is forecast to mcrease 
bcom 655 MMBPD in 1990 to 77.0 MMBPD in 2005, and 822 MMBPD in 2010. This 
demand is forecasted to be met by 36.0 MMBPD of non-OPEC cnide production in 1 B O  and 
38.6 MMBPD of non-OPEC crude produdion in 2W5, or an increase of 26 MMBPD. This 
leaves the market-balancing call on OPEC crude of 233 MMBPD in 1990, increasing to 30.6 
MMBPD in 2005, and 319 MMBPD in 2010 (Table A-10). 

OPEC Cmde Oil Supply 

AIthough we forecast a constantly inueasing call on OPEC cnrde oil production throughout 
the forecast period (except for a minor pull back after the 1998 price spike), OfECs next 
major problem will be acwmm&ting increases in supplies h m  Iraq and Kuwait, Their 
production increases in both capacity and desires are foreciist to out pace the world's call on 
OPEC crude. 

W e  b e b e  that the furrent situation of OPEC's being divided into two groups (one 
c011~isting of the major producers (Saudi Arab'ta, Iran, Iraq, Kuwait, UE, and Venezuela) 
that allow thek production to swing slightly in order to balance the market, and the minor 
players compris'ig the rest of OPEC (Ecuador, Gabon, Algeria, Libya, Indonesia, Nigeria, 
and Qatar) that do not have the large future production capacity potential and generally tend 
to produce as much as they can) will continue throughout the forecast period. 
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With this underlying assumption for OPEC, we k t  need to determine the production of the 
"minora producers in order to determine whether the remaining market share of the major 
producers is large enough to accommodate their individual production goals with a minimum 
of discipline. If this is indeed the case, then we have a sound bask for a price forecast of 
crude prices bcreaSiDg slightly in constant dollars, which is the stated goal of the Saudis. 

The minor producers (exocpt for Qatar) are 1 outside of the Middle East 
geographical grouping of OPEC While OPEC production has been increasing since 
1986, the non-Middle East portion has been nearly flat. Due to the future capacity 
estimates of the minor producers (except for Qatar, all of the minor producers' 
capacities are forecasted to decline or peak over the forecast period), this trend is 
expeded to continue in the future. The major capacity increases will be the countries 
with the largest resemes, which is the Middle East OPEC countries (Table A-3). 

Minor-member OPEC production is forecasted to remain between the 6.4 MMBPD 
and the 6.6 MMBPD levels throughout the forecast perid. This assumes that Ecuador, 
Gabon, Algeria, and b'bya continue to produce as much as they can (at or near 100% 
capacity utilization) as they have in the past Indonesia is projected to continue to 
consistently produce at 50 MBPD below their reported capacity (which appears 
overstated). Qatar is e x p t e d  to increase its production both in absolute barref terms 
and as a percent of capacity utilization. 

Nigeria is expected to help support prices during 1992 through 1994 as hq's and 
Kuwait's production comes back on the market This cooperation is minor though, and 
we have forecasted Nigeria continuing to produce at 1.9 MMBPD during this period 
This represents a 86% utilization rate given our estimates of Nigerian capacity peaking 
in 1993 to 1995 at 22 IKMBPD. 

OPEC's ability to support crude prices will be a function of the individual countries' 
production capacities and their mhne and price des'i. Saudi capacity is forecasted 
to increase from its current level of 8.6 MMBPD in two stages to 125 MMBPD by the 
end of the forecast period. The fint expansion to 10.5 MMBPD is expected to oaw 
from 1992 to 1994. The second expansion is apxtd to occur from 2001 to 2010. 

Iran's capacity is projected to maintain its current levtl of 3 5  MMBPD in 1992 
throughout the forefast period 

The UAE's capacity is expected to increase by 75 MBPD in 1992, and remain at the 25 
MMBPD level throughout the forecart period 

Iraq's production capacity is expected to be limited by its shipping or exporting capacity 
in the near term. This obviously is a function of the UNITES N A m  sanctions, 
Saudi wishes concerning use ofthe crude export lines to the Red Sea, and construction 
timing estimates (lifting of UNlTED NATIONS- sanctions on trade required) for 
rebuilding the pumps to get southern crude into the Turkey lines, rebuilding the pumps 
to get crude into the trans-Arabian lines, and rebuilding the Fao export terminal. 
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Assuming that the Saudis do not let Iraq pre the transArabian lines, Iraq could have 
produced close to 2 MMBPD in 1991 (1.6 MMBPD exported via the Turkey he, aod 
current 350 MBPD produetion for internal wflsumption and exports to Jordan). If the 
sanctions were lifted shortly, then either by rebuilding Fao or if the Saudis let Iraq use 
the lines to the Red Sea, then Iraq could produce and export slightly above its pre war 
capacityof3.1MMBPD~tarthsgin199t h r t o b ~ I n a q i s n p e c t e d t o b e  
able to raise its capacity starting in about k years from now, from 3.1 MMBPD in 
1996 to 4.0 MMBPD by 2005 and beyond. 

Due to the oil well fires and extensive damage to the nude gathering system and 
wellheads, Kuwait's capacity h e  is projezted to be slower &an Iraq's. R&tically, we 
expea K d t  capacity to remain kw in l992, and then rebound quickly in 1993 and 
1994 leveling off at 2 MMBPD @elow its pre war level of 2.5 MMBPD) until 1997 
when capacity is raised back to the 25 MMBPD leveL In 2001, we expect Kuwaiti 
output to expand slightly to 27 MMBPD but remain at that k.el for the balance of the 
forecast period. 

We believe that these capacities are realistidly achievable, vemn the somewhat 
inflated numbers that are mnstantly reported by the news semces. 

With this production capacity, the problem for OPEC is to devise an acceptable 
production level from 1991 through 1994 that will support crude prices. After 1994, 
with the Major OPEC producers projected to be fairly constant, worM demand is 
projected to out-pace OPEC capacity additions, making it easier for the major 
producers to reach a production control agreement 

In the near term (until the 1998 price spike), we expect Iraq to produce as much as it 
can. For this forecast, we have assumed that the UNITED NATIONS. sanctions are 
lifted in the middle of 1992 As of this moment, Iraqi production should jump by 800 
MBPD in the k t  half as the Kirkuk field production is exported via the Turkey line. 
In the second half, afkr the pumps are replaced, the Turkey line should be running at 
capacity of 1.6 MMBPD, bringing Iraq's total production to 1950 MBPD. 'Ihus, Iraq 
should be able to average 136 MBPD of crude produdion in 1992. 

In 1993, one year after the lifting of the UNITES NATIONS. sanctions, we expect 
work to have progressed enough to allow exports to begin at Fao. The rebuilding of 
Fao (or it a u l d  be the reopening of the Saudi lines to the Red Sea), will dow Iraq's 
production to rice to 2393 MBPD. 

In 1995, as work is completed at Fao, Iraq's production is expeckd to raise to 3.1 
MMBPD and remain there through 1996. 

From 1997 through 2005, Iraq's production is expected to increase along with world 
demand. To help support prices, we see them holding production slightly beiow 
capacity starting in 1999 when demand drops, but keeping production constant in 
absolute barrel terms and then raising production when demand rebounds. 

Kuwait is expected to produce at 100% of capacity until 1997, when their capacity 
jumps from 2 MMBPD to 25 MMBPD. At this point, Kuwait is expected to increase 
production only in line with world demand in order to support prices. 



Thus, our balance c a b  for bwaiti production to increase rapidly after a slow start 
Kuwaiti production is estimated to average only 137 MBPD in 1991,530 MBPD $ 
1992, jump to 1 3  MMBPD in 1993, incfease m e r  to 19 MMBPD m 1994 and 20 
MMBPD in 1995 and 19%- 

With Iraq and Kuwait madmidng production, this leaves the job of balancing the 
market up to Saudi Arabia, Iran, the UAE, and Venezuela All four need to make 
some production cuts from their still unofficial 1991 levels of 81 MMBPD, 3 3  
MMBPD, 24  MMBPD, and 23 MMBPD, respectively, in order to make room for 
increasing Iraqi and Kuwaiti proddon through 1994. 

We have assumed that there is some limited degree of cooperation and sharing of 
production cutbacks among these producers Due to the heavy nature of in crude 
(tmubtiog into limited demand), we expect Venezuela will be witling to reduce 
production down to the 225 MMBPD level in 1992 

This individual production prome leaves the Saudis with a d e t  balancihg demand 
for their crude of 81 MMBPD in 1991, slightly over 7.8 MMBPD in 1992, 72 
MMBPD in 1993, and reaches a low point of close to (but b e )  72 MMBPD in 1994. 

W e  believe that this production profile will be palatable to the Saudis, It keeps them 
above their pre-war level of production, and represents a duction to only 26% of 
total OPEC production, which is at or abwe 1986 to 1989 levels of this measure. Saudi 
production on a capacity utilization basis would only dedine to 65% in 1994, which is 
above recent per-war levels, even though they are expected to have added additional 
capacity by then 

OPEC capacity utihtion is projected to be on an averall upward trend over the forecast 
period and rach a minimum of only slightly wer 81% in 1994, when all of Iraq's and 
Kuwait's production comes back onstream. With these high capacity utilization rates, crude 
prices are forecasted to increase fkom their low 1991 levels, due to ament crude stock 
overhang, and then remain fairly constant in real dollar terms through 1995. Starting in 1996 
and continuing through 1998, crude prices should grad* increase in real dollar terms as 
OPECs capacity utilization  rat^ climbs over the 85% leveL 

In 1998, with OPEC capacity utilization over 88 percent, we expect another of the politically 
motivated price spikes to occur as only the Saudis win have significant levels (in themselves 
capable of lowering prices) of spare production capacity. After the price spike occua in 1998, 
demand is forecasted to decline as it has with the previous price spikes and OPEC capacity 
utiti7iltion is projected to drop back towards 83% with prices forecasted to be depressed in 
1999 and then recover in 2000. From 2001 to 2010 with demand and OPEC's utilization rate 
increasing, prices should have fundamental support to increase gradually in real dollar terms. 

We estimate that OPEC provided more than half of the world's crude oil in 1980, but its 
market share decreased to 31.4% in 1985. OPECs market share is estimated at 393% in 
1990, and is p m j d  to k 41.6% by the end of the d d c  Thns, OPEC is d on its way 
to Rclaiming the dominant position it held during the 1970s when i t s  market shoR 
exceeded 60%. 
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During the early l!Wk, the productive capacity of OPEC fell along with its actual production. 
Several OPEC nations have announced intentions to increase their production capacity. 
Some announcements, particularly by Saudi Mi have been received at face value. P h  
by other countries such as Iraq, Iran, and Venezuela have met with some skepticism. Most 
skeptics question whether these nations have the handal ability to undertake the enormous 
investments that will be needed 

 NO^-OPEC Cnrde Oil Supply 

Thus, the prevailing present trends of nearly 5 t  non-OPEC Qude production, OPEC 
remaining the residual supplier, and OPEC's share of the world's aude market increasing are 
projected to continue through out the forecast period (Figorr A-l3), (Table A.3). 

The slightly increasing noneOPEC production profile is based upon declining production in 
Nonh America, Mexids production increasing modestly, d e c W g  U X  production, Russian 
production continuing to decline until it bottoms in 1995, and nearly flat production in China 
Other non-OPEC countries' productions are projected to increase to o k t  the deciina in 
the mature production countries. 

The slightly increasing non-OPEC production prohle is bared upon declining production in 
North America, Mexids production increasing modestly, declining UX, production, Russian 
production continuing to decline until it bottoms in 1995, and nearly flat production in China 
Other non-OPEC countries' productions are projected to increase to o&t the declines h 
the mature production countrieses 

Specifically? our forecast is based on a decline rate slightly under 25% per year for the US 
through the forecast period Thus, US. produdion is projected to decline from 73  MMBPD 
in 1990 to 5.1 MMBPD in the year 2005, and 4 5  MMBPD in 2010. 

Mexican made oil production is forecasted to expand firom 25 MMBPD in 1990 to 28 
MMBPD in 2005, and 29 MMBPD in 2010. 'Ibis projection is based on an increccise in 
production in 1991 that we are already seeing? followed by no production gaim 1994 
when the result of the current expansion in the Mexican d d h g  and investment program 
begins to pay off. At this point, Mexican production is projected to increase by 1% per year 
for three yean and then level off at a long term sustahabIe growth rate of 05% per year. 

Canadian production is projected to increase in 1994 based on available production figures, 
decline in 1996, remain cwstant through 1998, and then assume a long tern decline rate of 
1% per year. This outlook translates into Canadian production remaining essentially fiat war 
the 15 MMBPD level through out the forecast period- 
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Russian production peaLed at lt8 MME3PD in 1988 and has been declining at an wer- 
increasing rate since then. Currently, the latest estimates have Russian production at slightly 
under 10-7 MMBPD in 1990 and dropping to 95  MMBPD this year, which is a decline rate of 
over 10%. 

The majority of the recent fan in USSR pfOdUCtiOIl is not due to the overall age and long 
term production profile of its reserves but due to political, etonomic, and technical problems. 
Because the reserves are known, and the potential for imprwement is so great, we believe 
that after the solution of its political and economic problems, Russia can stem its production 
decline, and eventually show a positive production growth rate- 'Ibis will not happen 
overnight 

Therefore, we are forecasting USSR production to continue to decline through 1998, b ~ t  at 
lower rate each year- Thus, we expect USSR produdion to reach a bottom of slightly more 
than 9 MMBPD and remain at this level until 20, at which point production is forecasted to 
begin to expand to a long term sustainable groanh rate of 1% per year. Based on these 
growth rates, USSR crude oil production should recover during the end of the forecast 
period but onfy to 9-6 MMBPD by 2010. 

China's production is expeckd to remain flat h m  1990 thn,ugh 1999 at slightly under 2 8  
MMBPD. Unlike the"Russians, the Chinese have decided not to advance political reform 
with economic reform and not to rely heavily on Western aid to stimulate oil production We 
believe that under this approach, the best China can do is to maintain its nude proddon at 
today's l&. We are forecasting a positive growth rate for China s t h g  in 2000 as 
eventually we expect the Chinese wil l  open up their oil sector in order not to become net oil 
importers- 

US. Crude Oil Supply 

Speci6calty, our forecast is based on a decline rate of 20% per year for the United States 
through the forecast period Thus7 US. production is projected to dedine horn 7 3  MMBPD 
in 1990 to 45 MMBPD in the year 2010 (Table A-11). 

Production in the United States has declined rapidly in the past feru years, falling from 8.97 
MMBPD in 1985 to an estimated 73 MMBPD in 1990 (F'ipre A-14). Our forecast calls for 
the decline to continue, but at a much sl-r rate. Production by the year 1995 'will have 
slipped to 6-7 MMBPD? with further declines to 5 9  MMBPD by the year 2000. We do not 
apea that potential production from the Arctic National Wildlife Refuge in Alaska or fkom 
deep water ofihore fields will be in production during our forecast period The drop. m US. 
producfion, combined with a lesser production decline in the United Kingdom, is apeded to 
be o m  by an increase in production by other non-OPEC nations- 

PRODUCT PRICE STRUCTURE 

As stated in the Supply section, our forecast. assumes that the US. emnomy fondws an 
underlying long-term GNP growth rate of 3% per year- With this economic growth rate 'we 
are assuming that the long term underlying inflation rate is 4% annually. The innation rate is 
lower in the 1991 and 1992 period due to the effects of the lower economic activity, but it 
picks up again in 1997 and remains above 4% through 2000 due to the projected crude price 
spike in 1998. 
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Crude Prices 

Spot West Texas Intermediate 0 crude prices are forecast to follow an upward trend in 
current and constant 1990 dollan over the forecast period through 2010 (Figure A-15). U. S. 
crude acquisition costs are expect& to follow a similar pattern during this period @'&Its A- 
n, A - q -  

This price forecast is based on projections of the world suppty/demand balance, which, based 
on moderate demand growth rates, and realistic future production pro£iies, results h an 
increasing capacity uwization rate fur OPEC, the incremental world crude producer and 
price setter. 

Spot W11 prices are projected to in- from close to $ZUB in 1991 to almost $55/B in 
2010. h consant 1990 d o h  terms, spot is furecasted to increase fkom around $2m in 
1991 to slightly over S24B in 2010.-Ihis outlook is maistent with S a d  Arabian goals of 
maintaining a relatively stable (gradually increasing) crude price to support demand growth. 
Since Saudi Arabia is apected to remain the true incremental or swing producer, we expect 
their aspirations to continue to have an overriding effect on prices in the long term. 

The forecasted crude price rise is not entirely linear, as we are projecting a price spike in 
1998 as OPEC's capacity utibtion temporarily increases near 90%. As .in the past, we 
believe that this market environment sets the stage for a politidly motivated (versus a supply 
constrained) price spike that will be temporary in nature due to the self-correcting reaction 
of demand declining. 

We also have forecast the US. average acquisition cost of cnde oil both in current and 
constant 1990 dollar terns, as this is a good yardstick to measure US. refining profitability 
and the relative strength of the refined produa markets (Figu~ A-16). 

Included in the forecast are the prices of Brent, Dub& Maya (US destinations), and the 
OPEC Crude Basket reference price. In constant 1990 dollars, the OPEC Crude Basket 
reference price is expected to increase from slightly l e s  than S17.6B in 1991 to $212/B in 
2005, and S21.8B in 2010. The corresponding spot Dubai price is forecasted from near 
$16- in 1991 to wer S18B in 2000 and beyond. At the same time, the spot Brent price 
should rise fiom over S19JB in 1991 to over S23B in 2005. Being a heavy crude in a weak 
raid market, Maya (US) prices are forecasted to haease from slightly over Sl2B in 1991 to 
a bit more than S W B  in 2010. 

Due to the nurent depressed r e d  market and frequent werhang of crude stocks, the 
relative strengths of the world's mdes need to be analyzed on a spread basis, as the above 
price increases are starting from a non-equiliirium point 

Crude Price spreads 

The forecasted crude spreads are re£kctive of a slightly heavying world crude slate, the 
production profiles of the various rrudes, and the growing percentage of light products and 
declining percentage of residual fuel oil that comprises both the US. and the world's re- 
product demand barref (Table A-14). 
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The WTIAJS. Average Acquisition Cost of crude spread is to remain essentially 
constant in amstant 1990 dollars over the forecast period at slightly over f lS/B. 'Ibis is a 
function of the increasing percentage of imports which o-ts the relatively higher price of 
domestic crude. 

The WTUBrent spread is f m t e d  to increase in constant 1990 d o k  tenns through 1997 
as US. production deches bster than the North Sea production @gum A-17). The crude 
prioe spike in 1998 causes a brief jump in the diEerentia1. The spread is forecasted to remain 
constant from too0 through f006 as the decline m North Sea production accelerates, and 
later declines as a result of other light crudes potentially becoming available in the future. 

With WIT increasingly becoming mostly a "Midwest cmde," and M a i  remaining a %orldw 
wde, the W?1I(Dubai spread is affected by the USmarket and the global crude market. The 
WTI/Dubai spread in constant 1990 QIlars is apefted to decline from 1991's preliminary 
high level of almost S4.7B and average closer to Se/B f h m  1992 through 1998 Qigrve A-18)- 
The 1991 spread has been temporary in nature due to below-average US. stocks this year, 
combined with a depressed resid market, and a depressed world crude market due to the 
stock overhang after the war- 

Based on our Wn and Dubai (Gulf medium sour) price forecasts, the 'WTf/OPEC Cnde 
Price Basket spread is also projected to increase in constant 1990 dollar terms over most of 
the forecast period, 

U.S. Gulf CotPst Refined Products Pries 

In regard to US. motor gasoline supply and demand, we expezt a slowing of the growth rate 
aver the nab few yean due to increased prices and a turndown in the US. emnomy. hoking 
out over the next Wee to five yean, we expect these price increases to result in only minor 
improvements in automobii eEiciency, which ariU be more than o f k t  by increases in the 
total number of miles &en (Figme A-19). This will allow for continued, modest growth in 
gasolioe demand Near the end of the decade, our foreast of increasing gasoline prices is 
expeckd to further dampen the growth rate in gasoline demand Throughout the forecast 
period, domestic supply is eqtxted to mntinue to provide nearly 95% of US requirements 
(Figure Am). 

Besides the increasing total motor gasoline demand, we expect that mid-grade and premium 
unleaded gasolines will continue to capture an increasing share of the motor gadbe market 
before Lining out at roughly 40% of the total gasoline demand in 1995 to 2OW. Leaded 
gasolines are forecast to be essentially phased out of the market by the early 1990s. More 
important, the passage of the Clean Air Ad will result in rapidly increasing requirements for 
reformulated gasoline For the purposes of this analysis, the most important impact win be 
the increased reliance on MIBE as an octane enhancer. 
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As shown below, the dif'ferexttial between premium and regular grades of gasoline will begin 
to widen in the htter 19% due to higher costs of providing incremental octane fl~&les A-15, 

Unleaded Premium 76.3 84.2 %.4 109.0 145.8 180.8 
Unleaded Regular - 703 - 78.4 - 898 - 101.8 135.1 1683 

We expect distillate demand to g ~ u w  at a faster rate than motor gasoline demand. This, 
growing demand is forecast to be met by essentially the same ratio of domestic supply versus 
imports. Our forecast is for domestic U.S. distillate demand to increase steadily to nearly 35 
MMBPD by the year 2000. We expect distillate prices to follow much the same pattern as the 
gasoline price forecast, 

MOTOR GASOLINE SPOT PRICES 
(CENTSPER G-N) 

Residual fuel oil demand in the United States has been fluctuating between 1 2  MMBPD and 
1.4 MMBPD for the last seven years (F ire  A-21). We expect that domestic co~sumption of 
residual fuel oil wiU deche slowly during the 19%, with demand averaging 1.7 MMBPD in 
2000, compared with 12 in 1990. The decline in production win be a bit less due to the effect 
of slightly increasing exports. Residual fuel oil prices wiU generally follow those of crude oil 
and other refind products; however, due to widened environmental restrictions, the 
premium on low sulfur fuel oil will tend to increase from approximately $5.40 per barrel in 
1990 to $7.00 per barrel by 2000 (Tables A-17, A-18). 

