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B. SUMMARY
o This report aims to:

1. present some existing investment and operating cost estimates;

“ 2. obtain quantitative measures of the profitability and riski-
. ness of the projects.

The following technologies were chosen for analysis:

1. SRC II (coal liquefaction)
2. Synthoil ( " )
3. H-Coal ( I )
4. EDS  ( " )
5. Modified in-situ shale oil.

Our method of analysis can be summarized as fb]]owé:

1. We chose five 0il price scenarios to represent a range
of reasonable future prices.

2. For each technology, under each scenario for the price
of 0il, we calculated the after-tax annual cashflows
to the project.

<. 3. The net present value (NPV) of each cashflow stream was
. calculated using a number of discount rates between 0
and 20 percent.

4. The above step was repeated for 20 percent and 40 percent
cost overruns.

5. To obtain a measure of the variability of the NPV, we first
assigned probability distributions to the investment and
operating costs. Values for these parameters were generated
from their distributions, and each time the NPV of the pro-
ject was calculated. This procedure was repeated a ‘large
number of times, thus generating an approximate, discrete,
probability distribution for the NPV. The standard devia-
tion of this distribution is used as a measure of the var-
iability or riskiness of the project.

In Section IIVwe present the investment énd operating cost estimates,
and describe, in Section III, our financial analysis and present the re-
sults. In light of our results, we conclude, in Section IV,}with a dis-
cussion of issues related to the government's involvement in the commer-
- cialization of synthetic fuels.

Appendix A contains a brief overview of the technologies analyzed in

. this report, and a breakdown of the cost estimates will be'found in Appendix
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B. Detailed results of the financial analysis are presented in Appendix C,
and in Appendix D we summarize the major environmental issues involved.

Our analysis shows that the five technologies studied in this report
(and any others in the same range of costs) are not economically viable
unless world oiT prices rise dramatically in the next five or six years,
and then only if the domestic price of oil is deregulated. The simu-
lations, although based on a very simplified model, indicate that there

is a great deal of variability associated with the NPV of these projects.



- I. INTRODUCTION

Ever since the 1974 energy crisis, when world oi1 prices increased
dramatically, awareness of the United State's dependence on imported
liquid fuels has greatly increased: this dependence is viewed as an
economic, and hence a national security, threat. Consequently, inde-
pendence from foreign supplies of oil, or more precisely, protectfon
from the threat of another oil embargo, has becéme a primary gda] of -
U.S. national energy policy, and policies aimed at increasing domestic .
supplies of 0il and natural gas are being pursued by the Department of
Energy. '

The DOE is currently showing great interest in.technoTogies for
the production of synthetic oil and gas, particularly oil shale and
coal Tiquefaction and gasification. The primary reason for this interest
is the enormous quantity of synthetic fuel potentially recoverable from
coal and shales. One source* estimates the U.S. share of the world's re-
coverablé coal resources (approximately 800 billion barrels oil equivalent)
to be 30.8%, and of the world's recoverable coal resources (approximately
1,100 bfllion bbl o0il eqdiva]ent)'to be 72.7%. The same source estimatés
the total world recoverable crude oil reserves to be 716 million barrels,
and the U.S.'s share to be only 35 billion barrels (although these latter
figures seem rather low). | ,

The basic technology for produciﬁg oi] and gas from coal and oil
shales has been known for many years. During World War II, Germany
built twelve coal liquefaction plants that accounted for a large pro-
portion of her consumption of liquid fuels, and South Africa is at'presenf_

using the German technology (the "Fischer-Tropsch" method) to produce both

* See Reference (1).
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natural gas and 1iquids fromrcoa1.* Other technologies have been under
research and development for many years: some are only just.emerging
from bench-scale experimentation, others are at the demonstration plant
stage.**

Given the existence of such vast reserves, and the relative level '
of development of certain of these technologies, why has private in- .
dustry not exploited these technologies to develop the coal and shale
resources of the United States?

The 0il companies involved in the research and development of syn-
thetic fuels claim the need for govermment support at the commerciali-
zation stage, often quoting high costs and a high degree of risk and
uncertainty. The major areas of risk and uncertainty associated with
such projects can be identified as follows:

1. With any new and untried technology, there are technological pro-
blems encountered in scaling.up the process to a commercial scale. These
are "risks" in two ways: first, any unforeseen and lengthy delays in con-
struction and operation of the plant caused by techno]ogicaf problems c&n
greatly increase the cost of the plant; second, any design changes or re-
finements that must be made can increase both the construction and the

operating costs.

* See Reference (1).

** Although there are no clear boundaries between the different stages from
bench-scale experimentation to full commercialization, the demonstration
stage falls roughly between development and commercialization. Demon-
stration essentially involves scaling-up the basic research and linking
together the various components of the process, although not necessarily
at full-scale. An important part of demonstration is the measurement of
various technical parameters and obtaining cost estimates for the process.
Commercialization is necessarily at full-scale, and involves pinning down
the costs. It may also be interpreted as 1nc1ud1ng the diffusion of the
process into the market place.
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2. There are uncertainties_over the'exact environmental impacts of
-full-scale operation of such p1ants; and over the future environmental
regulations that will apply. If it transpires that the commeréial-size
plants do not satisfy the Fedefa] or state environmehta1 requirements,
the pollution control equipment required to comply with the regulations
will increase the costs. Even if the plant meets current requirements,
pressure from environmental protection groups may cause future regulations
to become more stringent. Finally, a very large number of permits must be
obtained before construction of the plant can be completed, and inordinate
delays in the time required to obtain them can de]#y construction and in-

crease costs.

3._There is great uncertainty over the future world price of 011,
and over government controls of the domestic price. Producers may not be
allowed to se]l their products at the world price, and if they are allowed
to do so the path of world oil prices becomes critical in determining the
profitability of the plant. On top of this there is the possibility that
the government may tax away "excess profits" from such plants, leaving the

company a distribution of returns that may be truncated at the upper tail.

Although it is relatively easy to identify the major areas of risk

. and uncertainty, it is not easy to quantify them. At this point, without
going into issues of whether or not the government should be involved in
risky projects in the private sector, it is clear that the economics of
synthetic fuels production must be better understood befare policy can be
formulated. More specifically, we need a quantitative measure of the pro-
fitability and riskiness of such projects, and this is the principal aim

of this-report.



-4~

In the néxt section we present investment and operating cost
estimates for some favored synthetic fuel technologies, and describe,
in Section III, our financial analysis and present the results. In
light of our results, we conclude, in Section IV, with a discussion of
issues related to government involvement in the commercialization of
synthetic fuels.

Appendix A contains a brief overview of the technologies analyzed
in the report. A brief discussion of our soufces of cost data and a
detailed breakdown of the cost estimates will be found in Appendix B.
Detailed results of the financial analysis are presented in Appendix C,
and in Abpendix D we present an overview of the major environmental issués

involved.
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II. INVESTMENT AND OPERATING COSTS FOR SELECTED TECHNOLOGIES

As stated in the Introduction, our principal aim in this study is
to gain a better understanding of the economics of synthetic fuels pro-
ductioﬁ, so that we may have a sounder basis for discussing the role of
the government in developing these technologies.

