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National Energy Technology Laboratory Forward

This study was undertaken with specific, narrowly focused objectives. It is part of a larger, ongoing
effort to understand actions that could be taken, especially the potential contribution of technology,
to reduce the vulnerability of the United States to future world oil price shocks. This study did not
involve the use of large, complex models of either the U.S. or world economies capable of projecting
fuel prices or liquid fuel production quantities should a large-scale program to produce alternative
liquid fuels be undertaken. The purpose of this study was to assess the economic implications of
simultaneously initiating major crash programs, on both the supply and demand sides of the
economy, aimed at rapid reduction of U.S. dependence on imported oil. Whether the reader believes
this type of crash program is doable, or even wise, is secondary to the purpose of the study. The
report was intended to identify the infrastructure needed to actually conduct such a large undertaking.
Development of such an infrastructure, including the human resources needed, is an important aspect
of any effort on this scale. The results of this study provide an upper limit on what might be
accomplished under the best of circumstances.

The mitigation options covered in the report and the conclusions derived are generalities and
simplifications, since the range of mitigation options is not exhaustive and the timing of
implementation is indeterminate. Other savings and substitute liquid fuel sources could be exploited
in the United States. For example, U.S. biomass resources are significant and deserve careful
analysis. Commercial ethanol and biodiesel liquid fuel production is already established and
cellulosic ethanol may be capable of producing large quantities of liquid fuels. Analysis of biomass
options is especially important because they represent the only renewable energy technology that
may be capable of efficiently producing large amounts of substitute liquid fuels for the transportation
sector. In addition, there are heavy oil resources in several western states and in Alaska that may
contribute on a significant scale. A number of emerging fuel efficiency options not considered in this
assessment could also have significant impact, particularly in the long-term.

All of the options considered in this report will continue to have large impacts beyond the 20-year
horizon established for this analysis. Higher efficiency vehicles will continue to save liquid fuels
throughout their life of another 15 years or more. It is also important to note that this study did not
assume further vehicle fuel efficiency improvements after an initial eight-year period, artificially
limiting the potential for the fuel efficiency options studied.

The impact of further fuel efficiency improvements after the eighth year of implementation could be
significant. For example, if the average mileage efficiency of all autos and trucks continued to
improve by one percent per year after the eighth year, by the end of the 20-year horizon studied, the
U.S. would be saving an additional half million barrels of liquid fuels per day.

Finally, this study was not designed to address the fundamental issue of how best to reduce U.S.
economic vulnerability to significant increases in world oil price. The question of whether pursuit of
oil self sufficiency (through increased production of unconventional oil, coal- and biomass-based
liquids, and oil shale) or decreased reliance on oil use in the U.S. economy (through enhanced
vehicle fuel efficiency and conservation) is important to resolve. Production of alternative liquid
fuels would not isolate the United States from global price increases because, as fungible liquid
products, they would compete at the world oil market price.
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EXECUTIVE SUMMARY

The world is consuming more oil than it is finding, and at some point within the
next decade or two, world production of conventional oil will likely peak. Peaking will
lead to shortages and greatly increased prices and price volatility. In addition to
peaking and its consequences, there are widespread concerns about the growing
United States’ dependence on oil imports from both an energy security and a balance of
payments standpoint.

This study considered four options that the U.S. could implement for the massive
physical mitigation® of its dependence on imported oil:

Vehicle fuel efficiency (VFE)

Coal liquefaction (coal-to-liquids or CTL)?
Oil shale

Enhanced oil recovery (EOR)

Our objective was to better elucidate the implications of the mitigation programs,
e.g., the time required to save and produce significant quantities of liquid fuel, related
costs, and economic, fiscal, and jobs impacts. We studied crash program
implementation of all options simultaneously because the results provide an upper limit
on what might be accomplished under the best of circumstances.®> No one knows if and
when such a program might be undertaken, so our calculations were based on an
unspecified starting date, designated as to. Although other options are possible, such
as biofuels, electric cars, hydrogen cars, fuel switching, and unconventional oil, it is
estimated that they would have minimal impacts in the 20-year time horizon, which is
the period of the crash activity. These other alternatives, however, could become
significant depending on technological advances and possible government actions.

'We term these “physical” mitigation options because they are designed to either save or produce large
guantities of liquid fuels and will require massive, continuing capital costs, investments, and consumer
expenditures. We distinguish these from more strictly policy-oriented options -- such as the 55 mph
speed limit or odd/even gas station days.

*The term “coal liquefaction” is used throughout this report to represent the conversion of coal to synthetic
hydrocarbon liquids through the gasification and Fischer-Tropsch processes — also known as “indirect
coal liquefaction.” Coal liquefaction can also describe the process to create a syncrude directly from coal
without the intermediate gasification step — direct liquefaction. In this report the terms “coal liquefaction”
and “coal-to-liquids (CTL)" are used interchangeably and refer to indirect coal liquefaction — see the
discussion in Chapter VI.

*The mitigation options covered in the report and the conclusions derived are generalities and
simplifications, since the range of mitigation options is not exhaustive and the timing of start-ups is
indeterminate. Other savings and substitute liquid fuel sources could be exploited in the U.S. For
example, U.S. biomass resources are significant and deserve careful analysis. Commercial ethanol and
biodiesel liquid fuels production is already established, and cellulosic ethanol may be capable of
producing large quantities of liquid fuels. Analysis of biomass options is especially important because
they represent the only renewable energy technology that may be capable of efficiently producing large
amounts of substitute liquid fuels for the transportation sector. In addition, there are significant heavy oil
resources in several western states and in Alaska that may contribute on a significant scale. Further,
there are a number of emerging fuel efficiency options whose implementation could have significant
impact, particularly in the long-term.
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This study builds on one completed by the authors in 2005 which addressed the
issue of world oil peaking.! The current study deals exclusively with physical mitigation
options for the U.S. The options analyzed in both studies are consistent and are shown

in Table EX-1.

Our analysis showed that the mitigation options that we considered can
contribute significantly to the saving and production of U.S. liquid fuels, although
decades will be needed for significant impact (Figure EX-1) and related costs will be in
the trillions of dollars range. The cumulative 20 year impacts of such a massive crash

program would be:

Table EX-12

Implementation Assumptions

Savings and production of 44 billion barrels of liquid fuels
Requirement for over $2.6 trillion of investment

Over 10 million employment years of jobs created

Total industry sales of over $3 trillion
Over $125 billion of industry profits
Over $500 billion in federal government tax revenues

Nearly $300 billion in state and local government tax revenues

Mitigation Technology

Assumption for the World in
the Previous Study

Assumptions for the U.S. in
This Study

Vehicle fuel efficiency

Ramping up to a 50% increase in
vehicle fuel efficiency after 8
years

Ramping up to a 50% increase in
vehicle fuel efficiency after 8
years

Coal-to-liquids

5 new 100,000 bpd plants/yr.
4 years to build

3 new 100,000 bpd plants/yr.
4 years to build

Enhanced oil recovery

World oil production increased by
3 MM bpd after 10 years

175,000 bpd added each year
after 4 years preparation

Oil sands/heavy oil 2.5 MM bpd of incremental None
production achieved 13 years
from a decision to accelerate
Gas-to-liquids 1 MM bpd achieved in 5 years None
Oil shale None 3 new 100,000 bpd plants/yr.

8 year delay

'Robert L. Hirsch, Roger H. Bezdek, and Robert M. Wendling, Peaking of World Oil Production: Impacts,
Mitigation and Risk Management, U.S. Department of Energy, National Energy Technology Laboratory,

February 2005.

%0il sands and heavy oil were not included as options because they do not represent substantial U.S.

domestic resources.
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Figure EX-1
Total Liquid Fuel Impacts
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These estimates should be considered as minimum, “best case” estimates,
because the final numbers may turn out to be much higher. For example, the $2.6
trillion investment figure does not include cost escalations during the early years of such
a program. Related costs could easily double. Further, as all four options are initiated
simultaneously, inflationary pressures in specific industries and labor markets could
increase costs considerably.

The mitigation options considered herein would have widely differing annual
impacts, as illustrated in Figure EX-2 for year to+20. Impacts will increase continuously
over the 20-year scenario period. Relatively small fuel savings and production, sales,
jobs, profits, and tax revenues will be generated in the early years, and the impacts will
increase every year through year t,+20. For all of the mitigation options combined, the
maximum annual impacts occur in to+20.

'All of the options considered will continue to have large impacts beyond year t,+20. In addition, some
options not specifically considered here could have significant impacts largely beyond the 20-year horizon
— such as fuel cell and hydrogen applications.
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Figure EX-2
Liquid Fuels Saved and Produced in Year to+20
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In terms of employment, jobs are created throughout the period, but the
character and timing of those jobs are very much a function of time. For example,
design and construction of substitute fuels plants requires related personnel until a plant
is completed, but since new plants are being continuously started, the requirements for
these jobs and skills will be continuous over the period. However, operations and
maintenance (O&M) employment begins only after substitute fuel plants are completed
and come into operation, but as more plants begin to operate related O&M employment
increases continually. Thus, in the early years of the mitigation programs, most of the
jobs created will be in the design and construction industries and related occupations,
but, over time, more and more jobs will be created in operations, maintenance, support,
and related fields. The total number of jobs will increase over the 20 years, and the
maximum number of jobs will be created in year t,+20. As illustrated in Figure EX-3, in
that year:

CTL creates the most jobs — about 500,000

Oil shale creates 350,000 jobs

VFE creates 310,000 jobs

EOR creates the least number of jobs — about 230,000
In total, the four options create 1.4 million jobs
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Figure EX-3
Jobs Created in Year tg+20
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We disaggregated the employment generated by mitigation option into
occupations and skills, as illustrated in EX-4 for selected occupations in year t,+20. The
jobs generated are concentrated in fields related to the construction, energy, and
industrial sectors, reflecting the requirements of the mitigation options and their
supporting industries. Thus, disproportionately large numbers of jobs will be generated
for professional, technical, and skilled occupations such as civil engineers, electricians,
geoscientists, machinists, mechanical engineers, petroleum system and refinery
operators, plumbers, and software engineers. These requirements could cause labor
shortages in some industries and professional and skilled occupations, such as
chemical, mechanical, electronics, petroleum, and industrial engineers; electricians;
sheet metal workers; geoscientists; computer software engineers; skilled refinery
personnel; tool and die makers; computer controlled machine tool operators; industrial
machinery mechanics, plumbers and pipefitters; oil and gas field technicians,
machinists, engineering managers, electronics technicians, carpenters; and others.

The economic activity stimulated and the jobs created will generate substantial
tax revenues for the federal, state, and local governments. In year to+20:

CTL will generate $30 billion in tax revenues

Oil Shale will generate $23 billion in tax revenues

VFE will generate $22 billion in tax revenues

EOR will generate $18 billion in tax revenues

The four mitigation options combined will generate $93 billion in tax
revenues
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Figure EX-4
Selected Occupational Requirements for the Four Mitigation Options in Year to+20
Percentages Represent Demands Compared to 2004 Employment
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The scale of United States oil consumption is enormous and making massive
changes quickly will require a gigantic, expensive crash program effort and at least two
decades. Fortunately, the U.S. is endowed with needed geological resources, capital,
labor, and management to undertake such an effort. Further, there are very significant
economic benefits that will result from the mitigation programs. For example, in year
to+20 the combined mitigation options considered in this study will generate:

Investments of $175 billion

A total fuel savings and production contribution of 14 MM bpd

1.4 million jobs

$315 billion in industry sales
$15 billion in industry profits

$60 billion in federal government tax revenues
$30 billion in state and local government tax revenues

Future impacts will depend critically on the date that such a national effort is
initiated. For example, if the efforts described herein were initiated in 2006, the
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cumulative U.S. impact in 2026 would be roughly 14 million barrels per day, as
illustrated in Figure EX-5. If program initiation was delayed a decade to 2016, the 2026
impact would be only about 5 million barrels per day (Figure EX-6).

Figure EX-5. Mitigation Impacts if Initiated in 2006
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Cumulatively, over the entire 20-year period through year t,+20, the average cost
of a barrel of fuel saved or produced for all of the options is about $60.> However, the
cost effectiveness of each option differs considerably, as illustrated in Figure EX-7. As
illustrated, contrary to conventional wisdom and to some published studies,
transportation efficiency may not be the most effective mitigation option.? However, the
cost estimates for the supply options — especially oil shale and CTL — are subject to a
high degree of uncertainty, whereas the cost estimates for the VFE option are likely
more accurate. In addition, our analysis at year t,+20 was truncated, and higher
efficiency vehicles will continue to save liquid fuels throughout their life of another 15
years or more. Further, we did not assume further vehicle fuel efficiency improvements
after year to+8, which may be a limiting assumption.*

Figure EX-7
Relative Costs of the Mitigation Options
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The total estimated costs of the mitigation options over the 20 year period divided by the total estimated
liquid fuel savings over the period.

