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The preferential ranking of conversion technologies 
contained in this report should not be construed as 
indicatin~ 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 
it reflect the most current information now available 
to ERDA. The only purpose of the results cited is 
to illustrate 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 conclusions ~o be drawn from the model 

ut i l iz ing example data in cofijunction with themodel developed/in-this. 

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

I . )  Benefit measures have been predicated on a.given irevenue 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 of price is,  i t . w i l l  

not affect portfolio selections. While a common energy price 

was taken, some consideration should be given in the future to 

how the various prices will change over time o•n a rMat ive 

basis. 

2.) The methodology developed provides for selection of:a particuJ 

lar portfolio but provides no mechanism .for arrivinlg at that 

portfolio by budgeting the capital investment year. by year to 

buiZd the portfolio. An approach for doing this is under 

investigation. 

i i i  



3.) The method for  establ ishing discounted cash flows is conven- 

t iona l .  However, there are a number of unresolved issues that 

may have s ign i f i can t  influence on the indicated por t fo l i o  

select ion. In par t icu lar ,  the question of d i f f e ren t i a l  i n f l a -  

t ion rates and an i n f l a t i on  adjusted discount rate are impor- 

tant but not considered in the i l l u s t r a t i v e  example outl ined in 

this report. 

4.) The model developed was without regard to any provision for  

government/industry f inancia l  par t ic ipa t ion .  In e f fec t ,  the 

conclusions to be drawn represent an overall  societal view. 

In practice there is a need to establ ish a base for such 

government/indust[y sharing. 

iv 
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I .  METHODOLOGY FOR SELECTION OF FOSSIL ENERGY PROCESSES 
• . . 4  

A unique methodology has been developed by ~. ~ " 

Econergy for evaluation and selection of a • . 
s e t  of propo.sed coal conversion .proc.esses. 
By incorporating the fundamental principles • 
of portfol~o theory, both the risks and 
economic benefits --• revenues less • costs of- 
.capital,  operation, and time .... can be 
determined for a set of processes, • The . ' .  
t rade-of f  • between benefits and risks f o r .  

• , , ,  • 

each possible set of Coal conversion pro- • : ~ ,  

.cesses is i l lus t ra ted  by examining t h e i r .  

.relative positions on a benef i t - r isk  map in 
relat ion to a decisionmaker's r isk att i tude.  " 

functi on, " - -  

The complexity and.va~'iety of risks possible •in large cap.ital.•:!nvestment 

decisions make the use of analytical techniques l ike-those d.eveloped i n  

por t fo l io  theory a necessity, The overwhelming number 6•f 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 lean be . 

viewed indivi.dually and the resulting information integrated :in a logi -  

cal manner to • •aid the decisionmaker •with his Ultimate choice of which 
•Z 

coal conversion processes warrant investment. The deci.sio.n with respect 
. :  • i  • . . '  ' " 

to a specif ic process depends not only on that individual process but 

on the entire set Of al ternat ive processes as well ,  This • means i~hatone 

o f  the primary effects Of using the Econergy method of port fol io  selec- 

tion would be a reduction in the overall r isk of the entire Fossil Energy 

program by.means of proper diversif. ication in the:choice of fu.nding coal .  

- I -  

conversion f a c i l i t i e s ,  • 



I . I  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, i t  is also directly applicable to different 

types of portfolios comprising investments in real faci l i t ies. Such a 

portfolio is the group of coal conversion facil i t ies 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 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 port fo l io  theory account for the uncertainty associated 

with future rates of return (a random variable) and can only be described 

probabi l is t ical ly .  Expl ic i t ly  included is the risk in individual invest- 

ment opportunities (measured by variance in the rate of return of a par- 

t i cu lar  investment) and the interrelated r isk among a group of investments 

(measured by covariance or correlation between the time rates of return 

for any two investments). 

-2- 



One significance of portfolio theory, aside from that o f  demonstrating 

the risk-reducing effects of diversification: is the means afforded for 

mepresenting trade-off between risk and reward. This is accomplished 

gWaphically by representing risk on one axis and expected return on the 

other. I t  does not matter what measures, or surrogates, areused for 

• r i s k o r  return. Thus, standard deviation of the outcome maybe just as 

satisfactory as using the variance for a risk measure. 

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

by 
n 

E(r) : ~ xir i 
i=l 

for i : I ,  2 , . . . ,  n (i-I) 

where r i symbolizes expected return for the ithinvestment, andx i is 

the proportion of capital invested in the i th opportunity. To maximize 

E(r), all capital could be invested in the one opportunitythat offers 

the highest return. However, a more rational approach is to diversify 

investments and lower overall  r i sk  • 

I f  all available combinations for coal conversion fac i l i ty  investments 

are examined, a s e t  of  points is  detemined which may be p l o t t e d  On a 

risk/return diagram, •Figure l - l ( a ) .  The points that represent the best 

opportunities.make up a boundary ca l led  the e f f i c i e n t  Set  . . . .  

Any peint on the efficient set boundary represents maximum return for a 

given level of risk. Therefore, the most desirable investment possibi- 

l i t ies  are down and to the right. All points in the interior region of 

the set are said to be dominated by points along the boundary. 

-3- 
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Figure I - I  Risk/Return Diagram 
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" •  . . . 

A rational decisionmaker would ~ve~ choose any interior opportunity. In 

order to determine an appropriate point on t h e e f f i c i e n t s e t . ~ t h e  expec- 

ted utility of the decisionmaker is deten~ined. 

Expected utility, E(U) ., for investment decisionmaking maybe represented 
y • . :  : 

E(u) = E(r) - k.v : .  (I-2) 

where k represents a parameter of the investor's risk acceptance, and V 

represents variance in the fate-of  return of  the portfol io .  This expres- 

sion may be depicted on a risklreturn diagram, Figure !-l.(b},:.by: the risk 

attitude l ine which has a slope l /k .  The risk attitude l ine  can be thought• 

of as sliding along the return axis (with •slope I/k) until it.just touches 

the e f f i c i en t  Set. The investment portfi~lio on .the e f f i c i en t  set  boundary 

closest to the point of intersection with the Ask attitude line is the 

optimal investment alternative, for the decisiontnaker. 

A higher sloping risk attitude line (larger value of I/k) represents a 

decisionmaker willing to accept more rise for the pros~/ect of higher pay- 

off (returni: 0n.the0ther hand, a flatter line (smaller value of I/k) 

represents a decisionmaker willing to give up certain prospective payoffs 

for reduced levels of risk. . -  

In addition to understanding basic portfolio theory, i t . is imp0rt.ant to 

have a clear understanding of what specifically is meant by risk. An 

investor, whether i t  be ERDA or an energy company,• perceives risk in terms 

of"a probability that a prospective investment in a coal conversion pro- 

cess will result in the return falling below expectations, Aside from 



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, i t  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 will 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 

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 Plants," (English, et al, 1976) using the concepts of basic 

portfolio theory described above. 

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

faci l i t ies are defined in terms of the basic portfolio model variables: 

revenue, R, operating cost, O, investment cost, I, and time cost, T. 

B : R - O  - I  - T  (1-3) 

-6- 
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However, the benefits derived from specific processes may notbe .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 se t  of coal demonstration plants. These benefits will not be 

readi ly measurable, nor wil I they infl uence the choice of candidate pro- 

.cesses in the portfol io . .  In this report , the  revenue stream£ R , i s  taken 

as the •~ole measure oi ~ benefit..However, an approach• to how benefit.  

might be modified to take accountof societal benefits and, at the same 

time, f i t  into the portfolio model are discussed:in another report; "An 

Approach to Government/Industry Investment Participation •i•n Coal-Based 

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

mN i 

Themodel variables, R, O, I, and T, are i l lustrated inFigure ]-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 eachparticuiar plant. Costs 
° .  , 

include capital• or investment costs, I,. arid operatfng Cos#cs,.-6. These 

are  straightforward estimates made by experts fami 1 i ar wi th .each process. 

The investment cos.t represents plant investment costs and ;is:made up of 

plant desigh, capital equipment, and co/~struction costs.  " ] 
r 

~:, ° .  

A unique treatment of a time cost is incorporated in the Econergymodel. 

A time lag,. AT, g ives  rise to the time cost curve. I:f the time over which 

investment occurs exceeds, anticipated or planned schedules., there will  be 

a de lay  in start-up of the plant and correspondingly al slippage in the 

starting •time for generation of revenues. 

-7- 



I nves tment ~ .o%°"- 
Cost (1) w .  ..... 1 

Time ,] 
Cost 
(T) 

. ,~Revenue (R) 

...... 
! ..." 