As a first step, we must obtain estimates of the construction and
operating costs for a commercial-size plant for the technologies under
consideration. UnfortunateTy, this is, for various reasons, the most
difficult part of the study. First, there are the endogenous qncertain-
ties regarding the technologies themselves. As no full-sized plants have
yet been built in the U.S., all the hard engineering data is from small-
scale testing, or at most, pilot plants. Furthermore, different compo-
nents of the entire production process are at different stages of dev-
elopment, some more technologically uncertaih than others. Hence,
technical problems can be expected when scaling-up the process to
full size, and this can cause cost overruns for two reasons: (1) in-
ordinate delays during construction are costly, no matter what théir
origin; and, (2) any changes or refinements that may become necessary
will also increase césts.

The other reasons for uncertainty in present cost estimates are
essentially exogenous, énd can cause cost overruns for the same reasons
as above; that is, they can cause delays in construction or necessitate
expensive alterations in design. One such reason is the concern over
the environmental impact of synfuels production. The possibility of.
lengthy delays in obtaining the necessary permits or due to action by
environmental protection groups has added to the perceived risks and

costs of these projects.
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In addition to the above problems, the researcher in search of
cost estimates faces several otheré. First, the sources gener&lly do
not give adequate information about the assumptions or parameters used
in arriving at their figures; second, the most recent and complete cost
-estimates are proprietary property of the companiés involved, and hence
unavailable.

The technological uncertainties do, in principle, lend themselves
to quantitative treatment. The effect of cost overruns on profitability
and the variance of the profitability can be calculated, and this is the
subject of Section III. The other, exogenous, problems are relatively
more difficult to quantify, and we have not attempted to do so in this
report. The main environmental issues, however, are summarized and dis-
cussed qualitatively in Appendix D.

In this report we examine four coal liquefaction technologies (SRC,
Synthoil, H-Coal, and EDS) and a modified in-situ 0il shale technology.
The four coal liquefaction technologies were chosen for two reasons: (1)
they are at or near the pilot plant stage, and have received attention
at the Department of Energy; and, (2) reasonably complete cost data.was
available, and the costs appear to be in the same range as those of other
liquefaction and gasification technologies. A modified in-situ technology
was chosen for oil shale as it is the variation considered most 1ikely to
be commercialized in the near future. A brief background to these techno-
logies is given in Appendix A, and our sources of cost data are briefly
discussed in Appendix B.

The investment and annual operating costs for thevtechno1ogies are
summarized in Table 1 (a more detailed breakdown is given in Appendix B).
The assumptions and parameters used in arriving at these figures are.sum-

marized as follows:
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1976 dollars are used throughout.

2. The plants yield 50,000 bb1/steam day (60 000 bb1/sd for EDS),
and operate 330 days/year

3. Because the processes yield different products of differing
value, the operating costs have been adjusted to reflect this
fact, and to put them on a comparable basis. The calculations
for this are described in Appendix B.

4. The operating costs do not prov1de for the rep]acement of worn-
out equipment, and a provision for this is included in the cash-
flow analysis in Section III.

5. As a contingency for difficulties with the process in the first
year, the output in that year is taken as only 50% of normal, as
is the consumption of coal (or shale) and utilities.

6. MWyodak coal will be at $7.50/ton and I11inois and Western Ken-
tucky coal will be at $20/ton* throughout the 1ife of the plant.

7. In Table 1, the figures'refer to startup of operations in 1987,
whereas the figures in Appendix B refer to startup in 1976. The
costs have been escalated (in real terms) to account for increases
in labor and materials costs in the interim.

From the figures in Table 1 we can see that EDS has the highest in-
vestment and operating costs of the coal liquefaction fechno1ogies, and
that modified in-situ 0il shale appears less expensive than the coaT
liquefaction technologies. Because we have adjusted the operating costs
to account for the differing grades of 1liquid products from the technolo-
gies, H-Coal appears to have the lowest opereting costs. This is due to
the fact that the H-Coal process examined here includes some fefining of
the products to produce more expensive fuels. This is also reflected in
the high inVestment costs of H-Coal as compared to SRC and Synthoil.

Our cost estimates are not as recent or Yeliable as we would have
wished, and are subject to considerable uncertainty. What is important
is that they are representative of the order of magnitude of the costs,
and therefore will provide us with a range of values to work with in our

financial analysis.

* From private communication with Professor Martin Zimmerman at the Sloan
School of Management, M.I.T.
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TABLE 1: Cost summary for selected technologies ($000)*

First year Annual Subtotal .Total
operating operating for investment
costs costs depreciation
SRC 138,617 203,706 791,102 854,390
SYNTHOIL 189,725 245,004 647,051 711,756
H-COAL 127,350 143,500 1,171,796 1,265,539
EDS 246,747 374,760 1,648,843 1,741,687
IN-SITU SHALE 135,792 674,560 748,760

192,163

* For assumptions involved in arriving at these figures, see text.
A breakdown of these figures is presented in Appendix B.
however, that these costs have been escalated at 2% per year to

a 1987 startup (but in 1976 §), whereas the figures in the

Appendix are for a 1976 startup.

Note,



IIT. FINANCIAL ANALYSIS

Having presented estimates of the investment and operating costs
for our selected technologies, we now describe how these estimates are
used to arrive at measures of profitability and risk.

As a first step, we calculate the after-tax annual cashflows to
the plant, and use their net present value (NPV) as our measure of
profitability. Our basic equation for calculating the cashflows is:

after-tax annual cashflow =

[(annual quantity of oil produced x world price per barrel) -
annual operating costs] x (1 - tax rate) +
(annual depreciation x tax rate).

The cashflow for each yéar is calculated using the appropriate values
for the parameters and in accordance with the assumptions of the model
(described below). '

" We have already mentioned the uncertainty over the future world
price of oil. In order to illustrate the impact of the future prices
on profitability, or more specifically, the future path of oil prices,
we have chosen five scenarios for the world price of 0il, all starting
at $14/bb1 in 1977. These scenarios range from'highly optimistic to
pessimistic price projections (from the point of view of the 611 com-
panies), and are illustrated in Figure 1. It must be emphasized that
we are not attempting to forecast future oil prices, but have chosen the
scenarios to illustrate a range of reasonable prices.

In addition to those listed in Section II, the assumptions and
_parameters on which our model is based are summarized as follows:
1. The plant has an operating 1ife of 20 years. The initial

investment in plant and equipment is made in one lump sum

at the beginning of year one, and the cashflows are re-
ceived at the end of each year.
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2. The products can be sold at the prevailing world price of oil.
(Adjustments have been made to allow for the different grades
of fuel from the different processes, and the calculations are
described in Appendix B.)

3. Total taxes amount to 50% of taxable income.

4. An annual deferred investment of $9.9 MM (except in the last
two years) is added to the operating costs for replacement of
worn-out equipment.

5. The initial investment is depreciated over thirteen years by
the sum-of-years digits method (100% capitalization assumed).

- 6. The entire project is 100% equity funded.
7. The operating costs escalate at a real rate of 2% per year.

Having generated the stream of cashflows fo the projects (one stream
for each technology under each scenario), we calculate the NPV of each
stream at discount rates between 0% and 20% in increments of 2%.* In
order to determine the sensitivity of profitability to cost overruns,
we repeat the calculations for 20% and 40% cost overruns.

