DISCLAIMER

This report has been reviewed by the Office of Energy, Minerals,
and Industry, U.S. Environmental Protection Agency, and approved for
publication. Approval does not signify that the contents necegsarily
reflect the views and policies of the U,S. Environmental Protection
Agency, nor does mention of trade names or commercial products constitute
endorsement or récommendation for use,
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FOREWORD:

Thisldocument reports the regults of a techhology assessment* of gelected
liquid fuels derived from coal and oil ghale. These fuels are considered to be
the most Tikely alternatives to substitute for petroleum-derived fuels or to
augment them in the tramnsportation seetor in the 1980-2000 time frame, Critiecal
decisions about the sources oi fuel supply and the nature of demand must be made
in that peried due tou the steady depletion of the domestic petroleum supply and

the influence of 2 noncompetitive worid market.

The means to overcome the limited supply of natural petroleum may take

several formg:

. Conservation of searce petroleum energy by stretching out limited
domestic reserves,

. Hemoval of the national transportaztion end-use sector from total depend-
ence on petrolsum by shifting to other c¢nergy forms, particularly thosge
derived from cvoal, an abundant domesti¢ patural vesource,

- Conservation of energy through incremental savings at every step from
resourre extraction to end-use (o difficult problem since many advanced
technologies consume more energy than present processes).

. Acceptance of a lesser level of fuel supply if the social costs of an
entirely new supply indugtry{(s} exceed end-use benefits.

The research reported here treats oaly a part of the total picture, but it
nevertheless represents a significant step in the portrayal of the large new

industry to meet future fuel demands,

Coal is not being used to manufacture lidquid fuels, and thus an industyy
nf the size examined herein does not exist today. Yet, without reducing the
level of anticipated future energy demands, new supply industrieé such ag those
digeribed in this study may be necessary, The results of this analysis clearly
indieate that a significant productive capacliy may be difficult to achieve from
a very large and rapidly growing new industry. WMoreover, while petroleum energy

may be 'gaved" by substitution, the synthetic liguids system (from resource to

A study approach that examines many dimensions of anticipated impacts Ifrom =

given technology--environmental, economie, sneial, and energy flows.
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end-use} is clearly less energy efficient than petroleum utilization. As a
conscyquence, policies regarding these fuels should take into account the critiecal,

constraining impacts examined in this study.

The creation of such an industry may imply privete and public sector part-
nerghips in planning the industry's growth, the thoughtful siting of conversion
fapilities away from coal mines, or designing cbnyersinn methods that are pol-
lution-free snd low in water consumption. Energy deand conservation ahd the

world price of petroleum will strongly affect these choices,

The results of this work have heen subjected to widespread review through
presentations and papers given ai conlercnces, symposia, and workshops such as:

» “Energy 10,” the 10th Intersocicty Energy Conversion Engineering Confer—
apce, University of Delaware, Aupust 1975

e "3yd Annual Conference on Fnergy and the Environment,” Oxford, Ohio,
Aupgust 1975

e "Puture Automotive Fuels - Progspects, Performance and Perspectives,’
General Motors Research Labs Symposium, October 1973

e "Workshops on the impacts of alternative fuels development,
University of Montana and Montana Siate University, Decenber 1975

. "Technology Assessment of Energy Alternatives,” Rensselaer Polytechnic
Ingtitute, May 1976 '

. "The Future of Alternative Fuels - Impacts and Options,” inter-agency
rasearch evaluation seminar, Glen Arbor, Michigan, June 1976

This work was initiated in June 1974, by the Alternative Automotive Power

Systems Division (AAPS) and the Office of Energy, Minerals and Industry of the
U.5. Environmental Protection Agency (EPA), _The AAPS Alternative Fuels Program
became a part of the U.S. Energy Research and Development Aﬁministration (ERDA)
when it waé created in January 1975, Continuations have been funded through the
ERDA Office of Conservation. In the management of this work, substantial coop-
erative effort has been maintained that cuts across traditional organizational
bounduries, F. Jerome Hinkle (AAPS in EPA, ERDA), Jamcs C. Johnson (EFA), and

