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The preferential ranking of conversion technologies
contained in this report should not be construed as
indicating either ERDA preferences or those of the
contractor. The conclusions reported were merely
the result of applying the portfolio methodology
developed in this study to a set of input data made
available to Eeconergy, Inc. This input data has
neither stood the test of elose serutiny nor does
it reflect the most current information nmow available
to ERDA. The only purpose of the resulis cited is
to illustrate the portfolio methodoloqy, which when
refined can be a very useful arnalytical tool in
assessing program plans.

"This report was prepared as ar account of work
sponsored by the United States Govermment. Neither
the United States nor the United States ERDA, nor

ary of their employees, nor awy of their contractors,
subcontractors, or their employees, makes @y warranty,
express or implied, or assumes ary legal liability or
responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product or
process disclosed, or represemts that its use would
not infringe privately owned rights."
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EXECUTIVE SUMMARY

PREFACE

In addition to the disclaimer on conclusions to be drawn from the model
utilizing example data in conjunction with the model developed in this

report, limitations and idealizations of the model also should be noted.

1.) Benefit measures have been predicated on a given revenue as
| determined by an arbitrary price of energy. Part of this

revenue will accrue to overall societal benefit, not assign-
able specifically in any pro rata way to individual projects.
Therefore, whatever the common component ¢f price is, it will
not affect portfolio selections. While a2 common energy price
was- taken, some consideration should be given in the future to
how the various prices will change over time on a relative

basis.

2.) The methodology developed provides for selection of arbarticu-
lar portfolio but provides no mechanism for arriving at that
portfolio by budgeting the capital investment year by year to
build the portfolio. An approach for doing this is under

investigation.
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3.) The method for establishing discounted cash flows.is conven-
tional. However, there are a number of unresolved issues that
may have significant influence on the indicated portfolio
sélection. In particular, the question of differentigl infla-
tion rates and an inflation adjusted discount rate-are impor-

tant but not considered in the illustrative example outlined in

this report.

4.) The model developed was without regard to any provision for
govermment/industry financial participation. In effect, the
conclusions to be drawn represent an overall societa’i' view.
In practice there is a need to establish a base for such

government/industry sharinrg.

This executive summary contains itwo chapters which have been taken in
their entirety from the source report, Portfolic Selections for Fossil
Demons tration Plant Programs, Econergy Report 1-703. The chapters in
the executive summary are labelled E-1 and E-2. The corresponding chap-
ters in the source report are Chapter 1, Methodology Tor Selecticn of

Fossil Energy Processes, and Chapter 4; Simmary of Results.
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E.1 METHODOLOGY FOR SELECTION OF FOSSIL ENERGY PROCESSES

A unique methodology has been developed by
Econergy for evaluation and selection of a
set of proposed coal conversion processes.
By incorporating the fundamental principles
of portfolio theory, both the risks and
economic benefits -- revenues Tess costs of
capital, operation, and time -- can be
determined for a set of processes. The
trade-off between benefits and risks for
each possible set of coal conversion pro-
cesses is illustrated by examining their
relative positions on a benefit-risk map in
relation to a decisionmaker's risk attitude
function.

The complexity and variety of risks possible in large capital investment
decisions make the use of analytical techniques.like those developed in
portfolio theory a necessity. The overwhelming number of factors which
must be considered in order to make a rational decision cannot possibly
be assimilated by one person. Fortunately, by using mathematical pro-
gramming techniques, many aspects of the possible investment can be
viewed individually and the resulting information integrated in a logi-
cal manner to aid the decisiommaker with his ultimate choice of which
coal conversion processes warrant investment. The decision with respect
to a specific process depends not only on that individual process but

on the entire set of alternative processes as well. This means that one
of <he primary gffects of using the Econergy method of portfolio selec-
tion would be a reduction in the overall risk of the entire Fossil Energy

program by means of proper diversification in the cheice of funding coal

conversion facilities.




E.1.1 Basic Portfolio Theory

Portfolio theory was originally developed for selection of securities to
form a portfolio having minimum risk for a given level of expected return
(Markowitz, 1959). Although basic portfolio theory was developed for a
partfolio of securities, it is also directly applicable to different
types of portfolios comprising investments in real facilities. Such a
portfolio is tha group of coal conversion facilities that have been (or

will be) chosen by ERDA for funding in the Fossil Energy program.

The primary effect of this method of portfblio_sg]ection is the reduction
éf overall risk in the investment portfolio by means of diversification.
Because the ultimate success of any particular coal conversion process is
uncertain, investment in several processes for each product type {e.g.
high BTU gas) significantly enhances the probability that at least one of
the processes will turn out to be successful. Success of the ERDA Fossil
Energy program hinges on development of a few successful processes which
will lead to a commercial coal conversion industry. The goal of diversi-
fication is not to develop many successful processes, but rather to

increase the probability of success for a few.