The results of these calculations are presented in Tables C.1, C.2,
and C.3 of Appendix C. For the case of no cost overrun (Table C.1), we
see that none of the technologies are profitable (i.e. have positive NPV)
under scenarijos 4 and 5. Excluding EDS, they are profitable for discount
rates less than 8-10% under scenario 2, ﬁnd 1e§s than 16% under scenarios

1 and 3. EDS, the most expensive of the five technologies and the one

* Although net present value is fairly well accepted as a measure of pro-
fitability, there is some controversy over the discount rate that should
be used in the calculation. Generally speaking, the discount rate should
reflect the riskiness of the project: the more risky the project, the
higher the discount rate that should be used. Alternatively, it may be
argued that the discount rate should be the firm's weighted cost of capi-
tal. Rather than discuss these issues here, we have used the range of
discount rates mentioned to illustrate the effect on NPV¥ji-and refer the
reader to Reference (12) for discussion of alternative measures of pro-
fitability and the choice of discount rates.
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FIGURE 1: Scenarios for the world price of oil

Scenario 1:

Scenario 2:

Scenario 3:

Scenario 4:

Scenario 5:

2%/year rise from 1977 to 1986
50% jump in 1986
2%/year rise subsequently

2%/year rise from 1977 to 1991
3%/year rise subsequently

ma\zmmxs*mmﬁxoadwwuwoammm
100% jump in 1986 ,
constant subsequently

2%/year rise from 1977 to 1991
25% drop in 1991
constant subsequently

constant at $14/bbl
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for which our cost estimates are more realistic (see Appendix B) is only
profitable under scenarios 1 and 3, and then only for discount rates less
than 4 - 6%. The cost overruns (Tables C.2 and C.3) naturally have the
effect of reducing profitabi]ity: in the case of a 40% cost overrun
(which is not unheard of in large construction projects involving untried
technology), none of the technologies have positive NPV for discountlrates
above 10%, even under extremely high o1l price scenatios (for example, |
scenario 3). To sum up, then, the technologies examined in this repoft
(and therefore other technologies in the same cost range) will only be'
profitable if the price of oil rises very rapidly in the next five or

six years and remains high over the life of the plant.

Thus far in our financial analysis, we have used only expected
values for the cost estimates, and our sensitivity analysis has been
simply to examine the effects of 20% and 40% cost overruns on profit-
ability. We would like, however, to obtain a measure of the variability
of the net present value of the cashflow streams. More specifically, we
would 1ike to investigate a continuum of cost overruns, each weighted by
the profitability of its occurrence. In general, this type of analysis |
is performed by first assigning appropriate probability distributions to
the input parameters of the model (appropriate in the sense that the dis-
tribution captures as nearly as possible the probabilities of occurrence
of the possible values of that parameter). Then, using a computer to
generate values from the probability distribution for each parameter,
the NPV is calculated using those values. This procedure is repeated
a large number of times, each time drawing values from the same distri-
butions, thus generating an approximate, discrete, probability distribu-

tion for the NPV. The standard deviation and mean of this distribution
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will approximate those of the "true" distribution of the net present
value.”

In order to perform such simulations, we need to represent the
probability distrfbutions of the basic input parameters to our cashflow -
model, the investment and operating costs of each technology. To do
this it is necessary to make several simplifying assumptions, which we

summarize as follows:

1. The investment and operating costs are assumed to be nor-
mally distributed. ' '

2. Experience shows that cost estimates given before the con-
struction of the first commercial plant are nearly always
too Tow, and that "cost underruns" are rarely heard of.
Therefore it is not reasonable to use the cost estimates
in Table 1 as the means of our distributions, as that would
generate values both above and below the estimates. Rather,
it would appear more reasonable to view the figures in Table
1 as lower bounds, and to arrange our distributions so that
the bulk of the values generated 1ie above these estimates.
This is achieved by choosing a suitable cost overrun as the
mean of the distribution, and by taking the difference be-
tween this figure and the corresponding value in Table 1
as being equal to two standard deviations.**

3. In the case of EDS, Exxon Research and Engineering Company
has estimated and employed a 40% overall contingency on
costs based on their "process development allowance."t .
Since we did not include this in our EDS figures in Table
1, we use a 40% cost overrun as the mean of the EDS invest-
ment and operating cost distributions.

4. Because of the relatively greater uncertainty in our cost
data (and not necessarily fundamental to the technology),
we take 50% cost overruns for the SRC, Synthoil and H-Coal
cost distributions, and a 60% cost overrun for the shale
01l cost distributions.

* For a discussion of risk analysis in capital investment decisions, see
References (13), (14), and (15).

** 95% of the area under a normal distribution 1ies within two standard devia-
tions on either side of the mean.

+ See Reference (5).



14-

5. We assume that the investment and operating costs are per-
fectly correlated, as situations involving large investment
but low operating costs (or vice-versa) are very unlikely to
occur. For the purposes of the simulations, the subtotal for
depreciation is taken as 93% of the total investment, and the
first-year costs are held in the same ratio to the annual op-
erating costs as found in Table 1.

6. As our main purpose in performing the simulations is to obtain
order-of-magnitude estimates of the means and standard devia-
tions of the NPV distributions, and to be able to compare
across technologies, we have not used the range of discount
rates employed above, and instead use the risk-free discount
rate of 3% (use of a risk-adjusted rate would involve double-
counting*}.

The results of our simulations are summarized in Table 2; and are

illustrated graphically in Figures C.1 - C.5 in Appendix C.**

. As explained in points 2,3, and 4 above, we have taken the means
of the distributions of investment and operating costs as beihg greater
than the estimates in Table 1 (this was to avoid the large number of
"cost underruns" which would have occurred if we had taken the estimates
in Téble 1 as the means). Hence it is not surprising that the mean net
present values in Table 2 are much Tower than those calculated previously.
In particular, we see that only under the high oil price scenarios (sce-
narios 1 and 3) are the net present values bositive, and then only for
SRC, H-Coal and in-situ shale. Synthoil has positive NPV only under
scenario 3, and EDS has negative NPV under all five scenarios.

The standard deviations of the net present value of each technology

are fairly consistent from scenario to scenario (at least within the

bounds of accuracy of our method). Across techho]ogies, we find that

EDS has the greatest absolute standard deviation, in-situ shale the

* See Reference (15).

** The means and standard deviations were calculated by assuming that
all the points within each NPV range are located at the center of
the range.
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TABLE 2: Summary of the simulation resu]ts*

DISTRIBUTION OF NPV:
ECHNOLOGY SCENARIO MEAN ($Mm)] STANDARD DEVIATION ($MM)
SRC 1 40 627
2 -659 591
3 426 632
4 -1806 541
i 5 -1880 560
.
SYNTHOIL 1 -302 583
2 -1062 694
3 20 | 696
4 -2215 648
5 -2358 596
| |
H-COAL 1 464 551
2 -184 488
3 945 496
4 1279 481
5 -1482 517
EDS 1 -1671 966
2 -2760 709
3 1224 861
, 4 -3804 920
5 -4654 1091
IN-SITU 1 56 710
SHALE 2 772 755
3 394 628
4 -1820 656
5 1912 665

* The distributions are illustrated in Figures C.1 - C.5 in Appendix C.
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next largest, followed by Synthoil, SRC, and H-Coal. They all have

large standard deviations, ranging from approximately $540 MM to $17100 MM,
and in the few instances where the mean NPV is positive, the standard de-
viation is significantly larger than the mean.

