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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 Econergy, Inc. This input data has
neither stood the test of close scrutiny nor does
i1t reflect the most currvent information now avatlable
to ERDA. The only purpose of the results cited is
to 1llustrate the portfolio methodology, which when
refined can be a very useful analytical tool in
assessing program plans.
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PREFACE

In addition to the.disclaimer on conc1usiohsAfotbe drawn from the model

utiTizing example data in conjunction with the model developed. in-this.

report, limitations and idéa1ization§ of'the_mbdel also shéu1d be noted.

1.)

Benefit measures have been‘predicatéd on a.givenireveﬁue as

.détermined by an arbitrary price of energy. Part of this

revenue will accrue to overall societal benefit,,hot ésé%Qn?
abTle spetifically in any pro rata way to individual brojécfs;
Therefore, whatever the common component of price is, 1t_ﬁ111
no{ affect portfo]io“selections. While a common ehergy price
was taken, some consideration should be given in the futqfe to

how the various prices will change over time on a relative

basis.

The methodo}ogy developed provides for'se1ection ofja particu-
lar portfolio but provides'no mechanism .for arrivihg:at that
portfolio by budget{ng the capital investment yeaf-bylyeaf to
build the portfolio. An approach for doing this is uhéer ”

investigation.

iii



3.)

4.)

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
selection. In particular, the question of differential infla-
tion rates and an inflation adjusted discount rate are impor-

tant but not considered in the illustrative example outlined in

this report.

The model developed was without regard to any provision for

government/industry financial participation. In effect, the
conclusions to be drawn represent an overall societal view.

In practice there is a need to establish a base, for such

government/industry sharing.
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1. METHODOLOGY FOR SELECTION OF FOSSIL ENERGY PROCESSES

A unique methodo]ogy has been deve]oped 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 less 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- o
cesses is illustrated by examining their. . .
velative positions on a benefit-risk map in
relation to a dec1s1onmaker S r1sk attitude:
funct10n :

The compiexity and.variety of risks possibie ﬁn 1arge.capita1 investment
v dec1s1ons make the use of analytxcal techn1ques Tike those developed in
| portfo110 theory a necess1ty The overwhe1m1ng number of factors wh1ch
- must be cons1dered in order to.make a rational dec1s1on cannot poss1b1y
be assjm1iated by one person. Fortunate]y, by using mathemat1ca1 pro—
. gramming techniques, many aspects of the poss1b1e 1nvestment-can be
’ viewed 1nd1v1dua11y and the resu]t1ng 1nformat1on 1ntegrated 1n a 1091-
‘cal manner to aid the dec1s1onmaker with his uTtimate cho1ce of wh1ch
coal conversion processes warrant investment. The dec1s1on W1th respect
to a spec1f1c process depends not oan o that 1nd1v1dua1 process but A
‘on the entire set of aTternat1ve processes as we]] Th1s means that one,
of the primary effects of u51ng the EcOnergy method of portf011o se]ec-
',.t1on would be a reduction in the overa11 risk of the entire Foss11 Energy
program by means of proper d1vers1f1cat1on in the: cho1ce of fund1ng coa1

" conversion fac111t1es..



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
portfolio of securities, it is also directly applicable to different
types of portfolios comprising investments in real facilities. Such a
portfolio is the 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 portfolio selection is the reduction
of 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 é 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 probabiiity of success for a few.

Risk measures in portfolio theory account for the uncertainty 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 investment) and the interrelated risk among a group 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‘démbhstfating
the risk-reducing effects of diversification, is the'méahs_afforded,for
tepfesentihg tradg-off between rigk and reward. Thjs is accompﬁjshed
graphically by representing risk on one axis and'eXpeqfed return on the
other. It does not mattér what,measureé, or surrcgateS? are:used for
risk or return. Thus, standard deviation_qf the outcomevméy-be juét as

satisfactory as using the variance for a risk measure.

. The expected return of a portfolio, E(r), can be expressed matheﬁaticai]y
by _ .
, - no L Cae

E(r) = ] xsr fori=1,2,...,n . (1-1)

where 1, symbolizes expected return for the 180 nvestment, and x; is

the proportion of capital invested in the i th

opportun1ty To maximize
E(r), all capital could be invested in the one opportun1ty that offers
~ the highest return. However, a more rational approach is to d1vers1fy

investments and Tower overall risk.

If all ava11ab]e comb1nat1ons for coal convers1on faC111ty 1nvestments
are examined, a set of points is determ1ned wh1ch may be p]otted on a
risk/return diagram, Figure 1- 1(a) The po1nts that represent the best

. opportunities . make up a boundary called the eff1c1ent set

Any point on the efficient set boundary representﬁ maximum return for a
‘given tevel of risk. Therefore. the most desirable inQestment possibi-
lities are down and to the right. Al1 points in the ihterior>region of

the set are said to be dominated by points along the béuﬁdary}'
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Figure 1-1 Risk/Return Diagram
-4-



A rational decisionmaker would never choose any 1nter1or opportun1ty In
'order to determine an appropr1ate p01nt on ‘the eff1c1ent sety the expec-

ted ut111ty of the decisionmaker is determined.

Expected utility, E(u), for investment decisionmaking may'Bejkepresented
by - o
CEW=E kv (1-2)

where k represents a parameter of the iﬁvestor's r%ék”acceptance;jahd v
represents variance in the rate‘of return of the portfo11o This-expres-
sion may be dep1cted on a.risk/return d1agram Figure 1 1(b), by the risk
attitude Tine which has a slope 1/k. The risk attitude 11ne can be thought
~ of as sliding along the return axis (w1th_s1opeV]/k) until 1t23ust touches

| the efficient Set, The %nvestmeﬁt po?tfb?io on the efficiehi sét boundary
closest to the point of intersection with the Fisk attifﬁde lTine is the

optimal investment alternative for the decisionmaker.

A higher sloping risk éttitude Tine (1arger value of 17k) répresénts a

~decisionmaker W1111ng to accept more PTSk for the prospect of h?gher pay-

off (return) On -the other hand, a fiatter Tine (sma11er va]ue of 1/k)
represents a dec151onmaker willing to give up certa1n prospect1ve payoffs

for reduced 1evels of risk

Iﬁ addition to understanding basic portfolic theory, itjis,iﬁpérﬁaﬁt to
have a clear understanding of wha; specifiéélTy is meant by r%sk,_ An
investor, whether it be ERDA or an energy ¢ompény,.percéi§es §isk in terms
offé probabiiity'that'é prospective investment in a coal ;dh?érsion‘pro-

Cess will result in the returh'fa11ing below expectatiqns. Asidé from’

-5-



this basic risk, there are numerous separable risks that may be treated
when investments 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 expected. 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 wi[l 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

loss-function associated with failure to meet expectations.

1.2 The Econergy Portfolio Model

1.2.1 Revenues and Costs

The purpose of the Econergy portfolio model is to provide quantitative
Jjustification 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 Plants," (English, et al, 1976) using the concepts of basic

portfolio theory deﬁcribed above.

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

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

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

-6-



. However, the benefits'derived from specific prooeSSes mey:not'he:the
on]y benef1ts There'are'societa?Ibenefits attributeb1e:to the‘entire
coal conversion program that must be 1mp11c1t in the dec1s1on to 1nvest
in any set of coa1 demonstrat1on p1ants These benefits w111 not be
readily measurable, nor will they 1nf1uence the choice of candjdete pto- |

ocesSes in-the portfo1io.4 In this report"the revenue stream; h,'is taken
as the sole meésure of benefit. However, an approach to how bene:1t
might be mod1f1ed to take account of soc1eta1 benef1ts and at the same

. time, fit into the portf011o model are discussed- in another report "An
.Approach to Government/lndustry Investment Part1c1pat1on in Coa]—Based

Energy PrOJects, (Eng11sh and Smith, 1977). -

“The mode] variables, R, 0, I, and T, are i]]ustrated }n'higure 1-2.
Revenue represents‘plant revenue-generated during the opehation phase.
Th1s revenue is determined by mu1t1p1y1ng an assumed product pr1ce (in

. $/MM BTU) times the quantity of output for each part1cu1ar p]ant Costs
1nc?ude capital. or 1nvestment costs, I, and operattng costs 0 These
are’ stralghtforward estimates made by experts familiar w1th each process.

The investment cost represents plant 1nvestment costs and 1s made up of

plant design, cap1te1 equipment, and construction costs{

A unique treatment of a t1me cost is 1ncorporated in the Econergy model.
A time lag, AT, gives rise to the t1me cost curve. If the t1me over which
investment occurs exceeds ant1c1pated or p1anned schedu1es, there w111 be
a ‘delay in start-up of the plant and correspond1ng1y a s11ppage in the

starting time for genehat1on of revenues.



Cash Flow

‘{//,—-Revenué (R)

»Time

* Operating Cost (0)

Investment
Cost (I)

Figure 1-2 Model Variable Cash Flows



The relevant time period for the cash_fﬂow streams 1svah éséumédnbpera—
:ting Tife for eééh‘coal conversion faéi1ity Reventes and costs are a11
d1scounted us1ng an appropr1ate d1scount rate to present worths These
are sometimes called discounted cash Flows (DCF).' The sum qf.the d1sf-‘
couﬁted cash fﬂqws for the mode1 vériab1es_déterﬁinés p?ésént Q@rth of net
benefits. These benefits may be determined for a sing1e'§oa1}é§nvéfsion'

- process or for a group of processes.