Gary J, Foley {(EPA) have shared the role of project manager,

¥. Jerome Hinkle
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EXECUTIVE SUMMARY

A. Study Objectives and Method

Domestic supplies of petroleum already £all far short of meeting
U.8. demand for liguid fuels., In 1973, the shortfall was 6 million
barrels per day (B8/D) (1 million mS/D). With plausible growth in de-
mand and decline in domestie oil production, the shortiall may be as
large as 18 million B/D (2.9 million ms/D) in the year 2000. Of this
shortfall, about 6 million B/D (1 million mS/D) can be attributed to

the automotive market {cars, trucks, and buses),

It has been widely proposed that synthetic liquid fuels eould be
substituted for conventional petroleum. Syncrudes and methanol derived
from coal and oil shale could possibly lessen or avoid future shortfalls,
Several previous studies havg examined the technical and economic fea-
sibllity of such synthetic liquid fuels. In contrast, the central
objectivé of this study was to examine the feasibility of these fuels
in a much broader sense--the feasibility when environmental, economic,
social, and institutional consequences are taken into aceount. These
coﬁsequences were to be contrasted briefly with those of an attempt to
reduce or eliminate the shortfall by means of an all-out effort to de-

velop remaining domestic conventional petroleum resources,

The core of the study was the preparation of a Maximum Credible
Implementation Scenario (MCI) for the deployment of = synthetic liquid
fuel industry based on the use of coal and o0il shale tn'produce synthetic
crude oils and methanol., The preparation of the MCI was followed by de-
tailed exploration of the broad consequences if the scenaric were to

become a reality,




Far from being an advocated implementation scenarioc, or even an
expected future, the MCI is intended only to depict the maximum rate
at which a synfuel industry could be implemented under favorable eir-
cumstances, The MCI served, therefore, to identifly and highlight those
congequences that would prove most eritical to deployment once the

decision was made to have such an industry.

B. The Maximum Credible Implementation (MCI} Scenario
for a Synthetic Liquid Fuels Industry

The MCI rests on building-block descriptions of the technologies
for making synerudes ffom coal and oil shale and methanol from coal.
Syncrudes are emphasized rather than synthetic final products such as
gasoline becausc the corporations most likely to produce and market
synthetic fuels--the oil companies--have strong economic incentives to

make synthetic crudes rather than final products directly.

Production of synthetic crude allows it simply to be added to the
natural crudes still available to refineries, and with relatively minor
modifications to the refineries*,,final products essentially identical
Lo present fuels result. This approach has the practical advantage of
serving both the needs of oil companies wishing to maintain the useful-
ness of present investments and of insulating the consumer Irom change.
As a resqlt, gyncrudes have received emphasis over methanol in this
study. However, future uses of methanol in stationary energy-consuming

devices could release petroleum for use in the automotive sector.

For reasons of data availability and technological state of the art,
this study has focused on the H~coal process for producing syncrude from

cogal, the TGSCO II process for producing syncrude from oil shale, and a

%
As long as the syncrude vremaing & small portion of the crude accepted
by any given refinery.
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combined process for producing methanol from coal--a Lurgi gasifier
followed by methanol synthesgis. For all of these tochnologies the
required resource inputs (capital, labor, fossil material, water, steel,
and electricity) and the fuel outputs have been specified for the

10G, 000-B/D (16,000-mP/D) plant size that seems likely to charﬁcterize

the industry,

The MCT is summerized in the following figure, Notice that the MCI

alone would not entirely eliminate the 18 million-B/D shortfall expected

in 2000,
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C. Consequences of the MCI

1. Industrial Decigion Making

The United States does not have a synthetic liguid fuels in-
dustry in place today becattse, in the past, such fuels could not be
produced at costs competitive with conventionally produced oil. Even
with the high prices of oil paced by the Organization of Petroleum
Exporting Countriés {OPEC) cartel, syncrudes and coal-derived methanol
are not yet competitive with natural crude oils, Morsover, the rise
in oil prices has made many previously uneconomic conventional petroleum
options wbrth exploring, and companies are now vigorously pursuing those
that appear economic. Until the risks of such ventures inerease to
intolerable levels or the relative cost of producing synfhetic fuels
falls, prudent business investment practice will emphasize conventional
petroleum in preference to synthetie ligquid fuels, Thus, unless the
market place changes dramatiecally, or governmental policies provide
sufficient economic offsets or incentives, there will be few or no synthetic

liquid fuels produced--and the MCI will remain only a hypothetical exercise.