Refinery runs in 1990 are expect& to be 13.4 MMBPD. This represents an almost cuntinual 
increase in refinery rum since the 1983 low point of 11.8 MMBPD. Domestic demand for 
refined products is expxted to be somewhat flat in 1991 relative to 1990, allowing for the 
increased production to go into inventory. 
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U.S. Gulf Coast light product prices are forecasted to move with the US. average 
acquisition oost of rmde oil and trend upward throughout the forecast period light 
product prices are forecasted to rise faster than crude prices due to the increasing 
demand which results in higher r e b e q  utilization, the lightening of the U.S. and the 
world's rehed product date, and the changing gasoline and distillate specifications 
which will raise these products' production costs. 

The prices m this forecast are for gasoline which meets the requirements of the Clean 
Air Act, and for distillate that meets the new low sulfur diesel specifications. It is 
beyond the scope of this forecast to predict the price or price spread of any secondary 
market that may develop for non-highway or high sulfur distillate, and non- 
reformulated gasoIine- 

W e  do expect that the spreatds between high and low sulfur distillate, if a a0 tier 
market were to develop on the U.S. Gulf Coast as it has on the West Coasf it would be 
of the same order of magnitude of 15 to 2 0  cents per galion in 1990 dollar% 'Ihis 
spread is close to the variable cash costs for incremental diesel desulfurizatioon. The 
refomdatedlno-n-reformulated gasoline spread on the US. Gulf Coast, if a two tier 
market were to develop, would eventually be expected to drop to the variable cash cost 
involved. However, in the near term with a shortfall of caygenated blendstocks 
projected to be likely, the differential would be a function of the cost of MIBE 

Unleaded gasoline, jet-kero, and distillate prices are allprojected to increase as a ratio 
to gude (US. Average Acquisition Cost) through the forecast period after they 
dedine slightly kom their 1991 levels, which are elevated by the large price wings in 
the h t  quarter of last year. Based on our individual product supplyldemand balances 
for the US. and the global trends in light products consumption, we believe that on a 
ratio to crude basis, unleaded prices will increase more than distillate prices, and jet- 
kero prices will rise airnost equally as fast as unleaded pri- 

?his outlook assumes, of course, that the end point specification of gasoline is not 
changed in any updating of the Clean Air Act If the endpoint were reduced, we w d d  
expect gasoline prices to increase more than jet-kero prices if the volumetric gains 
were su&cient to require a constant jet-kero yield on crude runs. 

On a spread to crude basis (Figare A-221, in constant 1990 doIlars, the spot US; Gulf 
Coast unleaded regular gasoline spread is forecasted to decline from 1991's elevated 
level of near $633 to the f6B level in 1992 and 1993, and then increase to the $7/B 
level in 1987 before the price spike in 1998. During the prlce spike, nnleaded spreads 
are forecasted to shoot up to slightly wer S9/B versus crude and then drop back to the 
5675 level in 1999 before gradually increasing wer the balance of the forecast period 
to slightly over S8/B in BME. 
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Spot US. Gulf Coat MT33E prices are brecasted to discontinue .their past linkage 
with tduene prices starting in 1994, and to carry a premium due to the anticipated 
supply shortfall to meet demand if any additional areas decide to .opt into the 
reformulated gasoline program We expect MIBE/deaded spreads to reflect total 
cash costs economics plus some capital pay back incentive from 1995 through 1997, 
when additional MIBE plants that are not even in the planning stages will come on 
line. 

We are foremsting a r e a m q  in the MTBEiunleaded spread to near the 35 oendgallon 
level in 1992 through 1994, followed- by an increase to a projected peak of 40 
centslgallon in 1995. Starting in 1996 this spread is projected to decline back towards 
the 35 aent/gaUoo level and then drop in 1999 after the m d e  price sp&e to slightly 
below the 30 centbgalion level and remain there through UKIS. 

Based on our US. wpply/chmid balance, we are forecastkg an haeasing spot US. 
Guif Coast jet-kero/distillate spread throughout the forecast period after a decline in 
1992 due to elevated spreads in 1990 and 1991 with the W War, On a constant 1990 
dollar basis, jet-kerojdistillate spreads are expected to decline from 2 8  centsfgallon in 
1991 to the 2 cent /gallon level in 1992 and then steadily increase to the 4.75 
cent/gdlon level in 2005 with a upward blip in 1998 due to the crude price spike. 

Spot US. Gulf Coast residual fuel oil prices are expected to trend upwards with aude 
prices, but at a lower rate due to our projection of low US. and world growth rates for 
residual fuel and a declining market share that has been shrinidng since 1971 (Figim 
A*). 

W e  are forecasting spot US. Gulf Coast LSFO (0.7% S) and HSFO (3.0%0 S) prices to 
increase, in current dollars, fiom their depressed 1991 levels of slightly over S1535/B 
and S1135B to slightly over S19JB and SISJ/B, respectively, in 1992 and then 
gradually rise to almost S37B for LSFO and $27.75/B for HSFO in 2005. 

In constant 1990 dollars, the numbers reflect our "bearishn assessment of the future 
resid market. Resid prices should average close to $145/B for LSFO and $10.7518 for 
HSFO in 31991, increase to near $18/B for UFO and S14_3C/B for HSFO in 1992, and 
then remain -ntiaUy flat, with ISFO at S19B and HSFO at S14_3C/B in 2005, except 
for the crude price spike in 1998. 

On a percent-of-cpude basis? we are forecasting spot US. Gulf Coist LSFO prices to 
rebound from their depressed 1991 level of 80% to the 90% level for the balance of 
the forecast period, with a dip to-the 85% level in 1998 during the aude price spike. 
The spot New York LSFO price is erpeded to follow a similar pattern but at slightiy 
above the 100% level due to its location and quality diEerentkk. 

The spot U S  Gulf Coast HSFO price on a percent of crude basis is eqected to 
rebound from its depressed 1991 level of 60% to above the 70% level in 1992 and then 
decline to under the 70% level for the balance of the forecast period, with a dip in 
1998. 

On an spread-tmde basis, in constant 1990 dollars, the spot US. Gulf Coast 
HSFOlDubai price spread is forecasted to average less than S(3M)IS in 1991, 
decrease to $(3/B) in 1992, and then increase to the $(4/B) level in 2005. 
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The spot US- Gulf Coast ZSFO/HSFO diEerentia1 is forrecasted to gradually increase 
in constant 1990 dollars from near the $35/B level in the next several years to the 
S4.75/B level in 2005 with an upward blip in 1989. 

U.S. Gulf Copst RefininP Mprgips 

Based on our cnde and rebed products forecast, we are projecting a rise in US. Gulf Coast 
cash margins of about $125 per barrel in constant 1990 dollan wer the forecast period 
(Figure A-24). SpeciEtcally, we qec t  margins to average clobe to $230 per barrel in 1991, 
drop to the $2 per barrel level in 1992 and 1993, and then gradually increase to the $325 per 
barrel level in 2005, with a one-year spik in 1998 
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WORLD PETROLEUM DEMAND 
(M M BID) 

OECD NON-OECD 
,NORTH OECO OECO TOTAL UTlN MIDDLE TOTAL TOTAL 
AMERICA EUROPE PACIFIC PECD CHINA EUROPE AMERICA EAST 

2.46 
2.68 
2.90 
2.05 
2.90 
3.00 
3.10 
3.26 
3.30 
3.40 
3.48 
3.58 
3.67 
3.76 
3.85 
3.95 
3.65 
3.65 

4,02 

4.42 

AFRICA NON-OECD WORLD 

fable A-2 



WORLO CRUDE OIL PRODUCTION 
CMem 

OPEC 
MIDEAST OPEC OTHER OPEC NON-OPEC TOTAL 
T TOTAL NON- TOTAL 
SAUDI w, mAQ KUWAIT l,J& QATAR TOTAL VENZ NIGER lNDO LlBYA ALO€R Oll4EFt OPEC _ChN USSR CHINA OMER OPEC WORLD 



OPEC CRUDE OIL PRODUCTION CAPACITIES 
(MBID) 

MIDEAST OPEC OTHER OPEC TOTAL 
SAUDI A N  LRAQ fiUWAI_T UAE QATAQ SUBTO VENZ NIGER INDO LIBYA ALGER OTHER OPEC 

Table A 4  



U.S. PETROLEUM PRODUCT SUPPLY AND DEMAND 

SUPPLY 
CRUDE PROCESS NGL OTHER TOTAL mFRO PRODUCf TOTAL 
RUNS - 

11685 
12044 
12002 
12716 
12854 
13246 
13401 
$3409 
13350 
13322 
13262 
13391 
13416 
13550 
13684 
13802 
1 3692 
13721 

14087 

14462 

DMAND 
OOMESTlC PRODUCT 
DEMAND EXPORTS 

PRODUCT 
INVENTORIES 

WMoeLl 

73 1 
760 
705 
750 
718 
707 
660 
715 
715 
737 
729 
735 
742 
749 
75 6 
74 1 
74 1 
745 

752 

759 



U.S. 
MOTOR GASOLINE SUPPLYDEMAND 

(MBID) 

SUPPLY DEMAND INVENTORY 
PRO- NET FROM DOMSTlC 

DUCTlON IMPORT TOTAL - 
(MMBBL) 

TOTAL FlNtSHED 
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U.S. 
JET KEROSENE SUPPLYIDEMAND 

(M BID) 

SUPPLY 
PRO- NET FROM 

DUCTION IMPORT !WEN TOTAL 

844 
959 

1 Ol? 
1121 
1204 
1263 
1307 
1345 
1340 
1409 
1487 
1566 
1646 
I681 
1719 
1758 
1758 
1758 

1911 

2064 

DEMAND ENDING - - 

DOMESTIC INENTORY 
(MBID) D = %  EXPORT (MMBBU 

Table A-7 



SUPPLY 

US. 
DISTILLATE SUPPLYIDWAND 

(MBJD) 

PRO- NFT FROM 
INVEN TOTAL - - 

DEMAND ENDING 
DOMESTIC INVENTORY 

DEL% EXPORT - 

Table A-8 
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U.S. 
RESIDUAL FUEL OIL SUPPLY/DEMAND 

W I D )  

SUPPLY 
PRO- NET FROM 

DUCTlON IMPORT INVEN TOTAL 

DEMAND ENDING 
DOMESTIC INVENTORY 
(MWD) DEL % EXPORT fMMBBL) 

Table A-9 



NON- 

25,03 
25.88 
25.86 
26.55 
26.80 
27.30 
27.98 
27.97 
20.26 
28.87 
29.85 
30.21 
30,69 
31,16 
3) .64 
X I 7  
31.58 
31.58 

33*97 

36.56 

TOTAL 

50.82 
60.30 
60.13 
61.03 
62,71 
64.30 
65.53 
65.50 
66.04 
87.12 
60.G 
69.61 
70.63 
71.64 
72.66 
73.76 
72.40 
72.40 

77,07 

82,25 

OPEC 
cwoe 

17.89 
t 7.86 
16.63 
10.73 
10.85 
20.70 
22.36 
23.35 
23.56 
24.32 
25.64 
26,31 
26.94 
27.04 
27.83 
28.62 
28.10 
27.03 

30.61 

31 ,O3 

OPEC TOTAL TOTAL b NON- TOTAL 
CRUDE CRUDE NBL'S OT)tEfl CRUDE SUPPLY 

WORLD PETROLEUM SUPPLY AND DEMAND 
(M M O/O) 

DEMAND SUPPLY 
NON- GAIN TOTAL 

STOCK 
CHANGE 

(0.72) 
(0.69) 
(0.86) 
(0,OS) 
(O*W 
0.10 

(O,O!i) 
0.51 
0.19 
0.02 
0.01 
0.00 
0.00 
0.00 
0,oo 
oaoo 
0.22 
(OAQ) 

0.00 

0.00 
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US. CRUDE 011 SUPPLY AND DEMAND 
(Mfm 

ENDING 
DEMAND SUPPLY INVENTORIES 

REFINERY DIRECT TO LOSS d OOMESTIC FROM IMM BBLl 
flUNS TO FUEL 'SPCt EXPOnTS UNACCNTD JOTAh A PROD'g INVEF) )MPORTS COMM'L SPR 

* OOMESTlC CRUDE TO SPA 
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CRUDE OIL PRICES 
($m 

(CURRENT DOLLARS) 

96 
PER YR 

3-82 
3-68 
297 
2-73 
3-09 
3-26 
4-69 
4-08 
3-50 
4.04 
4.49 
4.20 
4-00 
4-00 
4.60 
6-00 
5-00 
4-50 

4-00 

4-00 

GNP USAVG 
DFLTR ACQ COST 

SPOT 
wrl - 
30-39 
29.40 
27-98 
15-01 
19-13 
15-96 
19-64 
24-45 
21 -68 
23-35 
24-?5 
26-00 
27.00 
28.25 
30.50 
38.50 
33-00 
3500 

45.00 

55.00 

OPEC 
BASKt7 

1 7-35 
22-34 
18-30 
21 -00 
2235 
23.25 
24-00 
25-00 
27-00 
33-65 
29-20 
31 -00 

39.85 

49-90 

BRENT 

29.71 
20.72 
27.47 
14-1 9 
1 8-39 
1 4-95 
18.1 5 
23.70 
20.23 
21 -95 
23-30 
24.30 
25-20 
26-35 
28.45 
36-1 5 
30.70 
3260 

421 0 

5297 

MAYA 

IOS) 

1275 
1267 
1 1 -23 
14-69 
17-1 5 
12-85 
17-20 
18-35 
1 9-20 
19-70 
20-30 
21 -80 
26-85 
2295 
24.60 

30-45 

35.99 

Table A42 
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-- 

CRUDE OIL PRfCES 
($m 

(CONSTANT 1 DOUARS) 

US. INFLAT ION 
Oh 

PER Y R  

3.82 
3.68 
293 
273 
3.09 
3-26 
4-69 
4-08 
3-50 
4-04 
4-49 
4-20 
4-00 
4.00 
4-60 
6-00 
5.00 
1-50 

4-00 

4-uo 

GNP USAVG 
DFLTR ACQ COST 

SPOT 
Wn - 
38-47 
35-89 
33, I7 
1 7-32 
21 -41 
17-30 
20-44 
24.45 
20.95 
21 -69 
3300 
3318 
3314 
ZL28 
3399 
27-38 
2235 
2269 

23-98 

24.08 

OPEC 
BASKET 

78-06 
3334  
17-67 
19-50 
19-86 
1 9-83 
19-68 
19-72 
20-36 
23-93 
1 9.78 
a09 

21 -23 

21 -85 

BRENT 

37-61 
35-06 
32-56 
16.38 
20.59 
1 6.20 
18-89 
23-70 
19-55 
20.39 
20-71 
20-73 
20.67 
20-78 
21 -45 
25-71 
20.80 
21.13 

22-43 

23.20 

MAYA 
ius) 

14-71 
t 4.1 8 
1217 
I 5-29 
37-15 
12.42 
15-97' 
16-31 
1 6.38 
1 6.1 6 
16.01 
1 6-44 
19-10 
15-55 
1 5.95 

1 6-22 

1 5-76 

Table A43 



CRUDE OIL PRICE SPREADS 

(CONSTAm 1990 DOLIARS) 

WI-I w1 
vs vs 

USAVG OPEC 
ACQ COST BASKET 

WTI 
vs 

BRENT 

0.86 
0.83 
0.61 
0.94 
0-83 
1 .I 0 
1.55 
0.75 
1.40 
1.30 
1 ;29 
1.45 
1 -48 
1 S O  
1.55 
1.67 
1.56 
1 -56 
1.56 
1.56 
1.56 
1.55 
1.55 
1 .SO 
1 -40 
1 -27 
1.10 
0.89 

BRENT 
vs 

OUBAl 

1.94 
1.54 
1 A8 
1.48 
1.69 
1.94 
2.61 
3.31 
3.39 
2.88 
2-80 
2.60 
2.62 
2.80 
2.79 
3.59 
3-29 
3-01 
3-15 
3.36 
3.52 
3.52 
3.52 
3.32 
3.1 2 
2.92 
2.71 
2-49 

MAYA 
(US) 
vs 

DUBAl 

(0.1 8) 
(4.71) 
(2.09) 
(0.99) 
(3-24) 
(3.74) 
(1,531 
(1 -60) 
(1 -75) 
(1.89) 
(1 -971 

(3.02) 
(1 -96) 
(2- 1 7) 
(2.31 ) 
(2.43) 
(2.48) 
(2.55) 
(2.69) 
(3-1 3) 
(3.57) 
(4.03) 
(4.48) 
(4.95) 
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CRUDE 
ACQ COST 

69.03 
68.7 7 
63.68 
34.92 
42.56 
35.05 
42.76 
53.2 1 
46.55 
50.83 
54.05 
57.74 
59.76 
62.38 
67.26 
85.48 
72.86 
77.1 4 
80.95 
86.07 
90.48 
95.00 
99.40 

104.86 
109.3 1 
1 13.79 
1 18-24 
122.71 

SPOT U.S. REFINED PRODUCT PRICES 
(Qi GAL) 

(CURRENT DOUARS) 

UNLD UNLD PREM KERO 
REG MID UNLD J€J DfSf - 
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CRUDE 
ACQ COST 

87.38 
83.22 
75.50 
40.30 
47.64 
38.00 
44.51 
53.21 
44.97 
47.21 
48.04 
49.25 
49.01 
49.1 9 
50.71 
60.79 
49.35 
50.00 
50.46 
51 S 8  
52.1 4 
52 -64 
52.96 
53.72 
53 .&I 
53.89 
53.85 
53.74 

SPOT US. REFINED PRODUCT PRICES 
(@!GAL) 

(CONSTANT 1990 DOUARS) 

UNLD 
REG - 

104.77 
92.74 
90.32 
49.83 
55.91 
51.01 
57.74 
70.34 
59.65 
62.51 
63.1 0 
64.83 
64.26 
64.65 
67.77 
83.30 
66.06 
66.00 
67.71 
69.38 
70.41 
71 -32 
72.00 
73.05 
73.43 
73.67 
73.78 
73.78 

UNLD 
MID - 

72.78 
61.01 
64.37 
64.88 
66.72 
66.33 
66.88 
70.1 2 
86.63 
68.08 
68.12 
69.94 
71.69 
72.94 
73.91 
74.64 
75.73 
76.14 
76.42 
76.55 
76.56 

PREM 
UNLD - 
109.83 
97.63 
95-06 
56.32 
60.66 
58.91 
63.73 
76.29 
63.04 
66.69 
67.32 
69.34 
69.06 
69.52 
72.66 
90.47 
70.39 
70.67 
72.86 
74.66 
75.94 
76-94 
n.69 
78.68 
78.97 
79.1 5 
79.29 
79.20 

KERO 
3tr - 
102.00 
96.20 
90.08 
51 .I 8 
57.1 0 
49.97 
57.41 
72.31 
56.78 
59.85 
60.61 
61 -87 
62.02 
62.54 
65.03 
80.05 
63.34 
64.72 
65.26 
67.05 
67.90 
69.20 
69.98 
70.61 
71 -09 
71.44 
71.65 
71 -75' 

MTBE - 

1 17-67 
75.40 
77.80 
88.54 
90.14 

-1 12-53 
84.25 
95.47 
97.n 
10236 
106.62 
104.09 
1 04.04 
121 -62 
95.51 
97.23 
98.48 
100.68 
1 01.42 
103.06 
1 03.36 
1 03.48 
102.95 
1 03.73 
103.38 
102.91 

Table A-76 

Bonner E Moore Management Science 
APPENDIXA A-67 



U.S. INFIATION 

SPOT FUEL OIL PRICES 
($f%BL) 

CURRENT $ 

% GNP I 3s AVG 
PER VR DFLTR ACQCOST DUBAI 

GULF COAST NEW YORK CARIBBEAN 
3.096 S 
HSFO - 
24.23 
26.32 
22.39 
11.21 
15.27 
10.50 
13.34 
14.46 
10.14 
12.64 
15-20 
16-40 
16.90 
17.45 
18-80 
23-35 
19.85 
21.85 
23.00 
24.50 
25.50 
26.85 
28.30 
30.29 
32.31 
34.46 
36.40 
37.38 

LSFO - 
29.69 
30.52 
27.95 
15.47 
19.32 
15-67 
18.93 
23.1 7 
17.58 
1 9.32 
22.05 
23.54 
24.74 
25.98 
28.04 
34.68 
30.01 
32.87 
34.88 
37.24 
39.1 0 
41 -32 
43.59 
45.90 
48.28 
50.75 
53.1 1 
54.46 

HSFO - 
25.28 
27.37 
23.35 
12.10 
16.1 0 
1 1.33 
14.33 
15.82 
11.04 
13.72 
16-25 
1 7-49 
18.04 
18.63 
20.04 
24.68 
21 -26 
23.32 
24.53 
26.09 
27.1 5 
28.57 
30.09 
32.1 5 
34.23 
36.45 
38.46 
39.51 

2.8% S 
HSFO - 

24.1 0 
26.40 
22-46 
11.17 
15-34 
10.51 
13.30 
14.80 
13.41 
15.69 
1 6.75 
16.45 
1 6-95 
17.51 
18-86 
23.41 
19.92 
21.92 
23.07 
24.58 
25.58 
26.93 
28.39 
30.39 
32.41 
34.56 
36.51 
37.50 

- 
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SPOT FUEL OIL PRICES 
(WBB L) 

CONSTANT 1990$ 

US. lNFLATION GULF COAST NEW YORK CARIBBEAN 
Yo GNP USAVG 

PER YR DFLTR ACQ COST DUBAl LSFQ 

33.41 
34.06 
28.50 
15-61 
1 9.38 
14.98 
17.89 
19.84 
14.1 3 
1 5.69 
1 7.33 
17.91 
1 7.96 
18.06 
18.n 
21 -76 
17-58 
1 8.47 
1 8.79 
19.30 
19.45 
19.73 
20.01 
20.51 
20.96 
21 -41 
21 -70 
21.78 

HSFO - 
30.67 
32.1 3 
26.54 
12.94 
17.09 
11.39 
13.88 
14.46 
9.80 

1 1.74 
13.51 
13.99 
13.86 
13-76 
14.17 
16.61 
13.45 
14.1 6 
14.34 
14-68 
14.69 
14.88 
15.08 
1 5-52 
15.92 
16.32 
16.58 
1 6.37 