RéVenuéland'CCSt'déta'%qf each process are developed ffbm.tqmﬁé;éialz
Sca]e designs"'Commercial scale data is‘used fo4€ndi§éte the fhveﬁtment
dec1s1on for demonstrat1on sca]e p1ants because demonstrat1on scaTe
: gdes1gns are not necessarx]y 1ntended to be economic Demonstrat1on
fac111t1es tend to have h1gh cap1ta1 costs re]at1ve to des1gned p1ant
capac1ty becauseé the obgect1ves of a demonstrat1on pTant are: quite dIf—
“m.ferent than the economzc objectives- of a commercial fac111ty S1nce
"demonstrat1on p]ants are -used.to test d1fferent coa]s and var1ous pro~
cess operatlng conditions, they require a proportjonate}y iarggr amount
.of instrumentgtion and mechanical equipmént than would a cdﬁherc§a1
desfgn of simila&-p]ant capacity. 4Tﬁeréfore,'a11‘prbbéss aﬁd ééohomi; |
‘data used in this report will reflect commércia].sane_désfgns'fqé each

coal conversion process.

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 infeasibiTity; A_prpbess desfgn may be

g



111-conceived in terms 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 sti]i be unreliable on an operational basis. This risk trans-
lates into an unacceptably Tow process stream factor. Apart from the
question of process economics, operational reliability may be a critical

factor in product requirements for potential 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 dig-

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-



bbttjenecks, or due to escalation of construction and labor cfices in
excess of the genefa] inflation rate. On the other hand, a major scﬁrCe
of 1increased costs can be a consequence of unforeseen technica1 diffi-
culties. For example, during construction a particular innovative fabri-
- cation method may not work as expected,‘thus necessitating‘substicution
of a more costly alternative system. Such constructioh'cdst overages are
normally acc6mpanied by schédu]e-sTippages'and so may be assessed in
terms of the total loss identifiable with the particu]ef system ccmponent

that occasioned the sTippage.

In order to refiect accurate]y the risks associated w1th 1nd1v1dua1 pro-
cesses, it is necessary to deveiop rea11st1c measures of process charac-
teristics. In the Econergy portfo11o model, these r1sks are treated by
usxng the weighted values of the judgement of experts based on a0-10
:scaie, for the 1ndependent effects of each stage or ccmponent of a coal
 conversion system. A numbef of experts with broad backgrounds in various
'aspects of coal conversion technalogy have been consuited Acpendix A
Tists 1nterv1ews held to determine the process risks. Th1s r1sk assess-
ment uses two sets of 1nformat1on process descr1pt0rs and we1ghts for
mode] var1ab1es. Process descr1ptors categorlze techn1cal F1Sk$ asso-
*c1ated with 1nd1v1dua1 processes. The we1ghts are process 1ndependent and
they map the importance of various technical risks 1nto the four mode!
var1ab1es, i. e.; revenue, operating cost, investment cost, and t1me cost
associated with each process. The specific process risk descriptors

which have been defined are listed in Section 2.4.

-11-



1.2.3 The Unnormalized Benefit/Risk Map

Benefits, as described in Section 1.2.1, and risks, as described in Sec-
tion 1.2.2, provide the two sets of measures that may now be plotted on

an unnormalized benefit/risk map, Figure 1-3. Instead of the expectation
and variance of a security's rate of return as described in Section 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 axis, measuring variance, is a function 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 sca]ed 0 - 100 on the unnormalized benefit/risk map. The benefits and
scaled risk of every portfolio can be plotted so that each one is repre-

sented by a single point on the map.
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
portfolie. This is, of course, precisely what would be desired if each
portfolic required the same Tevel of investment. In that case, only the
actual return or benefit, as vell as actual risk, would be of interest.
However, if capital investments for the portfolios being compared are

different, then these differences must be taken into account.

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

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

-12-
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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 investment 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‘Pw of net 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 dollar invested would be 0.2. If all other things were
equal, investment A would be the clear cho{ce 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 investment cost to
give a non-dimensionalized measure of benefit. Thus, normalized benefit

1S net benefit per dollar of investment.

In comparing two portfolios which are the same except for an additional
process in one portfoiio, 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
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,est1nated cash flows were dlscounted to determine the Pw of the 1nvest-'

ment.

The ‘normalized benef1t would be 0 if the discounted net proceeds were.
JUSt equal to the 1nvestment That would be the case when the rate of
.»return on 1nvestment is Just equaT to the d1scount rate. Of courses it
would be possabie for the incremental net proceeds - to exceed g, and in
that case, the proper 1nvestment dec1s1on would be determ1ned by the .

_1nvestment obaect1ve One poss1b1e obJect1ve would be to max1m1ze rate ‘

- of" return, while the other woqu be to max1m1ze the amount o. 1nvestment

outstanding g1ven that the race of return on that 1nvestment exceeded Lhe
"_ requared discount rate Suppose that the PH of the net proceeds for B is
$8.000 1nstead of $6 000. ‘In ‘that case, the normatized 1ncrementa] bene-
fit would be 0 3 (rather than -0.33) and the norma11zed net benef1t for '
B woqu be 0. 6 (rather than 0.2). In terns of the f1rst obJect1ve max1—
m121ng rate of return, 1nvestment A (Tco) wouTd still be preferred In
terms of the second objective, however, 1nvestment B is preferred since
the norma11zed benefit for the ent1re 1nvestment exceeds zero and the
normaiized 1ncremental benefit also exceeds zero. Thus, not onTy is it.
necessahj to exam1ne the norma11zed net benef1ts of each portf011o reTa-
tive to its next best compet1tor, but a150 extra net benef%ts reTative

to the extirg cnvestment requ1red to scale up from a smaTTer to a Targer

‘_portf011o

The same techn1que must be used for norma11z1ng risks to account for port-
foiio scale relative to the r1sks involved both for the average vaTue of

risk and for extra risk assoc1ated with the extra 1nvestment requ1red

-15- .



However, risks have been shown on the benefit/risk 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 typical normalized benefit/risk map is shown in Figuré 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 nor-
malization of benefits and risks, the normalized axis scales are 0 to 1.0
on Figure 1-4. Any portfolio which has normalized benefits larger than
zero also has a rate of return Targer 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) benefit and risk is shown as 3. 1If the
point for the incremental change is not as good as 1 or 2 -- as is shown --
there is no ambiguity.as to proper portfolio choice. Suppose point 4
represents another portfolio of which 1 is a subset. The normalized
incremental (A) 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-
lized benefits and risks. An investor's attitude toward risk is discussed

in the following section.

_14-



~.N6rméﬁze-d Portfpo R1"skﬂ

Normalized Portfolio Benefits

Figure 1-4 Normaiized Benefit/Risk Map

=17~

\
1.0 T
. e
0.8 14 "
0.6 1
®
®© : ©
® 2
©
. Q]
0.47
[
- | o
0.2 4 o 4
S,A
0 0.2 0.4 0.6 0.8 1.0



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
Togical alternatives exist. The trade-off between these 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, portfo1io; 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 unnormalized
benefit/risk map is helpful in making the portfolio selection by i1lumi-

nating the actual -magnitude of the portfolio benefits and risks.

Figure 1-5 is a normalized benefit/risk map with the same portfolib data
as Figure 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 individual risk attitudes.

However, for most corporate managers responsible for large capital
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investments, typically, the range will lie between 1.33 and 4. The line
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 lines can slide at a constant angle along the benefit axis.
A decisionmaker would slide the appropriate risk attitude Tine from the
right hand side of the figure to the Teft 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 1-5, the two risk attitude Tines representing reasonable limits
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 line with a slope of 1.33, however, first intersected Port-
folio 4. This meané that a decisionmaker quite concerned about risk

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

If 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 exémp1e, the relative position of the two portfolios on the
unnormalized benefit/risk map shows the absolute effect of each portfolio
on the ERDA Fossil Energy program; the individual processes in each port-

folio can be examined to see which processes are the same and which
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'd1fferent analys1s of the 1ncrementa1 benefits, r1sks, and investments
“can bé made; the balance of energy product types can. be detenn1ned and
1f1na11y, the demonstrat1on p]ant budget requ1rements can be- exam1ned
Each of these factors affects the u1t1mate decision and may requ1re con-
' 51derat1on A decision structure for categor1z1ng these d1verse factors

: 1s/deve10ped in the foi]owlng section.
'1.2.6 ' Program Decisionmaking

The essent1a1 dec1s10n be1ng addressed is wh1ch coai convers1on processes
. should be funded for demonstrat1on scale deve1opment Th1s dec1s1on is
one of national 1mportance and is impacted by severa1 factors A concep-
- tual d1agram for the decision is illustrated in F1gure 1 6 Arrdws are
used to_emphas1zevthe ultimate direction of information flow, although
tﬁere is information exchange in both directions during the_iteratfensa

required for a program decision with respect to even'a;sihgle process.

