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SYNTHETIC LIQUID FUELS DEVELOPMENT
ASSESSMENT OF CRITICAL FACTORS ~— VOLLIME IV

ENERGY/ECONOMIC COMPARISON
OF COAL-BASED AUTOMOTIVE EXECUTIVE SUMMARY
ENERGY SUPPLY SYSTEMS

is energy analysis needed to
select energy supply choices
that conserve resources?

Traditional economists say
““No.”' Energy analysts say
“Yes."

One way to find out is to com-
pare the two approaches

Six c¢oal-based automotive

energy forms were anatyzed for
cost and energy consumption.

As the nation strives to reduce its dependence on foreign petroleumn
sources, wechrologies for converting coal and oil shale 1o liquid and
gaseous fuels become increasingly important. These new svrifuel
systems must be analyzed for their economic and technical feasibility
environmenial impact. and sociceconomic effects. But 2n 23ditional
factor — the analysis of energy resources required 10 produce and
deliver useful forms of energy — may also prove important because
the nation must choose judiciousiy among alternative supply options
10 CONSEIVE resQurces.

The relative merits of enzrgy analysis versus traditional economic
anelysis have been debaizd at length in recant years. Some economists
assert that energy analysis adds no new information to that already
contained in economic analysis, Some energy analysts, on the other
hand, ¢claim that the explicit consideration of energy flows is neces-
sary for a complete understanding of the implications of energy sup-
ply and use. Furthermore, these energy analysts argue that the market
has not been able to serve its appropriate role as an aliocator of ensrgy
resources because of government regulation and the influence of the
OPEC cartel. Therefore, so the argument goes, energy analysis pro-
vides a valuable service in illuminating the effect that the many
energy supply and conservation choices facing the nation will have on
ERergy resource consumption.

The objectve of the study reported here was o compare the choices
that result from 2 traditional economic analyvsis of energy supply
sysiems with those obrained from an energy analysis to see if similar
or divergent options emerge. This issue has particular significance to
those Who must make decisions in the field of energy conservation
because it is desirable that those options thart are the most energy con-
servative also be low cost. Energy conservative byt high cost options
present difficult tradeoffs.

Our comparison of options was focused on energy supply systems
that could provide automotive energy. Six coal-based energy forms
(Figure I} — gasolire refined from synthetic erude oil (syncrude),
methanol, gasoline produced by Fischer-Tropsch synthesis, liquid hy-
drogen, liquid methane, and electricity — ware analyzed in terms of
cost and energy consumption.
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The SiXx ware:
Syncrude/gasoline
Methanol
Fischer-Tropsch gasoline
Liquid hydrogen
Liquid mathane
Elactricity

A range of costs for each
energy supply system was
determined
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1 COAL-BASED AUTOMOTIVE ENERGY SUPPLY SYSTEMS

Using only coal-based znergy forms pramoted consistency in the
comparisor of options. The five synthetic liquid {uels conld be used in
conventonal or modified internal combustion engines, while
electricity was assumed for use in powering electric cars that employ
an advanced battery such as lithium-sulfur. Included in the energy
supply systems were coal mining. coal transport, coal conversion, pro-
duct transport, refining (for syncrude only). and product distribution.

The cast apalysis was based on the Coal Resource Depletion Model
presented in 2 related study.” The output of this model provides coal
conversion costs for plants in various regions of the country- Addi-
tional costs are assigned to product transport and distribution for alt
possible market areas for each conversion plant location. Thus, a
range of costs representing the effects of varying coal types, conver-
sion plant locations, and market locations was determined for each
energy supply ~ption. The percentage differences berween minimum
and maximum costs of delivered energy for the six options, as in-
fluenced By the factors cited abave, are as Tollows: syncrude/gasoline,
24%: Fischer-Tropsch gasoline, 9%; methanol, 10%; liquid hydrogen,
16%: liguid methane, 14%; and slectricity, 43%.

*E. M. Dickson, etal. “Symbetic Liquid Fuels Development: Assessient of
Cricital Factots — Volume TIL, Regionalized lndustry, Social Impact, Coal Resouros
Bepletion.™ Division of Transponaton Energy Conservation. US. Energy Research
and Development Administraton, ERDA 7612973 (1977).
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Results showed that syn.
¢rude/gasoline is the chaapest
option

But, for propeiling an au-
tomaobile, electricity is choapest

Energy consumed to produce
each energy form was then
calculated

Results showed that Fischer-
Tropsch gasoline consumes the
most energy, with electricity
next highest, and syn-
onude/gasoline the lowest

But, again, electricity is lowest
in energy use when automotive
efficiency is considered

High-cost automotive energy
system components are also
high energy users

The resulis of the cost analysis showed that syncrude/gasoline is the
least costly option, foliowed by methanol, methane, Fischer-Tropsch
gasoline, hydrogen, and electricity. In addition, the costs of methane
and methanol produced through in-sim gasification of coal were
analyzed and found to be lower than all options except syn-
crude/gasoline.

