
I .  

I I .  

I l l .  

APPENDIX A 

LIST OF INTERVIEWS 

ERDA - Washington, D.C. 

June 14, 1976 

Mr. Nell Cochran -MFPM, Fossil Energy 

Subjects discussed: 

(I) 

C2) 

Changes in process descriptor definitions. 

Risk values for  process type, gasifier type, lique- 

faction type, and reactor temperature. 

ERDA - Washington, D.C. 

June 16, 1976 

Mr. Dave Garrett - MFPM, Fossil Energy 

Subjects discussed: 

( I )  Possible l~quefaction processes. 

(2) Liquefaction process character ist ics. 

ERDA - Washington, D.C. 

June 16, 1976 

Mr. Martin• Adams - Assistant Director, Long •Range Planning, 

Fossil Energy 

Dr. Fred Abel - Long Range Planning - Fossil Energy 

Mr. Nello Del Gobbo - Long Range Planning, Fossil Energy 

Mr. Dave Beecy - Long Range Planning, Fossil Energy 

Subjects discussed: 

(1) Econergy portfolio evaluation methodology. 
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IV. 

V. 

VI. 

(2) Possibility of incorporating different product prices 

in model to reflect market effects and geographical 

location. 

E R D A  - Washington, D.C. 

J~ne 16, 1976 

Mr. Zeke Clark - Branch Chief, Gasi f icat ion,  Coal Conversion and 

U t i l i z a t i o n ,  Fossil Energy (Telephone Interview) 

Subjects discussed: 

( I )  Ant ic ipated commercial size of  fuel  gas plants. 

(2) Commercial scale investment cost range. 

BERC - Ba r t l esv i l l e ,  Oklahoma 

June 24, 1976 

Mr. Richard Hum - Program Manager 

Subject discussed: 

( I )  Inforem computer program which can trace the e f fec t  

o f  addi t ional  ton of coal from source to end use on 

economy. 

Oakridge National Laboratory - Oakridge, Tennessee 

July I ,  1976 

Mr. John Holms 

Mr. Royce Salmon 

Subjects discussed: 

( I )  Clean Coke-Carbonization process economics 

(2) Synthoil  process economics 
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VII .  

V I I I .  

IX. 

L 

University of wyoming - Laramie,Wyoming 

• July 23, 1976 

Mr. Ralph D'Arge - Professor of Resource and Environmental 

Economi cs 

Subjects discussed: 

• ( I )  Econometric model development of energy resources 

and util  i zati on. 

(2) Wyoming environmental pressuresagainst coal mine 

development. " 

Wyoming Geographical Survey - Laramie, Wyoming 

July •23, 1976 . 

Mr. Daniel Miller - State Geologist 

Subjects discussed: • 

( i )  Extent of Wyoming coal fields. 

(2) Possibility of coal slurry pipelines. 

LERC -Laramie, wyoming 

July 23, 1976 

Mr. Charles Brandenberg, Program Manager 

Subject discussed: 

(.I) In -s i tu  gasif ication of coal. 
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X. Arch Mineral Corporation Mine - Hanna, Wyoming 

July 23, 1976 

Gary . . . .  Mine Manager 

Subjects discussed: 

(1) Had tour of Arch mine #2. 

(2) 200,000 - 250,000 tons of coal/month; 9,000 - ll,OOO 

BTU/Ib. subbituminous coal. 

(3) This rather large mine could only supply a lO,O00 

ton/day coal conversion fac i l i t y .  

(4) Environmentally reclaimed mining areas indistinguish- 

able from surrounding high plateau prairie land. 

XI. University of California - Los Angeles, California 

August 2, 1976 

Dr. Ed Coleman - Professor of Statistics 

Subject discussed: 

(1) Log normal probability density function as possible 

distr ibut i  on of investment cost overruns. 

X I I .  Ralph M. Parsons - Pasadena, California 

August 3, 1976 

Mr. Dick Howell - Principal Project Engineer, Energy Department 

Mr. Bob Teeple - Economic Analyst, Energy Department 

Subjects discussed: 

(1) Detailed review of process descriptors. 

(2) Mechanical aspects of p i lo t  plants which have led to 

pl ant shutdowns. 
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XI I I .  

X!V. 

XV. 

Coalcon - New York, New York 

October I I ,  1976 

Mr. Ed Paulsen - Vice-President, Technical Operations 

Mr. MikeEl l ing  - Manager, Economic Planning 

Mr. John Nagra,-, Manager, Technical SalesServices ~ 

Mr. Tony Fiochi - Manager, Financial AdministratiOn" 

Subjects discussed: 

(1) Econergy. portfolio model • ; •  ' •  

(2) Technical risks associated with •21 components in Clean 

Boiler Fuel process•.. , . . :  

L 

Hudson Ins t i tu te  - Croton-on-Hudson, New York • . •  :.. 

October I I ,  1976 " " " 
. . • . . 

Mr. Frank A~bruster  - Director of  Interdisc ip l inary  Studies 

Subject discussed: 

(1) Economics of various energy, alternatives. 

ERDA - Washington, D .C . .  
c 

• October 1.2; 1976 

Dr. ChrisKnudsen 

Subject discussed:.. 

(i) Economic effect.-Of project delay and'process contin- 

aeno.ies. • - " .: 
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XVI. 

XVII. 

ERDA - Washington, D.C. 

October 13, 1976 

Dr. Paul Hedman 

Subject discussed: 

(1) Process evaluation and process economics. 

Ralph M. Parsons - Pasadena, California 

January 31, 1977 

Dr. James B. O'Hara 

Mr. Dick Howell 

Mr. Bob Teeple 

Mr. Gene Becker 

Mr. Norm Jentz 

Subjects discussed: 

( I )  Government-industry investment participation. 

(2) Process risks as a function of process component 

fai I ure probabi I i ty. 

(3) Implications of cost escalation for cost-based gas 

pricing i~ormul ae. 
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APPENDIX B 

INPUT DATA REQUIREMENTS FORPORTFOLIO MODEL" 

i 

Z 

• . . . 

, • " T 

The data input format on the fo.llowing pageswas used to '66~tain ' fuel gas 
- . .  . , - ' - . - . .  • . - 

:process data and economics. The form was self-contained andstructured 
. • . . 

so that data definitions occurred on the left side Of each page opposite 

the corresponding data request. A similar fo~at could be used :for any 
• . - . . : . ;  : . ;  . . . - . - .  . 

of the different product types-- high BTU gasification, liquefaction, 

and direct combustion as well as medium-to-low BTU gasification.. 

Investment decisions for demonstration plant funding are.:based .on commer- 

cial scale economics and risks. Land • and working Capital are ?separai:ed 

from the res to f  plant investment"costs because they are 

Process data are assumed to be equivalent for commercial 
. • . / ,. 

tion scale facilities. Thirteen process descriptors .are 

defined. The computer program allows these thirteen to 

easily or other descriptors to be added. 

:non-depreciabl e 

.and demonstra- 

.Currently 

be redefined 

r " ' ~ .  

Z ~  
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INPUT DATA FOR PORTFOLIO MODEL 

INVESTMENT COST DEFINITION I INVESTMENT COSTS - COMMERCIAL SCALE 

I 
The investment cost definition 
should be consistent from one fuel I 
gas project to another. For com- I mercial plant design, the infor- 
mation is defined in the Fuel Gas 
Program RFP, Subpart 3.3, Section 1 
l . l . l  and l . l . 2 ;  capital costs and i 
other investment costs (page 59). 
However, the capital costs of Sec- I 
tion l . l . l  should include the I depreciable item, start-up costs, 
from l . l . 2 .  Total capital costs 
include plant engineering, equip- 
ment, construction and start-up 
costs. Other investment costs are 
nondepreciable and include land 
and working capital. Preferably, 
these two cost types, i .e . ,  total 
capital costs and land and working 
capital can be shown separately as 
indicated. Otherwise, the sum of 
these two cost types, total invest- 
ment cost, can be given. 

Demonstration scale projects 
evaluation wil l  require the same 
investment cost information as the 
commercial plant. 

Ut i l i ty  Industrial 

Total Capital Costs 

Small Scale 
Industrial 

Land and Working Capital 



OPERATING COST DEFINITION 

For commercial scale plant 
design, the operating costs are 
defined in the Fuel Gas Program 
RFP, Subpart 3.3, Section 1.1.3, 
(page 59). Operating costs• 
include coal, labor, 
chemicals and catalysts, repairs 
and replacement, u t i l i t i e s ,  pro- 
perty taxes and insurance, other 
operating costs and f ina l l y ,  a 
credit for by-products. 

I OPERATING COSTS - COMMERCIAL SCALE 

I Smal I Scal e 
U t i l i t y  Industrial industrial 

I 
I 

° 

PLANT CAPACITY PLANT CAPACITY - COMMERCIAL SCALE 

The information defined in the Fuel 
Gas Program RFP, Subpart 3.2, Sec- 
tion 1.2, Process Block-Flow dia- 
grams. Specif ical ly, the_ primary 
product output in terms of heat 
content (BTU/Day) is desired. The 
same plant stream factor (Days/ 
Year operation) wi l l  be assumed 
for each project. The u t i l i t y  
fuel gas projects may show plant 
capacity in terms of electrical 
power (kw). I f  so, this value 
can be used. 

U t i l i t y  Industrial 
Small Scale 

Industrial 

I 
, ~ , , , ,  , . . . . . . . . . .  
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PROCESS RISK DEFINITIONS 

Process. Description 

I .  Process Type 

I .  Liquefaction With 
Gasif icat ion lO 

2. Pipeline Gas 9 
3. Liquefaction 7 
4. Fuel Gas 5 
5. Direct Combustion 2 

Risk 

RISK ASSIGNMENTS 

Uti I i t y  I ncIus t r i a l  
Small Scale 

Industr ia l  

I I .  Process Status 

I I I .  

I .  PDU Operating 9-I0 
2. P i lo t  Plant - 

Design, Start 
Constructi on 7-8 

3. P i lo t  Plant - 
Construction , 
Start Operation 5-6 

4. P i lo t  Plant - 
Uninterrupted 
Self  Sustai ned 
Operation O-lO0 
Hours 3-4 

5. P i l o t  Plant - 
Uninterrupted 
Operation - l 
month or longer I-2 

6. Commercial Plants 
in Operation 0 

Coal Pretreatment 

I .  Oxidation - High 
Pressure 800 psi - 
1500 psi 7-I 0 

2. Oxidation - Med. 
Pressure 300 psi - 
800 psi 4-7 

3. Oxidation - Low 
Pressure - Atmos. - 
300 psi I -4 

4. No pretreatment 0 
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P'ROCESS RISK DEFINITION 

• Process Description 

• . . . , 

IV. Feedstock Technique 

I .  Lock Hoppers 
1500 psi 

2. Fluidized Flow - lO00- 
1500 psi 

3. Oil or,Water Slurry 
l O00-1 500, psi 

4.. Lock Hoppers ,. Flui-  
dized Flow,. S1 urry 
300.-500 psi 

• 5, Lock Hoppers, Flui-  
dized Flow, Slurry, 
Atmos. - 50 psi Screw 
or Star Feeder 

• 6. No pressure 

- I000-  
I0 

! 

RISK ASSIGNMENTS • 

C 

V. 

VI. 

Gasi f ie r  Type 

I , - Small Scale 
Risk U i ~ i l i t y  Industr ia i  ~ Industr ia l  

8 

.7 

, 

i .  Molten Salt  or Iron I0 
2. Fluidized Bed 7 
3. Ebullated Bed .. 6 
4, Entrained Bed 4 
5. Moving: Fixed Bed 2 
6. No Gasif icat ion but 

Fluidized Bed 0 

Liquefaction Type 

Hydrogenation With 
• Catalyst (H-Coal) I0  

Indi rect  Liquefac- 
t ion (Fischer-Trops'ch) 8 
Hydrogenation Without 
Catalyst  (SRC) 6 
Hydrocarboni za t i  on 
(Coed) 4 
Sol vent Extraction 3 
No l iquefact ion 0 

• 

2. 

3 ,  • 

4. 

5. 
6. 

• . . < .  

I 

J 
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PROCESS RISK DEFINITIONS 

Process Description Risk 

RISK ASSIGNMENTS 

U t i l i t y  Industrial 
Small Scale 

Industrial 

VII .  Reactor Temperature 

I .  2500 F - 4000 F 7-I0 
2. 1500 F - 2500 F 4-7 
3. 500 F - 1500 F I-4 

V I I I .  Reactor Pressure 

I .  2500 psi - 4000 psi 8-I0 
2. 1500 psi - 2500 psi 5-8 
3. 800 psi - 1500 psi 3-5 
4. 350 psi - 700 psi 2-3 
5. Atmos - 350 psi 0-2 

IX. Reactor Complexity - No. 
of Stages 

I .  Four lO 
2. Three 8 
3. Two 6 
4. One 4 
5. No Stages but Mul- 

t ip le  Beds 0 

X. Process Complexity - No. 
of Unit Processes 

I .  Eight to Ten 8-I0 
2. Five to Seven 5-7 
3. Two to Four 2-4 

XI. Mechanical Re l iab i l i t y  - 
Redundancy 

I .  Very Poor I0 
2. Poor 8 
3. Moderate 6 
4. Good 4 
5. Very Good 2 
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PROCESS RISK DEFINITIONS 

Process Description R isk  

Xl l .  Process Technical 
Feasibi l i ty  

I .  :Very Poor 
2. Poor 
3. Moderate 
4. Good 
5. Very Good 

X l l l .  Sca le -Up Required for 
Demonstration P1 ant 

•2. 
3. 
4. 
5. 

1000-I O, 000 o r more 
100-I 000 
I 0 - I 0 0  

I - I  0 
No Scal e-Up 
Requi red 

I0 
8 
6 
4 
2 

7--I0 
4-7 
2-4 

~1-2 

0 

, ,  • 

f 
, , , , , "  ' ' ,  

f •  

. • i o  • . 

RISK ASSIGNMENTS • 

U t i l i t y  
~Smali Scale 

In~ustri al ..•~ .lndustri al 

! 

• • ' •  . 

. / J  

E 
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i 

APPENDIX C % 

DATA FOR TWENTY-ONE COAL CONVERSION PROCESSES 
i • t : ' 

• , .  • .  

• Appendix C l is ts  the basic input data for the 

coal conversion processes. Coalcon data is  

repeated for "old and "new" costs so ~wenty- 

two sets of data are included. The output data  ~ 

resulting from the Cost Pro gramand the Core 

'Program is also l isted.  

- C-I - 



COGAS 
I..,URGI 
HYGAS 
SYNTHANE 
TEXACO 
INDUST, FUEl,., GAS A 
INDUST, FUEl,,, GAS B 
INDUST, FUEl.. GAS C 
SHALL SCALE FUEl.. D 
SHAI..,L, SCAL, E FUEl.., DX 
SMAI.,,I.. SCALE FUEl,. I!" 
SMALl,. SCAL.,E FUEl.., F 

.UTII. . ' , ITY FUEl.,, GAS O 
UTIL, I T Y  FUEl.., GAS H 
U T I L I T Y  FUEl,. [.~AS I 
U T I L I T Y  FUEl.., GAS J 
UTIL, I T Y  FUEl,. GAS K 
ATHOS FI,.,UIDIZED BED 
CO.AI..,CON -" OLD COST 
COAI..,CON - NEW COST 
SRC 
FISCHER-TROPSCH 

R 

315 50 
3?,9 90 
3.1,2 i.l.O 
3.55 .1.0 
1 0 5  60 

6'5 60 
1 2 7  30 

2 6  LI.O 
8 80 

.1.1. 30 
"7 90 

88 30 
63 10' 
2.9 O0 

.1.76 60 

.1. tl..1. 30  
.1.5.1. s:l.O 
329  50 
329  50 
750 30 
5q.9 00 

0 

11LI, 60 
102 60 
117 30 
85 10 

190 '50 
62 8{) 
32 q,O 
99 10 
115 90 
6 8[) 
570 
q. 30 

• 29 O0 
52 O0 
.1.5 10 

.1.25 O0 
50 O0 

126:1.0 
:1,30 .1.0 
':1. 5:1, 80 
.1.92 90 
.1.90 60 

1 lq.qo 50 
920 50 
825 3O 

1201 50 
1086 ?0 
263 DO. 
102 O0 
31.1,3 O0 
q.7 20 
2.1. 90 
2.1. 30 
9 6q. 

72 O0 
3 6 7  O0 

23 00 
• q.'.l.8 O0 

117 O0 
250 O0 
1.1.50 ;30 
52,5 20 

:1, I.I, lq. O0 
.I.769 O0 

REVENUE, OPERATING COST AND INVESTMENT COST 
INPUT DATA FOR COST PROGRAM ($ x "i05) 
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COCk, AS 
LURG]: 
HYGAS 
SYNTHANE 
TEXA(]O 
INI:IUST, :FUEL OAS A 
INI:IUST, FUEl., GAS B 
INDUST, FUEL.GAS C 
SMALL SCALE FUEl., D 
SMALL SCALE FUli':L DX 
SMALL.SCALE FUEL E 
SMALL SCALE FUEL F 
UTILITY FUEL GAS G 
UTILITY FUEL GAS H 
UTILITY FUEl., GAS I 
UTILITY FUEL GAS ,J 
UTII.,:t:TY FUEL GAS K 
ATMOS FLUIDIZED BED 
COALCON - OLD COS:I" 
COAL, CON - NEW COST '- 
SRC 
F:[SCI:tER-TR0 PSCH 

COGAS 
LURGI " 
HYGAS 
SYNTHANE 
TEXACO 
INDUST, FUEL GAS A 
INDUST, FUEL GAS B 
INDUST, FUEl.. GAS C 
SMALL SCALE" FUEL D 
SMALL SCALE FUEL "DX 
• SMALL SCALE FUEL E 
SMALL SCALE FUEL F 
U T I L I T Y F U E L  (.']AS (3 

, U T I L I T Y  FUEL GAS H 
U T I L I T Y  FUEL GAS I 
UT.IL.T.TY FUEl., BAS J 
U T I L I T Y  FUEL GAS K 
ATMOS FLUII : I IZED BEI:I 
COALCON - OLD COST 
COALCON - NEW COST 
SRC 
F]:SCHER-TROPSCH 

,00 O0 
,00 O0 
,oo oo 
O0 O0 
O0 O0 
O0 O0 
O0 O0 
O0 O0 
O0 ,00' 
O0 ,00  
oo ,0o 
O0 ,00 
O0 ,00 
O0 O0 
O0 O0 
O0 O0 
lio oo 
O0 O0 
O0 O0 
O0 , 0 0  
O0 ,00 
,00 ,00 

06 17 
08 1.1. 
Oq. 13 
06 06 
Oq. .1.3 
08 22 
08 22 
08 22 
08 22 

22 
08 22 
08 22 
08 22 
08 22 

.,00 
O0 
O0 
O0 
O0 
00. 
00 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 
O0 

] 3 7  
,17 
,37  
,I0 

,.00 
, 0 0  
,00 
,00 
,00 
,00 
,00 
,00 
,00 
,00 

O0 25 
O0 25 
O0 25 
O0 25 
O0 25 
O0 25 
O0 25 
oo 23 
0 0  25 
O0 25 
O0 25 
00- ,25  

,25  
,25  
,25  

,29 
,39 
,3o0 ,.1.3 
,#q- , 3 5  

5# I O0 1,00 1,00 i O0 
50 "I O0 1.00 1,00 i O0 
',50 I O0 1,00 1,00 1 O0 
50 1 00 1,00 1,00 1 O0 
50 1 O0 1,00 I,00 1 O0 
50 "I O0 1,00 1,00 I O0 
50.1 00" 1,.0.0 1,00 I O0 
5 0 1 , 0 0  1 , 0 0  1 , 0 0  .1. O0 
50 :I.,00 .1.,00 .'l,O0 1",00 
5 0 : 1 . , 0 0  .1.;00 .1.,00 .1. O0 
5 0 " 1 , 0 0  1 , 0 0  .1.,00 I. oo 
30 1;00. . .1 . ,00 i O0 1. O0 
50 :L,i)O :1. O0 1 00. 1 O0 
50. 1 , 0 0  1 O0 1 oo 1 O0 
,50 1,00 1 O0 :t. O0 1 O0 

,25 ,50 i;00 I 
25 ,50 1,00 1 
25 .50 1,00 1 
25 .50 1,00 1 
25 ,50 1,00 ~ 
25 ,50 1 ,00 :1 ,  
25 , 5 0  1 , 0 0  I 

,:1.1 O0 . ,.00 
,2.5 

00I O0 1 
O0 1 O0 1 
001001 
00 1 ..00" I 
00..I:, O0 1 
00 1,00 1 
O0 . 1 , 0 0  1 

O0 
03 
O0 

,00 .,.00 
oo: , o o  ,o.o 
O0 ,00 ,00 
oo ,oo ,0o 

O0 
O0 
O0 
O0 
O0 
O0 
O0 

,.00 
O0 
O0 
O0 

,3:1. ' , ,36  
3 3 .  ,2g- 
33 2g. 
33 21.1 • 
33 21.1. 
33 2q. 
33 21.I. 
33 21.1 . 
33 2q- 
33 2q- 

12 
13 
13 
13 
13 
13 
13 
.'1.3 
13 
13 

Oq. O0 ,00 
00. O0 ;00 
O0 O0 ,00 
O0 O0 ,00 
O0 O0 ,00 
O0 O0 ,00 
O0 O0 -;00 
O0 ;00 ,00 
O0 ,00 
00.  ,00- 

,00 
,00 
,00 
,00 
,00 
,00 
,00 
,00 

,00 .,00 
,00 00 

O0 
O0 
O0 
OO 
O0 
0(] 
oo 
on 
ob 
O0 

08 2 2  ., 3,.'3. 
08  2 2  , 3 3  

, , 08  2 2  , 3 3  
, 0 8  , 2 2  ,33; 

, ' 0 8  , 2 2  , '33 
, 0 8  , 2 2  , 3 3  
, 0 2  , 0 9  , 2 8  
,02  ,06 , 1 6 .  

21.1. .1.3 
2q- 13 
2# 13 
2q. 13 
2q- 13 
2q. - ,13  
q-q. , lq.  
',50 ,22  

O0 
O0 
O0 
O0 
O0 
O0 
03 
Oq. 

,.00 
,00 
,00 
,00 
,00 
,00 
,00. 
,00 

,00 
-,00 
,00 
, 0 0  
. , 0 0  
~ O0 
,OlJ 
, 0 0  

O0 
O0 
O0 
O0 
0 0  
O0 
oo 

,00 

O0 
O0 
O0 
01) 
O0 
O0 
O0 
O0 

REVENUE/ OPERATING COST AND INVESTMENT COST CASH FLOW INPUT DATA FOR 
COST PROGRAM 
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PROCESS DESCRIPTORS 

REVENUE .I 0 0 0 2 8 :I.0 3 4 
OPERATING COST 7 7 q. 5 8 9 5 8 
INVESTMENT COST 8 i0 2 I$ :LO ? q- 6 
TIME COSI' 8 I0 2 6 8 10 1 I+ 

2 I.£ " i0 I0 0 
8 I0 i0 7. 5 
8 I0 5 8 8 
6 I0 3 ,5 i0 

RISK WI":I(~HTING VECTO:RS FOR CORE PROGRAM 

COGAS 9 
LURGZ 9 
HYGAS 9 
SYNTHANE 9 
TEXACO 9 
INDUST, FUEL GAS A 5 
INDUST, FUEl.. GAS B 5 
INDUST, FUEL GAS C 5 
SMALl.., SCALE FUEL D .5 
SMALL SCALE FUEI..,.DX 5 
SMALL SCAI.;E FUEL E 5 
SMALL SCALE FUEL F 5 
LIT ] :L ITY FUEL GAS G ,5 
U T I L I T Y  FUEL GAS I't 5' 6 
U T I L I T Y  FUEl., GAS I ',5 5 
UTIL,  ZTY FUEl., GAS J 5 5 
U T I L I T Y  r'UEI.., GAS I< 5 8 
ATHOS F L L I I D I Z E D  BED 2 5 
COALCON - OLD COST 1 .̀0 3 
COALCON - NEW COST 10 3 
SRC 1̀ .0 1̀. 
FZSCHER-TROPSCH I0 " 3 

PROCESS DE!3i]RI PTORS 

l.l. 0 I 
.I. 0 I.~ 
3 I 7 
3 8 .10 
1̀. 0 7 
2 0 2 
5 2. I 
11. 010 
0 0 1̀. 
0 0 1 
0 0 1 
0 0 1 
,5 0 I. 