The progran dec1s1on d1agram is divided 1nto four Teve]s " The h1ghest
1eve1 of the dec1saon diagram, the ‘program dec1s1on, is based on the
second level wh1ch is the desired program structure. Th1s, in turn, is
based on portfolio resu]ts for potent1a1 coal conversion processes and '.
program budget_leve]s_ The Towest level represents basic deta detérmined
from coal conversion process charaEterfsties-énd process budget require-

“ments.

External cr1ter1a represent the add1t1ona1 1nfbrmat1on which may be used
‘1n determ1n1ng both program budgets and u1t1mate1y, program structure.

Certainly a major input here is the_response of OMB to spec1f1c budget
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requests. In addition, Congress may have a predilection for- certa1n coal
conversion processes over others because of geograph1ca1 cons1derat1ons,

environmental pressures etc

7 The four factors -- economic and r1sk data budgets and externa] cr1ter1a -
' represent 1ncompat1b1e obJectives, i. e., to ‘the extent one factor 1s opt1-
m1zed another factor is comprom1sed For examp1e benef1ts shou]d be
'max1m1zed but thas has the effect of 1ncreas1ng PiSk which should be m1n1—
~mized. On the other hand, budgets act as a constra1nt on the maxxm12at1on
of benef1ts The externa] cr1ter1a are -not comp]ete?y pred1ctab1e and
"have the effect of be1ng somewhat arb1traty d1sturbances on what otherwise
could be a fa1r1y rational dec1s1on process A]though all four of these
factors affect program dec1s1ons in d1fferent ways and tend to comp11cate

the dec1s1on process, program decxs1ons must still be made

In accordance wwth th1s rea11ty, the- Econergy portfo11o modeT has been
.app11ed to twenty one coal conversion processes The fo]]ow1ng secttons

descr1be the data requ1rements of the model and the portfo]1o resu]ts
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2.

DATA REQUIREMENTS

The data requirements of the processes
used in the Econergy portfolio model
are given and discussed in some detail.
The process economic data include capi-
tal and operating costs as well as
revenue based on a unit energy price.
Economic assumptions such as the dis-
count rate, process life and financing
method are included. Finally, process
risk descriptors are listed.

2.1 Process Economic Data

Process economic data includes investment cost and operating cost cash
flows for commercial scale coal conversion facilities. The economic data .
were assumed to be given in mid-year 1976 dollars. The current time for

present worth calculations was taken as mid-year 1976 also.

Total investment costs include plant engineering, land acquisition and
preparation, capital equipment, plant construction, start-up and admini-
stration, royalties and working capital. In addition, all offsites and
maintenance areas should be included up to the battery limits. The bat-
tery 1imits do not include the mine facility, but it is assumed that coal

is delivered to the plant from an external source.

The same definition of investment costs was used for evaluating each pro-
cess to the extent that data were available and identifiable. The model

currently accepts a single total investment figure. If individual invest-

ment cash flows are available in terms of amounts and timing, the model
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| cou1d easily be adapted to this more detailed situatioh In 11eu of
detailed 1nvestment cash flows, the mode] computes these 1nd1v1dua1 cash
 flows from average cap1ta1 investment percentages assum1ng a f1ve year

des1gn and construct1on per1od

'Totai operating costs include coa1 1abor, chem1cals and cata]ysts,
1nsurance -and property taxes, repa1rs and rep]acements, ut111t1es, other
items and plant by—product credtts The operat1ng costs are the year]y '

cash f]ows requ1red to keep the plant on stream

The mode] accepts a single year]y operat1ng cost . An assumpt1on 15 made
regard1ng part1a1 operat1on of the plant in the Tast year of the ftve
year construct1on per1od Aga1n, if mare deta11ed cash fiow assumpt1ons
were ava11ab1e these cou?d eas11y be handled in the modeT The:p1ant is

assumed to operate for 20 years. .

Both investment and operating costs are used -to evaluate the econom1cs of

. a process on a pPOJeCt bas1s Th1s method obv1ates any d1fferences due to
'flnanc1ng by assum1ng 100% equ1ty 1nvestment 1n d1st1nct10n to eva]uatlng

the absolute pro,ltab111ty of a s1ng]e 1nvestment w1th 100/ equ1ty fundtng,
no debt 1nterest charges ar1se A pretax bas1s for compar1son 1s used SO

deprec1at19n, a non-cash flow, is a]so unnecessary. . .

2.2 Plant Capacity and Revenue Calculation -

Data describing the commercial scale plant capacity in terms of thermaT'
output*is required. These data should spec1fy the p]ant products, their

therma] content, and the expected output for each product ':ff"f
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The revenues for each process are calculated at an assumed market price
of $4.00/MM BTU. With equivalent unit revenues for each process, the
effect of differing operating costs will have a significant impact on
project economics. The calculations for al] processes {except utility

fuel gas processes) were made with the following equation.
Revenue = Plant capacity (BTU/Day) x 330 Days/Year x $4.00/MM BTU

The revenue calculations for the utility fuel gas processes were calculated

as follows.

Revenue = Plant capacity (kW) x 3411 BTU/kW-hr x 8760 hr/yr x
0.8 (Toad factor) x $4.00/MM BTU/0.379 (efficiency) (2-1)

A 37.9% efficiency corresponds to 9000 BTU's required input for every 3411
BTU's electric output.

2.3 Economic Assgmptions

Portfolio net benefits were calculated using process economic data listed

in Appendix C. The calculations were based on the following assumptions.

® Cash flows - discounted at 10%

® Project economics ~ 100% equity

® Project life - 20 years of operation
¢ Construction period - 4 years
Testing period - 2 years

® Economic data - mid-year 1976 dollars
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The portfolio model takes the fb]]owiﬁg considerations into account in

determining the net benefits for each portfolio.

© Process Revenues, operating costs and investment costs

are considered separately for each process.

© The effects of poss1b1e schedule de]ays and 1nvestment

cost overruns are included.

2.4 Process Risk Data

Process risk data is used to evaluate the technical risk assobféfed with
each process. In add1t1on the degree of . similarity or d1ss1m11ar1ty
between processes is determined from the process risk data - The Econergy
model currently accepts 13 different kinds of process descriptdr data for
each process. The 13 process risk descriptors are Tisted %n Table 2-1.
The possible values for each of these process descriptors are’ shown in
jAppend1x B along with thelr associated r1sks As in the 1nvestment and

. operating cost sections of the modei, it wou?d be poss1b1e to adapt the
model to include additional process descriptors or to redefine some of

the current descriptors.

S A detailed sample calculation for two pipeTine gas processes in Appenaix

D'shows the way in which economic and risk déta are used by the portfolio
model. This sample calculation i]]ustrateé the use of the investménf and
operating cost cash flows and plant capacity in determ1n1ng the present

worth of the four model variables: revenue, operating costs, investment

costs and time costs. In addition, the sample calculation uses risk data
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PROCESS TYPE

PROCESS STATUS

COAL PRETREATMENT TECHNIQUE

FEEDSTOCK TECHNIQUE

GASIFIER TYPE

LIQUEFACTION TYPE

REACTOR TEMPERATURE

REACTOR PRESSURE

REACTOR COMPLEXITY - NO. OF STAGES
REACTOR COMPLEXITY - NO. OF UNIT PROCESSES
MECHANICAL RELIABILITY - REDUNDANCY
PROCESS TECHNICAL FEASIBILITY

SCALE-UP REQUIRED FOR DEMONSTRATION PLANT

Table 2-1 Process Risk Descriptors
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to determine individual process risks and the interactive risk which
occurs between processes. These intermediate results are then used to

calculate the portfolio benefits and risks.
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3. MAJOR FACILITY PRQJECT MANAGEMENT PROGRAM RESULTS

The results of examining twenty-one coal con-
version processes, incorporated in appropriate
portfolios, are discussed in detail. Because
the number of combinations of processes is so
large, ten groupings of processes were selec-
ted as program structures to meet policy
objectives for ensuring that a desired combina-
tion of processes is necessarily included in
the MFPM Demonstration Plant Program. These
baseline portfolios are plotted both on nor-
malized and unnormalized benefit/risk maps to
show which are preferred. Sensitivities of
portfolio results are discussed by showing the
effects of interchanging various processes in
the portfolios. Also, the effect of mixing
the assumed unit market prices for different
coal conversion products is illustrated.

3.1 Introduction

Twenty-one coal conversion processes have been examined to select the most
appropriate set df'processes for the Major Facility Project Management
Division of Fossil Energy. These processes represent a variety of high,
medium, and low BTU gasification processes, a direct combustion process,

and several combined liquefaction/gasification processes. The processes

are listed in Table 3-1. Each process was examined individually and in com-

bination with others with respect to process benefits and process risks.

Process benefits were determined from projected commercial scale process
revenues, operating costs, and capital investments. Process risks were
determined first on a technical basis in terms of process type, maturity,
complexity, scale-up, etc. The technical risks were then translated

into economic risks in terms of the variability of operating cost and
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PROCESS NAMES

COGAS

* .