’See, for example, National Research Council, National Academy of Sciences. Effectiveness and Impact
of Corporate Average Fuel Economy (CAFE) Standards. Washington, D.C.: National Academy Press,
2002; John DeCicco, Feng An, and Marc Ross, Technical Options for Improving the Fuel Economy of
U.S. Cars and Light Trucks by 2010-2015, American Council for an Energy Efficient Economy, July 2001;
Union of Concerned Scientists, Drilling in Detroit: Tapping Automaker Ingenuity to Build Safe and Efficient
Automobiles, UCS Publications, Cambridge, MA, June 2001.

*The impact of further fuel efficiency improvements after year t,+8 could be significant. For example, if
the average mileage efficiency of all autos and trucks continued to improve by one percent per year after
year to+8, by year t,+20 the U.S. would be saving an additional half million barrels per day. Further,
government subsidies such as income tax credits for hybrid electric vehicles are significantly lowering the
consumer cost for investment per barrel saved while, on the other hand, oil shale, CTL, and EOR produce
a fungible product that must compete in the world oil market.
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Mitigation options can be evaluated on the basis of various criteria. As
illustrated in Figure EX-8, in terms of jobs created per dollar of direct investment, the
impacts of the mitigation options differ relatively little: The average is about eight jobs
per $1 million invested, with CTL creating the most jobs per dollar of expenditure and
EOR the least.

Figure EX-8
Total Employment Impact per $1 Million of Direct Costs
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In his 2006 State of the Union Address, President Bush stated that the U.S. is
“addicted to oil,” and he articulated a goal of reducing U.S. oil imports from the Middle
East by 75 percent by 2025. While we did not specifically address the question of
Middle Eastern oil imports, in terms of reducing total U.S. oil imports we found that, if
the mitigation crash programs were to be initiated in 2006, it may be possible to begin to
noticeably reduce U.S. oil imports by 2010.} In fact, the mitigation options studied in
this report may eventually reduce the total level of U.S. imports from the current 13 MM
bpd to:

o 11 MM bpd in 2016
o 5 MM bpd in 2026

However, these relatively optimistic findings depend critically upon the crash
mitigation option programs being started in 2006. If they are delayed, the oil import gap
may not be closed for nearly two decades. For example, if crash program
implementation is delayed ten years, until 2016, then by 2026, these mitigation options
may contribute about 5 MM bpd but imports would still rise to about 15 MM bpd.

'Based on the EIA forecasts of future U.S. oil demands.
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If the U.S. becomes seriously motivated to decrease its dependence on oll
imports, then multiple paths will be required, even paths beyond those considered in
this study. The purpose of this study was to assess what would be required in what we
defined as the best, limiting case of physical mitigation. Using the information
generated in the previous study and herein, people will hopefully be able to make more
informed decisions, should they decide to embark on massive physical mitigation.*

It is important to note that initiation of all of the options simultaneously does not
even satisfy half of the U.S. liquid fuels requirements prior to 2025. If the peaking of
world conventional oil production occurs before 2025, the U.S. may not have a choice in
terms of a massive national physical mitigation program. Even with the most optimistic
assumptions and assuming crash program implementation, physical mitigation will
require decades and trillions of dollars of investment to make substantial contributions.

The results pertaining to the impact on the U.S. economy and employment are
particularly interesting. Large investments and efforts need to be undertaken to
produce domestic replacements for imported oil, and mitigation initiatives to lower
demand for imports, involving massive spending, will lead to large numbers of domestic
U.S. jobs and large profits for the producers. Given the inevitable necessity of
mitigating the conventional oil shortage, the creation of new employment opportunities
in technical and manufacturing areas is a key finding resulting from the analysis. This
move of “manufacturing” into the United States instead of importing a non-manufactured
“‘mined” imported hydrocarbon will result in many new jobs and other positive
consequences. Such a transition also leverages U.S. natural resources and will
substantially improve the U.S. balance of payments.

The information in this report could also be useful for other purposes, such as planning, study, financing,
supportive legislation, investment, and construction as well as physical mitigation.
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[. INTRODUCTION

I.LA. Purpose of the Study

The purpose of this study was to analyze the economic and related aspects of a
crash program aimed at the rapid reduction of U.S. dependence on imported oil. This
study builds on a recent report that involved analysis of the mitigation of the peaking of
world oil production.* The approach here involves the use of econometric input-output
models to estimate the costs, jobs, taxes, and other parameters representative of such
a U.S. crash program.?

After providing relevant background, we describe the modeling approach and
develop estimates for those physical mitigation technologies® that could be deployed
within the U.S. based on known resources and capabilities. We then summarize our
findings and provide related perspective.

1.B. Background — Highlights of the Previous Study*

The peaking of world oil production presents the U.S. and the world with an
unprecedented problem. As peaking is approached, liquid fuel prices will increase
dramatically, and, without timely mitigation, the economic, social, and political costs will
be unprecedented. Viable mitigation options exist on both the supply and demand
sides, but to have substantial impact and to avoid severe economic disruptions, they
must be initiated more than a decade in advance of peaking.

In 2003, the world consumed just under 80 million barrels per day (MM bpd) of
oil. U.S. consumption was almost 20 MM bpd, two-thirds of which was in the
transportation sector. The U.S. had a fleet of about 210 million automobiles and light
trucks (vans, pick-ups, and SUVs). Under normal conditions, replacement of only half
the automobile fleet requires roughly 15 years, and replacement of one-half of the stock
of light trucks also requires roughly 15 years. While significant improvements in fuel
efficiency are possible in automobiles and light trucks, any affordable approach to
upgrading will be inherently time-consuming, because of the lead time to modify
production lines, the low fractional replacement rate of vehicles, and the long life of
existing vehicles.

'Robert L. Hirsch, Roger H. Bezdek, and Robert M. Wendling, Peaking of World Oil Production: Impacts,
Mitigation and Risk Management, U.S. Department of Energy, National Energy Technology Laboratory,
February 2005.

*The estimated costs, jobs, taxes, etc. derived here are representative of the same programs even if they
were not “crash,” although the magnitude and distribution of these impact over time would differ.

%We term these “physical” mitigation options because they are designed to either save or produce large
guantities of liquid fuels and will require massive, continuing capital costs, investments, and consumer
expenditures. We distinguish these from more strictly policy-oriented options -- such as the 55 mph
speed limit or car-pooling mandates.

*Robert L. Hirsch, Roger H. Bezdek, and Robert M. Wendling, op. cit.



Besides further oil exploration, which is likely to find ever-diminishing amounts of
new oil worldwide, there are commercial options for increasing world oil supply and for
the production of substitute liquid fuels worldwide:

1) Improved Oil Recovery (IOR) can marginally increase production from existing
reservoirs; one of the largest of the IOR opportunities is Enhanced Oil Recovery (EOR),
which can help moderate oil production declines from reservoirs that are past their peak
production.

2) Coal liquefaction is a well-established technique for producing clean substitute fuels
from the world’s abundant coal reserves.

3) Heavy oil/oil sands represent a large resource of lower grade oils, now primarily
produced in Canada and Venezuela. Those resources are capable of significant
production increases.

4) Clean substitute fuels can be produced from remotely located natural gas, but
exploitation must compete with the world’s growing demand for liquefied natural gas.

5) Biofuels and related options. Biomass can be grown, collected and converted to
substitute liquid fuels by a number of processes. Biomass-to-ethanol is currently
produced on a large scale to provide a gasoline additive. The market for ethanol
derived from biomass is influenced by federal requirements and facilitated by generous
federal and state tax subsidies. Research holds promise of more economical ethanol
production from cellulosic (“woody”) biomass, but related processes are far from
economic, and there are currently no developed biomass-to-fuels technologies that are
cost competitive.

Dealing with world oil production peaking will be extremely complex, involve
literally trillions of dollars, and require many years of intense effort. To explore these
complexities, three alternative mitigation scenarios were analyzed:

. Scenario | assumed that action is not initiated until peaking occurs.

. Scenario 1l assumed that action is initiated 10 years before
peaking.

. Scenario Ill assumed action is initiated 20 years before peaking.

Possible contributions from each mitigation option were developed, based on an
assumed crash program rate of implementation. The approach was simplified in order to
provide transparency and promote understanding. Estimates were approximate, but the
mitigation envelope that resulted was believed to be directionally indicative of the
realities of such an enormous undertaking. The inescapable conclusion was that more
than a decade will be required for the collective contributions to produce results that
significantly impact world supply and demand for liquid fuels.



Important observations and conclusions from the earlier study were as follows:

1. When world oil peaking will occur is not known with certainty. A fundamental problem
in predicting oil peaking is the poor quality and possible political biases in world olil
reserves data. Some experts believe peaking may occur soon. The previous study
determined that “soon” is within 20 years.

2. The problems associated with world oil production peaking will not be temporary, and
past “energy crisis” experience will provide relatively little guidance. The challenge of
oil peaking deserves immediate, serious attention, if risks are to be fully understood and
mitigation begun on a timely basis.

3. Oil peaking will create a severe liquid fuels problem for the transportation sector, not
an “energy crisis” in the usual sense that term has been used.

4. Peaking will result in dramatically higher oil prices, which will cause protracted
economic hardship in the United States and the world. However, timely, aggressive
mitigation initiatives addressing both the supply and the demand sides of the issue are
possible.

5. In the developed nations, the problems will be especially serious. In the developing
nations, peaking problems have the potential to be much worse.*

6. Mitigation will require roughly two decades of intense, expensive effort, because the
scale of world liquid fuels mitigation is inherently extremely large.

7. While greater end-use efficiency is essential, increased efficiency alone will be
neither sufficient nor timely enough to solve the problem. Production of large amounts
of substitute liquid fuels will be required. A number of commercial or near-commercial
substitute fuel production technologies are currently available for deployment, so the
production of vast amounts of substitute liquid fuels is feasible with existing technology.

8. Intervention by governments will be required, because the economic and social
implications of oil peaking would otherwise be chaotic. The experiences of the 1970s
and 1980s offer important guides as to government actions that are desirable and those
that are undesirable, but the process will not be easy.

'Developing countries suffer more than the developed countries from oil price increases because they
generally use energy less efficiently and because energy-intensive manufacturing accounts for a larger
share of their GDP. On average, developing countries use more than twice as much oil to produce a unit
of output as developed countries, and oil intensity is increasing in developing countries as commercial
fuels replace traditional fuels and industrialization and urbanization continue. The vulnerability of
developing countries is exacerbated by their limited ability to switch to alternative fuels. In addition, an
increase in oil import costs also can destabilize trade balances and increase inflation more in developing
countries, where financial institutions and monetary authorities are often relatively unsophisticated. This
problem is most pronounced for the poorest developing countries. See the discussion in Hirsch, Bezdek,
and Wendling, op. cit.



Mitigating the peaking of world conventional oil production presents a classic risk
management problem:

. Mitigation initiated earlier than required may turn out to be
premature and result in the misallocation of resources and
unprofitable investments, if peaking is long delayed.

. If peaking is imminent, failure to initiate timely mitigation could be
extremely damaging.

Prudent risk management requires the planning and implementation of mitigation
well before peaking. Early mitigation will almost certainly be less expensive than
delayed mitigation. A unique aspect of the world oil peaking problem is that its timing is
uncertain, because of inadequate and potentially biased reserves data from elsewhere
around the world and other reasons."

The previous analysis clearly demonstrated that the key to mitigation of world oil
production peaking will be significant increases in transportation fuel efficiency coupled
with enhanced oil recovery, and the construction a large number of substitute fuel
production facilities. The time required to mitigate world oil production peaking will be
measured on a decade time-scale. Related production facility size will be large and
capital intensive. How and when governments decide to address these challenges is
yet to be determined.

Consideration of existing commercial and near-commercial mitigation
technologies showed that a number of technologies are currently ready for immediate
and extensive implementation. The analysis was not meant to be limiting, and it is
possible that future research will provide additional mitigation options, some possibly
superior to those considered.

In summary, the problem of the peaking of world conventional oil production is
unlike any yet faced by modern industrial society. The challenges and uncertainties
need to be much better understood. Technologies exist to mitigate the problem. Timely,
aggressive risk management will be essential.

Assumptions in the previous study that are relevant to this analysis were as
follows:

1. The analysis was for the world, not just the U.S.

2. Crash program implementation was assumed because it was and is the limiting
case — the fastest likely possible.

“There are additional reasons why the timing of oil peaking is uncertain. These include undiscovered oil
deposits, lack of interest in further investment by producers, slow investment, environmental/global
warming legislation, significantly lower demand growth than predicted, and success in IOR — see the
discussion in Appendix E.



3. No date for peaking was assumed, since related uncertainties are so large.

4. Vehicle fuel economy considerations were focused on light duty vehicles —
automobiles and light duty trucks. Vehicle fuel efficiency standards was
assumed to be increased by 50 percent above the base in eight years, which
was believed to “push the envelope” on the fuel efficiency gains possible from
current and emerging technologies.

5. For coal liquefaction, the first plants in a worldwide crash program would begin
operation four years after a decision to proceed. Plant sizes of 100,000 bpd of
finished, refined product were assumed. Five new plants were assumed to be
started each year.