Although our simplified model and methodology makes it unreasonable
for us to present these numbers without accompanying error bounds, we
emphasize that our aim here was to obtain order-of-magnitude estimates.
The results clearly depend on the distributions chosen for the input
parameters and, as we have seen, these are subject to great uncertainty.
In particular, our simple model has not captured the other uncertainties
involved, both exogenous (e.g. due td environmental problems) or endo-
genous (e.g. uncertainty over the project life, etc.). We have assumed
that all the uncertainty is resolved at the beginning of the plant life
(i.e. when the investment and operating costs are drawn from their dis-
tributions), and have ignored both the pattern in which uncertainties
are resoltved over time and the interdependencies of cashflows and para-
meters from year to year.* We have assumed symmetrical distributions for
the costs, and because we lacked better information on which to base our
estimates of the standard deviations for these distributions, we did so
in the approximate form of a percentage of the original estimates in
Table 1. Al1 the above are important factors and should be included in
any thorough examination of the problem: unfortunately, this is beyond

the scope of this report.

* See Reference (14).
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IV. CONCLUSIONS

As we stated at the 6utset of the report, it is necessary to obtain
some quantitative measure of the economic viability of syhthetic fuels
technologies before government policy regarding their commercialization
can be formulated. It does not matter so much that our cost estimates
for the techno]qgies are subject to uﬁcertainty, nor that we have had
to make many simplifying assumptions in order to arrive at the measures
of profitability. What is important is to realize where the uncertain-
ties lie, and to appreciate that the order-of-magnitude of the results
alone can hé]p us understand the economics of the technologies.

We saw, in Section II, that the annual operating costs for our five
technologies were in the range $140 MM (1976 §) to $375 MM, and the total
investment costs were in the range $700 MM to $1,750 MM (Table 1). In
Section III, we calculated the net present value of the stream of cash-
flows to each project at a number of discount rates in the range 0 - 20%,
and found that the NPV was positive only under very high oil price scen-
arios (assuming domestic oil price dereguTation). The simulations in
Section III yielded estimates of the standard deviatibns of the NPV
distributions in the-range $540 MM to $1,100 MM (Table 2).

In Section I, we outlined some of the major areas of risk and un-
certainty facing synthetic fuels producers,land stated that these were
often quoted as reasons why the government should support private indus-
try in the commercialization of synthetic fuels. There are, however,
several reasons why the government should not do so.

First, in perfect capital markets, the private sector will commef-
cialize new technologies if and when they are economically vfable (i.e.

when the net present value of the cashflows‘from the project, discounted
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at a rate appropriate to the riskiness of the cashflows, is positive).
If the government steps in and commercializes these technologies be-
fore they are viable, it is creating a social cost, which is ultimately
borne by the taxpayers.

Second, heavy govermment funding of specific synthetic fuels tech-
nologies may take funds away from other technologies that may eventually
prove more economical than those pursued by the government. Again, in
efficient markets, the private sector will be able to evaluate the rele-
vant information and choose the correct technologies when they make eco-
nomic sense.

Finally, the technological problems and risks associated with syn-
fuels production seem typical of those encountered in the development
of any new and complex technology. Markets for such risks havé func-
tioned adequately in the past, and in the absence of any special reasons
for market failure, should continue to do so in the future. One reason
why markets may have failed, of course, is that existing govefnment po-
licy in certain areas, and lack of clear policy in others has created
risks that are beyond the normal risks mentioned above; Financiallmar-
kets may not be able to internalize these uncertainties regarding govern-
ment policy, and therefore the government must either issue clear direc-
tives regarding its intended policy, or stimulate investment in synthetic
fuels by some otﬁer means.

Another possible justification for government support may be sum-
marized as follows: given that a primary goal of U.S. national energy
policy is to rgduce dependence on imported 0il (and assuming for the
moment that this is a worthwhile policy in its own right), the return
to society from investment in domestic sources of liquid fuels may be

greater than that perceived by private investors. Hence, it may be
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argued, society (i.e. the government) should bear the costs of develop-
ment and commeréialization of these new sources. It is not clear, how-
ever, that forcing the early commercialization of synthetic fuels is the
least expensive or most efficient policy for reducing imports.

Our analysis shows that the five technologies studfed in this report
(and any others in the séme range of costs) are not economically viable
unless world oil prices rise dramatically in the next five or six years,
and then only if the domestic price of 0il is deregulated. We would
recommend therefore, that rather than provide direct support for com-
mercialization through price supports, loan guarantees, or tax credits,
the government should work to remove some of the disincentives to in-
vestments in synthetic fuels that it has created, particularly regarding

domestic o0il price regulation and the relevant environmental restrictions.



V. APPENDIX

A. The technologies analyzed in this report.

B. Our sources of cost data and a breakdown of the cost
estimates.

C. The results of our financial analysis.

D. Overview of the major environmental dissues.
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APPENDIX A: The Technolqgjes analyzed in this report.

Although our discussion and method of'analysis in this report is
applicable to any of the synthetic fuels technologies, we have chosen
specific technologies on which to perform our analysis. These jnclude
four coal liquefaction technologies and a modified in-situ oil shale
technology.

The four coal technologies were chosen for two reasons: (1) they.
are at or near the pilot plant stage, and have received much attentipn
at the Department of Energy; and, (2) reasonably complete cost data was |
available, and the costs appear to be in the same range as those of other
coal liquefaction and gasification technologies. Hence the financial ana-
lysis will give results that may be considered fepresentative of the other

technologies.

H-COAL *
An ebullated bed catalytic reactor containing a fixed, solid, éata-

lyst is used, and a mixture of finely ground coal in oil and hydrogen is
passed.through it. Pressure and temperature parameters cah be controlled
.to produce either syncrude (equivalent to a no. 2 fuel o0il) with low qua-
1lity naphtha or fuel oil with low quality naphtha. The H-coa1.process re-
quires dried coal, but can accept all common types of coal, with minor im-
pacts on product quality and output rate. The variation of the process ex-
amined in this report uses Wyodak coal. Because this prbcess yields high
nitrogen fuels, further refining is both difficult and expensive. The pro-
cess studied in this report includes the refining stage, and we have adjusted

the operating costs for the different grades of products from the technologies.

* See Reference (4).
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.(see Appendix B). The reactor system is the only part of the different
technologies that is unique, and because of its sophisticatéd design,
H-coal's reactor system involves the greatest technical uncertainty.

A 200-600 ton/day pilot plant is under construction at Cattlesburg,
Kentucky.*

EXXON DONOR SOLVENT (EDS) **

A specia1 coal-oil base solvent dissolves the coal and increases
the hydrogen-carbon ratio: the recycled solvent is then re-hydrogenated
continuously during the process. In this way;>direct contact of the coal
with a solid catalyst is avoided. A "flexicoker" stage is included in the
Exxon proprietary process and converts the heavy residual products to higher:
grades. The EDS process can accept all the usual types of coal, again with
differences in the quality of the products recoverable and thevoutput rate.
The process studied in this report uses I11inois coal. The fuel oil derived
from this process is high in nitrogen, has a low gravity, and is not compa-
tible with petroleum-derived fuel oil. The operating costs have been ad-
justed for the quality of the product (see Appendix B). Like H-coal, the
process has not been demonstrated at full scale, but the sub-units involved
are fully developed (technical problems still exist, however). Construction

will soon begin on a 250 ton/day pilot plant in Baytown, Texas.+

* See Reference (10).
** See Reference (4).
+ See Reference (10).
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SOLVENT REFINED COAL (SRC)