‘2. . SLAGRING LURGI
300 WA
40 SYNTHANE
5. TEXACO
6. - INDUSTRIAL FUEL GAS A . |
7. INDUSTRIAL FUEL GAS B . - .
8. INDUSTRAL FUEL GAS C -
9. . SMALL SCALE FUEL D
0. SWALL.SCALE FUEL DX -
1. SMALL SCALE FUEL E
T2, SMALL SCALE FUEL F
13, UTILITY FUEL GAS G -
4. UTILITY FUEL 6AS H
15, UTILITY FUEL 6AS T
6. UTILITY FUEL GAS J
17 UTILITY FUEL AS K
18, ATHOS FLUIDIZED BED -
19 COALCON - NEW COST-.  |
20. . SRCII -
21.

FISCHER - TROPSCH

Table 3-1 Coal Conversion Processes - .
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capital investment estimates, and the possibility of project schedule

delays.

The fundamental methodology is described in Section 1, Methodology for
Selection of Fossil Energy Processes, and is based on the principles of
portfolio theory whereby risks in an investment of capital can-be reduced
by means of diversification. This principle applies to the problem facing
ERDA where investment in a number of different fossil energy conversion
processes is to be made. The investment objective is to determine the set
of coal conversion processes which maximizes the program benefits and also

achieves, through diversification, an acceptably low level of program risk.

3.2 Portfolios of Coal Conversion Processes
3.2.1 Program Structure

The computer model calculates portfolio benefits and risks for any specific
combination of coal Conversion processes and a portfolio is defined to be
just such a combination of processes. These portfolio definitions, in
general, are to be supplied by the user since the computer model does not
. have a mathematical obtimization procedure to select the best processes
automatically. Without such an optimization procedure, however, there
were so many possible process combinations (millions) that it would have
been impossible to examine them all. Therefore a rationale for selecting
trial combinations was essential in order to reduce the problem of port-
folio evaluation to a manageable size. The approach required definition
of portfolios comprising various sets of product types that may be

desirable within a particular budget level for a program of demonstration
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‘plants. Such a demonstrat1on piant program is termed a program stfuc-‘
ture. One such program structure for exampie, mxght be made up of two
p1pe11ne gas plants, four fuel gas pTants, one d1rect combust1on p]ant,

‘and one 11quefact1on/ga51f1cat10n p]ant

" Ten program structures are shown in Tab]é 3¥2(a)'*kb)..Tfachiot'these;.

' ?program structures was suggested by one or more ERDA personne1 “Coalcon
‘:was 1nc1uded spec1f1ca11y in four of the program structures to ref1ect

the existing Coa1con contract. In the fifth through the tenth programs,
‘the'ﬁiquefactton/gasification product category was not restr1cted.to«the
Coalcon process" Each of the*ten program structuresfrepresents a differ-
ent combination of synthet1c fue1 products, and encompasses rea11st7c
‘fund1ng a1ternat1Ves for the- MaJor Fac111ty PrOJect Management D1v1s1on
The ten programs are not exhaust1ve but do typ1fy the present]y perce1ved ,
{ob3ect1ves of ERDA with respect to demonstrat1on sca]e coa1 convers1on

ffac111t1es
'3.2.2 Baseline Portfolios

}Tr1a1 portfo]ios were examtned e&plicitty in“re1attonshtpnto.these program
structures.. in each.program structure_there was a numoer'of competing
processes available for each product type In the case of p1pe11ne gas
products,:for examp1e f1ve d1fferent processes were ava11ab1e Thus,
even with a we11 def1ned program structure there was a Targe number of
feasible process comb1nat1ons which had to be cons1dered Rortfo11o
results were calculated for each of these‘process comb1natton5"or triat

portfolios. The best portfolio_from'theAtrial portfo1ios'was selected

-33-



G-1 saanionu4ls wedboud ‘(e)z-¢ alqe]

uctLjesLjLsey

v seg/janbLq 443 492 499 499 /uotideganbyiy

pod pLnid pag pinid peg pLnid pag pinid psg pinld uoL3snquo)

otasydsouwyy otJdaydsowyy drdsydsouny otdaydsouny o Lasydsouny 31094 LQq
ArLLian AL A1LLian A3LLtan
g 9[edS [|eus g 21edS | feug g 9|eadS [|eus g 9LedS [jeus
Y 9LedS [|ews Y 81eds [leuws Y 81®ed3$§ [ |eus Y o[BdS |lews

¥ LeL4snpur Y Lei43sSnpu] <.megpm:u:H sey |snd
g auL[adid g aul|adig

Y suijadid Y suLiadid y ouljadid Y suLjadid sey aut(adtd

G wedboud y weuboud € weuaboud 2 weaboud ~=Emsmogm adA} 3onpougd

-34-



0L-9 Seuaniondls wedbodd = (q)g-€ 8Lqel

"y iseg/4enblr:

peg pinid
J149ydsouny

¥ LeL43snpur

pag pin[d

,.0wgm;amoEp<

‘g aLeds | Lews
< w._.mum . :.m.Em

¥ LeLd3snpur

g sen/gonbLi’
y seg/senby

peg pLnid
o Lusydsouwly

A3t

g 81eds [ Leus
¥ 91eds. | [eus
g |eLa3snpur
¥ LeLa3snpul

peg pinid
JL49ydsougy

g 21edS |[BUS
¥ 91835 | [eus

Y Let41snpur

_y seg/genbry

g seg/sanbyy’
v mmwwymsvTJ.

psg pLnld
"2 t4aydsouny

fAtpian

g 9[BdS [[euwsS
Y 81e3S [[BuS"®

¥ Lelaasnpu]

UoLjeDL4Lsey
/uolioejanbiy

ueL3snquio)
309d1(

sey |ang

g suL|adigd: g autfadid- g suL|adid
v auiLadid v m:?_mavm y sutadid y autladid y sutjadid ‘sey auljadig
0l webodd 6 Em;mo»a g weabodd [ wedbodd 9 Weuabouad _mgxh 10npouq -

-35-



for each program structure and was defined as the baseline portfolio for
that program. Because each program structure limited the number of
feasible process combinations to 15 - 20, it was possible to select the
optimal portfolio for that set of product types. The processes selected
were optimal in the sense that a value judgement was maximized with res-
pect to a trade-qff between process benefits and process risks for the
entire group of processes in the portfolio. The baseline portfolio was
determined by examination of both the normalized and unnormalized benefit/
risk maps. The portfolio selection was made to magimize the MFPM program
benefits relative to an acceptable level of risk. Any portfolio other
than the baseline portfolio represented sets of processes that would offer

a degraded level of benefits, increased risks, or both.
3.2.3 Budget Constraints

The portfolios were mapped without regard to any budget Timitations.
Realistically, only limited funds are available for the development of
demonstration scaie plants for promising coal conversion processes. In
addition, the funds which are made available have to_be Justified in the
on-going governmental budget}ng procedure. The baseline portfolios for

the ten program structures may assist the MFPM budgeting exercise from

two points of view.

First, quantitative justificationkfor a larger program is possible. The
argument is especially compelling if, in addition to an increase in pro-
gram benefits, a reduction in relative program risk would occur as a con-

sequence of additional plant funding. Second, assuming a firm budget
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_constraint, the best program structure for that Tlevel of -expenditure -can

be determined.

3.3 Program Results for' Twenty-One Coal Conversion Processes:'j o
3.3.1 Baseiine}Portfo1io Results

The ten base11ne portfol1o resu1ts are shown on a norma11zed benef1t/r1sk

‘ map, F1gure 3 1. U51ng the - r1sk att1tude lines, 1t is poss1b1e to compare
‘the base11ne portfo]1o results for the ten program structures and to deter-
'm1ne the most su1tab1e MFPM program structure and assoc1ated base11ne port-

fo11o

The.cleer choice is Baseline Portfolio.5 which is_the_optimal;seTection of
coal conversion procésses for Program Structure 5. The cho1ce is unambi-
guous because no other baseline portfo]1os fa11 w1th1n the r1sk attztude
band...If there hed been portfolios within this band, the correct choice
wou1d have requfred eltradeeoff_decision between pbrtfoTio.benefits, port-

folio risk, balance. of energy output between product type53;and oemonstra—

.vt{on plant funding requirements‘

The unnorma11zed benef1t/r1sk map, Figure 3 2 shows the abso]ute present
worth dollar 1mpact of a portfo11o | Exam1n1ng these unnorma11zed resu]ts,
‘the superiority of Base]1ne Portfolio 5 is again 111ustrated It m1ght
be pointed out however, that on the basvs of. Figure 3-2., the benef1ts of
‘Baseline 6 are larger than those of-Bese1ine,5. ‘The fo]1owing.reasoning
indicates that.Baseline S is sti11 the proper choice. Using_the.incre-'

mental analysis technique discussed in Section 1, a'comparison of
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Baseline 5 and Baseline 6 can be made using data obtained from Appendix

E, Ten Baseline Portfolio Results.