6. Enhanced Oil Recovery worldwide would not begin to show massive production
enhancement until five years after project initiation, paced primarily by the
difficulties of procuring CO; in regions of the world with the largest oil fields.
World oil production enhancement due to such a crash effort worldwide was
assumed to increase world oil production by roughly 3 percent after 10 years.

I.C. Scope Of This Study

Of the options considered in the previous analysis, the United States could
aggressively embark on development of the following three:

1. Vehicle fuel efficiency programs
2. Coal liquefaction
3. Enhanced oil recovery

In this study, the shale oil option was added because the U.S. has the largest
shale oil reserves in the world, and there is optimism that the in-situ shale oil recovery
concepts now under development will be both commercially and economically viable
within a relatively few years.



II. ADDITIONAL PERSPECTIVES ON THE PEAKING OF WORLD
CONVENTIONAL OIL PRODUCTION

For the last several decades the world has been consuming much more oil than
it has been finding. According to the International Energy Agency (IEA): “Worldwide,
the rate of reserve additions from discoveries has fallen sharply since the 1960s. In the
last decade, discoveries have replaced only half the oil produced. Nowhere has the fall
in oil discoveries been more dramatic than in the Middle East, where they plunged from
187 billion barrels in 1963-1972 to 16 billion barrels during the decade ending in 2002.”*

As already noted, no one knows precisely when peaking will occur because
much of the basic data needed for an accurate forecast fall into one or more of the
following categories:

1) Proprietary to companies,
2) State secrets in the major oil exporting countries, and/or
3) Politically biased.

However, even large differences in estimated remaining world oil reserves will
not significantly change the date of world peaking, when viewed from the perspective of
mitigation. According to EIA: “(Our) results (related to oil peaking) are remarkably
insensitive to the assumption of alternative resource base estimates. For example,
adding 900 Bbbl (billion barrels) — more oil than had been produced at the time the
estimates were made — to the mean USGS resource estimate in the two percent growth
case only delays the estimated production peak by 10 years. Similarly, subtracting 850
Bbbl in the same scenario accelerates the estimated production peak by only 11

years.”

Most serious analysts do not contest that the peaking of world conventional oil
production will occur within the relatively near future, which means sometime between
now and 2030. The term “near future” applies to this seemingly long time horizon
because massive, crash program mitigation worldwide has been shown to require of the
order of 20 years if the world is to avoid serious economic damage. Thus, it is clear that
the time for decisive action is either near or may have already passed.

A number of forecasters have accepted OPEC reserves estimates at face value
in part because there is no independent source of verification. This acceptance is
troubling in light of the fact that past history raises significant questions about the
validity of OPEC reporting. In the words of the IEA: “What is clear is that revisions in
official (Middle East and North Africa [MENA] reserves) data had little to do with actual
discovery of new reserves.® Total reserves in many MENA countries hardly changed in

!International Energy Agency, World Energy Outlook 2005, November 2005, page 132.

“Wood, J.H., Long, G.R., and Morehouse, D.F., “World Conventional Oil Supply Expected to Peak in 21
Century,” Offshore, April 2003.

*However, while the lack of transparency about OPEC reserves is troubling, the fact that they made no
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the 1990s. Official reserves in Kuwait, for example, were unchanged at 96.5 billion
barrels (including its share of the Neutral Zone) from 1991 to 2002, even though the
country produced more than 8 billion barrels and did not make any important new
discoveries during the period. The case of Saudi Arabia is even more striking, with
proven reserves estimated at between 258 and 262 billion barrels in the past 15 years,
a variation of less than 2 percent (in spite of production of well over 100 billion
barrels).”

There may be very little warning of the onset of world oil peaking. A recent
analysis identified countries and regions of the world that are well past peak oil
production. That real world experience provides insights as to how world oil peaking
might evolve.?> In situations that were not overly influenced by political instability or
cartel action, peaking occurred quite suddenly, and it was not obvious even a year prior
to the event. For the regions and countries considered, peaks were very sharp and
some post-peak production declines were remarkably steep. The peaking of world
conventional oil production may or may not follow this previous experience, but it cannot
be ignored.

Past forecasts of world oil peaking have dealt primarily with the geological
limitations of oil production, because the ultimate limit on how much oil can be produced
from an olil field is governed by geological fundamentals. Forecasters have often tacitly
assumed that the owners of the remaining world conventional oil endowment will make
the appropriate investments to provide the production needed to meet ever-increasing
world demand. However, such an assumption may be presumptuous. As oil exporting
countries increasingly consider the implications of world oil peaking, they may well
decide to conserve their resource for their own future national needs. Indeed, when the
rest of the world is dealing with shortages, countries with oil for domestic consumption
will enjoy greater economic opportunities than those countries that must deal with world
oil supply shortages and extremely high oil prices.?

Recently, both the IEA and the EIA modified their long-term energy outlooks
based on the possibility of restrained investment on the part of oil exporters. IEA raised
its long-term forecast for oil prices by as much as one-third and painted a pessimistic
picture of the future economy if global consumption of oil and natural gas is not
reduced. In its World Energy Outlook Through 2030, the IEA warned that governments
in the oil-rich Middle East may constrain energy-production investment in a quest for

new discoveries does not rule out major additions to reserves through extensions and revisions — which
are common in some oil provinces.

YInternational Energy Agency, World Energy Outlook 2005, op. cit., p. 125. With respect to Saudi Arabia,
see also Matthew Simmons, Twilight in the Desert, 2005.

’Robert L. Hirsch, “Shaping the Peak of World Oil Production,” World Oil, Vol. 226, No. 10 (October
2005).

%Some large producers may become more conserving out of concern for their own needs, but if only a few
do so, the effects on future world reserves will be limited. Further, if a producer observed a major crash
program to develop substitute liquid fuels, this could be a significant disincentive for a more conservative
production profile.



higher prices. Persian Gulf states are critical to future oil supplies, since the region
contains two-thirds of the world's known reserves and is ever more critical as oil fields in
the west are depleted.?

EIA significantly increased its projection for oil prices 20 years into the future after
concluding that Middle East oil-producing countries are spending less than previously
expected. “It has to do with a reassessment of the willingness of oil-rich countries to
expand their oil-production capacity,” according to G. Daniel Butler, an oil analyst with
the Energy Information Administration. “We’re not as bullish on expansion of production
capacity, especially from OPEC members.”

Finally, it is worth reiterating that oil peaking represents a liquid fuels problem,
not an “energy crisis” in the sense that term has often been used. Motor vehicles,
aircraft, trains, and ships simply have no ready alternative to liquid fuels, certainly not
for the existing capital stock, which is very long lived. Non-hydrocarbon-based energy
sources, such as renewables and nuclear power, produce electricity, not liquid fuels, so
their widespread use in transportation is at best a number of decades away.
Accordingly, mitigation of declining world conventional oil production must be narrowly
focused on the appropriate mitigation options, at least in the near-term.

!International Energy Agency, World Energy Outlook Through 2030, 2005.

%s. Williams and B. Bahree, “Energy Agency Sets Grim Oil Forecast,” Wall Street Journal, November 8,
2005, p. A2.

%3. Blum, “Oil Prices Predicted to Stay High,” Washington Post, December 13, 2005, Page D2.



[ll. STUDY ASSUMPTIONS

In establishing our study assumptions, our goal was to make them as simple,
transparent, and robust as possible. For instance, the extensive use of future energy
supply-demand forecasts was minimized in order to avoid related uncertainties and
criticisms. Nevertheless, we recognize that no approach is without its shortcomings,
and this study is no exception.

Our assumptions for this study are listed below. Wherever possible, they
paralleled those of the previous analysis.*

1. No specific date for world oil peaking was assumed, so the analysis was not
contingent on that date.

2. No specific date was assumed for the initiation of the programs described herein.
That date was left floating.

3. All calculations were based on actual 2004 data, the last full year for which
comprehensive data were available at the time of our analysis.

4. The analysis was based on crash program implementation, the maximum rate
believed to be humanly possible.

5. Coal processing plants were considered for either 100 percent liquid fuels production
or 100 percent electricity, depending on the circumstances and requirements.

6. The U.S. electric power sector and its needs were not addressed, because they
represent separable problems and uncertainties that are not easily forecastable.

7. No incremental use of natural gas was assumed, since the U.S. is already faced with
a rapidly growing import dependence.

8. A 20 year time horizon after the beginning of crash program implementation was
considered.

9. The initiation of new substitute fuel projects was assumed to be constant, e.g. three
new CTL plants each year for the 20 year period studied.

10. The delayed wedge approach was adopted for simplicity and consistency with our
previous study, which dealt with worldwide mitigation.

11. Capital funding and financing were assumed to be readily available.

Hirsch, Bezdek, and Wendling, op. cit.



12. All options were assumed to be pursued in parallel.

13. All necessary personnel qualified to perform the tasks required for design,
construction, and operation of each facility were assumed to be available.

14. All equipment for the various projects was assumed to be procured in the U.S.,
meaning that existing factories would have to be appropriately expanded and/or new
factories built on an urgent basis to meet requirements.

15. Permitting and site approvals for new plants were assumed to be rapid and not to
be a time constraint.

16. Locations of CTL plants were not specified. However, the siting of some plants
was assumed to be close to oil fields to facilitate CO, delivery for EOR.

17. Costs for nth plants were adopted, so that initial cost spikes associated with rapid
scale up were not considered.

Many of these assumptions are clearly optimistic and open to more detailed
consideration. Among the most sensitive are the following:

1. The extremely rapid rate of site approvals and permitting.

2. The absence of large cost escalations certain to occur in the early years of a
major crash program.

3. Procurement of most materials in the U.S.

4. The overnight availability of qualified personnel.

5. The constant annual rate of new substitute fuel plant initiation assumed
throughout the study period.

We well recognize that new options and forces will come into play over time, as
the U.S. phases towards a more sustainable long-term energy future. This study does
not deal with such matters, as they are uncertain and open to question. Our goal was to
generate a series of estimates aimed at scoping the major dimensions of what might be
required to decrease U.S. imported oil dependence as rapidly as humanly possible.
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IV. ANALYTICAL APPROACH AND DATABASE

IV.A. The Overall Framework for the Study

In order to develop estimates of the economic requirements and impacts of a
major national crash program to mitigate U.S. imported oil dependence, it was
necessary to adopt reasonable project and process cost estimates, to utilize established
cost and other parameters associated with actual or similar activities, and then to utilize
such estimates in an established econometric input-output model. This is what was
done in these analyses.

In this chapter we describe the approach, database, and models. In the
technology-specific chapters, annual estimates are provided for many parameters, but
particular emphasis was given to ten year intervals after program initiation, i.e., to+ 10
and to+ 20, where tg is the unspecified year when the overall effort is initiated.

IV.B. The MISI Model

The economic and employment effects of the mitigation options were estimated
using the Management Information Services, Inc. (MISI) input-output model and related
databases, built upon and derived from a variety of sources, as described below. A
simplified depiction of the MISI model as used in this study is shown in Figure IV-1.

The model includes elements from the following sources:

. The U.S. Commerce Department's national input-output model

o A modified version of the Commerce Department's regional
econometric forecasting model

. A modified version of the Regional Input-Output Modeling System
(RIMS) supplemented with the Census Bureau/BLS industry-
occupation matrix -- adapted to state and sub-state economies by
MISI

The first step involves estimating the direct requirements for each mitigation
option from key supporting industries. For example, construction of a coal liquefaction
plant will require hardware and services from one set of suppliers, while vehicle fuel
efficiency will generate requirements for hardware and services from a very different
set. Construction of a coal liquefaction plant will generate large direct requirements in
the construction, mining, coal, chemicals, and related industries, whereas the vehicle
fuel efficiency option will generate large direct requirements in such suppliers as motor
vehicle parts, plastics and rubber products, primary metals, and fabricated metal
products, to name but a few.

11



Figure IV-1
Use of the MISI Model to Estimate the Economic, Employment,
and Occupational Impacts of the Mitigation Options

Expenditures on a Specific
Mitigation Option

\|/

Direct Production
Requirements by Industry

\|/ \|/
Direct U.S. Indirect U.S.
Production Production
Requirements Requirements | State Economic Structure |
\|/ \|/ \|/

| Changein U.S. Sales by Industry |<-------- >|Change in State Sales by Industry |

\|/ \|/
Change in U.S. Employment <-m-mee-- > Change in State Employment
by Industry by Industry
\|/ \|/
Change in U.S. Employment <-mmoee-- >l Change in State Employment
By Occupation by Occupation

Expenditures for each mitigation option are translated into per unit output
requirements from various suppliers. Key determinants include: 1) the specific option,
2) the specific expenditure/technology configuration selected, 3) the industry
requirements structure, and 4) the distribution of expenditures among suppliers.

Direct output requirements for each supplier are estimated, based on our best
judgments of the production and technology requirements for the option. Our
judgments are often guided by obvious, open literature specifics and sometimes by
analogies, e.g., a CTL plant will have similarities with certain chemical plants. These

12



direct requirements dictate how much a supplier must purchase from other industries to
produce one unit of output.