0.3% S 
LSFO - 
37-58 
37.26 
33.14 
1 7.85 
21.62 
16.98 
19.70 
23.1 7 
16.99 
17.94 
19-60 
20.08 
20.29 
20.49 
21 -14 
24.66 
20.33 
21 -31 
21.74 
22.32 
22.53 
22.89 
23.22 
23.51 
23.78 
24.04 
24-fg 
23.85 

3.6% S 
HSFO - 
32.00 
33.41 
27.68 
13-96 
18.03 
12-29 
14.91 
15.82 
10.67 
12.74 
14.44 
14.92 
14.79 
14.69 
15.11 
17.55 
74.48 
15.12 
15.29 
15.64 
15.65 
15.83 
16.03 
16.47 
16.86 
17.26 
17-52 
17.30 

2.8Yo S 
HSFO - 
30.51 
32.23 
2.6.63 
12-89 
t 7.17 
11.39 
13.84 
14.80 
11.02 
14.57 
14.89 
14.03 
13.90 
13.81 
14.22 
16.65 
13.49 
14.21 
14-38 
14.73 
14.74 
14.92 
15.12 
15.57 
15-96 
16.37 
16.63 
16.42 

Table A-78 
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SPOT FUEL OIL SPREADS 
(SIBBL) 

CONSTANT 1990$ 

GC GC GC 
HSFO HSFO LSFO 

vs vs vs 
DUBAl USAVG USAVG 

ACQ COST ACQ COST 

NY 
LSFO 
vs 

HSfO 

5.58 
3.85 
5.46 
3.89 
3.60 
4.70 
4-79 
7.35 
6.32 
5.20 
5.1 5 
5.1 6 
5.49 
5.80 
6.03 
7.1 1 
5.93 
6.1 9 
6.45 
6.68 
6.89 
7.06 
7.1 9 
7.04 
6.92 
6.77 
6.67 
6.55 



SPOT U S  REFINED PRODUCT PRICES 
RATIO TO CRUDE 

(CONSTANT 1990 DOLLARS) 

UNLD 
REG - 
1 -20 
1.1 1 
1.20 
1 -24 
1.17 
1.34 
1.30 
1.32 
1.33 
1.32 
1-31 
1.32 
1.31 
1-31 
1 .34 
1 .37 
1.34 
1 -32 
1.34 
1.35 
1.35 
1.35 
1.36 
1 -36 
1.36 
1.37 
1 -37 
1 -37 

UNLD 
MID - 

1.37 
1.36 
t -36 
1-35 
1 -35 
1.35 
1.36 
1-38 
1 -43 
1.38 
1.36 
1.39 
1.39 
1.40 
1.40 
1.41 
1.41 
1.41 
1.42 
1.42 
1.42 

PREM 
UNLD - 
1 -26 
1 .I7 
1.26 
1.40 
1 -27 
1 -55 
1.43 
1.43 
1.40 
1.41 
1.40 
1.41 
1-41 
1-41 
1.43 
1-49 
1.43 
1.41 
1.44 
1.45 
1.46 
1.46 
1 -47 
1 -46 
1 -47 
1 -47 
1 -47 
I .47 

KERO 
JET - 
1.17 
1.16 
1.19 
1 -27 
1 -20 
1 -32 
1.29. 
1.36 
1 -26 
1 -27 
1 -26 
1 -26 
1-27 
1 -27 
1 -28 
1.32 
1 -28 
1-29 
1.29 
t -30 
1-30 
1.31 
1.32 
1.31 
1.32 
1 -33 
1 -33 
1 -34 

fable AIZO 
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SPOT US. REFINED PRODUCT PRICE SPREADS 
(CONSTANT 1990 DOLLARS) 

UNLDi 
CRUDE 

AAC 
$/BBL 

7.30 
4.00 
6.22 
4.00 
3.47 
5.47 
5.56 
7.7 9 
6.17 
6.43 
6.33 
6.54 
6.40 
6.49 
7.1 6 
9.45 
7.02 
6.72 
7.25 
7.48 
7.68 
7.85 
8.00 
8.12 
8.22 
8.31 
8.37 
8 A2 

MID 
VS 
REG - 

2.44 
1 -36 
1-86 
1 -78 
1.89 
2.07 
2-22 
2.35 
3.33 
2.02 
2.12 
2.22 
2.31 
2.53 
2.59 
2.64 
2.68 
2.71 
2.74 
2.76 
2.78 

PREM KERWET DISTI 
VS 

REG - 
5.06 
4-88 
4.74 
6.49 
4.75 
7.90 
5-98 
5.95 
3.39 
4-1 8 
4-22 
4-52 
4-81 
4-37 
4.89 
7-17 
4-33 
4.67 
5.14 
5.27 
5.53 
5-62 
5.69 
5.62 
5-55 
5.47 
5.51 
5.42 

CRUDE 
AAC 

$lBBL 
4.42 
4 -47 
4.74 
3.09 
3.21 
3.62 
3.99 
5.09 
3.76 
4.38 
4.39 
4.17 
4.20 
4.38 
4.67 
6.14 
4.57 
4.66 
4.75 
4.82 
4.88 
4.93 
5.08 
4.95 
4.86 
4.83 
4.74 
4.70 

GULF 
COAST 
CASH 

MARGIN 
$?BBL 

1.86 
0.46 
1.35 
1.33 
0.40 
2.38 
2.04 
3.1 6 
2.92 
2.24 
2-22 
2.1 9 
2.18 
2.29 
2.73 
4.1 7 
2.51 
2.40 
2.72 
2.79 
2.92 
3.06 
3.1 8 
3.1 8 
3-23 
3.28 
.3.32 
3-35 

Table A-21 



SECTTON 2 

TEE US. CLEAN AIR ACT AMENDMENTS OF 1990 

The QePn Air Act Amendments of 1990 is one of the best exampies in recent history of how 
the forces of government and environment can be all~nsumingg Without a doqbt, the aean 
Air Act of 1990 will change all of our k 

It is important to understand that the US. Congressional actions and EPA mandates have 
been undergoing careful considemtion for mang years. The anticipated tedertvironmental impact 
should benefit all of us in the form of substantially reduced amounts of air poIIutiox~ At a 
projected cost of less than 54 per gallon, the public should gain measurably cleaner air. 'Ihe 
emission of volatile organic mmpounds (VOCs) by gasoline-powered vehicles should fall by 
15%, beghing in 1995, in covered ozone non-attainment areas. Also, mass toxic emissions 
should fall by at least -0 in meted areas. Cases of *mcer associaw with these types of 
toxic emissions are projected to be reduced by 25.33%. 

The Clan Air Act was signed into law on Nwember 15, 1990, and sets guidelines for air 
pollution control which impact those who moke fuel, as well as those who use it, or who 
manufacture products which use it. It mandates guidelines for s m c  actions and standards, 
as well as a continued pm-aetne study to be undertaken by Congress in the mming years to 
continue the pursuit of mhhkbg air pollution. Committees me to d u a t e  the harmful 
effects upon our environment of various f w l  compents and/or emissions such as benzene, 
formaldehyde, and 1,3 butadiene. Such studies are to begin within 18 months of the Act, and 
acted upon within 54 m a n t h  

One unique aspect of this Act is the mandate for continual duat ion and review of our air 
quality and the elements which we put into i t  

Oxygenated Gasoline Required in 1992 

There are 41 areas in the country whose levels of airborne e n  monoxide are gauged to 
be in exas  of 95 parts per million (pprn). By the Ciean Air Act's guidelines, this is the 
threshold which indicates excessive amounts of COI 

Effective November 1, 19!U, it is required that all gasuhes sold witbin these areas be 
oxpgenated, or to contain Z7% m e n  by weight daring the tima of tbc year whew in the 
judgment of the EPA, the areas are prone to high ambient concentrations of carbon 
momoxide, Most of the cities will have a four-month contro1 period, November through 
Febnmy. The EPA is proposing longer control periods for the £be wont areas. 'The length 
of the period will match the length of the CO pollution season. Bonner & Moore estimates . 
that as a basease scenario, well over 16% of the total US. gasoline pool will need to be 
oxygenated in order to m e t  this-requirement for the years 1992 through 1994. 

Bonner & Moore Management Science 



The 27% requirement is not without controversy. Many rehers will be handcuffed without 
the redefinition of what constitutes product which is substantially similar to unleaded 
gasoline, because previous restrictions on substaotially similar product would have made 
oxygenates use.& unleaded gasoline illegal. 

Early in 1991, the EPA was asked to broaden 3s meaning of substcmtialiy siutilar product - 
meaning, what product it would consider to be acoeptably comparable to currently marketed 
unleaded gasoline, so as not to require the submission of a separate waiver. Atthough the 
Clean Air Act does not define substaatiailp similar, the EPA has recently commented on it. 
Effective immediately, "...the allowable q g e n  content for a substantially similar unleaded 
gasoline is lacreased fkom 2 W o  (mar) by weight to 27% (max) by weight, for blends of 
aiiphatic alcohols andfor etbets, exciudhg methanoLm It was M e r  noted that, "unleaded 
gasolines containing up to 27% q g e a  by weigh-i no major differences fkom vehicle 
certification fuel with respect to &beability or mate& cornpa&ility..' It is important to 
note that the EPA is not changing tbe breadth of the permitted aliphatic ethm - only the 
total q g e n  content This rime k a relief to rehers and bIenders because it promotes 
greater flexiiility in meeting governmental regulations on required levels of oxygen content 
in gasoline. 

For the sake of clarify, the f o I I d g  dehition of substantially similar k provided by the 
Environmental Proteaion Agency= 

Substantially Similar 

EPA will treat a fuel or fuel additive for general use in light-duty vehicles 
manufactured after model year 1974 as srbstantMy similar to any fuel or 
fuel additive u&z& in the certification of any model year 1975, or 
subsequent model year vehicle or engine, under section 206 of the Acc ie., 
substantially similsr, if the following criteria are met 

(1) The fuel must contain carbon, hydrogen, and oxygen, nitrogen, and/or 
sulhu, ex~hxsively,~ in the form of some oombination of the following: 

(a) hydrocarbons 
@) aliphatic ethers 
(c) aliphatic alcohols other than methanol 
(d) (i) up to 03% methanol by volume 

(ii) up to 275% methanol by volume with an equal volume of 
butanol, or higher molecular weight alcohol 

(e) a fuel additive2 at a concentration of no more than 025% by weight 
which contri'butes no more than 15 ppm sulfur by weight to the fueL 

(2) The fuel must contain no more than 20% oxygen by weight, except fuels 
containing aliphatic ethers and/or alcohoIs (excluding methanol) must 
contain no more than 27% oxygen by weight. 



(3) The fuel must possess, at the time of manufacture, all of the physical and 
chemical characteristics of an unleaded gasoline as specified in ASTM 
Standard D 481488 for at least one of the Seasonal and Geographical 
Volatility Classes speciEied in the standard 

(4) The fuel additive must contain ody carbon, hydrogen, and any one or all of 
the following elements: crxygen, nitrogen, and/or sulfur.3 

Refomdated Gasoline Steps to Center Stage 

It has long been accepted thai a reformdated gasoline blend which includes oqgenates will 
make a marked reduction in w e d l  levels of air po1lution Several major gasoline marketers 
have already introduced reformulated gasoline products. In order to avoid conhrsion on the 
subject, the EPA must p r e s a i  what reformulated gasoline is, and what it is not. . 

Through an extended regulatory negotiation process and comment period, the EPA was able 
to reach a .  agreement on proposed reformulated gasoline regulations. Tbese requirements 
include the product spedfications and performance standards which must be met in order for 
gasoline to be certif?ed as reformulated. Also, the EPA de£ines the proce~s whereby gasolines 
can receive certif?cation. A program for granting tradeable credits to fuel producers that 
oertiry reformulated gasoline that is less-polluting than required win be spelled out. The EPA 
is also required to establish the provisions implementing the prohibition of selling 
conventional gasoline that is dirtier than it was in 1990. 

It was agreed to use a 'simple modeln for reformulated gasoline certification initially, until 
May 1997. The EPA is to issue a Notice of Proposed Rulemaking on a "complex model" for 
reformulated gasoline certification by the end of November 1992. A final rule is to be issued 
by May 1993 for use in certification of products produced on or after March 1997. 

The EPA has until November 15, 1991, to &he the exact requirements of reformulated 
gasoline. Those requirements win include the product specifcations and performance 
standards which must be met in order for gasoline to be certified as reformdated Also, the 
EPA will define the process whereby gasolines can receive certification. A program for 
granting tradeable credits to fuel producers that certify reformulated gasoline that is less- 
polluting than required will be spelledcout, The EPA is also required to establish the 
provisions implementing the prohibition of sekg cowentiond gasoline that is dirtier than it 
was in 1990. 

Section 211(k) of the Act, as amended, proh&ts gasoline that the EPA has not certified as 
reformulated from being sold to consumers in the nine large cities which experienced the 
worst levels of ozone pollution between 1981 and I=, ie, Baltimore, Chicago, HHaafd, 
Houston, Los Angels, Milwaukee, New York, Philadelphia, and San Diego. Any other 
ozone non-attainment area may "opt-in" to have the prohiition applied to gasoline sold 
within its borders at the request of the governor of the state m which it is ba ted .  
Furthermore, conventional gasoline sold elsewhere may not be more polluting than it was in 
1990. The prohiitions take effect beginning January 1,1995; however, a later effective date 
may be provided by the EPA in the case of the opt-in areas, where it is determined that the 
adability of some necessary fwl additives are in too little supply. 

%purities which produce gaseous combwtion products may be present in !he fuel add'ie 8! tface 
levels. 
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In order to establish a oommon bash for cornpariron of gasolines, the EPA set up guidelines 
for what they refer to as Baselhe Gadhe Ihe EPA has a h  created the tern Baseline 
Vehicles. These are simply representative 1990 mode1 year vehicles9 selected by the agency 
for the creation of a standard basis of comparison, for the purpose of measuring air emissions 
- either through the tailpipes or by way of evaporation 

Baseline Gasoline has summertime speciscations and wintertime s~cati011~. 'Ibe 
summertime specifications are appiicable in the case of gasoline sold during the high 
ozone period (as de£hed by the EPA) and are as follows: 

BASELINE GASOLINE FUEL PROPmTlES 
(Summe*e Specs) 

API Gravity 
saw, ppm 
Benzene, % 
R W ,  psi 
Octane, R+M/2 
IBP, T 
lo%, "F 
50%, T 
90%, "F =, "F 

II Aromatics, % 
Olefins, % 

ll Saturates, % 58.8 

The EPA has yet to establish the wintertime specitications. The wintertime specs of 
baseline gasoline are for gasoline sold at times other than the high ozone period (as 
dehed by the EPA). These specifications shan be the specs of 1990 industry average 
gasoline sold during such period. No marketers of gasoline may sell products which are 
more polluting than their own marketed products, in the aggregate, h m  the year 1WO. 
If such data is not available, tbe baseline gasoline speci£icatiom will be used, fur the 
corresponding period. 

The foIiowing summarizes the rrlormulnted gasoline property mandates as 
established by the Clem Air Act and the Environmental Protection Agency. AU 
qualitative mandates become law effective January l,1995. 

(A) The emissions of Nitrogen W e  (NOx) kom baseline vehicks when 
burning reformulated gasoline shall be w greater than the nitrogen oxide 
emissions by the baseline vehicles when burning baseline gasoline. If the 
EPA determines that compliance with the limitation on eminions of 
nitrogen oxides under the preceding sentence is technically infeasible, 
considenhg the other requirements applicable under the section to such 
gasoline, the EPA may, as appropriate to ensure compliance with this 

A-76 APPENDIX A 



subparagraph, adjust (or waive entirely), any other requirements of this 
paragraph (including the oxygen content requirement). 

(B) The w e n  matent shall equal or exceed 2% by weight, but may not e x 4  
27%. (This requirement may be waived, by the in whale or in part, for 
any ozone non-attainment area upon a determination by the EPA that 
compliance with such requirement would prevent or interfere with the 
attainment by the area of a national primary ambient air quality standard) 

(C) The benzene Content of the reformutated gasoline shall not d 1%, by 
volume. 

@) The reformulated gasoline shall cantab no heavy metab, hcludhg lead 
and manganese. @is requirement may be waived, by the EPA, if it is 
determined that addition of the heavy metal to the product will not increase, 
on an aggregate mass or cancer-risk bask, taxic air pollutant emissions fram 
motor vehicles. However, lead is specifically exclwled under any 
citcumstan~.) 

Q The total aromatic hydrocarbon content shall not exceed 25%, by volume. 

(F) Additives must be included, to prevent the accumulation of depoaits in 
engines or vehicle fuel supply systems. The EPA is to establish speciscations 
for such additives by November 15, 1992, which are mostly aimed at the 
setting of performance standards- 

(G) The aggregate mass emissions of VOCs and of toxins that result h m  the 
use of reformulated gasoline must: 

(a) Be 15% below the level of such emissions that result h r n  use of the 
baseline gasoline, increasing to a 25% decrease by the year 2000 

@) Not ex& the level of such d i o n s  that result b m  use of a 
gasoline meeting the content specifications listed above as wen as 
having an aromatic hydrocarbon content of no more than 25% by 
voiume, whichever achieves greater reductions. T&e required 
emission reductions for VOCs and toxins are to be determined 
separately- 

Regulatory Negotiation Underlyw Issues 

EPA has identified the following issues to be resobed through regulatory negotiation in 
developing the complex reformulated gasoline regulations: 

(a) While the composition of the -line summer gasoline is defined in 
Section 211@), the determinations of the baseline wintertime gasoline is left 
to the Agency. What studies could and should be undertaken or used as a 
basis for determining the composition of baseline wintertime gasoline? 
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@) Section 211(k) defines baseline summer gasoline as having a Reid Vapor 
Pressure (RW) ld of 87 psi. Howeyer, summer R W  Ievek in Clas B 
areas are apeded to be 75 psi Should the reformulated gasoline 
requirements take account of this di&erence in such a way as to ensure 
equivalent enviroll~~lental benefits in all covered areas? 

(c) The emission perf- of s e v d  gasolines must be determined to 
develop emission performance requirements- That is, the requirements 
applicable to reformdated gasoline and conventional gasoline as of 1995 
depend on the emision performance of the summer and winter baseline 
fuels, the specified 'formulau fuel and the 1990 fuels of individual rehers? 
blenders and importers. May any of the relevant -ion performance 
levels be estimated by mdelhg  or must emirson testing be performed? 

(d) What is the effect of various oxygenates on NOx emissions and what other 
fuel compositional changes can mitigate or eliminate this effect? 

(e) What vehicle emission test procedures are appropriate for cer-g fuels? 

(0 Are sufficient data adable to dewlop an emission model for oenifying 
fuek without vehicle testing? If so, how many parameters must be included 
in the model? How should the model be updated in light of additional &it% 
that will become adable in the future? 

(g) How should the term "slate of fuels' be defined for certification purposes? 
What is the siificance of the use of this term? 

What data are necessary and available for determining baseline emission 
limits for individual refiners, Menders and importen for purposes of the 
antidumping provisions of seaion 211@)? In cases where data are available 
on some but not all fuel parameters, must the baseline fuel parameters be 
used in their entirety or only those needed to fill the gaps not fined by the 
data? 

(i) What is the appropriate basis for granting credits - anassbolume (ie., for 
oxygen and benzene contents) or emissions performance (as would likely 
have to be the case for aromatics) or both? 

0) If credits for oxygen content are based on emissions performance, would 
they be based on weight percent oxygen or@ or must a different credit 
amount be developed for each oxygenate? 

(k) what is the appropriate baseline for determining the amount of any credits 
earned-the requirements estabiished by seaion 2110 for benzene? oxygen 
and aromatics or the amount of those constituents in reformulated gasoline 
that would haw occurred in the absence of a credit program? 

(I) Over what time period may credits be traded? Is banking of credits allowed? 

(m) What enforcement scheme will provide fuel pmiucers the Bexiiility 
@tended by Congress, while prBYiding adequate assurance of wmpfiane? 



Related Issues 

Credits may accrue for exceed& minimum w e n  content specifications. These credits may 
be applied to off-spec product, which may then be marketed for the same .non-attainment 
area Credit-related issues which must be addreged include the structure of the program, the 
time period over which the credits can be takq the extent to which credits can be banked (if 
at all), self-reporting and self-auditing requirements, state enforcement, and auditing. 

Areas which are not ropered under the non-attainment guidelines may opt-in; ie, they may 
elect to participate in the reduction of overall air pouution This opting-in shall be done by 
the gwemor of each state, who then is responsible for communicating such intentions with 
the EPA There may be participation delays at the =A's discretion, depending upon the 
supply of oxygenates. 

AaMumpiag des, which prohibit the sale of excessively polluting product in relatively 
cleaner markets, are also set 50rth. 'Ibe main way in which the EPA addressed this issue was 
by stating that no marketer's product pool, in the aggregate, may be more polluting than it 
was in 1990. 

IMPACTS OF THE CLEW AIR ACT ON U.S. MTBE DEMAND 

We view the CAA's requirements for fuel oxygenates as being divided into taro phases. Phase 
I becomes effective November 1,1992 and requires motor gasoline in all carbon monoxide 
(CO) non-attainment areas (presently 41 cities) to maintain an oxygen content of 27% 
weight percent during the four (4) winter months of November through Feb~ary. Phase I1 of 
the CAA becomes effective January 1,1995. ?his latter phase wiU require aU severe ozone 
non-attainment areas (presently 9 major metropolitan areas) to market oxygenated gasoline 
with a minimum ovgen content of 20% weight percent each month of the year. 

Bonner & Moore has concluded that Phase I will require 16% of the US. gasoline pool to 
contain oxygenates (at the 27% level). This study atso concludes that when severe ozone 
non-attainment areas have to comply with the law in 1995,35% of the US. gasoline pa01 wiU 
require oxygenates. 

In our evaluation of 3 separate cases, we have chosen the requirements just outlined (which 
will ultimately a f k t  35% of the gasoline pod) as our base case scenario ( a h  our knv case). 
This 35% base case is our standard set of assumptions used for the remainder of this study- 
W e  have included our other two cases in this section to demonstrate the other possible 
scenarios considerd The other sections of this report, however, will use only oniy base case 
to derive US. MTBE and methanol supply/dmand balances (Table A-22). 