Unnormalized  Unnormalized Present Worth of
Portfolio . Portfolio Comm. Scale
Benefits, B Risk, R Investment, C
($ m1) ($ mu) ($ M)
Baseline 5 1302.8 1810.8 x 108 1997.5
Baseline 6 1700.8 4632.2 x 10° 2972.9
A Result 398.0 2821.4 x 10° 975.4
AB/AC 0.41
AR/a2cH 0.58

Table 3-3 Incremental Analysis of Baseline 5 and 6

The A Result line shows the change or increment in moving from Baséline 5
to Baseline 6 in terms of the increase in benefits, risks and commercial
scale investment, respectively. AB/aC and AR/AZC are the normalized
benefits and risk attributable to the extra $975 MM investment. These
incremental, normalized values were plotted as a point labeled A in Figure

3-1." The incremental benefit/risk point shows that the extra investment

2

*2C = c2(6) - c2(5)
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‘‘necessary to move from Baseline 5 to Baseline 6 is unwarranted’ - Therefore,

N Base1ine'5 rebresents a much better invéstment_detisioh'than'éaee1ine 6.

>'In terms of se]ect1ng the next best portfo11o wh1ch m1ght be occas1oned.
: dby budget constra1nts or externai cr1ter1a the r1sk attitude 11nes can be
";thought of as. 511d1ng to the left .on the norma11zed benef1t/r15k map thTe'“
:ma1nta1n1ng the same ang]e with respect to the behef1t ax1s After a’
_ -dec1s1onmaker determ1ned the appropr1ate risk att1tude 11ne for a dec1s1on
-_:51tuat1on, that 11ne is s1mp1y moved to the left unt11 1t reaches the next
.;portf011o ~It can be seen (by 511d1ng a ru]er on F1gure 3 T) that regard-
1ess of the dec1s1onmaker ] att1tude toward risk, Base11ne Portfo11o 7 1is
~?the second best a]ternat1ve and Basei1ne 10 is the th1rd best, a1ternat1ve
:Base11ne 6 is exc1uded because the 1ncrementa1 ana]ys1s above showed that
,fBase]1ne 6 is re?at1ve1y unattract1ve Baseline 8 wou1d be exc1uded for

--the same reason. The base11ne portfo11o resuTts are summar1zed 1n Tab]e

s

Rank - ] f Portfolios .
| No. T | Baseline Portfolio 5
No. 2° |- Baseline Portfolio 7
" No. 3 |. Baseline Portfolio 10

" ‘Table' 3-4 The Best Three Baseline Portfolios -~ =

-



At this point a better understanding of the portfolio results can be
obtained by examiﬁing the baseline processes which constitute the base-
line portfolios. Moreover, since the MFPM program decision occurs on a
process-by-process basis, an assessment of the effects of individual

processes in each portfolio is important.

3.3.2 Baseline Proéesses

The coal conversion processes which make up the baseline portfolios 1 - 10
are called baseline processes. The baseline set of'processes for each
baseline portfolio is the best choice based on available commercial scale
data, in the sense that it offers the optimal benefit/risk combination

for the associated program strqpture as discussed in Section 3.2.2. The
baseline processes for the ten program structures are shown in Table 3-5(a),
(b). This table is analogous to Table 3-2(a), (b) which defined the ten
program structures, but the required product types have been replaced by
the baseline processes. In addition, the demonstration scale budget

requirements for each process and baseline portfolio are included.

The baseline processes were selected by examining the portfolio results
for each of the trial portfolios associated with a particular program
structure. The triél portfolios were determined initially by selecting
a group of processes simply to satisfy the program structure. Then the
processes were exchanged, one at a time, so that results for all possible
combinations were calculated. (The results of the trial portfolio calcu-

lations are discussed in Section 3.4, Sensitivity of Program Results.)
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Scanning Table 3-5 an important cdncTusion stands out and prnvides the
n_key to exam1n1ng the benefit/risk resu]ts of F1gures 3-1 and 3-2. Fach
baseline process is a consistent choice in the sense that regardless of
program structure, the same baseline processes occur in each program.
For examp]e,;in all programs which include one pipe1ine gas prbcess,
Ldrgi is the choice Similarly, when two p1pe11ne gas processes are

requ1red STagging Lurg1 and HYCAS are a1ways the cho1ces

Since base?fne processes exhibit consistency across program structures,
!.thls consistency w111 be termed baseline process stabzlzty Because
of this stabiiity, certa1n concius1ons can be reached regard1ng the
re]at1ve value of the coal conversion processes within each’ product

category.

© _S1aqg1nq Lurq1 is the Dreferred DTpe11ne gas process The
' second choice is HYGAS. E
© . Industrial B, Small Scale E and F,. and Utility K are the
preferned fuel gas processes.
o SRC II is the preferred 11quefact1on/gas1f1cat1on process
and Coalcon is the second ch01ce In the fIPSt four- pro-
gram structures, however, thev11quefact1on/gas1f1cat1dn '

- process choice was constrained to Coalcon.

The atmostpheric fluidized bed process had no competitors within the
“direct combustion category, and so was not included as the preferred pro-

cess.



It will be observed that Coalcon does not rank as favorably as SRC. This
should not necessarily be interpreted as negatively as it may appear.

The costs associated with Coalcon in the portfolio evaluations were based
on ex ante estimates without regard to costs already sunk into the Coal-
con program. Sunk costs should be excluded and, if this were done, Coal-
con would be somewhat more attractive although SRC would definitely
remain the preferred process. Furthermore, the portfolio development

was made without regard to considerations of transaction costs for port-
folio modification. Transaction costs are those costs pertaining to
penalties for abandonment or modification of a portfolio component.

Clearly, there may be serious penalties associated with abandonment of

Coalcon at this stage.

The same argument applies to COGAS. Since COGAS is at a much earlier
stage in the program, however, the costs of program modification would
not be so large as is the case for Coalcon. It is safe to assume that
program modification is adm%nistrative]y unattractive. Because of this,
the results indicated above may be used instead to focus on questions

about the process and economic details for COGAS and Coalcon which con-

+*-7buted to these results.
3.3.3 Analysis of Program Results

Stability of the baseline processes allows decisions about program struc-
ture to be made with confidence that future decisions about new processes
will not invalidate previous decisions. For example, suppose Program 7

were selected due to budget constraints, although Program 5 was recognized
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as preferable. If the budget constraints were subsequent]y 1oosened
‘Program 7 coqu be mod1f1ed to Program 5 s1mp1y by add1ng the Ut111ty K
-fue1 gas process Al] the other processes are 1dent1ca1 ‘ Therefore,
baseline process stab111ty prov1des the possab111ty of 1n1t1a11y fund1ng
-‘ian opt1ma1 core program based on a Timited budget and then add1ng addi-
t1ona1 base11ne processes as more funding becomes ava11ab1e The resut-‘
| 't1ng program W111 not on]y still be opt1ma1 but wx]l have 1ncreased |

-benef1ts and 1ower risk per do1]ar invested. -

In add1t1on to providing cons1stent program de0151ons, base11ne process

'stab111ty a]lows 1nd1v1dua1 portfolio resu1ts to be eas1]y ana]yzed In‘

- order to understand why one. portfo11o of processes 1s better than another,”

it is possible to examine the results in two" ways First, portfo]xo
resuTts can be compared in terms of the processes which d1ffer between

i portfol1os Second the under1y1ng process econom1cs and r1sks can be -

- examtned to understand at a deeper IeveT what contr1butes to the dlffer-
- ences between portfolic resu1ts These techn1ques can be used to compare
base11ne portfo11os for dtfferent programs or to determ1ne why a trial
portfoi1o is not as attractive as the base11ne portfo]xo for a. partlcular

'program structure.

The difference in portfolio resu]ts, for’ examp1e, between Programs 5 and 7
(see Figures 3-1 and. 3—2), can be attr1buted solely to Ut111ty K which is
the only different basellne process in the two programs. (In compar1ng

,portfo11o results, it is natural to first determine the d1fference in pro-~
-;cesses which contr1bute to the resu]ts, then examine the under1y1ng econ-

omic and risk data.) Individual process benefits and rqsks are shown in -

- -A47-



Appendix F. With this data, the numerical difference in portfolio results

can be illustrated.

Utility K are shown in Table 3-6.

The benefits and risks for Program 5, Program 7, and

Unnormalized | Unnormalized
Portfolio Portfolio {Normalized | Normalized
Benefits Risk Benefits Risk
2
($ MM) ($ MM)

Program 5 1302.8 1.81 x 106 0.65 0.45
Program 7 1054.6 1.72 x 10° 0.55 0.47
Utility K 248.2 0.03 x 10° 2.88 4.07

Table 3-6 Benefits and Risks - Program 5 and Program 7

Portfolio benefits are linear, so the benefits of adding Utility K to Pro-
gram 7 are equivalent to the benefits of Program 5, i.e., 248.2 + 1054.6
= 1302.8. The portfolio risk of Utility K and Program 7 does not add up
to the portfolio risk of Program 5 however, i.e., 0.03 x 10° + 1.72 x 108
< 1.81 x 106, because the interactive risk between Utility K and the other

processes is not accounted for simply by adding the individual portfolio

risk of Utility K.