Risk measures in portfolio theory account for the uncertainiy associated
with future rates of return (a random variable) and can only be described
probabilistically. Explicitly included is the risk in individual invest-
ment opportunities (measured by variance in the rate of return of a par-
ticular invesiment) and the interrelated risk among a grbup of investments
(measured by covariance or correlation between the time rates of return

for any two investments).



One.significance of portfolio theory, aside from that of demonstrating
the risk-redﬁcing effects of diversification, is the means afforded for
representing trade-off between risk and reward. This is accomplished
graphically by representing risk on one axis and expected return on the
other. It does not matter what measures, or surrogates, are used for
risk or return. Thus, standard deviatior of the outcome may be just as

satisfactory as using the variance for a risk measure.

The expected return of a portfolio, E(r), can be expressed mathematically
by |

E(r) = xiri for i = ]’ 29"" n (E'l-l)

i=] -

—

Hne-13

where r; symbolizes expected return for the ith investment, and x; is
the proportion of capital invested in the ith opportunity. To maximize
E(r), all capital could be invested in the one opportunity that offers
the highest return. However, a more rational approach is to diversify

investments and lower overall risk.

If all available combinations for coal conversion facility investments
are examined, a set of points is determmined which may be plotted on a
risk/return diagram, Figure E.1-1(a). The points that represent the best

opportunities make up a boundary called the efficient set.

Any point on the efficient set boundary represents maxiﬁum return for a
given level of risk. Therefore, the most desirable investment possibi-
Tities are down and to the right. A1l points in the interior region of

the set are said to be dominated by points along the boundary.
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Figure E.1-1 Risk/Return Diagram
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A rational decisionmaker would »ever choose any interior opportunity. In
order to determirie an appropriate pcint on the efficient set, the expec-

ted utility of tne decisionmaker is determined.

Expected utility, E(u), for investment decisionmaking may be represented
by

E(u) = E(r) - k-V (E.1-2)

where k represents a parameter of the investor's risk acceptance, and V
represents variance in the rate of return of the portfolio. This expres-
sion may be depicted on a risk/return diagram, Figure E.1-1(b), by the risk
attitude line which has a slope 1/k. The risk attitude line can be thought
of as sliding along the return axis (with siope 1/k) until it just touches
the efficient set. The investment portfolio on the efficient set boundary
closest to the point of intersection with the risk attitude line is the

optimal investment alternative for the decisionmaker.

A higher sloping risk attitude line (larger value of 1/k) represents a
decisionmaker willing to accept mare risk for the prospect of higher pay-
off {return). On the other hand, a flatter line (smaller value of 1/k)

represents a decisiommaker willing to give up certain prospective payoffs

for reduced levels cof risk.

In addition to understanding basic portfolio theory, it is important to
have a clear understanding of what specifically is meant by risk. An
investor, whether it be ERDA or an energy compaﬁy, perceives risk in tems
of a probability that a prospective investment in a coal conversion pro-

cess will result in the return falling below expectations. Aside from
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this basic risk, there are numerous separable risks that may be treated
when invesiments are considered for coal conversion systems. One of
these is the financial risk associated with the probability that revenues
will not exceed operating costs, i.e., net benefits will not materialize
as expectéd. There is a technological risk that some unproven technology
will not prove feasible. For example, it may turn out that the critical
factor in the ultimate success of the conversion process is a particu-
larly vital component which simply cannot be developed. Also, there is

a risk that capital costs of the project wi11_overrun estimates. Finally,
coupled with the.latter risk, the possibility exists that schedules for
start-up of the project will slip. Each of these risks will have its own

Toss-function associated with failure to meet expectations.

E.1.2 The Econergy Portfolio Model

E.1.2.1 Revenues and Costs

The purpose of the Econergy portfolio model is to provide quantitative
justification for the decision to include certain coal conversion proces-
ses in the ERDA demonstration plant portfolio. The model was developed
and reported in "Benefits, Costs and Risks for Portfolios of Coal Demon-
stration Piants," (English, et al, 1975) using the concepts of basic

portfolio theory described above.

The net benefits, B, of ERDA's investment portfolio in coal conversicn

facilities are defined in terms of the basic portfolio model variabies:

revenue, R, operating cost, O, investment cost, I, and time cost, T.
B=R-0-1-T : (E.1-3)

-6-



However, the benefits derived from specific processes may not be the

only benefits. There are societal benefits attributable to the entire
coal conversion program that must be implicit in the decision to invest

in any set of coal demonstration plants. These benefits will not be
readily measurable, nor will they influence the choice of candidate pro-
cesses in the portfolio. In this report, the revenue Stream, R, is taken
as the sole measure of benefit. However, an approach to how benefit

might be modified to take account of societal benefits and, at the séﬁf;ﬁb
time, fit into the portfolio model are discuséed in another report, “An
Approach to Government/Industry Investment Participaticn in Coal-Based

Energy Projects,"” (English and Smith, 1977).