R 

" ~ Operating Cost 

Time 

(o) 

Figure I-2 Model Variable Cash Flows 
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The relevant time period for the cash .flow streams ;is an assumed opera- 

ti.ng l i fe  for each coal. conversion fac i l i ty .  Revenues and Costs are all 

discounted using an appropriate discount rate to p~ser~tltoorth~,..These 

ate sometimes calleddiscou~ted cash flow8 (DCF), The sum of . th 'e  d is  -• 

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"andcost data for  each process are developed from commercial .~ 

scale designs. •.Commercial scale data is'used to indicate the investment 

decision for demonstration scale plani~s because demonstrai~ion •:scale - 
b 

.designs are not :necessarily inten(led to  be economic.. Demonstrat ion 

f a c i l i t i e s  tend to have high capital costs relative to designed plant " 

capa~dii~ 9 beca'~sg the ob jed t ioes  o f  a demonstration plant"are:quite di f -  

feren~ than the economic objectives o f  a commercial faci l i ty , .  S~nce 

demonstration plants are-used.to test  different .cloals and Various p r o -  

cess operating conditions, they require a proportionately larger amount 

.of instrumentation and mechanical equipment than would a co~nercial 

design of similar.plant capacity. Therefore, a l l  process and economic 

.•data used in this report will ref lect  commercial .sc.a! e •designs for each 

coal conversion process. , " " .  

1.2.2 Risk. Measures 

The Econergy por'~folio model incorporates a .measure for two risl< types - -  

technical and economic. Technical risk may be viewed in i:wo wa.gS, •First, 

" there is a risk Of technical infeas ib i l i ty .  A process design may b e  

. , f "  . 



ill-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 re l iabi l i ty .  Given that the process is well-designed, the 

process may s t i l l  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 re l iab i l i ty  may be a crit ical 

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 rol l - in tech- 

niques which can offset the presumed higher price of synthetic products 

vis-a-vis naturalenergy sources. 

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

t inct components. 

0 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 

-lO- 



bottlenecks, or due to escalation of cons.truction 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 d i f f i -  

culties. F.or example, during construction a particular innovative fabri- 

cation method may not work as expected: thus necessitating substitution 

of a more costly alternative system, Such construction cost overages are 

normally accompanied by schedule slippagesand so may be aSsesSed in ~ 

terms of the total loss identif iable with the particula r. system component 

that occasioned the slippage. 

In order to reflect accurately the risks associated with individual pro- 

cesses, i t  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 - lO 

• .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 

lists interviews held to determine the process risks. This r.isk assess- 

merit uses two sets of information, process descriptors and. weights for  

model variables..Process descriptors categorize technical risks asso- 

ciated with i.ndiv%dual 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. 
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1.2.3 The Unnormalized Benefit/Risk Map 

BenefitS, as described in Section 1.2.1, and r isks,  as descri'bed in Sec- 

t ion 1.2.2, provide the two sets of measures that may now be plotted on 

an unnormalized benef i t / r i sk  map, Figure I-3. Instead of the expectation 

and variance of a secur i ty 's  rate of return as described in Section 1 . I ,  

i t  is appropriate in applying por t fo l io  theory to coal conversion f a c i l i -  

t ies to use actual values of benefi t  and r isk  as scales for the coordinate 

axes. Thus, benefits are plotted as dol lars on the horizontal axis. The 

vert ical  or r isk axis, measuring variance, is a function of the square of 

the benefi ts,  and so the units would be in dol lars squared; however, since 

"dol lars squared" do not have an i n t u i t i ve  meaning, and because only com- 

parative r isk  is of interest  in comparing por t fo l ios ,  the r isk axis units 

are scaled 0 - I00 on the unnormalized benef i t / r i sk  map. The benefits and 

scaled r isk of every por t fo l io  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 por t fo l io  model, as described above, was based on the deter- 

mination of both actual benefits and risks associated with each candidate 

por t fo l io .  This is ,  of  course, precisely what would be desired i f  each 

por t fo l ie  required the same level of investment. In that case, only the 

actual return or benef i t ,  as well as actual r isk ,  would be of interest .  

However, i f  capital investments for the por t fo l ios being compared are 

d i f fe rent ,  then these differences must be taken into account. 

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

ment al ternat ives,  A and B, where A requires an investment of $2,000 and 
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B an investment of $5,000. One cannot simply look at the estimated net 

proceeds from eachinvestment in order to compare them. Rather, some 

ref lect ion of the d i f fe rent  investment amounts must also be considered. 

I f  the present worth (PW) of the net proceeds in each case is normalized 

by the respective i n i t i a l  investment, the re lat ive attract ivess of 

each al ternat ive can be meaningfully compared. I f  the PW of net  proceeds 

for investment A is $4,000 and for  B i t  is $6,000, the net return per 

do l lar  invested for  A would be 1.0 ((4,000 - 2,000)/2,000) and for  B, the 

net return per do l lar  invested would be 0.2. I f  a l l  other things were 

equal, investment 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 portfol io can be 

compared by examining i ts normalized benefits. This simply requires 

dividing each portfol io net benefit by i ts portfol io investment cost to 

give a non-dimensionalized measure of benefit. Thus, normalized benefit 

is net benefit per dollar of investment. 

In comparing two por t fo l ios which are the same except for  an addit ional 

process in one po r t fo l i o ,  i . e . ,  one por t fo l io  is a subset of the other, 

i t  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, le t  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 benefi t  from the extra 

investment is not making the required rate of return at which the 
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estimated cash flows were discounted to determine .the' PWof the invest- 

ment. • - . . . - i  

CI. 

Thenormalized benefit would be 0 if  the discounted net proceeds Were 

just.equal to ~ the investment. That would be the case when the rate of 

• return on investment is just equal to thediscount rate.. Of course, i t  
• • . "  ' 

wOuld be possible for the, incremental •net proceeds.to exceed 0, and. in 
• . .  • , . 

that case~the proper investment decision would be determined bYl. the 

investment objective. One possible objective would be tomaximize rate 

of.lretU'rn, while the other would be to maximize the amount bf  investment 
, .  " • . 

outstahding given that the rate of return on that investment exceeded the 

required discount rate. Suppose that the PW of the netproceeds for B is 

$8,000 instead of $6,000. In that ca.se, the normalized incremental bane- 

f i t  would be 0.3 (rather than -0.33) and the"normalized net benefi.t f o r  

B v~ould be 0.6 (rather than 0.2). In terms of the f i rst  objectiW maxi 

mizing rate of return, investment A (1..O).would s t i l l  be Preferred. In 

terms of the second objective, however, investment.B is preferred since 

the normalized benefit for the entire investment exceeds • zero ahd th~ 

nomalized incremental benefit  also exceeds zero. Thus, not-on]y is it.,- 

necessary to examine the normalized net benefits of each portfolio rela- 

t ive to its next best competitor, but also extra net ben ef i ts"relat ive 

• to the extr~z inves~aent required to scale up from a smal.ler to a :-larger 
: . . . • " -  , ' .  > .  • 

portfolio. ' --• " 

?• , ,  

The same techn,ique must be used for norma'lizing risks to  aCCOUnt fgr.port-  

folio scale •relative to the risks involved both for the average value of 

risk and for extra risk assodiated, with the extra investment required. 
i 
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However, risks have been shown on the benefit/r isk map in terms of 

variances of the benefit. Because variance involves the square of the 

variables, i t  must be normalized by dividing by the investment cost 

squared. Again, this results in a non-dimensionalized measure of risk. 

A typical normalized benefit/r isk map is shown in Figure I-4. An iden- 

t i f i ab le  difference between an unnormalized and normalized benefit/r isk 

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 l.O 

on Figure I-4. Any portfol io 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 posit ions of two po r t f o l i os ,  say 1 and 2 ,  on the 

normalized bene f i t / r i s k  map, 1 would be preferred, in general,  i f  i t s  

po r t f o l i o  point  is downward and to the r igh t  of the point  fo r  po r t f o l i o  

2. Assuming po r t f o l i o  1 is a subset of  2, the po r t f o l i o  point which 

represents the incremental (A) benef i t  and r isk  is shown as 3. I f  the 

point fo r  the incremental change is not as good as 1 or 2 - -  as is shown - -  

there is no ambigui ty  as to proper po r t f o l i o  choice. Suppose point 4 

represents another po r t f o l i o  of  which 1 is a subset. The normalized 

incremental (A) benef i t  and r isk  is shown as 5. There is some ambiguity 

as to whether the proper choice is 1 or 4 in th is  case. The way in which 

th is  ambiguity can be resolved is to examine the t rade-o f f  between norma- 

l i zed benefi ts and r isks .  An investor 's  a t t i tude  toward r i sk  is discussed 

in the fo l lowing sect ion. 
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1.2.5 Risk Attitude and Decisionmaking 

Implicit in all mathematical programming techniques for analyzing data is 

the fact that the ultimate choice is s t i l l  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 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, 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 unnormalized 

benefit/risk map is helpful in making the portfolio selection by i l lumi- 

nating the actual magnitude of the portfolio benefits and risks. 