The results of this study illustrate that the US. MTBE requirements for the base case should 
surge in 1995 to 16,679 M tons/year. Based on current MTBE production and p h  
ii~~~lomced to date, we have concluded that the US. average-year MIBE capacity in 1995 
will stand at 15,225 M tons/year. Our base case requirement for MTBE of 16,679 M 
tonsbear, less production of 13,040 M tom h m  existing and expected capacity? will result in 
a 3,640 M tons shortfd As a result, we're catling for MTBE imports to reach 3,640 M tom in 
1995, then trail off thereafter (as other oaygenates are added to the pool) to around 3,000 M 
tons&ear. In summary, our base- case projection regarding M'TBE requirements calls for the 
following: 
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U.S. IWTANE IIEQIIIIIISMRNrI'S. ILRSUI,'L'INCr IWOM CAA OXYGENhTIDDEMnND 

* ASSUMCS ME FOUOWlNd CONSTRUCllON OF NEW U.S. BASED MIBE PRODUCnON BEVOND WHAT IIAS AlRLADY BEEN ANNOUNCED. 
tOW CASE 75 M bpd, OWL CASE 100 M bpd, a tWH WE * I50 M bpd 
AWO ASSUMES TllAT P R E S E M  MIRE PROOlJCllON USED fOR OClANE PURPOSES ONLY (95 M bpd) WIU BE SHlFlEO OVER 4 YEARS FOR USAGE IN 
CAA MANOATE0 AREAS, PHASE*OUT OF OCfANE ONLY Ml0E IS SAME fOR A l l  3 CASES/ 95 M bpd tn 1991 for OCtANE ONLY, 85 M bpd IN 1992, 
and approxlmdo~y 50 M bpd In 1993 and 1994, StARIINO IN 1995 WE ASSUME THAT NO MIRE WIN BE USED FOR OCTANE PURPOSES ONLY UNlll THE 
U S .  BECOMES MIBE 'LONG". 



United states 

% of Pool Affected 
MTBE Demand 
MTBE Production Capacity 
MTBE Production 
MTBEImports 

BASE CASE 
M ToWjwar 

In our medium case study we have assumed that all serious omne non-attainment areas will 
"opt-in" to use oxygenates. Assttming this happens in 1995, an additional 8% of the US- 
gasoline pool would require oxygenates - bringing the total oxygenated share of the US. 
gasoline pool to 43% of the pooL 

?he medium case assumes also that US. ethanol capacities (used by the gasoline pool) will 
grow by 25% to 3.0 MM tons/year and TAME production win grow to about 1.7 MM 
tonslyear (about 35% of potential capacify). Presently, only about 20% of all alcohol 
enhanced gasoline (gasohol) is being marketed within CAA non-attainment areas. In all 
three cases (base, medium and high) we have assumed better redistriiution of gasohol sales 
and the percent of total gasohol sales to CAA non-attainment areas growing from 20% to 
64% by 19%. 

Our medium case study concluded the following: 

r, 

MEDIUM CASE 
M Tons/year 

11 United States - 1992 - 1995 2000 

% of Pool Affected 
M'mEDemand 
MTBE Production Capacity 
MTBE Production 
h4TBEImports 

The high case we have examined for this study assumes all ozone non-attainment areas not 
presently afkted by the Clean Air Act (serious, moderate and margird) opt-in to use 
oxygenat= Under this scenario (which would a h  include the CO and severe ozone non- 
attainment areas required by law), we estimate W o  of the US- gasoline pool wiIl require 
wgenates. The following table summarks the cunchrsions of the high case. 
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% of Pool Affected 
M T B E h a n d  
MTBE Production Capacity 
MTBE Production 
MTBE Imports 

Regardless of the case (base, medium or high), the US. has a dBicult task ahead to meet the 
oxygenate requirements of the Clean Air Act of 1990. W h o r e  MIBE production is 
expected to reach 6.5 MM tons by yearend 1993. MTBE is rapidly becoming a commodify 
with a global demand base. Europe, Taiwan, South Korea, Malaysia, Mexia, and other 
foreign countries are now using MTBE to handle both octane and clean air requirements. 
The US. simply cannot count on reaching cumpliance with CAA oxygenate standards via 
MTBE imports. No one disputes MTBE's ability to clean up exhaust emissions of older cars. 
Older model cars make of the vast majority of automobiles in most all iessor developed 
and/or third world countries- This being the case, b e b e  it is safe to assume MIBE 
demand in other parts of the world will continue to grow for both octane and clean air 
reasons. 

Although world-scale MTBE facilities BPD) dependent on isobutane 
dehydrogenation-sourced isobutylene cost upwards of $250 MM (US. Gulf Coast 
grassroots), current economics suggest a favorable business investment We are encouraged 
by announcements and rumors that suggests that several MIBE and TAME projects have 
now received boardroom approd We are told that one large contractor has 12 MIBE 
projects committed to, but the contracting parties have asked to re& anonjmous. CD 
TECH, a Pasadena, Texas, leader in TAlrl+ is reported to have a large number of 
MIBEKAME projects in the making (perhaps as many as 14 in the US. have licensed their 
technology) and another 4 US-based companies have bought CD TECH'S technology for 
TAME. 

On the subject matter of TAME, we believe the court is no longer out on this fuel ether* 
Possessing both a high octane and a l w  vapor pressure (4 psi), TAME offers many benefits - 
- particularly if a refinery is kobutylew poor and isoamyiene rich W e  have spoken to one of 
the refiners planning to install a TAME unit and gained this insight: producing TAME 
(instead of blending isoamylene directly into the gasoline pool) lowers overall olefins content 
(a problem we believe wiU be addressed in the next round of CAA amendments), increases 
overall pool octane and lowers gasoline RVP. The latter two cfeate both octane and RVP 
credits, allowing a refiner to add a lower R W  blendstock (like n a t d  gasoline, which is very 
low in aromatics) and adding n o d  butane back into the pool to inaease the gasoline RVP. 
Thus, the addition of TAME to the pool lowers aromatics, creates a vehicle for lowering 
aromatics, takes care of some "uriwantedm normal butane (which is high in octane) and is a 
very inexpensive proces to boot (when compared to butane based MTBE production). 



Bonner & Moore believes that these benefits wiU far outweigh the only known didvantage 
of using T '  namely the offensive odor the ether is reported to have (when blended to 

' high mncentrations). Several sources haw toid us that odor is no longer perceived to be a 
problem (with Tw). 

As our case assumptions point out, we are stiU bearkh on future dRrelopments with ethanol 
andlor ETBE Much activity is being witnessed m MIBE and TAME projects and 
announcements. We have spoken to several indusfry contacts that feel f h r e  ethanol 
capacity additions will be sbw in developing for two reasom: 

Ethanol projects are at best 'only viable' with a tax subsidyy 

= Most company planners feel that a 10 year d t  isn't sufficient or long 
enough to minimile the risk for an ethanol project. Instead, most companies 
feel if the tax subsidy could be extended 5 years to create a 15 pear 
incentive, then a project's payout would be guaranteed and several 
companies would be willing to take the risk 

Despite the bevy of proposals and amomcements in the press, the United ~Gtes will be 
oxygenate "short" in 1992. Tcm much of the existing gasoline pool uses MTBE strictly for 
octane reasons (approximately 95 MBPD) and will cohsume most of the MLgE needed to 
meet oxygenate requirements that go into effect on November 1 of this year. We believe that 
the re- industry wiU not implement the proper planning and procedures required to 
ensure that all logistics and distriiutions problems are sufliciently addressed to meet the 
oxygenated fuel program requirements. 

Bonner & Moore believes that the EPA Win very likely take some type of measures to handle 
this serious oxygenate adability problem. Either the EPA will delay imposition of the 
oxygenate requirements, or will temporarJy lower the required levels. The latter is the more 
likely scenario to develop. 

One assumption we make that prompts qlaining is that ethanol enhanced gasoline 
(gasohol) markets win shift more in favor (bm 20% to 64%) to sales witbin CAA non- 
attainment areas* 

This assumption regarding ethanol is based on opinions we developed in mnduaing the 
research for several reformulated gasoline studies and on discussions we have had with the 
EPA We do realize that a shift of gasohol markets fkom attainment areas to non-attainment 
areas would not be in compliance with the 'antidumping" regulations that are part of the 
Act In essenoe, in no case can the quality of the future gasoline pool m a given geographic 
location be Serior to that location's baseline gasoline analysis. Luwering the ethanol amtent 
would more than likely create an analysis inferior to the basehe analysis. However, we 
presently feel that because of an wed shortage in oxygenate capacities, a concession will be 
made by the EPA regarding shifting markets for gasohol 
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Case Assumptions 

AU three orses are based on two assumptions: that gasoline be blended to 27% by weight 
oxygen in both CO-non attajnment areas and ozone non-attainment areas (based on our 
belief that the refining industzy Qes not want to make several grades of oxygenated 
gasoline), and that the market share of gasohol being marketed to non-attainment. areas 
increases over the next five gears. The foI Ihg  additional assumptions were made in each of 
the three cases we have provided: 

In our base case scenario we basically m e d  that future oqgenae marketsxbelop 
following the "letter of tk law"; tbat is, axygenates will only be marketed to the actual 
areas mandated in the C k n  Air Act namely, CO mn-atldnmept ness and sewm 
ozone wn-atta3nment areas Fadhermore, we assume that no new ethanol apacities 
will be added (this opinion on poor econoomia and producer dissatisfaction with 
the 10 year tax subsidy), and that TAME production witbin the U.S. wilt grow to about 
0.6 h4M toto&ear. The base case illustrates that 35% of the US. gasoline pool win 
require o e n a t e s  by the year 1995- 

Additionally, the base case assumes that a logistics factor of 25% be added to the share 
of the pool requiring oxygenates. This factor will account for the much needed extra 
production required to handle scheduling, transportation, distribution, and logistics 
problems associated with marketing ethers to non-attainment areas* Our base case 
scenario also assumes that a Smonth  h n t  shoulder "blending period" is required to 
emure oxygenated fuels is in stock at all satellite storage and distn'bution terminals by 
the November 1 deadbe. 

Although ethanol capacities are not gmwing under the base case scenario, the actual 
market share of gasohol marketed within CAA non-attainment areas is growingowing 
Presentlys the EPA estimates that 20% of all gasohol is marketed within CAA non- 
attainment areas. Over the course of five years, this case study shows a growth h m  
2W0 to 64% of all gasohol being marketed within CAA non-attainment areas by the 
year 19% (Table A-23). We realize this would be in violation of the CARS "@- 
dumpingm regulation, but our assumption is based on opinions we formulated after 
discwing this subject matter with the EPA 

In our medium case study, we assume that all serious ozone .omattainment areas 
*opt-in" to use o q p a t e s .  lhir increases the 1995 share of the pool requiring 
axygenates £ram 35% to 43% of the U S  gasoline pooL Furthermore, we assume that 
US. ethanol capacities will grow by 25% to 3.0 MM tons@ear, and that TAME 
capacities within the US. grows to 1.7 MM tonsbear (or 35% of total potential). 

Additionally, the medium case assumes that a logistics factor of 25% be added to the 
share of the pool requiring oxygenates. 'Ihis £'actor will acco-t for the much needed 
extra production required to handle scheduling, transportation, distniution, hil 
logistics problems associated with marketing ethers to non-attainment areas. Our 
medium case scenario also assumes that a 1.5-month front shoulder "blending period'' is 
required to ensure oxygenated fuels is in stock at all satellite storage and distniution 
terminals by the November 1 deadline 



CLEAN AIR ACT OF 1990 OXYGENATE, ETHERS, & ALCOIIOL REQUIREMENTS 

LOW OR MINIMUM CASE 
I. "Let~ci of  he low" i f  followed. 

SIZE OF O/o OF POOL R€QUlRING OXYG€NtAl€S . M!0E REQUlRE,MENlS 
GASOLINL LOW OASE HICt1 LOW BASE HIGH 

POOL CASE CASE CASE CASE CASE CASE 
YEAR M bpd Pcrccnl Percenl Pcrccnl Mbpd M bod M bpd 

1991 n/o 
1992 7,334 59 
I 7%;) 120 
1994 '03 
7 7,590 339 304 540 

1996 7,550 35.0% 329 366 506 
1997 7,490 35.0% 43.0% 60.0% 326 363 SO1 
l OVU 7 , U S  35.0%~ d3.Ov/~ 40.0% 325 361 500 
.! 999 7,405 35.0°/q 43.0% 60.0% . 326 -- 362 500 

43.001 _. .. -?.*?!? ..-.-. .!,$!3. ...--- 3s,0% 2 60.0% 327 -- 364 5 0 2  
2001 35.0?/ ------ .,- - .--.. _!4s!L -2 366 506 329- -- - -.. 
2002 7,sas 35.00~ 33 1 3 69 509 

2. All CO non.allainmenls areas blend owygenales 
lor 5.5 mon~hr, o combino~ion of  he 4 month 
mininiunr .. plus o I ,S monlh front rhouldar lor 
ensuring gosoline ot all buli storage k i l i~ ies  are 
in co~npliancc by Nov. 1 01 ccch ycar. 

3. All toverc otonc non.allainmtnl areas blend 
onygenales 12 months o u ~  of the year, 

4. A logilc, factor of 25% (or 20% of to~ol) hat 
been applied to recognize hat manufac~udng, 
morke~ing, ~chedulin~, Ironpdallon, and dir~d. 
bution will require refinen to produce 
more oxygcna~cd gocoline han o III~CU delini~ion 
ol  he oflectcd areas would tequire. 

- - - - - - pp - - 

LOW OR MINIMUM CASE 
I Nurnben shown obovo do not rclloct MltlE tho1 

will bo required for octane purpores only. 
2.  US. e~hanol copcities do no! grow. 
3. O h  01 alcohol tnhonccd gos01i,~b rnodc~ed in CAA' 

allected areas incteases from 20% 10 64%. 
4. US. lAME produdion cop, ot 13 M bpd, or 

digh~ly ovcr 1Ph ol morirnvrn poten~iai. 

CASE OEFlNlTlONS 
BASE CASE 

I .  "teller ol the low" il followed. 

El~ANOL/E10E REQUIREMENIS 

2. All CO non,ollatnrnenlr oreor Mend oxygenales for 5.5 
mon~hs, a combInalIon of the 4 month mlnlrnum - -  plus a 
1.5 mon~h Iron1 shoulder for entoring g a t o h  a1 all bulk 
bulk storage faciJitirs are 11 In compliancs by Nov. I of 
oach ycar. 

3. ~ l l  severe ozone non-ot~ainment oreas blend onygenoles 
12 monlhs oul d lhe year. 

4. A log~stlcs factor ol25% (or ?@A of total) hos been opplied 
to rscognite ~ h o ~  rnonukac~udng, motb~ing, scheduling, 
iranrpodolton, and di~~ribuNon problems will require relinen 
10 p r d ~ ~ e  rnore oxygena~ed garoline than o slrkl definition 
a! h e  alfected areos would ~equire. . 

PLUS: 
5. All reiious ozone r rondla lnment  areor 'opt-In' l o  requfre 

oxygenates, 

LOW 
CASE 
M bpd 

n/a 
SS 

. 5 S 
-- SS 

5 5 
55 
55 

IAME REPUIRE.MEN!S 

ASSUMPTIONS 

5 5 
55 
55 - -*. - 

5 5 .  
5s 

HIGH CASE 
1. "letter of the Low" il (allowed. 
2. All CO nonmolIoinmenls areas blend oxygenates lor 5,s . 

monhs, a cornbtno~ion of the 4 mon~h minlrnum .- plu, o 
I .5 month front rhouldcr for cnwring gasolins at all bulk 
bulk storage IaciIilies ore i s  In compliance by Nov. t of 
ooch yoor. 

BASE 
CASE 
M bpd 

d o  
55 
55 

6 0 -  
65 
70 
70 

HIGH ' 

CASE 
M bpd 

n/c 
3.5 
6 

20 
55 
70 
7(1 

LOW 
CASE 
M bpd 

. n/a 
0 
3 
6 
8 

13 
13 

3. All ce&e ozone non.olloInmenl areas blend onygenales 
12 mon~hs o u ~  of the year. 

4. A Iogbllcr factor of 25% (or 20% of ~ofal) has been applied 
lo recognlte that rnanulac~urlng, marbling, scheduling, 
~ransporlalion, and diitribu~lon problernc will require refinen 
to more oxygenated gasoline ~hon o s~dc~ definition 
ol the alfec~ed areos would raquite. 

5. All scriour ozone non.olloinrnen1 areas 'op14nu lo requfre 
anygcnatos. 

PLUS: 
6. All moderato a n d  marginal ozone non*attalnment arear 

'opt-in" l o  require oxygenates. 

HIGH 
CASE 
M bpd 

n/o 
55 
5s 
60  

7 1  
82.5 
02.5 

70 
70 
70 .-- .- 
70 -.--. .- 
70 

BASE 
CASE 
M bpd 

40 
3.5 

6 
20 

1- 
40 
40 

. . - - - . . . . - . - 
DASE CASE I HIGtt CASE 

I. Nvnibtn shown above do no1 rellect MIUE that will be . 1 I. Nu~r~bcn shown above do not rellect MIBE tho1 wilt be 

01.5 13 70 
82.5 

82,s - *- 4 0  - - - -  
40 7c 

required for octane purpoies only. 
2. US. e~honol copacllie~ grow by 25% 
3. Garohol wles from exisling sources to VIA mandoled oreoc 

grow from 20% of lot01 gad101 wlet lo 64%, while IOU% 
of new ethano! copocily Ic tna~kercd In U\A monda~cd orooc. 

4. U.S. TAME producllon c o p  at 35 M bpd, aboul 35% of 
martmum potential produc~ion. 

required for oclane purporer only. 
2, US, erhanol capacities grow by 50%. 
3. Gasohol sales from enisling sourcos lo W mandoted areas 

grow from 20bh of lotal gatohof raler lo 64%, whlla 100% 
ol now a~hanol capacity Ie  rnarle~ed in CAA mondoted areas. 

4. U.S. lPME prducrion caps 01 70 M bpd, aboul 60% of 
maxtmvm potential production. 
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In this case, as in our base case, the actual market share of gasohol marketed within 
CAA non-attainment areas is growing. Presently, the EPA estimates that 20% of all 
gasohol is marketed within CAA non-attainment areas. Over the course of 5 years this 
case study shows a growth from 20% to 64% of all gasohol being marketed within CAA 
non-attabnent areas by the year 1996 As stated earlier, we realize this would be in 
violation of the CAA's aantidumphgn regulation, but our assumption is based on 
opinions we formulated after discuss'mg this subject matter with the EPA 

In our high case study, we arsltme that ALL m n e  non-atfainment amas mopt-i." to 
use oxygenates. This increases the 1995 s h e  of the pool requiring oxpgenates h m  
35% (in the law case) to 60% (Table A-24) of the US. gasoline p o o L  Furthemore, we 
assume that US. ethanol capacities 4 grow by W o  to 3.6 MM tms@ear, and that 
TAME capacities within the US. gmm to 3.0 MM tons&ear (or 60% of total 
potential). 

AdditionaIly, the high case assumes that a logistics £actor of 25% be added to the share 
of the pool requiring oxygenates. This factor will account for the much needed "extra" 
production required to handle scheduling, transportation, distniution and logistics 
problems associated with marketing ethers to non-attainment areas. Our high case 
scenario dm mot assume that a 15-month front shoulder "blending period" be 
required to ensure axygenated fuels is in stock at all satellite storage and distn'bution 
terminals by the November 1 deadline because oxygenates would be required year- 
round 

In this case, as in our other two cases, the actual market share of gasohol marketed 
within CAA nowattainment areas is growing. Presently, the EPA estimates that 20% 
of all gasohol is marketed within CAA non-attainment areas- Over the course of five 
years this case study shows a gmwth fiom to 64% of all gasohol being marketed 
within CAA non-attainment areas by the year 1996. As stated earlier, we realize this 
would be in violation of the CAA's "anti-dumpingn regulation, but our assumption is 
based on opinions we formulated after discuss'mg this subject matter with the EPA 

wgenate Market Shares 

To determine the share of the gasoline p o l  requiring oxygenates under each of the three 
case studies, we cunducted an extensive evaluation of the population base of each of the 
cities classified as non-attainment areas by the Environmental Protection Agency- Based on 
the latest US. census data for each city and metropolitan area, along with recent state by 
state gasoline sales data, we listed the gasoline pool shares for each non-attainment mea type. 
This data was then used to compile the percentages listed in this study. 
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FEEDSTOCK REQUIREMENTS FOR TOTAL U.S. MTBE DEMAND 
AS REQUIRED BY MlNlMUM REGS 

M bpd 

t 0,040 8PD OF ISO0UfYtf NE, 
PLUS 4,425 BPD OF METHANOL 

ISOBUWLENE CAN BE PRODUCED FROM1 
11,915 BPD OF lSOMERlZED N-BUMNE FEED 
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The AugoICbil Industry Task Force Stady Pnd Issues 

Our study looked at three case ass\lmptiom: base, medium and high. Prior to p- time, tbe 
findings of an autojoil industry task force ass@& to condud a research program regarding 
the effects of refonindating gasoline on providing cleaner sir. 'Ihe resdts of the n n t  study 
caught many industry observers by surprise namely, that oxygenates (including =E) are 
ineffective in reducing summertime omne. The study did find that qgenates are effective in 
reducing winter carbon monoxide poUutio11 The study found that arhile MIBE reduces 
hydr-m by 5%' the hyQocarbom that are made have a higher reactivity toward 
producing smog. In short, it does not impmve smog (accordiog to the study) because the 
emissions are more photochemically reactive- 

What the auto/oil study did recommend as two sdutons for reducing smog was reducing the 
T90 (90% point of the gasoline boiling range) to 280 degrees Fahrenheit and decreasing 
gasoline d e b .  IrooieaUy, the study found that two requirements aaually mandated by the 
Clean Air Act, reducing aromatics and adding oarygenates, are rent effective in reducing smog; 
where two of the issues once masidered but werlooked by the faw (lowering olefins and 
reducing DO), were found to be very effective in c0ntroIling smog. 