0 2 
0 |I, 
0 6 
0 I., 
0 .I. 
0 5 
0 5 
0 ? 
0 1.1. 

7 I.I.q. 
2 0 5 
70.5 
7 0 q. 
I,I. 0 6 
q.. 0 7 
7 ,0 5 
11. 0 8 
2 0 3 
2 0 3 
2 0 3 
2 0 3 
7 0 q. 
It. 0 8 
It. 0 7 
q. 0 7 
~.I. 0 8 
0 0 3 
7 L~ 3 
7 11. 3 
11. 6 7 
LI. 8 |!I 

1 q. 75 
2 I¢ 11. " 2 
5:1.0 6 6 
3 q. 6 
1.1. I+ 15 

• I 1 i.~ 
0 ,.t i.~ 
8 .I. 7 
0 6 3 
O 6 3 
O 6 I.I. 
0 15 3 
0 6 2 
1 |t. 5 
2 6 6 
|.1- 6 10 
0 6 ',"] 
0 2 2 
3 I.I. F] 
3 1.1. 8 
6 LI. 6 
2 I.I. 6 

I 

53 
I 0 

q. J$ 3 

LI. 5 i 
,~ "I$ I 

6 8 2  
6 6 2 
q. 2 0 
LI. 2 0 
q. 2 0 
L~ Ll. O" 
L~ 8 2 
6 6 ,I. 
6 b . 2  
8 6 3 
b b 2 
11. b 3 
6 "2 b ,  
6 2 .tl. 
5 3 b 
5 2 1.1. 

PROCESS RISK INPUT DATA FOR CORE PROGRAM 
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• ,,,. 

COGAS 
LURGI 
HYGAS 
SYNTHANE 
.TEXACO 
INDUST, F U E L  GAS A 
INDIJST, FUEL GAS B 
INDUST. FUEL GAS C 
SHALL. SCALE FUEL D 
SMALL SCALE F U E L  DX 
SMALL SCALE.FUEL E . "  
SHALL SCAL, E FUEL F 
UTIL,]:TY FUEL OAS G 
UTILITY F1JEL GAS H 
U T I L I T Y  F U E L  GAS i 
UTilITY FUEL GAS. J 

"UTILITY FUEL GAS K 
ATHOS FLUIDIZED BED 
COALCON - OLDCOST 
COALCON ~ .NEW COST. 

"SRC 
FISCHER-~ROPSCH 

PRESENT VALUE OF REVENUE~ 0 
TiME COSTOUTPUT FROM COST 

R 

1526,27 
• 1534.5# 

160~,58 
1519,~6 
1629,87 

513,62 
3i9 ,  o7 
619..17 
128,#I 
:42.'80 
5#;96 
38,42 

429.:~8 
306,9Z 
141.-05 
858¢95 
687.26 
736,38 

1602,63 
1 6 0 2 , 6 3  
36~¢9,33 
2670,24 

° .  

0 

557,39 
499 o3 
570 53 
#13 91 
926 56 
305 45 
157 59 
482 O1 
72 ~7 
33 O~ 
27 72 
2 0  91 

141 0 5  
2 5 2  9 2  

• 73..44 
607,98  
: 2 ~ 3 , 1 9 '  
613,33 
6-32,78 
738,33 
938.23 
927.05 

PERATING COST, 
PROGRAM 

8 3 3 " , 9 8 "  : 
645.:68 " 
588,55 :• 
822,-69' 
"769,75 
193,75 

7 5 . , :L4  
252.69 
.34~77 
16e13 

'1S.69 
2,10 

53,01~ 
270,3"? 
-16;9~ 

330,04 
86,19 
184.18 

:. 331,74 
386,92 

• " 983...48 
•1196,38 

T 

298.92 

291,18 
• 329.18 

.'.232~17 
~5,57 
43.92 

. 54,75' 
16.02. 
3,72 

• : 7 , 6 9  
. 4 , . 6 7  
7 0 i 9 6 .  
37,35 
17,05 

~ . 8 7 , 9 6  
,. 109,67" 

: 4 5 , J . 9  
' 2 5 2 , 7 6  

233~68. -  
7 1 1 , 7 ~  

:509,73 
i 

. • . - • ' .  . .  • 

,INVESTMENT COST AND 
[ • . 

o . 

- C - 5  - 



COCAS 
LURGI 
HYGAS 
SYNTHANE. 
TEXACO 
INDUST, FUEL: GAS A 
INDUS'I', FUEL GAS D 
INDUST, FIJEL GAS C 
SMALL SCALE FUEL+ D 
SHALL SCALE FUEL DX 
SMALL SCAL, E F'UEL E 
SMALL, SCALE FUEL F 
UTILITY FUEL GAS. G 

"UTILITY FUEL. GAS H 
LITILITY F. UEL GAS I 
UTILITY FUEL GAS J 
UTILITY FUEL GAS K 
ATHOS FLUIDIZED BED 
COAL, CON -. OLD COST 
COALCON - NEW COST 
SRC 
FISCHER-TROPSCH 

3q.O 1.1.:1.8 L~i~ 5 386 
.1.91 21.1.6 2q.O 210 
3q.9 .q.99 q.91.~ 1.~30 
302 4.41 ~30 396 
29;~ 351 339 289 
209 25.5. 250 203 
281 338 34.6 2St=!j 
309 q-39 11.12 356 
:1.6.1. 203  .1.90 .1. ~.~3 
:!.6.1. 2 0 3 .  :1.90 :1.,53 
1.65 2.1.3 200 163 
:1:77 201 190 .1.51. 
260 325 3q-9 28q. 
::.~ 62 3t~6 351.I • 288 
255 379 372 315 
323 1.1.8q. '+66 '+01 
220  31.I.q. 3 6 2  301.1. 
:1.23 .1.88 "]. 9q. .1.6"9 
31.1.7 11.53 !.1-56 I.I. 23  
31.1+7 q.53 1.1.5/,5 q. 23 

' 3 6 3  1.1.61.1. ' 1.I.q.? 1.1-09 
351.1. 1.1.1.1.-1 1.1.1.1.7 I~11 

COCAS 
LURGI 
HYGAS 
SYN.THANE 
TEXACO 
INDUST, FUEL GAS A 
INDUST, FUEL GAS B 
INDUST, FUEL GAS C. 
SHALL SCALE FUEL D 
SHALL SCALE FUEL fIX 
SMALL SCALE FUEL E 
SMALL SCALE FUEL, F 
UTILITY FUEL GAS (3 
UTILITY FUEL, GAS H • 
UTILITY FUEL GAS I 
UTILITY FUEL GAS J 
UTILITY FUEL GAS I( 
ATHOS FLUIDIZEIi DEZI 
COALCON .- OLD COST 
COALCON - NEW COST 
SRC 
FISCHER-TROPSCH 

,2Z.1. ,396 
• , 0 8 5  , 1 7 5  
, 2 9 2  ,,5001 
,221.1. , q.'~5 
, 2 0 1  ,31.0 
, 1 0 7  , _I.86 

197 , 2 9 3  
231 ,q-23 ' 
01.1.7-,119 
01.1+7 , 1:1.9 
0,52 , ] . 3 2  
067 ,:L17 
171 ,276 
171.1. ,316 
:1.65 3q.6 
250 b8:1.' 
1.21 3 0 1  

, 0 0 0  100 
, 2 8 0  q.1.l, t 
,28O 1.1-1.~ 1 
, 3 0 0  1.1.55 
,289 q-33 

21.1.9 
.000.1. 
811 
539  
279  
',"~62 
757  
100 
100 
130 
100 
5 6 8  
586  
639  
9:L7 
609  
1.1.2 
887  
887  
8 6 7  
861 

8,58 
290 
000 
890 
51+,5 
268  
532  
761 
.1.06 
106 

ZOO 
529 
511.2 
629 
906 
571+. 
.1.58 
9 7 7  
97"," 
9 3 2  
9 3 9  

I N D I V I D U A L  PR{:)CESS R I S K S  AND STA'NDARD 
D E V I A T I O N S  -- OUTPUT FROM CORE PROGRAM 
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APPENDIX D 

MODEL CALCULATIONS 

The model calculations are made on a Step-by-step basisusing •the input 

data described in Section 3. Parameter values given in .this •report and 
., , , .  

referenced as necessary are used in the calculations. The f inal  :result 
- , " . .  

wilI give two values, theexpected net benefits and the risk in achieving 

..those benefits for the sample por t fo l io . .Thesetwo values may then be  
J 

plotted as a s:ingle point on a benef i t /r isk map to be compared With :other 
L 

points or portfolios on the benefi t / r isk map. The sample portfol io is 

:composed of just  two coal conversion processes for ar i thmet ic s impl i c i ty  
i 

,although the portfol io computer model can currently handle a por t fo l io  

of up to 22 processes. Data for the two processes are shown in Table D-I.* 

D.-I Portfol io Benefits and Costs 

D , I . i  Investment Cost .. 
f 

i ( i , t ) :  Investment cost cash flow for•proces s i and time period t 

I.nv. Cost(i):  • Total undiscounted.investment for process"i as defined in 

• "' (D'-I) 

~:• this report.  

CFP(t~ Yearly cash-flow percentages 

l ( i , t )  : Inv. Cost(l) × CFP(t) 

*See Appendix B for a complete description of the data requirements and 
process variables.• . . .  • 
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PROCESS NAMES 

PROCESS ECONOMIC DATA 

I. Investment Cost 

2. Operating Cost 

PROCESS RISK DATA 

I. Process Type 

2. Process Status 

3. Coal Pretreatment 

4. Feedstock Technique 

5. Gasi f ier  Type 

6. Liquefaction Type 

7. React:or Temperatur e. 

8. Reactor Pressure 

9. Reactor Complexity - 
No. of Stages 

lO. Reactor Complexity - 
No. of Unit Processes 

I I .  Mechanical Rel iab i l i ty -  
Redundancy 

12. Process Technical 
Feasi bi I i ty 

13. Scale-Up for Demon- 
stration Plant 

PROCESS CHARACTERISTICS 

I. Product Types 

2. Heating Value 

3. Plant Capacity 

Process l 

Slagging 
Lurgi 

$920.5 MM 

$I02.6 MM 

Descriptor Risk 

Pipeline Gas 9 

Commercial l 

None 0 

Lock Hoppers 4 

Moving Bed 2 

N/A 0 

1500 - 1800°F 5 

250 - 350 PSI 2 

Process 2 

HYGAS 

$825.3 MM 

$I17.3 MM 

Des cri ptor Risk 

Pi pel i ne Gas 9 

Pi lot Pl ant 3 

Oxidation l 

Slurry 7 

Fl ui di zed Bed 7 

N/A 0 

1200 - 1800°F 5 

lO00 - 1500 PSI 5 

One 4 Four lO 

Four 4 Six 6 

Very Good 2 

Very Good 1 

Moderate 6 

Good - Moderate 5 

No Scale-Up 0 lO0 

Pipeline Gas 

956.6 BTU/SCF 

250 MM SCF/Day 

Pi pel i ne Gas 

975.4 BTU/SCF 

256.2 MM SCF/Day 

Table D-I Sample Calculation Processes and Data 
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z(i): 

. . . . . . . . .  . . .  • . . . • . 

I ( I , I )  = ( 9 2 0 , 5 ) ( . 0 8 )  73.6 

I ( 1 , 2 )  : (9 .20 .5) ( .11)  : 101.3 

I ( 1 , 3 )  = ( 9 2 0 . 5 ) ( . 1 7 )  : 156.5 

I (1,4) : (920.5)(.39) = 359.0 

I(1,5) : (920.5")(.25) : 230.1 

I(2,1•)~i~ ( 8 2 5 . 3 ) ( . 0 4 ) :  33.0 
• , 4  " 

I(2,2~•~ (825,3)( .13)= 407.3 

I ( 2 , 3 )  : ( 8 2 5 . 3 ) ( . 3 7 )  : 305.4 

I ( 2 , 4 )  = ( 8 2 5 . 3 ) ( , 3 0 )  = 247.6 

I ( 2 , 5 )  = ( 8 2 5 . 3 ) ( . 1 3 ) =  107.3 

I ( 2 , 6 )  = ( 8 2 5 . 3 ) ( . 0 3 ) =  24.8 

-% 

" . , • 

" , .  • , , . •  

Present worth of the investment cost cash flows for process 
i discounted at rate r 

l ( i )  : ~ l ( i , t ) e  - r t  
t 

For r = O.lO 

(D-2) 

• . • , ,  

l(1) = 73.6e - ' I  + lOl.3e ".2 + 156.5e"3 + 359.0e-'4 + 230.Ie - '5 

I(1) = 66.60 + 82.94 + I15.94 + 240.64 + 139.56 ii 

l(1) = $645.68 MM 

"%° 
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1(2) = 33.0e - ' I  + I07.3e - ' 2  + 305.4e - ' 3  + 247.4e - ' 4  + I07.3e - ' 5  

+ 24.8e - .6 

1(2) : 29,86 + 87.85 + 226.25 + 165.97 + 13.61 

1(2) : $588.62 MM 

In other words, the present values of  the investment costs fo r  the two 

processes, Slagging Lurgi and HYGAS, are $645.8 MM and $588.62 MM 

respect ive ly .  

D. I .2  Operating Cost 

O(i , t ) :  

Op. Cost ( i ) :  

CFP(t): 

Operating cost cash f low fo r  process i and period t 

Yearly operating cost as defined in th is  report  

Yearly cash f low percentage 

o(i ,t) 

o(I ,5) 

0(I ,6) 

0(I  ,7) 

= Op. Cost( i )  x CFP(t) 

: ( I02 .6 ) ( .25)  = 25.65 

: ( I02 .6 ) ( .50 )  : 51.30 

= ( 1 0 2 . 6 ) ( I . 0 0 ) :  102.60 

0(1,25) : ( I 0 2 . 6 ) ( I . 0 0 ) :  102.60 

(D-3) 

o(2,5) 

0(2,6) 

0(2,7) 

: ( I17 .3 ) ( .25)  : 29.33 

= ( I17 .3 ) ( ,50 )  : 58.65 

: ( I 17 .3 ) ( I . 00 )  : 117.30 

0(2,25) : (117 .3 ) (1 .00 )=  117.30 
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o(i): 

. " , .  

Present worth Of operating cost cash flows for process i 
discounted at  rate  r 

O(i) : ~  O(i ,t)e-r t 

t 

For r ~- O.lO 

+ 51.30e-.6 + I02.60e -.7 O(l ) .: 25..65e-" 5 

- (D-4) " 

+ . . .  + I02.60e -2"5 

. O(1) $499.03. MM 

0(2) 29.33e - '5 + 58.65e - '6  
• - " : .  r .  

+ I17.30e-'7 + . . . +  117.30e -2~5 

0(2) =.$570.53 ~ 
• , . .  • 

The present val ues of  the.operati ng cos is- for Lurgi*aand~HYGAS-:.are 

and $570.53 MM respectively. " . . . .  

D.I.3 Revenues " . 

$499.-o3 

Rev(i) : 

Rev(i) 

Rev(1) 

Rev(l ): 

Rev(2) 

ReV(2) 

Yearly gross revenue st~re'am as defined in this report 

: Plant capacity(i) × Heating Val ue(i).x 330 days/year ' 

× Fuel Price(i) : (D-5) 

= (250 "M M • SCF/day) ( 958,6 BTU/SCF)~(330 .-days/year ) ($42001 MM BTU ) 

= $315.68• MMlYear 

: (256.2 MM SCF/day)(975..4 BTU SCF)(330 daYs/Year).($4.00/ MM BTU) 

: $329.86 MM/year 

*All references to Lurgi will be understood to mean the Slagging Lurgi 
Process. . 
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Although the sample calculations above indicate a single product and 

price, the revenue calculations can easily accomodate multiple product 

streams and different market prices for each product. 

R(i , t ) :  

CFP(t): 

Revenue cash flow for process i and period t 

Yearly cash flow percentage 

R(i , t )  = Rev(i) x CFP(t) (D-6) 

R(i): Present worth of the revenue cash flows for process i 
discounted at rate R 

The revenue, R( i , t ) , i s  calculated equivalently to the operating costs, 

O( i , t ) .  The discounting of these revenue cash flows is again equivalent. 

(Exponential discounting is used throughout the discounting calculations 

to ref lect continuous cash flow.) 

R(1) = $1,534.54 MM 

R(2) = $1,604.58 MM 

The present values of the revenue streams for Lurgi and HYGAS are 

$1,534.54 MM and $1,604.58 MM respectively. 

D.l.4 Time Costs 

Time costs represent the costs of project delay. Two factors contribute 

to them: increased construction costs during the delay and a deferral of 

revenue because of the delay. A complete development of the time cost 

relationship in terms of these two factors is given in a previous report, 

English, et al (May, 1976). 
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;The following f o ~ u l  as re f lec t  this development and provide for cal CU,- 

fa t ing  the present value of the time costs. • / .  

E(T(i,d))" Expected time cos'~s for process i .  and delay d 

E(T( i , l ) )  = 0.0625 × I ( i )  + 0.155 x (R(i)-O(i))  

E(T(i,2)) = 0.0625 x • I ( i )  + 0.155 x (R(i)-O(.i)) 

E{T(i,3)) = 0.0375 x : I ( i )  + 0.093 x (R ( i ) -O( i ) )  

E(T(i,4)) = 0.025 x I ( i )  + 0.062 x (R(i)-O(i})  

(D-7a) 

(D-7b) 

(D-Tc) 

(D-7d) 

• Using the present value results from Sections D. I . I  - D. I .3 ,  the•expec ~ 

t ed  time costs are: • : 

T(i): 

T (i) : 7. T ( i ,d)e-rt 
t 

E(T( l , l ) )  = 200.86 

E ( T ( I , 2 ) )  200.86 

E(T(I,3)) ~ 120.52 

E(T(I,4)) = 80.34 

E(T(2,1)) : 197,06 

E(T(2,2)) = 197.06 

E(T(2,3)) = I18~24 

E(T(2,4)) = 78.82 

Present worth of the time costs for  process i dis couni:ed 
at rate r 

• (D-a) 

For r = O.lO 
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T(I  ) : 200.86e'"  6 

T(1) : $296.79 MM 

T(2) : 197.06e - ' 6  

T(2) : $291.18 MM 

+ 200.86e "'7 + 120.52e - '8 

+ 197.06e -'7 + I18.24e -'8 

+ 80.34e -'9 

+ 78.82e -'9 

The present values of the time costs for Lurgi and HYGAS are $296.79 MM 

and $291.18 MM respectively. 

Parenthetically, i t  is easy to calculate the cost of a one year delay. 

Let the yearly delay cost be C(i) 

C( i )  = 0.125 x l ( i )  + 0.31 × (R(i)-O(i)) 

for Lurgi 

C(1) = $401.72 MM 

for HYGAS 

C(2) : $394.12 MM 

The expected timecosts are significantly lower than the yearly cost of 

delay because the probability associated with a one, two, three, and 

four year delay is included in the expected time costs. 

C.l.5 Portfolio Net Benefits ' (Unnormalized) 

E(NB): Expected value of the portfolio net benefits 

E(NB) = Z R(i) - O(i) - l ( i )  - T(i)  
i 

(D-9), 
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The present values cal. culated in the. 

PROCESS 

Lurgi 

HYGAS 

ThelE(NB) is the NPV .of this portfolio based 

' ,- ; 

-? 

)receding sections are shown below. 

R(i) O(i) ' I C i )  T( i )  i 
" "  " l  

b 0 T 

•1 

• " 1,534 .54  499.0a 645.68 "'" 296.79 
. , • . • . . •  , •  : " •  . 

1,604.58 570.53 588.62 :: ~ 291.18 

, "  . . , 

E(NB) : (1,534.154 -:499.03 - 645.68';:'"- 296.79) 

.+ (I ,604.58- "570 53 - 588.62 29i .  18) 

E(NB) : 93.04 + 15~4.25 ; . . ,  " :  : :  ", :i. " 

%,  . •  : 

E(NB) = ;247.29 MM . 

. , , . 

on the available input data. 

Since the NPV is positive, the internal ROR must be higher than I0%. 

(The' internal rate Of return is d:efinedas that rate.• of. •return for Which 

the present value is zero.).The E(NB) is• one of the numbers which char- 

acterize ;the. portfolio on the benefit/r:isk map. . : .  

I f  the fihancing arrangement between ERDA and the industry partners for 

each process is a straight 50/50 spl i t ,  the model• would simplyapportion 

h a l f  the cash flow to ERDA and h a l f t o  the industry partners More: com- 

plex financing alternatives ' can, of course, b~ easily accomodated by 

segmenting the positive and negative cash flows to conform to th~ speci- 

:fi.cs of the financing agreement. Therefore, the effect of sophisticated 
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financing alternatives can be assessed for both ERDA and the potential 

industry partners. 

D.2 Portfolio Risk 

D.2.1 Individual Process Risk 

The purpose of the individual process risk is to translate the technical 

risk associated with each process into the risk associated with the four 

model variables. 

Risk(l , j ) :  

Risk(2,j): 

Risk(3,j): 

Risk(4,j) : 

Revenue risk, j th process 

Operating cost risk, j th process 

Investment cost risk, j th process 

Time cost risk, jth process 

Risk(i, j) = ~ W(i,k)d(j,k) (D-lO) 
k 

W(i ,k): 

d(j,k) : 

Model variable weight for i th variable and k th 

process descriptor 

Process descriptor value for j th coal conversion 

process and k th process descriptor 

Process descriptor values are shown in Table D-2. Model variable weights 

are shown in Table D-3. Using equation (D-lO) the following calculations 

are made for the f i r s t  process, Lurgi. 
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PROCESS DESCRIPTORS 

l • 

2. 

Q 

4. 

5.. 

,6 .  

7. 

8. 

9. 

lO. 

I f .  

12. 

13. 

Process Type 

Process Status 
! 

Coal Pretreatment 

Feedstock Technique 

Gasi f i e f  Type 

Liquefaction Type 

Reactor Temperature 

Reactor Pressure 

Reactor Complexity - 
No. of Stages 

Reactor Complexity - 
No. of Unit Processes 

Mechanical Re l i ab i l i t y -  
Redundancy 

Process Technical 
Feasibility 

Scale-up for Demon- 
strat ion Plant 

Lur_  

9 

l 

0 

4 

2 L 

0 

5 

2 

4 

4 

2 

Table D-2 Process Descriptor Values 

HYGAS 

9. 