Figure I-5 is a normalized benefit/risk map with the same portfolio data 

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

relative to portfolio point I. 

Each decisionmaker's attitude towards a trade-off between risk and bene- 

f i t  may be approximated by a straight sloping line. There wi l l  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, typical ly,  the range wi l l  l ie  between 1.33 and 4. The line 

with the higher slope (of 4) represents a decisionmaker who feels i t  

worthwhile to assume a larger amount of risk than would a more conserva- 

t ive decisionmaker, to achieve a specified level of benefits. I t  is pre- 

sumed that the risk attitude of the decisionmakers in ERDA wi l l  fa l l  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 l ine from the 

right hand side of the figure to the le f t  until the line intersects the 

f i r s t  portfolio point. In terms of the trade-off between normalized 

benefits and risk, that portfol io would be the best choice. 

In Figure I-5, the two risk attitude lines representing reasonable l imits 

of risk attitude have been moved along the benefit axis from the right 

hand side of the figure toward the le f t  until intersecting Portfolio I. 

A decisionmaker with a risk attidue of 4 would select Portfolio I. The 

risk attitude line with a slope of 1.33, however, f i r s t  intersected Port- 

fol io 4. This means that a decisionmaker quite concerned about risk 

(slope of 1.33) would select Portfolio 4 in preference to Portfolio I. 

I f  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/r isk map shows the absolute effect of each portfol io 

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

fo l io can be examined to see which processes are the same and which 
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different; analysis of" the •incremental benefits, risks, and investments 

can be made;.the balance of energyproduct types can.be.determined; and 

f inally, the demonstration Plant budget requirements can beexamined. 

.Each of these factors affects  the ultimate decision and may require con- 

sideration. A decision structure for categorizing these diverse factors 

is  develope d in the following section.  

].2.6 Program Decisionmaking 

The essential decision being addressed is which coal 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 I -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 decisionldiagram 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. 

Certainly a major input hereis the response of OMB to specific budget 
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requests. In addition, congress may have apredilection for•certain .coal 

conversion p~cesses over others because of gecigraphical consiaerations, 

environmental pressures, etc. 

The four •factors --•economic and risk data, budgets and external Criteria - -  

represent incompatible objectives, i . e . ,  t o t he  extent One factor is Opti- 

mized, another factor is compromised. For example, •benefits should be 

maximized but th is  h~is 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 whai: otherwise 

could be a fa ir ly  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 s t i l l  be made. . :  ' " 

' : . ' ' ,  

In accordance with this reality, theEconergyportfolio model:"has been 
• . "  . . -  . , 

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

describe the datarequirements of •the model and .the portfolio results. 
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2. DATA REQUIREMENTS 

The data requirements of the processes 
used in the Econergy portfol io 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 l i f e  and financing 
method are included. Finally, process 
risk descriptors are l isted. 

2.1 Process Economic Data 

Process economic data includes investment cost and operating cost cash 

flows for commercial scale coal conversion fac i l i t i es .  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, al l  offsites and 

maintenance areas should be included up to the battery l imits. The bat- 

tery l imits do not include the mine f ac i l i t y ,  but i t  is assumed that coal 

is delivered to the plant from an external source. 

The same definit ion of investment costs was used for evaluating each pro- 

cess to the extent that data were available and identif iable. The model 

currently accepts a single total investment figure. I f  individual invest- 

ment cash flows are available in terms of amounts and timing, the model 

-24- 



• . " .  . ,  . •  

• , ,  • , 

could easily be adapted to this more detailed situation. In"lieu of 

detailed investment cash•flows, the model computes these individual Cash • 
i . 

flows from average capital investment percentages assuming a fire.year 
" t  ~' • 

design and construction perlod'. -. " : ~ "  

- 

• Total operating costs include coal, lab0r,•chemicalS and catalysts, 

insurance .and property, taxes,  rePairs and rep]acements, ui:i 1 ~ t i e s ,  Qther 

items and plant by-product Credits• ) The ope.rating co-~tS are: the"yearly 

cash flows required to keep the •plant on stream.. " .• 

• . , , 

The model accepts a s ingle yearly operating C o s t .  An assumption"is made 
v 

regarding partial operation of the plant, i.n the•last yearof•the.f i:ve 

year construction period. Again, i f  more detailed cash flow. ' assumptions 
J , .  

were available,  thesecould  easily,  be handled in the model ,The.plant is  

assumed to operate for 20 years..... " , :  ." 

Both. investment anld operating costs are used .to eval Uate the  economi Cs Of 

a process on a project basis. This method obviates any •differences due to 
• • " i ' : ,  ' " . " :  i , ' ' 

financing by assuming lOO% equity investment in disti.nction to evaluating 

the absolute prof i tabi l i ty  of a single.•investment, With IOO% equity funding, 

no debt interest  charges arise.  A pretax •basis f o r  comparison is used, so 
• , , ' . , ; • , ,  : ¢ • . ' • .  , , ,  • ,  . " ; : 

• •depreciation a non-cash flow, is also unnecessary. 

2,•2 Plant Capacity and•Revenue Calculation. ' .  

Data'describing the commercial scale plant capacity in terms of thermal" 

output"is required. These data should specify .the plant"p~oduc:ts; ~ their 

thermal content, ~nd the expected output for each product~:".' ~ . ~ "  .~ 

q ~ 
O 

: . . "  . , '  . . . . .  . ;  , . . :  " . .  ' - , ' > "  . 
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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 di f fer ing operating costs wi l l  have a s igni f icant impact on 

project economics. The calculations for al l  processes (except u t i l i t y  

fuel gas processes) were made with the following equation. 

Revenue = Plant capacity (BTU/Day) × 330 Days/Year x $4.00/MM BTU 

The revenue calculations for the u t i l i t y  fuel gas processes were calculated 

as follows. 

Revenue = Plant capacity (kW) x 3411 BTU/kW-hr x 8760 hr/yr  × 

0.8 (load factor) × $4.00/MM BTU/O.379 (eff iciency) (2-I) 

A 37.9% eff iciency corresponds to 9000 BTU's required input for every 3411 

BTU' s el ectri  c output. 

2.3 Economic Assumptions 

Portfol io net benefits were calculated using process economic data l isted 

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

" Cash flows - discounted at 10% 

• Project economics - 100% equity 

• Project l i f e  - 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 following 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 possible schedule delays and investment 

cost overruns are included. 

2.4 Process Risk Data 

Process risk data is used to evaluate the technical risk associated with 

each process. In addition, the degree of similarity or dissimilarity 

between processes is determined from the PrOCeSS risk data .  The Econergy 

model currently accepts 13 different kinds of process descriptor data for 

each process. The 13 process risk descriptors are listed in Table 2 - I ,  

The possible values for each of these process descriptors areshown in 

Appendix B along with their associated risks. As in the ~nvestment and 

operating cost sections of the model, i t  would be possible to adapt the 

model to include additional process descriptors or to redefine some of 

the current descriptors. 