The model variables, R, 0, I, and T, are illustrated in Figure E.1-2.
Revenue represents plant revenue generated during the operation phase.
This revenue is determined by multiplying an assumed product price (in
$/MM BTU) times the quantity of output for each particular plant. Costs
include capital or investment costs. I, and operating‘costs, 0. These
are straightforward estimates made by experts familiar with each process.
The investment cost represents plant investment costs and is made up of

plant design, capital equipment, and construction costs.

A unique treatment of a time cost is incorporated in the Econergy model.
A time lag, AT, gives rise to the time cost curve. If the time over which
investment occurs exceeds anticipated or planned schedules, there will be

a delay in start-up of the plant and correspondingly a slippage in the

starting time for generation of revenues.



Cash Flow
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Figure E.1-2 Model Variable Cash Flows



The relevant time period for the cash flow streams is an assumed opera-
ting 1ife for each coal conversion facility. Revenues and costs are all
discounted using an appropriate discount rate to presemt worths. These
are sometimes called discowrted cash flows (BCF). The sum of the dis-
counted cash flows for the model variables determines present worth of net
benefits. These benefits may be determined for a single coal conversion '

process or for a group of processes.

Revenue and cost data for each process are developed from commercial
scale designs. Commercial scale data is used to indicate the investment
decision for demonstration scale plants because demonstration scale
designs are not necessarily intended to be economic. Demonstration
facilities tend to have high capital costs relative to designed plant
capacity because the objectives of a demonstration plant are quite dif-
ferent than the economic objectives of a commercial facility. Since
demonstration plants are used to test different coals and various pro-
cess operating conditions, they require a proportionately larger amount
of instrumentation and mechanical equipment than would a commercial
design of similar plant capacity. Therefore, all process and economic

data used in this report will reflect commercial scale designs for each

coal conversion process.

E.1.2.2 Risk Measures

The Econergy portfolio model incorporates a measure for two risk types --
technical and economic. Technical risk may be viewed in two ways. First,

there is a risk of technical infeasibility. A process design may be




ill-conceived in fems of mass flow rates, heat transfer characteristics,
etc. so that a prohibitive amount of process redesign would be required
for successful operation. The second technical risk is concerned with
operational reliability. Given that the process is well-designed, the
process may still be unreliable on an operational basis. This risk trans-
lates into an unacceptably low process stream factor. Apart from the
question of process economics, operational reliability may be a critical

factor in product requirements for petential users of coal conversion’

products.

Economic risk relates to underlying process economics. Operating costs
and/or investment costs for a process may be too high to achieve a
reasonable rate of return based on a competitive market price for the
product. Consideration may be given to sophisticated price roll-in tech-
niques which can offset the presumed higher price of synthetic products

vis-a-vis natural energy sources.

Economic risk is described in the portfolio model in terms of three dis-

tinct components.

® Cost overrruns during the capital investment phase.

° Benefit underruns during the revenue producing phase.

. Schedule slippages resulting in penalties reflected in
the form of higher capital costs and a deferred revenue

stream.

On the one hand, capital and operating cost overruns can come from simple

underestimation of costs. Such estimates may be in error due to supply

-10-



pottlenecks, or due ta escalation of construction and labor prices in
excess of the general inflation rate. On the other hand, a major source
of increased costs can be a consequence of unforeseen technical diffi-
culties. For example, during construction a particular innovative fabri-
cation method may not work as expeEted, thus necessitating substitution
of a more costly alternative system. Such construction cost overages are
normally accompanied by schedule slippages and so may be assessed in
terms of the total loss identifiable with the particular system component

that occasioned the slippage.

In order to reflect accurately the risks associated with individual pro-
cesses, it is necessary to develop realistic measures of process charac-
teristics. In the Econergy portfolio model, these risks are treated by
using the weighted values of the judgement of experts, based on a 0 - 10
scale, for the independent effects of each stage or component of a coal
conversion system. A number of experts with broad backgrounds in various
aspects of coal conversion technology have been consulted. Appendix A
Tists interviews held to detemmine the process risks. This risk assess-
ment uses two sets of information, process descriptors and weights for
model variables. Process descriptors categorize technical risks asso-
‘ciated with individual processes. The weights are process independent and
they map the importance of various technical risks into the four model
variables, i.e., revenue, operating cost, investment cost, and time cost
associated with each process. The specific process risk descriptors

which have been defined are listed in Section 2.4.