Tests were performed for the' study in Lus Angeles, Dallas-Fort Worth, and New York City. 
The study found that decreasing the gasoline ok£h content h m  20% to 5%, reduced omne 
in all 3 cities - p r h d y  by lowering the omnefofmiLlg potential of evaporative emissions. 
Also, lowering the T90 to 28OT reduced smog in all 3 cities. 

One would naturally assume that these nnewa findings should justify Bonner & Moore's 
analyzing a fourth case, the Auto/OiI I d a s h y  Task Force Csse We purposely put the word 
'newa in quotes because although the autoloil study proclaims they are "new," similar claims 
or reports have been reported before and they did not change the outcome of the Clean Air 
Aa. 'Ibis is not to say that the auto/oil findings will be dismissed immediately and cast aside. 
We expect much to the contrary. Although many people believe tbat the Zrain has already 
left the station" on MTBE, ?he list of "heavyweights" on the autoloil task force is impressive 
enough to believe we have not beard the last &om these folks. However, we understand that 
testing methd010@es and analytical procedures used for this study and others cast sufficient 
doubt about the study's mncIusions to cause IS to believe they win be under a great deal of 
scrutiny. 

Keep in mind that in the big scheme of things, the issues at question here are very politid 
Congress is by no way or means going to take these findings and simply admit %e goofeda 
We do believe, however, that before these "new" findings can have an impact, the EPA will 
be asked to supervise, monitor, and certiCy all testing procedures and methodoIogks used to 
confirxu or deny these findings with future tests. If this should take place and the EPA 
confbm these new findings, Congress could walk away without having any public 'egg on its 
face" by allowing the EPA to establish a new kt of cities and time fhmes that would require 
the use of qgenates in gasoline. In essence, we would still have a Ciean Air Act, oxygenates 
would still be mandated (at l e s t  within CO non-attainment areas) yet restricted, but an 
amendment would be forthcoming regarding olefins and/or T-90. 

TO properly determine the hpkations of these findings would require a separate case study 
based on LP modeling d the US. refining industry. Bonner 8r Moore has initiated such a 
study and is in the process ofconduaing this very demanding analysis at this the. However, 
in analyzing these results we have conciuded that several issues should be exg10red within the 
oontext of this study that puts the autofoil task foroe findings in a proper pmpeaive. The 
more important issues are: 
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Reducing the olefins content removes a high octane component, with most 
gasoline olefins having a blending octane value of 91-93 R+Mn. 

Lowering the T-90 to 280°F results in rejection of high octane components 
also, since some of the higher boiling point share of the gasoline pool is 
aromatics (raising some question to the task force's ciaim that aromatic 
reduction does not reduce smog). Nonetbeless, at issue here is "what will 
replace the lost octane resulting from the removal of o l e h  and lowering 
the T-90?" 

Will reduction of olefins result in expansion of alkylation capacities? 

rn Wdl olefin reduction result in a apid growth in TAME production to 
convert isoamylenes to a fuel oxygenate? 

rn Will lowering olefins from the task force's estimate of 20% of the U.S. 
gasoline pool to 5% result in a 15% decline in U.S. refinery production? Is 
the task force correct in assllminp the average U.S. gasoline pool has 20% 
ole*? 

A more likely answer to all of these issues is a government mandate that wodd require 
lowering the T-90 and lowering gasoline olefins, which would result in some refiners 
increasing dirylation capacities, more TAME production coming on-line, changes in refonner 
operating rates and severities, changes in cat cracker cataiysts, and other investments in 
refinery operations that would be required to meet such a mandate. In short, each refmer 
would invest dollars in technologies that would best suit their individual operations. However, 
making adjustments in olefins and boiling points that reduces octane will result in an octane 
shortage in many cases. After exploring this matter in more detail, we believe that m E  will 
be the most practical oaane substitute for octane lost in lowering olefins or the T-90 boiling 
point. 

The autofoil industry study lowered olefins content from 20% to 5%. If such a reduction 
became a government mandate and lost olekic octanes were replaced with MIBE, the 
upside potential for MTBE as an octane enhancer (for replacing olefins) would be 0.84 
barrels MTBE for every barrel of olefin removed but not substituted (by conversion to 
alkylate or some other acceptable octane source). Approximately the same ratio of MIBE 
replacement for lowering the T-90 could be used. In essence, a total replacement of 15% of 
the pool (the olefin share that would be removed) with MTBE wodd require 12.75% by 
volume MTBE in the final gasoline pool. The upside potential is merely theoretical and not 
practical, since it is impossible to remove all o l e b  without some sort of conversion (i-e., 
alkylation) process. 

The low side case for MTBE for the autofoil industry scenario would be that 16.3% of the 
gasoline pool would require oxygenates, since this is the market share held by the CO m- 
attainment segment of the market (kcluding front shoulder blending and a logistics factor of 
25%). The addition of severe ozone non-attainment areas requires another 18.7% of the 
pool contain oxygenates. This segment (1 8.7%) of our low case scenario (where 35% of the 
gasoline pool would require reformulation) would be nullified if the autofoil task force 
findings ever result in changes in the current Clean Air Act. It should be noted that under the 
current law the EPA has discretion over this matter. 
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Making an assumption that 72.7 % of all C3 = and C4= olefins removal is accomplished via 
alkylation and that 50% of dl isoamylene (a= olefins) is converted to TAME, the total 
demand $or MTBE for both CO mn-attainment area CAA requirements and octane 
requirements to replace the missing o w e  from olefins removed (but not converted) and 
heavy boilers (to comply with a 2801 T-90) would approximate the 16.6 MM tom/year (in 
the year 1995) base case scenario developed for this study (prior to the -/oil industry task 
force Wings). 

Stricter Requirements for Diesel Fuels Begianing in 1993 

In addition to regulating the various fuel parameters of motor gasoline, the Clean Air Act 
Amendments of 1990 provide for stricter specifications on diesd fuels. Of particular interest 
is the provision for lower sulfurantent limits in diesel fuels. 

The nationwide standard for the maximum allowable sulfur content of highway die& fuels 
has been a maximum of 0.50% sulk by weight, with a lower regional standard of 0.30% in 
California. As of Odober 1, 1993, it is Pntawtui to produce, sell, or dispense any motor 
vehicle diesel fuel with a sulfur concentration in excess of 0.05% weight or which fails to 
meet a Cetane Index minimum of 40. The EPA is to establish an aromatics level which is 
consistent with the Cetane Index specification. 

Regulations have been set forth for the interim period 1991 to 1993. During these years, 
diesel fuel used in certification of heavy duty diesel vehicles must meet a 0.10% by weight 
sulfur limit. Thereafter, diesel fuels must meet the requirements described below. 

Section 231 of the Clem Air Act Amendments of 1990 charge the EPA with exploring 
alternatives to motor vehicle diesel fuels. Specifically, the EPA is required to select a 
laboratory to investigate the feasibility, engine performance, emissions, and production 
capability associated with a fuel composed of ethanol and high erucic tapseed oil. They are 
mandated to repon to Congress on the viability of this alternative to d i d  fuel m 1994. 
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SECTION 1 

U.S. REFINING CAPACITY CHARACTERIZATION 

BACKGROUND 

The petroleum re-g industry has played its role quite well as a "middle manm when taking, 
at times, heroic strides to guarantee cnde producers market access, especial@ d e n  
qditatively crudes are unable to saw the demands of the consumer. The refining 
industry's main contriiution has been the development of technology and capital iave~bnents 
for which it has not commanded lavish profit matgins, rather than expectations of long-term 
economic growth which would allow the vidbiiity of these iovestments. 

In the past, the refinery, as just another component of a veaicany-integrated industry, was 
sometimes atlowed marginal perfomance, since its existence solely justified d e  
production, and the overall corporate profitability was achieved elsewhere. Today, a greater 
number of refineries operate as independent profit centers, and are, therefore, more 
vulnerable to the general well-being of the economy, 

In order to characterize the current status of the US. refining industry properly, we must 
examine the prevailing petro1eum market environment associated with this industry during 
the last decade. Although a thorough analysis is beyond the scope of this study, a fear 
highlights will help set the proper kamework of the industry's evolutionary process. 

The single most important market-driven events sutoessfully challenged by US. refineries to 
date (without significant disruptions) have been the motor gasoline lead phasedm and the 
need to accommodate dectining consumption of residual hels for electtic power generation. 
Possibly both consumers and the industry itself have responded rather passively to these new 
trends because their attentions seem to be £owed on the gyrations of the world petroleum 
market during this period. This situation notwithstanding, significant investments ,took place 
for the production of high octane components, quality stabilization., and "bottom of the barrel 
conversion" during the last ten years. 

OPERABLE CAPACITY OF U.S. P ~ O ~  REFINERIES 
(Thousand Barrels per Stream Day, except where noted) 

Cllpde. 
Distillation 

Ak of I-d 
January3 bprrtlsper Vacuum 
of Year caltndar day) Distillation - 
I981 18,621 7,033 
1982 17,890 7,197 
1983 16@9 7,180 
1984 16,l37 7,165 
1985 15,659 
1986 15,459 

6m 

1987 
6,892 

15366 6,B5 
1988 15,915 7,198 
1989 15,655 7m 
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As a r s d t  of these capital expenditures, the thermal anversion to dirWation capacity ratio 
was nearly twofold during the decade, and the US. r e k g  industry provided itself with the 
n e u s a ~ ~  operational flexl'bifity to address the samumer's qualitative demands within the 
preMiling regulatory constrain6 in a profitable manner. 

Frnished Gasoline 455 46.1 465 45-9 45-6 
DistiUate 20,l 21-0 20-1 215 21.9 
Resid 93 63 6.1 5.9 6.0 
Pet Coke 3.0 3.2 3.8 4.0 3.9 

Currently, with approximately one-third of the worid's adsting refineries (709, the US 
refining capacity represents about of the world refining capability (749 MMBPCD). 
The adable capacity declined significantly in 1990, from an all time peak of 18.6 MMBPCD 
at the beginning of 1980s- 

The future of the US. refining indusffy is closely tied to the occurrence of events descr i i  
m the Appendix A, Worlhwide Petroleum Ralance, Scaion l, as well as to the need to 
reinvest in techoIogy necessary to cornply with the regulatory standards set by the 1990 
clean Air Act (de scr i i  in Appendix A, Worldwide PetFoIeum Balance, -on 2). 



DOE PROPOSED REFINING REGIONS 

For the purpose of this study, which is to identify the required additional refinery cornersion 
capacity should incremental domestic heavy crude oil become mailable during the next 
twenty years, the Department of Energy (DOE) has proposed ten regions to be evaluated 
(Figme B-1). These designated regions Wer h m  the kwwn Petroleum Admkktration for 
Defense Districts (PADDs), and represent areas where potential domestic heavy aude can 
be produced. 

Reg io~  Description 
1 Florida, Geor South Caroh,  North klina, New York Ne& Jersey, v Pennsylvania, ~ginia, Maryland, West 

2 Illinois, Indiana, Ikntuciry, MichigaqNorth Dakota, Ohio, South Dakota, 
Minnesota, Iowa, Wiscoxlsia, TeMessee 

3 Oklahoma, Kansas, Missouri,Nebraska, Arkansas (excluding some counties in 
Region 5% some counties of northern Texas 

4 Arizona, Washington, Oregon, sections of ralifomia not wuded in Regions 
8 through 10 

5 Tnas (excluding some northem counties in Region 3), Ney Mexico, 
Louisiana, some counties of southern Arkansas, Missssipph and Alabama 

6 Wyoming, Utah, Colorado, Montana, Idaho, Nevada 
7 Alaska 
8 Central coast of Caiifomia, including Monterey, San Luis Obkpo, and Santa 

Barbara Counties 
9 Southern ralifomia, including Los Angela, Ventura, and Orange Counties 
10 San Joaquin Valley of California (Kern, Fresao, Kings and Tulare Counties) 

Northern counties of Tams included h Regioa 3: Archer, Baylor, Clay, CbCollin, Cook, 
Dallas, Delta, Denton, Fannin, Foard, Grayson, Hardeman, Hop- Hunt Jack 
K a h a n ,  Knox, Lamar, Montague, Parker, Pa10 Pinto, Roc- Tarrant, 
Throckmorton, Wichita, WJbarger, WE, Young 

Southern counties of Arkansas included h Region 5: Ashley, Bradley, Calhoq 
Columbia, Hempstead, Lafayette, Miller, Nevada, Ouachita, Union 

The refining industry profile used as the 1990 Base Case has been developed according to 
these new regions. Sources of data used to characterize the 1990 Base Case are generally 
presented in terms of PADDs. For this reason, and because data of actual logistics and 
movements of petroleum crude and rehed products in the United States is either scarce, 
privately controlled, or otherwise unavailable, the qualitative breakdown, in terms of the ten 
DOE regions, nezessariiy incorporates some judgment from Bonnet & Moore consultantsts 
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U.S. HEA VY ,OIL REFINING CAPACITY 
PROPOSED REGIONAL ANAL YSlS 

HAWAII 

Figure B- 1 



BASE CASE 1990 REFINING CAPACITY 

The f011awing comments serve to make the 1990 US. operable rehing capacity figures more 
understandable. 

= Stresm-day figures correspond to nmning the units at full capacity 
(nameplate), while calendarday figures represent the average throughput, 
which inciudes downtimes and turnaromds (Table &I). 

rn As of January 1, 1991 (available capacity during 1990), the US. refining 
industry's nameplate capacity totalled 163 MMBPSD. Assuming an arerage 
utilization rate of near 95%, the corresponding calendarday available 
capacity would be about 15.4 MMBPCD. 

However, from research of factDal re- utilization rates, the actual 
capacity was around 139 MMBPCD, conesponding to a utilization rate of 
approximateIy 85%. This number is the base case distillation capacity used 
throughout the study. 

Details of the rehneries, their ownerships, and specific geographic locations 
are presented at the end of this Section. 

rn A geographical breakdown of the US. distillation capabilities clearly 
indicates that Regions 5,2,1, and 4 are the areas with significant processing 
capacity. Regions 5 and 1, because of their direct access to deep water ports, 
are more dependent on foreign crude imports to make up the refinery 
charge volume requirements. 

A description of the qualitative composition of the crude charge into the 
different DOE regions is presented below. 

rn During 1990, the refining industry responded to mounting ewiroxmentd 
concerns, and earmarked investments to meet reduced emission motor 
gasoline spedications before the end of 1992 Capacities of primary 
downstream refining processes which yield gasoline and diesel logged gains, 
while processes that treat feeds for the primary uniu increased because of 
feed demand for conversion and fight fuels. The gains in downstream 
capacity reflect the industry's effort to meet increasingly stringent air quality 
regulations which require higher caygen amtent gasohes in winter and less 
volatile gasolines in summer. 

To understand the distniution of the different pprocess capacities among the 194 refineries in 
the US. during 1990, the following information is he1phL 
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US. REFINING CAPACITY 
SUMMARY BASE CASE 1990 

IQ,l, ,II dro l'roccss,,,,,. 
CRD VAC TllRM FCC REP CRK ~BPINE  1XT ALK POLY lSOM AHOM LUUE ASlW D W Y  I COKE 
I I I I I I ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I I I I I I M - I I I I I I I I I I I I I I I I I I I I ~ I ~ I I I I I I I I I I I I I I I I I I I ~ U ( I ~ I I I I + I * ~ I + I ~ ~ * W W U * H Y L I I ~ ~ Y + I I I I I I I I I I M W S D * I I I I I I ~ I I I I I I I I I ~ ~ ~ I H I I I I I I I I I I I I ~ ~ ~ I ~ ~ I ~ ~ ~ ~ I I ~ I I I I ~ ~ I ~ I ~ I I ~ ~ ~ ~ ~ I I L I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  MMCFISD MTlSD 

Rcgian 1 
Rcgion 2 
Region 3 
Rcglon 4 
Rcgfon 5 
Rcgion 6 
Rcgton 7 
Rcgion 8 . 
Rcgion 9 
Rcglon 10 

PADD I 
PADD 11 
PADD 111 
PADD IV 
PADD V 

Net Tliruput Factors (Ilbls CDlCnp SD) 

= 4 yr. averagc (PSA 1990) 

Itcgion 1 
Rc~ ion  2 
Rcgion 3 
Rcgion 4 
Rcgion 5 
Rcgion 6 
Rcglon 7 
Rcgion 8 
Rcgion 9 
Rcgion 10 



US. EWlNERY CAPACHY 
BASE CASE 1990 

No. of Companies 
No. of Reheries 
CNde Capacify 
FF Cat Ctaciring 

% on Crude 
Cat Reforming 

%onCNde 
Hydrocracking 

% on Crude 
Hydro-Process 

%oncrude 
Alkylation 

% on Crude 
Coking 

% on Crude 

Mom 
*Than 200 

20 
88 

wwa 
4299900 

35-0 
3,083,000 

25.1 
1,134,600 

9.2 
4,693,450 

39-0 
835,700 

7.0 
1,376m 

112 

Less 
Than 200 

92 
106 

4,008,434 
1,144,500 

28.6 
818,520 

20-4 
126,190 

3.1 
817,650 

20.4 
240,000 

6.0 
239,100 

6.0 

D The figures indicate that approxhateiy one-fourth of the capacity is in 
smaller refineries which are operated by a greater number of companies, 
mostly independents with less financial backing- As we have indicated, the 
ongoing concern of the refining industry is its ab'rlity to maintain healthy 
economic mar@ (assuming aude msts remain near reasonable levels), 
and be able to meet tougher rules governing air emissions of motor fuels. 

The U.S. refining industry's profitabiity in 1990 performed bvorably when 
compared with previous year's levels- 

rn Refhers in Regions 4, 8, 9, and 10 lead the way, with consolidated profit 
margins slightly above S350lB. One reason for this lead is their aaess to 
h e r  cost crudes. 

Results of Region 1 reheries average margins in the $UOB range, while 
Region 3, the refining sector with the highest degree of complexity in the 
country, posted lower margins around the S22OB leveL The US central 
Regions 3,4 and 6, secured profitabilities in the SZOO/B range. 

In the longer term, as the industry becomes voltmetrically more dependent 
on foreign crudes, profitability in the different regions will be even more 
contingent on the price actions resulting &om worldwide supplyldemand 
conditions. 

Although the details of the full impact of the net available capacities after 
1990 will be covered in Volume I of the final report, a Summary of the 
tnown and expected refinery shutdowns, as sham below, is useful. 
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DOE 
R e o n  Nameihcation 

crude Capacity 
MPSD 

Famland - Philtipsburg, KS 27.5 
Chevron - Port Arthur, TX 3245 
Amoco - Casper, WY 41.0 
Chewron - Ken& AK 22.5 
Fletcher - Carson, CA 30.0 
Fdin o n - b n  Beach,CA 44.7 
&l$n ~ e s t  - L t a  ~e springs, CA 460 
Unocal - La Angeles, CA - 111.0 

Total 647.2 

At this moment, without considering the possibiity of some new distillation capacity 
expansion d d g  the next five years, the US. refining industry could very well be faced with 
nearly 550 MBPCD (at 86% utilitation) less capacity available if all of the announced 
s h u t d m  actually materialize. 

REFINERY CRUDE INTAKE Q U m  

The US. reheries made up more than half of their crude needs from domestic production 
during 1990. Imports, which accounted for 44% of the crude intake, performed as an average 
31.4 degrees API quality crude, with 1.4 weight percent sulphur (Table B-2). 

Of the ten DOE geographical areas under study, the f011owhg is tr& 

B Only Region 8, in California, processed a "heavy crude oil" as defined in the 
study's tenns of reference; Lea, less than 20 degrees APL 

The vast majority of the remaining refineries processed light sweet mde, 
well above the 30 degrees API threshold. 

This situation seems to be common for most USI refineries, with the 
exception of the remainder of California (Regions 4, 9, lo), which 
traditionally has pracessed on average what the world petroleum industry 
classii5es as "medium" gravity mdes (greater than 20 and less than 30 
degrees API). 

A quality breakdown between the three accepted industry gude  classification^ shows the 
foUOWiOg: 

m Regions 3,6, and 7 process no heavy crude oil in tbe crude intake slate. 

Refineries in Region 7, which encompasses Alaska and Hawaii, do not have 
the capability of properly converting heavier crude oils into marketable 
products. 



U.S. IWFINING CRUDE I N T m  BY DOE REGION 
1990 IASECASE 

It KC?ON 1 2 3 4 5 6 7 I 9 10 TOTAL 

REPNERY CAPACITY 

Namepla~c, MBSD 1,609 2,766 810 1,452 7,233 583 401 10 1,309 128 16,304 

Max Allowed, MDCD 1,392 2,467 722 1,233 6,040 486 343 9 1,111 109 13,932 

CRUDE3 PROCESSED 

Gm~lty, API 
Sulfur, W1% 

Domcsric, MBCD 

Gravity, MI 
Sulfur, wt% 

Imports, MBCD 

Gravlty, API 
Sulfur, wm 

Table 8-2 



rn Refineries m Regions 3 and 6 have auxs to significant production of 
domestic light sweet crudes and, therefore, only a fear of their adsting 
conSgurations h e  capabilities for heavy cnde bandling and processing 
(Table B-3). 