The interactive risk among a set of coal conversion processes occurs

because the processes are not completely independent technically of one
another even though they are different in many respects. The interactive
risk typically represents about 10% of the total portfolio risk. For

example, the sum of the individual process risks for Program 5 is



1.63 x 109 (¢ MM) whereas the portfo]1o risk of Program 5 s
1,81 x 106 (§ mm)2, The d1fference of 0.18 10 ($ MM)2 is the

- 1nteract1ve risk for Program 5

Nonna11zed benef1ts and risks are aTso shown in TabTe 3- 6 The nor-

‘ maT1zed benefits of Program 5 are Targer than ‘those of Program 7 as is
shown in Figure 3 1. The norma11zed r1sk or r1sk per doTTar of 1nvest~
ment is Tess, however, wh1ch 111ustrates the effects of d1vers1f1cat1on.
The normalized risk of Program 7 is O 47 wh1]e the normaT1zed r1sk of
Program 51is 0. 45 In other words, although the portfoT1o (totaT) risk
of PortfoTio 5 is about 5% Targer than that of Portfolio 7 51mp1y because

more dollars are outstand1ng, the additional divers1f1cat1on wh1ch occurs

N by adding Ut111ty K, more than offsets th1s incremental risk and, 1n fact

actuaTTy reduces the risk per doTTar 1nvested by more than 4/

In order to.examine’underTying process economics and risks, these data

are shown in Table 3-7 for each process being c0n51dered It is empha-
's1zed that the data are not necessar11y well supported and will not be until
process conceptual designs have been compTeted and better process costs are
avaiTabTe, In the first two columns, process resuTts for net benef1ts and
individual r1sks are g1ven These results were caTcuTated by the portfolio
model in which a portfo]1o was defined as a s1ngTe process For s1mpT1-*
city, the units of the individual risk coTumn are 1n $ MM but chis is
actually the square root of.the process risks The Tast three columns

contain the bas1c lnput econom1c data for each process

By scanning the UtiTiiy fueT gas data, it is cTear'why Utility K was chosen.
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PROCESS RESULTS ECONOMIC INPUT DATA

Costs

Unnormalized
Individual
Risks

o wn
Q +
N oor—
o Y
—~ Q)
o o
Eﬂ)
(2]
o
[~
[y}
- =

($ M) ($ MM) ($ MM/YR)($ MM/YR) (S MM/YR)

Operational
Costs
Investment

PROCESS NAMES

Pipeline Gas

COGAS

Slagging Lurgi
HYGAS
Synthane

Texaco
Fuel Gas

Indust Fuel Gas A
Indust Fuel Gas B
Indust Fuel Gas C

Small Scale D
Small Scale DX
Small Scale E
Small Scale F

Utility Fuel Gas G
Utility Fuel Gas H
UtiTity Fuel Gas I
Utility Fuel Gas J
Utility Fuel Gas K

Direct Combustion

Atmos F]uidized Bed

Liquefaction/Gasification

Coalcon - 01d Cost
Coalcon - New Cost
SRC 11
Fischer~Tropsch

Table 3-7 1Individual Process Benefits, Risks, and Economic Data



Ut111ty K has the largest net benefits and moderate r1sk In fact the
‘net benefits are 50% 1arger than the next utility process, Ut111ty G, |
although Ut111ty G also has cons1derab1y iower r1sk The data however,
may raise questions as to the cred1b111ty of the eccnom1c data for Ut1-
Tity K. The operating costs and 1nvestment costs are qu1te 1ow relative
.to the revenue for Utility K when these data are exam1ned for. other uti-

Tity fuel ga5~processes as wei] as fbr'other product tyﬁee.:

The other product types have 1nterest1ng data character1st1cs thCh he]p
to explain why certa1n processes are baseline processes and why the base=

Tine portfolio results are distributed as they are

© SRC II has -the highest process beneffts,'$1016 MM, of any pro-
cess. Since Baseline Portfolio 9 is one of the Tew porffolfos
which does not include SRC~II this helps to expTain why this
portfolio has the 1owest benefits, norma11zed and’ unnorma]1zed

of any base11ne portfoiio.

© The. difference in process benefits for CoaTcon - Old Cost and
Coaicon - New Cost is $14T MM. By 1ncreas1ng the est1mate of
1nvestment and operating costs, Coa]con bener1ts have. been
“reduced by over 30%. . The difficulty with theee increased costs
is that Coalcon is the oﬁTy proceSS.which"has a]ready'had over
a year of MFPM fund1ng to deve1op a demonstratvon facility. It
is highly poss1b]e that other procéss cost estimates ‘will have
to be increased also as.more detailed engineeringvdesigns and

instrumentation configurations become avajlable.

-51-



® HYGAS has the largest benefit of any pipeline gas process but
it also has the highest risk. The primary reason HYGAS has
the largest benefit is that it has the lowest investment cost.
The only other pipeline gas process with a positive net benefit is
Stagging Lurgi. The other three processes have a negative net bene-
fit because they have relatively high investment costs compared with
their revenue producing potential. The significance or negative
net benefit 1s‘ref1ection of a portfolio's success in achieving

the assumed rate of return of 10%.

e Industrial Fuel Gas B has positive process benefits and the
lowest risk. The plant capacity of B is about half that of A or
C but the investment and operating costs are about one-third
the costs of either A or C. The proporfionate1y 1owef costs for

B accounts for its having the best process benefits.

e The small scale industrial fuel gas processes are so small that
portfolio results are relatively unaffected whether these pro-
cesses are included or not. Because the demonstration scale fun-

ding is also small, at Teast Small Scale E or F should be funded.

e The Atmostpheric Fluidized Bed has negative process benefits due
to high operating costs. The risk associated with the process
is quite small, however, so the process does not overly detract
from portfolio results. By ihcluding AFB, the portfolio risk

remains essentially unchanged while the portfolio benefits are

reduced about 6%.
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3.3.4 BaseTine Budgets |

iThe tota1 RD&0D cost of fund1ng demonstration plants for the base11ne

pcrtf011os is shown in Tables 3 5(a), (b) The demonstrat1on p1ant cost

‘ of each process 15 a]so shown Ins1ghts into the ten program structures ‘

'.also can be gained when the program budget requ1rements for demonstrat1on

sca1e plant funding are analyzed.

]

Program 5 requ1res about $775 m1111on wh11e Program 8 is more

than tw1ce as much -- $1,484 miltion. Program 5 is less expen-

sive than most of the other programs and st111 offers the best

benef1t/r1sk comb1nat1on

e The difference in fhnd1ng Teve]s ‘between Program 5 and Program 7

is $41 MM or about 5%. This difference is due to one process,
Uti1ity K. The additional exper1ence to be ga1ned in deve1op1ng.
ut111ty fuel gas demonstrat1on facility wou?d seem to outweigh

the 1ncrementa1 budget difference.

e The d1fference between Program 7 and the next best aTternat1ve,

Program 10, is also about 5% and the same argument appi1es In
this case, Program 10 excludes both small scale 1hdustr1a1_fue3

gas plants as well as the utility fue1 gas p1aht.

. Programs 6 and 8 requ1re approximately $1,500 MM for demonstratvon plant

; fund7ng while Programs 5, 7, and 10 requ1re about half as mUCh or $750 MM.

It may be desirable fo fund a 1arger_demonstrat1on plaht program, say

$1,500 MM, for several reasons. 'First, in the smaller programs, only two
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processes_(one pipeline gas and one 1iquefaction/gasificgtion) account
for over 65% of the demonstration plant budget. Better ﬁrogram diversi-
fication may be achieved with a Targer 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 multiple 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 Tiquefaction/gasification plants. The
diversification effects of multiple p]ant'funding are highlighted in Sec-

tion 3.4.3, Portfolio Risk and Diversification.

e Programs 6 and 8 are the preferred portfolios based on available
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.

In addition to the numerical values for demonstration plant funding given
in Tables 3-5(a), (b), it is helpful to see a graphical display of the pro-
portionate share of the total budget required by each process. Figure 3-3
highlights program budget dif%erences with a pie chart. The size of each

pie represents the budget level for a particular program and the color

values represent the different product types.

In the MFPM program it is desirable to achieve some degree of balance among
the funding levels for the different product types. Achieving this goal

would provide an important type of diversification in overall funding for

the MFPM program.