3 

l 

7 

7 

"K O 

5 

JlO 

6 

4 

t 
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PROCESS DESCRIPTORS 

l • 

2. 

3, 

4. 

5. 

6. 

7. 

8. 

9. 

lO. 

I I .  

12. 

13. 

Process Type 

Process Status 

Coal P retreatment 

Feedstock Technique 

Gas i f i  er Type 

Liquefacti on Type 

Reactor Temperature 

Reactor Pressure 

Reactor Complexity - 
No. of Stages 

Reactor Complexity - 
No. of Unit Processes 

Mechanical R e l i a b i l i t y -  
Redundancy 

Process Technical 
Feasibi I i t y  

Scale-up for Demon- 
stration Pl ant 

REVENUE 

lO 

0 

0 

2 

8 

lO 

3 

4 

4 

lO 

lO 

0 

n 

OPERATING 
COST 

7 

7 

4 

5 

8 

9 

5 

8 

lO 

lO 

INVESTMENT 
COST 

8 

I0 

2 

4 

I0 

9 

4 

8 

lO 

TIME 
COST 

8 

lO 

2 

6 

8 

lO 

l 

4 

lO 

lO 

Table D-3 Model Variable Weights for Lurgi and HYGAS 
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Risk(l,)) : (I0)(9) + (O)(1) +.(0)(0) + (2)(4) + (8)(2) + (lO)(O) 

. + (3)(5) ÷ (4)(2) + (2)(4) + (4)(4) + (I0)(2") + ( I 0 ) ( I ) +  (0)(0) 

Risk(l,l) = 191 . ... 

' . .  . ; 

Risk(2,1) = (7)(9) + (7) ( I )  + (4)(0)•+ (5)(.4) +.(8)(2) + (:9)i0) 

+ ( 5 ) ( 5 )  + ( 8 ) ( 2 )  + ( 8 ) ( 4 ) +  ( I 0 ) i 4 }  + ( 1 0 ) ( 2 )  + ( 7 ) ( I )  + ( 5 ) ( 0 )  

R i s k ( 2 , 1 )  = 246 . .  - .• . • . 

L : . . .  • , . •  

Risk(3,1)" : ( 8 ) ( 9 )  + ( 1 0 ) ( 1 )  + ( 2 ) ( 0 )  + ( 4 ) ( 4 )  + ( 1 0 ) ( 2 ) • + ( 9 ) ~ ( 0 )  " 

+.(4)(5) + (6 ) (2 )  + (8)(4) + (10)(4) + (5)(2) + (81(•I) + (81(0). 

Risk(3,1) : 240 .- 

Risk(4,1) = (8)(9) + (lO)(i) + (2)(0) + (6)(4) + (8)(2).+ ( I 0 ) ( 0 )  

+ (1 ) (51  + (4)(2'1 + (6 ) (41  . + . ( 1 0 ) ( 4 )  + ( 3 ) ( 2 }  ÷ . ( 5 ) ( i : )  + (10)(()~ 

R i s k ( 4 , 1 )  : 210 

S i m i l a r l y ,  f o r  the second" process,  HYGAS, 

' R i s k ( l , 2 )  = 349 

Risk(2,2) : 499 

Risk(3,2) : 494 

Risk(4,2) : 430 

The individual process risks are tabulated below. " 

PROCESS 
, , , ,  , , ,  , , i  . . . . . .  

Lurgi • 

HYGAS 

R ( i )  O ( i )  l ( i )  . T ( i )  
. . . . . . . . . . . . . . . . . . . . .  , ,  , , , ,  

191 246 240 21o 

349 499 494 430 
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These indiv idual  process r isks can be scaled to represent o ( i , j ) ,  

using the 90% confidence estimates fo r  the maximum and minimum process 

r isks (see Table D-3). 

o ( i , j ) :  Standard deviat ion for  the i th model var iable and the 

j t h  process 

~ ( i , j )  : ( R i s k ( i , j )  - minr isk( i ) (maxpct ( i )  - m inpc t ( i ) ) /  

(maxr isk( i )  - m in r i sk ( i )  + minpct( i )  (D- I I )  

maxpct( i) :  90% confidence estimate - maximum percentage; i th 

vari able 

minpct(i): 90% confidence estimate - minimum percentage; i th 

variable 

maxrisk(i): risk of the maximum risk process; i th variable 

minrisk(i): risk of the minimum risk process; i th variable 

The maxr isk( i )  and m in r i sk ( i )  values must be determined. These r isks are 

determined from the ent i re  set of indiv idual  process r isks for  the twenty- 

two processes current ly  under consideration. These r isks are shown in 

Table D-5. 
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Revenue 

O p e r a t i n g  Cost  

lnvestment Cost 

. . . . .  , , ,  , ,  . . . . . . . .  

• Maximum underrun ~ 30% 

Minimum Underrun • 0%. 

Maximum o v e r r u n .  - 5o% 

Minimum O v e r r u n  ' .- ;i0% • 

Maximum O v e r r u n  

Minimum Overrun 

- 100%. 

.io% 

Time Cost 

Table D-4 

Maximum Overrun - ] 0 0 %  
• - , ,  

Minimum Overrun - .  10% 
, , - , , ,  , - ,  . . . . . . .  . .  , . . . . .  

90% Confidence Est imates. for  Process Risks : 

• , " , ,  , , , 

. ° I  
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PROCESS NAMES 

l • 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

lO. 

I I .  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

• 2 0 .  

21. 

22. 

COGAS 

Lurgi (Sl aggi ng) 

HYGAS 

Synthane 

Texaco 

Indust. Fuel Gas A 

Indust. Fuel Gas B 

Indust. Fuel Gas C 

Small Scale Fuel D 

Small Scale Fuel DX 

Small Scale Fuel E 

Small Scale Fuel F 

U t i l i t y  Fuel Gas. G 

Ut i l i t y  Fuel Gas H 

U t i l i t y  Fuel Gas I 

U t i l i t y  Fuel Gas j 

U t i l i t y  Fuel Gas K 

Atmos. Fl uidized Bed 

Coalcon - Old Cost 

Coalcon - New Cost 

SRC I I  

Fischer - Tropsch 

REVENUE 

I I I 

OPERATING 
COST 

INVESTMENT 
COST 

34O 418 435 

191 246 240 

349 499 494 

302 441 43O 

284 351 338 

209 255 250 

281 338 246 

308 439 412 

161 203 190 

161 203 190 

165 213 200 

177 201 190 

260 325 348 

262 356 354 

255 379 372 

323 484 466 

220 344 . 362 

123 188 194 

347 453 456 

347 453 456 

363 464 449 

354 447 447 

TIME 
COST 

386 

210 

430 

396 

289 

203 

285 

356 

153 

153 

163 

151 

284 

288 

315 

401 

304 

169 

423 

423 

409 

411 

Table D-5 Individual Process Risks 
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' i  

Visual ly scanning Table D-5, the maxrisk(i) and minrisk(!)  values are: 

i ,,, k 

maxri sk 

minrisk • 
, , , , ,  

• • . . •  

• o 

Operating Investment " :Time 
R e v e n u e  C o s t  • : • C o s t  . • C o s t  

363 499 ~i 494 " ~. 1430 

:123 188 190 : • i sl 

Using Eqn. (D- I f )  to calculate the standard deviation, a ( i , j ) :  

o ( l , l )  = (191-123)(0.30-0.00)/(363-123-) + 0 . .00  

o ( 1 - , l )  : o .o8~  . -  . .  • - ~  

• ~(2,1) = (246-188)(0.50-0.I0)/(4.99-188) + 0 . I 0 "  

~(2,1) : 0.175 • • . . - 

o(3,1) = (240-190)(i.00-0.I0)/(494-190i"+ 0. I0 

~(3,1) = 0.248 .' :-- 

a(4; l )  = (2i0-151)( I .00-0. I0) / (430-151)  + 0. i0 . "  

~(4,1) = 0.290 
° 

Similarly, for the second process,.HYGAS, 

a( l ,2 )  = .0.282 

o(2,2) = 0.500 

, .~ . .... 

"i" ~ 

o(3,2) = 1.000 

0(4,2) = 1.000 
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The individual process standard deviations are tabulated below. 

PROCESS R(i) O(i) I ( i )  T ( i )  
II I I  I I 

Lurgi 0.085 0.175 0.248 0.290 

HYGAS 0.282 0.500 1.000 1.000 

The standard deviations re f lec t  the re lat ive riskiness of each process 

based on technical character ist ics alone. The Variance, calculated 

below, combines process technical r isk with process economics to pro- 

vide a measure of investment r isk for  each process. 

V ( i , j ) :  Variance of i th model variable and j thprocess  

V ( l , j )  : ~ ( l , j )  • ~(Im,j) " R( j )  " R(jl) 

V(2, j )  : O(2, j)  " a(2 , j )  " O(j) " O(j) 

V(3, j )  : ~ (3 , j )  • o (3 , j )  • l ( j )  • I ( j )  

V(4 , j )  = o (4 , j )  • ~ (4 , j )  • T ( j )  • T ( j )  

(D-IZa)  

(D-IZb) 

(D-12c) 

(D-12d) 

Using the calculated values for  o ( i , j ) ,  R( j ) ,  O( j ) ,  l ( j )  and T ( j ) :  

V(l,1) : (0.085)(0.085)(]534.54)(1534.54) 

v(l  , I  ) : 17,013 

V(2,1) : (0.175)(0.175)(499103)(499.03) 

V(2,1) : 7,626 

V ( 3 , 1 )  : (0.248)(0.248)(645.68)(645.68) 

V(3,1) : 25,641 
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V(4,1) : (0.290)(0.290)(296.79)(296.79) 

V(4,1) : 7,407 

• Similarly, for the second procegs, 

V(l,2) : 204.748 

V(2,2) : 81,376 

V ( 3 , 2 )  = 34.6,473 

V ( 4 , 2 )  : 84,7.85 

Individual process ~isks are tabulated below. 

. " • 1 , " **  " ~ * , 4  " ~  

The units are ($MM) 2. 

PROCESS R(i) O(i) I ( i )  T(i) 

7;407 Lurgi 17,013 7,626 25,641 : 

HYGAS 204,748 81,376 346,473 84,785. 

D . 2 . 2  I n t e r r e l a t e d  Process Risk 

The correlation coefficient, p, provides the link between Rrocesses. 

value of p describes to what extent any pair of processes is related. 

The bounding values of p are given below. 

The 

-I <_ p <__ 1 

I f  p approaches 1 for processes A and B, i t  means that i f  process A is 

successful, there is a good chance process B will be successful and vice- 

versa. I f  p:O, i t  means that process A and B are unrel.ated so the success 
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or f a i l u r e  o f  one ,says nothing about the po ten t ia l  success or f a i l u r e  

of the other. The value of p is calculated by Eqn. (D-13). 

~. (X(i ,k)-X(i) (Y (j ,k)-~(j)) 
k 

I~ (X(i,k) '~(i) 2 " ~ (Y(J,k)-Y-Ij)21½ 

k k 
(D-13) 

p(X(i),Y(j)): Correlation coefficient between model variable X, process 

i and model variable Y, process j .  

X(i ,k),Y(j,k) : Model variable R,O,I or T for process i or j ,  process 

descriptor k. 

X(i),Y(j): Individual process risks divided by the number of process 

descriptors (average process i or j risk). 

For example, let X be the revenue, R. 

R( i )  : R i sk ( l . , i ) / 13  

For Lurgi and HYGAS, the average process risks are: 

R(1) : 191113 : 14.69 

-R(2) = 246/13 = 18.92 

Since X and Y can represent any combination of the four model variables 

between any two processes, there are 64 (4+4) 2 correlation coefficients 

for any two processes. These 64 correlation coefficients can be shown 

in a matrix. The matrix for Lurgi and HYGAS is shown in Table D-6. The 

- D - 2 0  - 



• • . .  • 

R(]) 

R(1) l 

OCl) 

I(]) 

.84 

.87 

• " I  

o(1) 

.84  

• • 

. 98  

I ( 1 )  T(1) R(2) 0(2) i (2)  T(2).. 

• 87 .86 .82" .49 .51 ' ..Sg 

• .98 .93 .66 .74 .70 .69 
. , -  , r ,  . . . . . . . .  ~ 7  . . . . . .  

' l  "~.97 .66 .69 .74 •.76 
m ~ 

T(1) :86 .93 . 9 7  I ] " .62 .62 /.69 . .79. 
• .. . :  .o : : 

R(2) :82 . 6 6  . 6 6  .62 1 . : 6 6  " .60 .50 

0 ( 2 )  .49  . 7 4  .69 ' , 6 2  . ,66 " 1 ' . 8 9  . ,76  

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  , . . ,  7 ,  I • . . . .  ~ . . . . . .  

I ( 2 i  .sl  .70 .74 .69 " .60 .89 ~1 ..92 
o 

T(2) .54 .69 .76 .79 ' .50 .76 ' .92 I- 

• Table D-6 Correlation Coefficient-Matrix -Lurgi  Bnd HYGAS. 

. ° 
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matrix is symmetric because the correlat ion of two variables is the 

same regardless of the order in which they are considered. The diagonal 

elements are 1 because the correlat ion of any variable with i t s e l f  is 

perfect,  i . e . ,  unity. A sampie calculation for  one of these correlat ion 

coeff ic ients is given below. 

For example, the p's for  the investment cost of  Lurgi, I ( I ) ,  and of 

HYGAS, I (2 ) ,  are: 

T ( 1 )  = 18.46 

T(2) = 38.00 

p ( l ( 1 ) , l ( 2 ) )  : [((8.9)-18.46)(8.9)-38.00) + ((10.1)-18.46)((10.3)-38.00) 

+ ( (2-0)-18.46)( (2.1)-38.00)+ ((4.4)-18.46)((4.7)-38.00) 

+ ((10.2)-18.46)((10-7)-38.00) + ((9.0)-18.46)((9.0)-38.00) 

+ ((4-5)-18.46)((4.5) '38.00) + ((6-2)-18.46)((6-5)-38.00) 

+ ((8.4)-18.46)((8.10)-38.00 + ((10.4)-18.46)((10.6)-38.00) 

+ ((5.2)-18.46)((5-6)-38.00) + ((8.1)-18.46)((8-5)-38.00) 

+ ((8 0)-18.46)((8 4)-38.00)]/[(7824.00) (4841.23)] % 

p ( I ( 1 ) , l ( 2 ) )  : 0 . 7 4  

The correlat ion coef f ic ients  calculated above measure the technical 

relat ionship between two processes. The fact  that each plant typ ica l ly  

would be constructed and operated by two or more firms is ref lected in a 

management matrix, CORMOD, shown on the following page. 
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/ 

R 0 

R 0.90 0.85 

O" 0.85 0.80 

I 0.90 0.20 

T •0.30 0.30 

I T ' 

0.90' 0.30 . . . .  

0.20 0.3"0 :" : 
• , . ,  

0.75 0 . 7 0  ~ 

0.70 0.60 : 

• , , •  ' Z. 

In addition, geographical differences are accounted i for by a geographical 

factor which reduces the correlation coeff ic ients  for two .different pro- 

cesses  by 20%. : 

• Using the cor.relation coef f i c ients ,  Table D-6:. the individual pro~ess 'isks 

(variances),  the management matrix above and thegeographical  factor ,  the 

~ covar:iances which measure the dollar risk associated with process in ter -  

• .relationships • can be calculated With Eqn. D-14. 

• . . '  . ' . 

• cOv(X(i),Y(j.)) : p(X(i),Y(j))'[V(X(i))'V(Y(J))]½ "(CORMOD(X(i),Y(J)) " 0.80• 

. . . .  " :(D-14) 

The covariance matt:ix has the same dimensions as the correlation coef f ic ient  

• matrix. The covariance matrix for Lurgi and HYGAs is shown in T ableD-7. 

A Sampl e calculation is  given below for the interrelated, risk of. investment, 

I ( I ) ,  i.n Lurgi and investment, 1(2) ,  in HYGAS. The units, ofcovBriance are 

the same as,for  individual  process r isk ,  ($ MM) 2. " " • " 

• Cov(I(1),I(2)) : (0.74)[25,64i-346,473]½(0.75)(0.80) 
, ' • . •  

Cov(I(1),I(2)) : 41,849 
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R(1) 

o(I) 

I(1) 

T(1) 

R(2) 

0(2) 

1(2) 

T(2) 

R(1) 

17013 

9568 

18171 

9654 

34846 

12398 

28192 

4922 

o(I) 

9568 

7626 

13704 

6990 

17734 

I1798 

5757 

4211 

I(1) 

18171 

13704 

25641 

13368 

34431 

5043~ 

41849 

19844 

T(1) 
i 

9654 

6990 

13368 

7407 

5795 

3653 

19575 

9503 

R(2) 

34846 

17734 

34431 

5795 

204748 

85193 

159807 

65878 

0(2) 

12398 

I1798 

5043 

3653 

i 

85193 

81376. 

149442 

63128 

I(2) 

28192 

5757 

41849 

19575 

159807 

149442 

346473 

157681 

T(2) 

ii i F 

4922 

4211 

19844 

9503 

65878 

63128 

I i i 

157682 

84785 

In 

Table D-7 Covariance Matrix - Lurgi and HVGAS ($ MMi 2 
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o, 

Portfolio Risk Calculati on 

V ( N B ) :  Var ianc 'e  o f  t h e  p o r t f o l i o  n e t  b e n e f i t s .  

V(NB) = ~. V ( R I i ) ) * + V ( O ( i ) )  ÷ V ( l ( i ) )  + V ( t . ( i ) )  

• i . . . .  .: .. . 

- 2 - X C o v ( R ( i ) , O ( j ) )  + C o V ( R ( i ) , l ( i ) )  
• i , j  > , .; 

+ C o v ( R ( i ) , T ( j ) )  + 2 -  ~ £ o v ( O ( f ) , l ( j ) )  
; l , j  •.. : • •• 

+ C o v ( O ( i ) , T ( j ) )  + C o v ( I ( i ) ? T ( j ) ) .  

+ 2 '- " ~ C o v ( R ( i ) , R ( j ) )  + C o v ( O ( i ) , O ( j ) ) i -  

i~j . 

"i. 
+ Cov.( I ( i ) , I ( j ) )  + Cov(T(i),T(j).) (D-15) 

, .. , . .  

Using values from the covari.ance matrix, Table D-7 the variance of the- . .i , ' . ,  . ' ,  . . , . ' 

n e t b e n e f i t s ,  V(NB), i s  c a l c u l a t e d .  

. .  V(NB) : (17013 + 7626 + 25641 + 74.07 + 2047481. , 

-.+ 81376 + 3 4 6 4 7 3  + 8 4 7 8 5 )  - " 

- 2 ~ (9568 + 18171 + 9654 +.12398+28192+4922 

+ 85193 + 159807 + 65878 + 1 7 7 3 4  + 34431 + 5795) 

+ 2 - (i3704 + 6990 + 13368 + 5757 + 4211 + 19844. 
. .  • . . . • . 

+ 149442 + 63128 + 157682 + 5043 + 3653 + 19575) 
? 

+ 2 • (34846 + I1798 + 41849•+ 9503) 
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= 775,069 - 903,486 + 924,794 + 195,992 

V(NB) = 992,369 ($ MM) 2~ ($996.18 MM) 2 

The V(NB) is the portfolio risk for two processes, iurgi and HYGAS, based 

on the available input data. At the present time, this risk value should 

be considered only as a means of comparing the risk of this portfolio 

with the risk of others. I t  would be d i f f i cu l t  to assign some probability 

to losing ($996.18 MM) 2, for example, until theoretical work with an appro- 

priate probability density function is accomplished. 

D.3 Portfolio Results 

The unnormalized portfolio results for the Lurgi-HYGAS portfolio are the 

expected net benefits calculated in D.l and the variance of the net bene- 

f i ts  calculated in D.2. 

Unnormalized portfolio benefit = E(NB) =$247.29 MM 

Unnormalized portfolio risk = V(NB) = ($996.18 MM) 2 

The normalized results are calculated by: l . )  dividing the expected 

portfolio net benefits by the present worth of the portfolio investment 

costs, I(1) + I(2), and 2.) dividing the portfolio variance by the square 

of the present worth of the portfolio investment costs. 

I (1 )  + I (2 )  : 645.68 + 588.62 

I(1) + I(2) : $1,234.30 MM 

Normalized portfolio benefit = 247.29 / 1,234.30 = 0.20 

Normalized portfolio risk = (996.18) 2 / (1,234.30) 2 = 0.65 

In order to compare these hand calculated results with those obtained by 

the computer program, the computer results are shown in Table D-8. 
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PORTFOL, I O  NO, .I 

L, LI R L~:I 
HYGAS 

BNETPORT = 2q.7,35 

,P, ISK POP, T = 9. 922q-E5 
R I S I ( S D F r l "  = 996,1.1 

BNETNORM = ,0,.,,2,,0,0~.I 
RISI<NORM =: 0.65136 
I~ISI<S:ONM =: 0.80707 

PW OF COMM SCALE INVEST = 
"I DEMO PL, AmT CAPITAL. RE@MTS = 

123ti., 2 
7 0 6  

COVARIANCE MATRIX 

2919q.6  - 12 I@I.1.59 
- I  2q.LI.59 1 .," ~::.crX .,- ,.,, ,., 
-'31_ I ~'. 0 .¢..1. 2 ,., 8,., .'L 7 LI- tl. 01 
.86173 78287 

- 2 q - 1 6 8 8  : " 
.I. Tq.t~ 0 .I. 

• r . ~ m z _  (:~0 I. l.,. ju6, .. 

209965 

.-86173 
78287 

209965 
111337 

STD DIEV MATRIX 

5q.O J53 
35~ 3>36 
I, '.+m tl, :1. 8 
2<~q. 280 

NoRMAILIZED COVARIANCE MATRIX 

q.92 
LI-18 
675 
h.58 

, .., . - ,  082 , 1 5 9  
" ,  082  , OTq. , .I. ILl. 
- ,  159  , l I t ~  , 2 9 9  

057  (. o.1. J. 38  

NORMALIZED sTD IIEV MATRIX 

; LI-38 ,286 ,398 

,286 ,272 ,338 
• "-- o ,5q.7 , ~9~, , 3 3 8  
, ~ _ . . , ~  , , ' s .  I , ~ f ' . ~  

• .29Li. 
-280 
q-58 
53q. 