When the efficiency of converting various fuels to motive power jn an
autcmobile is considerad, the relative cost picture changes. Using
nominal internal combustion engine efficiencies {subcompact car) for
the five liquid fuels, and the electricity consum ption for an advanced
electric car, we found that eleciricity is the lowest cost option on a
cents per mile basis, followed by syncrude/gasoline, methanoi,
methane, hydrogen, and Fischer-Tropsch gasoline.™

Energy consumption of the six energy supply sysiems was analyzed
in a manner analogous to the cost analysis. Energy accounting tech-
niques described in our previous workt were used to assign an ancill-
ary energy requirement to each component in the energy supply
systems. The energy “cost” of each componen: was then computed as
ihe sum of the ancillary energy requirement and the energy loss from
each componen, 2s determined by its overall energy efficiency. Using
the same model approach employed in the cost calculations, the com-
ponent energy consumption figures were added to obtzin the tolal
energy consumed in delivering 10® Btu of each energy form. As in the
cost calculations, the variations in energy consumption among coal
types, conversion plant locations. and market localions were
determined.

The results of the energy a2nalysis showed that the energy consumed
(converted 1o waste heat or nonfuel products) in delivering 10* Bru of
automotive {uel or eleciricity can range from a low of 0.8 x 10* Btu for
syncrude/gasoline to s high of 2.5 x 10* Btu for Fischer-Tropsch
gasoline, Between these two extremes lic methane, methanol, hy-
«Jdrogen, and electricity — in order of increasing energy consumption.
Methane and methanol derived from in-situ gasification of coal are
shightly Ligher than syncrude/gasoline.

As in the cost analysis, the consideration of automotive energy effi-
ciency results in a different picture for the refative atiractiveness of
each option in terms of energy consumption. Duz to the high ex-
pected efficiency of advanced batteries, the electricity option has the
lowest 10tal energy requirement ~ 5000 Btu/mi. Fischer-Tropsch
gasoline has by far the highest at 14,300 Btu/mi. Methanol, methane,
and hydrogen are in the 9000 o 10,000 Bu/mi range, while SYn-
crude/gasoling is 7500 Btu/mi — 50% higher than electricity.

In comparirg the cost and energy coasumption figures for the various
automnotive energy options, certzin parallels are evident. Those
system components that have the highest casts also require high

"To account for changes resuliing from rapidly escalating costs, as well as errors due 1o
the speculative nature of many of the oost cxtimates, a sensitivity analysis is given for
exch encrgy supply option {Appendix C).

TE. M. Dicksorl, et al., “Synthetic Liquid Fuels Devalopment: Assessment of Crizicai

F‘laggrs," US. Energy Reszarch and Development Administration, ERDA 7612972
(1976).
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These results are peculiar to
capital- and energy-intensive

systems

Less energy- and capital-
intensive energy supply
systems may show a

trend

levels of energy consumption. This is generally, duc to the severity of
the processing conditions required 10 convert one EnEIEy form (e.g.,
coal) to another (.., methanol). These conditions require the use of
capital-intensive equipment as wel! as the consumption of large
amounts of energy. For some components that have refatively high
costs but jow energy requiremems (e.2., fuel distribution}, the costs
are due 1o the many handling and transfer requirements, which are
often labor-intensive and can also involve expensive equipment
However, such handling and transfer steps do Dot consume large
amounis of energy.

Overall, the capital- and energy-intensive energy conversion pro-
cesses dominate the systems examined. Consequently, a2 comparison
of cost with energy consumption for all of the energy forms con-
sidered showed 2 definitc trend — increasing cosis imply increasing
energy consumption (Figure II).
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I ENERGY CONSUMPTION vS COST FOR AUTOMOTIVE
ENERGY SUPPLY SYSTEMS

Thus, decision makers concerned with promoting energy conserva-
tive supply options can feel confident that they are also promoting the
least costly energy conversion oprions.

However, we caution againsi extrapolating these resuits to other
systems because systems that do not have the same kinds of capital-
and encEy-intensive components as those considered here may ex-
hibiz different trends.




PREFACE

The 2nalysis reported in this volume is a continuation of an SRI
study concerned with the impacts thar would artend the deployment of a
large-~scale synthetic fuels industry. The study was begun under the
sponsorship of the Environmental Protection Agency and continued under
the sponsorship of the Erergy Research and Developnent Administration.*
Throughout, the lead project officer, first at EPA, then at ERDA, has
been Mr. F. Jerome Hinkle. The SRT Project leader has been Dr. Edward
M. Dickson.

The study team respomsible for this volume consisted of DPrs. Robart
V. Steele and Kishandutt J. Sharma.

*Ihe first two volumes in this series were eriginally published by EPA
undexr the title "Impacts of Synthetic Liquid Fuel Development-—Automativa
Market," (EPA-600/7-76-004 a,b). ERDA reissued the same report under
the tirle, "Synrhetic Liquid Fuels Developmenr: Assessment of Critical

(j“ Factors,"” (ERDA 76~129/1 and 75-129/2).
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