-54-



Prdéram 1

' Progz‘am 2
$665

Fig'ure'3—3(a) ‘Budget Analysis - Baseline Portfolios 1-5 o
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Symbol Table ~
Pipeline Gas
COGAS
1 Slagging Lurgi
2 HYGAS - -
'+ Synthane -
Texaco
|Fue! Gas ey
3 Industrial A
4 Industrial B
"5 Small Scale E-
6 Small Scale F '
7 Utility K
Direct Combustion
8 Atmos Fluid Bed:
Liquef/Gasification
9 Coalcon-New Cost’
1GSRC I ’

_ Fische;’-Tropsch a

. $518




Symbol Table

Pipeline Gas
COGAS

1 Slagging Lurgi

2 HYGAS
Synthane
Texaco

Fuel Gas

3 Industrial A

4 Industrial 8

5 Small Scale E

6 Small Scale F

7 Utility K

Direct Combustion

8 Atmos Fluid Bed

Liguef/Gasification

9 Coalcon-New Cost

10SRC 11
Program 6 Fischer-Tropsch
$1,484

Program 7
$732

Program 8
$1,596

Program 10
$701

Figure 3-3(b) Budget Analysis - Baseline Portfolios 6 -10




With this v1ewp01nt and qu1te apart.from a cons1derat1on of portfo?1o
resu1ts, Programs 2, 5,6, 7 8 and 10 represent portfo]1os w1th bal-
anced fUndtng Contrasted w1th these programs are the others, Programs
o 1, 3 4, and 9. Program 3 has no pwpe11ne gas so the program resu]ts '
depend pr1mar17y on Coalcon, in that Coa]con forms 50” of the portfo]1o
Programs T, 4, and 9 a1l include two p]peT1ne gas processes In fact
for these five programs, at Teast 55%- of’the fund1ng is a11ocated to
"/plpe11ne gas .The question that must be cons1dered 1n these cases is 1.
whether aver ha1f of the MFPM program should be pred1cated on a s1ng]e

product type
- The analysis of program results may he'sumharized-byfthe'fo11owjog:

o Base11ne portfo11o results 1nd1cated Base11ne Portfo]1os 5, 7
'and 10 were the best alternat1ves, in that order, for MFPM fun-

ding at the $750 MM MFPM fund1ng 1eVe1

f © Baseltne Portfo]1os 6 and 8 were the best a1ternat1ves for MFPM

fund1ng at the $1 500 MM MFPM funding level.

e When demonstrat1on plant fund1ng requ1rements are 1nc1uded in-

the ana]ys1s, these conc]us1ons are even more strong]y supported

3.4 :Sensitivity of Program Results -

3,4;1 Seﬁsitivity to Process Economics and Risk

-Baseltne'portfolios were selected after_evaluating all possible;process

combinations or trial portfolios for each program structure,-'fn this way
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the optimality of the baseline portfolios is guaranteed. Sensitivity of
the portfolio results was calculated by substituting one non-optimal
process at a time into the baseline portfolio for each program structure.
The sensitivity results for Baseline Portfolio 5 are plotted in Figure

3-4. Sensitivity results for the other baseline portfolios are in Appen-

dix G.

These results show the percentage change in unnormalized portfolio bene-
fits and risks caused by the substitution of each non-optimal process.
Conversely, the results indicate how much change in the estimate of pro-
cess economics and risk would be required for a non-optimal process before
the decision about the baseline process would have to be reevaluated. The
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 3-4 represents Baseline Portfolio 5. The
sensitivity 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 quadfant would mean that there was a group of processes with
lower risk and higher benefitg which, by definition, would violate the
optimality of the baseline portfolio. The majority of points lie in the
upper left or second quadrant. All of the portfolios represented by these
points are completely dominated by the baseline portfolio, i.e., these

portfolios would have higher risk as well as Tower benefits.

The points in the first and third quadrant represent portfolios where the

benefits and risks would either be higher (quadrant I) or lower
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Risk Sensitivity

AR/R (%)
A
--100.
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©
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Symbol Table Baseline Portfolio 5
=-100 :
Pipeline Gas A
e (0GAS co S o
© Slagging Lurgi LU e Slagging Lurgi
© HYGAS HY -
© Synthane SY
© Texaco ~TX
Fuel Gas .
& Industrial A.B,.C - A Industrial B

QO Small Scale Ind D,DX,E,F
O Utility Fuel Gas G,H,I,J.K
Direct Combustion

E Atmos Fluid Bed AFB
Liquef/Gasification

* (Coalcon-New Cost CTF

* SRC II } SRC .

* Fischer-Tropsch FT

O Small Scale E.F

0 Utility K
B Atmos Fluid Bed

* SRC IT .

Figure_3?4 Sensitivity of Program 5 to Process Economics and Risk
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(quadrant III). It is in these quadrants that the risk attitude of the
decisionmaker can be taken into account. For example, replacement of
Slagging Lurgi by HYGAS would increase portfolio risk by nearly 75%, but
the benefits would also be increased by only 10%. In quadrant III, sub-
stitution of Coalcon for SRC II would reduce portfolio benefits by about
§0% but would also reduce risk by about 60%. Actually, an examination of
the technical risk data in Appendix C shows that Coalcon and SRC II have
a similar degree of technical risk. The large difference in individual
process risk results from the significantly better economics of SRC II.
The benefits of the SRC II process are more than four times as large as
the benefits of Coalcon. These increased benefits, however, also increase

the risk of SRC II because there is a concomitantly larger potential for

economic 10ss.

The point labeled G represents the change in portfolio results if Utility
G were substituted for Utility K. There is only a 10% change in portfolio
risks and benefits. Because there is some doubt regarding the credibility
of the cost estimates for Utility K (as discussed in Section 3.3.3), it

may be worthwhi]e'to examine more detailed data for the two processes.

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.

An expanded scale which does reflect these results is included in Appen-

dix G.
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’314.2 Sensitivity to Product Market Price'

The revenue for each process was calculated using $4. OO/MM BTU as the
" price for each product type, whether it was p1pe11ne gas, fue] gas or -
_ 11quef1ed product A constant pr1ce was used simply-as a bas1s.for-com- .
paring the different processes. It was recognized that eventdeT fue1“

pfices will, Tirst of all, probably be quite different'foreeaChfbroddcf:
f type and, secondiy, that they will depend on fluctuating market}fqrces

‘which will result in changing market prices over the operating 1ife-of

. commercial scale plants.

In order to test the sens1t1V1ty of the baseline portfo]xos to di fferent
fue1 pr1ces a different price was assumed for two product types fuei -
gas and Tiquefied product First, the ten base11ne portfalio resu]ts
were calculated using $3 OO/MM BTU for fuel gas w1th 4, OO/MM BTU for
the other products. The results are shown in Figure 3-5. Then the ten.
base11ne portfolios were calculated with $3.00/MM BTU for the 11quef1ed

' product with $4.00/MM BTU for the p1pe11ne and fuel gas These resu1ts_

are shown in F1gure 3-6.

- Figure 3-5 shows that, in general, the basic're?ationShfb_Between thef

' baseline portfolios remains unchanged. Baseline 5,.7, and 10 are'siiTT
the appropriate candidate portfolios for funding. The exfeht'to which
the -portfolio’s pos1t1cn is changed on the norma11zed benef1t/r1sk map
simply depends on the proportion of the portfolio's total BTU output -
which is attributed to fuel gas.
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The results of reducing the price on liquefied product, Figure 3-6, are
somewhat different. Baseline Portfolio 5.is still. the best portfoiio but
after that, the choices are less clear. There is a tight grouping of
Baseline 6, 7, 8, and 10. The reason for this i§ that all these portfo-
Tios are more havily affected by changes in liquefaction product prices.
Portfolios 6 and 8 have two liquefaction/gasification procésses, SRC II
and Coalcon. Portfolios 7 and 10 have only one liquefaction/gasification
process, but since they also have fewer fuel gas processes, the liquefac-

tion product makes up a greater percentage of portfolio BTU capacity.

In summary, the choice bf the best threé Baseline Portfolios, 5, 7, and
10, seems to be insensitive to different market price assumptions for the

various coal conversion products.
3.4.3 Portfolio Risk and Diversification

In order to examine the effect of diversification on normalized portfolio
risk, a single process, HYGAS, was selected and several portfolios were
constructed with a different number of HYGAS process replications in each.
The first portfolio had one HYGAS process, the second had two, etc. In
all, nine portfolios were calculated. The reason one process was selected
was to 1llustrate the effect of diversification even when the technologi-
cal aspects of several processes were essentially identical. In addition
to process or technological diversification, the fact that the demonstra-
tion scale plants will be built and operated by different companies in
different parts of the country also leads to diversification. The resul-
ting diversification has been termed management diversification and

geographical diversifiecation.
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Nonna11zed portfo11o risk has been p]otted aga1nst the number of HYGAS

processes in the portfo11os in F1gure 3-7.

The normaTiied risk for one HYGAS processrhas been_taken as ?QQ%,'fo"
addjno just one more HYGAS process, the normalized_risk (or risk_pen .
oo11ar invested) drops by near]y ZOA - With four pfantsvin toeiporﬁfo1io,
the normalized risk is reduced by more than 25% With the ef?ecfslof _
r;techno1og1ca1 diversification 1nc1uded by multiple funding of}oifferent

~ processes, the risk reduction would be even more pronounced These
results represent the basis of a strong case for fund1ng at 1east two

- d1fferent processes for each product type._

_5.5_’
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. SUMMARY OF RESULTS

The Eéonergy portfoiio model has been developed for eva]uafiné coéi con-
-version procesges:as'ééndidates for demenétration plant-funding. fhe' -
group of processeé which is selected will form what is,‘in effegt,”an
invéétment‘portfoiio for ERDA. The_eva]uation procedure uti]izes'fnfor—
A mation’on process econqmics.and process risks. Both kinds of~iﬁf6}matjon
are combined for eéch'process so that a éomprehensive épmparison amdng:
the individual processes can be made. In addition, information‘régardiﬁg
process similarities and dissimilarities is used to ﬁrovide'a"comparison
of various combinations of the processes. This approach to pfqéeséiévaf_
uation is termed a bortfb]io'approach because it aT?ows'thé‘intekfeiétéd |
econﬁmic and risk implications of a group or portfolio bf‘proqessés'to be

considered. .