"-, 05"7 
,051 

, i...8 
,0"73 

,238 

,2;~7 
, 3 7 1  

" ,270 

) 

Table D'8 C o m p u t e r  P o r t f o l i o  R e s u l t s  - L u r g ~  • and HYGAS 
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APPENDIX E 

TEN BASELINE PORTFOLIO RESULTS •: 

Appendix E lists the detailed baseline port- 

folio results for the ten portfolio strdctures• 

defined in Section 4. The normalized portfolio 

results plotted in Figure 4-I are given by 

BICETNOBM and BIS/C~/OR.~/. I The unnormal i zed pQrt- 

folio results plotted in Figure 4-2 are given 

by BN~PO_R~ and .RISZBOBT. Riskport was scaled 

to 0 - lO0 scaling before plotting. 
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PORTFOLIO NO, 1 

LURGI 
HYGAS 
INBUST, FUEL GAS B 
SMALL SCALE FUEL, E 
SMALL SCALE FUEL F 
UTILITY FUEL, GAS K 
ATMOS FLUIDIZED BED 
COAI..,CON '- NEW COST 

BNETPORT =." 68q. , 96 
RISK PORT = 1,9161E6 
RISKSDPT = 138q.,2 

BNETNORM = 

RISKNORM ."..'." 
RISKSDNM = 

0,3q.I.1.29 
0, W.l.8q.12 
0,69579 

PW OF COMM SCALE INVEST = 
DEMO PLANT CAPITAL RE(~MTS =: 

1989,5 
1223,9 

COVARIANCE MATRIX 

I0089q.9 -tl.618Yl -62521.1.2 -195953 
-q.61871 q.09583 33t.l. Oq.O 185926 
-(.)2521.1.2 ~ 75 I.I. 0 I.I. 0 861.1.1.1.91 1.1.1.1.9010 
-19',59,53 1 8 5 9 2 6  I.l-tl.9010 2 6 1 2 6 9  

STB BEY MATRIX 

lOOq. 680 791 q.q.3 
680 6q.O 578 ~+31 
791 578 930 670 
w.ioq.3 #31 670 511 

NORMALIZED COVARIANCE MATRIX 

- . 1 1 7  , lO:.  , , 

-,050 .Oq.7 ,113 ,066 

NORMALIZED STD DEV MATRIX 

,505 , J~q. 2 ,39Y ,223 
,34.2 ,322 ,291 ,217 
,397 ,291 , I.I.67 .337 
, 2 2 3  ,217 , 3 3 7  ,257 
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PORTFOLIO NO. 2 

LURGI - 
SMALL SCALE FUEL E 
SMALL SCALE FUEL F:" 
UTILITY FUEL GAS K " 
ATHOS FLUITelZED BED 
COALCON - NEW COST 

• BNETPORT -- 
RISKPORT := 
RISKSDPT = 

BNETNORM = 
RISKNORM = 

R.'I:SK SDNM = 

4.oo. 
5,8025E5 
7 6 1 . 7 L ~  

0 , 3 6 8 2 7  
0 , 3 3 0 ] . 3  

0.57q.57 

PW OF COMM SCALE -INVEST 
DEMO PLANT :CAfllTAL RE@MTS 

1325.8 
66[~. 9 

2 

, .... 

,• ." • 

7. 

• C O V A R I A N C E  MATRIX 

35156q. -185189 -200813 
-i 85189 177611.2 132565 
-2008].3 . 132565 2:1.0808 
-87976 84.861 i;32298 

S] " I )  i ] E V  MATRIX 

4.30 
!.1.30 : I.I.2.1. 
I.I.I.I. 8 • 3 6 1 t .  

297 2 9 ] .  

[H.I-8 
364 .  
4.59 
3 6 4 .  

NORMALIZED COVARIANCE MATRIX 

,200 
-,I05 
-, I14. 
-, 050 

-,I05 : 

, .I.0 :I. 
.075 
,04.8 

• 114- 
,075. 
, ,I.20 

,.0¥5 

• : .• :. .• 

-87976 
81.I.861 

i , . ' 3 2 2 9 8  . .' . . : . ' .  
8 8 7 4 - 7  

2 9 7  " " 
2.!91 

3 6 4 -  
2 9 8  

-, O50" 
:, 04-8 
. OTS-: . 
:0501 :. 

NORMALIZED STD DEV MATRIX 

, [I-1"1-'7 , 3 2 5  " " 

, 3 2 5  , 3 ] . 8  
,338 ,275 
,22q. ,220 

,338 
.,275 

. ,3q-6 
.2Tb 

,22# 
,220 
,27z~ 
,225 

]'.' ' 
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PORTFOLIO NO, 3. 

INDUST, FUEL GAS B 
SMALL SCALE FUEL E 
SMALL SCALE FUEL F 

UTIL ITY  F.UEI,., GAS K 
ATMOS F ' L U I D I Z E D  BED 
COALC'ON - NEW COST 

BNETPORT = 
RISK PORT = 
RISKSDPT = 

q-3"7,61. 
).I., 9977E5 
7 0 6 , 9 t l .  

BNETNORM ":" 

RISKNORM = 
RISKSDNM = 

0,579),I.).I. 
0 , 8 7 6 2 3  
0 , 9 3 . 6 0 7  

PW OF COMM SCALE INVEST 
DEMO PLANT CAPITAL RE@HTS 

= 755,22 
= 517,9 

COVARIANCE MATRIX 
i 

2893.1.I.tl • -.1.555?9 

-155579 1 5 6 0 0 ) - ~  
"13.69tI. 2 '.L i~'.~ 158 

" ~ ) 9 6 0  .I. 723.02 

"13.69#2 
113158 
1#5).I.05. 
965t~8 

-6960"1. 
723.02 
965).1.8 
692tl-'5 

STD DEV MATRIX 

53.8 
3.9ti. 

3.70 
261+ 

3.9q. 
395 
Z'~36 
2 6 9  

370 
,.-43.6 
3.81 
3.11 

26tI. 
269 
3.11 

• 263 

NORMALIZEB. COVARIANCE MATRIX 

,507 -,273. -, 2).I.0 -,122 

-,273. ,27).I.- ,198 ,127 
-, 2q.O ,198 , ,255 ,169 
-,122 ,.127 . .'1.69 ,121 

J 

NORMALIZED STD DEV MATRIX 

,'712 ,522 ,q-90 , 3.q.9 
°522 ,523. , q.tl.5 ,356 
. I-I. 90 . I.I.I.I. 5 ,505 . I.I. 11 . 

. 3 q .  9 . 3 . 5 6  . )¢..1..1. , 3).1;8 
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: !  

/ 

T 

PO RTFOI . . , ] :O  NO, % 

L,I] RG.l: 
I-PI GAo 

::. ATMOS FLUIDIZi_D BED 

C ( ] A I . , C O N  - NEW COST 

BNI"-TPORT = 38q . ,  ?N" 
RI81< PORT = 1 , ¥ 1 5 % 1 - 6  
R I S I < S D P T  = 1309, ' / '  

BNi':TNO RM = ". d, 2 :I.3 I. i 
.') (:~ • • ~;~ kI,.I.<MOF, II --- • 0,52632 

• R I S K S D N H  = 0 , " 7 2 5 q . 8  

PW O F  C(]MM ( .... o CA L.,[- INVEST 
• DEMO PI..,ANT CAPi.TAL RE@MT,.," .q 

= 180'3,3"5. 

= .,I. 050 

j - 

• C O V A R I A N C E  MA':FR]:X 

.... ' 8:1.w.i.9"~_2 .: 

• -38.1. 271.I. 

-5%5898 

-182891 ,.. " 

" STD DEV MATRIX 

• , 9 0 3  
&:L7 • 

739 . .  
t l .28 

-38`1.27q- 

" 3376:1 .5  
3 : 1 . . 3 2 5 9  
168q-67 

617 

5 8 1  ' 
560 

W.l. 1.g 

"5%5898 • 
3.1.3259 
• 4 4. ,,) ,' 9.3,,. C) 0 
399713 

739 

56q 
891 

632 

NORMAL.,IZErt C O V A R I A N C I -  M A T R I X .  : 

" ~  (I ~" ,~ ..... , :I._1.7 

", 11'7 , iOq. " 

- ,  16T .09~ 

" - ,  0 5 6  .. " , 0 5 2  

- , 1 6 T  
, 0 9 6  
,2q-3 
, 1 2 3 .  

.'. 

." . . .  

%.  • . * ' . •  

: . "  .,, . . . . .  

• . .  : 

i . ' "  . " .  
• . . .  " , ' •  

•-18_89_7', 
_I.68q.67 

3 9 9 7  ~1. 3 '  
. 2 2 6 8 ? 8  

, . "  , , : 

q . 2 B  " 

4 . i 0  " ' ': 
6 3 2  " 

.. q-.T6 .,: 

-. ,  0 5 6  : 
. oF_ ,2  -. 

, 1 2 3  .. . .  • 
• . O'tO 

NORMAL, IZI--D STD DEV MATRI)< 

, 5 0 0  
", 314,2 - 

, q .09  
", 2 3 7  

,3q-2  
, 3 2 2  

• ,  3 1 0  
, 2 2 " 7  

,q.09 

,,310 

, ~.I.93 
,3.,50 • 

-. 2 3 ~  .... 

,3,.J-.1... 
pAu. 
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CURGI 
INDUST, FUEL GAS B 
SHALL SCALE FUE:L E 
SMALL SCALE FUEL F 
UTILITY FUEl.., GAS K 
ATHOS FL, UIDIZEI:I BE][) 
SRC 

BNETPORT = 

RISK PORT =" 

RISKSDPT =" 

1302,8 
1,8108E6 
13LI.5,7 

B N E T N O R M  =" 

R I S K N O R M  = 

R I S K S D N M  = ,  

0 , 6 5 2 2 3  
0 , 4 . 5 3 8 5  
0 , 6 7 3 6 9  

PW OF COMM SCALE INVEST = 
DEMO PLANT CAPITAl.. REQMTS = 

199Y,5 
7 7 3 , 3 2  

COVARIANCE MATRIX 

156211.79 -4.85506 
-LI.855(]6 25,.53q. LI. 
-91q.Sg2 36(1058 
-516200 23682Y 

'1"914.802 
360058 
89;:~4,13 
616661 

-516200. 
236827 
61.6661 
50L~508 

STD DEV MATRIX 

12,~0 69Y 956 Y18 
697 506 600 1.1.82 
956 600 9LI.5 Y85. 
Y18 #87 785 710 

NORMALIZED COVARIANCE MATRIX 

, 3 9 2  
- , 1 2 2  
- , 2 2 9  
"', 129  

-,122 
,064, 
,(;90 
,059 

";229 
,690 
,22LI • 
,155 

",129 
,()59 
, .1.55 
,126 

NORMALIZED STD DFV MATRIX 

, 6 2 6  ,3L1.9 ,4.79 , 3 6 0  
,34-9 , 2 5 3  , 3 0 0  , 24.tl. 
, L1"79 , 3 0 0  ,4.Y3 , 3 9 3  
, 3 6 0  ,24.LI. / 3 9 3  , 3 5 6  

-E-5- 



PORTFOLIO NO, 6 

LURBI 
HYGAS 

INDUST, FUEL GAS B 
SMALL SCALE FUEL E 
SMALL SCALE FUEl., F 
U T I L I T Y  FUEL GAS I< 
ATMOB F L U I D I Z E I )  BED 
COALCON -. NEW COSY 
.SRC 

BNETPORT = . ' [700 ,8  
RISKPORT = q - ,6322E6  
RISKSDPT = 2 1 5 2 , 2  

BNETNORN = 0,5721 
RISKNORM = 0,52#1 
RISKSDNM = 0,723.95 

PW OF COMM SCALE. INVEST 
C~EMO PLANT CAFITAL RE~M.TS 

COVARIANCE MATRIX 

3707~08 
'1291897. 
•-2103158 
-813057 

= 29.72,9 
= ll+8t+ ; 3 

~1291897 .-2103i58 
8t'1"#98# • 7q-9#7~ 
7# 9q-T'.'E 229#6,51 
#78658 1383030 

-813057 
#78658 

1383030 
"97911.7 

STD DEV MATRIX 

'1925 
1137 

9 0 2  

1137 lq-50 
919 866 
866 1'515 
692 1176 

• NORMALIZED 

,#19 
" ,  1#6 * 
- , 2 3 F  • 
-., 092 

NORMAI.=IZEB 

COVARIANCE MATR'IX 

", 1#6 . -,238 
, 0 9 6  ' , 0 8 5  
,085 .  - , 2 6 0  
, 0  5 #  , 1 5 6  

STl"J rfE9 r ATRZX 

9 0 2  

117~ 
990 

- ,  092 
,05q. 
, 1 5 6  
,1:1. I 

,6q-8 ,382. ,#88 
,382 ",309 ' /291 
, q.l~8 ,291 ,510 
, 3 0 3  .233 , 3 9 6  

.303 
,2z~;3 
,396 

. 

,, . . .:: , 

- E-7 - 



PORTFOL, IO NO, 7 

I..,URGI 
INDUST, FUEC GAS B 
SMALl.., SCACE FUEl.. F 
SMALl_, SCAL, E FUEl.., F 
ATMOS FI..UIDIZED ]iiEI) 
SRC 

BNETPORT =: 
RISK PORT =: 
RISKSDPT = 

1051.1., 6 
i, "/'1761~.6 
1 3 1 1 , 3  

BNETNORH = 
RISKNORM ," 

RISKSDNM =." 

0,55178 
0, LI.7073 
0,6861 

PW OF COMM SCAL, E INVEST = 
DEMO PLANT CAPITAl.. RE(,~MTS =: 

1911,3 
7 3 2 , 3 2  

COVARIANCEI MATRIX 

1LI.5 O O 31.l. -Ll.60631 -885802 -512308. 
-q.60631 2360q.5 353629 232112 
-885802 3',536":~9 8"79808 601.1-387 
- 5 1 2 3 0 8  '23211"~! 6 0 1 ¢ 3 8 7  I.I. 9 0 9 0 9  

STD DEV MATRIX 

120q. 
679 
9q,1 
716 

6Y9 9q.1 716 
1¢86 595 LI.82 
595 938 Y77 
LI-82 Y77 701 

NORMAI..,IZED COVARIANCE MATRIX 

, 3 9 7  " ,  1 2 6  " , 2l.t. 2 

- , 1 2 6  , 0 6 5  , 0 9 7  
"", 2LI.2 ,097 , 2q .1  
"", 11.1.0 ,06L I  • , 1 6 5  

" ,  1LI.O 

, 06q .  
, 1 6 5  
, 134 .  

NORMAI..,IZED STD DEV MATRIX 

,630 ,355 ,q.92 ,371.I • 
,355 ,25q. ,311 ,252 
, q -92  , ..~ 1:1. , L1.91 ,1l-07 
,.7.,71.1. , :~5:2 ,4-0"7 , ,]6"7 

-E-8- 



PORTFOL, I'O NO, 8 

LuRs:[ 
.,~ l,$ HYbAo. 

I N D I J S T , '  ,FUEL GAS A 
INDUST. FUEL GAS B 
~MALL SCALE FUEL E 
SHAM.., SCAI..,E FUEl., F 
U T I L I T Y  FUEl.., l']Ao K 
.ATHOS F L U I D I Z E D  BIZD 
C O A L C O N  - NI:'W COST 
SRC 

BNETPORT = :L6~¢9.7 
RI81< PORT "= q., 7 0 2 2 E , 6  
RZSI(SDPT = .2168,1¢ 

BNE~NORM = 0 ~5209w¢ 
RISK.NORM = " 0.I+6891 
RISKSDNM :- 0 ,~8477 

IPW " O F  ~'~O["~M" S C A L E  I N V E S T  

DEMO PLANT CAPITAL RIEQMTS ' 
=- 3 1 6 6 . 7  
= 1 5 9 6 , 3 .  

. 

COVARIANCE MATRIX 

-1367122 
.... 21872L~7 

-82323S 

-1367122 
902528 
766270 
~87126 

STD DEV MATRIX 

4218721¢7. 
7 6 6 2 7 0  

2 3 7 3 0 5 0  
i|~ib529 

i 9 6 3  
1:1.69 
l i . I .79 
9 0 7  

1 1 6 9  
9 5 0  
8 7 5  
6 9 8  

11¢79 
875 

'.15#0 
1189 

NORMALIZED C{]VARIANCE .MATRIX 

; ,'~81.1. ".  1 3 6  . - ,  218 
", . , .36 , 0 9 0  , '0 '76  
-., 218 , 0 7 6  ; 2 3 7  
-, 1}82 . 0 | ¢ 9  , lq-1 

. 

-823235 
t ~ 8 7 1 2 6 .  

iq11¢529 
9'94328 

907 
698 

997 

- .  0 8 2  
. . , Oq-9. 

, 1.!¢ 1 
• , 0 9 9  • 

"NORMALIZED STD DEV MATRIX 

. 2of 7, E7 
,369 .300 ,276 
, i '~67  2 7 6  t¢86  • , • o I • 

.,287 ,220 ,376 
i. 

- E-9 - 

• 287 
. t ~ a.k. 

.376 " 
..,.% ,.. I ~n 



PORTFOLIO NO, 9 

LURGI 
HYGAS 
INDUST, FUEL GAS B 
SMALl.., SCALE FUEL E 
SMALL SCALE FUEL, F 
ATMOS FLUIDIZED BED 

BNETPORT = 193,05 
RISK PORT :: 1,028~.E6 
RISKSBPT = lOlq., i 

BNETNORM = O, 12731 
RISKNORM =:  0 , Ll'q'y2LI" 
RISKSDNM =: 0 , 66876 

PW OF BOMM SCALE INVEST = 

DEMO .PLANT CAPITAL RE@MTS = 
I','316,3 
928,9 

COVARIANCE MATRIX 

31~0670 -1521.1.86 -2670 LI.LI. -89969 
-152LI.86 138889 18!L893 81992 
-2670q. q. 181893 q.Y9813 221383  
"89969 81992 221383 I17q-23 

STD DEV MATRIX 

,',"-_, 8 q. 390 ,517 300 
390 373 I.Z.26 286 
517 : LI.26 693 LI.'71 
300 286 I$71 3L~3 

NORMALIZED COVARIANCE MATRIX 

, -, -,o39 

- , 0 6 6  ,060 ,079 ,036 
-,i16 ,OT9 , 2 0 9  ,096 
- ,039  ,036 ,096 ,051 

NORMALIZED STD DEV MATRIX 

,385 ,258 ,3q'l J198 
,258 ,2q.6 ,281 ,189 
, ~.~q.l ,281 ,q.57 ,310 
,198 ,189 ,310 ,226 

E - I O  - 



I~ORTFOLIO NO, 10 

I.JLI R B I 
INDUST,  FUEL GAS B 
AI'MOS F'L, UIDIZEB BED 
SRC 

B N E'T" P 0 R T 
RZSI<P.ORT = 

( . . ,  • 

-RISK,~BPT =. 

-BNETNORM = 
.'P, I,~K NO RM. = 

R I S K S D N M  = 

Pkt OF coMM 
r~EMO 

= 101.1:5 
1,7:L 681:.6 
1.3"10,3 

0 ~ .... 
O,q-8:l.t.l. 
0 , 6 9 3 8 3  

SCALE INVEST ". 
PI..,ANT" C. APZTAL RIZQM"I'S 

i888.5 
. 7 0 1 , | + 3  

C O V A R Z A N C E  M A T R I X  

:I. q.q-2~+36 
- f+ 57.1. 0 7  

- 5 1  .I. 7q.q. 

+. 

-q.57:1. (.17 
+ 233LI-3 0 

3 5 3 0 2 0  
23168.t 

°l" ° 

. .5TD DEV MATRIx 

, a ~ )  • ,e 

:1..,~ 01 076  
6 7 6  " q.83 
9;;I- O 59#.  
71 ~ " ,., q. 8 1  

-882697 
353020 

! f ( : .~  A ' , .  , ~ , ,  

. ~  , ~ )  

6 0 ~ 9 3  

9q- 0 
59q. 
937 

• 77"7 

NORi~IAI.~ZZI-D COVARIANCE MA'FRIX 

,.t+Oq. - ,  i 2 8  
- ,  128  , 0 6 ~  
- ,  2q.8 , 0 9 9  
- ,  lh .3  , 0 6 5  

- . ,  2Lf .8  

, 0 9 9  
• , 21.1.6' 
• 169 

NORMALIZED STD DEV MATRIX 

, 6 3 6  , 3 5 8  
, 3 5 8  , 2 5 6  
l ""  i " ~ "  I ~  q.98 .... I.a 
, 3 7 9  , "~'~'-': 

, I+98 
, 3 1 5  
, q-96 
, q . l l  

• i "  

-5117q.q- 
2 3 1 6 8 1  
6 0 3 2 9 3  
# 9 0 2 5 8  

715 
q-81 
"777 
7OO 

" ,  lq .3  
, 0 6 5  
, 1 6 9  
, I-3;7 

, 3 7 9  
, 2 5 5  
,1.1.1-3. 
,3"7.l 

+" 

t = 

, {  

• +,  . 

E - I  I 



APPENDIX F 

INDIVIDUAL PROCESS RESULTS 

Appendix F l is ts  the detailed por t fo l io  

results for the twenty-two individual sets 

of process data. Each port fo l io  is con- 

structed of just  a single process so that 

individual process benefits and risks can 

be compared. 

- F-I - : 



PORI'FOLIO NO, .1. 

COGAS 

BNE'FPORT = - 1 6 # . 0 3  
RISKPORI"  :: 7 , 9 2 2 7 E 5  
R ISKSI )PT  = 8 9 0 ,  .1. 

BNETN(]RM =: "0,19668 
RISI(NORM = .I.,1391 
RISKSDNM ".= 1,0673 

.PW OF COMM S(]AI..,IE INVEST =: 
DEN(] PI.,ANT CAPITAL, REQMTS = 

8 3 3 , 9 8  
2 2 9  

COVARIANCE MATRIX 

171397 -7100q. -203q.95 "66383 
"7.1. 0 Oq. q.8677 139671 #8181 

- 2 0 3 q - 9 5  .1. 3 9 6 7 1  q.737"t 2 1693#8 
- 6 6 3 8 ; 3  # 8 1 8 1  1693q .8  6 5 7 9 0  

STB DEV MATRIX 

q-if@ 266 #51 258 
266 221 3T# 220 
L~51 37b 688 #12 
25B 220  #12 256 

NORMALIZED (](]VARIANCE MATRIX 

,2it.6 -,102 -,2.93 -,095 
-,102 ,070 ,201 ,069 
.-,293 ,201 ,681 ,2#3 
- ,095 .069 ,2w¢3 ,095 

NORMALIZED SI'D DEV MATRI'X 

,%96 ,320 ,5#I ,309 
,320 ,265 ",~#8 ,263 
,Sq.l ,~q,8 ,825 ,#93 
, ~ 0 9  ,263 ,q .93 , 3 0 8  

- F - 2  - 



i 

LURGI 

BNI~'TPORT = 
I~ISI(PORT = 
RISl (S i )P ' l  ~ = 

BNETNORM = 
RISKNORM. =" 

RISKSDNM = 

• PW OF COrM 
DEMO. PLANT 

93,037 
50693. 

2 2 5 , 1 5  

0, l~.l.r.~ 09 
0,1216" 
0,3|.I.87 

SCALE INVEST = 
CAPITAL RE@MT8 = 

6q.5,68 
2'.1-9 

COVARIANCE MATRIX 

17013 
"951~5 

-18212 
-9613 

-95q.5 
Y592 

13606 
69q.6 

-18212 
13606 
256q-7 
13327 

-o961~ 
69q-6 

1332"7. 