A detailed sample calculation for two pipeline gas processes in Appendix 

D shows the way in which economic and risk data are used by i:he portfolio 

model. This sample calculation illustrates the use of the investmeni: ahd 

operating cost cash flows and plant capacity in determining 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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I ,  PROCESS TYPE 

2. PROCESS STATUS 

3. COAL PRETREATMENT TECHNIQUE 

4. FEEDSTOCK TECHNIQUE 

5. GASIFIER TYPE 

6. LIQUEFACTION TYPE 

7. REACTOR TEMPERATURE 

8. REACTOR PRESSURE 

9. REACTOR COMPLEXITY - NO. OF STAGES 

I0. REACTOR COMPLEXITY - NO. OF UNIT PROCESSES 

I I .  MECHANICAL RELIABILITY - REDUNDANCY 

12. PROCESS TECHNICAL FEASIBILITY 

13. SCALE-UP REQUIRED FOR DEMONSTRATION PLANT 

Table 2-I Process Risk Descriptors 
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to determine individual process ~'isks and the interactive riskwhich 

occurs between processes. These intermediate results are then used to 

calculate the portfolio benefits and risk-~. ~ 

• .r  

• i , 
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3. MAJOR FACILITY PROJECT MANAGEMENT PROGRAM RESULTS 

The results of examining twenty-one coal con- 
version processes, incorporated in appropriate 
por t fo l ios ,  are discussed in deta i l .  Because 
the number of combinations of processes is so 
large, ten groupings of processes were selec- 
ted as program structures to meet pol icy 
objectives for  ensuring that a desired combina- 
t ion of processes is necessarily included in 
the MFPM Demonstration Plant Program. These 
baseline port fo l ios are plotted both on nor- 
malized and unnormalized benef i t / r i sk  maps to 
show which are preferred. Sens i t iv i t ies  of 
por t fo l io  results are discussed by showing the 
effects of interchanging various processes in 
the por t fo l ios .  Also, the ef fect  of mixing 
the assumed unit market prices for d i f ferent  
coal conversion products is i l l us t ra ted .  

3.1 Introduction 

Twenty-one coal conversion processes have been examined to select the most 

appropriate set of 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-I. 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 f i r s t  on a technical basis in terms of process type, matur i ty,  

complexity, scale-up, etc. The technical risks were then translated 

into economic risks in terms of the v a r i a b i l i t y  of operating cost and 
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16. 
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19 
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Table 3-I 

i 
. t .  

. . . . . . . . . .  , . . . . .  . .  • L 

PROCESS NAMES ' 

COGAS 

SL~GGING LURG! 

HYGAs " 

SYNTHANE 

TEXACO 

INDUSTRIAL FUEL GAS A 

INDUSTRIAL FUEL GAS B • , 

INDUSTRIAL FUEL GAS C 

SMALL SCALE FUEL D 

SMALL.SCALE FUEL DX 

: w 

SMALL SCALE FUEL E 

SMALL SCALE FUEL•F 
Z 

UTILITY FUEL GAS G • 

UTILITY FUEL GAS H 

uTILITY FUEL GAS I 

UTILITY FUEL GAS J 

UTILITY FUEL GAS K 

ATMOS FLUIDiZED BED 

COALCON - NEW COST, 

• o . 

SRC I I  

FISCHER - TROPSCH 

Coal Conversion Processes 

/ '  

• " , . 
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capital investment estimates, and the possibility of project schedule 

delays. 

The fundamental methodology is described in Section l ,  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 Go 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 optimization procedure to select the best processes 

automatically. Without such an optimization procedure, however, there 

were so many possible process combinations (millions) that i t  would have 

been impossible to examine them all. Therefore a rationale for selecting 

tr ial  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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pl  ants. Such a demons trati  on pl ant program is  termed a pmogram"stmuc- 
i • : .  " '  " ] 

~u~e. One s,uch program structure, for  example, might be made up of  two 

pipe l ine  gas plants four fuel gas p lants , ,  one direct,combust:~on ~lant; 
L 

U 
h 

and one liquefaction/gasification plant. ' ~, 

Ten program structures are shown in Table 3.-2(a),i(b) i":Each Ofithese: 

: .  prbgram St#uctures was suggested by one or more ERDA"person:nel".. CoaIcon 

was included speci f i  ca l ly in four of  the program structures ' t o  reLFl e:ct 

the existing Coaicon contract: In the f i f th  through ~the-.tenth programs, 

t h e  1 iq uefact ion/gasi  f i  cati  on product catego~'y: was::not"~;estri cted to .the 

Coal con process." Each of  the:gen program structures reP~"esehts ~a d i f f e r -  

ent combination of  synthet ic  fuel • products,,  and"enc~mpass::es.:•realistic • 
T 

0 M 

funding alternatives for theMajor Facility Project Manageme•nt Division. 

Theten programsare not exhaustive but do typify the presently perceived 

object ives  of  ERDA with respect to demo~istration scale  coal conversion 

• f ac i  I i ti  as. 

3.2.2 Baseline • Portfolios 

L 

4 i 

m 

Trial portfolios were examined explicit ly in relationshi.p tO these program 

structures . .  In each program s tructure  there was a number • of  competing 
. % ,  

processes avai lable  for each product type. In t.he •case of  p ipe l !ne  .•gas 

products; for example, five different processes wereavailable. :Thus, 

even with a well defined program structure ,  there .was a . large  number of 

feasible process combinai~ions which had to be considered. PortfOlio 

resu l t s  were calculated for each of  these•process  Combinations-or tr ia l  
> • 5 • ~ 

portfolios, The best portfol:io from the tr ial  portfolios w~s selected 

-~J- ~ • 
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fo r  each program s t ruc ture  and was defined as the baseline portfolio for  

that  program. Because each program structure l imi ted the number of 

feasible process combinations to 15 - 20, i t  was possible to select the 

optimal po r t fo l i o  fo r  that set of product types. The processes selected 

were optimal in the sense that a value judgement was maximized with res- 

pect to a t rade-of f  between process benefits and process risks for  the 

ent i re group of processes in the po r t f o l i o .  The baseline por t fo l i o  was 

determined by examination of both the normalized and unnormalized benef i t /  

r isk  maps. The po r t f o l i o  selection was made to maximize the MFPM program 

benefits re la t ive  to an acceptable level of r i sk .  Any po r t fo l i o  other 

than the baseline po r t fo l i o  represented sets of  processes that would o f fer  

a degraded level of benef i ts,  increased r isks,  or both. 

3.2.3 Budget Constraints 

The portfolios were mapped without regard to any budget limitations. 

Realistically, only limited funds are available for the development of 

demonstration scale plants for promising coal conversion processes. In 

addition, the funds which are made available have to be just i f ied in the 

on-going governmental budgeting procedure. The baseline portfolios for 

the ten program structures may assist the MFPM budgeting exercise from 

two points of view. 

First, quantitative justi f ication for a larger program is possible. The 

argument is especially compelling i f ,  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 

-36- 



constraint, the best p~ggram structure for that level of•expenditure .can 

be determined. - .  : : . . . .  • ~ , . . . .  

3.3 Program Resuli~s for: Twenty-.Onei...Coal Conversion Processes " 

3.3.l Baseline Portfolio Resul.ts . •  ; . .  ; 

The ten baseline portfol io resul ts are Shown On a normaii zeal benefit/risk 

map, Figure 3-1. Using l:he-risk attitude l ines,  i t  is possible to  compare 

the baseline pori~folio results ~ th~ ten program structures and to deter- 

mine the most suitable MFPM program structure and associated baseline"port- 

folio. 

The clear choice is Baseline Portfolio• 5 which i s  the opt.imal :selection of 

coal conversionprocesses for Program Structure 5. The choice is unambi- 

guous because noother baseline portfolios fall within•the risk attitude 

band...If there had been portfolios within .this band, the correct choice 

would have required a trade-pff.decisi.on between portfolio benefi:ts, port- 

folio risk, balance of energy output between product types,: and demonstra- 

tion plant funding requirements. ~ • -  ~- ~ ..~ 

The unnormalized benefit/risk map, Figure 3~2, shows the absolute present 

worth dollar impact of a portfolio. E£amining these unnormalizedresults, 
: '  . t . .  

the superiorityof Baseline Portfolio 5 is again illustrated. I t  might 

be pointed out, however, that on the basis of Figure 3-2,.the benefits of 

Baseline 6 are larger than those of. Baseline 5. The following.reasoning 

indicates thatBaseline 5 is sti l l  the prope~ choice, Using the incre- 

mental analysis technique discussed in Section l ,  a comparison of 

' • -37- • 
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Baseline 5 and Baseline 6 can be made using data obtained from Appendix 

E, Ten Baseline Portfolio Results. 