2. Capital Availability

The capital investments required by the MCI are large, and
thus there is reason to inguire whether financing a synthetic liquid
fuels industry ig in fact possible. Application of a simple model of
the aggregate petroleum industry in the United States indicates that even
if historical rates of return on investment in the o¢il indusiry are
maintained, and if the rate of inflation is 5 percent, then a future,
integrated evolutionary natural-plus-synthetic betroleum industry could
not finance the MCI out of its cash flow, There would be a continuing '
need for attracting capital to the industry, However, in 1995, new
borrowings would rise to only twice the fraction of national capital ’

formation presently absorbed by the petroleum industry, Therefore, while
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capitel avallability may appear to be a major limitation, it probably is

not a fundamental constraint.

3. Resource Depletion

The cumulative amount of coal regquired by the MCI over the
agsumed 20-vear lifeiimes of the plants is very large. On the basis of
Bureau of Mines estimates of strippasble coal reserves, the MCI could be
sustained for about 70 years on strippable ccoal if no other demands
were placed on that resource. When other demands (such as electric
generation and substitute natural gas production) for this coal are
taken into account, the reserves would last for only about 40 years—-
enough for only two generations of syntﬁetic fuel plants. After that,
the more costly, more dangerous to mine, deep reserves would have to be

used,

Net energy ratio estiimates have been made for the synthetic
fuels considered bere, Buch estimates take into account all the energy
resources needed,'directly and Indirectly, to produce a fuel. The
energy contained in the product fuel is then divided by the quantity
of the energy resources consumed in its production. The higher the
ratio, the more effectively the fossll resource is used. The ratios
‘shown in the foliowing table indicate that the coal syncrude option is

more conservative of coal resources than the coal-derived methanol option.

Resource depletion under a scenario of xapld growth in consump-
tion such as the MCI occurs far scoher than is commonly appreciated, As
g result, this aspect of the Industry is critical to national energy

policy.
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RET ENERGY RATIOS FOR SYNTHETIC LIQUID FUEL PROCESSES

Conversion -Resource-tg—Fuels

Step Syvatem
0i1 shale 2.3 1.6
Coal liguefaction
Wyonming cosl 1.5 1.1
Illinois coal _ 1.8 1.3
Methanol
New Mexico coal 0.66 0,65

"3
Including refining of synerudes and 1000 miles of pipeline
shipment of synerude or methanol,

4, Water Availability

Synthetic liquid fuel.processes all consume large amounts of
water, Synthetic fuels are alsc expensive to make and, thus, to achieve
favorable economics, 1ow—cost.strip—minable coal must be used as long
as it is available. Most of the available strippable coal is in the
érid West where the location of fuel conversion plantzs would place

severe stress on available water supplies.

Much of the relevant coal resource in the West is in the upper
Missouri River Basin (specifically, Montana, Wyoming, North Dakota)
where many of the MCI conversion facilities would Iikely be located.
There would be adeguate water physically present in the basin to support
the MCI even in view ol ofher expected future demands, However, this
water resource would almost never be in the same place as the coal re-
source, Therefore, fur mine-mouth conversion facilities to be viable,
extensive new water works such as agueducts and interbasin transfers

would have to be constructed.




In contrast to the East, where water is abundant and rules
governing its allocation have not been crucial to its equitable use,
water rights in the arid West are complex, uncertain, and often contested.
The rights to the water in the Missouri River Basin that would have to
be transferred, however, are very uncertain, partly because the water
rights of the federal government and Indian nations in the area have not

yet been adequately ‘defined.

For coal, at least, there remaing the option of transporting
the coal to water-rich regions for conversion, The transport of coal
by railroad consumes essentially nho water while transport via slurry
pipeline can reduce the water requirement to about half that required
for fuel conversion, While there remains considerable uncertainty sbout
the relative economic desirability of the two modes, the railroads have
been successful so far in blocking several proposed (and competitive)

slurry pipelines.