The portfolio model ca]cu1atiohs result in two numBers, béhéfit‘ahd Eisk,
which are used'td déscribe uniquely a portfolio of coal convgrsﬁon pro-
besses. These numbers form a point on a two-dimensional plot termed an
unnormalized benefit/risk ﬁap.' By norma]izing thesg data on a per qdllar
invested basis, the results can'be plotted on a normé1ized bénéfit/fisk
mab. The behéfit/risk information presented in thi§ manher éan b?ﬁused

as a significant decisionmaking tool.

. 4.1 Portfolio Evaluation Criter%a

~ Several evéluation criteria have been developed to characterizé the pro-

gram value of a portfolio. These criteria include portfd1id'bénef§f 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 portfolio
in the Fossil Energy program. The evaluation criteria are listed in
Table 4-1. Examples of the use of these criteria will be illustrated in

the following discussion of results.

4.2 Portfolio 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 4-1. For judging
the benefit/risk merit of a particular portfolio, the primary criteria are
the first two listed in Table 4-1, 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
Tower right hand corner of the benefit/risk map. On this basis, the best

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

Each 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 portfolio 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 4-2.
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Figure 4-1 Normalized Benefit/Risk Map of Ten Baseline Porifolios
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Position on the normalized benefit/rﬁsk map

Relationship with other portfolios on the normalized

beﬁefit/risk map

Sensitivity of portfolio results to process substitution

and economics
Sensitivity of portfolio results to producf 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 4-1 Portfolio Evaluation Criteria
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In addition, the demonstration scale funding requirements are given for

the individual processes and for the portfolios.

Some of the procésses 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 ]iquefactioﬁ/
gasification plant. Program 6 includes two pipeline gas plants and two
Tiquefaction/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.
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4.3 Sensitivity of Results

The selected processes have been.determined'by'evaTuating'aII;possibIe' I
process combinations for each prodnam structure. In th1s way, the opt1-
ma11ty of the selected processes (termed baseIIne portfoI1o) 1s guaran—
:teedj Sens1t1vxty of the portfo]1o resu]ts was determ1ned by subst1tut1ng
"one,non-opt1ma1 process at a time }nto the baseline portfo]1o for each of
' the ten p}ogham structnres. .Sensitivity of the optimaI:phocesses to other
candjdate processes is;shOWn‘in,Figure 4-2 for the best proghan structure,
Program 5. The resuIts show " the percentage change in (unnorma11zed) port-
'foI1o benef1ts and r1sks caused by the subst1tut10n of each non Optxmai
process ' SymboIs used to 1dent1fy the processes are shown in the symbol

" table. In add1t1on, the base11ne processes are I1sted

" The origin‘of the axesfin Fidnre 4-2 vepresents Program 5. The!sensiti-
Qity axes divide.the figure into four qdadrants.'rlt'is sioni%icant that

" no points lie in the Tower right hand or fourth quadranta Any{podnt i@
hhe fourth quadrant'would mean that‘there was a group of processes with
Tower risk and h1gher benefits wh1ch by def1n1t1on wouId v101ate the,
optimality of the baseline portf011o. The majority of po1nts ]1e in the
;“Upper Ieft.on sécond quadrant. :AII of the portf011os represented by these
Ipo1nts are compIeter dominated, i.€e., these portf011os wou]d have h1gher

r1sk as well as Tower benef1ts

- The pofnts'in the First and thind ‘quadrants repreSent‘por%folios'WheYe the
ibenef1ts ‘and risks wouId either be higher (quadrant I) or Iower (quadrant III).

In these quadrants, the r1sk att1tude of” the dec1s1onmaker can. be taken into

-73-~



Risk Sensitivity

AR/R (%)
A
--]OQ
HY
)
co -
* ‘§Y
+ 50
J
o)
D,DX
D,E
FT g ¢ D,F
e DX.E.
: —t =~ ; s
-100 -50 o A 50 100
! Benefit
Sensitivity
AB/B (%)
--50
CBF
*
Symbol Table | Baseline Portfolio 5
Pipeline Gas '
e (COGAS co 1-.100
® Slagging Lurgi LU e Slagging Lurgi
® HYGAS HY
® Synthane SY
® Texaco - X
Fuel Gas )
A Industrial A,B,C A Industrial B
QO Small Scale Ind D,DX,E,F QO Small Scale E,F
0 Utility Fuel Gas G,H,I,J,K O Utility K
Direct Combustion
m Atmos Fluid Bed AFB m Atmos Fluid Bed
Liquef/Gasification
* Coalcon-New Cost CTF
* SRC II SRC . * SRC II
* Fischer-Tropsch FT

Figure 4-2 Sensitivity of Program 5 to Process Economics and Risk
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account. For examp]e; repiacemenf of Slagging Lurgi by HYGAS would
incréase portfolio risk by nearly 75% while benefits would be iﬁcreaséd
by only 10%. In quadrant I11, substitution of'Coa1con for SRC II wouTd

reduce portfo11o benef1ts by about 60% but wouid a]so reduce risk by
about 60%. o |

Ihvaddition to illustrating the effect of’process'sﬁbsfitdtfdn in an
absolute sense, Figure 4—2 can be used to i1lustrate sensitfvffy'of base-
Tine process selection due to process economic and risk data. For exam-
p1e benef1t results for the CBF and SRC II processes indicate that the
economics of CBF are less favorab1e than the economics of SRC II by more
than 50%. Alternatively, the eConomic data for SRC IT could be 25% too
high while the same data for CBF could be 25% too low and SRC II wqu1d'
still be the preferred process. On the other hand, portfolio results
including Utility G are Tess than 102 different than protfolio results
witﬁ~Uti]ity K. Since this small percentage di%ference may bé dqe.
entirely to estimation uncertéinty, the recqmmenéation bfiﬂfiiity K as

the baseline utility fuel gas process is not strongly supportéd.

Tﬁe.cirCTe at theiorigin fepresents the portfolio sens%tivifies to. small-
scale fuej gas process substitutions. These processes are 1itér511y'so
small in scale that they do nof'affett the'pprtfo1io results significantly
in any way. | 0 o o
Sensitivity of the portfolio résu]ts to prdduct markét price wa§ tested.
In order to test the sensitivity of}the.baselfne'bortfofid resufté;to'
different fuef pkicés, a different market price was assumed for iwo pfo-

duct types, fuel gas and 1fqyéfied product. :Fikst, fhe,ten béseiﬁne
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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
liquefied 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.

4.4 Budget Analysis of Results

Figure 4-3 shows the total dempnstration 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 represenfs 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-
line gas and liquefaction/gasification are nearly proportionately equi-
valent with fuel gas and direct combustion making up the remainder.
Insights into the five recomﬁended 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 million. 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,
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Symbol Table

Pipeline Gas
COGAS |

1 Slagging Lurgi

2 HYGAS @ -
Synthane -

6 Texaco

Fuel Gas

3 Industrial A

4 Industrial B'

5 Small Scate E-

6 Small Scale F

7 Utility K

Direct Combustion

8 Atmos Fluid Bed

Liquef/Gasification

9 Coalcon-New Cost

10SRC U
Fischer-Tropsch

Program §
$773

Program 7 » Program 10
$732 , $701

Program 6 ' Program 8
$1,484 $1,506

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 MM.
It may be desirable to fund a Targer 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 multiple 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, Portfolio Risk and Diversification.

e Programs 6 and 8 are the preferred portfolios based on available
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.
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4.5 .;Recommepded Processes

,Tpe fiVe‘portfo1ios'which are recophended s suitap1e cehdiéates For fun-
‘ding are Programs 5, 7, 10, '6,Vand 8. Since base11ne process se]ect1ons
are stable, several of the same coal convers1on processes are’ 1n each of
fthe recommended portfo1ios Programs 5, 7, and 10 are 1dent1ca1 except
for the de]et1on of one or two processes re]at1ve to Program 5. Programs
' ‘6 and 8 are also identical except for one process The primary d{fference
is one of MFPM program or1entat1on In dne case (Program 5, 7 or 10),
fund1ng 1eve1 of $75O MM is requ1red and in the other case (Prooram 6 or

8), a funding Tlevel of $1 500 is requ1red

;Base11ne process stability, however, provides the poss1b111ty of 1n1t1a1?y.
fund1ng an opt1ma11y selected core MFPM pragram based on’ a 11m1ted budget
"and then. add1ng additional base11ne processes as more fund1ng becomes

' ava11ab1e. The resu1t1ng MFPM program would not on?y st111 be optama]

' 'but would have increased benef1ts and Tower r1sk per do17ar 1nvested

'_Recognizing that MFPM program'decisions are made on~a'process'by -process
bas1s the recommended processes are 11sted by product type and in order
.of preference 1n Tab1e 4-3, S1nce f1nanc1a1, contractual or po11t1ca1
'ram1f1cat1ons may 1nva11date the f1rst cho1ce processes, the second

choice processes are also 1nc1uded
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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
Utility G

Atmospheric Fluidized Bed

SRC 11

Clean Boiler Fuel

Table 4-3 Recommended Coal Conversion Processes
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