Baseline 5 

Baseline 6 

a Result 

ABIAC 

AR/A2C * 

f i l l  

Unnormalized Unnormalized Present Worth of 
Portfolio Portfolio Comm. Scale 

Benefits, B Risk, R Investment, C 

($ ~ )  ($ MM) 2 ($ MM) 

1302.8 1810.8 x lO 3 1997.5 

1700.8 4632.2 x lO 3 2972.9 

398.0 2821.4 x lO 3 975.4 

0.41 

0.58 
I 

Table 3-3 Incremental Analysis of Baseline 5 and 6 

The A Result line shows the change or increment in moving from Baseline 5 

to Baseline 6 in terms of the increase in benefits, risks and commercial 

scale investment, respectively. AB/AC and AR/A2C 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-I, The incremental benefit/risk point shows that the extra investment 

*A2C = C2(6) - C2(5) 
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' i  

.necessary to move •from Baseline•.5 to Baseline 6 is unwarranted: " Therefore, 

Basel ine5  represents a much better investment deCisidnthan •Baseline 6. 

i n  terms be Sle!ecl;ing the next best portfol io Which might 6e occasioned 

by.budgetconlstraints or external criteria, ,  the risk a~ti~;ude li.nes can be 

fhought of as.. s l iding to the l e f t  .on the normalized benef i t /r i sk  map while 
" "  ~ ' < 

maintaining the same angle with respect to  the benefii~ a x i s .  After a 

• decisionmaker:determined the appropriate • risk attitude l ine for a decision 

situation, that l ine is ~imply• movedto the le f t  unt}l"i.tlreaches the next 

p o r t f o l i o . - I t  can .be seen (bY siiding a ruler on Figurgl.3-I ~) that,  •regard- 
• ;" • "  7 ' 

less of the decisionmaker'.s attii~ude toward r isk,  Baseline P0rtfo]io 7 is 
: i  i .  ' ' •  . '. ' " ' : " . . . 

",the second best a l ternat ive and Baseline I0 is the thi.rd best• aiternative.  

Basel~ne 6 is. excluded because the incremental analysis ~.above" showedthat 

.Baseline 6 is re lat ively  unattractive, Baseline 8 wouid.be•excluded for 

• • the. same reason, The lbaseline por.tfolio results are summarizedin Table 
, " . , ,  • , J 

a - 4  , 

, i , , 

. Rank • Po rtfo I i os 

No. l Baseline Portfolio 5 . . .  ' 

No, 2 ' Baseline Po.rtfolio 7 

No, 3 .. Baseline Portfolio i0 ..: : 

Tabl e 3-4 The Best Three Basel 
Z. " ,  

ne Portfolios ' ' 
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At this point a better understanding of the portfolio results can be 

obtained by examining 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 Processes 

The coal conversion processes which make up the baseline portfolios l - lO 

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 i t  offers the optimal benefit/risk combination 

for the associated program structure 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 seiected by examining the portfolio results 

for each of the tr ial  portfolios associated with a particular program 

structure. The tr ial  portfolios were determined in i t ia l l y  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 tr ial  portfolio calcu- 

lations are discussed in Section 3.4, Sensitivity of Program Results.) 
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! 

Scanning Table 3-5, an important conclusion stands out and provides the 

key to examining the benef i t /r isk  •results o f  Figures 3-1 and .3-2. Each 

baseline process is a consistent Choice in the sense that regardless Of 

program structure,  the same baseline processes occur in eachprogram. 

For example, in all  programs which include one pipeline gas process, 

Lurgi is  the choice. Similarly,  when two pipeline gas processes are 

required, Slagging Lurgi and HYGAS are always thechoices. 

Since baseline processes exhibit consistency across program structures, 

th~s consistencywCll be termed baseline process stabili~#. Because 

of this stabi l i ty ,  certain conclusions can be reached regarding the 

relative value of  the coal conversi•on processes Within eachproduct 
? 

category. 

® 

Slagging Lurgi is the preferred •pipeline gas process.• The 

secon~ choice is HYGAS. 

Industrial B, Small Scale E and F, and Ut i l i ty  K are the 

preferred fuel gas processes. : 

® SRC I I  is the preferred liquefa•ction/gasification process 

~ and Coaicon is the second choice. In the f i rs t  four-pro- 

gram structures, however, the I iquefacti on/gasi f icat i  on 

process choice was constrained to Coalcon. 

The atmostpheric fluidized bed process had no competitorswithin the 

• direct combustion category, and so was not included as the preferred pro- 

c e s s .  , ,  ' 
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I t  w i l l  be observed that Coalcon does not rank as favorably as SRC. This 

should not necessarily be interpreted as negatively as i t  may appear. 

The costs associated with Coalcon in the por t fo l io  evaluations were based 

on e~ ante estimates without regard to costs already sunk into the Coal- 

con program. Sunk costs should be excluded and, i f  this were done, Coal- 

con would be somewhat more at t ract ive although SRC would de f i n i t e l y  

remain the preferred process. Furthermore, the por t fo l io  development 

was made without regard to considerations of transaction costs fo r  port- 

f o l i o  modif ication. Transaction costs are those costs pertaining to 

penalties for  abandonment or modification of a por t fo l io  component. 

Clearly, there may be serious penalties associated with abandonment of 

Coalcon at th is stage. 

The same argument applies to COGAS. Since COGAS is at a much earl ier 

stage in the program, however, the costs of program modification would 

not be so large as is the case for Coalcon. I t  is safe to assume that 

program modification is administratively 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- 

+"ibuted to these results. 

3.3.3 Analysis of Program Results 

S tab i l i t y  of the baseline processes allows decisions about program struc- 

ture to be made with confidence that future decisions about new processes 

w i l l  not inval idate previous decisions. For example, suppose Program 7 

were selected due to budget constraints, although Program 5 was recognized 
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o • 

as preferable, "If the budget constraints were subsequently loosened, 

Program 7 .couldbe modified to ••Program 5 simply by adding the Ut i l i ty  K 

• fue ' l  gas process. A l l  the other processes are identical " T .he~ ' e fo re ,  

• :baseline process stabilityprovides the possibility of ini.tial]y funding 

.an optimal core program based on a•Iinlited budget and.then add:fng addi- 

• tional baseline•processes as more funding •becomes avai lable.  The resul-  

• ring program will  .•not 0nly s t i l l  beoptimal but will  have inCreased 

' ' l  : ' "' '" ,benefits and ov~er risk per dollar invested.. : : "  

In addition to, providing consistent program decisions baseline process • 

.stabil i ty allows individual portfolio results to be easilyanalyze d. In 

order to understand why one, portfol io o f  processes is .be-Cter .tfian another ,  

t is possible to examine th~ results in twoways First, p0rtfolio 

results can be compared in terms of the processes which d i f f e r  between 

portfolios..  Second, the underlying process economics and riskscan b e  

examined to understand at a deeper level what contributes to".the di f fer-  

ences  between• portfolio, results. These techniques can be used. to. compare 

baseline portf01ios, f 0 r d i f f e r e n t  programs or to detem'nine why a trial  

portfolio is not as attractive as the baseline portfolio for  a.par.ticular 

program.structure. 

.~ The difference in portfolio results, for"example, between Programs 5 and 7 

(see Figures 3-1 a n d . 3 - 2 ) ,  .can be attributed solely t o U t i l i t y .  K, which is 

the only different baseline process in the two programs...(In.c0mparing 

portfol io ,results ,  i t  is  natural to f i r s t  determine the difference in pro- 

.cesses which contribute to the results, then examine theunderlying econ- 

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

i 
" T !  



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

can be i l lustrated. The benefits and risks for Program 5, Program 7, and 

Ut i l i t y  K are shown in Table 3-6. 

Program 5 

Program 7 

Ut i l i t y  K 

Unnormal i zed 
Po r t fo l  i o 
Benefi ts 

($ MM) 

1302.8 

I054.6 

248.2 

Unnormal ized 
Portfol i o 

Risk 

($ MM) 2 

1 , 8 1  x 10 6 

1.72 x lO 6 

0.03 x lO 6 

Normal i zed 
Benefits 

0.65 

0.55 

2.88 
i 

Normal i zed 
Risk 

0.45 

0.47 

4.07 

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

Portfolio benefits are linear, so the benefits of adding U t i l i t y  K to Pro- 

gram 7 are equivalent to the benefits of Program 5, i .e . ,  248.2 + I054.6 

= 1302.8. The portfolio risk of U t i l i t y  K and Program 7 does not add up 

to the portfolio risk of Program 5 however, i .e . ,  0.03 x lO 6 + 1.72 x lO 6 

< 1.81 x lO 6, because the interactive risk between U t i l i t y  K and the other 

processes is not accounted for simply by adding the individual portfolio 

risk of U t i l i t y  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 I0% of the total portfolio risk. For 

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



" ,  : ", 

.I.63 x 106 ($ MM) 2• whereas-the portfolio risk of Program 5 is 

,I.81. x 106 ($ MM) 2. The dif ferenceof 0.18 x 106 ($ MM) 2 is t h e  

inter'active risk for Program 5. " . , . . . ,  , . .  