Apart from the solvent used, the process is simf]ar to the EDS pro-
cess. SRC has two modes of operation: solid (SRCI) or liquid (SRCII)
product. In this report we study only the latter, referr%ng to it simply
as SRC. Again, it can accept all common types of coal. The process covered
in this report, however, uses .Wyodak coal. The main product of the SRC pro-
cess is industrial boiler fuel, and can satisfy current air pollution require--
ments. However, if the sulfur removal requirements are made more stringent,
the SRC process may have problems. A 50 ton/day pilot plant has succéssfu]ly
been operated, and plans are underway to construct a 6000 ton/day commercial-

. *k
"size module.

synTHoIL |
The process uses dried, finely ground, coal which is mixed with re-

cycled heavy 0il. The mixture is then catalytically hydrogenated’in the
presence of hydrogen in the char and coal gasification unit. The process
studied in this report uses Western Kentucky coal with a high sulfur con-
tent. The main product is a heavy fuel oil, low in sulfur, suitable pri-
marily for use as a boiler fuel. The U.S. Bureau of Mines has developed

a 10 ton/day pilot plant. Tt

0i1 from shale rock does not, in principle, require sophisticated
technology: the rock must be crushed and then heated to very high tem-

peratures (“retorting") before it gives up its crude 0il. Most problems,

* See Reference (4)
** See Reference (10)
+ See Reference (7)
++ See Reference (3)
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however, are associated with the very large scale of mining activities
involved in the process. There are basically two kinds of oil shale
technology: (1) the rock is mined and retorted at the surface; and, (2)
modified in-situ retorting, where only a portion of the overburden is mined.
The rest is blasted to form an underground cavern of crushed rock which is
then retorted and the resulting oil is brought to the surface. The in-situ
process offers potential economic and environmental advantages over above-
ground retorting, and is considered the one most 1ikely to be commercialized
in the near future. Different variations of the in-situ technology are re-
quired for different deposits of shale rock, and no single technology can
process all types. Unfortunately, we were unable to obtain reasonable cost
data for any particular form of the technology (the data is still proprie-
tary),and were forced to rely on data from a "conceptual process model" of
the modified in-situ technology. Apart from the cost data itself, which‘we
discuss in the next section, the general processistuqied in this report will
serve as a representative of the various modified in-situ oil shale techno-

logies.
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APPENDIX B: OQur sources of cost data and a breakdown of the cost estimates.

As we have already discussed in Section II of the'report, there are many
sources of uncertainty in the cost estimates for synthetic fuel technologies.
Most of these uncertainties are difficult, if not impossible, to quantify,
and are often taken into account by adding on an overall contingency for de-
lays and other problems during construction and operation. For most of the
technologies, large-scale plants have not been built, and for the most de-
veloped, only smél1-sca1e pilot plants have been operated. Hence all cost
estimates are necessarily projections from engineering data, and iheir ac-
curacy depends a great deal on the depth of engineering detail used in pre-
paring the estimates. |

Although we have tried to put the costs on a comparable basis, the '
sources of our figures are not all the same. The figures for SRC, Syn-
thoil, and H-coal are from engineering studies by the U.S. Bureau of Mines.*
The estimates are "assumed to be at a point on the learning curve where
there are relatively few areas of uncertainty. Therefore spaces have been
provided for only the very corrosive or other severe conditions; also no
alternate processing equipment has been provided". > It would appear,
then, that the Bureau of anes estimates are optimistic and should be taken
as a minimum almost certain to be exceeded in practice.

The figures for EDS are taken from a report by the Exxon Research and

Engineering Company;+

representing the commercial study phase of the EDS
process development. Again, the estimates are based on engineering data,

but this time the work was carried out at a later stage of development,

* See References (6), (7), (8).
** See References (6), (7)., (8).
+ See Reference (5).
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using more up-to-date data and a great deal of engineering detail. The
figures for EDS, therefore, can be considered to be the more realistic
of the coal liquefaction data, and in order of magnitude are probably
representative of other liquefaction and gasification technologies.

We had great difficulty in obtaining cost data for modified in-situ
0i1 shale processing, the version considered most. 1ikely to be commercia-
1ized in the near future. Occidental Petroleum, one of the leaders in
this technology, has kept its data proprietary. The only data in an ap-
propriate form was that presented by the Synfuels Interagency Taskforce
in 1975. * Their report included cost estimates for modified in-situ oil
shale processfng based on a conceptual process model. These figures aré
not as recent as those for the other technologies in this report, nor are
they based on the same degree of process development or engineering detail.
They are therefore considered the most uncertain of our cost estimates, and
experience shows that they are 1ikely to be on the low side.

Tables B.2 through B.11 present the investment and operating cost est-
imates for the five technologies studied in this report (these costs are
summarized in Table 1 in the text). Table B.1 shows how we have calculated
the adjustment to the operating costs to correct for the different values
of the products of these technologies. The adjustment is made so as to put
the costs on a comparable basis for our financial analysis. The assumptions
in Section II of the report should be read in conjunction with this_section
of the appendix. In particular, note that the figures in the tables that
follow are in 1976 $§, and that these have been escalated at a real rate of
2% per year to bring them to their values for a 1987 start-upf*'This is to

account for increases in construction, materials, and labor costs.

* See Reference (2).
** These escalated values are in Table 1 in the text.
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TABLE B.1: Adjustment for the differing grades of products from the processes.

From Platt's 011 Price Handbook and Oilmanack,” we find that in

1976 the average price of:

gasoline was $137.13/metric ton = $16.89/bbl
boiler fuel " 66.46 " " = 9,80 "
naphtha " 130.69 " vo= 17.87 "

The average price of Middle Eastern crude oil in 1976 was $12.24/bb1.
Assuming that the price differential between these products and crude
0il remains approximately constant over time, we édjust the operating
costs of the processes by:
$4.65/bb1 of gasoline produced
-$2.44/bb1 " boiler fuel "
$5.63/bb1 " naphtha "

The processes produced the following quantities of:

SRC Synthoil H-Coal EDS In-situ sha]e
gasoline 0 0 32,500 0 0
boiler fuel 45,978 50,000 0 60,000 50,000
naphtha 4,022 0 17,500 "0 0
(bb1/strea? 50,000 50,000 50,000 60,000 50,000
‘day

Therefore, we must add to the operating costs:

SRC (45,978x330x2.44) + (4,022x330x-5.63) = 29,549
Synthoil (50,000x330x2.44) = 40,260
H-Coal (17,500x330x~-5.63)+ (32,500x330x-4.65)=-82,385
EDS (60,000x330x2.44) = 48,312
In-situ shale (50,000x330x2.44) = 40,260

Note that this adjustment is made only so that we may compare the

technologies at the world price of oil.

* See Reference (9).
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TABLE B.2: SRC Wyodak Coal.

Total Capital Requirements (1976 §)

Coal preparation

Coal slurrying and pumping

Coal liquefaction and filtration
Dissolver acid gas removal

- Coal liquefaction and product distillation
Fuel 0il hydrogenation

Naphtha hydrogenation

Fuel gas sulfur removal
Gasification

Acid gas removal

Shift conversion

C02 removal

Methanation

Sulfur recovery

Oxygen plant

Product storage and slag removal
Steam and power plant
Process waste water treatment
Plant facilities

Plant utilities

Total construction

Initial catalyst requirements

Total plant cost (insurance and tax bases)
Intefest during conétruction

Subtotal for deprgciation

Working capital

TOTAL INVESTMENT

(Source: Reference (6) ).