-11-



E.1.2.3 The Unnormalized Benefit/Risk Map

Benefits, as described in Section E.1.2.1, and risks, as described. in Sec~
tion E.1.2.2, provide the two sets of measures that may now be plotted on.
an unnormalized benefit/risk map, Figure E.1-3. Instead of the expectation
and variance of a security's rate of return as described in Section E.1.1,
it is appropriate in applying portfolio theory to coal conversion facili-
ties to use actual values of benefit-and risk as scales for the coordinate
axes. Thus, benefits are plotted as dollars on the horizontal axis. The
vertical or risk axts, measuring variance, ié a fTunction of the square of
the benefits, and so the units would be in dollars squared; however, since
“dollars squared" do not have an intuitive meaning, and because only com-
parative risk is of interest in comparing portfolios, the risk axis units
are scaled 0 ~ 100 on the unnormalized benefit/risk map. The benefits and
scaled risk of every portfolio can Be plotted so that each ore is repre-

sented by a single point on the map-
E.1.2.4 The Normalized Benefit/Risk Map -

The Econergy portfolio model. as described above, was based on the deter-
mination of both actual benefits and risks associated with each candidate
portfolio. This is, of course, precisely what would be desired if each
bortfolia required the same level of investment. In that case, only the
actual return or benefit, as well as actual risk, would be of interest.
However, if capit;l investments for the portfolios being:compared are

different, then these differences must be taken into account.

For example., suppose an individual is interested ir comparing two invest-

ment alternatives, A and B, where A requires an investment of $2,000 and

b
&
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B an investment of $5,000. One cannot simply look at the estimated net
proceeds from each investment in order to compare them. Rather, some
reflection of the different invesiment amounts must also be considered.
If the present worth (PW) of the net proceeds in each case is normalized
by the respective initial investment, the relative attractivess of

each alternative can be meaningfully compared. If the PY of znet proceeds
for investment A is $4,000 and for B it is $6,000, the net return per
dollar invested for A would be 1.0 ({4,000 - 2,000)/2,000) and for B, the
net return per dg]]ar investéd would be 0.2. If all other things were
equal, 1investment A would be the clear choice even though the absolute

net proceeds of B are 50% larger than those of A.

In a similar manner, the relative attractiveness of each portfolio can be
compared by examining its normalized benefits. This simply requires
dividing each portfolio net benefit by its portfolio inve.tment cost to
give a non-dimensionalized measure of benefit. Thus, normaiized benefit

is net benefit per dollar of investment.

In comparing two portfolios which are the same except for an a&ditﬁona1
process in one portfolio, i.e., one portfolio is a subset of the other,
it may be necessary to examine the incremental benefits of that one pro-
cess in comparison with the incremental investment. Using the example
above of investments A and B, let us assume that A is a subset of B. The
increment of investment necessary to go from A to B is $3,000 and the PW
of the incremental net proceeds are $2,000. The normalized incremental
net benefit is -0.33 which means that the extra benefit from the extra

investment is not making the required rate of return at which the

-14-



estimated cash flows were discounted to determine the PW of the invest-

ment.

The normalized benefit would be 0 if the discounted net proceeds were
Just equal to the investment. That would be _the case when the rate of
returm on investment is just equal to the discount rate. Of course, it
would be possible for the incremental net proceeds to exceed 0, and in
that case, the proper investment decision would be determined by the
investment objective. One possible objective would be to maximize rate
of return, while the other would be to maximize the amount of investment
outstanding given that the rate of return on that investment exceeded the
required discount rate. Suppose that the PW of the net proceeds for B is
$8,000 instead of $6,000. In that case, the normalized incremental bene-
fit would be 0.3 (rather than -0.33) and the normalized net benefit for
B would be 0.6 (rather than 0.2). In terms of the first objective, maxi-
mizing rate of return, investment A (1.0) would still be preferred. In
terms of the second objective, however, investment B is preferred.since
the normalized benefit for the entire investment exceeds zero and the
nomalized incremental benefit also exceeds zero. Thus, not only is it
necessary to examine the normalized net benefits of each portfolio rela-
tive to its next best competitor, but also exira net bemefits relative

to the extra investment required to scale up from a smaller to a larger
portfolio.

The same technique must be used for normalizing risks to account for port-
folio scale relative to the risks involved both for the average value of

risk and for extra risk associated with the extra investment required.

~15-




However, risks have been shown on the bemefit/ricsk map in terms of
variances of the benefit. Because variance involves the square of the
variables, it must be normalized by dividing by the investment cost
squared. Again, this results in a non-dimensionalized measure of risk.

A t_ypical.noma]ized benefit/risk map is shown in Figure E.1-4. An iden-
tifiable difference between an unnormalized and normalized benefit/risk
map is the numerical range of the scales for each axis. Due to the no;'—
malization of benefits and risks, the normalized axis.scales are 0 to 1.0
on Figure E.1-4. Any portfolic which has normalized benefits larger than
zero also has a rate of return larger than the discount rate used in

determining the PW of the process cash flows.