8TB DEV MATRIX 

13'o 
98 

135 
98 

98 
87 

117 
83 

135 
1'17 
160 
115 

98 
83 

115 
86 

NORMAI.,IZED 

,01.1.1 
-.023 

-,.023 

NORMAblZED 

, 202 .  
, 151" 
, 2 0 9 ' . .  
, 1 5 2  

COVARIANCE M A'i'R.I X 

,023 
,018 
,033 
,01T 

", 014.1~ 
,0~3 
,062. 
.o3"  

STD DEV MATRIX 

, 1 5 1  
, 1 3 5  
, 1 8 1  
, 1 2 9  

,209 
,181 
,2q.8 
,179 

-,023 
,017 
i032 
,018 

,152 
,129. 
,179 
,133 

-F-3- 



PORTFOL, IO NO, 3 

HYGAS 

BNETPORT = 15#,31 
RISKPORT = 8,3629E5 
RISKSDPT =: 91#, q.9 

BNETNORM = 0,26219 
RISKNORM = 2, V.l.lt~2 

. RISKSDNM = I ,5538 

PW OF.COMM SCACE INVEST = 

pEMO PL, ANT CAPITAL RE@MTS = 
588,55 
LIo57 

COVARIANCE MATRIX 

205#75 
-8V.l.gT3 

-160863 
-65830 

"8q-973 

813T5 
15002qo 
63Ll.q.3 

"160863 
lEO 02Ll. 
31,1.6397 
15732','3 

63L1.1.1.3 

157325 
81.1.788 

STD DEV MATRIX 

14~53 292 #0'I. 257 
292 285 387 252 
L~01 387 589 397 
257 252 397 291 

NORMAL~[ZED COVARIANCE MATRIX 

,593 - , 21.I.5 - , I.I.6v.I. -,190 

,2q.5 ,235 , v.J.33 ,183 
, q.6V.l. ,q.33 1,000 , I.~51.I. 
,190 ,183 , l.l-5q. ,2q. 5 

NORMALIZEB .STD DEV MATRIX 

,770 ,4.9~ ,681 , LI,36 
,#95 , v.I.85 ,658 , t.I.28 
,681 ,658 1,00-0 ,67q. 
, I . I .36 , v ¢ 2 8  ,6 "?L  I . , LI .95 

- F-4.- 



PORTFOLIO NO, .i~ 

SYNTHANE 

BNE'~PORT 
RISI(POR'r 

R ! S K S D P T  

= "~6,328 " 
= 7,8153E5 
= 88L~, 0~ 

BN!...ZTNO RM 

RISKSDNH 

= -0.05,6312 
= i , "i 51+7. 
= I ,  0 ? % 6  

i 

PW'OF CONH SCALE INVEST = 

DEH8 PLANT. CAPITAL REQNTS = 
1322,69.  
2 1 0 , 8  

COVARIANCE M A T R I X  

115586 ' ' • -4-3876 
-W3876 31 i! OW.I. 

: -.171385 :1. gq. 0 ~.3 
' - 6 1 0 1 5  %388"7 ' 

STD DEV MATRIX. 

3L~O 209 
209 176 
:~:LI~ 323 
247 209 

-.'1.713135' 
101+0LI-3 
qJ.l-%6q.2 
180550 

• %iLr. 

3 2 3  
667 
4 2 5 "  

NOI~HALIZED L;OVARIANCE 
• , . . 

.171 -. 065 

. 0 o o  , O q . 6  

253 , I. ,.,q. 
o9e , oa:,  

 Ai'RIX 

" ,  2 5 3  
:, 1514. • . 
" , 6 5 7  
, 2 6 7  

NORMALIZED STD DEV M A T R I X  

, q.13 
, 2 5 5  
, . 5 0 3  

, 3 0 0  

, 2 5 5  
, 2 1 1 +  

, 3 9 2  
• 2 5 5  

, 5 O 3  
, 3 9 2  
, 8 1 : 1  

, 5 1 6  

I 

-61615 
~J.3887 

180550 
85895 

• 2q .7  
2 0 9  
q.25" 
2 9 3  . 

-,090 
, I}65 
.,267 
,12"7 

,JOg 
,255 • 
~ 5 1 6  
, ,356 

- F-5 - 



PORTFOLIO NO, 5 

TEXACO 

BSETPORT = "298,6 
RISKPORT = 3,03q.6E5 
RISKSDPT = 550,87 ~ 

BNETNORM = -0,38792 
RISKNORM = 0,51216 
RISKSDNM = 0,71566 

PW OF COMM SCALE INVEST 
DEMO PLANT CAPITAL RE@MTS 

• -.:-" 769,75 
= 209,5 

COVARIANCE MATRIX 

107591 
-77"7.08 

-115917 
"30709 

"77708. 
82315 

109385 
29900 

"115917 
109385 
171599 
t~8016 

-,.~0709 
29980 
q.8016 
16020 

8TD DEV MATRIX 

328 
279 
3J.l. 0 
175 

,779 
287 
331 
173 

331 
Ll.lq. 
219 

175 
173 
219 
127 

NORMALIZED 

,182 
-,131 
",196 
-,052 

COVARIANCE 

" ,  131 
.139 
,185 
,050 

MATRIX 

-,196 
,185 
,298 
,081 

'",052 
,050 
,081 
,027 

NORMALIZE'D STD 

,L~26 
,362 
, Ll, q.2 
,228 

DEV MATRIX 

,362 
,373 
, LI.30 
,225 

, q.t,l,2 

,538 
,285 

,228 
,22.5 
,285 
, 1 6 L l  - 

-F-6- 



PO RTI"OL ]:'0 N(], 6 

INDUST, FUEl.., GAS "A 

B N E T P O R T  = -5 : ] . ,  :1.52 
RISI<I~ORT = '  7 0 6 , 5 . q -  
RISI<SDP'T = 8 q . , 0 5 6  

BNETNORH = - 0 , 2 6 q . 0 1  
Rt~I<NOF~M = 0 , i 8 8 2 " 1  
R ISKSDNH = 0 , # , 3 3 8 3  

PW OF C(]MM SCALE INVEST, = 
DEMO PLANT CAPITAL REQNT9 = 

COVA R I ANCE 'M.AI" R I X 

3 0 q. 9 • - - 2 6  (i I "  
- 2 6 0 1  " 323q. 
- 2 3  0 n . t . . ~ " ~  ...... J'ao 
,7596 ~ 711 

-230q .  
2736 

.:. 289q .  
8q.q- 

J,93,75 
1.1.2 

~ STD [iEV MATRIX • 

55 - 5 1  
5_'1. 57 
LI-8 • 52-  
-2q- " 27 

Ll.l'l 
"5!2 
5i.I. 
2 9 .  

NORMALIZED COVA R.T.ANCE 

. oi~i 

' - ,  (169 
-., 0 6 1  
- , ' 0 1 6  

N O R M A L I Z E D  

, 2 8 5  
,263 
,2q-8 
, 1 2 6  

STD 

H A T R I X  

" ,  0 6 9  
, 0 8 6 .  
, 0 7 3  
, {.119 

I IEV M A T R I X  

, 2 6 3  - • 
, 2 9 3  
, 2 7 0  
, :1.38 

-, 06]. 

, 0 7 3  
, (.177 

."~o 
= 0 a~.¢& 

2q-8 
,270 
,278 - 
; i50 

-. :,. 

? 

, - 5 9 6  , 
711 
8qix. 
3 0 8  

21.1. 

27 . 
29 
18• 

7 0 1 9  . 
• ~ , ,--~ • 

,008 

, .126 
, :L38 .: 

I ,~ 0 
, 0 9 1 '  

• • , .  • 

- . F - 7  - .  



PORTFOLIO NO, 7 

INDUST, FUEL GAS B 

BNETPORT =: |.I-2 , q.12 
RISKPORT :: #778,7 
RISKSDPT =.' 69,128 

BNETNORM = 0,56Ll.q.l 
RISKNORM = 0 , 8q.631 
RISKSDNM := 0,91995 

PW OF COMM SCALE INVEST = 
DE.MO PLANT CAPITAL RE@MTS .= 

75.1## 
102 

COVARIANCE MATRIX. 

3971 -2508 -1987 -828 
"2508 2131 1735 831 
-1987 1735 1782 938" 
-828 831 93(1"  5#7 

8TD DEV MATRIX 

63 50 4.5 29 
50 LI.6 LI.2 29 
q-5 I.I.2 I~.2 30 
29. 29 30 23 

NORMALIZED COVARIANCE MATRIX 

, 7 0 3  " ,  Lp.l.q. - , 3 5 2  
, l,l.q.q. , 3 7 7  . , 3 0 7  
, 3 5 2  , 3 0 T  ,3 :L6  
, :l.q.T , 1 # 7  . 1 6 5  

, lW.I.7 
,1Ll.y 

,165 
,097 

NORHAL,'IZED STD DEV MATRIX 

,839 °666 ,593 ,383 
,666 ,61t.I. ,55q. .38# 
,593 ,55q. ,562 , Lt. 06 
, 3 8 3  ,38t.I. ,L~06 .311 

-F-8- 



PORTFOIJ]:O NO, 8 

I N D U S T ,  FUEL, GAS C 

B N E T P 0 R T =: - :I. T 0 , 2 8 
RISI(F)OI~T :::: :l , .1.871:{5 
R ]: S K S D P T = 3 tl- q. ,  5,-5. 

BNETNORM = 
• (,~ . 

1:,! I ,:~ I( N 0 R M = 
P, I S K  8DNH = 

~ O, ,~'7387, 

:1.. 859 
1 , 3 6 3 5  

P'W OF COMH ~.CAI..,F....~ : INVE,- ,T - -r, .= 
D E M O  .PLIANT CAPITAl. . ,  R[.:'(~MTS . =  

COVARIANCE M A T R ] : X  

2(J50-1..  - 2 0 0 5 0  
.... 20050 v~..1. 537 

":L 5 9 6 q :  I .. 3v.t-23;3 
":1.859 ' . 59 t l . 8  

• • , • • 

• • ., . 

"~ mWO lJ.O 
• . . . . 

.:L 91.I. 

o 

• -.'I. 596V.l- 
3vt-233 

• ,~ ~.) 6 .l. ,.~. • 
685 '0  

( , ~ o  - 

~TD DEV I:'tATR:EX 

:1. LI. 3 :I. V.I. 2 
1 q . 2  " 20 V.l: 

1 2 6  185 

LI.3' " 7 7  

..'1.26 
1.85 
19.1.. 

I'33 

.NORMAI. , IZED C O V A R I A N C E  M A T R I X  

32.1.  - 3.1.v.I. - o,= , t ~ - , , ' .  ~ c  0 . 

- 65i ,3:l.q.. , .. :, 5,'36 
, , ~ ; . ~ 1  O ,  e I - - " v  a '  , o , ~ o  ., 5 7 3  

- ,  0 2 9  , 0 9 3  ; 1 0 7  

N(]RMALILE£ STD DEV MATRIX 

,567.. 
, 5 6 0  
, 5 0 0  

. ,  17_I. 

1 5 6 0  
,807 
, ' 7 3 2  
, 3 0 5  

, 5 0 0  
, 7 3 2  
, 7 5 7 .  
, 3 2 8  

!. 

-., ; . ,  

• o 

= 

. .  ° 2  . "  " ' • "  
F 

• , . : .  

. .  : f  ~ . .% 

• ,•  • . • .  • 

, ,  , " "  ""t:  • : * . .  " • 

- : 1 . 8 5 9 .  - 
59~.~.8 .. 

6850 
:1.737 

• . . ) ,  

w.i.3 
7.7 
8,.'3.' 

C .  

-,o2,; ':. 
, -093 
, io7- -.. 

; 02.7 " " 

.:. "',~ :- 

.., 17:1. :.- 
l : : ;  .30 , .J :  , ... 

, ! 6 5  

- F-9 - .. 



PORTFOLIO NO, ? 

SMALl., SCALE FUEI~ D 

B N E T P O R T  -",': 5 , :l.~'~gY 

RISKPORT =: i 00 ,39  
RISKSDPT = I 0 , 0 2  

BNETNORM = 0, Iq.781 
RISKNORM "= 0,08303 
RISKSDNM - 0 ,'Z8815 

PW OF" COMM S C A L E  I N V E S T  '::" 
I-'IEMO P L A N T  C A P I T A L ,  R E O M T S  = 

3 q . , 7 7 2  
'.1.7,2 

COVA RIr.ANCE MATRIX 

~Y "T.~9 "i~'~ 
"3R 7,5 ?.8 
"'lq" 28 12 

-7 1,5 

-7 
13 
6 
3 

STD DEV MATRIX 

3 t.I. 2 2 

NORMALIZED COVARIANCE 

,031 - ,032 
- ,032 ,062 
"~, 012 ,023 
", 00~ ,011 

MATRIX 

,012 
,023 
,010 
,005 

- ,006 
,011 
,005 
,002 

NORMALIZED STD DEV MATRIX 

,17, ~'] ,179 ,I08 ,OT~ 
,179 ,2q.? ,153 ,J. 02 
.I08 . 15:.~ ,I00 ,(}69 
,076 , .I. 02 ,069 , 0ti. 9 

• - F-IO - 



PORTFOLIO NO, 10 

SMAL, L SCALE FUEL DX 

BNETPORT = 
RISKPORT = 

RISKSDPT = 

- 1 0 , 1 2 q .  
2 1 , 0 5 q .  
q., 588q- 

BNETNORM = -0,62751 
RISKNORM := O, 080883 
ITISKSDNM = 0,284q. 

PW OF COMM scAI.,E INVEST = 

DEMO PLANT CAPITAL RE@MTS = 2:1.,9 

I]OVARIANCE MATRIX 

I.o 6 

-6 16 
-2 6 
-I i 

STD DEV MATRIX 

-2  
6 
3 
I 

2 1 1 
2 I.I. 2 . 1  
1 2 .  2 1 
1 1 .1 0 

-I 
1 
! 

NORMALIZED 

,016 " 
" , ' 023 .  

-,O02 

NORMALIZED 

,126 
,150 
,092 
,Oq.5 

COVARIANCE MATRIX 

-,023 
.060 
.023 ~ 
"..(105 

-,008 
,023 
,010 
,002 

STD DEV MATRIX 

,150 
,21.1.5 
,151 
,072 

.092 

.151 

.100 
,Oq.9 

.002 
,005 
,002 
,001 

, OW.l-5 
.OT2 
, Oq-9 
.025 

-~--/J - 



PORTFOLIO NO, II 

SMALL SCALE FUEL E 

BNETPORT = 3.8583 
RISK PORT =: 25,13 
RISKSDPT :" 5,013 

BNETNORM = 0 , 2q.588 
RISKNORM =' 0,i0206 
RISKSDNM = 0,3191.~6 

PW OF COMM SCALE INVEST -.-.: 
BEMO PLANT CAPITAL RE@MTS = 

15,692 
21,3 

COVARIANCE MATRIX 

8 "8 -4 "2 
-8 13 7 3 
-q. 7 # 2 
"2 3 2 1 

STB DEV MATRIX 

3 3 2 1 
3 q. 3 2 
2 3 2 1 
1 2 1 1 

NORMAI..,IZEB COVARIANCE MATRIX 

,03q. -,031 -,016 ", 008 
", 031 ,055 ,(}29 ,OiLi. 
",016 ,029 ,OIT ,009 
- , 0 0 8  ,O lq .  , 0 0 9  , 0 0 5  

NORMALIZES STD "DEV MATRI.X 

,18q. ,IT6 ,125 ,090 
,176 ,233 ,169. ,I18 
,125 ,169 ,130 ,092 
.090 ,I18 ,092 ,068 

- F - - I 2  - 



PORTFOL.I:0 NO, .1.2 

SMALL SCALE FUEL F 

BNETPORT = 5 , ' 7 % 1 8  
R I S I ( P O R T  = 4 . , 1 1 6 3  
R IS I<SDPT = 2 , 0 2 8 9  

BNETNORM = . 0 , 8 0 8 5  
R IS I (NORI i  = O, 0 8.1.6).q. 
.RISKSDNM = 0 , 2 8 5 6 8  

PW .OF" COMH SCALE INVFST 
DEMO PI'.ANI" CAI'~ITAI.., RI."[.QMTS 

7.1018 
9,'6 

. : . . . -  

COVARIANCE M A I ' R I X  

7" - 5  - !  - 
- 5  6 2 :. 
- 1  2 1 
- 1  1 O 

STD DI-V MATRIX 

3 2 1 
2 2 1 
1 1 1. 
1 1 1 

- 1  
1 
0 
O" 

i 
. 

1 
J: 
0 • 

, , , . . 

NO RMAL,'IZEI'I 

, 1 3 , 3  • 
" 103 g 

- ,  0 2 9  
- ,  017 

C O V A R I A N C E  MATRI)~ • 

- , i 0 3  
, ' i18 

•, 032  
• ,019 

- ,  0 2 9  
, 0 3 2  
, 0 1 0  
. 0 0 6  

- ,  017.:. 
,0:I.9 
,006 " 
, 0  oq- :  " 

NORMALIZED STD 

,365 
, 3 2 1  

, 1 6 9  
, !3.1. " 

DEV MATRIX 

,37.21 
, 3 q  J+ " 
, 1 7 8  
. 1 3 7  

. 1 6 9  

., 178 
, I 0 ( ]  

,079 

,131 
• 13'7 
,079 

, ,066 

- F - 1 3 -  



PORTFOLIO NO, 13 

UTILITY FUEL, GAS G 

BNETPORT = 161'1",1-1'3 
RISK PORT --': 5 .1.65,  ]. 
RISKSDPT =' Y]. , 869 

BNETNORM = 3 , 0 9 9 9  
" RISKNORM :.'= 1 , 8358 

RISKSDNM = 1 , 351.I.9 

PW OF COMH-SCALE INVEST = 53,0LI.3 
DEMO PLANT CAPITAL REQMTS = 3 6  

COVARIANCE MATRIX. 

',".~ I.I. 09 -2262 -1596 "1590 
"2262 1518" 1102 1229 
-I'596 1102 907 10YY 
-1590 1 2 2 9  lOYY 111.09 

STD DEV MATRIX 

71~. 1.1.8 q.O I.I.O 
4,8 39 33 35 
1.1.0 33 30 33 
l.I.O 35 33 38 

NORMALIZFD COVARIANCE MATRIX 

:i., 92;3 -,80,.t. - 
" ,  80L~ ,539 
" ,  5 6 7  " , 392 .  
" ,  56,r'; , q ' 3 7  

,567 
,392 
,322 
,383 

,565 
, I.l.3Y 
,:383 
,50.1. 

NORMALIZED STD DEV MATRIX 

1,38Y ,89Y ,Y53 ,752 
,89Y , 7,.~q. ,626 ,661 
,Y53 ,626' ,568 .,619 
,752 ,661 ,619 ,708 

- F-14 - 



POR'TI-OLIO N O ,  .1.1.~ 

U ' F I : I . , I T Y  F U E L  G A S  H 

B N E T P O R T  = : 2 5 3 . 7 2  

R I S K P O I ~ T  = L I . 9 2 7 0  
R I S K S D P T  .= 2 2 1 , 9 7  

BNETNORM ="  "-0,93131+ 
RISI<NORM = 0,671.I.01.I. 
R I S K S D N M .  = 0,82098 

PW'OF COMM SCALE INVEST 
DEMO PLANT CAPITAL REQMT8 

coVA " " RIANCE MAYRIX 

28q.1.1. 
-301.1. 
-1.1.265 . 

- 3 0 9  

" 3 0 1 1  
6391 

: 10850 
.1. 09"7 

STD DEV MATRIX• 

53 
55 
65 
18 

55 
8 0  

1.0 q- 
33 

= 27 .0  , 3 7  

= 1 3 0  

-LF265- 
10850  
25062 

2 9 2 0  ' 

• 65 
1.01-I- 
158 
5Ll. 

N O R M A L I ~ . : E D .  C O V A R I A N C E  . M A T R I X  

, 0 3 9  
- ,  ()N.J. 
- ~ R  

• 0 (114- 

, {1~+I 
,087 
, lq.8 
, 0 1 5  

- ,  0 5 8 ,  
., l q - 8  

-, 3 q . 3  

,Oq.O 

NORMALIZED STD DEV MATRIX, 

,197 
, 2 0 3 .  
: 2q .2  
, 0 6 5  

,2i 3 
, 2 9 6  
,385 
.123 

,2ki.2 
-, 385 
,..58~: 
, 2 0 ( I  

-309 
1 0 9 7  
,'1 (~ a') f} 

2 0  

Lt-O 9 ... : 

1 8  • .. 

3 3  . •  
51.1< . • 

% •  • 

, OOq- 
, 0 . 1 5  

- . ,  Oq-O 

~ 0 0 6  . : - .  

, (} 6 5  . . . . .  
, 1 2 3  : 
, 2 0 0  • 
, 0 7 5  " 

t 

• 0 :  ' • 

- F - 1 5  - 
v 



PORTFOI..,IO NO, 15 

UTILITY FUEL, GAS I 

BNETPORT =: 33,61b 
RISK PORT =" 1398 
RISKSDPT =: 3 7 , 3 9  

BNETNORM =: 
RISKNORM =: 
RISKSDNM = 

1,9838 
Ll., 869b 
2,2067 

PW OF COMM SCAL, E INVEST 
DEMO PLANT CAPITAl.., RE@MTS 

= " 1 6 , 9 b #  
= 2 3  

COVARIANCE MATRIX 

5q.2 "378 -102 "-Sb 
-378 6bb 23b 185 
-102 231.1 . I17 105 

-Sb  185 105 115 

STD DEV MATRIX 

2 3  19 I0 7 
19 25 15 Ib 
I0 15 II I0 
7 lq. I0 Ii' 

NORMALIZED COVARIANCE MATRIX" 

I, E~;87 "I., 315 
- 1 , 3 1 5  2,21.1.5 

"", 35"7 , 8 1 5  
-, :1.90 , 64 .3  

,35T 
,815 
,L~08 
,36Y 

- , 1 9 0  
, 6 6 3  
, 3 6 7  
, b i l l  

NORMAI.,IZED STD DEV M A T R I X  

1,37b 
I, lq.7 
.597 
,q .35  

I,I#7 
I,#98 
.903 
,802 

, 5 9 7  
, 9 0 3  
, 6 3 9  
, 6 0 6  

, ~¢35  

, 8 0 2  
, 6 0 6  
, 6 3 3  

- F - 1 6  - 



PORTI--OLiO NO, i6 

U T I L I T Y  F U E L  GAS ,J 

BNETPORT ---. 
RISK PORT = 
RIS I<SDPT = 

"16T ,03  
3,1121E5 
557,86 

B N F T N O R M  
RISK N(I RM 
RISI<SDNM = 

- 0 , 5 0 6 0 9  
2,857 
1 , 6 9 0 3  

Pkl [.'IF" COMM SCAI.,E I N V I ! : . ' s T  
DEMO PI..,ANT CFkl I I A L ,  R[".(,tM1S 

COVAI~'[ANCE MATRIX 

• q . 6 1 "  "~ .L,-_ . ' - q - 2 3 6 3  
- q . 2 3 6 3  8 5 q - i 6  
" 2 9 T ' T L I  . .~ . f  "~. "",..-o,'~ ;.., ;, ,. 

-q-352 . . . . l , ' 3 T  0 

STD DEV MATRIX 

215 
2 0 6  
173 

6 6  

2 0 6  
• a . : ,  , ,  .,.%,. 

• . 279 
I 2' 

NORMAI.,IZI-'D COVARIANCE MATRIX 

• ,L I -23  ' - , 3 8 9  
- ,  3 8 9 "  , 7 8 L I .  

- ,  273 , 7 1 2  ':" 
" ,  (.1L1.(.1 , :l_,':j9 .. 

= 35.,30 , 0 q-" 
= 1 9 6  • • 

-2977q. 
" 1.,--  " )  ?7,J9~-. 
91618 " 

1"73 
279 
3 0 3  
'1.50 

- , 2 7 3  ' 
., T : l .2  
• ~ 81.1.1 

, 2 ( . 1 5  

• i  

" q - 3 5 2  ~. 
:1.737.0 

2 2 3 " ? 8  
63 7 " 

• "-..,*,, . .  