$000

29,284
2,055
169,345
59,738
8,793
65,658
5,763
4,804
20,791
22,592
17,917
12,042
824
2,172
28,236
17,371
53,810
3,815
39,376
56,438

620,826
2,239
623,065
93,460
716,525
57,322
173,847
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TABLE B.3: SRC - Wyodak Coal: Annual Operating Costs (1976 $)

Direct cost:

Raw materials & utilities:
Coal ($7.50/ton x 33,904 tpd x 330 sd/yr)
Raw water (15 Mgpm x $0.15/Mgal x 1440 min/day x 330 sd/yr)
Catalyst and chemicals

Direct labor:
864 manhour/day ($6/manhour x 365 day/yr)
Supervision (15% of labor)

Plant maintenance:
708 men ($15,000/yr)
Supervision (20% of maintenance labor)
Materials

Payroll overhead (30% of payroll)

Operating supplies (20% of plant maintenance)

$000
$3,912
1,069
4,989
89,970
1,892
284
2,176
10,620
2,124
15,930
28,674
4,476
5,735

Total direct cost.............131,031

Indirect cost (administration & general overhead)

(40% of labor, maintenance & supplies)

Fixed cost

(Source:

Taxes & insurance (2% of plant cost)

14,634

11,475

Total operating costs, before credits........157,140

Credits: Sulfur (222 tpd x $25/ton x 330 day/yr)

Power (11,680, Kwhr/hr x $0.01/Kwhr x 24 hr/day x 330 day/yr)

1,832
925

Total operating costs, after credits.........154,383
Adjustment to operating costs (see Table B.1)......... 29,549

Reference (6) ).

TOTAL.........183,932
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TABLE B.4: Synthoil - Western Kentucky Coal

Total Capital Investment (1976 $)

$000
Coal preparation 20,692
Paste preparation 18,070
Coal hydrogenation 140,857
Coal hydrogenation - heat exchange 66,225
Char de-o0iling 20,136
H2S removal ' 9,483
H2S and NH3 recovery 15,300
Hydrogen production* 108,744
Steam & power plant ‘ 29,174
Plant facilities 32,151
Plant utilities 46,083
Total construction ' 506,912
Initial catalyst requirements 2,700
Total plant cost (insurance & tax bases) 509,612
Interest during construction 76,442
Subtotal for depreciation ' 586,054
Working capital 58,605

TOTAL INVESTMENT 644,659

* Includes gasification, dust removal, shift conversion, oxygen plant,
sulfur recovery. '

(Source: Reference (7) ).
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TABLE B.5: Synthoil: Annual Operating Costs (1976 $)

$000
Direct cost: _
Raw materials & utilities:
Coal (825.8 tph x 7,920 hr/yr x $20/ton) 130,807
Raw water (792 Mgph x 7920 hr/yr x $0.15/Mgal) 941
Catalyst and chemicals 3,511
Methane (40.4 Mscfh x 7920 hr/yr x $0.75/Mscf) 240
: 135,499
Direct labor: : .
1584 manhour/day ($6/manhour x 365 day/yr) 3,469
Supervision (15% of labor) 520
3,989
Plant maintenance:
629 men ($15,000/yr) 9,435
Supervision (20% of maintenance labor) 1,887
Material & contracts 14,152
. 25,475
Payroll overhead (30% of payroll) 4,593
Operating supplies (20% of maintenance) 5,095

Total direct cost..............174,651]

Indirect cost (administration and general overhead)

(40% of labor, maintenance & supplies) 13,824

Fixed cost
Taxes & insurance (2% of plant cost) 10,192
Total operating cost, before creditS...eeeenee....198,667
Credits: (NH4)2504 (21.4 tph x 7920 hr/yr x $45/ton) 7,627
H2S04 (15.86 tph x 7920 hr/yr x $20/ton) 2,512
Sulfur (564.6 tpd x 330 sd/yr x $25/ton) 4,658
Fuel gas (850 Mscfh x 7920 hr/yr x $0.33/Mscf) 2,222

Total operating cost, after credits..............181,648
Adjustment to operating costs (see Table B.1).............. 40,260

TOTAL....ovvevv....221,908

(Source: Reference (7) ).
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TABLE B.6: H-Coal - Wyodak coal

Total Capital Investment (1976 $)

_$000
Coal preparation 47,964
Hydrogenation 372,672
Refinery gas cleanup 24,604
Oxygen plant 62,977
Hydrogen production 100,998
Hydrogen compression 44,531
Ammonia and H2S removal 2,180
Sulfur recovery 5,087
0i1 refining 40,092
Hydrogen plant » 14,424
Steam and power plant 58,443
Plant facilities 58,048
Plant utilities 83,202
Total construction 915,223
Initial catalyst requirements 7,674
Total plant cost (insurance & tax bases) 922,897
Interest during construction 138,435
Subtotal for depreciation 1,061,332
Working capital 84,907
TOTAL INVESTMENT 1,146,238

(Source: Reference (8) ).
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TABLE B.7: H-Coal: Annual Operating Costs (1976 $)

$000
Direct cost:
Raw materials & utilities:
Coal (1,625.19 tph x 7920 hr/yr x $7.50/ton) - 96,536
Water (1056 Mgph x 7920 hr/yr x $0.15/Mgal) 1,255
Catalyst & chemicals 17,369
115,160
Direct labor:
1560 manhour/day ($6/manhour x 365 day/yr) _ 3,416
Supervision (15% of labor) : 513
3,929
Plant maintenance:
1049 men ($15,000/yr) 15,735
Supervision (20% of maintenance labor) 3,147
Materials & contracts 23,603
42,485
Payroll overhead (30% of payroll) 6,843
Operating supplies (20% plant maintenance) 8,497

Total direct cost.............176,914

Indirect cost (administration & general overhead)

(40% of labor, maintenance & supplies) 21,964

Fixed cost
Taxes and insurance (2% of plant cost) 16,996
Total operating cost, before credits.............215,874
Credits: Ammonia (78.48 tpd x 330 day/yr x $60/ton) 1,554
Sulfur (206.40 tpd x 330 day/yr x $25/ton) 1,703
Coke (78.06 tpd x 330 day/yr x $10/ton) 258

Total operating costs, after credits.............212,359
Adjustment to operating costs (see Table B.1).............-82,385

TOTAL.............129,974

(Source: Reference (8) ).
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TABLE B.8: EDS - I1linois coal

Plant Investment

($Mm)
On sites: Tliquefaction 246.3
solvent hydrogenation 83.5
flexicoker 163.8
hydrogen recovery & generation 246.3
gas & water treatment 49.7
product recovery 8.5
Total on sites 798.0
Off sites: coal receipt storage & crushing 27.5
ash handling , 13.7
building, mobile equipment 23.3
utilities 26.4
waste water treatment : 67.6
~electric power distribution 34.9
tankage/product loading 26.4
Total off sites 253.7
Total erected cost (TEC) 1051.7
Startup costs (6% TEC) 63.1
Total plant cost (insurance & .
tax bases) 1114.8
Interest during construction (@9%) 378.6
Subtotal for depreciation 1493.4
Working capital (8% TEC) 84.1
TOTAL INVESTMENT 1577.5

(Source: Reference (5) ).
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TABLE B.9: EDS - Illinois coal

Annual Operating Costs

coal (24 kT/sd x $20/ton x 330 days/yr)
power

water

catalyst & chemicals

manpower

repair materials & other

LESS: byproduct credit (sulfur & ammonia)

Annual operating costs

Adjustment to operating costs (see Table B.1)

TOTAL

(Source: Reference (5) ).
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TABLE B.10: Modified in-situ shale oil

Plant questment

$000
plant facilities 20,769
plant utilities 58,031
equipment capital 258,249
Total construction » 337,049
Initial catalyst & startup expense _26,772
Total plant cost (tax & insurance bases) 363,821
Interest during construction _56,030
Subtotal for depreciation 419,851
Working capital _67,208
Total investment _ 487,059
Cost of shale land* 287,100
TOTAL 774,159

* In a lecture at Boston University, Dr. R.E. Lumpkin of Occidental
Research Corporation quoted the cost of one of Occidental's shale
leases tg have been $211 mm (1972 $), which we have included here
in 1976 $. ’

(Source: Reference (2) ).
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TABLE B.11: Modified in-situ shale oil

Annual Operating Costs

Direct costs:
raw materials & utilities
direct labor
payroll overhead
maintenance
operating supplies

Subtotal
Indirect costs:
Fixed costs:
taxes & insurance
royalty
Subtotal

Total operating costs
Adjustment to operating costs (see Table B.1)

TOTAL

(Source: Reference (2) ).