Now, in examining the positions of two portfolios, say 1 and 2, on the .
normalized benefit/risk map, 1 would be preferred, in general, if its
portfolio point is downward and to the right of the point for portfolio

2. Assuming portfolio 1 is a subset of 2, the portfolio point which
represents the incremental (a) benmefit and risk is shown as 3. If the
point for the incremental change is not as good as 1 or 2 —- as is shown --
there is no ambiguity as to proper portfoiio choice. Suppose point 4
represents another portfolio of which 1 is a subset. The normalized
incremental {4) benefit and risk is shown as 5. There is some ambiguity
as to whether the proper choice is 1 or 4 in this case. The way in which
this ambiguity can be resolved is to examine the trade-off between norma-
1ized benefits and risks. An investor's attitude toward risk is discussed

in the following section.

~16-
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E.1.2.5 Risk Attitude and Decisionmaking

Implicit in all mathematical programming techniques for analyzing data is
the fact that the ultimate choice is still controlled by the decisionmaker.
Large amounts of data are synthesized into a form in which only a few
logical alternatives exist. The trade-off between thesz possible alter-

natives depends on the attitude of the decisionmaker.

In the present.context, ERDA, as the decisionmaker, must select the set
of coal conversion processes to be funded'for demonstration scale devel-
opment. Using the Econergy model, portfolios consisting of various com-
binations of commercial scale processes may be analyzed. Use of the
Econergy portfolio model allows synthesis of large amounts of process

data in order to obtain a small number of logical alternatives. These
portfolio results can then be plotted on both normalized and unnormalized
benefit/risk maps. As explained above, the normalized map is the appro-
priate decision making tool. In some instances, however, the unnormaiized
benefit/risk map is helpful in making the portfolio selection by 11Tumi-

nating the actual magnitude of the portfolio benefits and risks.

Figure E.1-5 is a normalized benefit/risk map with the same portfolio data

as Figure E.1-4. In addition, a range of possible risk attitudes is shown

relative to portfolio point 1.

Each decisionmaker's attitude towards a trade-off between risk and bene-
fit may be approximated by a straight sloping line. There will be a
range of slopes representing the range of jndividua] risk attitudes.

However, for most corporate managers responsible for large capital

-18-
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investments, typically, the range will lie between 1.33 and 4. The Tine
with the higher slope (of 4) represents a decisionmaker who feels it
worthwhile to assume a larger amount of risk than would a more conserva-
tive decisionmaker, to achieve a specified level of benefits. It is pre-~
sumed that the risk attitude of the decisionmakers in ERDA will fall some-

where within this range.

Risk attitude 1ines can sTide at a constant angle along the benefit axis.
A decisionmaker wé&ld slide the appropriate risk attitude 1ine from the
right hand side of the figqure to the left until the line intersects the
first portfolio point. In terms of the trade-off between normalized

benefits and risk, that portfolio would be the best choice.

In Figure E.1-5, the two risk attitude lines representing reasonable 1imits
of risk attitude have been moved along the benefit axis from the right
hand side of the figure toward the left until intersecting Portfolio 1.

A decisionmaker with a risk attidue of 4 would select Portfolio 1. The
risk attitude 1ine with a sTope of 1.33, however, first intersected Port-
folio 4. This means that a decisionmaker quite concerned about risk

(sTlope of 1.33) would select Portfolio 4 in preference to Portfolio 1.

1T the decision between two portfolios based on normalized benefits and
risk is a close trade-off, examination of other decision factors is war-

ranted. For example, the relative position of the two portfolios on the

* unnormalized benefit/risk map shows the absolute effect of each portfolio

on the ERDA Fossil Ehergy program; the individual processes in each port-

folio can be examined to see which processes are the same and which

-20-




different; ana]ysis of the incremental benefits, risks, and investments
can be made; the balance of energy product types can be determined; and
finally, the demonstration plant budget requirements can be examined.
Each of these factors affects the ultimate decision and may require con-
sideration. A decision structure for categorizing these diverse factors

is developed in the following section.
E.1.2.6 Program Decisionmaking

The essential decision being addressed is which €oal conversion processes
should be funded for demonstration scale development. This decision is
one of national importance and is impacted by several factors. A concep-
tual diagram for the decision is illustrated in Figure E.1-6. Arrows are
used to emphasize the ultimate direction of information flow, although
there is information exchange in both directions during the iterations

required for a program decision with respect to even a single process.

The program decision diagram is divided into four levels. The highest
level of the decision diagram, the program decision, is based on the
second level which is the desired program structure. This, in turn, is
based on portfolio results for potential coal conversion processes and
program budget levels. The lowest level represents basic data determined

from coal conversion process characteristics and process budget require-

ments.