Normal ized benefi ts and risks .ar e al so shown in Tabl e"3-6.. The nor- 

malized benefits o f  Program 5 are larger than those of Program 7 a s  is  

sh0wniin Figure 3-I .  The normal.ized r isk or r.isk per. dollar of invest- 

ment is l ess ,  .however, which i l lustrates  the effects  o f d i v e r s i f i c a t i o n .  
" ,  o 

The normalized risk of Program 7 i s 0 . 4 7  while the normalized risk of 

Program 5 is 0.45. In.other words, although t h e - p o r t f o l i o ( t o t a l )  risk 

of Portfolio 5 is about 5% larger than that of Portfolio 7 simpi•ybecause 

more dollars .areoutstanding, the additional diversif icat ion which occurs 

by adding Ut i l i ty  K, more than offsets this incremental"risk and, in fact, 

actually reduces the r isk per dollar invested by more than 4g~ " ~  

In order to.examine underlying process economics and risks, these dai~a 

are shown in Table 3-7 for each process being cQnsidefed. It i s  empha- 

sized that the data .are not necessarily well supported and wil.i not be until 

process conceptual designs have been completed and better process costs are 

available. In the f i rs t  two columns, process results for net benefits and 

individual risks are given. These results were calculated by the portfol io 

model in which a portfol io was defined as a single process.. • "For"simpli-~ 

ci ty ,  the units of  the individual risk column are in $ MM but ~his is 

actually the square root of the process risks. The las~ three columns 

contain the basic input economic data for each process... ' 

By scanning the util i l:y fue} gas data, i t  is clear why Uti l i ty  K'was chosen. 
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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 

Ut i l i ty  Fuel Gas G 
Ut i l i ty  Fuel Gas H 
Ut i l i ty  Fuel Gas I 
Ut i l i ty  Fuel Gas J 
Ut i l i ty  Fuel Gas K 

Direct CombustioD 

Atmos F1 uidized Bed 

Li que fac~i on/Ga si f i  cati on 

Coalcon - Old Cost 
Coalcon - New Cost 
SRC II 
Fi s cher-T rops ch 

PROCESS RESULTS : 
( D - I J  G.I I 
N .r- N r - - "  • 

• r-" fa~ ,r ' -  ~ m m 
m--- OJ r.-. =~ 

E ~  e . , -  -~ : = 
0 0 .r= . r -  • 

: (D (= 51:1 • 

($ MM) ($ MM) I$ 
l 

I 

ECONOMIC INPUT DATA 

c- c-- 
0 

. k a . ~  

(If (yl (y) (y% 

MM/YR)($ MM/YR)($ MM/YR) 

-164 890 ! 314 
93 225 i 316 

154 914 330 
- 46 884 ! 312 
-299 551 : 335 

| 
| 
| 

- 51 84 ! I06 
42 69 : 66 

-170 344 : 127 

5 I 0  : : 26 
- I 0  5 " 9 

4 5 i I I  
6 4 -' 8 m 

m 
u 

• 88 | 
| 
, 63 
• 29 
i 177 
'- 141 | 
m 
m 
m 
| 
| 

| 
m 

., 151 

| 

' 329 
i 329 
i 750 
• ' 549 
| 
! 

164 72 
-254 222 

34 37 
-167 558 
248 174 

-I06 85 

385 553 
244 613 

10l 6 1240 
37 1313 

• IS I144 
I03 920 
ll7 825 
85 1201 

190 I087 

63 263 
32 102 
99 343 

15 47 
7 22 
6 21 
4 lO 

29 72 
52 367 
15 23 

125 448 
50 117 

126 250 

130 450 
152 525 
193 1414 
191 1769 

Table 3-7 Individual. Process Benefits, Risks, and Economic Data 
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Uti l i ty  K has the largest net benefits and moderate risk. In .fact, the 

net benefits are 50% larger than the next u t i l i ty  process, Ut i l i ty  G, 

although Ut i l i ty  G also has considerably.lowe r risk, Tbe"dat a, however, 

may raise questions as to the credibil i ty of the economic data for ut i -  

l i ty  K. The operating costs and investment costs are quitelow relative 

to the revenue for Ut i l i ty  K when these data are examined for other ut i -  

l i ty  fuel gas processes as well as for other product types. • .: 

The other product types have interesting data characteristics which help 

"to explain why certain processes are baseline 'processes: and why the base~ 

ine portfolio •results are distributed as they are. 

SRC I I  has.the highest process benefits, $1016 MM, ofany pro- 

cess. Since Baseline Portfolio 9 is one o f the  few portfolios 

which does not include SRC I I ,  this helps to explain why this 

portfolio has the .lowest benefits, normalized.and unnormalized, 

of any baseline portfolio. ' . ,  i 

The.difference in process benefits for Coalcon -.;Old cost and 

Coalcon -New Cost is $141MM. By increasing the estimate Of 

investment and'operating costs, .Coalcon benefits have.been 

reduced by over 30%..The difficulty with these increased costs 

is that Coalcon is the only process which"h~s alreadyhad over 

a year of MFPM funding to develop a demonstration f~cility. I t  

is highlypossible thatother process cost esti~ateswillhave ~ 

to beincreased also as.more detailed engineering, designs and 

instrumentation configurations become available. 
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HYGAS has the largest benefi t  of any pipel ine gas process but 

i t  also has the highest r isk .  The primary reason HYGAS has 

the largest benefi t  is that i t  has the lowest investment cost. 

The only other pipel ine gas process with a posit ive net benefi t  is 

Slagging Lurgi. The other three processes have a negative net bene- 

f i t  because they have re la t i ve l y  high investment costs compared with 

the i r  revenue producing potent ia l .  The signif icance or negative 

net benefit is re f lec t ion of a po r t f o l i o ' s  success in achieving 

the assumed rate of return of 10%. 

Industr ia l  Fuel Gas B has posi t ive process benefits and the 

lowest r isk.  The plant capacity of B is about hal f  that of A or 

C but the investment and operating costs are about one-third 

the costs of e i ther  A or C. The proport ionately lower costs for  

B accounts fo r  i t s  having the best process benefits. 

The small scale industr ia l  fuel gas processes are so small that 

por t fo l io  results are re la t i ve l y  unaffected whether these pro- 

cesses are included or not. Because the demonstration scale fun- 

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

The Atmostpheric F1 ui dized Bed has negative process benefits due 

to high operating costs. The r isk  associated with the process 

is quite small, however, so the process does not overly detract 

from por t fo l io  results. By including AFB, the por t fo l io  r isk 

remains essent ia l ly  unchanged while the por t fo l io  benefits are 

reduced about 6%. 
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3.3.4 Baseline Budgets 
? 

The total RD & D cost of funding demonstration plants for the baseline 

portfolios is shownin Tables 3-5(a),(b). The demonstration plant cost 

of each process isalso sho.wn. Insights into the tenprogram structures 
. . . " • 

als 9 can begained when the program budget requirements .for"demonstration 

scale plant funding are analyzed. . ~  

® Program 5 requires about $775 million while Program 8 is more 

than twice as much --  $1,484 million. Program 5 is less expen- 
• i  

sive than most of the other programs and s t i l l  offers the best 

benefit/risk combination. 

• The difference in f{~nding levels between Program 5 and •Program 7 

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

Uti l i ty K. The additional ex'perience to be gained in developing 

a ut i l i ty  fuel gas demonstration faci l i ty would seem to outweigh 

the incremental budget difference. ; 

The difference between Program 7 and the next best alternai~ive, 

Program ]0, is also about 5% and the same argument applies. In 

this case, Program I0 excludes both small scale industrial fuel 

gas plants as well as the ut i l i ty  fuel gas plant. 

® 

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

funding whilePrograms 5, 7, and I0 require about half as much or $750 MM. 

I t  may be desirable fo fund a larger demonstration plant program, Say 

$1,500 MM, for several reasons. F i r s t ,  in the smaller programs, only two 
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processes (one pipeline gas and one liquefaction/gasification) account 

for over 65% of the demonstration plant budget. Better program diversi- 

fication 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. 

Programs 6 and 8 are the preferred portfolios based on available 

data i f  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), i t  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 differences 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 i t  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. 
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,sYmbol T.bl  
Pipeline Gas 

COGAS 
1 Slagging Lurgi 
2 HYGAS . 

• Synthane " ' "  
Texaco : 

Fuel Gas 
'3 Industrial 
4 Indudtrial B 
5 Small Scale E. 
6 Small Scale F ' 
7 Utility K " 

Direct Combustion 
8' Atmos .Fluic] Bed 
Liquef/Gasification 
9 C0alcon-NewCost 
10SRC I! 