($000)

17,514
30,814
12,087

9,055

44,337

14,381

2,456

113,808
3,143

a—
(o))

&)
(9.0}
w
~

133,788
40,260

174,048
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APPENDIX C: The resu]ts of our financial analysis.

In this section of the appendix we present the results of our
financial analysis. Tables C.1, C.2, and C.3 show the net present
values of the technologies under each of the oil price scenarios for
no cost overrun, 20% cost overrun, and 40% cost overrun, respectively.
Figures Ci1 - C.5 present the reﬁults of the simulations for each of
the five techno1ogies.‘ For a discussion of the tables and figures,

‘refer to Section III of the text.



TABLE C.1:' No cost overrun

TECHNOLOGY| DIS- | NET PRESENT VALUE ($MM) UNDER SCENARIO:
ggggr | 1 2 3 4 l 5
(%) | |
SRC 0- 2016 1172 2491 -765
2 1485 751 1923 -726
l 4 1084 441 1486 -702
6 776 208 1146 -690
8 536 32 878 -684
10 347 -105 662 -683
12 196 -211 487 -685
14 74 -295 344 -689
16 -27 -363 224 -694
18 -110 -418 124 -699
' 20 -180 -463 38 -705
SYNTHOIL 0 1563 719 2038 -1218
2 1140 405 1577 -1072
s | 819 176 1221 -968 .
6 573 5 944 -893
8 382 -123 723 -839
10 231 -221 546 -799
12 111 -296 402 -7
14 13 -356 283 -749
16 -67 -403 184 -734
18 -133 -441 101 -722
20 ;] -188 4N 30 -714

(Continued on next page.)
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ECHNOLOGY ]  DIS- NET PRESENT VALUE ($MM) UNDER SCENARIO:
COUNT ' | 4
RATE 1 2 3 4 5
(%)
H-COAL 0 2523 1679 2998 -129 -258
2 1829 1095 2266 -258 -382
4 1303 660 1706 -365 -483
6 900 332 1270 -454 -566
8 585 80 926 -529 636 |
10 336 -116 651 -592 -694
12 137 -270 428 -647 -744
14 -24 ~303 245 -695 -787,A
16 ~157 -493 94 -736 -824
18 -268 -575 -34 -773 -857
20 -360 -643 -142 -805 -885
EDS 0 437 -576 1006 -2786 | -2901
2 83 -798 608 ~2422 - | -2570
4 -190 -962 293 -2192 -2334
6 -404 -1085 41 -2028 -2163
8 -573 -1179 -164 -1910 -2038
10 -710. -1252 2332 |. -1824 -1942
12 -821 -1310 472 | -1763 -1879
14 -914 -1356 -590 - -1718 -1829
16 -991 -1394 -690 -1686 1791
18 -1056 -1425 -775 -1662 -1763
20 1112 -1451 -849 -1646 1742
SHALE 0 2131 1287 2606 -521 -650
2 1577 843 2015 -510 -633
4 1159 516 1562 -509 -627
6 839 272 1210 -514 -627
8 591 86 932 -523 -630
10 395 -57 710 -534 -636
12 239 -168 530 -547 -643
14 113 ~256 382 -558 -650
16 9 -327 260 -570 -658
18 -76 -384 157 -582 -666
20 =148 =431 70 -593 673
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TABLE C.2: 20% cost overrun
IrechnoLoGY DIS- NET PRESENT VALUE ($MM) UNDER SCENARIO:

COUNT _

RATE 1 2 3 4 5
(%)
0 1413 569 1888 -1239 -1368
2 974 241 1412 -1113 -1236
4 641 -2 1044 -1027 -1145
6 385 -183 755 -968 -1081
8 185 -320 526 -929 -1036
10 26 -426 340 -903 -1005
12 -102 -509 189 -887 -984
14 -206 -575 64 -876 -969
16 -292 -628 -4 -871 -959
18 -363 -671 -129 -868 -952
20 -423 -706 -205 -868 - -048

SYNTHOIL 0 869 25 1344 -1783 -1912

2 559 -175 997 -1528 -1652
4 323 -320 726 -1345 -1463
6 142 -426 512 -1212 -1324
8 -1 -506 341 -1114 -1222
10 -114 -566 201 -1042 -1144
12 -204 -612 87 -989 -1086
14 -278 -647 -9 -949 -1086
16 -339 -675 -89 -919 -1007
18 -390 -698 -157 -896 -980
20 -433 =716 -215 -878 -958

(Continued on next page.)
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TECHNOLOGY DIS- NET PRESENT VALUE ($MM) UNDER SCENARIO:
COUNT ‘
RATE 1 2 3 4 5
(%) | '
H-COAL 0 2021 1177 2496 -631 760
2 1387 653 1824 -700 -824
4 905 262 1307 -763 -881 -
6 533 -34 904 -820 733
8 243 -262 584 -871 -978 -
10 12 -440 327 -916 -1018
12 -173 -580 118 -957 -1054
14 -324 -693 -54 -994 -1087
16 -448 -784 -197 -1027 -1115
18 -552 -860 -318 -1057 -1141
20 -639 -922 -421 -1085 -1164
EDS 0 -687 -1700 -117 -3870 -4024
2 -873 -1754 -348 -3378 -3526
4 -1022 -1794 -539 -3024 -3165
6 -1142 -1824 -698 -2766 -2901
8 -1241 -1847 -832 -2577 -2706
10 -1323 -1866 -945 -2438 ~2560
12 -1392 -1881 -1043 -2334 -2450
14 -145] -1894 -1127 -2255 -2366
16 -1501 -1905 -1200 -2197 -2307
18 -1545 -1914 -1265 -2152 -2252
N 20 -1583 -1923 -1321 -2118 -2213
SHALE 0 1567 722 2041 -1085 -1215
2 1100 366 1538 -987 -1
4 747 104 1150 -921 -1039
6 476 ~92 847 -877 -990
8 265 -240 606 -849 -956
10 98 -354 413 -831 -933
255 -820 -917
126 -815 -907
17 -813 -901
-74 -813 -897
-151 -815 -895




TABLE C.3: 40% cost overrun
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TECHNOLOGY DIS- NET PRESENT VALUE ($MM) UNDER SCENARIO:

COUNT

RATE 1 2 3 4 5
(%) .