6'6 • 
. 1 3 2  . 
150 

8.0 

LI. . 

i 

" ,. (.1 q-O .. 
, 1 5 9  -. 
., 20"5 ' :" 

, 0 5 8  

NORMALIZED STB DEVMATRIX 

,65 '1 ,  , 6 2 q . .  
, 6 2 q .  , 8 8 6  
, 5 2 3  ,8Ll.q. 
, 2 0 0  , 3 9 9  

, 5 2 3  
, 8  LI.N. 

, 9 1 " 7  

, q -53  

- P " I  7 - 

,20 (.I 

,399 
• , q-53 ~ 
,2q.2 .. 

, " , . 



PORTFOLIO NO, 17 

U T I L I T Y  FUEL GAS K 

BNETPORT = 24.8,21 
RISKPORT = 302q.8 
R.T.SKSD PT = 173,92 

BNETNORM = 2,8796 
RISKNORM = tl., 0711¢ 
RZSKSDNM := 2,0178 

PW OF COMM SCALE INVEST = 86,19i.i. 
DEMO PbANT CAPITAL RE@MTS = 4.1 

COVARZANCE MATRIX 

691.1.1.1. 
-2920 
-1287 

-81"7 

"2920 
5346 
3',"$ .'I. Y 
3758 

".'1.287 
351Y 
275Y 
3 2 3 2  

"I'31'7 
37~:.~8 
3 2 3 2  
4.237 

ST~I DEV MATRIX 

83 54. 36 29 
54. 73 59 61 
36 ,~!;9 53 57 
29 61 5"7 6,~ 

NORMALIZED COVARIANCE 

,935 -,393 
,393 ,720 
,173 , LI.73 
,Ii0 ,506 

MATRIX 

,173 

,371 
,4 .30 

,110 
,506 
, LI.35 
,570 

NORMALIZED STD DEV. MATRIX" 

,96Y 
,627 
, I.I.16 
, 3 3 2  

, 6 2 7 .  
,81.I.8 
,688 
,711 

, I.I.16 
,688 
,609 
,660 

,332 
,Y11 
, 6 6 0  
, 7 5 5  

- F - 1 8  - 



PORTFOLIO NO. ~8 

.ATHOS FL.,UIDIZI-D BEEt 

BNETPORT = "'I. 06,31 
P, iSKI:)ORT = 7289.L 
RISKSDPT = 85,3'76 

BNETNORH = -0 ,57721 .F  
RISKNORH : 0 , 2 1 q - 8 9  
RISKSDNM = 0 , q . 6 3 5 6  

PW OF" COMM SCAI.~E INVEST .. = .1.8q. 
DEMO PLANT CAPII'AI~ REQM]~S = 90 

].8 

COVARIANCE MATRIX 

0 0 

0 3"762 
0 ' I. 079 

0 30Q 

STD DEV M A T R I X  

0 ( ]  
(.1 6:. 
0 33  " 
0 18 

0 
.1. 0'79 

q.2q. 

::1.39 

o 
.33 
2:1. 
12 

0 
308 
:1.39 

• •51 

0 

12 
'7 ". 

NOR'MALIZED 

,000 
,000 

,000 
,000 

COVARIANCE MATRIX 

, .000 
, _'l;1 :L 
,032 
, 0 0 9  

,000 
-, 0 3 2  
, 0 1 3  
• 00 =4. 

, 0 0 0  
, 0 0 9  
, 0 0 q -  

, 0 0 2  

NORMALIZED STD 

, 0 0 0  
, 0 0 0  
, 0 0 0  
, 0 0 0  

DEV MATRIX  

, 0 0 0  
,33,3 
, :1.'78 
, 0 9 5  

, 0 0 0  
, 1 7 8  
, L 1 2  
,06q- 

, 0 0 0  
, 0 9 5  
, 0  ~P.I. 
, 0 3 9  

- F - 1 9 -  



PORTFOLIO NO, 19 

COALCON - OLD COST 

BNETPORT = 385,35 
RISK PORT = 3,0575E5 
RISKSDPT = 552,95 

BNETNORM = 1,1616 
RISKNORM = 2,2783 
RISKSDNM =.. 1,6668 

PW OF COMM SCALE INVEST 
DEMO PLANT CAPITAL RE@MTS 

= 331,7q. 
= 16q, 

COVARIANCE MATRIX 

201365 
-98037 
-gtlo2Y¥ 

-69266 

7  8o3z 
77815 
7,. .o96 
5 7 0 " / ' 2  

-9#277 
7#096 
86681 
69838 

- 6 9 2 6 6  

57072 
69838 
61036 

STD DEV MATRIX 

q.49 
313 
3()7 
263 

3 1 3  
2 7 9  

" 2 7 2  
2 3 9  

307 
272 
29i.I. 
26LI. 

2 6 3  
2 3 9  
26,.i. 
2L1.7 

NORMALIZED 

1,830 
-,891 
-,857 
-,629 

COVARIANCE MATRIX 

",891 
,70T 
,673 
;519 

",857 
,673 
,788 
.635 

"',629 
,519 
,635 
,555 

NORMALIZED STD 

1,353 
,9tl.tl. 
.926 
,793 . 

DEV MATRIX 

,9tl.tl. 

,8q.l 
,821 
,720 

,926 
,821 
,887 
,797 

,Y93  
, 7 2 0  
, 7 9 7  
,7tl.5 

- F - 2 0  - 



pORTFOLIO .NO, 20. 

COALCON - NE'W COST 

BNE.T PO Rl" = 
RISI( PORT = 
RISKSDPT = 

BNEI'N(]RM = 
RISI(NORM = 
RISI(SDNM = 

21¢3.7 
3,76 03E5 
6"1.3 "~'~ 

0,62985 
2.5:1. 
1 ,58L~9  

PW OF COMM SCAI:E IN vl:Sl 
BEMO PLANT CAPITAL RE@MTS 

COVARIANCE MATRIX 

= , _ 8 ~ , 9 2  
25f.1. 

2(~1365 -iI~¢389 "109959 
- i i ~ 3 8 9  105939 100835 
"109959 100835 1 1 7 9 1 6  
"6~038 61566 75307 

-6~038 
61566 • 
.753(}7 
52170 

ST[~ DEV MATRIX. 

b~.9 3 3 8  
338 325 

3 3 2  3 1 8  
2 5 3 .  2L~8 

NO.RMALIZED CO.VARIANCE MATRIX 

1,3~.I-5 - ,  761.I- 
-,?6q- ,Y08 

, ? 3 5  ,67LI - 
- ,  !.1.28 , if. 11 

N.ORMAL, IZED STD DEV •MATRIX 

1,160 ,8YI¢ 
,871-1. , 8 q . l  

,857 ,821 
, 6 5 q .  ,61¢1-1 

332 
318 
343 
274 

- .735  • 
• ,  671¢-, 

•. 788 
.503 

,857 
,821 
,887 
,Y09 • 

2 5 3  
• 2f¢8 

27L1- 
" 2 2 8  

'- ,N.28 
, !.1.11 

. , 5 0 3  
., 31.1.8 

, 6 5 1 ¢  

,61¢1 
,?09  
,590 

• . . . . .  - F - 2 1  - 



PORTFOLIO NO, 21 

SRC 

BNETPORT = 
RISKPORT = 
RISKSDPT = 

BNETNORM = 

RISKNORM = 
RISKSDNM = 

PW OF COMM 
DEMO PI.,ANT 

1015,9 
1.5386E6 
12q.O, '.i. 

1,0329 
1,5907 
1,2612 

SCALE IN.VEST = 

CAPITAl.., REQMTS =: 

983,#8 
260, LI.3 

COVARIANCE 

1198586 
-36731Z 
-718777 
-q.7#733 

MATRIX 

-36731Y 
182227 

i 3222"78 
213366 

-71877T 
322278 
726685 
520600 

-#'7#733 
2 3 3 3 6 6  

5 2 0 6 0 0  . 
t l . t l . 0 2 8 2  

STD DEV MATRIX 

1095 
606 
8#8 
689 

606 
#2T 
568 
#62 

8#8 
568 
852 
722 

6 8 9  

# 6 2 "  

722 
6 6 #  

NO RMAI,~IZED 

1.239 
",380 
-,7#3 
-,#91 

COVARIANCE 

" 38o 
.188 
,333 
,221 

MATRIX 

":, Tq.3 
.333 
.Y51 
,538 

",#91 
,221 
,538 
,#55 

NO RMAI..,IZED STD 

I,I13 
,616 
,862 
,701 

DEV M A T R I X  

,616 
. Lt.31.1. 
,577 
,#70 

,862 
,5TY 
,86'7 
.731.I. 

,701 
,#YO 
.73# 
,675 

- F - 2 2  - 



k 

PO RTI":OL..I 0 NO. 2 2  

C" - I, (.? " F I ~CHI:. R-T RO F o (., I"I 

BNET PO RT 
R I ~'3 K P 0 R T 
Rlol', 8.'OFrl" = 

B N E T N O R M  = 
R I SK N 0 R M = 
I~ISI(SBNM = 

= 3"7, (18'7 
= 1 . 7 2 2 9 E 6  

° ~  e ' )  
:I.,~ l,.~, 6 

0.030999 
~03"7 

I , 0 9 7 2  

PW" OF (]OHM SCAI..E INVEST 
BEMO PLANT CAISITAI. REQMTg 

, . , , ,  

C O V A R I A N C E  

59q.I.I.9 :L 
2o ,~  9Li.q. • 

, . -63188q.  
-25~-1.q.28 

MATRIX 

-2639q.!.! 
1612:I .9 
3 7 7 9 0 3  

.r=r-',='t. "n 
• ; ' 3 , . 3 - . . I  l ' . e .  

BTB BEV .MA'FP, I X  

771  
51q. 
"795 
51q. 

51q. 
q.02 
6'1.5 
391~ 

NDRMAI..,IZED COVARIANCE •MATRIX 

•,  q-:15 " ,  !8q. 
" ,  1.8q- , 1 13 

- ,  q - t l . 1  .. , 2 6 q -  

- ,  : [ 8 5  , 109 

NORMALI~cEB 

,6q.q. 
, q.29 
,661.I - 
, 'IL30 

STI't = .  . BI"-V MATRIX 

;q-29 
, 336  
,5 :I. tl. 

• ,330  

1.1.96,  q. 
3 2 5 , 8  

Y"63 _I. 88 LI. 
:377903. 

" 1060708  
!.I.65590 

7 9 5  
6 '15 

3~ 0 3 0  
6 8 2  

- ,  Vq. l  
• 261+ 
, "71.1.1 
, 3 2 5  

,66q. 
~ lt;l- 

.,861 
,5"70 

-26q : I .1 .28  
~,,," t , #  " , , I  " t  ° 

q-65'59.0 
• ,'1, C)  .el 0 r- ;  ~ 

.39t~ 
6 B 2  
q-78 

"L • " 

- ,  1 8 5  
. 1 0 9  
• , - ) ~  

,160' 

> 

%. 

,q.30 " .... 
. . . .  . • 

,330 
,570 - 

, ~.~ 0 (1 " 

- F - 2 3  



i •  

APPENDIX G 

SENSITIVITY RESULTS FOR 
TEN BASELINE 90RTFOLIOS 

Appendix G l is ts  the sensit iv i ty  results 

of each baseline portfolio to non-optimal 

process economics and risks. The in ter -  

pretation of these figures is given in 

Section 4.4. In addition to the baseline 

portfol io sensi t iv i t ies ,  the sensit iv i ty  

of smal I scale industrial fuel gas pro- 

cesses is included. The Slagging Lurgi 

process is denoted as Lurgi and the SRC 

I I  process is denoted as SRC. 
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Figure G-I Sensi.tivi~ of Pmgram 1 to Process Economics and Risk 
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APPENDIX H 

- APL PROGRAMLISTINGS 

Appendix H gives the APL program l istfngs i~dr'the three ' ~ 

programs, COST, CORE, and PORT. Cost calculates expected 

benefits. Core calculates individual risk standard 

deviations and correlation coeff icients.  Port calculates 

the final portfol io results.. These programs were developed 

on the Econergy IBM 5100 computer. 
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[1] 
[2] 
[3] 
[q.] 

[5] 
[6] 
[7] 
[8] 

[10], 
[11] 
I."12] 

V COST; LYEAR; RATE ; A1; T1; T2; T~.~; TV.~; I 
L.YEARe25 
RATEeO. 1 
A 1 ~,.'25 #.xo- RATE x ~ LYEA R 
lel 

LP1 :-~( I ::.22)/TIME 
DATAEBC[I ; 1]e+/BATAROI[I ; 1]x (DATACFC[1; I ; ], (15#i)) xA1 
DATAEBC[I ; 2]e+/DATAROI [ I ; 2] x (DATACFC[ I ; I ; .], (l~iQ1) ) XA1 
DATAEBC[ I ; [.~]e+/BATAROI [I ; ~3]x (DATACFCEq ; I ; ], ( 15p0 )') xA1 
lel+l 
-~LPI 

TIME: 
"I'le ( ( 0,0625xDATAEBC[ ; ,~] ).+0,155x (DA]'AIi~BC[ ; 1 ]-BA'Y'AEIBC[ ; 23 ) ) x 

~c.-RATEX6 

[ 1 3 ]  T2e( (0,0625xDATAEBC[ ; 3])+0,155x (DATAEBC[ ; 1]-DATAEBC[ ; 2]) ) x 
~¢'-RATEx7 
[1hi . ]  T~'~e ( ( 0 , 0 3 " 7 5 x D A T A E B C [  ; 3 ]  ) + 0 , 0 9 ~ x  ([ fATAEI-~C[ ; 1 ] -DATAEI. IcC[  ; 2 ]  ) ) x 
~(.-RATEx8 . 
[15] TLI.(..( ( 0,025xDATAEBC[ ; l.~] ) +0,062x (DATAEBC[ ; :I.]-DATAEBC[ ; 2.] ) ) x, 
-RATEx9 
[16] DATAEBC [ ; %] (-T I+T2+T~'.~+TU.I. 

COST PROGRAM LISTING 
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[ 1 ]  
E2:I  
[ 3 ]  
r.4.] 
[ 5 ]  
[:,6] 
[7 : ]  
[ 8 ]  

. [ ? ] 

C.O RE ; I( ;. L ; E R R ; T 1. 
.1( ~- 1 
T 1 e l ] E X  ' SHRCO R " 
TI~.-1 BSV{] .'SI-IRCOR' 
-~ ( 2 ~:T :1. ) / S H A  RI':AE R 170 R 
SHRCOR~-'OUT 1 0 0 3  !D=(DATAC:OR)' 
~( { ]  (1 ~ 'F /S I - IRC( ] I :~ ) / I ]P I ;N /~ERROR 

L'P1 :.÷ ( I< >l.~. )/DONE.1. 
XSUM[ ; l<: ]~-+/E23 (92  13 pDATAWTEI(; ] )  xDATARI.,_K 
XAVG[ ;I< ] ~.-XSUM [ ;1< 3+1.3 ' .. 

E.1. 0~] ' TJ. ~ 'v(~l lMr -,, . . . . . . .  ; 1< : l  
[II] DATASIG[ ; K]ePCroMI.~[I(]+(I'I-(! ?'rlE~Tl]) )X(.l CTI'..EGEK'I-PCI'SHLE K 
])+((IfTIE?TI])-(IfTI[,$TI])) 

xDAI 'ARISK) -~ . (1 ,3  22  . 'PXAVBEIK] ) -  
x D A T A R I S K  ) - ~  ( j . 3  -~-" ~-.- . oXAV.B r.; 123 ) 

, . )  

I: .I..~-..'I I(~-I<+I . 

~1:13] ~LP1 
:Elq.3 D O N E I : K e l  
£.1 .5]  L~-:[ 
E l 6 ]  L P2 : "~( I< ::; [~ ) /DI:)NE2 

..[-'17] LP3.: "~(L>Y.) /NEXT 
E 1 8 3  i ( D I F F e (  4 2 2  • i 3  3 
[ 1 9 2  L B I F F ~ - ( ( 2 2  13 pDATAWTEL; ]  
E2i) ] 
[21] 
FI='*2) ) .0,5 

~..,--, 9pBAVE160] -. 
E23] f~ WP, ITIZ COR OUT TO BATAFII.,E 'DATACOR" 
[ 21.1.] SHRCOR~-COR 
E253 Q CHECI<.THE RETURN COEE " ~ FOR THE.•WRITE OPERATION 

'K = ' ; 1 ( ; '  • L = ' ; I . ,  
" "  • a ~ l  

.I]~- 6 2. TCOR~..(I(DIFF+,x~I.,DIFi-)+.((+/[~] I ( D I F F * 2 ) o , x ( . + / [ . . ] ' ~  L D I  

r.263 
[ -27 ]  I.~-L+I 
[28] -~'LP3 " " 
E 2 9 ]  NEXT:L.,el". 
[ 3 ( } 3 .  I<H(+I 
E313 ~LP2 

- .E32] DONI-'2:SHRCORe~O 
E3;3] TI÷.[ ]SVR ' SHRCOR' 
E3LI'.] - ~ ( 2 # T 1  ) /RE'rRACT~ERROR 

t.35] -~0 

E 3 6 ]  WRITEb.,ERROR :SHRCOR~-~ 0 

-~(0 .0 #+/ERReSHRCOR)/WRITE~ERROR 

' ; S I 4 R c  

';T1 

' ; E R R  . .  [3T] 'WI7ITE.ERROR--THE RETURN CODE IS: 
E38] ~0 " 
[39] " = . . . .  , SHAITL~I=RROR: SHARE EI7R'OR--THE RETURN CODE .IS': .;.TI 

. j 

Eg.O] -)0 . :, 
[4-i] OPENL~EI7ROI7:'FILE OPENING ERROR--THE RETURN COZiEIS ' 
OR • - 

[g-2] "-~O " 
[4.3] RETI?ACTD~ERROR':" RETRACT ERROR--:THE "RETURN CODE IS" 

'~ .o 

C.ORE PROGRAM LISTING. 

- H-3 - 



V PORT;K ;L;M; ICT;KDUM 
[I] ICT(-I 
[2] MOD~...CO RMOD+.I., 25 
[3] T I("[IEX 'SHRCOR' 
[q.] TI("I I]SVO 'SHRCOR' 
[5] -~ ( 2.~T 1)/SHA REAE RP, O R 
[6] M(-PORTIN[1; -I.] 
IT] BNETPORT(-22QO 
[8] .RISKPORT(-22QO 
[9] BNETNO RM~..22 <.~0 
[I03 RISKNORM(-.22p() 
[ 1 1 ]  LPO : .~ (ICT.':-H)/DONE 
[123 SHRCOR("'IN 1003 ID=(DATACOR)' 
[ 1 3 ]  ..~(0 0 "/+/SHRCOR)/OPENAERROR 

[ It~.] A(..( xPORTIN[ ICT+I ; ] )/PORTIN[ ICT+I; ] 
[15] SIG~.-DATASIG[A ; ] 
[16] EBC(..DATAEBC[ A ; ] 
[I'?] SIGEBC(-SIGxEBC 
[18] Kel 
[$9] L.,,~- 1 

[20] LPI : "~ (K :'-#)/CHECK 
[21] I.,P2 : "~' ( I., :"# ) / N E X T i (  
[ 2 2 3  B READ DATACOR FOR C O R R E L A T I O N  C O E F F I C I E N T S  - 
A TIME 

[233 DCOR~SHRCOR 
[2~I.] n CHECK FOR AN EMPTY 
[25] ..~ (O=pDCOI'!)/DONE 
[263 COR(-DCOREA; A] 

ONE RECORD AT 

VECTOR WHICH DENOTES THE END OF FILE 

[27] 
[28] 
[29] 
[3L~] 
K;L] 
[31] 
[32] 
[333 
[3.q.] 
[35] 
[36] 
[37] 
[38] 
[ 3 9 ]  

B CALCULATE MODIFIED CORRELATION COEFFICIENT MATRIX. 
KDUM("I 

I...P3 : -~ ( K DUM:." ~A )/CONT INUE 
C(]R[KDUM ; ( ( ~ pA)#KDUM) / ~ ~A]('.COR[KDUM; ( ( ~ ~A)#KDUM)/~ pal  xMOD[ 

KDUM(.-KDUM+I 
-~LP3 

CONTINUE: 
n CALCULATE THE K,L COVARIANCEMATRIX ELEMENT 
COV[K ; I.,]~-+/(+/(CORxSIGEBC[ ; K ] ~, xSIGEBC[ ; I~]) ) 

• -~ ( ((K=I) ^ (I..,=I) ) v ( (K ::" 1 ) ̂ (t,::'l) ) )/PLUS 
NEG : COVEK ; I..,](-.-COVI~K ; L ]  
PL, US : I.,(..I..,+.1. 

f f L P 2  

FIRST THIRD OF PORT PROGRAM. 
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I:.l.~O] NEXT I<  : l . , e : l . .  
[tl,1] I(~-K+I ...... " " " ;., .. 

[ 4 - 2 3  ~I . ,P.1 . , ,- : .  

[ 4 , 3 ]  "f~ CH~ZCK : I ' 0  S E F  T H A T  A L L ,  R E C O R D S  W E R E .  R I ' A Z ~ . . ' , .  . : : . . . . .  

[ 4 . 4 . ] ,  CHECI<:"~((i(=5)A(L,'=I))/COHPUTE . .  ' . . , ' . .  . . . .  . .  
I .s. l • ~ .~ ~. , . ..... o.... 

[L~5] COMPLE~I- SIZT OF CORRIZLATION COLFFICIENIS NOT J RI-AZ~ .I(=' 

;K ; L=.' ;I.. . ,. .... .~ ...... ,,.... - • - 
.% 

[4.63 -~DONE . . . . .  . .... ,. 

• " " . . . . .  " - ' .-  J ) ) I 1 4 . 7 ]  C O H P U T E  : B N E T P O R T I :  I L . T . ] , ~ - m / (  E B C [ . ,  j .  ] 22 ( E B C : [  , ~ 3 . ,  EE C [  ; 

[ 4 - 8 ]  i ~ l z . , k P O R ] : I : . I C T ] c - + / ( + / C O V )  • " • i - . . . - . . . : ' )  . .  

[ 14 .93  P O R T I N V ~ - + i E B C I "  ; 3 , ]  . . .  .. : . . . . .  " 

' [ 5 0 3 .  BNETNORMEICT]~-BNETPORTZIC.T]:-.PORTINV:... " . . . . . ,  . . . . : .  
• m_  - -, ,[ ( . . . .  ~. 

[ , , , .1.3 RISKNORM[ICT3-RIoKPORT[.ICT]+PORTINV*2 . ,... ...... , ,  , . .  

E 5 2 3  ' " P O R T F O L I O  N O ,  ' ; I .  C " [  . . • i . . . . . . . . . . .  , ' ' • • ' " , 

1_,,33 ,. 