Direct requirements give rise to subsequent rounds of indirect requirements. For
example, a coal liquefaction plant will require steel, and steel mills require electricity to
produce steel. But an electric utility requires turbines to produce electricity, and the
turbine factory requires steel from steel mills, while steel mills require electricity, etc.

The sum of the direct plus the indirect requirements represents the total output
requirements necessary to produce one unit of output for the mitigation option.
Economic input-output (I-O) techniques allow the computation of the direct as well as
the indirect production requirements. These total requirements are represented by the
"inverse" equations in the model. The ratio of the total requirements to the direct
requirements is called the input-output multiplier.

In the next step in the modeling sequence, the direct industry output
requirements are converted into total output requirements by means of the input-output
inverse equations. These equations provide not only direct requirements, but also
second, third, fourth, and nth round indirect industry and service sector requirements.

The total output requirements from each industry are used to compute sales
volumes and value added (including profits and taxes) for each industry. Using data on
man-hours, labor requirements, and productivity, employment requirements within each
supplier industry are estimated, e.g., the total number of jobs created within an industry.

It is next necessary to convert total employment requirements by industry into job
requirements for specific occupations and skills. To accomplish this, data on the
occupational composition of the labor force within each industry are used to estimate
job requirements for 800 occupations within 22 occupational groups encompassing the
entire U.S. labor force. This permits estimation of the impact of the mitigation option on
jobs for specific occupations and on skills, education, and training requirements.

Overall, this procedure provides an estimate of the effects on employment,
personal income, corporate sales and profits, and government tax revenues in the
United States and in each state. Estimates can then be developed for detailed
industries and occupations.

Industry Profits

The increase in industry sales generated by the various mitigation initiatives will
create substantial profits for the industries involved. However, estimating and
forecasting profits by industry is difficult for conceptual and definitional reasons and
because industry profits differ widely from year-to-year across different sectors and
companies. For example, over the past decade profits per dollar of sales varied by a
factor of two in the manufacturing sector, by a factor of five in the mining sector, and by
a factor of three in the wholesale trade sector. Even for a given year, profits by
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company vary greatly within sectors. For example, within the manufacturing sector
profits in the iron and steel industry, the textile mill products industry, and the rubber
and plastics products industry are usually in the range of one to three percent of sales,
whereas profits in the electrical and electronic equipment industry, the instruments and
related products industry, and the chemical products industry are typically in the range
of seven to nine percent of sales. Further, even the profit margins within a specific
industry differ markedly -- whereas profits in the chemical products industry are in the
range of seven to nine percent of sales, within this industry, profits in the drug industry
are usually in the range of 14 - 16 percent of sales, but profits in the industrial chemicals
industry are usually in the range of five to seven percent.

Thus, to estimate the profits generated by the increased industry sales resulting
from the mitigation initiatives the increased sales in each of the 70 NAICS industries
requires applying average profit margins in each industry to the increased sales in that
industry. Summation of the profits in all industries yields an estimate of total industry
profits generated.

Federal, State, and Local Government Tax Revenues

The increased sales and incomes created by the mitigation options will generate
substantial federal, state, and local government tax revenues. Over the past decade,
tax revenues for all levels of government have fluctuated between about 29 and 33
percent of income: Federal tax revenues have varied between 19 and 22 percent and
combined state and local government taxes (primarily property, income, and sales
taxes) have varied between 10 and 11 percent. However, tax revenues as a portion of
income differ considerably by state: In some states, such as Connecticut and New
York, combined federal-state-local tax revenues total about 33 percent of income,
whereas in other states, such as Alabama and South Dakota, combined federal-state-
local tax revenues total about 26 percent of income. Accordingly, in estimating the
increased tax revenues resulting from the mitigation options we used national averages
for both federal and state-local taxes.

Metropolitan Statistical Areas (MSAS)

The final step in the analysis (not carried out in this study) entails assessing the
economic impact on specific cities -- Metropolitan Statistical Areas (MSAs). The
approach utilized in this work permits disaggregation to the level of most U.S. MSAs
and, if desired, to the county level. Empirically, the basis of the sub-state estimates is
the MISI version of the Regional Input-Output Modeling System (RIMS I1) developed by
the U.S. Commerce Department's Bureau of Economic Analysis (BEA).

The MISI model and database permit economic impacts to be estimated for any
region composed of one or more counties and for any industry in the national 1-O table.
MISI can estimate the impacts of project and program expenditures by industry on
regional output (gross receipts or sales), earnings (the sum of wages and salaries,
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proprietors’ income, and other labor income, less employer contributions to private
pension and welfare funds), and employment.

For the MSAs there may be further interest in estimating the impact on
requirements for specific occupations. This can be accomplished using an
occupation-by-industry matrix, the coefficients of which show the percent distribution of
occupational employment among all industries. A 500-by-700 matrix was developed
from the Current Population Survey and was modified to conform to the available data.

The methodology employed has been refined and used by MISI for three
decades in a variety of studies of energy and environmental projects, economic
initiatives, proposed legislation, government programs, etc. A number of these past
studies are listed in Appendix A.

IV.C. Databases and Data Sources

In the work reported here, the 70-order industry array shown in Table IV-1 was
used.

The databases used in our analysis are derived from a variety of sources
including the following:

. The Bureau of Economic Analysis of the U.S. Commerce
Department

o The Bureau of the Census of the U.S. Commerce Department

. The Bureau of Labor Statistics of the U.S. Labor Department

. The Energy Information Administration of the U.S. Energy
Department

o The U.S. Department of the Treasury

In addition, economic forecasting databases for the U.S. and for most states
were utilized. They have been developed and utilized over the past three decades (See
Appendix A). Using these databases and related experience, the direct and indirect
effects of mitigation options on the national and state economies can be disaggregated
into the impacts on:

Industry sales (490 4-digit NAICS industries)

Jobs (800 occupations and skills)

Corporate profits

Federal, state, and local government tax revenues

Employment and unemployment (by industry and occupation)

Net growth or displacement of new businesses

Major economic, technological, social, and environmental
parameters and externalities
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Table IV-1

U.S. Input-Output Industry Codes and Titles, 70-Order

National Industry Codes and Titles by NAICS

| Industry Code | Industry Title NAICS Code

111CA Farms 111,112
113FF Forestry, fishing, and related activities 113-115

211 Oil and gas extraction 211

212 Mining, except oil and gas 212

213 Support activities for mining 213

22 Utilities 22

23 Construction 23
311FT Food and beverage and tobacco products 311, 312
313TT Textile mills and textile product mills 313, 314
315AL Apparel and leather and allied products 315, 316

321 Wood products 321

322 Paper products 322

323 Printing and related support activities 323

324 Petroleum and coal products 324

325 Chemical products 325

326 Plastics and rubber products 326

327 Nonmetallic mineral products 327

331 Primary metals 331

332 Fabricated metal products 332

333 Machinery 333

334 Computer and electronic products 334

335 Electrical equipment, appliances, and components 335
3361MV Motor vehicles, bodies and trailers, and parts 3361-3363
33640T Other transportation equipment 3364-3369

337 Furniture and related products 337

339 Miscellaneous manufacturing 339

42 Wholesale trade 42

44RT Retail trade 44, 45

481 Air transportation 481

482 Rail transportation 482

483 Water transportation 483

484 Truck transportation 484

485 Transit and ground passenger transportation 485

486 Pipeline transportation 486
4870S Other transportation and support activities 487-492

493 Warehousing and storage 493
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Table IV-1 (continued)

U.S. Input-Output Industry Codes and Titles, 70-Order

| Industry Code | Industry Title | NAICS Code
511 Publishing industries (includes software) 511
512 Motion picture and sound recording industries 512
513 Broadcasting and telecommunications 513
514 Information and data processing services 514
521Cl Federal Reserve banks, credit intermediation, and related activities 521, 522
523 Securities, commodity contracts, and investments 523
524 Insurance carriers and related activities 524
525 Funds, trusts, and other financial vehicles 525
531 Real estate 531
532RL Rental and leasing services and lessors of intangible assets 532, 533
5411 Legal services 5411
54120P Miscellaneous professional, scientific and technical services 5412-5414, 5416-5419
5415 Computer systems design and related services 5415
55 Management of companies and enterprises 55
561 Administrative and support services 561
562 Waste management and remediation services 562
61 Educational services 61
621 Ambulatory health care services 621
622HO Hospitals and nursing and residential care facilities 622, 623
624 Social assistance 624
711AS Performing arts, spectator sports, museums, and related activities 711,712
713 Amusements, gambling, and recreation industries 713
721 Accommodation 721
722 Food services and drinking places 722
81 Other services, except government 81
GFE Federal government enterprises n/a
GFG Federal general government n/a
GSLE State and local government enterprises n/a
GSLG State and local general government n/a
S004 Inventory valuation adjustment n/a

Notes: n/a - Not applicable

Source:

Management Information Services, Inc. and U.S. Department of Commerce, Bureau of

Economic Analysis, 2006.
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V. INCREASES IN VEHICLE FUEL EFFICIENCY STANDARDS
V.A. The Enhanced Vehicle Fuel Efficiency Standards Option

One element of this research involved the estimation of the economic and related
impacts of changes in Corporate Average Fuel Economy (CAFE) standards. Below we
summarize how our CAFE scenario was derived. Our standards are hypothetical and
are not intended to be recommended or preferred fuel economy standards. However,
we were careful to ensure that our scenario, while ambitious, was feasible in terms of
technology, economics, and timing. These and related policy issues are discussed in
some detail in Appendix B.

There exist numerous technologies for increasing vehicle fuel efficiency, which
were the starting point for developing the scenario. However, the relationships between
increased fuel efficiency and incremental costs are not linear; there are a large number
of possible fuel economy increases and resulting cost increases that are possible and a
key issue is the level of cost increases that may be justified by the resulting increased
vehicle fuel efficiency. While there may be environmental, security, and other reasons
for increasing CAFE standards, the tradeoff between improved fuel efficiency and
increased vehicle cost is of critical importance. We relied heavily on a landmark
National Research Council (NRC) report to develop the ambitious but realistic scenario
used here for increasing vehicle fuel efficiency standards® (see Appendix B). The NRC
addressed this issue by estimating the point at which the incremental costs of new
technology begin to exceed the marginal savings in fuel costs, and derived an objective
measure of how much fuel economy could be increased while still decreasing
consumers’ transportation costs.> We relied on the NRC’s analysis of the estimated
incremental fuel efficiency benefits and costs in the construction of our scenario of
increased CAFE standards. The scenario “pushes the envelope” on the fuel efficiency
gains possible from current or impending technologies and assumes that:

. The fuel efficiency gains possible from incremental technologies
identified by the NRC report and other studies are implemented.

. Legislation is enacted in year t,, and enhanced standards are
phased in starting in year to + 3 and attain full implementation in
year tp + 8.

'National Research Council, National Academy of Sciences. Effectiveness and Impact of Corporate
Average Fuel Economy (CAFE) Standards. Washington, D.C.: National Academy Press, 2002. Other
recent studies of potential vehicle fuel efficiency improvements include: General Motors Corporation,
Well-to-Wheels Analysis of Advanced Fuel/Vehicle Systems -- A North American Study of Energy Use,
Greenhouse Gas Emissions and Criteria Pollutant Emissions,” May 2005; Northeast States Center for a
Clean Air Future, Reducing Greenhouse Gas Emissions from Light-Duty Vehicles, September 2004; Oak
Ridge National Laboratory, Energy & Environmental Analysis, Inc., and J.D. Power and Associates,
Future Potential of Hybrid and Diesel Powertrains in the United States Light Duty Vehicle Market,” August
2004; ExxonMobil, “2005 Mid-Term World-Wide Energy Outlook,” presentation by Todd Onderdonk, April
12, 2005 at EIA’'s AEO 2005 conference.

“The NRC termed this the cost-efficient level of fuel economy improvement, because it minimizes the sum
of vehicle and fuel costs while holding other vehicle attributes constant.
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. CAFE standards are increased 50 percent by year t, + 8.

. The new CAFE standards remain at those levels after year t; + 8.

. Average vehicle prices increase about $2,700 (12 percent) for the
50 percent increase in mpg by year tp + 8.

While hypothetical, the scenario is believed to be technologically and
economically feasible, and it provides a basis for the estimation of what the likely costs
and impacts of attaining these goals might be. It was derived from published
engineering studies and data; it assumes that vehicle R&D and technology innovation
focus on fuel efficiency rather than on other vehicle characteristics; and it relies on
technologies that are either currently available or well along in development. We do not
assume radically “new” vehicles or exotic technologies. The timetable involved, a 50
percent increase in mpg and eight years from legislation to full implementation,
compares reasonably with the original CAFE timetable that mandated a 53 percent
increase (18 mpg to 27.5 mpg) in the years between 1978 and 1985.