SRC 0 810 -34 1285 -1842 -1971
2 464 -270 901 -1623 -1747
4 199 -444 602 -1469 -1587
6 -6 -574 364 -1359 -1472
8 -167 -672 174 -1281 -1388
10 -296 -748 19 1225 -1327
12 -400 -808 -109 -1185 -1282
14 -486 -855 -216 -1156 -1249
16 -556 -893 -306 1136 -1224
18 -616 -923 -382 -1121 -1205
20 -666 -949 -448 -1 | 1191
B |
SYNTHOIL 0 176 -669 650 -2477 -2606

2 -21 -755 417 -2108 -2232
4 172 -815 231 -1840 -1958
6 -290 -858 80 -1643 -1756
8 -383 -888 -42 -1497 -1604
10 -459 -911 -144 -1387 -1489
12 -520 -927 -229 -1304 -1401
14 -570 -939 -300 -1241 -1333
16 -612 -948 -361 -119 -1279
18 -648 -955 -414 -1153 -1237
20 -678 ~961 -460 -1123 -1203

(Continued on next page.)
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ECHNOLOGY DIS- NET PRESENT VALUE ($MM) UNDER SCENARIO:
COUNT
RATE 1 2 3 4 5
(%)
H- COAL 0 1520 676 1995 1133 -1261
2 945 211 1382 -1142 -1266
4 506 -137 909 -1162 -1280
6 167 -401 537 -1186 -1299
8 -99 -604 242 -1213 1320
10 -312 -764 3 -1240 -1342
12 -483 -890 -192 -1267 -1365
14 -623 -992 -353 - -1294 -1386
16 -739 -1075 ' -488 -1318 -1406
18 -836 -1144 -602 -1342 -1425
20 -918 -1201 -700 -1364 -1443
'41315 0 -1811 -2824 -1281 -4994 ~-5148
' 2 -1829 -2710 -1304 -4334 ~4482
4 -1854 -2625 -1370 -3855 -3997
6 -1881 -2562 -1436 -3505 -3640
8 -1909 -2515 -1499 -3245 -3374
10 -1936 -2479 -1559 -3051 -3173
12 -1963 -2452 -1614 -2904 -3021
-2904
-2813
-2741
-2685
-1779
-1588
-1451
-1353
-1282
1230
-1192
-1164
-1143
-1128
-1116
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Figure C.I —SRC
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Figure C.I - SRC (cont.)
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Figure C.2- Synthoil

Scenario |
25
1
10 10110
8 9
2 2 2 ‘ S ,
| 3 I 1 I/
1200 800 400 0 -400 -800 -1200 -1600 -2000
NPV ($ MM)
"Scenario 2
12
i I 0 I
8 7 7
| 2 S 5 |
— [ 1313 3 —
800 400 0 -400 -800 -1200 -1600 -2000 -2400 -2800
NPV(SMM)
Scenaﬁo 3
- 12 13
I0
. g81°[8 =
I s S 3 N
v m—— 3 : ' | " aaa——
2000 1600 1200 800 400 0 -400 -800 -1200 -1600

NPV ($MM)



Figure C.2 - Synthoil (cont.)
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Figure C.3 —H — Coal
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Figure C.3 -H- Coal (cont.)
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Figuré C.5 - INSITU SHALE
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Scenario 4

Figure C.5~ INSITU SHALE (cont.)
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APPENDIX D: Qverview of the major environmental issues. *

Each of the technologies within the areas of oil shale processing,
coal liquefaction, and coal gasification, differs in the exact fbrm and
level of its environmental impéct, In general, however, the environ-
mental impacts of concern occur in three-distinct forms: (1) the re-
lease of pollutants into the atmosphere and water sources; (2) distur-
bance of the physical environment; and, (3) the allocation and commit-
ment of valuable resources that are non-renewable. The effects of these
impacts are manifest in the ecology, in occupational health and safety,
and in public health (or community exposure). Furthermore, in rural,
non-industrialized, low-population areas, the socioeconomic effects of
the development of such industries will not be negligible and can have
a number of adverse effects. The major areas of impact may be summa-.
rized as follows: -

1. air quality: Both Federal and state air quality standards

exist, and the more stringent of the two is applicable. The concern

is mainly over plant emissions during processing and fugitive dust

during mining and transportation. In addition, there is congern over
the impact on air quality of the eventual use of the synthetic fuels -

(e.g. impacts of synthetic boiler fuels when used by industry). One

- of the risks faced by a synthetic fuels project is that, for many po1-

lutants, the permissible increases in poljutant levels are low relative
to the backgrohnd levels. This, coupled with the naturally occurring
wide variation in the background levels makes the determination of the

) . %%k
impact of the plant subject to great uncertainty.

* ATthough there are numerous sources that deal with the -environmental
issues connected with synthetic fuels development, the most complete
is Reference (3).

** See Reference (11).
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Hence, even if the plant is operating within the restrictions imposed,
there i1s a risk that it will be held responsible for the increases in
the ambient 1evefs of those pollutants. Furthermore, even in the ab-
sence of a synthetic fuels plant, the exisfing air quality standards
present problems: the ambient stahdards on some of the sha]é_tracts
are being violated by naturally occurring hydrocarbons.* This would
clearly make the monitoring and control of the emissidns from an 011.

shale plant on that tract subject to further uncertainty.

2. land: A major concern here is the scarring of the landscape
due to the plants, mines, and other peripherals, and the disposal,of
spent shale in the case of oil shale. Equally important is the fact
that the use of the land for these plants can permanently a1tér'1ahd
use in that neighborhood, destroying vegetation ahd driving out of
destroying wildlife. For example, in the case of coal liquefactfon
or gasification facilities in the Appalachiah regions, agricultural
and forest lands would bot be available for other uses, and reclamation
would not totally restore them to their original state. Reclamation
and revegetation would be particularly difficult in areas of low pre-

cipitation.

3. water: Concern here is both over the évailapi]ity of adequate
supplies and the pollution of existing sources. Synthetic fuels prb-
duction requires large quantities of water at the sites, and in some
regions this would mean a shortage of water for other uses (e.g. for
agriculture). The discharge of‘po11utants into surface streams and

leaéhing into undergbound sources can be dealt with at the pjanning

* See Reference (11).
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stage by designing the plants for "zero discharge," where the spent
water is recycled for use at the plant site. Whether or not'the dis-
charge is quite "zero" during full-scale operation is not, however,.

known.

4. occupational health and safety: Although there are dangers -

present for the operators of the plants, this should not be an insur-
- mountable problem, and has been dealt with in other areas (for example,

0i1 refining).

5. socioeconomic: .The socioeconomic impacts are those that can

arise from a sudden influx of population into sparsely inhabited, non-
industrialized areas lacking the infrastructure necessary to support
them (the,Appalachian and Eastern Interior regioos, tﬁough, would not
be as:seriously affected because of the existing labor pools). With
careful planning, however, the population influx and-the attendant

problems can be adequately handled.

Many of the above problems have been encountered, and satisfac-
torily dealt with, by other iodustries (coal mining and oil refining,
for example) and can therefore be solved in principle. What is often
presented as unique to synthetic fuels is the uncerteinty over future
air and water quality standards. This is in addition to the uncertainty
regarding the exact level of the impacts of full-scale production and,
consequently, some companies have indicated that they are unwilling to
proceed until the-environnental~reqﬂireﬁents are fully clarified. It
is essential, therefore, that the government issue clear directives in
this, and related, areas, thereby removing some of the uncertainties

it has helped to create.
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