External criteria represent the additional information which may be used
in determining both program budgets and ultimately, program structure.

Cer<tainly a major input here is the response of OMB to specific budget
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requests. In addition, Congress may have a predilection for certain coal
conversion processes over others because of geographical considerations,

envirommental pressures, etc.

The four factors ~- economic and risk data, budgets and extermal criteria --
represent incompatible objectives, i.e., to the extent one factor is opti-
mized, another factor is compromised. For example, benefits should be
maximized but this has the effect of increasing risk which should be mini-
mized. On the other hand, budgets act as a constraint on the maximization
of benefits. The external criteria are not completely predictable and

have the effect of being somewhat arbitraty disturbances on what otherwice
could be a fairly rational decision process. Although all four of these
factors affect program decisions in different ways and tend to complicate

the decision process, program decisions must still be made.

In accordance with this reality, the Econergy portfolio model has been

applied to twenty-one coal conversion processes. The following sections

describe the data requirements of the model and the portfolio results.




E.2 SUMMARY OF RESULTS

The Econergy portfolio model has been developed for evaluating coal con-
version processes as candidates for demonstration plant-funding. The
group of processes which is selected will form what is, in effect, an
investment portfolio for ERDA. The evaluation procedure utilizes infor-
mation on process economics and process risks. Both kinds of information
are combined for each process so that a comprehensive compariscn among
the individual processes can be made. In addition, information regarding
process similarities and dissimilarities is used to provide a comparison
of various combinations cf the processes. This approach to process eva]-.
uation is termed a portfolio approach because it allows the interre1ated
economic and risk impltications of a group or portfolio of processes-to be

considered.

The portfalio model calculations result in two numbers, benefit and risk,
which are used to describe uniquely a portfolio of coal conversion pro-
cesses. These numbers form a point on‘a two-dimensional plot termed an
unnormalized benefit/risk map. By normalizing these data on a per dollar
invested basis, the results can be plotted on a normalized benefit/risk
map. The benefit/risk information presented in this manner can be used

as a significant decisionmaking tool.

E.2.1 Portfolio Evaluation Criteria

Several evaluation criteria have been developed to characterize the pro-

gram value of a portfolio. These criteria include portfolio benefit and
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risk and they also reflect other distinctive features about a specific

portfolio. In cases where the benefit/risk tradeoffs between two port-

folios may be difficult to assess, examination of these additional
criteria typically will establish the relative value of each portfolin
in the Fossil Energy program. The evaluation criteria are listed in

Table E.2-1. Examples of the use of these criteria will be illustrated in

the following discussion of results.

E.2.2 Pertfolio Results

Ten different combinations of coal conversion processes have been deter-
mined to represent a variety of MFPM program goals and budget alternatives.
The results for these ten portfolios are shown in Figure E.2-1. For judging
the benefit/risk merit of a particular portfolio, the primary criteria are
the first two listed in Table E.2-1, i.e., position and relationship with
other portfolios on the normalized benefit/risk map. The preferred port-
folios have higher benefits and lower risk and, therefore, lie in the

lower right hand corner of the benefit/risk map. On this basis, the best

portfolios .are, in order, Portfolios 5, 7, 10, 6, and 8.

Eack of these portfolios is made up of several coal-conversion processes
selected from twenty-one different processes specified by ERDA. The coal-
conversion processes result in a variety of product types: pipeline gas,
fuel gas, direct combustion and liquefaction product. The processes
included in each portfb]io were determined to be the optimal processes
for each product type. The group of coal conversion processes which

make up Portfolios 5, 7, 10, 6, and 8 are shown in Table E.2-2.




Position on the normalized benefit/risk map

Relationship with other portfolios on the normalized

benefit/risk map

Sensitivity of portfolio results to process substitution

and economics
Sensitivity of portfolio results to product market price

Program balance in terms of demonstration scale budget

requirements per coal conversion product type.

Incremental benefits and risks per additional dollar

invested
Total demonstration plant budget requirements

Position and relationship with other portfolios on the

unnormalized benefit/risk map

Table E.2-1 Portfolio Evaluation Criteria
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No. 1 No. 2 No. 3 No. 4 No. 5 .
Product Type Program b Program 7 Program 10 Program 6 Program 8
Slagging STagging Slagﬂ1ng Slagging Slagging
Pipeline Gas Lurgi Lurgi Lurg Lurgi Lurgi
249 249 249 249 249
HYGAS HYGAS
457 - 457

Fuel Gas

Direct
Combustion

Liquefaction/
Gasjfication

Demonstration
Plant Total
Budget Req'ts.
(mi114ons)