However, our hypothesized CAFE increases may also be more challenging than
those enacted during the 1970s: The original CAFE enhancements were obtained, in
part, by relatively easy weight reductions and by capturing other “low hanging fruit.”
Future CAFE enhancements will require successful R&D and technological innovation.*
In addition, our scenario assumes equal percentage fuel economy increases for
passenger cars and for light trucks. The NRC and other studies indicate that it may be
desirable and more efficient to require larger fuel economy improvements for light trucks
than for passenger cars.”> Thus, the CAFE scenario simulated here may not be the
“optimal” scenario. Also, as noted, light trucks are currently exempt from the fuel
efficiency standards applicable to passenger vehicles, and requiring both vehicle types
to acglieve similar fuel efficiency improvements would be a major challenge in and of
itself.

Finally, there is no free lunch. Increased CAFE standards, no matter what the
potential energy, environmental, economic, and employment impacts, will require that
fuel economy enhancement be given priority over other types of vehicle improvements,
will increase the purchase price of vehicles, will require manufacturers to produce
vehicles that they would not in the absence of the standards, and will require consumers
to purchase vehicles that might not exist except for the standards.*

'On the other hand, the rapid market penetration of hybrid vehicles may make increased vehicle fuel
efficiency easier to attain.

*The CAFE standards do not apply to heavy duty trucks, which account for about 16 percent of U.S.
Eetroleum consumption.

It should also be noted that price elasticities for specific vehicles or vehicle types were not estimated.
Aside from the practical difficulties of estimating future price elasticities, increasing fuel economy implies
trading off other vehicle characteristics, such as horsepower and performance, for increased fuel
efficiency. This would change the characteristics of vehicles and would impact sales and price
elasticities, especially among different classes of vehicles. Comprehensive analysis of these effects was
outside the scope of the work conducted here.

“The potential impact of vehicle fuel efficiency standards on vehicle safety is especially contentious. The
NRC report concluded that enhanced CAFE standards would increase risk, although several committee

19



V.B. Estimating the Impact of Enhanced Vehicle Fuel Efficiency Standards

As discussed above, the increased vehicle fuel efficiency (VFE) standards we
model here are ambitious, but feasible, and assume that':

. Legislation is enacted in year t,, and enhanced CAFE standards
are phased in starting in year t, + 3 and attain full implementation in
year tp + 8 -- as shown in Table V-1.

. CAFE standards are increased 50 percent by year t, + 8: For
passenger cars from the 2004 actual 29 mpg for new vehicles to
43.5 mpg and for light trucks from the 2004 actual 21 mpg for new
vehicles to 31.5 mpg.?

Table V-1
Scenario for Increased Vehicle Fuel Efficiency Standards
Year* Passenger Cars Light Trucks
2004 29 mpg** 21 mpg**
tp+3 30.5 mpg 22.1 mpg
tp+4 31.9 mpg 23.1 mpg
tp+5 34.8 mpg 25.2 mpg
tp+6 37.7 mpg 27.3 mpg
o+ 7 40.6 mpg 29.4 mpg
th+8 43.5 mpg 31.5 mpg

*Assuming legislation mandating enhanced standards is enhanced in year t,.
**Actual 2004 new vehicle mpg as estimated by the U.S. Department of Transportation and Oak Ridge
National Laboratory.

The timing and extent of the changes in CAFE standards hypothesized here are
roughly comparable to those of the original CAFE standards, but are more ambitious
than recommended or proposed changes made in recent years.>

members dissented — see National Research Council, op. cit.

!In developing the scenario and analyses we relied on previous MISI work in this area; see Appendix D.
*Our percent increases in vehicle fuel efficiencies are derived from the actual 2004 mpg figures (29 mpg
for new passenger vehicles and 21 mpg for light trucks), not from the current existing CAFE standards
(27.5 mpg for new passenger vehicles and 20.7 mpg for light trucks). It was felt that it was more realistic
to base the scenario on actual vehicle fuel efficiencies, although the difference for light truck mpg
requirements is minimal. Expressed as a percent of the current CAFE standards, the year t, + 8 increase
in CAFE standards for passenger vehicles is 58 percent and for light trucks is 52 percent.

*The original CAFE standards mandated a 53 percent increase in fuel efficiency for passenger vehicles
(from 18 mpg to 27.5 mpg) were passed in 1975, began to be implemented in 1978, and achieved full
implementation in 1985. The original CAFE standards for light trucks were set at 17.5 mpg in 1982 and
were gradually increased to 20.5 mpg by 1987. They were increased to the current level of 20.7 mpg in
1996. In August 2005, the Bush Administration proposed new rules mandating an increase in fuel
economy standards for minivans, pickup trucks, and sport utility vehicles starting in 2008 and to be
phased in by 2011. In 2002, Senator Ernest Hollings (D-S.C.) proposed raising the CAFE standard 35
percent to 37 mpg by 2014; Senator John McCain (R-Ariz.) proposed raising the CAFE standard 31
percent to 36 mpg by 2016; and the bipartisan proposal by Senator McCain and Senator John Kerry (D-
Mass.) proposed raising the CAFE standard 27 percent to 35 mpg by 2015.
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As discussed in Chapters Ill and IV, we used the most recent data available.
The U.S. transportation fleet currently contains about 136 million passenger vehicles
and about 85 million “light trucks,” and in 2004, 7.5 million new passenger vehicles and
9.4 million new light trucks were sold. We assumed that the number of new vehicles
sold each year and the proportion of new passenger vehicles and light trucks remains
constant.

In year to + 3 we assumed that the 7.5 million new passenger vehicle fleet had a
five percent increase in fuel efficiency and that the 9.4 million new light truck fleet also
had a five percent increase in fuel efficiency — see Tables V-1 and V-2. We then
assumed the average miles per year traveled by a passenger vehicle at 12,200 and by
a light truck at 11,400.

Table V-2

Percent Increases in Vehicle Fuel Efficiencies in the Scenario

Percent Increase From 2004 Actual mpg

(29 mpg for passenger cars and 21 mpg for light trucks)

Year* Passenger Cars Light Trucks
tp+3 5 5
th+4 10 10
tp+5 20 20
tp+6 30 30
o+ 7 40 40
th+8 50 50

*Assuming legislation mandating enhanced standards is enhanced in year t,.

Next, we estimated the annual gasoline consumption for each class of vehicle
based on the actual 2004 fuel economy of new passenger vehicles (29 mpg) and new
light trucks (21 mpg). We then estimated the likely gasoline savings by assuming that in
year to + 3 new passenger vehicles and light trucks would achieve five percent better
mpg. These estimated savings were multiplied, respectively, by the number of new
passenger vehicles assumed to be sold in that year (7.5 million) and the number of new
light trucks assumed to be sold in that year (9.4 million) to estimate total annual
gasoline savings.® The resulting estimate of gasoline savings was then divided by two,
to account for new vehicles being purchased throughout the year. Finally, the gallons of
gasoline saved were divided by 42 to estimate barrels of oil saved in that year, yielding
an estimated oil savings in year tp + 3 of approximately 5 million barrels.

In year to + 4, the total gasoline savings is the sum of the total savings resulting
from the increased fuel efficiency of the new vehicles produced in year to + 3 plus the
savings resulting from the new vehicles produced in year to + 4. In year to + 4 we
assumed that the 7.5 million new passenger vehicles sold had a 10 percent increase in
fuel efficiency (31.9 mpg instead of 29 mpg) and that the 9.4 million new light trucks
sold had a 10 percent increase in fuel efficiency (23.1 mpg instead of 21 mpg) — Table

YWe implicitly assumed that the number of vehicles retired each year equaled the number of new vehicles
purchased in that year.
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V-1. We again used the previously estimated average miles per year traveled by a
passenger vehicle at 12,200 and by a light truck at 11,400.

Next, we used the estimated the annual gasoline consumption for each class of
vehicle based on the actual 2004 fuel economy of new passenger vehicles (29 mpg)
and new light trucks (21 mpg). We then estimated the likely gasoline savings by
assuming that in year t, + 4 new passenger vehicles would get 10 percent better mpg
and that new light trucks would also get 10 percent better mpg. These estimated
savings were multiplied, respectively, by the number of new passenger vehicles
assumed to be sold in that year (7.5 million) and the number of new light trucks
assumed to be sold in that year (9.4 million) to estimate total annual gasoline savings.
The resulting estimate of gasoline savings was then divided by two, to account for new
vehicles being purchased throughout the year. Finally, the gallons of gasoline saved
were divided by 42 to estimate barrels of oil saved in that year, and the estimated oil
savings in year to + 4 is approximately 9 million barrels.

The total savings in year tp + 4 is thus 19 million barrels (the total savings in year
to + 4 resulting from the new vehicles produced in year to + 3 — which is 10 million
barrels) plus 9 million barrels (the total savings resulting from the new vehicles
produced in year ty +4). This methodology was used to estimate the total cumulative oil
savings for all years through tp + 20.

Mathematically, the methodology is straightforward. Oil savings in year t, + n is
equal to sum of the savings inyearsty + 3,to +4,to + 5, ..... , to + n-1, plus the savings
resulting from the new vehicles produced in year t, + n divided by two. Savings are
relatively small in the first years after the new standards are introduced but grow
cumulatively as new more fuel efficient vehicles are produced each year and as newer
vehicles come to comprise a larger share of the total existing vehicle stock.’

V.C. The Impact of Enhanced Vehicle Fuel Efficiency Standards
V.C.1. Fuel Savings
The annual fuel savings resulting from the enhanced CAFE standards are shown

in Table V-3 and Figure V-1. These show that the initial fuel savings in year ty + 3 (the
year in which the standards begin) are minimal, but increase rapidly thereafter:

o By year tp + 10, total annual oil savings are 325 million barrels: 200
million barrels from light trucks and 125 million barrels from
passenger vehicles -- about 900,000 bbls/day in oil savings.

'Eventually, the new vehicles produced will begin to replace the more fuel efficient vehicles produced in
years ty + 3 and later, rather than those produced prior to year t, + 3, and the rate of increase in gasoline
savings will decline — since we assume here that CAFE standards are not increased beyond year ty + 8.
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. By year ty + 20, total annual oil savings are 740 million barrels: 365
million barrels from light trucks and 375 million barrels from
passenger vehicles -- just over two million bbls/day in oil savings.

To place these fuel savings in perspective:

o In 2004 the U.S. consumed 20.5 million bbls/day of oil, and the EIA
reference case projects that in 2025 the U.S. will consume about 28
millions bbls/day.* Thus, the year t, + 20 oil savings represents 7 —
10 percent of total U.S. oil consumption.

. In 2004, the U.S. consumed 9.1 million bbls/day of motor gasoline,
and the EIA reference case projects that in 2025 the U.S. will
consume about 13 million bbls/day.? Thus, the year t, + 20 fuel
savings represent 15 - 22 percent of total gasoline consumption.

Table V-3 and Figure V-1 illustrate that the light truck sector of the market
accounts for most of the fuel savings over most of the scenario period. However, by
year to + 17 these savings level off and by year ty + 20 the fuel savings from both
vehicle sectors are about equal — although fuel savings from passenger vehicles
continue to increase. The reason is that with a stock of 85 million light trucks, replacing
them at a rate of 9 million a year leads to the entire stock being replaced 1.4 times over
the 20-year period. After year to + 17, light trucks averaging 31.5 mpg are simply
replacing light trucks averaging 31.5 mpg and potential fuel savings are maxed out.
However, fuel savings from passenger vehicles continue to increase because the 135
million vehicle stock is being replaced with more efficient vehicles at a rate of 7 million
per year. Nevertheless, at around year tp, + 24 we estimate that the passenger vehicle
fuel savings will also begin to level off, since vehicles getting 43.5 mpg will then be
replacing 43.5 mpg vehicles.

This has an important policy implication. Here we assumed that the enhanced
CAFE standards are phased in by year t, + 8 and remain fixed thereafter, which is why
the fuel savings from light trucks levels off in year to + 17 and the fuel savings from
passenger vehicles levels off in year to + 24. Thus, the incremental fuel savings from
enhanced CAFE standards will eventually level off. If additional fuel savings are
desired, further voluntary improvements by manufacturers or increases in vehicle fuel
efficiency standards will be required beyond year t; + 8.3

'U.S. Energy Information Administration, Annual Energy Outlook 2005 With Projections to 2025, January
2005.

?Ibid.