As one would expect, Regions 5 and 1 have a greater proportion of aude 
imports available for processhg- ?be rehery configuration in these areas 
can accept heavier sour nudes which, coincidentally, comespond with the 
qualities available h m  South America and some Middle Eastern sources. 
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ADDENDUM TO SECTION 1 

U.S. REFINING CAPACITY 

BASE CASE 1m 

SUBSTANTLAmG TABLES 
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U.S. REFINING CAPACITY 
BASE CASE 1990 

h e r a d a - H a s  Corp r 
Arnoco Oil Co 1 
Amouo Oil Co ( 
1W Oil Co 
Chcvron'USA Inc 
Cllcvron USA Inc 
Cibro Pctrolcum 
Coastnl Eagle Poinl 
Exxon Co 
Mohil Oil Corp 4 
Pcrrtrmil Producls I 
Pl~conlxRefinlng ( 
Quakcr State I 
Sciwicw J)CIM)ICIIIII 
Slet lhlcrprlsc i 
Sun M i n i n g  4 
Sun RcCinhg 4 
Unitcd ReClnln ( 
~ i t w  ~hemlcaf 4 
Young Refining ( 

Porl Reading 
Yorktown 
Savannah 
Mlrrcus ktook 
P a t h  Amboy 
Phlladclplria 
Albany 
Westvllle 
Linden 
Puulsboro 
Rouscvlllc 
St. Mary's 
Ncwell 
Thr~roTr~rs 
L)cluwurc clly 
Marcus Hook 
Philadclphla 
Warren 
Bradford 
Douglasvillc 

Table 8-4 
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US. REFINING CAPACITY 
BASE CASE 1990 

,,,,,. liydro l'rocrss,,,,,, 
DO& CRD VAC TIIW FCC REP CHK WBPlNE THT ALK FOLY ISOM AROM LUDE ASP11 D W P  I12 COKE 

COMPANY H D O  SP CIW ~ ~ ~ w ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ v ~ ~ ~ ~ ~ ~ ~ ~ w o ~ ~ ~ + ~ t ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ w o ~ ~ o ~ ~ m ~ t ~ ~  M ~ l ) l l ~ ~ ~ ~ l ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ I I n ~ ~ u ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t t ~ * ~ t t t ~ ~ ~ H ~ ~ ~ ~ ~ t ~ ~ ~ t ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~  MMCFISO MTISU 

Burrctt Relining 
Coostal Refining 
Coaslul Rcfining 
Caastal Reflnlng 
Co~roco Inc 
Cyril Ycrroclwmtcal 
E'nrmland Industrlcs 
Fdrnlland lndustrics 
Kcrr-McOee Reflnin~ 
Liy uici Encrgy Corp 
National CO-OP 
Sinclair Oil ~ o i p  
Sun Rcfjnlng 
Texaw Refining 
Toid Pclrolcum 
TWl Pctroleum 

Atlantic Rlchflcld 
13P Oil Co 
Chcvron USA 
Chcvron USA 
Circvron USA 
Exxon 011 Co 
Huntway Refining 
Ilrmnountaln 
I):rcific Rcfining 
Slrcll Oil Co 
Shcll Oil Co, 
S o u ~ ~ d  Rcfinlng 
Su~rbcll Rcfining 
Tcxnco Refining 
Tosco Corp 
Unocol Corn 

Thomas 
Augusta 
Wlohltu 
El Dorado 

Wynnewood 
Brid cport 
~ c ~ & r c o o n  

03 OK Tulsa 
03 OK 7'ulsa 
03 KS El Dorado 
03 OK Ardmorc 
03 KS Arkansas City 

Fcrndale 
Fcrndalc 
Rlchmo~rd 
Porlland 
Scattle 
Bcnicla 
Dcnicia 
Frcdania 
Wcrculcs 
Anacor tcs 
Marllncz 
Tacoma 
Randolph 
Anacortcs 
Martinez 
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U.S. REFINING CAPACITY 
BASE CASE 1990 

i 3 

,,.,,.llydro I*roccss.,.,,, 
DOE CUD VAC TllRM FCC REP CHK HUIWCr, THT U K  I'OLY lSOM AROM LUBE ASP11 DEASP 112 COKE 

COMPANY It l% ;CIW CITV b11111111111~111~1~~1~1IbIIIIIIIIIIIo~~IIII~1,.,11,1~11,111411,))II111111111111111110II,IIIIIIII M I W I ) , l l l l l l l , l , ~ l , ~ ~ ~ ~ ~ ~ I I , , I , , I I , , , I , ~ ~ 4 . I I I I , , , I , , , I , 1 1 , 1 1 1 1 1 , , , ,  MhlCFfiICSI) hWSD 

A~noco Oil Co 06 UT SaltLakc 
Amoco 011 Co 06 W Y  Casper 
Big Wcs! Oit Co 06 UT Salt Lake 
CCIICK 06 MT Lmurcl 
Cl~cv ro~~  USA 06 U'I' Sult b k c  
Colurudo Rcfinltrg Wi CO Commcrw 
Conoco 06 MT Btllings 
Conoco lnc 06 CO Dcnvcr 
Cryscn Rcfinfng M UT Woods Cross 
h o n  Co 06 MT Bllllngs 
Franttcr Oil 06 WY Cbe cnno 
Landntnrk Petrolcum 06 CO ~ r d s  
Little AmcrIca 06 WY Casper 
Montana Rcllning 06 MT Oreat Falls 
Pcnnzoil Producls 06 UT Rooscvelt 
Pctro Sourcc 06 NV Tononpah 
Phillips 6G Co 06 UT Woods Cross 
Sinclrlr Oil Corp 06 WY Slnclalr 
Wyulning Rcfla~ng 06 WY Ncwcastlc 

ARCO Alaska Inc 07 AK 
ARCO Alaska Inc. 07 AK 
Chcvron USAInc 07 AK 
Chcvron USA Inc 07 HI 
).Inwailan Ind 07 HI 
Nnpco Alaska 07 AK 
l'clro SMr I I K  07 AK 
W I  t (17 AK 

Kuparuk 
Prudhoe Bay 
Kenai 
Barber's Pt, 
Bwa Beach 
North Pole 
Nor111 Polr! 
Kottul 

COI~OCO Inc 03 CA Santa Marla 



U.S. IWWNING CAPACITY 
BASE CASE 1990 

,,*8#Jlyclro t'tuccw,,,,,. 
I)OR 

C O M I ' W  HW sr c m  CRD VAC TIlRM FCC REP CRK REPINE THT ALK POLY ISOM AHOM LUUE ASPll DEASP I l t  COKE 
I N + I I ~ ~ ~ ~ O ~ ~ * ~ I I ~ I ~ ~ ~ ~ ~ ~ I I I I I ~ I I ~ ~ ~ ~ I I I * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ - ~ * * ~ + ~ ~ ~ ~ ~ ~ * ~ + ~  M W O I ~ I ~ I I I I I I t t n ~ ~ I ~ ~ ~ t ~ t t I + ~ I I I ~ ~ t t ~ + l t  MhlCFISD hlT/SU 

Allanlic Richficld 
Cl \c~~ \o i l  RcClnin8 
Cl~cvron USA Inc 
Edgington 011 Cu 
Flctchcr Oil 
Golden Wcsl RcC 
lduntway Rciinlng 
Lundity Thagard Co 
Motdl 011 Corp 
I'itrilrnoun~ Pccrolcurr 
t'otvcrinc Oil Ca 
Sllctl Oil CQ 
Tcn By fnc 
Tcxirco Refining 
Utmmar Inc 
Unoml Corp 

Atlclrdr Refining 
Kcru Oil 
S:tn Joilquln 
Sunlnnd RcCinlng 
Tcxaco Rclining 
Wifco Chcmlclll 

Carson 2350 112,O 56.0 82+0 48,O 22,O =- 151.0 14,O 3.0 .- . - -. . . -- 70,O 2,s 
Signal l.Iill 16,O -. .- .. *. -. .. .. .. . . -- .. .. .. .. a. .. 
El  Scgundo 279.0 114.0 61.1 62.0 51.0 45.0 114,O 70.0 8,O -= -. . . .. -- -- 130.0 3.3 
h n g  Ilcach 44,7 25.0 -- . - .. -. - - . . - - . .- .- - =  17,O -- .. . . 
Carson 30.0 17.0 -- 12,O 5.0 - 12.0 5.0 *. -- .. -. .. 6.3 .. .- .. 
SanlaFeSprlnp 46,O 25.0 13.8 133 19.0 11.0 .- 12.0 3.0 =. .- .. -- 4,O -- 11.0 -- 
Wllmington 6.0 5,O -- -. .. -- -. a- .a .(. -. . . -- 3 s  -- . . . - 
South Garc 7.4 7.5 - -= -. .. . . - . . . -. .. .- .- 2,4 -- . . .. 
Torrance 130.0 95,O 48,O 63.0 36.0 21.7 68.0 49.0 17.0 -- .- -- .. .. =- 137.0 2.9 
Porirmaunt 39.0 24.0 -- .- 8,s .- .- 27.0 -- .* . -. -- f2,O -- . . . . 

09 CA Sanlu Fw Springs 49.0 
09 CA Wilmington 139,O 
09 CA Oxnajd 5.0 
09 CA Wilmington 100.0 
09 CA Wllmington 72.0 
09 CA h s  Angclcs 11 1,0 

10 CA McKJtlilck 11,O 7.0 -- -- . . -. . - .. . - -. -- -- -. .. a. .. .. 
10 CA Dakcrsftcld 22.0 -- - -  -- 3,O -- -- 4,s -- . . . . . . -. .. a. . . .. 
10 CA Dakcrsficld 20.0 14.0 10.0 -- -- ., .. .. .. . - -. -- 4,O 5.0 -- . . .- 
10 CA Bokcrsficld 15,O -- .- -- 1.5 -- 1.5 -- -. - . . . . .. .. .. .- . - 
!O CA Bokcrsficld 49,O 23.0 13,7 -* 22.0 14.3 15.0 14.0 -. . . -. . . . . -- -- 21.0 0,7 
10 CA Olldalc 1l .Qto.z -  - 0 . 9  . . .. _=l= - .. - - - - .. ( i . 0  :- . . - . a 

128.0 54,2 23.7 -* 263 1483 16.5 19.4 *- ** 9- .= 911 9.0 *- 21.0 0.7 

table B4O 



ADDENDUM TO SECTION 1 

U.S. CRUDE INTAKE QUALITY 

BASE CASE 1990 

Domestic Production 

SOBSTANTIATING TABLES 
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U.S. DOMESTIC PRODUCTION BY DOE IWGION 
FROM PADD I. 11.111. 1V 

Jay 
Bradford 
Eastern Kansas 
Amoco Sour-Cushing 
Cushing Swcct 
Williston 
11 . Bash 
Albion 
Citronella 
Smsckover 
LLS . Gibson 
Empire Mix 
Ostrica 
Eugc~rc Island 
East Mississippi 
bvinfjton Rlcnd 
E. Vucuu~n Unit 
East Texas Mix 
Oulf C0;lst Lt 
kluwki~rs 
Oiddlngs 
Lcvclerrd 
No. Ccnlrul Tcxrrs 
Rclugio Hcsvy 
Rancho Sour 
Rancho WTi 
Cutbank 
Ancth 
Anchucz 
Rangcly 
Wyoming Swccr 
Wyoming Sour 

Table 8-1 1 
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U.S. DOMESTIC CRUDE PRODUCTION 
1990 

- -- 

PADD DOE STATE NAhfE MB/D API % SULFUR 

FL Jay 
PA Bradford 

EasternKansas 152 
OK Am~coSo~-Cushing 154 
OK CushigSwee~ 154 
ND Williston 101 
IL ILBasin 127 
MI Albion - 54 

Ciuonelle 
Smackover 
LSS - Gibson 
Empire Mix 
Ostlica 
Eugene Island 
East Mississippi 
Lxwingtoa Blend 
E Vacuum Unit 
East Texas Mix 
Gulf Coast Lt 
Hawkins 
Giddings 
Leveland 
No. CenuaI Texas 
Rciugio Hvy 
Rancho Sour 
Rancho WIT 

Table B-13 



U.S. DOMESTIC CRUDE PRODUCTION 
1990 

(Continued) 

PADD UOB STATE NAME MlIID AIBI % SULFUR 

Culbank 
Ancth 
Anclwtz 
Rangcly 
Wyoming Sweet 
Wyoming Sour 

Alaskan No. Slope 
Cook lnlct Blcnd 
Elk Wlls 
Kcrn Rivcr 
]Lost Hills 
Yowlumnl 
Sanra Maria 
Cat Canyon 
San Ardo 
Wilmf ngton THUMS 
Ventura Mix 
Long Beach 
Beta 
Huntington Beach 
Frui tvale 
Wondo 
SJV Blend 
Midwaysunset 
So, Belrldge Blend 
Eagle Springs 

Table 8-14 



U.S. DOMESTIC CRUDE PRODUCTION 
1990 

SUMMARY 

PADD I 
PADD I1 
PADD III 
PADD N 
PADD V 

Memo= NGL Availa;bIe As Refinery Feedstock: 186 hD/D 

Table 8-75 



ADDENDUM TO SECTION 1 

U.S. CRUDE INT2LK.E QUALITY 

BASE CASE 1990 

Import Crudes 

DOE Regions 

PAD Districts 

SUBSTANTIATING TABLES 
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CRUDE IMPORTS BY DOE PROFILE 
BASE CASE 1990 

PADD I I l II V 111 IV  V V V V 
DOE REC1ONl,,lll,l,,.l.l,l,l,,.,,,,~l,,ll,,,,~,,,l,~llllll,l,,,..,..,,.,l,,,,ll,l ,,,,,, ~,11,111,1,11 ,,,,,, ,,,,, ,,,.. ,o.,,,,,,,~,,.,,~l,..,,.~,l~l,l,,,,,ll,l,lll,,lll,,lll.,,~l~~.~l,.,,l.l~~ll.~l~~~~l..~~l~~l.~l 

AI ' I  SUI.PUlt NAMR 2 3 4 S 6 7 8 9 t f l  TOTAL 

Canadian Common 
Llaydmlnster 
Bonny Light 
Forudos 
Cablndir 
Zutraillnr! 
Brcnt 
Arnb Lighr 
Arilh Mcdlutn 
Arnb Hcuvy 
Bosmh 
Wrkuk 
Maya 
Istlrmus 
Bachaqucro 13 
Bad~oyucro 17 
t3ucltq uwo 24 
Tia Juana Lfght 
Qtao Lfrnon 
Challis 

DOE, MUCD 

Table 43-16 
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IMPORTED CRUDES TO USA BY QUALITY 
BASE CASE 1990 

CRUDE 
API SULFUR NAME PADD r PADDII FADD III P A D D N  PADDV TOTAL 

Canadlan Common 
Lloydmlnster 
Bonny Llght 
Forcados 
Cobinda 
Zaraltinc 
Drcat 
Arab Light 
Arab Mcdfum 
Arab Heavy 
Basrah 
Kirkuk 
Maya 
Isthmus 
Dachaqucro 
Tin Juana Light . 
Cano Llmon 
Challis 

Vo!, Average AI'I 
Voi Averuge Sulfur 

Table t3-18 



SECTION 2 

FORECASTED CRUDE SUPPLES 
(Assuming No Incremental US. Heavy Crude) 

This section offers the views of Bonner & Moore on what the future holds for the US. 
refining industry should the incremental domestic heavy fnde not become e b I e  as 
indicated by the DOE The forecasted crude supplies are cumistent with all premises used 
throughout Appebdix A, Petroleum Market Evaluation. 

Once again, 1990 was d as a starting point; therefore, all breakdowns of aude by sources 
and qualities correspond to the details presented in the previous section of this same 
appendix. 

The most important highlights governing the availability of rmde to the United States under 
this "no new incremental heavy crudesu scenario during the next two decades are as follows 
(Table l3-19): 

Declining US. domestic crude production is exacerbated in Region 7, where 
A N S  availability declines approximate 80190 MB pet year during the period 
under study. Available heavier d e s  in Regions 4, 8, 9, and 10 show a 
modest 5 MB per year production decline. OPeraIl, U S  domestic 
production declines about 2% per year during the planning period. 

The total balance of U.S. crude supplies indicates that 1996 will be the year 
in which more than 50% of the refinery gude slate will depend.on imports. 
Beyond the year 2oOo7 the proportion of crude imports exceeds two-thirds 
of the rehery intake needs (Figore B-2). 

Undoubtedly7 the Middle East producing area wiD be the main incremental 
supplier of import crude to the US. refineries during the next decades, 
followed by South America in terms of mainly medium quality nudes (mix 
of heavy and light audes (Figure B-3). 

Despite the plentiful -heavy oils anticipated to be produced in South 
America, volumes similar to those seen up to 1990 are expected to find their 
way into the US. refineries. Regions 1 and 5 seem to be the traditional 
recipients of these imporb (Figpre B4). 

Heavy crude imports, as defined in the study, are less than 4% of the total 
crude import volumes. The quality of these imports suggests a specialties 
disposition (asphalt) rather than feed to a conversion unit for the 
production of quality rebed products. 

Forecasted aude intake gravities for the overall US. refinery system show a 
aude slate with an average gravity of approximately 32' MI, and crude 
intake sulphur quality deteriorates during the next decade, as maw Middle 
Eastern crudes replace declining domestic production (Figures B-5 and B- 
6)- 

Tables substantiating the figures used for our crude quality and geograpbica1 distniution 
forecasts are shown at the end of this section. 
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U.S. FORECASTED CRUDE SUPPLIES 
(No Incremental Heavy Oil) 

PADD Region AS1 %S 

I E;rstLight 51.6 (3.26 
1VIV OWyo 36.7 0.87 
I11 nFflx>u 36.7 0.60 
V AMka 27.8 1.12 

Continent 3 s  l.33 

Tom1 US. 

IMPORTS 

N. America 29.8 129 
S. Amcrica 24.8 220 
Mid East 329 1.80 
Africa 35.4 0.17 
Europe 37.6 0.40 
Asia 39.5 QIO 

TOTAL CRUDE 

Table B-19 
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.S. CRUDE IMPORTS 

. 
N. AMERICA 8. AMERICA MID EAST 

AFRICA rA EUROPE ASIA 



[U.S. HEAW CRUDE IMPORTS 

1 

1988 1989 1990 
NAMERICA S.AMERICA MID EAST 

FfJ AFRICA EUROPE ASIA 
1 



1u.s. REFINERY CRUDE INTAKE GRAVING 

US, PRODUCTION 
-II- 
IMPORTS * 
TOTAL AVERAGE I 



D.s. REFINERY CRUDE SULPHUR CONTENTI 

UbS. PRODUCTION 
4 
1MPO)TTS 
-m- I 

Figure 8-6 



U.S. CRUDE IMPORTS(1, 

NORTH AMERICA 
Canada 

SOUTH AMERICA 
Mexico 
Venezuela 
Other 

MIDDLE EAST 
Saudi Arabia 
Iraq 
UAE 
Iran 
Kuwait 
Others 

A3F3RICA 
Algeria 
Angola 
h e r o o n  
Nigeria 
Others 

EUROPE 
Norway 
United Kingdom 

ASLA 
Indonesia 
Others 

TOTAL 

('1 Wudes  imports for the SPR 

Table B-20 



U.S. HEAVY CRUDE WIPORTS 
1990 

Volnmem, 
Region Gravjty % Sulphur MBD Country Crude 

Italy R O S ~  Nave 
Venezuela Bachaquero 

Boscaa 
Pilon 

Total Region 1 

Canada Cold Lake 

Total Region 2 

Canada 
Indonesia 
Venezuela 

Cald Lake 
B i i a  
Bacbaquem 
Bachaquero 
Bachaquero 
Lagun= 
Merey 
Pilon 
Boscan 

Venezuela Boscan 

Total Region 9 

TOTAL US. 

SO Heavy Crude Imports To Other Regions 

Bonner E Moore Management Science 





TABLE OF CONTENTS 

APPENDIX C 
REPRESENTATIVE REGIONAL LP MODEL 

SECTION 1 

APPROACH AND METHODOLX)(;:Y 

Bonner E Mowe Management Science 
1 





APPROACH AND MlETHODOWGY 

An understanding of approach, prdses, and asumptions is important in judging the 
applicability of results b m  any study and m appreciating its inherent strengths and 
limitations* This section describes the hear programming approach taken by Banner 8r 
Moore Management Science in esbathg the refining industry costs associated with 
increasing the production of hewg aude oil h the United States. Descriptions are also 
provided for the major study premises and assumptions. 

In conducting this study, we made ade~sive use of Bonner & Moore's Refinery and 
Petrochemical Modeling S m m  RFblS~)ZOOO, as well as Banner & Moore's ASMY 
Z O O O ~  cNde evaluation and s e k t h  system 

TWE RPMS(R,2000 SYSTEM 

RPMS 2000 is the mdustry standard for applying bear programming techniques to 
production planuing in the worldwide r e h h g  industry. The system contains the most 
powerful modeling techniques and capabilities available to refining industry planners. RPMS 
2000 was developed in response to industry demands for a fdl-capability modeling system 

RPMS 2000 is in wide use for various purposeg including the following: 

CNde 03 and raw materials evaluation and selection 

rn Evaluation of capital iwestments in processing equipment 

Assessment of new technology 

Competitive analysis and market evaluations. 

The basic RPMS zoo0 pmuswr contains programs writtem for rapid assembly and sohtion of 
process plant models, using a combination of user modeliDg p h ,  RPMS databases, 
and user-supplied data i t  also includes recursion capabilities for managemeat of non- 
bearities, such as pooling. 

The system's refiniag database provides a comprehensive selection of submodeis and 
investrnent/capacity reiationships for most wmmerciaUy available pro~sses in use by the 
world refining indusq* Aocess submodels reflect the advanced modeling techniques 
developed by Bonner & Moore aaos more than 30 yean. This database ako amtabs 
blending data for gasoline, middle distillates, and fuel oils and quality information for most 
refinery streams. 
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THE ASSAY 2000m SYSTEM 

With Bonner & Moore's ASSAY 2000m system, and its associated database7 the user can 
spezifycrudes or blends o f c n r d e s ~ a r 9 b e l g e d h t h e  model Crude assay data are 
transferred automatically within RPMS #)o to support mdwkpndent yield and q d t y  
caldations. Thus, model data are autamatically updated as new cut-points for crude 
distillation are provided by the user or computed by the system- 

BASIS FOR MODEL CONFIGURATION 

Estimates of the added costs arrociated with refining increased amounts of heavy crude oil 
were determined by preparing mlthematiral (linear programming) modek of each- of ten 
regions of the United States Of tbese ten re* Region 5 consists of the US. GuK Coast, 
and is the major aude 03 p d d n g  sad refining @on in the countxy. Therefore7 the basic 
mathematical model was &%rated against 1990 published data for this =#OIL 

A schematic of the base rehnery model is shown in FfgoR G L  This type of refinexy already 
has capacity to upgrade heavy aude oik by fbennal, catalytic, and hydrogen cracking 
technologies. Each region of the US has these technologies but in different ratios. 

Models of the other individual regions are, then, modifications of that for Region 5, each 
with their own respective process configuration, ende supply quai@? product quality 
~Ibutiooa Supply scerdios for the yeas 1990,1995,2000,2005, and #)lo were evaluated. 