Industrial B
102
Small Scale E
21.3
Small Scale F
9.6
Utility K
41

Atmospheric
Fluid Bed
90

SRC II :
260.43

$773

Industrial B
102
Small Scale E
2]03
Small Scale F
9.6

Atmospheric
Fluid Bed
90

SRC II
260.43

$732

Industrial B
102

Atmospheric
Fluid Bed
90

SRC II
260.43

$701

Industrial B
102
Small Scale E
21.3
Small Scale F
9.6
Utility K
4]

Atmospheric
Fluid Bed
90

Coalcon=-
New Cost
254
SRC II
260.43

$1,484

Industrial A

12
Industrial B
102
Small Scale E
21.3
Small Sba1§ F
9.6
Utitity K »
41

Atmospheric
Fluid Bed
90

Coalcon-
New Cost
254

SRC II
260.43

$1,596




In addition, the demonstration scale funding requirements are given for

the individual processes and for the portfolios.

Some of the processes were identified by name such as Slagging Lurgi,
HYGAS and SRC II. Fuel gas processes were identified by letter such

as Industrial B and Utility K. Letter coding was used because contract
proposals for fuel gas demonstration plants were being evaluated while
this report was in preparation. Atmospheric Flidized Bed is a general

process type and Coalcon is the consortium developing the Clean Boiler

Fuel demonstration plant.

The portfolios each have a different program structure indicating some-
shat different program goals for the MFPM division. For example, Program
5 was defined to include one pipeline gas plant and one liquefaction/
gasification plant. Program 6 includes two pipeline gas plants and two
liquefaction/gasification plants. Program 7 includes three fuel gas
plants, while Program 10 has only one fuel gas plant. One of the factors
which affects the MFPM program decision is the relative number of plants

for each different energy product type.

The optimal process selections are stable in that the same processes are
selected to meet the same product goals regardless of program structure.
This characteristic of process stability provides ERDA the freedom of
initially selecting an optimal core program based on a limited budget

and then adding more processes as additional funding becomes available.
The larger program will not only still be optimal but will have increased

benefits and lower risk per dollar invested.




E.2.3 Sensitivity of Results

The selected processes have been determined by evaluating all possible
process combinations for each program structure. In this way, the opti-
mality of.the selected processes (termed baseline portfolio) is guaran-
teed. Sensitivity of the portfolio results was determined by substituting
one non-optimal process at a time into the baseline portfolio for each of
the ten prnéram structures. Sensitivity of the optimal processes to other
candidate processes is shown in Figure E.2;2 for the best program structure,
Program 5. The results show the percentage change in (unnormalized) port-
folio benefits and risks caused by the substitution of each non-optimal
process. Symbols used to identify the processes are shown in the symbol

table. In addition, the baseline processes are listed.

The origin of the axes in Figure E.2-2 represents Program 5. The sensiti-
vity axes divide the figure into four quadrants. It is significant that
no points 1ie in the lower right hand or fourth quadrant. Any point in
the fourth quadrant would mean that there was a group of processes with
lower risk and higher benefits which, by definition, would viclate the
optimality of the baseline portfolio. The majority of poiﬁts T1ie in the
upper left or second quadrant. A1l of the portfolios represented by these
points are compietely dominated, i.e., these portfolios would have higher

risk as well as lower benefits.

The points in the first and third quadrants represent portfolios where the
benefits aid risks would either be higher (quadrant I) or lower (quadrant III).

In these quadrants, the risk attitude of the decisionmaker can be taken into
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Pipeline Gas
® COGAS co +-100
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® Synthane SY
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A Industrial A,B,C A Industrial B

O Small Scale Ind D,DX,E,F
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Figure £.2-2 Sensitivity of Program 5 to Process Economics and Risk
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account. For example, replacement of Slagging Lurgi by HYGAS would
increase portfolio risk by nearly 75% while benefits would be increased
by only 10%. In quadrant III, substitution of Coalcon for SRC II would

reduce portfolio benefits by about 60% but would:also reduce risk by
about 60%.

In addition to illustrating the effect of process substitution in an
absolute sense, Figure E.2-2 can be used to illustrate sensitivity of base-
1ine process selection due to process economic and risk data. For exam-
ple, benefit:results for the CBF and SRC II processes indicate that the
economics of CBF are less favorable than the economics of SRC II by more
than 50%. Alternatively, the economic data for SRC II could be 25% t69
high while the same data for CBF could be 25% too low and SRC II would
still be the preferred process. On the other hand, portfolio results
including Utility G are less than 10% different than protfolio results
with Utility K. Since this small percentage difference may be due
entirely to estimation uncertainty, the recommendation of Utility K as

the baseline utility fuel gas process is not strongly supported.

The circle at the origin represents the portfolio sensitivities to small-
scale fuel gas process substitutions. These processes are literally so-
small in scale that they'do not affect the portfolio results significantly

in any way.