[ 5 4 - ]  B~-NAMI - "S IZA  ; ] I : . . . . .  I I . ~ I ' " : I : .I I I I 

- r 

[ 5 6 3  ' B N E T p O R T  = ' . ; B N E T P O R T E I C T ]  , :  . . : , .  : : 

[ 5 8 3  ' .  ' . R I S I < S D P T .  = ; R ] :S I<  P O R T [  I C I ' ] * . O ,  5 
[593 ' ' : " / 

[ 6 0 3  ' B N E T N O R M  = ' . ; B N E T N O R F . I i Z I . C T ]  . . . .  . , - .  .. . : :  - ,  
t • ( * s  • , - ~ -  

[ 6 1 ]  RlokNORM = ~ R I S I < N O R M E I C T ]  " . . . .  I • I :i 
• ( ~  • , : 

• E 6 2 3  , . ,  R . I o k S D N M . = .  : ; . R I . Z S I < N O R M Z : [ C T ] * O , 5  ,,, .' ,'. ... ". ' 

- [ 6 3 ]  . . . . .  " . • - . . 

t ( .~.  ~ . ' • . "' - • 
[ 6 4 . ] .  Pl,,f. , O F  COMM . a C A L I . - ,  I ' N V E S T  ; P O R T I N V . . .  • 

" , ' [  ~ 5 ] I. ~ ~ - ~ D E n O . - P L A N T  C A P I T A L - R E Q M . T S  . . =  ; + J D E M O I N V Z A ] . .  
[66- ' -3  2 # D A V I : 1 6 0 3  -. ' : . .  . . . .  • , ~" 

• , , ,  , " . ". : ,  • , : , • " "  

V [673 . '  CO ARIANCE MATRIX" " I : I I 
'- e t j ,  [ • j . 

• [683 • 0 " . . . .  "::: " " :  " '  ' " " ' "  ' ' 

. [ & 9 3  B e  1 2  . T C B V  " . . ' .  - " , i  " 

" [ . 7 0 ]  D A V E 1 6 0 ]  . :  ,:  . . . , . .  ., . . : .  ' . . .  

, : :  [7.13..... ' , S T D  DEV M A T R I X ' .  ..... ,.. ' " . " " '  " " " , " ' " " ' " " l " . I " " . : " : t " " " I =. 

[73] I]*" 12:0. ~(ICOV)*O,5 . . . .  :..:. ,. , 

[Tq . . ]  BAV[160] . . . .  

[75] ' N O R M A L I Z E I I  C O V A R I A N C E  M A T R I X '  ,:...:,. : .. ".. 
[763 ' ' : " ' l  

• " " ~  " , . . . ,  . , , , . : . .  , ; " :  . 

[77]' O(-  1 2  3 ~ . c o v + ( ; P O R T  N V * 2 )  • .... :-........... : I . ~ ' I i • - . 

I.] v[16o - 
[ 7 9 . " I  ' " NORNAUIZED STD I:,E';' MATIRIX":.,, :".:'"" ' : 

[80] ' ' ..... 

SECOND THIRD OF PORT PR(]GRA'H,. 

. "; . - , 

- H - 5  - " 



[ 8 1 ]  
[82] 
[B3] 
[8q.] 
[85] 
[86] 
[87] 
[ 88 ] 
. [ 8 9 ]  
[ 9 0 ]  
[ 9 1 ]  
[ 9 2 ]  
[ 9 3 ]  
1"94-] 

[]e 12  3 t ( ( ICOV) *O .5 ) ' .PC)RT INV  
]i C T e '.[ C T + I. 
( :1. 9-.-/.)A ) p[]AV [ 160 ] 
SI..II~C(] Re ~ 0 
-H.PO 

DONE: ' 
s 

s . 

• R I S K P O R T M A X  = 
' R I SI< I :) O R l'M I N = 

I]AV [ 1 6 0  ] 

' BNETNORMMAX = 
' BNI.T.'FNORMM I N = 
. ) 

BNETPORTMAX = ';ItBNETPORT,F,gBNETPORT] 
BNETP(]RTMIN = ' ; l tBNETP[)RT[~BNETPORT] 

' ; I tRISKPORI ' [gRISKPORT] 
' ; IfRISI<PORI'[~RISKF)OR'I "] 

' ; I tBNEI'NORM .F.~'BNE'FNORM] 
' ; I tBNETNORM[~BNF:ITNORM] 

[95] 
[96] 
[97] 
[98] 
[99] 
[i00] 

' RISI(NORMMAX = '~ICR.T.SI(NORM[@RISKNORM] 
' RISKNORMMIN = '~I tRISKNORM[~RISKNORM] 
2 ~I]AV L" 160 ] 
TI(-[]SVR 'SF'IRCOR' 
4 ( 2~.'I' 1 )/RL:'T RACTAER ROR 
-~0 

[IOI]SI ' IAREb, I":'RI~OR:'SHARE ERROR .... "I'HE REI'URN CODE IS :  ' ; ' I ' l  
[ 1 0 2 ]  "~0 
[ I03]OF)ENAERROR: 'FILE OPENING ERROR--THE RETURN CODE IS'. 
OR 
[ I  Otl.] -)0 
[I.05]RETRA(TI'AERR[)R:'RF"I'RACT ERROR--THE RETURN CODE IS: ,  
[I06] ~)0 
[ IO7]TAPEAERROR:'TAPE F_RROR--THE RETURN C{]DE IS: ' ;ERR 

V 

' ~ S H R C  

';TI 

LAST TH.T. RD OF F)ORT PROBRAM 

- H - 6  - 



APPENDIX I 

FORTRAN PROGRAMS AND DATA LISTINGS- 

Appendix I gives the Fortran prograni listings as .well 

as data for  the Econergy portfol ' io  model. "l:he three  " 

programs are COST, CORE, and /~/CBEN. Cost calculates 
. , . . . .  

• expected b e n e f i t s .  Core Calculates  i n d i v i d u a l - r i s k  - 
i 

standard deviations and correlation coe f f ic ien ts .  
7 "  , • , 

RSKBEN calculates the final pdrtfoiio. resul"tS. Data 

l i s t i n g s  are unlabe l led  but are "in order in  terms of:  

I . )  input to Cost; 2.) output from Cost; 3.) inpu~ to 

Core; 4. )output from-Core. The output fi~om Cos~ and 

Core form the input to RSKBEN~ These FortranPrograms 

and data f i les reside on a Computer Science Corporation 

computer for interactive use by ERDA personnel. 

- I - l -  



2 
3 
g. 

5 
6 
7 
8 
9 

I0 
11 
12 
13 

15 
16 
17 
18 
19 
20 
21 
22 

COGAS 
LURGI 
HYGAS 
SYNTHANE 
TEXCAO 
INDUSTRY A 
INDUSTRY B 
INDUSTRY C 
SMALL SCALE D 
SMALl,. SCALE DX 
SMALL. SCALE F 
SMALl., SCALE F 
UTILITY G 
UTILITY H 
UTILITY I 
UTILITY ,.I 
UTILITY K 
ATMOS FLUID BED 
COALCON - OL.,D COST 
COALCON:- NEW COST 
SRC 2 
FISCHER-TROPSCH 

-I-2- 



C 
C 
C 
C 

! !  

15 
iO 

C 
C 

22 
21 

C 
C 
C 

2 3  
c 

C 
C 

IMPLICIT REAL (I) 
I N P U T  PARAMETE-RS R ( J I K )  J - Y E A R S , K - P L A N T  
SAME D E F I N I T I O N  FOR OC~+,K) ,  I C ( J , i ( ) , T C ( J I K )  
DISCOUNT.RATE: RATE 
UNITOF DOLLSRS: MILLION 
DIMENSION RE(22),0C(22),IC(~) 
DIMENSION X R ( ~ , 3 0 ) ; X I ( 2 2 . 3 0 ) , X O ( ~ 2 1 3 0 )  
D I M E N S I O N  P V ( ° ° ~ , 3 1 ~ ) , D E M I N V ( 2 2 )  
DATA P V / 2 6 ~ O . /  

31  
. 3 1 0 ' 1  FORMAT ( ~ F I O .  2 ,  F 1 5 . 2 )  

310"2 F O R M A T ( '  ' l ~ + F l O , 2 1 F l ~ . 2 )  
STOP - I - 3  - 

DATA;DEMINV/229.012~9.0,~57.0,210.8,209.5,112,0,1-02.0~ 
~19~. 01 ~Y.2,21.9,21.319.6136. O, 130. 0123. O, 196.01~I. 0;90. O~ 16q-. O, 
2 25~. 01 260 .I~31325.8/ 

RATE= 0. I 0 
LYEAR=25 

.LYR3 = LYEAR - 3 
LYRI+ = LYEAR - ' ~  

N P = 2 2  ', : " : .  
NSIZE=I 
DO 15"d = I, NP 
READ(9,10) (XR(J,L),L=I,IO), (XR(J,L)I,L=LYR3,LYEAR)~ RE(J) 
READ(9~IO) (XO(31L),L=1110), (XO(JIL)bL=LYR3-1LYEAR), OC(J) 

READ(9~IO). (XI(J,L)~L=I,IO)I (XI(J,L)~L=LYR3,LYEAR.) .IC(J). 
READ(9~II) . . . . •  

R E A D ( 9 , 1 1 )  . .-, 
FORMA~(IOX) .. ". : 
DO 15 LL  = 11, L Y R ~  . . . .  "-. 
XR(J~LL) = XR(JIIO) '." .. 
XO(J,LL) = XO(J,IO) 
XI(JYLL) = XI(J,IO) " 
FORMAT(IOF5.2,3XI~F5.2JFT,2). 

• • INPUT CASH FLOW I N  YEARS . . " 
PRESENT VALUE " " ~ . " " 
P V ( 2 0 1 3 . ~ l ) - F O R  R E v E N u E ;  P V ( 2 0 , 3 ~ 2 ) ' F O R  O P E R A T I N G ~ C O S T S ~ ' E T C ~  
DO21J=lINP" :-,- ' : , 

D O  21 K = I ~ N S I Z E  ':~ " " ' 
D O  ~ L=I,LYEAR ": 

D I S C O N = E X P ( O , - R A T E * F L O A T ( L ) )  : 
.PV(J,KI1)=PV(J,K,1)+RE(J)~XR(J~L)~DIscoN " 
PV(JIKI2)=PV(JIK,2)+OC(J)~XO(J,L)~DISCON 
PV(J,K~3)=PV(J,K,3)+IC(J)~XI(JIL)~DISCON " 

' C O N T I N U E  '. 
CALCULATION OF TIME COST 
THE YEARS. oF DELAY PROBABILITIES WHICHACT AS CASH FLOW 
PERCENTAGES ARE ALREADY INCLUDED IN THE PARAMETERS 
DO 23  J = I , N P  
DO 2 3  K = I , N S I Z E  "" 
PV~2=(.O625*PV(J~K,3)+O.155~(PV(J,K,1)-PV(J,K,2)))~EXP(-RATE~6.) 
PV~3=(,O625*PV(J,KI3)+O.155*(PV(JIK,1)-PV(J,K12)))*EXP(-RATE*7.)- 

PV~=(.O375*PV(J,K,3)+O..O93~(PV(JIKI1)~PV(J,K,2)))~EXP(-RATE~8.) 
PV~5=(.O250*PV(J,K,3.)+O.O62~(PV(J,KI1)=PV(J,KI2)))~EXP(-RATE~9.) 
P V ( J , K , ~ ) = P V ~ 2 + P V ~ 3 + P V ~ + P V ~ 5  . . 
OUTPUT 
DO 31J=I~NP 
'DO 31  K=I,NS!ZE :' 
PVNET = PV(JIK11)..- PV(J,K12) - PV(J:K,3) -PV(J,K~) 
FIFTH COLUMN OF PRINTED OUTPUT iS NET BENEFITS FOR COMM SCALE 
• FIFTH COLUMN OF OUTPUT FILE IS DEMO SCALE INVESTMENT COSTS 
WRITE ( 8 ~ 3 i 0 ! )  (.PV(J,K,L)~L=I~),DEMINV.~J) 
WRITE ( 6 ~ 3 1 0 2 )  ( P V ( d I I ( , L ) , L = I ~ b ) I  PVNET 



2 
311 

309 

3 
C 
C 
C 
C 

ii 
C 

121 

12 

90 

13 

C 
C 

21 

DIHENSION W(L~,lS),D(22,15),Y(22'15),X(q''22,15)'XB(22,L~)' 
$ COR(22,22,L~,t~),SD(22,~ ) 
DIHENSION SGMA(22,L~),PCTSML(~),PCTBIG(~) 
DATA PCTBIG/O.30,O.50,I.OO,I.OO/,PCTSML/O.O~O.IO,O.IO,O.IO/ 
DESCRIPTION VECTOR D(22,15) 
WEIGHTING FACTOR W/ W(1,15)- R, W(2,15)-0C, W(3,15)_IC,W(~,IS)-TC 

NJ=13 
NP=22 
DO 2 K=I,I+ 
READ(P,311) (W(I(,J),J=I~NJ) 
FORNAT(15F'5.2) 
READ(P,309) 
FORNAT(15X) 
DO 3 I=I,NP 
READ(9~31~.) ( D ( I , J ) s J = I ' N J )  

CALCULATE STANDARD DEV, RISK 
DB 11 K=I,~ 
DO 11 I=I~NP 
DO 11 J= I ,NJ  
X ( K , I ~ J ) = W ( K , J ) * D ( I , J )  

DO 12 I = I , N P  
DO 12 K= I ,~  
nO 121 J = I , N J  
Y(I,J)=X(K,I~J) 
SD(I,K)=SUM2(I,NJ,Y) 
XB(I,K)=SD(I,K)/FLOAT(NJ) 
WRITE(6~90) ((SD(I,K),K=I~#),I=I,NP) 
FORMAT(~FI0,3) 
DO 13 I = I , N P  
DO 13 K=I,~+ 
SGMA(I,K)=PCTSML(K)+(SD(I,K)-SMIN(NP,I<,SD))*(PC'~BIG(K)-PCTSHI~(I<)) 

$/(SMAX(NP,K,SD)-SHIN(NP,K,SD)) 
SGMA IS UNITLESS 
CALCULATE COR CKOEF 
DO 2 1 1 = I , N P  
DO 21 J=I ,NP 
DO 21K=I,~ 
DO 21 b=1,~ 
COR(I~J,I<~L)=SUMXY(NJ,I,J,K,L,X,XB)/SQRT(SUMXY(NJ'I'I'I<'I<'X~XB)~ 

$ SUMXY(NJ,J,J,L,L,X,XB)) 
DO 22 I=I,NP 
DO 22 K=I,~ 

22 COR(I,I,K,K)=I. 
DO 23 K=I,~ 
DO 23 L=I,~.~ 
WRITE (8 ,2313 )  K,L 

2313 FORMAT(/IIII/IIII'I(= ',11.' L= ',I1) 
DO 23 I=I,NP 

23 WRITE(8,2311) ( C O R ( I , J , I ( , L ) ~ J = I , N P )  
2311 FORMAT(22F6.4) 

WRITE(6,YI) 
Y1 FORMAT(/' ') 

DO 2~ J I = I , N P  
WRITE(7,2~I) (SGMA(JI,J3),J3=I,L~) 

2~I FORHAT(q.FIO.~) 
2L~ WRITE (6,2J~i) (SGHA(JI,J3),J3=l,.L~) 

STOP 
END - I -4-  



C 

C 

c 

C 

C 

I M P L I C I T  RE.#,I.. ( I )  : '  " 
REAL NCDV(I+,q.), NSTD(W.I., l.~) 
I:rI MI.--.NSION A(22 ,22 ,  q., q.), E ( 2 2 , 5 ) ,  V (/.!2, L~), SMTRIX (q., l~.), CORHDD (q-, q.) 
D I H E N S I ( ] N  NAMEl(22),NAME2(22),.NAME3(22),NAHELI . ( 2 2 ) ; N A M E S ( 2 2 )  
D I M E N S I ( ] N  'STDMI 'X ( J't',q' ) 
DIMEN,~] .O| t  B ('-"'>, ">o. q., I.~), EB ( 2 2 , 3 , 5 ) ,  VB ( o ~ ,  # ) . 
I ' - I IMENSI( ]N X ( 2 2 ,  '~° I.l.,q-~ N P T ( 2 2 ) , N S ] . Z ( . . . , = ) , N P A ( 2 2 )  " 
NUMBER 01:" PLANTS NP " 

'D I H E N S  ION AI..,FA ( 22  ) , BETA ( 2 2 )  , GAHA ( 2 2 ) . ,  BETA ( 2 2 )  ' 
DIMFNSION C R R l ( 2 2 ,  o o )  , C R 0 1 ( 2 2 ,  o ~ )  , C R I . I . (  o "  o o )  , C R T i ( 5 o  2 ~ ) ,  

" " l  " "~'~" ':Y~ ( 2 2 , ~ 2 2  ( 2 2 , 2 2  .. i [,I]81 ( .,'_.=., . . ~ )  , C(]:I: 1. ) , COT1 ) 
~( . , I  Z ' l  "~ " • .z°°~=, 2 ~ ) . ~ ,  C IT:I .  ( 2 2 ,  ~...'>~), CTT1  ( 2 2 , 2  ":.~ ) ~ ,  • 

..... -.....-.,,., ~,:. ) , cR02'~. ~.._ ,°"~ 2'2 ) , C R I 2  ( 2 2 ,  °2.. ) ~ CR'T2 ( ' 2 2 , 2 2 : )  , 
4 . C 0 8 2 ( 2 2 ,  ~ '~) C 8 t 2 ' ( 2 2 , 2 2 ) , C 8 T 2  " - '~  ) ,  ( .,:..,~, .o0 

5 C I I 2 ( 2 2 , 2 2 )  , C I ] ' 2 ( 2 2 , 2 2 )  , C T T 2 ( 2 2 ,  2 2 )  . 
. . ,,.$ ~ .~ 

DIMENSION R R 1 2 ( 2 2 , ~ 2 ) , R O 1 2 ( 2 2 ,  . ~ . ~ ) , R I l . ~ . ( ° °  ~),RT12(22.,,~..-), 
1 0 0 1 2 ( 2 2 , 2 2 )  , 0 1 1 2  ( 2 2 , 2 2 )  , O T 1 2  ( 2 2 , 2 2 )  , . 
2 I  1 1 2  (,~.,., ) ,  I T 1 2 (  "-~o , ~ ) ,  T T 1 2  ( 2 2 ,  o o ) ,  
3R R2 ! ( 2 2  ~ '>'" ~ : ,  , 'RO21 ( 2 2 , 2 2  ) ,  R ] :21 ( 2 2 , 2 2 )  , RT,~.° 1 ( "~'~.,., ---~ ):~ 
q.O02"l. ( 2 2 ,  ,~.~'~ ) ,  0 1 2 1  ( 2 2 ,  .~."'~ ) ,  OT21 ( 2 2 ,  ~')2 ) ,  , 
5 I I 2 1 . ( 2 2 , 2 2 )  , I T 2 1  ( 2 2 , 2 2 )  , T T 2 1 ( 2 2 , 2 2 )  • 
DIMENSION G C O V . ( : I . 6 , 1 6 ) ,  C C O V ( 1 , 5 , 1 6 ) ,  6 0 . 1 . 2 ( 1 6 , 1 6 ) ,  G C 2 1 ( l & . , ' l & )  

(~ - ,~, ~ . .  DATA N,.,IZ/~.R i /  
r~ATA AI..FA/22~O. 50/, BETA/22*O. 50/, BAMA/22*O. 50/, DETA/22~O. 50/ 
DATA CORMOD/I).9,0.85,0;.9.,O.3,0.85,(I,8,0,2;O.3,0.9;O.2;O,T5; 

CO , 7 ,  0 , 3 , 0 , 3 ,  0 , T ,  0 , & /  " "' 
NIJMBEI;~ OF E - V  P O N ! T S  ON,GRAPH -M  

READ(9,101) M 
FORMAT ( I 2 )  

NUMBER OF PO,~SIBL,E PROCESS PER PORTFOLIO -NPA(J) 
R E A D ( 9 , 1 0 3 1 )  ( N P A ( J )  , J = l , M )  
.NUMBER OF POSSIBL,  E PFU]CESSES ,. 
N T = 2 2  : - • - .- 

: N S I Z E - 1  - .  ..' • . . . .  .. 
REArl PROCESS .NAPLES 

'I)O 131  d d = i [ ~ M l '  .. 
. R E A D ( l l , l l O q . )  NABEI(JJ),NAME2(JJ),NAME3(JJ),NAME".(3J)(NAME5(JJ) 

( V B ) /  gO.VARIANCES A N D D E M O  C A P I T A  

:131 
1101~ .FORMAT(2OA4. ) 

C READ IN AI.,L B/C (EB), VARIANCE~ 
,DO 11 J=I,MT. 

DO ! 1  I ( = I , N S I Z E  
: I I  : READ(#, 1 i0 i )  (EB'(J, I(, L) , 'L=I,  5) 
• l l O t  FOP, MAT(1.~FIO , . . - , F 1 5 ,  '~ 2 )  

• DO 1 1 1  ,J=:I . ,MT 
1.1.1 -READ(T,1102)(VB(J,I(),K=I,tl.) 

• 1 1 0 2  F O R M A T ( q . F 1 0  ,q. )  
Ill] i 2  1(=1,4. .  

A 

DO 12 L=I,4 • 

READ(8,1221) I(DIJH,LDUM 
1221 FO RMAT (//////////2AI+ ) 

DO 12 JI=I,MT 
12 READ(8~ 1211) (B(JI, J3, K, L) , 33=2, MT) 

1.211 F O R M A T ( 2 2 F G , # )  
C NUMBFR OF E - V  POINTS ON GRAPH = i i  
C EXECUTE "THE PROGRAM N TIMES .55 C 

DO 1 JH=l,M 
C INPUT NP - NUMBER OF PROCESSES IN 

NP=NPA ( ,JH ) ". 
C PROCESS I N D E X  N P T ( J ) ;  S I Z E  N S I Z ( J )  

REA~I ( 9 , 1 0 3 1 ) ( N P T ( J ) , , J = l , N P )  
1031 FORMAT(2213) - I -5 - 

EXECUTE THE 

P O R T F O L I O  

PROGRAM M TIMES 

i. 