Fischer-Tropsch • 

'" : ; ." .. : 
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Program 

Program 
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. '.'* 

Figure 3-3(a) -Budget Analysis'- Baseline 

? 
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Program 6 
$1,484 
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Symbol  Table 

Pipeline Gas 
COGAS 

1 Slagging Lurgi 
2 HYGAS 

Synthane 
Texaco 

Fuel Gas 
3 Industrial A 
4 Industrial B 
5 Small Scale E 
6 Small Scale F 
7 Util ity K 
Direct Combustion 
8 Atmos Fluid Bed 
Liquef/Gasification 
9 Coalcon-New Cost 
10SRC II 

Fischer-Tropsch 

6 

Pr 
$732 

$929 

10 

Pr 
$701 

Program 8 
$1,596 

4 

10 

Figure 3-3(b) Budget Analysis - Baseline Portfolios 6 -10 
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With this viewpoint, and quite apart from• a consideration of portfolio 

results, • Programs 2, 5 , .6 ,  7, 8, and I0 represent portfolios: with bal- 
• . • • 

anced funding. •Contrasted with these programs are the others, Programs 

I ,  3, 4, and 9. •Program 3 has no pip.el~ne gas so the program results 

depend primarily on Coalcon, in that  Coa]con forms 50% of the port.folio. 

Programs I ,  4, and 9 all  include two pipeline gas processes, l.n fact,  

for these five programs, at least 55%of the funding is aliocatea to 

pipeline gas..The question that must•be considere•d in these cases is 

whether over half. of the MFPM program should be predicated on a s ihgle 

product type. . .  

The analysis of program results may be summarized.by:the followin.g: 

© Baseline portfolio results indicated Baseline Po~tfol.ios 5, 7, 
• . ,  . . . . 

'and I0 were the best alternatives, in that order, for ~FPM fun- 

ding at the $750 MMMFPM funding level. . .  • .  
• . .  , . - .  ~ . 

e Baseline Portfolios 6 and 8 were the best alternatives for MFPM 

• funding at the $1,500 MM MFPM funding level. : 

% 

::® When demonstration plant funding requirements are~ncludedin.  

the analysis•, these conclusions are even more strongly Supported. 

Baseline.lportfolios were selected after evaluating all possible process 

combinations or trial portfolios for each program structure.- ~n this Way 

3.4 Sensitivity of Program Results 

3.4 . i  Sensitivity to Process Economics and Risk 
:. 
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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 basel.ine portfolios are in Appen- 

dix G. 

These results show the percentage change in unnormalized portfolio bene- 

f i ts  and risks caused by the substitution of each non-optimal process. 

Conversely, the results indicate how much change inthe 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. I t  is significant 

that no points l ie 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 violate the 

optimality of the baseline portfolio. The majority of points l ie in the 

upper le f t  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 lower benefits. 

The points in the f i r s t  and third quadrant represent portfolios where the 

benefits and risks would either be higher (quadrant I) or lower 
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Risk Sens i t i v i t y  
R/R (%) 
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J 
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,Symbol Table 

Pipeline Gas 
® COGAS CO 
• Slagging Lurgi LU 
e HYGAS HY 
• Synthane SY 
• Texaco " TX 

Fuel Gas 
A Indust r ia l  A,B 
(~) Small Scale Ind D,D. 
[] U t i l i t y  Fuel Gas G,H 

Direct  Combustion 
[] Atmos Fluid Bed AFB 

Liquef/Gasi f ica~i  on 
• Coal con-New Cost CTF 
• SRC I I  SRC 
• Fischer-Tropsch FT 

A,BoC 
,DX,E,F 

, I , J ,K  

lO0 

HY 
O 

sY 

50 

ID,DX 
|D,E 

I ~DX,F 
z~ 

A 

-50 

--I O0 

.:. 
50 I00 

Benefi t-  
Sensitivity 
AB/B (%) 

Baseline Por t fo l io  5 

® Slagging Lurgi 

A Industrial B 
0 Small Scale E,F 
[] U t i l i t y  K 

m Atmos Flu id  Bed 

* SRC I I  

Figure 3-4 Sensitivity of Program 5 to Process Economics and Risk 
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(quadrant I I I ) .  I t  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 I I I ,  sub- 

stitution of Coalcon for SRC II would reduce portfolio benefits by about 

60% 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 I I .  

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 loss. 

The point labeled G represents the change in portfolio results i f  Ut i l i ty  

G were substituted for Ut i l i ty  K. There is only a I0% change in portfolio 

risks and benefits. Because there is some doubt regarding the credibil i ty 

of the cost estimates for Ut i l i ty  K (as discussed in Section 3.3.3), i t  

may be worthwhile 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 l i tera l ly  so 

small in scale that they do not affect the portfolio results significantly. 

An expanded scale which does reflect these r.esults is included in Appen- 

dix G. 
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3.4.2 Sensitivity to Product Market Price 

The revenue for each process was calculated using $4.00/MM BTU as the 

price for each product type, whether i t  was pipeline gas, fuel gas o r  

liquefied product. A constant price was used simplylas a basis for com- 

paring the different processes. I t  was recognized that eventual fuel 

prices wi l l ,  f i rst  of a l l ,  probably be quite different for each product 

type and, seconcIly, that they will depend on fluctuating market forces 

which will result in changing market prices over the operating l i fe  o f  

commercial scale pl ants. 

In order to test the sensitivity of the baseline portfolios to different 

fuel prices, a different price was assumed for two product types, f u e l  

gas and liquefie d product. First, the ten baseline portfolio results 

were calculated using $3.00/MM BTU for fuel  gas with $4.00/MM BTU for 

the other products. The results are shown in Figure 3-5. Then, the ten 

baseline portfolios were calculated with $3.00/MM BTU for the l iquef ied 

product with $4.00/MM BTU for the pipeline and fuel gas. These results " 

are shown in Eigure 3-6. 

Figure 3-5 shows that, in general, the basic relationship between t h e  

baseline portfolios remains unchanged. Baseline 5, 7, and I0 are s t i l l  

the appropriate candidate portfolios for funding. The extent to which 

the portfolio's position is changed on the normalized benefi~/riskma p 

simply depends on the proportion of the portfolio's total BTu output 

which is attributed to fuel g as~ 
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The results of reducing the price on liquefied product, Figure 3-6, are 

somewhat different. Baseline Portfolio 5 i s  s t i l l  the best portfolio but 

after that, the choices are less clear. There is a t ight grouping of 

Baseline 6, 7, 8, and lO. The reason for this is that all these portfo- 

lios are more havily affected by changes in liquefaction product prices. 

Portfolios 6 and 8 have two liquefaction/gasification processes, SRC I I  

and Coalcon. Portfolios 7 and lO 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 of thebest three Baseline Portfolios, 5, 7, and 

lO, 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 f i r s t  portfolio had one HYGAS process, the second had two, etc. In 

a l l ,  nine portfolios were calculated. The reason one process was selected 

was to i l lustrate 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 soale plants wil l  be bui l t  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 diversification. 
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Normalized portfolio risk .has been p!oi~ted against the. numbedof HYGAS 

processes in the portfolios in Figure 3-7. " " 

The normalized risk for.one HYGAS process has been -taken ~/s 100%. :;By 

adding jus t  one more HYGAS process,  the normalized r isk (or rlisk per. 
: T " , , • 

dollar invested) drops by nearly ,20%. ' With four plants in the: port fol io ,  
: , • • - . 

the normalized risk is  reduced by more than 25%. With the e f f ec t s  of  

.,,technological diversification included by multip]e funding of diff.erent 

processes ,  the risk reduction would be even more pronounced.. Thes.e 
• " " ,  • , 

M 

results represent the basis of a strong case for funding at ieast two 

dif ferent  processes for each product type. 
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. 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 port fo l io  for ERDA. The evaluation procedure u t i l i z e s  • in for -  

mation on process economics and process risks. Both kinds of. information 

are combined for each •process so that a comprehensive comparison among• 

the individual processes can be made. In addition, information regarding 

process similarit ies and dissimilarit•ies is used to provide a comparison 

of various oombinations of the processes. This approach to process eval- 

uation is termed a portfolio" approach because i t  allows the•interrelated 

economic and risk implications of a group or po~t~ol<o of processes to b e  

consi dered. 