3The impact of further fuel efficiency improvements after year t,+8 could be significant. For example, if
the average mileage efficiency of all autos and trucks continued to improve by one percent per year after
year to+8, by year t,+20 the U.S. would be saving an additional half million barrels per day.
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Table V-3
Annual Oil Savings From Enhanced Vehicle Fuel Efficiency Standards
Light
Autos Trucks Total
(million barrels)

—
o

0 0 0
1 0 0 0
2 0 0 0
3 2 3 5
4 7 12 19
5 17 27 44
6 32 51 83
7 51 82 133
8 74 120 194
9 100 160 260
10 125 200 325
11 150 240 390
12 175 278 453
13 200 310 510
14 225 335 560
15 250 352 602
16 275 362 638
17 300 365 665
18 325 365 690
19 350 365 715
20 375 365 740

V.C.2. Macroeconomic and Employment Effects
Direct Expenditures in the U.S. Economy

The direct impacts on the economy of enhanced VFE standards and the total
impacts (direct plus indirect) were estimated using the following parameters:

Number of autos affected: 135 million

Number of light trucks affected: 169 million

Total vehicles affected over the 20 years: 304 million

Incremental cost per car: $2,500 (2004 dollars)

Incremental cost per truck: $3,500 (2004 dollars)

Total cost to consumers/manufacturers: $927 billion (2004 dollars)
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Figure V-1
Annual Oil Savings From Enhanced Vehicle Fuel Efficiency Standards
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The direct impacts on the economy of enhanced vehicle fuel efficiency standards
are illustrated in Figure V-2, which illustrates that the direct expenditures in the
economy increase rapidly after year to as manufacturers ramp up design, engineering,
and retooling programs to comply with new standards that begin to be phased in at year
to+ 3. They reach a maximum in year ty + 6 and then decline and level off at year to + 9.
Maximum expenditures occur in to + 6 due to both the investments required by
manufacturers and the increased prices of the vehicles that are being paid by vehicle
purchasers. After to + 9, further investments are not required by manufacturers because
by that year the vehicle fuel efficiency standards have be fully implemented, and the
only additional direct expenditures are those incurred by consumers paying increased
prices for the more fuel efficient vehicles.! Specifically:

° In to + 3, the incremental direct expenditures in the economy total
about $53 billion.

. In to + 6, the incremental direct expenditures in the economy total
about $62 billion.

. In year to + 10, the incremental direct expenditures in the economy

total about $43 billion and remain at this level through year t, + 20.

“This is a direct result of our assumption that, after the enhanced vehicle fuel efficiency standards are
phased in by year t; + 8, no further increases in standards are mandated.
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Figure V-2
Direct Impacts on the Economy From
Enhanced Vehicle Fuel Efficiency Standards
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Impact on Sales, Jobs, and Industries

We estimated the total (direct plus indirect) impacts of enhanced VFE standards
and determined that they will likely increase industry sales and employment
substantially. As illustrated in Tables V-4 through V-7, enhanced VFE standards will:

. Generate $107 billion in total industry sales in year to + 6 and $74
billion in year ty + 20.
o Generate 500,000 additional jobs in year to + 6 and more than

300,000 jobs in year to + 20.

While significant, the job estimates must be put into perspective: In 2010, U.S.
employment will total 142 million; in 2020 it will total 154 million; in 2030 it will total 166
million. Thus, while there will be job gains and job displacements due to enhanced VFE
standards, the net job change is likely to be strongly positive, i.e., increasing CAFE
standards will create jobs, not destroy them.*

'See the discussion Roger H. Bezdek and Robert M. Wendling, “Fuel Efficiency and the Economy,”
American Scientist, Vol. 93 (March-April 2005), pp. 132-139; Roger H. Bezdek and Robert M. Wendling,
“Potential Long-term Impacts of Changes in U.S. Vehicle Fuel Efficiency Standards,” Energy Policy, Vol.
33, No. 3 (February 2005), pp. 407-419; Management Information Services, Inc. and 20/20 Vision, Fuel
Standards and Jobs: Economic, Employment, Energy, and Environmental Impacts of Increased CAFE
Standards Through 2020, report prepared for the Energy Foundation, San Francisco, California, July
2002.
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Table V-4

Top 20 Industries Affected in Year to + 6 by Enhanced
Vehicle Fuel Efficiency Standards — Ranked by Sales

Industry Sales Increase in Year t,+6
(billions of 2004 dollars)

1. Motor vehicles, bodies and trailers, and parts $25.4
2. Wholesale trade 8.4
3. Primary metals 8.3
4. Fabricated metal products 7.0
5. Miscellaneous professional, scientific and technical services 6.4
6. Computer and electronic products 4.0
7. Plastics and rubber products 3.8
8. Other services, except government 3.6
9. Machinery 3.5
10. Chemical products 3.4
11. Management of companies and enterprises 2.9
12 Truck transportation 2.5
13. Federal Reserve banks, credit intermediation, and related activities 2.0
14. Broadcasting and telecommunications 2.0
15. Real estate 1.7
16. Administrative and support services 1.6
17. Textile mills and textile product mills 1.2
18. Insurance carriers and related activities 1.1
19. Oil and gas extraction 1.1
20. Rental and leasing services and leasers of intangible assets 1.0
All other industries 16.5
Total, all industries $107

NAICS code industries.

As discussed in Chapter IV, we estimated the impacts of increased VFE
standards on economic output and employment within the 70 two- and three-digit

In general, in terms of industry sales and jobs we found that

throughout the forecast period, the motor vehicle and related industries would benefit
considerably. For example, in terms of total industry sales, as shown in Tables V-4 and
V-6:

In year tp + 6, sales in the motor vehicles industry increase by $25
billion and in year to + 20 sales increase by $27 billion.

In year to + 6, sales in the primary metals industry increase by $8
billion and in year ty + 20 sales increase by $4 billion.

In year to + 6, sales in the miscellaneous professional, scientific,
and technical services industry increase by $6.4 billion and in year
to + 20 sales in this industry increase by $3.2 billion.

In year to + 6, sales in the computer and electronics product
industry increase by $4 billion and in year to + 20 sales in this
industry increase by $2.5 billion.

In year to + 6, plastics and rubber products industry sales increase
by $3.8 billion; in year to + 20 sales increase by $2.3 hillion.
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Table V-5

Top 20 Industries Affected in Year to + 6 by Enhanced
Vehicle Fuel Efficiency Standards — Ranked by Employment

Industry Job Increases in Year to+6
(thousands of jobs)

1. Motor vehicles, bodies and trailers, and parts 56
2. Other services, except government 48
3. Wholesale trade 47
4. Fabricated metal products 38
5. Miscellaneous professional, scientific and technical services 33
6. Administrative and support services 28
7. Primary metals 24
8. Truck transportation 19
9. Machinery 15
10. Plastics and rubber products 14
11. Management of companies and enterprises 13
12. Retail trade 12
13. Computer and electronic products 11
14. Federal Reserve banks, credit intermediation, and related activities 9
15. Food services and drinking places 7
16. State and local government enterprises 7
17. Warehousing and storage 7
18. Other transportation and support activities 6
19. Textile mills and textile product mills 6
20. Chemical products 6

All other industries 92

Total, all industries 498

The motor vehicles industry is the only industry where the total sales increase is
larger in year to + 20 than in year to + 6 -- $27 billion as compared to $25 billion. This is
because by year ty + 20 there is very little design and engineering work required to
adhere to the enhanced VFE standards, and most of the increased industry sales derive

from consumers purchases of more fuel efficient vehicles.

each year track increases in industry sales, although there are some differences due to

As shown in Tables V-5 and V-7, relative increases in industry employment in

the different productivity and output/employment relationships among industries. With
respect to the job increases in different industries:

. In year to + 6, 56,000 jobs are created in the motor vehicles industry
and in year to + 20 58,000 jobs are created in this industry.

. In year to + 6, 47,000 jobs are created in wholesale trade and in
year to+ 20 28,000 jobs are created in this industry.

. In year to, + 6, 48,000 jobs are created in services (except

government) and in year to + 20 24,000 jobs are created.
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Table V-6
Top 20 Industries Affected in Year to + 20 by Enhanced
Vehicle Fuel Efficiency Standards — Ranked by Sales

Industry Sales Increase in Year t,+20
(billions of 2004 dollars)
1. Motor vehicles, bodies and trailers, and parts $26.7
2. Wholesale trade 4.9
3. Primary metals 4.4
4. Fabricated metal products 4.2
5. Miscellaneous professional, scientific and technical services 3.2
6. Computer and electronic products 2.5
7. Plastics and rubber products 2.3
8. Machinery 2.2
9. Chemical products 2.1
10. Other services, except government 1.8
11. Management of companies and enterprises 1.6
12. Truck transportation 1.4
13. Federal Reserve banks, credit intermediation, & related activities 1.2
14. Broadcasting and telecommunications 1.1
15. Real estate 1.0
16. Administrative and support services 0.9
17. Textile mills and textile product mills 0.8
18. Insurance carriers and related activities 0.7
19. Electrical equipment, appliances, and components 0.6
20. Oil and gas extraction 0.6
All other industries 9.6
Total, all industries $73.9
. In year tp + 6, 38,000 jobs are created in the fabricated metal
products industry and in year tp, + 20, 23,000 jobs are created.
. In year to, + 6, 33,000 jobs are created in miscellaneous

professional, scientific, and technical services, and in year to + 20,
17,000 jobs are created in this industry.

As noted, “Motor vehicles, bodies and trailers, and parts” is the only industry in
which sales and employment increase more in year to + 20 than in to + 6. Further, in
year to + 20 this industry accounts for a much larger portion of the increase in sales and
jobs than in year to + 20. Specifically, in this industry:

. In year to + 6, increased sales of $25 billion represent 24 percent of
total increased sales of $107 billion.

o In year to + 20, increased sales of $27 billion represent 36 percent
of total increased sales of $74 billion

. In year to + 6, increased employment of 56,000 represents 11
percent of the total 500,000 jobs created.

. In year to + 20, increased employment of 58,000 represents 19

percent of the total 311,000 jobs created.
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Table V-7

Top 20 Industries Affected in Year to + 20 by Enhanced
Vehicle Fuel Efficiency Standards — Ranked by Employment

Industry Job Increases in Year to+20
(thousands of jobs)

1. Motor vehicles, bodies and trailers, and parts 58
2. Wholesale trade 28
3. Other services, except government 24
4. Fabricated metal products 23
5. Miscellaneous professional, scientific and technical services 17
6. Administrative and support services 16
7. Primary metals 13
8. Truck transportation 11
9. Machinery 9
10. Plastics and rubber products 9
11. Management of companies and enterprises 8
12. Retail trade 7
13. Computer and electronic products 7
14. Federal Reserve banks, credit intermediation, & related activities 5
15. Food services and drinking places 4
16. State and local government enterprises 4
17. Warehousing and storage 4
18. Textile mills and textile product mills 4
19. Other transportation and support activities 4
20. Chemical products 3
All other industries 109
Total, all industries 311

In sum, the bottom line is that the VFE mitigation option modeled here will save
substantial quantities of liquid fuels, will generate large requirements for the products

and services of many industries, and will create substantial numbers of jobs:

. In year tp+6, the VFE option results in the savings of about 225,000
barrels of liquid fuels, generates over $100 billion in industry sales,

and creates 500,000 jobs.

. In year to+20, the VFE option results in the saving of over 2 million
barrels of liquid fuels, generates about $75 billion in industry sales,

and creates over 300,000 jobs.

V.C.3. Industry Profits

The increase in industry sales generated by the VFE mitigation initiative will
create substantial profits for the industries. To estimate the profits generated by the
increased industry sales resulting from the VFE initiative, the increased sales in each of
the 70 NAICS industries have to be estimated by applying the profit margins in each
industry to the increased sales in that industry. Summation of the profits in all related

industries yields an estimate of total industry profits generated.
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Applying the estimates of profit margins by detailed industry to the increased
sales in each industry indicates that:

. In year to+6, the VFE option results in increased industry profits of
approximately $4.3 billion.
. In year t,+20, the VFE option results in increased industry profits of

approximately $3.1 billion
V.C.4. Federal, State, and Local Government Tax Revenues

The increased sales and incomes created by the VFE mitigation option will
generate substantial federal, state, and local government tax revenues; specifically:

. In year tp+6, the VFE option generates approximately $32 billion in
increased tax revenues: $21 billion in federal tax revenues and $11
billion in state and local tax revenues.

. In year to+20, the VFE option generates approximately $22 billion in
increased tax revenues: $15 billion in federal tax revenues and $7
billion in state and local tax revenues.

V.D. Summary of Major VFE Impacts

The VFE mitigation option modeled here will save substantial quantities of liquid
fuels, will generate large requirements for the products and services of many industries,
will create substantial numbers of jobs, and will generate significant federal, state, and
local government tax revenues. The major impacts of the VFE option can be
summarized as follows:

In year to+6*, the VFE option:

Results in savings of 225,000 barrels of liquid fuels
Generates $100 billion in industry sales

Creates over $4 billion in industry profits

Generates $21 billion in federal tax revenues
Generates $11 billion in state and local tax revenues.
Creates 500,000 jobs

In year to+20, the VFE option:

Results in savings of over 2 million barrels of liquid fuels
Generates $75 billion in industry sales

Creates over $3 billion in industry profits

Generates $15 billion in federal tax revenues

'In VFE we focus on year 6 rather than year 10, because year 6 is the one with the maximum economic
impact.
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° Generates $7 billion in state and local tax revenues.
. Creates over 300,000 jobs

V.E. Occupational Impacts

We disaggregated the employment generated by the VFE mitigation option into
occupations and skills, as illustrated in Table V-8 for selected occupations in years to+6
and t+20. The jobs generated are disproportionately concentrated in fields related to
the automotive, energy, and industrial sectors, reflecting the requirements of the VFE
mitigation option and its supporting industries. Thus, disproportionately large numbers
of jobs will be generated for various professional, technical, and skilled occupations
such as:

Automotive mechanics and technicians
Computer-controlled machine tool operators
Cutting and press machine operators
Electrical and electronics engineers
First line production supervisors
Industrial engineers

Industrial machinery mechanics
Industrial production managers
Machinists

Mechanical engineers

Software engineers

Tool and die makers

Welders

It is important to note that the jobs generated by the VFE mitigation option will be
widely distributed among all occupations and skill levels and, while the numbers of jobs
created in different occupations differ substantially, employment in virtually all
occupations will be generated. The vast majority of the jobs created by the VFE
initiative will be standard jobs created, directly and indirectly, for accountants,
engineers, bookkeepers, computer analysts, clerks, factory workers, security guards,
truck drivers, technicians, sales representatives, analysts, mechanics, etc. and most of
the persons employed in these jobs may not even realize that they owe their livelihood
to the mitigation options.