0il shale is found primarily in arid northwestern Colorado,
not far from the Coloradoe River. However, unlike coal, o0il shale cannot
be shipped economically for remote conversion., As a result, conversion
must take place near the mine and, consequently, the water must bg drawn
from supplies of the upper Colorado River Basin. Other expected future
" demands in the year 2000 indicate that implementation of the MCI would
reéult in a water shortfall in the upper baéin because total demand
would ezcecd Colorado's allocation under the interstate compacts which

allocate the Colorado's annual flow.

However, water earmarked in the inventory for future agriculture
expansion could sustain twice the level of oil~shale syncrude production

shown in the MCI without resort to interbasin transfers.

Because water for irrigation is essential to agriculture in

the arid west, the physical and institutional availability of water for



the production of synthetic fuels in the dry western states is a highly
charged issue--one that is critieal to the future of a synfuels industry

and its ability to augment petroleum supplies.

5. Strip Mine Reclamation

Strippable coals suitable for synfuels are .found most abundantly
in the West, Illinois, and Appalachia. In all three regions, reclamation
of stripped mined lands is difficult but 1t is least diffieult in the
I1linois area because of its reiatively level terrain, its thick soils
that can be easily revegetated, and its ample moisture, In the West,'
arid conditions and thin, poor soils make fevegetation difficult even in
the level terrain where most coal is found. In Appalachia, the abundant

moisture works to the detriment of reclamation because strip mining is

done along contours of hillgides and the mined and reclaimed slopes are

easily eroded after mining.

ﬁeclamatiun of strip-mined lands has become an important .
national iasue, one that has resulted in strong, but twice vetoed, bills
from Congress. Until reclamation practices are better demonstrated and
until federal and state policy on strip mining and reclamation stabilize,
this igeue will remain a critiecal stumbling block.to deployment of the
industry and to the design of generally acceptable environmental pro-

tection measures.

Reclamation Following oil shale extraction and éonversion is
diffieult begause the spent shale residue actually occupies more volume
than the raw shale (because of voids) and requires large quantities of

water for compaction and dust contrel, Spent shale cannot be readily
revegetated. In addition, the leaching and the subsequent runoff of salts

that could pollute ground and surface waters are not easy to control,
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G. Air Pollution Control

The air pollutant emissions expected Ffrom the fuel conversion
plants using best avallable controls have been compared to enisgsions
permitted under existing standards for analogous operations. O0il shale
plants will require improvements in control technologies for particulates
and sulfur dioxide to enable single plants to meet plausible (Class II)

ambient air quality standards,

Single coal liguefaction planis would be able to meet emissions
and Class I "non-degradation” ambient air quality standards, However,
application of a pollutant dispersion modél to 'a complex of four plants
under worst-case conditiong in Wyoming's Ppwder REiwr Basin shows thﬁt
e nultiple-plant complex within an air basin would generally require use

of improved air poliution controlhtechnolngy for particulates,

This eonclusion remains tentative, however, because many
candidate states for plant locations have noi yet specified the non-deg-

radation standard classes that will apply,

7. Boom Towns

The concentration of numerous fuel conversion plants in a
small area--suech as might result from implementation of the MCI with
mine-mouth plants--would lead to rapid and sustained population growth
in what are now essentially rural communities, Under the MCI, population
growth could easily be in excess of 9 percent in Wyoming 's Campbell
County and 17 percent in the Colorade oil-shale region. Many planners
congider an annual growth rate of 5 percent to be at the edge of manage-
ability. Consequently, the location of conversion plants in the resource
extraction region would set the stage for the creation of boom towns,
‘Towns undergoing boom growth tend to lack social and physical amenities

and a senge of community. Moreover, tax revenues collected from the indus-
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tvial base, which are necessary for the provision of essential publie
services, tend to lag the onset of the demand for such services. These
deficiencies result in a social malaise evidenced by high rates of
divorce, sulcide, aleoholism, worker absenteeism, and reduced worker
productivity, Frequently inadequale sanitation facilities and poor acecess

to medical carc comblne to impeair physical health,

The phenomenon of the boom town also creates value confliets
between the former regidents and the newcomers., These value conflicts
in turn deter ecommunity agreement on measures to cope with growth and their

implementation,

Mitigation of hoom~town effects could be a critieal factor in
the establishment of a synfuel industry primarily because of the cffect

of the boom town on the reception afforded the industry by the region

and on the guality and stability of the work force attracied.