Sensitivity of the portfolio results to product market price was tested.
In order to test the sensitivity of the baseline portfolio results to
different fuel prices, a different market price was assunied for two pro-

duct types, fuel gas and liquefied product. First, the ten baseline
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portfolio results were calculated with $3.00/MM BTU for fuel gas and
$4.00/MM BTU for the other products. pipeline gas and liquefied product.
Then, the ten baseline portfolios were calculated with $3.00/MM BTU for
tiquefied product and $4.00/MM BTU for pipeline gas and fuel gas.

Portfolio benefits were somewhat reduced but, in general, the basic
relationship between the baseline portfolios remained unchanged. The
overall conclusion was that the recommended portfolios, 5, 7, 10, 6, and

8 were insensitive to different market price assumptions for the various

coal conversion products.

E.2.4 Budget Analysis of Results

Figure E.2-3*shows the total demonstration scale budget requirements for
Programs 5, 7, 10, 6, and 8 and the portion of the budget allocated to
each process. The size of each pie represents the budget level for a
particular program and the color values represent the different product
types. Each of these five portfolios is balanced in the sense that pipe-
Tine gas and liquefaction/gasification are nearly proportionately equi-
valent with fuel gas and direct combustion making up the remainder.
Insights ihto the five recommended portfolios can be gained by analyzing

these program budget requirements.

® Program 5 requires about $775 million while Program 8 is more
than twice as much -- $1,484 miliion. Program 5 is less expen-
sive than most of the other programs and still offers the best

benefit/risk combination.

e The difference in funding levels between Program 5 and Program 7

is $41 MM or about 5%. This difference is due to one process,

*Figure 4-3 in this summary.
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Pipeline Gas
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Figure 4-3° Budget Analysis - Baseline Portfolios 5, 7, 10, 6 and 8
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Utility K. The additional experience to be gained in developing
a utility fuel gas demonstration facility would seem to outweigh

the incremental budget difference.

e The difference between Program 7 and the next best alternative,
Program 10, is also about 5% and the same argument applies. In
this case, Program 10 excludes both small scale industrial fuel

gas plants as well as the utility fuel gas plant.

Programs 6 and 8 require approximately $1,500-MM for demonstration plant

funding while Programs 5, 7, and 10 require about half as much or $_750 M.
It may be desirable to fund a larger demonstration plant program, say
$1,500 MM, for several reasons. First, in the smaller programs, only two
processes (one pipeline gas and one liquefaction/gasification account for
over 65% of the demonstration plant budget. Better program diversifica-
tion may be achieved with a larger number of major processes. Second,
there are sufficient process differences among the potential candidates
being considered in this report and in other potential processes to war-
rant multip]e funding of pipeline gas and liquefaction/gasification pro-
cesses. A demonstration plant program of $1,500 MM could easily include
two pipeline gas plants and two liquefaction/gasification plants. The
diversification effects of multiple plant funding are highlighted in Sec-

tion 3.4.3, Portfoiio Risk and Diversification.

® Programs 6 and 8 are the preferred portfolios based on avajlable
data if a $1,500 MM demonstration plant program is desired. The

programs are the same except for Industrial Fuel Gas A which is

included in Program 8.




E.2.5 Recommended Processes

The five portfolios which are recommended as suitable candidates for fun-
ding are Programs 5, 7, 10, 6, and 8. Since baseline process selections
are stable, several of the same coal conversion processes are in each of
the recommended portfolios. Programs 5, 7, and 10 are identical except
for the deletion of one or two processes relative to Program 5. Programs
6 and 8 are also identical except for one process. The primary difference
is one of MFPM program orientation. In one case (Program 5, 7, ar 10), a
funding level of $750 MM is required and in tﬁe other case (érogram 6 or

8), a funding level of $1,500 is required.

Baseline process stability, however, provides the possibility of initial’y
funding an optimally selected core MFPM program based on a limited budget
and then adding additional baseline processes as more funding becomes
available. The resulting MFPM program would not only still be optimal

but would have increased benefits and lower risk per dollar invested.

Recognizing that MFPM program decisions are made on a process-by-process
basis, the recommended processes are listed by product type and in order
of praference in Table E.2-3. Since financial, contractual or political
ramifications may invalidate the first choice processes, the second

choice processes are also included.
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Product Type

Processes

Pipeline Gas

Industrial Fuel Gas

Small Scale Industrial

Fuel Gas

Utility Fuel Gas

Direct Combustion

Liquefaction/Gasification

Slagging Lurgi
HYGAS

Industrial B

Industrial A

Small Scale E
Small Scale F

Utility K
tility G

Atmospheric Fluidized Bed

SRC II

Clean Boiler Fuel
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