'Employment was disaggregated among more than 700 individual occupations.
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Table V-8
Occupational Impacts of the Vehicle Fuel Efficiency Option
(Selected Occupations)

Occupation Jobs in Year | Jobsin Year

to+6 to+20
Accountants and auditors 5,800 3,500
Automotive mechanics and technicians 3,700 2,000
Bookkeeping and accounting clerks 9,200 5,500
Cashiers 4,900 2,800
Computer-controlled machine tool operators 1,600 1,200
Computer programmers 2,500 1,500
Computer support specialists 2,700 1,600
Computer systems analysts 2,500 1,500
Cutting and press machine operators 3,100 2,100
Electrical and electronics engineers 1,200 800
Electronic equipment assemblers 2,700 2,000
Financial managers 2,800 1,700
First line production supervisors 7,700 3,900
Industrial engineers 1,900 1,400
Industrial machinery mechanics 2,400 1,700
Industrial production managers 1,800 1,300
Inspectors and testers 5,400 3,800
Janitor and cleaners 6,600 3,900
Machinists 4,300 3,000
Management analysts 1,900 1,100
Mechanical engineers 2,100 1,400
Production assistants 5,200 3,700
Purchasing agents 1,700 1,200
Security guards 3,000 1,700
Shipping and receiving clerks 5,200 3,400
Software engineers 3,000 1,800
Team assemblers 13,900 9,900
Tool and die makers 1,300 900
Truck Drivers 10,900 6,700
Welders 3,700 2,600
Total, all occupations 498,000 311,000
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VI. COAL LIQUEFACTION

VI.A. The U.S. Coal Resource Base

U.S. coal resources are immense: It is often stated that the U.S. is the “Saudi
Arabia of Coal” and has 250 years of coal reserves available.! The U.S. currently has
over one-quarter of the world’s recoverable coal, more than Russia and over twice that
of China. This compares to the U.S.’s oil reserves that are two percent of the world’s
total and natural gas that are three percent. Current Department of Energy coal
resource estimates are given in Table VI-1, which indicates that U.S. recoverable coal
has the energy content equivalent of about one trillion barrels of oil.

Table VI-1
U.S. Coal Reserves and Oil Equivalent
Coal Resources Oil Equivalent*

Recoverable reserves 275.1 billion tons 550 billion bbls
Demonstrated reserve base** 497.7 billion tons 995 hillion bbls
(2003)

Identified resources*** 1.7 trillion tons 3.4 trillion bbls
Total resources (identified and 3.96 trillion tons 7.9 trillion bbls
undiscovered)

*Estimated at 2 bbls net oil production per ton of coal input in a coal-to-liquids operation. Current U.S.
coal production is slightly more than one billion tons per year. A portion of U.S. reserves will be needed
to satisfy traditional coal markets.

**Portion of known coal reserves that could be profitably mined and marketed.

***Coal for which estimates have been computed to a high, moderate, or low degree of geologic
assurance.

Source: Southern States Energy Board, American Energy Security: Building a Bridge to Energy
Independence and a Sustainable Energy Future, Norcross, Georgia, 2005.

These estimates have not been updated since the 1970s, and a reassessment
could reveal an even greater coal resource base. In any case, DOE'’s estimated
reserve base of 497.7 billion “Demonstrated” tons is a good preliminary estimate for
available U.S. coal reserves that will ultimately be recovered. This category includes all
coal seams at least 28 inches thick in the measured and indicated categories. While
not all of this coal is mineable, there are other resources that are mineable but are not
included, including 4 trillion tons not yet well enough explored to properly assess.?

'U.S. Energy Information Administration, U.S. Coal Reserves: 1997 Update, February 1999; Management
Information Services, Inc., Coal: A Secure U.S. Energy Source, prepared for the National Coal Council,
2002.

Several caveats are in order. The Demonstrated Reserve Base may be overstated due to a number of
factors, such as the inclusion of unmineable coal, failure to account for quality differences between coals,
lack of consistency between state and federal agencies’ estimation techniques, etc. At least as important,
many laws, regulations, and policies at all levels of government prevent effective recovery of available
coal reserves. These can prevent coal from being mined economically and can limit the amount of coal
available and, in addition, some regulations limit exploration for coal. There are thus vast areas of the
U.S. containing large coal reserves where, at present, coal production is severely limited or prohibited.
This implies that it may difficult to rapidly increase coal production in the near future if required for coal
liquefaction. These limitations are not widely known and their potential implications are not understood..
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Coal can be delivered by rail, barge, or truck to almost any location in the U.S.
Coal's high energy density, its ability to be easily transported and easily stored as a
solid without deteriorating, its widespread abundance, and its low cost per energy-unit
(Btu) to produce and transport make it an important primary feedstock for producing
liquid fuels. While there are substantial coal reserves in 38 states,® production will
come primarily from existing production regions such as the Powder River Basin, the
Rocky Mountains, the lllinois Basin, Central Appalachia, Northern Appalachia, the Great
Plains, and Texas. U.S. coal reserves that are now reserved for the production of
electricity could provide feedstock for large-scale liquid fuel production, if electricity was
produced by other means.?

VI.B. The Coal Liquefaction Concept

There are two basic technologies for producing liquid fuels from coal: Direct and
indirect liquefaction:®

. Direct liquefaction reacts coal with H,, sometimes in the presence
of a liquid solvent, and aggressive reaction conditions are required
(temperatures > 400°C, pressures > 100 atmospheres, and
sometimes an appropriate catalyst). A synthetic crude is created
that must then be refined to produce gasoline and diesel fuel.

. Indirect liquefaction involves gasification of coal to produce a
syngas mixture of CO and H,. The syngas is then converted into
clean liquid fuels via Fischer-Tropsch (F-T) synthesis.

In this analysis we assume that all of the coal-to-liquid (CTL) plants to be built will
utilize indirect liquefaction.* Indirect coal liquefaction can produce high quality liquid
fuels that can supplement or substitute for the fuels now produced from petroleum.> In
our analysis we used assumptions analogous to a baseline IGCC power plant, where
oxygen-blown coal gasification is used to produce synthesis gas.

Our model CTL plants produce either 100 percent liquid fuels or 100 percent
electric power needed for in-situ shale oil production, described in a late chapter.
Modern gasification technologies have been dramatically improved over the years, with
the result that over 200 gasifiers are in commercial operation around the world, a
number operating on coal.® Gas cleanup technologies are well developed and utilized
in refineries worldwide. F-T synthesis is also well developed and commercially

'National Mining Association, “U.S. Coal Reserves by State and Type — 2003,” October 2004.

*National Research Council, Fuels to Drive Our Future, National Academies Press, 1990.

®Richard A. Bajura and Edwar M. Eyring, “Coal and Liquid Fuels,” presented at the GCEP Advanced Coal
Workshop, Provo, Utah, March 2003.

“At present, there is no commercial CTL plant using direct liquefaction technology.

°See the discussion in Eric D. Larson and Ren Tingjin, “Synthetic Fuel Production by Indirect Coal
Liguefaction,” Energy For Sustainable Development, Vol. VII, No. 4 (December 2003), pp. 79 — 102; and
David Gray and Glen Tomlinson, “Efficient and Environmentally Sound Use of Our Domestic Coal and
Natural Gas Resources,” Energeia, Vol. 8, No. 4 (1997), pp. 1-6.

®Coal Gasification 2005: Roadmap to Commercialization, www.researchandmarkets.com/reports.
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practiced on a large scale. Importantly, coal liquids from gasification/F-T synthesis are
of such high quality that they do not need to be refined. When co-producing electricity,
coal liquefaction is estimated to be capable of providing clean substitute fuels at $35-45
per barrel.

VI.C. Coal Liquefaction Plants

A number of coal liquefaction plants were built and operated in Germany during
World War Il, and the Sasol Company in South Africa subsequently built a number of
larger, more modern gasification-based facilities.? At present, Sasol is the world’s major
commercial user of CTL technology and has produced synfuels and chemical feedstock
from coal for over a half-century. The company currently has a capacity equivalent to
about 150,000 bbls/day — capable of meeting about 40 percent of South Africa’s oil
requirements.’

While the first two Sasol CTL plants were built under normal business conditions,
the Sasol Three facility was designed and constructed on a crash basis in response to
the 1979 Iranian revolution. The project was completed in just over three years after the
decision to proceed. Sasol Three was essentially a duplicate of Sasol Two on the same
site using a large cadre of experienced personnel. Sasol Three was brought “up to
speed almost immediately.™

The Sasol Three example represents the lower bound on what might be
accomplished in a twenty-first century crash program to build coal liquefaction plants.
This is because the South African government made a quick decision to replicate an
existing plant on an existing, coal mine-mouth site without the delays associated with
site selection, environmental reviews, public comment periods, etc. In addition,
engineering and construction personnel were readily available, and there were a
number of manufacturers capable of providing the required heavy process vessels,
pumps, and other auxiliary equipment.

There has been a recent resurgence in interest CTL in the U.S.,> Australia, and
China; for example:

. In 2004, Chinese companies signed separate agreements with
Sasol and Shell to study the feasibility of building CTL plants.

'David Gray, “Producing Liquid Fuels From Coal,” presentation at the National Academy of Sciences
Systems Workshop on Trends in Oil Supply and Demand, Washington, D.C., October 20-21, 2005; David
Gray, et. al. "Coproduction of Ultra Clean Transportation Fuels, Hydrogen, and Electric Power from
Coal". Mitretek Systems Technical Report MTR 2001-43, July 2001.

P du P Kruger, "Startup Experience at Sasol's Two and Three," Sasol, 1983.

%sasol: Reaching New Frontiers,” Sasol Fuels International, February 2005; Ken Silverstein, “Coal
Liguefaction Plants Spark Hope,” The Power Report, November 1, 2004.

*Collings, J. "Mind Over Matter — The Sasol Story: A Half-Century of Technological Innovation,” Sasol.
2002.

°DOE is supporting a small CTL facility in Gilberton, Pennsylvania to convert coal waste into synthetic
fuels. The plant will produce 5,000 bpd of clean synthetic fuel using coal waste and will cost about $600
million.
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Sasol is planning to build two CTL plants in China with anticipated
sta{t-up in 2010/2011 and joint production of some 160,000 bpd of
oil.

. A Foster Wheeler and Huangiu joint venture was awarded a
feasibility study contract by Sasol and the Combined Chinese
Worki2r19 Team, which is expected to be completed by January
2006.

. Headwaters, Inc. is developing CTL projects in Arizona and North
Dakota. It is the principal developer of two separate indirect coal
liquefaction plants that are intended to produce 10,000 bpd of liquid
fuels, as well as electricity. Plant expansions could increase output
up to 50,000 bpd of liquid fuel production.®

. Houston-based DKRW Energy is planning an integrated power and
CTL facility in Wyoming that is targeted to come online between
2008 and 2010. The facility resembles an advanced IGCC plant
creating synthesis gas, which would be partly used
to produce 33,000 bpd of synthetic diesel and naphtha.*

. A CTL project is planned to be demonstrated in Australia to
integrate Syntroleum’s air-based F-T technology with Linc Energy’s
underground coal gasification (UCG) technology, and coal will be
converted in-situ to a syngas that can be used in power generation
or in an F-T process.” The first commercial phase of the Chinchilla
Project involves installation of a 30-40 MW power plant and over
the next several years a 17,000 bpd Syntroleum CTL plant and
power plant expansion.®

VI.D. Specifications for New Coal Liguefaction Plants
Our CTL scenario involves a crash program of plant construction beginning in

year top. The basic assumptions for the CTL scenario were based on recent work by
David Gray:’

. The technology used is indirect liquefaction.

o Each plant is sized to produce 100,000 bpd of liquid fuels.

. Liquid fuels production consists of gasoline and mid-distillates —
other products of the plants were not included in our estimates.

. Each plant requires four years from decision-to-build to first

production of product.