8. Summaxry of Critical Factors

Unless they were to be resolved, the several critical factors
that kave emerged in the preceding discussion eould severely constrain
deployment of a large synthetic liquid fuel industry. These factors
are:

® Industrial decisions to deploy a2 synfuels technology

® Resource depletion

. Water availability

® Strip mine reclamzation

® Air pollution control

® Boom towns
Since most of these c¢ritical factors relate to questions of rates of
zrowth or the geographical concentration of the industry, they point to
controlled growth or dispersion of the industry as possible avenues of
resolution,
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D. Evaluation of Alternatives

1. Evaluation Criteria

In deliberations of the role nf synthetic liguid #uels in

national energy policy, it is natural to ask which, if any, of the fuels
considered here should be favored. From 2 national verspective, as
opposed to a corporate or consumer outlook, there are several important
considerations in weighing the rclative altractiveness of the synfuel
options, Beyond the cobvious and strictly economic factor of cost are
questions of the allocation of national resources and the balancing of
adverse and beneficial consequences not necessarily adequately reflected

in the economic cost.

Important criteria include

®* Resource inftensiveness

1

Fossil materials used

- Energy consumed versus energy vield

Water consumed

Capital invested

— Labor required

- lLand area mined
# Geographic concentration
# Bocizal systems impacted
® licosystems impacted

¢ Difficulty of evolutionary adoption

2, Criteria Applied to Synfuel Options

A comparison, on the basis of these criteria, of the cozl
syncrude and methanol alternatives using Western, Illionis, or Appalachian
coal and the oil shale option reveals that no one option is best in

every respect; each one has undesirable consequences, Nevertheless, it
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is apparent that mining and processing of Tllinois coal to make syncrude
15 the least dilsruptive cogal-based oﬁtion. However, since Illinois
alone cannot support the MCI, deployment of an industry on the scale

of the MCI elearly means acceptance of some less degireble tradeoffs.

Since coal has other potential uses (eépecially in eiectricity
generation and gasification) society may, in effect, forego opporiunity
by converting coal to liquid fuel jnstead of converting oil shale, a

regsource with no pther use,

3. Synfuels Options Compared with All-out
Conventional 0il Production

Given that the MCI alone cannot close the gap hetween domestic
fuel supplies and demand and that it would have large adverse conse-
quences, perspective on the future of automotive fuel can be gaincd by
consideriﬁg the alternative of all-out development of remeining domestic

econventional oil resources.

All-out development would require production from now until
the vear 2000 of more oil than the United States has produced cumulatively
to date and from resources significantly more difficult to extract.

Moreover, imports could not be eliminated by this means,

The primary sources of oil would be Alasgskan on-shore, Alaskan
offshore, lower 48 states offshore, and advanced (tertiary) recovery
everyﬁhere. When the same criteria that were applied to the synfiuel
options are applied to all-out conventional production, the impécts
turn out to be nearly all adverse, The results of the impacts would be
concentrated in the Arctic and the coastal zones of both Alaska and the

lower 48 states.

Thus, energy polipy makers who may view the impacts of the
MCI with alarm should realize that the alternative impacts, while
clearly different in form and location, may he no moxre acceptable.
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D, The Effects of Constraining the Growth of a Synfuels Industry

Constraint exercised in the rate of growth allowed a synfuels
industry in aﬁy given area coupled with restriction of the plant size
has been found (by analysis) to be an effective means to resolve many
of the adverse impacts of the MCI. 1In particular, the growth of communi-
ties can be slowed to keep pace with the ability of loecal governments
to provide and finance pubiic services, to smooth abrupt jumpts in
population size that interfere with orderly growth, and tp somewhat
ameliorate the issue of water rights so that it can be approached and

resolved in an aimosphere less tense than might otherwise prevail.