Crude oil availability for all regions was based on actual 1990 domestic production and import 
data From the hundreds of individual crudes produced, a representative composite of 11 
domestic and 7 foreign crudes as used for tbe rn* their respective volumes and quality 
closeIy approximate the average gravity of crude oil charged during 1990 as reported to the 
US. government. Pipeline and marine movements of crudes from production areas tovarious 
refining amten are recognized- 

Given a fixed availability of crudes for each case, the models were required to produce a 
complete spectrum of products consistent with the anticipated volume growth and quality 
changes for the respective year. The impact of the Clean Air Act for motor gasolines and 
highway diesel fuels is recognized 

To avoid unrealistic solutions or mathematical problems, the modek have the option of 
purchasing (ie, importing from another region or ofhhore) material at the forecasted prices 
for the respective year. Through its new investment feature, RPMS 2@Xl aIlw additional 
ptocessing capacity to be provided at a cos+ This cost re~~gnizes all of tbe *om operating 
and h a n d  factors assoCiated with the respeaive process. The financial factors recognize a 
15% cost of capital, a 13-year economic and depreciable life? and a marginal tax rate of 34%. 
These new facilities are built on a streamday basis, which differs horn the LP models' use of 
calendarday by an anpted factor- Typical LP results for Region 5 are shown in at the end 
of this Secfion. 
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RPMS 2000 RUNS 
REGION 5 

BASE CASE 1990 
SUBSTANTIATING TABLES 
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ELEMENT PEEK 

SUI(CURY REPORT . . . 
CASE = FIVE9Q <.) YOL W C E  CLOSURE = -19.383 
I T E R A T I O W ~ R =  1820 YtfMLMCECL6SURE = 0,  
OBJECTIVEVALUE = 82869,285 (82869.281) WIW= 0, 

VDLtmE BASIS PURCHATrS . . . 
JAY 

CSw 
us0 
ATR 

Bm 
RW 

t l B  
BLV 
Ans 
SSB 
#S 

LOT 
BCF 
617 

ARL 
EON 

BSX 

CUA 

as 
I t t  
n u  
TOL 

HTB 
ETL 
HTL 

EAST LIGHT 

CUSHI WG SWEET 
nro VEST s m  
n m  uEn nw 
ROCm UTU uw 
YEST TEXAS IN7 
LWISlAlU SUED 
WLF M H Y I  

Ataska north Stope 
CUI FORNIA PIED 
EMIFORNlA HW 

Ethane 

p v  
X u ,  -ant 
no-1 Butane 
Purchased octane 
WBE 
Ethanol 
net ham 1 

OTHER FEEDSTOCK 

TOTAL 6279,018 

tCII: Coke 
UU Ethytene 

Table C-1 



M I G H T  M I S  SALES CaTIWUED) 

Prmltne Mix 
Butadime 
Stm Crackr But- 
YI LOSS & ADJ 

TOTAL 

Regular Leaded 
Unleaded Regutar 
Unleadtd Hidgrade 
Unleaded Premiun 
03 nun-att Regular 

03 non-s t t  Prcmiua 
CO m - a t t  Regutar 
CO m - a r t  Praaim 
Oxy Fuel* Refom R 
Oxy Fud+ Rtfom P 

Regular Ethanol 
03 na Regutare tht  
CO M Regutareth t 

TOTAL G#OLXWE 

Aviation Gasoline 
JPC Jet 

TOTAL AV NAPHTHA 

Aviation Jet fuel 

Kerosene 
Diesel 
Heating Oil 

TOTAL D I S f I t U T E  1927,?86 

LW Sulf FU 4)s 
)(ED krCf FO 4.0% 
HI Sulfut FO 3.0% 
BvJLer Fuel 4.0% 

TOTAL FUEL OIL 

Pettochan Naphtha 

Petrochaa Other 
Spec Naphtha 

Lubes  + Uaxes 
AsphaIt 
Beorere 

Banner E Moore Management Science 



WIPER HUW OIL REFINING STUbY 

ACTIVITY -------- 

TUL 
X l L  

HAR 
LPG 

PGF 
PRF 

LOS 

Rnehaccd oetw 26,000 
Xylmc 58,000 
HEAW M m A T  ICS 0 
f iq Pet Gas 207,257 -------- 
TOTAL nrsc. 805.~98 

Piant Fuel Gas 204,764 
R e i d  P l a n t  Fuel 3,000 

-*--..,. 
PLMT FUEL L RARE 207,764 

MCWE LOSS -268,2bZ -- 
f0TA L 6t 57,580 

C82 UT/tnM DOLURS 1353,996 
TEL TEL C-GL/BBL 6,658 
FUL PLTMLW-BTU I t f O , 9 2 1  

tRD 
VAC 
em 
CKV 
VBR 

Rot 
HOC 
FCC 
HGD 

DSL 

ua 
m,: 
%KT 
W2F 
RGL 

Ctude Dist i 1 iation 
Vscum Unit 
Delayed Coker Dnra 
#KER QURGE 

V i  $breaker 

Resid Wydroetacker 

UOt %FCC + RCC 
Cat Cracker 
Hy Gas O i l  I 2  frtr 
Lt Gas M1 HZ Trtr 
R)rdrocracker 

vacwn WR am? 
Resid Hydrotreater 

Naphtha HZ Treater 
n? Cat Ref - Mogas 

CASE = FIVE90 . ffER = 182U, 08J VALUE = 82869.28 



NEW FACXLITlES <=TI-) 

A t K  

CPL 
XSn 

1% 

BDH 
CtBE 

EBE 
Tam 
Ha 
HtP 
0x1 

SUL 
A 6  

SPt 
WR 

Ha 
Ma 
STW 
K Y H  
VAT 

RAL 
But 
T OL 
XYL 

Rcf 
HPT 

Alkylation 

cat Poly 
CS+ lscmerimtion 

CC Isanerization 

C4 De Hydrogenat i o  

MethylTert 3ut Eth 

Ethyl TerT But Eth 

Tert Aayt Heth Eth  

Stm Ref <HZ-IISCF) 

Cryogenic 

Part ia l  Oxidation 

Su 1 fur  Recovery 

Cat CS spl i t ter  

Unsattaso Spt i t t e r  
Power teneratn kVa 

tooting Uater 

nerox Treaters 

Boiler Hwse 
Powr Ois t r i k r t im 

Water TrtatrPent 

tou Prts Arun Ref 

Benzene Tower 
Toluene Tower 
Xylme Tower 

Aromatics Extractn 
P/gas HZ Treater 

CAPACITY ZWS . - . 
CRD 

VAC 

w 
av 
SPT 

WBR 
DAU 
HCT 
Hot 

vnr: 
FCC 

WC 

CAR 

1 HM 

H a  

DSL 

H G O  

UZF 
CUT 
Is4 

Crude Dist i  l t s t ion  6060,000 
Vacua Unit 2537,000 
Delayed tolrer Orrra 18,268 
OOCER CHARGE L9?,328 
thsat(;aso Spl i t ter 476,680 
V i  s b r d e r  0 
Solvent m a l t  0 
Resid nydrotrcater 240,800 
Resid Mydrocrbdcer 88,000 
vacuun R P  HOtlRNT 231,%2 
Cat Cracker t935.W 
HOC 35 %FCC + RCC 0 
FCC tokt capc i ty  12,843 
Them1 Cracker 0 
Hydrocracker 292.538 
Lt  Gas O i l  CIZ Tr t r  265,971 
Hy &s Oit HZ T r t r  953.590 
Naphtha H2 Treater 1494,455 

m a s  Bnz Heartcut 0 
CL tsamwization 53,280 
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NIPER H E A W  OIL REFIWING STWY 

CAPACITY 

RGt 
RAL 
BNZ 
TO1 

XYL 

EXT 

ALK 
A f  5 
tpt 

OAK 

%m 
?BE 
EBE 
Tffl 

Ha 
0x1 

LUX 

ASP 

SCE 

SCP 

SCB 

sa 
SQt 

sm 
RPT 
na 
H a  
WW 

STH 
Pu2 

UAT 

HRX 

SUL 

RGH 
AS1 

&PC 

UP Cat Ref - Wogas 
L w  Pres Arom Ref 
B e r u e n e  Tower 

Totwne Tower 
x y i m  rower 
Atamtics Extractn 

A1 kylatim 
Cat O splitter 
Cat Poly 
Totume Oealkylatn 
tl Dt n y d r o g e ~ t  io 

Wethy1Ter.r But Eth 

Ethyl Tert But Eth 
Tert Amy1 neth Eth 
Stm Ref <HZ-MSCF) 
Partiat Oxidation 

Lubes 
Asphalt 

Ethane Cracking 
Propam Cracking 
Butane Cracking 
Total Steam Crack 

Maphtha Cracking 
Cas Oi L Cracking 
Pygas HZ T reater 
Cryogenic 

CASE = FIVE90 , ITER = 3820, 08J VAtUE = 82869.28 

Cooling water 4538,639 
Power Disttitution 1535,ZW 
Boi let nouse 35004183 
P w e r  Generatn kVa 1535,28L 
Uater Treatnmt 231,852 
brox Treaters 1340,032 
Sulfur Recovery 2,823 
LP Cat Ref - 0 
n m t  ics Saturatn 0 

Light HC tracker 0 

&IT OPERATIONS STATtSTlCS . . . 



WIPER HEAW OIL ItEFININC STUDY USE = FIVE90 . ITER = 1820, 0&1 VALUE = 82869-28 

UNIT OPERATIWS STATISTICS (CONTINUED) 

SALES 
PURCHASES 

UTIL C CHEH 

NET OPERATING REEWE 

END OF S U Q W Y  REPORT , . - 
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------------ I M S T e N T  91001) ------------- 
PUNT OFFSITE CATALYS RUYALT Y TOTAL 

Table G2 



* POSITIVE INCR PROFIT IMPLIES XYCEYfXVE FOU IUEREISED ACTIVITY 
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RIPER HEAVY OIL REFfYlPG STUDY ,WE=FIVE90 3- 3-  1 

FlRC (tegular Leaded 
MllR U n l w  Regular 
W1 tlnleaded Midgrade 
W Unleaded Prcmitm 

AVG Aviatinn Gas01 ine 
JPC JPC Jet 

TOTAL AV NAPHTHA 

JTA Aviaxion Jet Fuel 
KER Kerosene 
&ZD Diesel 
ti20 Heating O i  t 

TOTAL D I ST I L U T E  

TOTAL M L  OIL 

WN Petrochem Naphtha 
P W  Petrochem Other 
Wll Spec Ilaphtha 
tLII( Lubes + usxes 
A S  w a t t  

BN2 Benzene 
TO1 t o t ~ n  
xn Xylene 
LPt l i q  Pet fhs 

PGFWtsm Fuel Gas 
QRFaesid Piant F uei 

TRANSFERS WT 

TOTAL PROOUCT 1 ON (VOLUME ) 6,278,998 91,316,472 



IIIPER 

FEEDS 

JAY 

csn 
R Y f  
GI8 
BLV 
WS 

Lar 
BtF 
897 
ARL 
BoM 
BSX 

I CL 
we4 

Is0 Butane  
Normal 3utane 

OTHER FEEDSTOCK 

Bonner E Moore Management Sdence 
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FINAL TOTAL -C807644 337,638 



WIPER HEAVY OIL REFINIUG STUOY U S E = F I V E P O  f, 1. t 

NET 120,u 

YET 87,210,~O 

Bonner 8 Moore Management Science 
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RPMS 2000 RUNS 
REGION 5 

THE YEAR 1995 
SUBSTANTIATING TABLES 

Bonner E Mom Management Science 
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UIPER HEAW OIL R E F I Y W G  S N D Y  

USE = FIVE~S c.) VM ~ ~ 1 s t ~  U~SURE = -19.m 
JTERATXONWVIBER = -3884 YCT BALANCE CtOWRE = 0, 
OBJECTIVE VALUE = 3583t-8t5 < 3583L.815) W I W  = 863.053 

VOtWE BASIS PUitCHASES . . . 
JAY 

c=sn 
us0 

ATR 

Boo 
RVT 

GIB 
BLV 
M S  

SSB 
E S  

EAST LIGHT 
QIurlNG M E T  
MID UEfi SalU 
HID VEST HW 
ROCKY I(TN WW 

UESf TEXAS IWT 
L W I S I ~  SVEET 
GULF eOAST HYI 
Alaska North Stope 
W I F O R Y I A  E D  
ULIFORWIA HVY 

UEIGHT BASIS SALES . . . 
Coke 31,454 0 5.000 
Ethylene 0 0 0 0 -  

Table C-3 



NfPER HEAVY OIt REFINING STLA)Y USE = FIVE35 , 1TER = -=, 08J V W  = m . 8 1  

E I G H T  BASIS SALES CCdllT3MUED) 

YOLWE BASIS SALES . . . 
Regular Leaded 0 
Unleaded Regular 1227,808 
Unleaded Ridgrade CtS,OOO 
Unleaded Premium 415,000 
03 non-att Regular 0 
03 non-att P m i m  0 
CO m - 8 t r  Regular 0 
CO m a t t  Prtmiun 0 
Uxy Fuel+ Reform R 6?l,000 
Qxy Fuel+ Reform P Ct7,OOO 
Regular + Ethanot 0 
03 M R+taf+tth t 0 
CO M Resular+etht 0 

.--**--. 

TOTAL CSOLINE 33175,808 

A% Aviation Gasoline 13,s 13,584 13.586 0. -29.- 
J P t  JP4  Jet %,5# 96,532 %,S32 0. -26.- 

**------ 

TOTAL AV WWTW tlO,llS 

JTA Aviation Jet fuel 805,000 805,000 805,000 . - 26 .a  
KER Kerosene 18,567 18,567 18,567 0. -24.6# 
NB Diesel 413,270 0 636,000 24,780 
N20 Heating Oi 1 H7.000 7l7,UW 717,UOO 0. -24-6S9 .--.---. 

TOTAL OtSTILUTE 1953,837 

LVN Pttrochera Waphtha 104,814 1%,814 1&,814 

PCU Petrochem Other tO9,000 109,000 109,000 
UPH Spec Naphtha 33,197 33,197 33,197 
LUX Lubes Yaxes 111,268 111,268 111,268 

ASP Asphalt 111,962 111,962 313,962 
3NZ Beruem 44,000 U,OOU)O C4,W 
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NIPER H S V T  O I L  REFINING SNOY 

ACTIVITY -------- 

VOLUME BASIS SALES CCOUTtNtED) 

TOL Purchased #tam 26,000 
XYL Xylene 58,000 
HAR HUW AROCIATICS 0 

LPG L i q  Pet Gas 199,421 -------- 
TOTAL MISC- 797,662 

3 t F  Plant FueL Gas 193,470 
PRF Resid PLmt Fuel 3,000 

-------- 
P U T  FUEL & FLARE 196,471) 

LQS VWWE LOSS -259,498 --- 
TOTAL 6325,392 

C82 
TE L 
FUL 
I;YH 

rn 
PPP 

n2o 
sm 
WT 

P a  

CAT1 UIEM DOLLARS 
TEL G-GLDBL 
PLT FUEL W-BTU 

ELECTR I t KWH 
mrGE# TONS 

P#K ERR TOTAL 
CalL HX) M-GRL 
STEAM n-LB 
PR#: H20 M-GAL 
mGEn rVH 

CRD 
VAC 
w 
sm 
VBR 

)iOL 

noc 
FCC 
HW 

DSL 
ncr 
VHK 
UXT 

H2F 
UGt 

Crude Distiltatia, 
Vaaru~ Unit 
Detayed Coket DM 
COCER ClURtE 
Visbreaker 

Reid Hydrocracker 
noc as ZFCC + KC 

Cat Cracker 
Hy Gas O i l  Ht Trtr 
Lt Gas Oil %2 Trtr 
Hydtocrac ker 
Vacram R/R HDL/R%T 
Resid Hydrotreater 
Naphtha HZ Treater 
HP Cat Ref - Hogas 



Attylation 
at Poly 
6* Xsanerization 

Isarerization 
U De nydrogenatio 
#ethytftrt ~ u t  ~ t h  

Ethyl lert But Eth 
Tert wl Beth Eth 
!%m Ref <HZ-USCF) 
Crpsenic 

Pvtial Oxidation 
Sutfw Recovery 
Clt O splitter 
UwtGaso  Spl i tter 
Parer tccrratn kva 
b o t  ing Uater - Treaters 
Wiler nouse 
Paer bisrrikrtion 
skater Trtatment 

lar Prts A r m  Ref 
8- Touer 
tduaw Tarcr 
Xyiar To te r  
Armat i ts Extractn 

H2 T r e a t e t  

tRP tnde Distitlation 5913,000 
VAC Vwuro Unit 2437,000 
W klaycd toker D m  22,568 
w QITR QURCE 595,207 
SPT UtsattaEo S p l i t t e r  &7?,000 
VBR Visbreaker 0 
W, Solvent Deasphalt 0 
wrCt m i d  Hydrotreater 0 
wOt m i d  wroeraeker 88, WD 
UlX R/R HOL/LUf 36.7l9 
F#: mt cracker 1898,000 
woe: mcas%Fcc*Etu tL6,183 
UR ~ t o k e c a p a c i y  13,174 
TIM Tbttlaal Cracker 0 
lrac #@recracker 
DSL tt Gas O i l  HZ Trtr 214,000 
W#) &y Gas Oil H2 T t t t  lM2,w#, 
P F  Uaphtha HZ Treazet 1342,639 
C U I  Pygas Wu Heartcut 0 
IS4 U Isaneriration 65,000 
194 b+ Isemeritation 183,000 

Bonner E Moore Management Science 
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WIPER HEAW Oft REFINING STWY 

ACTIVITY 
---*--*- 

CAPACITY ROUS (WNT INLED ) 

RGL 
RAL 

BNZ 

TOL 
X I L  
EXT 
ALK 

ACS 
CPL 

DAK 

BpH 

lIBE 
€BE 
TAn 
Ha 
ox I 
LVX 
ASP 

SCE 
StP 

SCB 
SCK 
scn 
sm 
HPT 
KZP 
H a  

nrw 
sm 
PYR 
YAf 

)IRX 

SUL 
RGH 
AST 

LPC 

HP Cat Ref - M a g a s  1192,4?0 
Lou Pres A m  Ref 303,000 
8cnrent Tower 269,670 
fokuene T a r  186,815 
Xytem Touer 334,631 
A t m a t i c s  Extraczn 67,310 
Atlryiatian L68,OOO 
Cat  tS spl i t ter  10,688 
cat Poty 3&7 
Tolume Deaikytat.? 19,000 
U De Hydfogtnatio 0 
nethytTert 3ut Eth 30,000 
Ethyt Tert But Eth 0 
Ttrt Amy1 Mtth Eth 0 
S m  Ref (H2-PSCF) 527,533 
Partial Oxidation 0 
~rrbes 11 1,268 
m a t t  111,962 
Ethane tracking 0 
Propane Cracking 0 
Butane Cracking 0 
Total Steam Crack 0 
Naphtha Cracking 0 
Gas Oi l  Cracking 0 
Pygas HZ Treater 0 
Ctyogtnic 0 

Coating Uater &539,000 
Pwer Distriktt ion 'IU8,138 
Boi Let Heuse 31821324 
Pwer Cmeratn kva U#,138 
Vater f reatment 232,000 
nerox Treaters 18r;0,000 
Sulfur Recovey 4,459 
LP Cat Ref - Mogas 0 
Atamtics Saturam 0 
Light HC Cracker 0 

USE = FIVE95 , ITER = -3884, OBJ VALUE = 3f8U-81 



NET OPERATlRG REVENUE 36,2?5,2&0 

na, OF WKIuRT REPORT . , . 
EUDATA 

ELMEN1 WKER 
W A T A  
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WIPER MEAW OIL REFINING STL0Y , W£=FIYEFS 

PROCESS SIOISI) 

CRD Crude Distilbtiorr 358,889 
VAC Vaturn Wit  419,546 
mn U De Hydrogenatio 115,379 
uBE nethytfert But Eth 205,537 
)I20 Coot ing Uatcr 989,705 
UA'T Water Treatment 47,883 

$/Urn TOT lwv CAP REC 

PROCESS 

CRD Cnde Distillation 52,506 
VAC: Vatura Unit 125,711 
B D H  C4 De m t i o  140,090 
M E  WtthylTttt But Eth 265,879 

MZ'O Cooling Uater 61,399 
UAT Uater T reammt 22,995 

.----.-* 

I Y V E S ~  TUTUS 648,580 
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WIPER WUW OIL REFtNlRG 

AVC; Aviation Gasoline 
JPC JPC Jet 

TOTAL AV YAPHTHA 

JTA Aviatian Jet Fuet 
I(ER Kersent 
M2D Diesel 
N20 Heatirrg O i l  

f OTAL Dl53 I L U T E  

LS6 LOU Sutf FO 
HS6 WED Sutf FO 4.0% 
!is6 nr SuLfut FO 3.0% 

TOTAL FUEL OIL 

LVN Petrochan Naphtha 

PC0 Petrochan Other 
wn rapltita 
tux L d x s  + Yaxes 
ASP Asphalt 

BWZ Benzene 
TOt Toturn 
Xrt X y l e n  
LPG Liq Pet Gas 

TOTAL IISC. 