'Presentation by Rudi Heydenrich at the Howard Well Energy Conference, April 2005. (www.sasol.com).
2CTL Boom in Sight?” AMFI Newsletter, August 2005.

%Headwaters in MOUs to Develop Two Major Coal-to-Liquids Projects,” CTL News, August 9, 2005.
““DKRW to Acquire Coal Resources for Coal-to-Liquids Facility,” CTL News, March 10, 2005.

UCG has been used in the Former Soviet Union for 40 years.

®«Underground Coal-Gasification, Coal-to-Liquids Fuel Project in Australia,” CTL News, August 15, 2005.
"The economic parameters represent an average of the costs for utilizing bituminous and sub-bituminous
coal. See David Gray, “Producing Liquid Fuels From Coal,” op. cit.

37



. The construction cost of each plant is $7 billion (2004 dollars).*
. The O&M costs for each plant total $350 million (2004 dollars) per

year.

o The costs of the coal feedstock for each plant total $260 million
(2004 dollars) per year.

. Three new CTL plans are committed each year for the period of the
study, with the first set of plants coming on-line in year to+4.

. Construction will begin on three new plants per year.

. The plants are not geographically specified, e.g. they are generic
plants that could be sited anywhere in the U.S.

. The costs specified do not include those of transportation or other
infrastructure.®

. In some cases, CO, from these plants will be used for EOR as

discussed later. In other cases, CO; is assumed to be released to
the atmosphere.
. Plant costs are distributed equally over the construction period.

VI.E. Direct Costs and Impacts of the CTL Plants
The direct costs and impacts resulting from the CTL scenario are summarized in

Figures VI-1 and VI-2. Figure VI-1 shows the direct costs incurred in plant construction
and operations over the 20-year period and illustrates that:

. All of the costs incurred initially are construction costs, and these
increase rapidly beginning in year t.

. No O&M costs are incurred until year to+4, when the first set of
plants begins operation.

. More than $50 billion in construction costs will be expended by the
time the first three plants begin production of liquid fuels.

. After year to+4, construction costs remain constant at $21 billion per
year, since three new plants are being started each year.

o After year tp+4, O&M costs rise rapidly as three new plants come
on-line each year.

. After year tp+15, annual O&M costs exceed construction costs by
an increasingly large margin each year as more plants are brought
on-line.

o Cumulative construction and O&M costs over the 20-year period

total approximately $700 billion (2004 dollars).

This is the assumed cost of the nth plant; the first plants constructed will be more expensive and these
additional costs were not estimated in this study.

“The methodological approach is flexible enough to analyze a larger or smaller number of plants coming
on-line each year.

3Not including transportation or other infrastructure may underestimate the total impact on the economy,
jobs, and taxes.
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. The $700 billion does not represent the total costs of the CTL
plants, since construction begun in years to+17... t,+20 continues in
later years on plants that will come on-line in years to+21 to ty+24,
and total O&M costs increase every year through to+24.

Figure VI-1
Direct Costs of the CTL Mitigation Option
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. While our study cuts off at year tp+20, we assume that the pattern
of construction continues beyond that year for purposes of our
analysis.

Figure VI-2 shows the liquid fuels production of the CTL plants over the 20-year
period and illustrates that:

. Liquid fuels production begins at 300,000 bpd in year tp+4 as the
first set of three plants comes on-line.

. Liquid fuels production increases linearly each year thereafter, as
three new CTL plants come on-line annually.

o At year ty+10, liquid fuels production from the CTL plants totals 2
million bpd.

. At year to+20, liquid fuels production from the CTL plants totals 5
million bpd.
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Liquid fuels production will continue to increase beyond t,+20 as
the additional CTL plants for which construction began in years
to+17... to+20 come on-line in years tp+21 through ty+24.

Figure VI-2
Liquid Fuels Production From the CTL Plants
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VI.F. Impact on Sales, Jobs, and Industries

We estimated the total (direct plus indirect) impacts of the CTL mitigation option
and determined that it will likely increase industry sales and employment substantially.

As illustrated in Tables VI-2 through VI-5, the CTL scenario:

While significant, the job estimates must be put into perspective: In 2010, U.S.
employment is projected to total 142 million; in 2020 it is projected to total 154 million; in
2030 it is projected to total 166 million. Nevertheless, while there will be job gains and
job displacements resulting from the CTL option, the net job change is likely to be

Generates $65 billion in total industry sales in year t,+10 and more

than $100 billion in year to+20.

Generates 340,000 jobs in year tp+10 and nearly 500,000 jobs in

year to + 20.

strongly positive.
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Table VI-2

Top 20 Industries Affected in Year to+10 by the CTL Option — Ranked by Sales

Industry Sales Increase in Year t,+10
(billions of 2004 dollars)

1. Construction $14.6
2. Petroleum and coal products 6.2
3. Mining, except oil and gas 4.9
4. Miscellaneous professional, scientific and technical services 3.3
5. Fabricated metal products 2.1
6. Wholesale trade 2.1
7. Chemical products 1.7
8. Truck transportation 1.6
9. Support activities for mining 1.5
10. Nonmetallic mineral products 1.4
11. Oil and gas extraction 1.3
12. Rental and leasing services and lessors of intangible assets 1.3
13. Management of companies and enterprises 1.2
14. Federal Reserve banks, credit intermediation, and related activities 1.2
15. Wood products 1.2
16. Machinery 1.2
17. Retall trade 1.1
18. Primary metals 1.1
19. Rail transportation 1.1
20. Broadcasting and telecommunications 1.1

All other industries 14.1

Total, all industries $65

code industries.

As discussed in Chapter 1V, we estimated the impacts of the mitigation options
on economic output and employment within the 70-order two- and three-digit NAICS

In general, in terms of industry sales and jobs we found that

throughout the forecast period the construction, petroleum and coal products, mining,
professional, scientific, and technical services, chemical products, and related industries
would be major beneficiaries. For example, in terms of total industry sales, as shown in
Tables VI-2 and VI-4:

o In year ty+10, sales in the construction industry increase by $15
billion and in year to+20 sales also increase by $15 billion.

. In year tp+10, sales in the petroleum and coal products industry
increase by $6 billion and in year t+20 sales increase by $14
billion.

. In year tp+10, mining industry sales increase by $5 billion and in

year tp+20 sales increase by $11 billion.

. In year to+10, sales in the professional, scientific, and technical
services industry increase by $3 billion and in year to+20 sales in

this industry increase by $5 billion.
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. In year t,+10, sales in the chemical products industry increase by
$2 billion and in year t,+20 sales increase by $3 billion.

Table VI-3

Top 20 Industries Affected in Year to+10 by the CTL Option

— Ranked by Employment

Industry Job Increases in Year tp+10
(thousands of jobs)

1. Construction 114
2. Mining, except oil and gas 20
3. Administrative and support services 19
4. Retail trade 17
5. Miscellaneous professional, scientific and technical services 17
6. Truck transportation 12
7. Wholesale trade 12
8. Fabricated metal products 12
9. Other services, except government 10
10. Support activities for mining 7
11. Nonmetallic mineral products 7
12. Wood products 6
13. Other transportation and support activities 6
14. Management of companies and enterprises 6
15. Federal Reserve banks, credit intermediation, and related activities 6
16. Machinery 5
17. State and local government enterprises 5
18. Rail transportation 4
19. Plastics and rubber products 4
20. Forestry, fishing, and related activities 3

All other industries 46

Total, all industries 338

As shown in Tables VI-3 and VI-5, the increases in industry employment in each
year are analogous to the increases in industry sales, although there are some
differences due to the different productivity and output/employment relationships among

industries. With respect to the job increases in different industries:

. In both years t,+10 and t,+20, 115,000 jobs are created in the
construction industry.

. In year tp+10, 20,000 jobs are created in the mining industry and in
year tp+20 46,000 jobs are created in this industry.

. In year to+10, 17,000 jobs are created in the professional, scientific,

and technical services industry and in year to+20 24,000 jobs are

created in this industry.

. In year t,+10, 12,000 jobs are created in the trucking industry and
in year tp+20 15,000 jobs are created in this industry.
. In year to+10, 19,000 jobs are created in administrative and support

services, and in year to+20 27,000 jobs are created in this industry.
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Table VI-4
Top 20 Industries Affected in Year to+20 by the CTL Option
— Ranked by Sales

Industry Sales Increase in Year ty+20
(billions of 2004 dollars)

1. Construction $14.7
2. Petroleum and coal products 14.0
3. Mining, except oil and gas 11.4
4. Miscellaneous professional, scientific and technical services 4.6
5. Wholesale trade 3.7
6. Chemical products 3.0
7. Oil and gas extraction 2.8
8. Fabricated metal products 2.8
9. Rail transportation 2.3
10. Rental and leasing services and lessors of intangible assets 2.2
11. Management of companies and enterprises 2.1
12. Support activities for mining 2.1
13. Truck transportation 1.9
14. Machinery 1.9
15. Federal Reserve banks, credit intermediation, and related activities 1.9
16. Utilities 1.8
17. Pipeline transportation 1.6
18. Primary metals 1.6
19. Real estate 1.6
20. Nonmetallic mineral products 1.5

All other industries 21.7

Total, all industries $101

As noted, construction is the industry in which sales and employment increase the
most in all years, although in year t,+20 this industry accounts for a smaller portion of
the increase in sales and jobs than in year to+10. Specifically, in this industry:

o In year to+10, sales of $15 billion represent 22 percent of total sales
of $65 billion.

. In year tp+20, sales of $15 billion represent 15 percent of total sales
of $101 billion.

o In year to+10, employment of 114,000 represents 34 percent of the
total 338,000 jobs created.

. In year to+20, employment of 115,000 represents 23 percent of the

total 491,000 jobs created.

43



Table VI-5
Top 20 Industries Affected in Year to+20 by the CTL Option
— Ranked by Employment

Industry Job Increases in Year ty+20
(thousands of jobs)

1. Construction 115
2. Mining, except oil and gas 46
3. Administrative and support services 27
4. Miscellaneous professional, scientific and technical services 24
5. Retail trade 22
6. Wholesale trade 21
7. Truck transportation 15
8. Fabricated metal products 15
9. Other services, except government 14
10. Management of companies and enterprises 10
11. State and local government enterprises 10
12. Support activities for mining 10
13. Other transportation and support activities 10
14. Federal Reserve banks, credit intermediation, and related activities 9
15. Rail transportation 8
16. Machinery 8
17. Nonmetallic mineral products 8
18. Wood products 6
19. Oil and gas extraction 6
20. Petroleum and coal products 5

All other industries 102

Total, all industries 491

VI.G. Industry Profits

The increase in industry sales generated by the CTL mitigation initiative will create
substantial profits for the industries. Applying the estimates of profit margins by detailed
industry to the increased sales in each industry indicates that:

. In year t,+10, the CTL option results in industry profits of
approximately $2.8 billion.
o In year t,+20, the CTL option results in industry profits of

approximately $4.5 billion
VI.H. Federal, State, and Local Government Tax Revenues

The increased sales and incomes created by the CTL mitigation option will
generate substantial federal, state, and local government tax revenues; specifically:
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. In year to+10, the CTL option generates approximately $20 billion in
tax revenues: $13 billion in federal tax revenues and $7 billion in
state and local tax revenues.

. In year to+20, the CTL option generates approximately $30 billion in
tax revenues: $20 billion in federal tax revenues and $10 billion in
state and local tax revenues.

VI.I. Summary of Major CTL Initiative Impacts

The CTL mitigation option modeled here will provide substantial quantities of
liquid fuels, will generate large requirements for the products and services of many
industries, will generate substantial industry profits, will create large numbers of jobs,
and will generate significant federal, state, and local government tax revenues. The
major impacts of the CTL option can be summarized as follows:

In year to+10, the CTL option:

Results in the production of 2 million bpd of liquid fuels
Generates $65 billion in industry sales

Creates about $3 billion in industry profits

Generates $13 billion in federal government tax revenues
Generates $7 billion in state and local government tax revenues.
Creates 350,000 jobs

In year t,+20, the CTL option:

Results in the production of 5 million bpd of liquid fuels
Generates $100 billion in industry sales

Creates about $5 billion in industry profits

Generates $20 billion in federal government tax revenues
Generates $10 billion in state and local government tax revenues.
Creates 500,000 jobs

VI.J. Occupational Impacts

We disaggregated the employment generated by the CTL mitigation option into
occupations and skills, as illustrated in Table VI-6 for selected occupations in years
to+10 and t+20.>) The jobs generated are disproportionately concentrated in fields
related to the construction, energy, and industrial sectors, reflecting the requirements of
the CTL mitigation option and its supporting industries. Thus, disproportionately large
numbers of jobs will be generated for various professional, technical, and skilled
occupations such as:

'Employment was disaggregated among more than 700 individual occupations.
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Accountants and auditors

Brickmasons and blockmasons
Carpenters

Cement masons and concrete finishers
Civil engineers

Computer programmers

Electricians

Excavating and loading machine operators
First line construction supervisors
Heating, air conditioning, and refrigeration mechanics
Industrial engi