Constrained growth secenarios imply the acceptance of a reduced
gchedule of fuel production or the exportation of coal to remote regions
for conversion, If it is presumed that the remote sites chosen are
those with adequate water availability and appropriate soeiceconomic
ingtitutions already in place to zccept modest growth, the remote siting
concept can alsoc sarve as a mechanism to mitigate many adverse impacts.
Although the remote ziting approach could not be fully explored in this

: *
study , it appears to hold promise.

F. Public Policy Considerations Raised by the Projecled
Impacts of a Synfuel Industry

The chief publiec policy considerations raised by this study concern
the steps that appear necessary it near-term implementation of a synthetic
1iguid Fuels industry is desired and the conseguences that would require
resolution once the industry bhegan to develop. These two ¢lasses of

congideration are often intertwined.

%
The concept is currently under examination at SKEI in & study for the
Energy Regearch and Development Administration.
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1. Financial Aspects of the Industry

Before industry and sources of capital will consider invegtment
in synthetic liguid fuels, the products must be shown to be soundly
competitive economically. Until then, synfuei investment will be consid-
ercd far more risky than alternative inveatments competing for scarce
capital, Without 4 massive change in the cost of national petroleum in
the market place, or federal intervention to provide the economic means
to offset the inherently inferior returns {or losses) on synfuel in-

veztments, no synfuel industry will appear.

2, Water Availability

The issue of water availability, both with respect to actual
physical quantitiés and azccess to and priorities of water rights must
be greatly clarified. In the meantime, the uncertainties translate
into risks that not only inhibit realization of = synfuel industry but

also inhibit development of alternative water uses in water-poor regions,

The issue of exporting coal from resource-rich regions hy coal
slurry pipeline is now before Congress. The subject has acted to broaden
the question to involve the health and vitality of the U,S, railroad

system, which suggests a long and complex debate,

3. Regource lLeaging and Strip-Mine Reclamation

- These issues are'juined because much of western coal and
most of the oil shale is on federal land and mining can take place only
after acquistion of a lease from the Department of the Interior, For
several years, leasing of coal lands has been suspended, but when it
resumaes the Department of the Interior 1s expected tfo require reclamation
of strip-mined lands largely in accord with rules in the twice-vetoed

strip-mine bills.
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Clerification and implementation of the new leasing and
reclamation provisiong is essential before a sizable synthetic liquid

Ffuels industry could be developed,

4, Air Quality Control

Since complexes involving multiple synfuel plants apparenily
will not be able to meet Class II1 degradation standards, it is essential
that improved emission controls be developed and/or that the non-degra-
dation air guality standards that will be applicable be decided by the
states. Moreover, until new-source emission standards are issued for
synfuel plants, designers can only use standards for analogous facilities

as plausible guidelines.

Until these issues are clarified, investment in synfuel plants
will be inhibited and states will be unable to foresee adequately the

alr quality implications of syanfuel plants,

5. Boom Towns

The federal government may stimulaFe the synthetic liguid
fuels industry as a matter of energy policy. At the same time, and
perhaps through the same mechanisms (such as loan guarahtees or public
financing), the federal government might be able to stimulate the
provision of "front-end” money to communities by industry as a means
to avert the tax lag phenomenon largely responsible for the adverse
quality of life in boom towns, Government acceptance of such contri-
putions as a proper cost of constructing and operating a synfuel plant

could legitimatize the practice and make 1t routine,
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6. The Role of Conservation

The public poliecy considerations discussed above are concerned
with mitigating various negative aspects of synthetic ligquid fuels
developments. Another, more certaln, way of mitigating such impacts
would be to reduce the need for synthetic liguid fuels by means of
vigorous energy conservation programs. Although conservation itself
certainly has some potential negative impacts, most would probably be
widely distributed across the country in contrast to the highly concen-
trated conseguences of synthetic fuels developments, The federal govern-
ment has already perceived that conservation is an aspect of energy
policy deserving much attention; programs of The Energy Research and
Development Administration as well as the Federal Energy Administration

are attacking the question with increased vigor.
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