PGFXPlwt Fuel Gas 
PRFdRtsid Plant Fuet 

TOTAL PRODUCTION (VOtUWE) 6,174,058 68,755,388 



WIPER HUW OIL REFINING STUDY , tASE=FfVE95 3- 2- 1 

-----*- *-.----.- 

TOTAL FEEDSTOUS (MLUnE) 6,4?b,O?8 -8,363,777 

PRaOUCT IOW W G I  N C0,391,6tl 

# fEATtUG VALUE EQUIVALENT BARRELS 

ESTIWTED F R ~  WLU)JE AND SPECIFIS wtn 

* PlLSITIVE fNCR PROFIT IMPLIES IWCEWTIVE FOR IUCREGEO (LfTIVITY 
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WIPER HUYI OIL REFlWING S W Y  . USE=FIVE% 4. 1, 1 

UffLITIES PURCHASES AND SALES 
-*-.*-----*,-.-*--.-------- 

PURCHASES W!3 TOTAL 

CS2 U T l t H E H  DOfURS 1310,791 -1.210-fSS6061 

fUL PLT FUEL m-BTU 1621 ,l?6 -1,850-2999730 

HZO COOL nzo n-cat 

lCun ELECTRIC CbW -0.050 

PVRPYRGEN KUH 

m STEAM II-LB 

7EL TEL G- G L m L  

SUt SULFUR TOlS 

VAT PROC iItC M-GAL 

OXN mCEn rms -100,000 

PPP Wt ERR 7 OfAL -10,000 
---& -- 

FINAL TOTAL -4585792 



SALES qf?,flD 
PURCHASES 

WN EQUIPMERT EXPENSES 

CAPITAL RECOVERY 
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RPMS 2000 RUNS 
REGION 5 

THE YEAR 2000 
SUBSTANTLATING TABLES 
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HIPER HUW OIL REFlNIlG SNOY WE = FIVEOO , 17- = 4102, 08J VALUE = 40048.80 

CAS€ = FIVEOO c.) VOL EALANCE ~ O S U R E  
ITEfUfIOll UmBER = 4102 Wf BAuna # W E  
OBJECTIVE VALWE = 40048,799 < COOS8.799) CUXlW = %SB,%l 

wL9E BASIS PURmsEs 

EAST L I CHf 
WSHIWG SWEET 
110 E S T  SQ1R 

WID VEST HVf 

ROOCT n T W  r(W 

E S T  TEXAS INT 5S2,000 552,000 552,000 
LWISIAMA SYEn 1180,000 lt80,OaO 1180,Wo 
EULF COAST HYI 83,000 83,000 83,000 
Alaska Worth Slope 205,000 205,000 205,000 
CALIFORNIA HE0 0 0 0 
CUIFORRIA WW 0 0 0 

..--.--* 
OOlESTIC CRWE 22&,000 

WTBE 0 0 63,000 -49.m -16.317 
Ethanoi 0 0 0 -25.420 7.993 
Methanot n, 097 0 -23,8#, 

- - - - - - * -  

OTHER WEDSTOCI: 408,406 

TOTAL 

a I t w T  BASIS SALES . 
eor Coke 

Ethyiene 



EIGHT BASIS SUES <COWTIWED> 

Regular Leaded 0 
Unleaded Regular ltbC1,OOI) 
Unleaded Midgrade 420,001) 
UnleadedPfunirm, 420,000 
63 m - a t t  Regular 0 
03 nm-att P n m i u a  0 
CO m - a t t  Rtgular 0 
CI) non-att P r a ~ i u a  0 
Or/ Fuel+ Ref- R 679,000 
0 % ~  Fuel* Reform P 452,000 
Rwlar + Ethanol 0 
03 M Regular+ethl 0 
CO M Rcgular*ethi 0 -.-----. 

TOTAL tllSOLIRE 3231,OW 

Aviatia, Jet Fuel 861,006 
Kerosene 98,547 
Diesel 492,535 
Heating Oil .--.-.-- 
TOTAL OISttfUTE 2099,10t 

LOu Sulf FD 6),3% 32,000 
E D  klf FO 4 -0% 7s,ooo 
HI Sulfur FO 3.0% tU,OOD 
Burter fuel 4.0% 0 .,...-.. 

TOTAL FUEL OIL 351,OQO 

Petrocktee Uaphtha 1DS,8lt 
Petrocha Other 109,000 
spec Naphtha 33,197 
L&es * U a x c s  111 ,268 
Asphalt 111,962 
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WIPER HEAW OIL REFtUING S T W Y  

Tot 
XYL 
#AR 

LPG 

PG F 
PRF 

Los 

P i a n t  Fuel Gas 201,987 
Resid Plant Fuel 3,000 

-..-.--. 
PLANT FUEL 8 FLARE 204,987 

WtWE LOSS -252,SSZ 

TOTAL 6L46,6?3 

a2 
TEt 
NL 
WW 

OOQI 

PPP 
K a  
STn 
UAt 
PYR 

UTILITY SALES , . . 
SLIt SULFUR TQIS 

WDI FACILITIES , , . 
CRD 
VAt 

w 
QN 
VBR 
RDl 
8m 
FCC 

HGO 

DSL 

ICK 

WI: 

HKT 

H2f 
RGL 

CNdt Disti~lation 
V s c u r ~  Unit 
Delayed tdcer D N ~  
EOCER UURGE 
Virbrtaker 

Resid Hydrotracker 

uOC 8 %FCC + RCC 

Cat tracker 
Hy Gas O i t  H2 T t t r  

Lt Gas OiL HZ T t t r  

Hydrocracker 

Vacura RfR IIOL/RHT 
Raid nybot reater 

Naphtha H2 Treater 

UP Cat Ref - Woqas 

CASE t FIVE00 , ITER = 1102, QBJ VALUE s 40W3.80 



YIPER HEAVY OIL REFIWXWG SftA)Y 

Alkylation 
Cat Poly 
C . 9  l+oarrization 
C4 Isaocrization 
U De Hydroge~tio 
kthyllerx But Eth 
Ethyl T e r t  But Eth 
Tert Amy1 Heth Eth 
strp Ref (H2-MSCF) 
Cryogenic 
Partial Widation 
Sulfur Recove y 
cat ~5 spt i tter 
Unsbttwo Splitter 
P e r  Ceneratn kVa 
Cooking Uater 
krox Treaters 
Boiler Hwse 
Pouer Distribution 
Water Treatment 
Lou Pres Atan  Ref 

Benzene Tower 
Toluene Tower 
Xylem Towcr 
A r a a a t i c s l  Extmtn 
Pygas li2 Treater 

CRD 
VAC 

03 

ON 

SPT 
VBR 

DAU 

HKT 
e t a  

VHI: 

FCC 
woe 
CAR 

Tnn 
HCK 

DSL 

we0 

IQF 
WT 

1% 

CNdt Distillation 5913,000 
Vacurm Unit 2437,000 
Delayed tokcr D n r ~  26,935 
QIKER CHARGE 621 ,000 
UnsatCaso Splitter 457,806 
Visbreaker 0 
Solvent Oeasphal t 0 
Rcsid Hydrotfeazer 144,886 
Resid ~ m c k e r  88,000 
V a c u a  m wmtn tl?,&02 
Qt Cracker 1899,000 
)IOC a5 %FCC 4 R U  53,625 
Facokecapacity 13,245 
Theraval Cracker 0 
Hydrocracker 3L4,OQO 
L t  Gas Oil H2 Trtr 21L,000 
Hy Gas Oi 1 H2 Trtr 1W2,WO 
Naphtha HZ Treater 1467,303 
Pygas Bnz Heartcut 0 
CC tsanerization 65,000 
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NlPER HEAVY OIL REFINING StUbY USE = FIVE00 . ITER = 4102, OBJ VMUE = 44048.80 

Is Sat Ref - W a s  
LW Pres A r m  Ref 
jentcnt Towr 
Toiuent Tower 
X y l m  Tower 
Aroaratics Extractn 
rtkylatiar 
Cat CS spiitter 
car P0ty 
T o h m e  Deallcylatn 
CL De ttydrogmtio 
H e t h y t i e  But Eth 
Ethy l  T e n  But Eth 
fert -1 neth Eth 
Stm Ref <HZ-MSCF) 
Partial Oxidation 
Luks 

- k t  
Ethane Cracking 
Propane Cracki ng 

Butane Cracking 
Total Steam Crack 
m t h a  Cracking 

Gas O i l  Cracking 
82 Treater 

Cyogenic 
tooting Water 4539,000 
Pwr Oistrikrtion 1493,UI 
3oi ler Borrse 33676531 
Povtr Generam kVa 1493,461 
Water Tteatamt 232,000 
Metox Treaters 4780,679 
Sulfur Recwey 5.000 
W Cat Ref - nogas 0 

Amamtics !htwa.cn 0 
light UC Cracker 0 

UNIT 033ATlONS STATISTICS . . . 
(tABPFCtr CAT -R ABP 79f. 127 
m P F # =  ------------------  
OCNVFCCU CAT QU# CONVERSN 79.867 
Q C W V f C  --- -- ------ - -- - - - - 
OrFCFffl  U T  QUtK W-FACTOR 91 -790 
O K f C F m  -----.------------ 
QWFH2fT XS HZ TO FUEL CSSCF, 0 



SALES 
P U R ~ S E S  

UTtt L CHM 

ELEMENT MARKER 
EUDATA 
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NIPER HEAVY OIL REFIWIWG SfUOY , WE=FIVEW 1. 1. 1 

KEU FACILITY IYVESfnEYt m Y  
-----**---------*-****-------.- 

PROCESS SIZE/#, $#I= TQT IW MPE)S#S w REC 

CRD Cnde Distitlation 318,889 -0.198 111,481 19,397 68,882 
VAC Vaarar Lmit 379,979 -0.265 lS8,726 26,520 98,074 
B D H  C4 De nydrogerratio 121,352 -0,744 179,906 30,201 111,161 
w ~ t h y t ~ e t t  ~ u t   EX^ ao,= -0,820 3~1,126 %,ms no,m 
HZO tooling Yater 1034.791 -0.W R,tOS 12,034 Lt,738 
YAf Uater Treatment 50,432 -0.272 25,162 4,663 16,165 

-*-.*.-- -*------ 5 - . - - - - -  

PROCESS 

CRD trudc Distitlation 
VAC V a u u a  Unit 
EDH Cb De Hydrosemtio 
RBE MethylTert But Eth 
WZO 'tooling Uater 
UAT Water Treatment 

1WMSlENT TOTALS 

Table C-6 



MIPER HUW OIL REFIWING STmY ,CGE=FIVEOO 2. 1. 1 

POSITIVE It?= PROFIT IClPLlES WC3TIVE FOR 1- ACTIVITY 
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UIPER HEAW O I L  REFINING 

PRWUCTS CYOLWE BASIS) 

AW; Aviation Gas01 ine 

TOTAL AV NAPHTHA 

JTk Aviation Jet Fuel 
KER Wefasen 
U t D  Diesel 
NZD M e a t i r r g  Oil 

TOTAL O t  STILUTE 

LS6 LW krtf FO 9 ,3X  
MED krlf FO 4.0% 

HS6 HI sulfur FO 3,QX 

TOTAL FUEL OIL 

LVN Prtrachaa Naphtha 
PC0 Petrochem Ocher 
WPH Spec Naphtha 
LUX Luks  + uaxes 
ASP Asphalt 

Bcnrime 
TOL Toluene 

XYL Xylene 
LPG Liq Pet Car 

TOTAL X I S t .  

ffiF#tant F u e l  Gas 
PRFmesid Plant Fuel 

10s V M E  LOSS 

TRANSFERS OUT 



WIPER WEAW OIL REFIWXNG , CASE=FIVEOO 3, 2- 1 

t HEATING VAUlE EWIVALEWt BARRELS 

* POSITIVE XNCR PROFIT fWPLIES INCENTIVE FOR INCREASED AfTIVIV 
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MIPER HEAYI OIL REFlNIWt STUDY 

U L f S  PRICE TOTAL 1ucR VAL 

-i.ao 

-1.8% 

-0.1% 

-0.033 

-0.033 

-2.592 

0, 

S e w  70,000 350,000 -70.000 

-0,266 

0. 

-3.05s - 
350,000 



t(EU EQUIPMENT EXPENSES 

CAPIThL RECOVERY 
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BONNER & MOO= PROJECT 3MS91-582 

Appendix III 

BONNER AND MOORE, UPDATE TO GULF COAST USING 
USING HIGHER SULFVR AND LOWER API GRAVITY CRUDE OIL 





Following the same format presented in Volume I of the final report, our results of the 
economic impact of processing a heavier and more sour Gulf Coast (GC) incremental heavy 
crude oil in Regions 2 and 3, and 5 are attached. 

Tables A-1 through A-4 show a detailed breakdown by region of the additional investment 
required to process the GC crude qualitychange. As expected, the investment is centered 
in sulphur recovery, hydrogen production and transportation fuel quality equipment. 

Tables A-1 and A-2 reElect the higher sulphur GC incremental ltnder the "low" production 
rates. Details of the crude volumes are shown in Table B-1. 

Tables A-3 and A 4  reflect the results for the 'high" production rate scenario. Details of 
the crude volumes for this particular w e  are shown in Table B-2. As a reminder, the 
incremental GC heavy crude oil production estimates for the years 1995 and 2000 are 
similar to the "low" case and, therefore, were not re-run. 

Table A-5 shows a comparison of necessary investment between the high and low more 
heavier and sour incremental GC heavy oil production rate estimates as detailed in the 
previous tables. 

Refer to Tabk 30 in Volume I of the final report where a similar comparison is shown 
with the GC heavy oil quality (19-5 API and 0.63% wt. sulphur) used through the initial 
study. The 203 million dollar investment cost difference in the year 2010 will increase by 
36 million dollars if the GC incremental crude becomes heavier and more sour (182 API 
and 2-8% wt. sulphur)- 

Table A-6 through A-9 details the new facilities (capacities and costs) necessary to process 
the GC heavy oil (18.2 A H  and 28% wt sulphur) under the "high" production rate 
scenario. 
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SUMMARY OF LP MODEL RESULTS 
LOW HEAVY OIL PRODUCTION 

Region 4 
1990 1995 2000 2005 2010 

Region 5 
1990 1995 2000 2005 2010 

Refinery Crude Intake, MBCD 
Domestic 
Imports 

Total 

Calculated Gravity, API 
Base Case 
New Heavy Oil 

Major Products, MBCD 
Gasoline 
Light Distillate 
Middle Distillate 
Fuel Oil 

Capacity Added, MBCD 
Crude Distillation 
Vacuum Dtstillation 
Bottoms Conversion 
Motor Fuel Quality 

Capltnl 1 nvestment, MM$ 

Refinery Crude Intake, MBCD 
Domestic 
Imports 

Total 

Calculated Gravlty, API 
Base Case 
New Heavy 011 

Major Products, MBCD 
Oasoline 
Light Distillate 
Middle Distillate 
Fuel Oil 

Capacity Added, MBCD 
Crude Distillation 
Vacuum Distillation 
Bottoms Conversion 
Motor Fuel Quality 

Cnpitnl Investment, MM$ 

TABLE A-2 



SUMMARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless otherwise noted) 

Region 1 
1990 1995 2000 2005 2010 

(No Chnnge) 

Regions 2 & 3 
1990 1995 2000 2005 2010 

(Only) 

Reflnery Crude Inbke, MBCD 
Domestic 
Imports 

Calculnted Grsvlty, API 
Base Case 
New Heavy Oil 

Mnjor Products, MBCD 
Gasoline 
Light Distillate 
Middle Distillate 
Fuel 011 

Capnclty Added, MBCD 
Crude Distillation 
Vacuum Distillation 
Bottoms Conversion 
Motor Fuel Quality 

C a p h i  Investment, MM$ 

Reflnery Crude Intnke, MnCD 
Domestic 
Imports 

Calculated Gravity, API 
Base Case 
New Heavy Oil 

Mnjor Products, MBCD 
Gasoline 
Light Distillate 
Middle Distillate 
Fuel Oil 

Cnpaclty Added, MBCD 
Crude DistilIation 
Vacuum Distillation 
Bottoms Conversion 
Motor Fuel Quality 

Cnpitnl Investment, MM$ 

TABLE A-3 



SUMMARY OF LP MODEL RESULTS 
HIGH HEAVY OIL PRODUCTION 

Years 2005 & 2010 
(unless otherwise noted) 

Region 4 
1990 1995 2000 2005 2010 

Region 5 
1990 1995 2000 2005 2010 

Refinery Crude Intake, MBCD Refinery Crude Intake, MBCD 
Domestic 1,101 1,008 853 732 708 Domestic 2,745 2,522 2,244 2,034 2,058 
Imports 93 187 368 J22 579 Imports 3,315 3,534 3,956 4,332 4.477 

Total 1,194 l,t95 1,221 1,254 1,287 Total 6,060 6,056 6,200 6,366 6,535 

Calculated Gravity, API 
Base Case 
New Heavy Oil 

Mnjor Products, MBCD 
Gasoline 
Light Distillate 
Middle Distillate 
Fuel Oil 

Capaclty Added, MBCD 
Crude Distillation 
Vacuum Distillation 
Bottoms Conversion 
Motor Fuel Quality 

Cnlcuhted Gravity, APX 
24.3 24.3 24.3 24,3 24.3 Base Case 33.1 33.f' 33.1 33.1 33.1 

-- 241 23.7 23.5 22.8 New Heavy Oil -- 32.7 32,s 31.9 31.2 

Mnjor Products, MUCD 
594 594 581 594 608 Oasoline 3,123 3,284 3,245 3,317 3,392 
170 211 225 245 265 Light Distillate 668 823 880 957 1,031 
225 207 ' 210 222 233 Middle Distillate 1,260 1,132 1,219 1,451 1,531 
165 159 159 161 162 Fuel Oil 362 351 351' 354 357 

Cnpaclty Added, MBCD 
-a 1 27 60 93 Crude Distillation 
.- 0 28 65 109 Vacuum DIstiilation 
.. 0 0 0 11 Bottoms Conversion 
.. 0 0 110 124 Motor Fuel Quality 

Capital Investment, MM$ .. 3 91 488 616 Capital investment, MM$ -- 848 890 1,742 2,090 

TABLE A-4 



TOTAL INVESTMENT OF FACILITIES 
ALTERNATE HIGH VS LOW PRODUCTION RATES 

(MM $1 

Proposed Region 
..--I-(.--- 2010 0 ---.---- 

High Low 

Total 6,s 18 6,471 47 7,363 7,124 239 

TABLE A-5 



DETAILS OF LP NEW FACILITIES 
HIGH HEAVY OIL PRODUCTION 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
~ ~ d r o c r a c k i n ~  
Alkylation 
Hydrotreating 
Plant Utilities 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
~lkylation 
Hydrotreating 
Plant Utilities 

P 

REGION 1 (No Change from Low Basis) 
MBCD 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

REGION 2 & 3 (Years 2005 & 2010) 

Crude Distillation 
Vacuum Distiilation 
Coking 
Oxygenates 
Isomerizat ion 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

a 

TABLE A16 



DETAILS OF LP NEW FACI'TIES 
MGH HEAVY OIL PRODUCTION 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxyge?ates 
Isomerization 
Cat Cracking 
Hydrocracking 
~lkylation 
Hydrotreating 
Plant Utilities 

MBCD 
REGION 4 (Years 2005 & 2010) 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerizat ion 
Cat Cracking 
~ ~ d r o c r a c j d n ~  
Alkylation 
Hydrotreating 
Plant Utilities 

RXGION 5 (Years 2005 & 2010) 
Crude Distillation 70.9 
Vacuum Distillation 171.0 
Coking O m  

Oxygenates 510.7 
Isomeriza tion -- 
Cat Cracking -- 
Hydrocracking -- 
Alkylation _ - 
Hydrotreating .- 
Plant Utilities A 95 1 

847.7 

TABLE A-7 



DETAILS OF LP NEW FAC1LITXE:S 
HIGH HEAVY OIL PRODUCTION 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygena t a  
Isomeiization 
Cat Cracking 
Hydrocracking 
Aljrlllation 
Hydrotreating 
Plant Utilities 

MBCD 
REGION 6 (Years 2005 & 2010) 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerhat ion 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

REGION 9 (Years 2005 & 2010) 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
1 somerization 
Cat Cracking 
Hydrocracking 
Alkylation 
Hydrotreating 
Plant Utilities 

's 
b 

TABLE Am8 



DETAILS OF LP NEW FACILITIES 
HIGH HEAVY OIL PRODUCTION 

Crude Distillation 
Vacuum Distillation 
Coking 
Oxygenates 
Isomerization 
Cat Cracking 
Hydrocracking 
Atkylation 
Hydrotreating 
Plant Utilities 

MBCD 
2000 . 2005 

REGION 8 & 10 (No Change from Low Basis) 
MM$ 

2010 1995 2000 2005 

9.0 Crude Distillation 2.8 2.8 10.0 
21.6 Vacuum Distillation . . 4.5 15.9 
.- Coking -. -- - - 

16.6 Oxygenates - - 11.8 70.5 
-- lsomerization -- -- 9.0 

6.4 Cat Cracking 46.7 48.5 48.8 
22.8 Hydrocracking 40.5 65.7 101.3 
6.5 Alkylation 16.0 23.6 39.9 

-- Hydrotreating 24.3 10.9 -a 

-- Plant Utilities 47.0 59.1 75.9 

177.3 226.9 371.3 

TABLE A99 



ATTACHMENT B 

For the purpose of clarification, we have detailed the crude quality breakdown as it affects 
the intake for the LP regional models. Tables B-1 and B-2 show the forecasted incremental 
Gulf Coast (GC) heavy crude oil for Regions 2 and 3, and 5. These are the chosen regions by 
NIPER to  study the effects on capital investments if the (incremental) crude is of 18.2 API 
gravity and 2.5% wt. sulphur. The quality for this GC crude in our initial analysis (base) is 
19.5 API and 0.63% wt. sulphur. 

We can refer to Tables 4 through 9 in Volume I of the final report and compare the regional 
crude quality breakdown in the attached Table B-L Total regional volumes remain the same. 
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LOW PRODUCTION RATES 
CRUDE REPRESENTATION FOR LP MODELS 

Gulf Coast (GC) Regional Dis tribt~ tion 
Year Henvy OI1 2 & 3  5 Totnl 

1990 Base 15 49 64 

1995 Base 15 49 
Increment 

64 
3 - - 8 11 - 

Total 18 57 75 

2000 Base 15 49 
Increment 

64 
u - 34 - 45 

Total 26 83 109 

2005 Base 15 49 
Increment 

64 
23 - - 73 96 - 

Total 38 122 1GO 

2010 Base 15 49 
Increment 

64 
46 - - 151 197 - 

Total 61 200 26 1. 

GC Heavy Oil 
API % wt, S 

Base 19.5 0.63 
Increment 18.2 2.8 

TABLE B-1. 



HIGH PRODUCTION RATES 
CRUDE REPRESENTATION FOR LP MODELS 

Incremental 
Gulf Coast (GC) Regional Distribution 

Year Heavy Oil 2 & 3  S Total 

2005 Base 15 49 64 
Increment 46 - - 152' - 198 

Total 

Base 
Increment 

Total 

GC Heavy Oil 
A 3  % Wt, S 

Base 19.5 
Xncremen t 18.2 

TABLE B-2 