The portfolio model calculations result in two numbers, benefit and risk, 

which are used to dCscribe 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. • 

4.1 Portfolio Evaluation Criteria 

Several evaluation cri teria have been developed to characterize ~he pro- 

gram value of a portfolio. These cr i ter ia 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 d i f f icu l t  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-I. 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-I. For judging 

the benefit/risk merit of a particular portfolio, the primary criteria are 

the f i rs t  two listed in Table 4-I, 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, l ie in the 

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

portfolios are, in order, Portfolios 5, 7, lO, 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 weredetermined to be the optimal processes 

for each product type. The group of coal conversion processes which 

make up Portfolios 5, 7, lO, 6, and 8 are shown in Table 4-2. 
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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 4-I 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 processes were identified by name such as Slagging Lurgi, 

HYGAS and SRC I I .  Fuel gas processes were identified by letter such 

as Industrial B and Ut i l i ty  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 lO 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 stabi l i ty provides ERDA the freedom of 

in i t i a l l y  selecting an optimal core program based on a limited budget 

and then adding more processes as additional funding becomes available. 

The larger program wil l  not only s t i l l  be optimal but wil l  have increased 

benefits and lower risk per dollar invested. 
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4.3 Sensit ivity of Results ~ 

The selected processes have been .determined by evaiuating al i•poss~ble 

process combinations for each program structure. In this way,"the opti- 

ma!ity of .the selected processes •(termed• baseline portfolio) is guaran- 

.teed,. Sensitivity of the portfolio results was determined"by substituting 

on.e non-optimal process at a time into the baseline po.rtfolio: •for each of 

the •ten program structures. SensitiVity of the optimal • processes to other 

candidate processes is.shown in. Figure 4-,.2 for the best program structure, 

Program 5. T.he results show the percentage c~ange in.(unn0bmalized); port- 

fo l i o  bei~efits and risks caused .by the substitution of.each non-optimal 

process. Symbols Used to identify the p~ocesses are :shoWn in .the symbol 

, table. •In addition, the baseline pro•cesses are li.sted. ~... 

i The origin of the axesin Figure 4-2 represents Program 5. The sensit i -  

Vity axes divide the figure into four qdadrants., It i s  significant that 

no ,points l ie  in the lower right hand or fourth quadrant~ Any-point in- .. 
t.he fourth quadrant would mean that there was .a group of processes with 

lower risk and higher benefits which •, by d efinition=.wouid violate t h e  
. . ,  . . 

optimality of the baseline portfolio. The majority of points l ie  in• the 
• , . - , 

• upper le f t  or sec()nd quadrant. A l l  of the portfol.i(Js repr~sent~d/by these 
• . • ; • • •  

.... points are completely dominated, i . e . ,  these portfolios would have higher 

risk as well .as lower benef i ts . .  " •  

. The pointsl in the f irst  and third.quadrants represent.portfolios"where the 
, "  • , : 

benefi ts ~ d  risks would either be higher (quadrant I )  or..lower (quadrant I I I ) .  

in these quadrants, ther isk  attitude ofithe decisionmaker can.be taken into 
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Risk Sensitivity 
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Symbol Table 

Pipeline Gas 
• COGAS CO 
• Slagging Lurgi LU 
• .HYGAS HY 
• Synthane SY 
• Texaco TX 

Fuel Gas 
Industrial A,B,C 

C) Small Scale Ind D,DX,E,F 
o Ut i l i t y  Fuel Gas G,H,I,J,K 

Direct Combustion 
[] Atmos Fluid Bed AFB 

Li q uef/Gas i f i  cati on 
* Coalcon-New Cost CTF 
* SRC II  SRC 
* Fischer-Tropsch FT 

• -I O0 

Baseline Portfolio 5 

• Slagging Lurgi 

Industrial  B 
C) Small Scale E,F 
o U t i l i t y  K 

m Atmos Fluid Bed 

* SRC I I  

Figure 4-2 Sensitivity of Program 5 to Process Economics and Risk 
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account. For example, replacement of  Slagging Lurgi by HYGAS wouid 

increase por t fo l io  r i sk  by nearly 75% while benefits would be increased 

by only 10%. In quadrant I I I ,  subst i tut ion of Coalcon for  SRC I I  would 

reduce por t fo l io  benefits by about 60%but would also reduce r isk by 

about 60%. 

In addit ion to i l l us t ra t i ng  the ef fect  of process subst i tut ion in an 

absolute sense, Figure 4-2 can be used to i l l u s t r a te  sens i t i v i t y  • of  base- 

l ine process selection due to process economic and r isk data.• For exam- 

ple, benefit, results for  the CBF and SRC I I  processes indicate that the 

economics of  CBF are less favorable than the economics of SRC I I  by more 

than 50%. Al ternat ive ly ,  the economic data for  SRC I I  could be25%too 
° 

high while the same data for  CBF could be 25% too low and SRC I I  would • 

s t i l l  be the preferred process. On the other hand, p o r t f o l i o r e s u l t s  

including U t i l i t y  G are less than !0% d i f fe rent  than pro t fo l io  results 

with. U t i l i t y  K. Since this small percentage difference may be due. 

ent i re ly  to estimation uncertainty, the recommendation of u t i l i t y  K as 

the baseline u t i l i t y  fuel gas process is not strongly supported 

The c i rc le  at the or ig in  represents the por t fo l io  sens i t i v i t ies  to.small-  

scale fuel gas process subst i tut ions. These processes are l i t e  r a l l y s o  

small in scale that they do not a f fec t  t h e p o r t f o l i o  results s ign i f i can t l y  

in any way. 

Sensi t iv i ty  of the por t fo l io  results to product market price was tested • 

In order to test the sensitivity of the baseline portfolio results  to 

di f ferent  fuel prices, a d i f ferent  market price was assumed 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 

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, lO, 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 demonstration scale budget requirements for 

Programs 5, 7, lO, 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- 

line gas and liquefaction/gasification are nearly proportionately equi- 

valent with fuel gas and direct combustion making up the remainder. 

Insights into 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 million. Program 5 is less expen- 

sive than most of the other programs and s t i l l  offers the best 

benefit/risk combinati on. 

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

is $41 MM or about 5%. This difference is dueto one process, 
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Symbol Table 

Pipeline Gas 
COGAS " 

1 Slagging Lurgi 
2 HYGAS .: 

Synthane ' ' 
Texaco 

Fuel :Gas 
3 Indu~aial A 
4 Industrial B 
5 Small Scale IE 
6 Small Scale F 
7 UtilitY' K 
Direct Combustion 
8 Atmos Fluid Bed 
Liquef/Gasif~cation 
9 Coalcon-New Cost 
10SRC II 
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Figure 4-3 Budget Analysis- Baseline Portfolios 5, 7, 10, 6 and 8 
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Uti l i ty  K. The additional experience to be gained in developing 

a u t i l i t y  fuel gas demonstration fac i l i ty  would seem to outweigh 

the incremental budget difference. 

• 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 u t i l i t y  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 ~ .  

I t  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 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. 

• Programs 6 and 8 are the preferred portfolios based on available 

data i f  a $I ,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 . .Recommended Processes " .. 

The five portfolios which are recommended as suitaI~le candidates for • fun- 

ding are Programs 5, 7, lO, 6,and 8. Since baseline processselections 
• . "  . . 

are stable,-several of the same coal conversion processes.arein each of 

the. recommended portfolios. Programs 5, 7, and lO ar e 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, or lO) a 
: .  • ' . , 

funding ievel of $750 MM is required and in the other case (Program•6 or 

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

Baseline process •stability, however, provides the possibility of init ial ly 

funding an optimally selected core MFPM program based ona limited budget 
• . -  • . 

• and then.adding addit~bnal baseline processes as more funding becomes 

available..T.he resulting MFPM program would not on!y stil I be optimal . 

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

." . . .  

• • . . " . . 

Recognizing.that MFP~I program decisions are made on a process-by-process 
' '  . . . 

basis, the recommended processes are listed by product typR and in Order 

of preference i n Table 4-3~ Since financial, contractual or poiitical 
. .  • . 

• . • . 

ramifications may invalidate the f irst choice processes, the second 

choice processes are also included. ' ~ •  . 

• • _ T Q _  
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Product Type 

Pipeline Gas 

Industrial Fuel Gas 

Small Scale Industrial 

Fuel Gas ' 

Uti l i  ty Fuel Gas 

Direct Combustion 

Liquefaction/Gasi f i  cati on 

Processes 

Slagging Lurgi 

HYGAS 

Industrial B 

Industrial A 

Small Scale E 

Small Scale F 

U t i l i t y  K 

U t i l i t y  G 

Atmospheric Fluidized Bed 

SRC II  

Clean Boiler Fuel 

Table 4-3 Recommended Coal Conversion Processes 
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