C 
C 
C 

C 

.13 

.15 
C 

21 
C 

31 
C 

32 
C 

SELECT P O R T F O L I O  DATA FROM PLANT DATA 
REINDIEXIN(~ 
DO 13 JR=:1,  NP 
,J 1 =N PT ( ,JP, ) 
DO :1.3 JC'::'I.,NP 
,.1:5 ": t',l P T ( ,.J C, ) 
D(] 1.3 I("::1., I.I- 
DO 1.3 I.~:=1., h. 
A(,JR, JC ,  K,  L.):=I'{(Ji,,J3,K,L) 
(]ALCUL.A:T'E MODIFIED CORR COEF MATRIX 

I i : ' (  JR ,EQ,  ,.JC ) GO TO 13 
A ( ,JR, ,.IC, 1(, L ) :":A ( J R ,  ,JC, I( ,'1., ) *CO RMBD ( I ( ,  L ) / . 1  , 2 5  

C 0 N T I N U E 
DO 11.I • ,J==:L,NP 
J I = N  PT ( ,J ) 
J2::::NS I Z ( ,J ) 
DO -1.1.1. I( :=L, 5 
E( ,J ,  I( ) =EB (,.J1 , J2, I( ) 
DO .15 J = I . , N P  
J I = N P T  ( J )  
DO 1.5 K=:I., tl. 
V ( J ,  I( ) :::VB (J 1, I( ) 
V(J ,K)  IS SIGMA WITH 
TINV "-- TOT(NP,E,3) 
DEM ]:NV.'.::I'OT ( NP, F ,  5 ) 
D021 JR=I.,IIP 
DO 2.1 JC,=.1,NP 
I:,lO 21 K = I , L I  • 
I}0 2.1' I..,=1 ~ I.I. 
X ( J R ,  J{.:, I ( ,  L )  
GOVE RNHENTAL 
DO 31. JR=.I.,NP 
D'O 31 JC=I~NP 
I; R R 1 ( J R, ,.JC ) = X 
COO1 (,JR, de:) =X 
[: I 1.I. ('JR, JC)=X 
CI'.T I ( d R, JC ) -.':X 
CR01 ( ,.JR, JC ) =X 
CRII (JR, JC)=X 

NO UNII"  

=A(JR, JI],.K, L.)*V(JR,K),V(JC,L)*.E(JR,I{),E(JC,b) 
R ]1S K 

( ,.JR, ,JC., I ,  1 ) *ALFA ( JR ) *ALFA ( JC ) 
( JR, JC, 2,2 ) *BETA ( JR ) 'x.BE TA ( JC ) 
(,.;P,, JC, 3 , 3 )  ~(~AMA (,JR) *BAMA ( JC ) 
(,JR, ,JC, 'i., 4)*DETA ( JR)*DETA (JC) 
( ,.JR, JC, 1,2 ) *ALFA (JR)*BETA (JC) 
( JR ~ ,JC, i ,  3 ) *ALFA ( JR ) *G(..IMA (JC) 

CRTI ( JR, JC ) =X ( JR, JC, I ,  v.~) ~(.ALFA ( JR)'*DETA (JC) 
T;O I.I ( J R, ,JC ) =X ( ,.J R, ,JC, 2 ,. 3 ) ,BE TA ( J R ) ,.GAMA ( JC ) 
COT 1. (JR, JC) =X (J R, ,JC,.~., ~I. ) *BETA (J R) *[|ETA (JC) • - -  

[ ' I  l" I (JR, JC ) =X ( ,JR, JC, 3,4o ) *GAMA ( dR ) *DE'rA ( ,JC ) 
CONTRACTOR RISK 
DO. 32 JR":]., NP 
DO 32 JC"=I,NP 
I, RR~. ( ,JR, JC ) =X ( ,J['~ ,JC, :l, 1 ) * ( .I. 
C O 0 2 ( J R ,  JC)=X(JR,,.}C, 2 , 2 ) * ( 1  
CI I2 (  JR, ,.IC)=X (,JR, J[;, 3 ,3 )  ~( .1 
CTT2(JR,JC)=X(JR, JC,t~, t~)*( l  
CRO2(,JR, J('.')=X(JR, JC, 1 , 2 ) * ( i  
CRI2(JR, JC)=X(JR, J(:, I ,  3 ) * ( 1  
CRI'2 (,JR, JC)=X (JR, JC,~ i ,  e~), ( I 
CBI2(JR, J(])=X(JR, ,JC, 2,3)~('(I. 
COT2 (JR, JC) ='X (JR, JC, 2, '~).x. ( ]. 
CII '2(JR,JC)=X(JR, JC, 3, L~),(1 
JOINl" RISK 
DO 33 JR:=]. ,NI: '  
DO 3:3. JC=I,NP - I-6 - 

- A L F A ( J R ) ) * ( I  
- B E T A ( J R ) ) , ( I  
..-GAMA(JR))*(I 
-DETA(JR))*(1 
-ALFA(JR))* ( ] .  
-ALFA(JR) ) , (1  
. -ALFA(JR))* ( I  
-BETA(JR))*(1 
-BETA(JR))* (1  
-BAMA(JR))*(] .  

-ALFA(JC)) 
-BETA(JC)) 
-GAMA(JC)) 
-DETA(JC)) 
-BETA(JC)) 
-GAMA(JC)) 
-DEI'A(JC)) 
-BAMA(JC)) 
-DETA(JC)) 
-DETA(JC)) 



3 3  
C 

C 

C 

C 

c 

. C  

C 

R R 1 2  ( ,JR, ,JC) =X ( ,.JR, 
0 0 1 2  ( J R ,  ,JC) ."-'X ( ,J R, 
I .'[ 12  ('J R'~ JC ) =X ( J R, 
] ' T I 2 ( , J R ,  J C ) = X ( J R ,  
RO .1. 2 ( JR ,  ,JC) =X ( ,JR, 
R I I 2  ( J R ,  J C ) = X  ( ,JR,  
R T 1 2 ( J R , J C ) = X ( , J R ,  
O I 1 2 ( J R ,  J C )  =X (,.IR., 
O T I 2 ( J R , , J C ) = X ( , J R ,  
I T 1 2 ( J R , . J C ) = X ( J I ~ ,  
.RR2I  (,JR, J C ) = X  (,JR, 
( ] ( ]25 ( ,JR, ,JC ) =X ( ,J'R, 

,JC, i ,  1 ) *AI . . ,FA ( J R ) * ( 1 , - A b F A  (JC)) 

j [ ; ,  2 , 2 )  , B E T A  ( J R )  * ( .1, - B E T A (  JC ). ) 
,JC ~ 3 , 3 )  *GAMA ( JR ) * (._1. , - G A H A  ( 3 i ] . ) )  ' " • 
j C ,  q., q.).x.DETA ( J R ) ,  (.1., -DFETA ( J C ) )  ~ ... 
,JC-, 1 , 2  ) * AI...I=A ( J R ) * ( 1 .  -BE.T.A ( JC ) ) 
3C,  1 , 3  ) *AL.FA ( JR ) * ( 3., -GAi"IA( JC ) )  
J ( ] ,  I ,4.1-) * A L F A  ( J R ) * ( 1 , - D E T R  ( ,JC) ) 
,.IC, 2 ,  3 ) * B E T A  ( J R )  * ( :t, -GAMA (LIC).) 
,JC, 2 ,  q- ) *~'41=':TA ( J R) * ( 1., - D E T A  (JC.) ) '  
,JC., 3 ,  ~,~ ) ,GAMA ( J R )  * ( l ,  " D E T A  ( J C )  ) .. 
JC ,  :1., 1 ) * ( 1-, -# iLFA ( dR ) ) * A L F A  (,JC) " 
JC ,  2 ;  2 ) *  ( ' I , - t r '~ETA ( J R ) ) * B E T A  ( J C )  " 

• $ 

$ 
.$ 

$ 
$ 

S U N  

I 12.1. ( J R ,  , . IC)=X (JP, ~ ,JC,, ~ ,  3) .~ (:L . -GAMA ( J R ) ) * G A H A  (,JC) ."  
TT21(JR,JC)=X(,JR,JC,q.,q-)*(1,-DETA"(JRg~)*DETA(JC) ...i 
R O 2 1 ( J R ,  ,JC) =X (,JR, J C ,  .1., 2 ) *  ( 1 , -AL,  FA ( J R ) , ) * B E T A  ( J C )  , 
R 1 2 1 (  ,J R, ,JC ) = X ( J R ,J C, :1., ,~ ). ( 1 ,  - A L F A  ( J R ) ) * 6 A H A  ( JC ) 
I.~'r21 ( J R, ,JC) =X ( ,.I R, ,JC, 1, q - ) *  ( 1 ,  - A L F A  ( J R ) ) .~DET~ ( J C )  " 
O I 2 1 ( J R ,  J C ) = X  (,JR, ,.)C, 2 i 3)'x" ( 1  , - B E T A  ( J R ) )  ~GAMA ( J C )  - 
OT21(JR,JC)=x(JR,JC,2,q.)*(l,--BE.TA(JR) ) . x . n E T A ( J C ) .  : . 
IT21(JR,JC)=X(JR,JC,3,q-)-~e(1,-GAMA(JR))~eDi-TA(JC.) ": ' 

SUH OF GOV R I S K S  - ABSOLUTE BOLL, ARS .- 
• C O V I = S U N ( N P ,  CRR.1.).{-SUH (NP,  COOI )+SUM ( N P - ' C I I I ) + S U H  (N .P, c T T i )  

. , !  
$ - 2 ,  * ( SUM ( N P, CRO l ).÷-SI. t'1 ( NP,  CR1:1. ) +SUM (NP ; CRT$ ) ) 
$ " . ,.~ • +,=, ~ (SUH ( N p ,  CO i  1)  +SUN (NP ,  COT1)  4-SUM (NP ,  c I T 1  )) .  • 

6R' , ' [SK = C(]V: I .  ' ' : " .' - .  . • 
SUN OF GOV R I S K S  - NORHAI.Z-I'ZED BY PORTFO(. IO INVESTi~ENT .. 
6NORM = G R E S K / ( T . T . N V ~ e ~ 2 )  ' .  ..i'. . . . 
SUM OF CONTRACTOR RISKS - ABSOI.,UTE DOLLARS . . '... . . '. 
COV2=SUH ( NP, CRR2)  +,SUM ( NP, C.0(32) +.SUM ( NP, C I I 2 )  +SUM (.NP, CTT2 ) 

$ . ~ , -~ (SU~4(NP CR02)  +SU'M (N'P, C R I 2 )  +SUM ( N P ,  CRT2)  ). • 
$ '  +2  . ' ,  (sur. i  ( N p ,  C O I 2 ) + S U N  (NP ,  C O T 2 ) + S U H  (NIb, C I T 2 ) )  . . . . .  

CRISK = C O V 2  . rj ' . 
SUM OF. CONTRACTOR R I S K S  - N O R M A L I Z E  BY -PORTFOL, I O  INVESTMENT 
CNORM. = C R I S t ( / ( T I N V * ~ " 2 )  . . ." 
.JOINT . R I S K S  - f.'-,B,c3(]LUTE BO.LI, ARS - 
GCR ISK=SUM ( NP, RR12 )+SUM ( NP,  O 0 1 2 )  +SUM( NP, I t 1 2 ) ~ S U M  ( NP, T T 1 2 )  

+SU.M(NP, R R 2 1 ) 4 : S U M ( N P , O O 2 1 ) + S U M ( N P ,  E I 2 1 ) + S U M ( N P , T T 2 1 )  • 
- 2  ; * ( S U M  (NP.. R 0 5 2 )  ÷SUM(NP, '  R I 1 2 )  +SUH (NP ,  R T 1 2 ) . )  ". 
• { ' 2 ;  .x- ( S U N  ( N P ,  0 1 1 2 )  +SUM (NP,  0 T 1 2 )  +SUM ( N P ,  I T 1 2 )  ) 
-2...(SUM(NP,RO2E)÷SUM(NP.,.RI2I)+SUM(NP,RT2I)) ' : .  " 
+ 2 .  * ( S U M ( N P ,  01.2.1.) + S U H ( N P ,  OT2~[ )-+,..~UM (NP ,  _TT2I ) ) - 

OF J O I N T  RI,.,I<S NORMAI.,IZE]]. £.~Y PORTFOI..IO . INVESTMEN T 
GCNORH. = GCR'I:SSK/ ( T I N V ~ * 2 )  . . .  
COMPUTE (~OVERNNENT COVAP, IANCE MATRIX  ." 
GCOV(1, .1 . )  -" SUM(NP~CRR1)  . . . .  

• G C O V ( 2 . , 2 )  = SUH(NP, ( ] ( ] 01 . )  
G C O V ( 3 , 3 )  = S U H ( N P , C I I 1 )  
GCOV(4. , [~)  = S U M ( N P , C T T 1 )  
G C O V ( . I . , 2 )  = - S U M ( N P ~ C R 0 t )  
G C O V ( 2 , 1 )  = G C O V ( i ,  2 )  
BCOV(J~ ,3 )  = - S U H ( N P , C R I 1 )  
G C ' O V ( 3 , 1 )  = G C O V ( 1 , 3 )  
G C O V ( 1 , 4 . )  = - S U M ( N P , C R T 1 )  
GCOV ( I-t-, 1 ) • = GCOV ( 1 ,  w.~ ) " 
G C O V ( 2 ,  .3) "= SUM(NP,  C O I l )  
G C O V ( 3 , 2 )  = G C O V ( 2 , 3 )  
G C O V ( 2 , q , )  = S U M ( N P , C O T 1 )  
GCOVO. I . , 2 )  = G C O V ( 2 , 4 . )  
GCOV(3, .q-)  = S U H ( N P , C ' r T 1 )  
GCOV(~4-,3) = G C O V ( 3 , q . )  

"% 

. . : . .  

I - 7  - 

. , ,  " • 

• i ' "  . . . , :  

• t ,  

f 



C 

C 

C 

C 
C 

C 

COMPUT}'! CONTRACTOR COVARIANCE MATRIX 
CC(]V(I, I )  -':: SLIM (NP,.CRR2) 
CCOV(2,2) = SUH(NP,CO02) 
CCOV(3,3) :'~ ,SUH(NP,CII2) 
CCOV(I.I.,I-~) = SUM(NP,CTT2) 
C[;OV ( .I., 2 ) = -SUM (NP, fIR02) 

CC[IV ( 2 , 1 )  .= CCI]V ( 1̀. ~ 2 )  
CCOV(I.,3) = "'SUM(NP,CRI2) 
C C [ ; V ( 3 , : I . )  = C C O V ( 1 , 3 )  
CC(]V ( 1 ,  :.I. ) :..-. .... SUI'I ( NP, CRT2 ) 
[ ; C O V ( L ~ I )  = CCOV(:L,L~) 
C C 0 ~ / ( 2 , 3 )  .= S U M ( N P , C ( ] I 2 )  
CCOV(3,2) := C C O V ( 2 , 3 )  
C C O V ( 2 , # )  = SUH(NP ,  C(YF2) 
CC(]V(t.I.~ 2) = C(]i]V(2,LI.) 
0C'0V(3,4.) =: S U M ( N I ~ , C I ' F 2 )  
CC(]V ( 4., 3 ) :',' CCOV ( 3 ,4 .  ) 
COMPUTE J O I N T  12 C[)VARI-ANCE MATRIX  
GC:L2(:I.s 1)  "-" SUM(NP,  RR.I.2) 
8 8 ` 1 . 2 ( 2 / 2 )  = S U M ( N P , ( ] ( ] I 2 )  
(.~C.1.2(,.~,3) = SUM(NP~ I I ` 1 . 2 )  
GC12 (4 . , 4 . )  - SUH(NP,TT`1 .2 )  
G 0 1 2 ( . 1 . , 2 )  = - S U M ( N P , R 0 1 . 2 )  
G C I '~ , . . ( 2 , J . )  = GC`1.2(:1.,2) . 
G C i 2 ( 1 , 3 )  "= " " S U M ( N P , R I 1 2 )  

bi, .~(3,1) = GC12( I , 3 )  
.,,., . i  ,.) (., p s¢,.L=(:I.,LI.) =-,:dJM(N ,RT12) 
GCl?(q.,l) := ( ~ ) C l : ~ ( I ~ L I  . )  

G ( ] 1 2 ( 2 , 3 )  = S U M ( N I : ~ , o : r l 2 )  
GC`1.2(3~2) = GC12(2,3)  
G C 1 2 ( 2 , L I . )  = £HJM(NI:~,I.IT12) 
G C 1 2 ( J + , 2 )  = G C 1 2 ( 2 , q . )  
G C 1 2 ( 3 , q . )  = SUM(NF ~ , I T 1 2 )  
G C J . 2 ( 4 . , 3 )  = G C . t . 2 ( 3 , # )  
COMPUTE J O I N T  21 COVARIANCE MATRIX  
GC21 ( .t., 1 ) =-" SUM (NP ,.RR2.1. ) 
G C 2 1 ( 2 , 2 )  = SUM(NP,OI]21.- )  

• G C 2 I ( 3 , 3 )  = S U H ( N P ~ I I 2 1 )  
GC21(LI . ,LI . )  = S U M ( N P , T T 2 1 )  
G C 2 1 ( 1 ~ 2 )  = " S U M ( N P , R 0 2 1 )  
G C 2 3 . ( 2 , 1 )  == G . C 2 1 . ( 1 , 2 )  
GC,-2i ( i-, 3J = -SUM (NP, RI21 ) 
GC21(3,1) = GC2.1.(I,3) 
GC21 ( ̀1., q. ) "'= .-'SUM ( N P, RT21 ) 
G C 2 I ( L ~ , I )  =.- G C 2 1 ( 1 , L I . )  
G C 2 1 ( 2 , 3 )  = SUM(NP,O I2 .1 . )  
GC21 ( 3 , 2 )  = ' GC2 .1 . ( 2 ,3 )  " 
G C 2 1 ( 2 , 4 . )  = S U M ( N P , O T 2 1 )  
G C 2 1 ( t I . , 2 )  = G C 2 . 1 . ( 2 , # )  
G[;21(3,4.) = SUM(NP,IT21) 
GC21(4.,3). = GlS21(3,q.) 
PORTFOLIO NET BENEF, IT , .  BNET ~ ABSOL, UTE DObLARS 
POR'FF'OLIO RISK, PRISI< - ABS'OLUTE BOLLARS 
B N E T = T O T ( N P , E ,  1)- 'TOT(NP~ E, 2 ) - T I T F ( N P ,  E,  3 ) - T O T ( N P ,  E,L~) 
P R I SK =,S® RT ( G R I!i;l< +C R I Bl( +GCRISK ) 
SCLRSI( SCALES THE RISK AXIS FROM O.T.O 100 (APPROXIMA'FFL, Y) 
SCbRSK = I .  
PRISK = PRISI(ISCLRSI( 
GR[r SI<=S(~ RT ( ADS ( (:3 R I SI< ) ) 
CR I SK=S(.} Rl" ( ABS ( CR I SI( ) ) 

- I - 8  - 



C 

C. 

C 
s111 

C 
q6 

C 

5112  

511~, 

C 

55 

998 

C 

97 

98 

988 

5 1 ! 3  

C 

666 

668 
9 9 1  
992 

GCRI SI( =SQRT( ASS ( GC R I Sl( ) ) 
PORTF(]I~IO NET BENEI-"IT, BNORM 
BNORM = BNETITINV 
PNORM = SQRT(GNORM + CNORM 
SCLN SCALES I 'HF NORMA].,IZED 
• SCLN = i .  :" 
PNORM = PNORM/BCLN 
W R I T E ( L O , 5 1 1 1 . )  ,JM 
FORMAT( ' - ' ,  1 2 X ,  ' PORTFOLIO' ,SX, 12) 
WRITE(  10,96)BRISK, CRISI(, GCRISI< 

- NORMALIZED BY 

+ GCNORM) 
AXI~ RISI< "~" 

PORTFOLIO INVESTMENT 

FOI:~MAI'( ' O ' ! ' GRISI('-".' , F11.. (1,5X, ' CRISK=: ~F:I.2.0,5X, ' JRISI(=' ,.F12. O) 
WR! ' I 'E ( lO ,51 . .1 ,~ )  BNET,PRISI( "" 

FORMAT( ' ( I '  , ' B N E T = '  a F I . 2 .  '~ ' ' ,~.,SX, P R I S K =  , F I . 2 , 2 )  

WRITE (6,5,1.1¢) 
FORMAT( ' I '  ) 
WRITE(6~ 5111) JM' 
PRINT PROCESS NAMES 
WRITF(6,992) 
DO 55 J='.L,NP ". .." 
J P ROC=N PT ( J ) 
WRITE(6,998) NAME:I. (JPROC), NAME2(JPROC) ,.NAME3(L;PROC)"/ 

*NAMEN. ( ,] P'ROC ) ,  NAME5 (JP ROC) 
FORMAT( ' 0 ' ,20A~+) 
WRITE(6,992) 
WRITE(6,96) " BRISK,CRISI(,GCRISK 
WRITE(6~5112) BNET, PRISK 
WRITE(6,97) BNORM, PNORM 

a e e FORMAT('O , BNORM=' ,F I I .2 ,5X,  PNORM=',F12.2) 
WRITI-(6,98) I'INV 
FORMAT('O','COMM SCALE CAPITAL REQMTS = ' , F 9 . 2 )  
WRI'TE(6,980") DEMINV 
FORMAT('O','DEHO SCALE CAPITAL REQMTS = ' , F 9 . 2 )  
WRITE(.6~ 5 1 1 3 )  .. 
~'ORMAT('O', ' ' ' )  
WRITE(6,992) '," 
SUM OF FOUR SUBMATR!CES" 
DO 666 K = I ~ "  . 
r lo  6 6 6  L=I,~ " 

"SMTRIX (I( ~ L)=GCOV (K, L)+GC12 (I(, L)+GC21 (I(', L)+CCOV ('K, L) 
DO 6 6 8  K= l , r4 -  
DO 6 6 8  L = 1 , ' ~  • ."  
STDMTX (I(, L) =S(~RT (ABS ( SMTRIX (I(, L) ) ) 
NCOV(K, L ) = S M T R I X ( K , L ) I T I N V ~ 2  
NSTD (K ,L) =STDMTX (I(, L ) /T INV  
"FORMAT('O'~4F12.O, 12X, bFl2.0) 
FORMAT( ' 0 ' ) 

" WRITE(6,99L~) 
DO 6 6 7  K = l , ~  

- 1 - 9  - 



6 6 ?  
99LI. 

995  

996 

114 

997 

115 
981 
J. 

W R I T ~ ( 6 , 9 ? I )  ( , . ~ M F R I X ( I < , L ) , I . = I , # ~  
F O R M A T ( ' O ' , ' C O V A R I A N C E  M A T R I X ' )  
W R I ' I ' E  ( 6 , 9 9 2  ) 
WRITE(6,995) 
FORMAI'('(I','STD I)EV MATRIX') 
BO 113 I<=::l.,tl. 
WRII'E(6,9?I) (~51'DMTX(K,L),I.:I,I¢) 
W R I I ' E ( 6 , 9 9 2 )  
W R I T E ( 6 , 9 9 6 )  
FORMAT('O','NORMALIZEB COVARIANCE 
]:10 i lq- K- I , I - I  • 
WRITE(6,S81 ) (NCOV(I<, L) , t= l ,q . )  
W R I T E ( 6 , 9 9 2 )  
WRI'I'E (6,'99T) 
F'ORMAI'('O'~'NORMALIZED STD DEV 
ZfO 115 K=I,[~ 
WRITE(6,981) (NS'FD (I<) I..), L--.I, ~) 
FORMAT( ' 0 ' ,  4F12.q.) 
CONTINUE 
STOP 
END 

M A T R I X ' )  

MATRI[X' ) 
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'" I' 

2 
3 

5 
6 
7 

: 8 

9, 
i0 

A 

SRU'S: . % 
! 

A 

1 
2 

5 
6 

8 
9 

.16 

1 
2 

.i 

F u N C  I .l(]N. ,~m~.~ ~, ( N ,  K , ,~' .... D ) 

D:T.HENS' ION SD. , , : .~  " " ~ ,  J.l. ) " 
• ~ t | . s  "1  . SHAX=,.~I. (:l, I ( )  
I F . ( N " , E Q ,  ] . )  GO TO ,,-.. "~ 
DO 1 i:=i, N 
I I " - (  c, t : ' . . . , . ~ D , I , I < )  , I . . ,T;  S H A X  .) G(] T O  1 
SHAX=SD(I..,I() ' "  . .  : ' 
CONT. ] :N I IE  ' . " - '  • 
R E'.'l'l.l RN 
END " 

F U N C T I O N  S H I N ( N , I ( , S D ) .  
D I M E N S I O N  SD  ( 2 2 ,  ~¢) . . . .  

S M I N = S D ( 1 , 1 ( )  

I F :  (.N , [ ~ ' Q ,  1 )  GO T O . - 2 . ,  
I) 0 I I=:I,N 
IF: (SD(I~I() •.GT~ SHIN)'. 
SMIN=SD(I,I<) 

c o N ' F  ]: HUE" " 
R E T U R N  
END 

• , .  . :  , , 

. .  . ,  , 

%. , , • -. 

GO .TO 1 . .."--'" 
" '  . . . .  : . :  

,,] 

. .- 

• , . .' 

I 
2 
3 
v~ 

~5 
7 
e 

A 

i SRU'S: ,3 
! ." 

C FUNCTION SUBROUTINE SQRSUM 
FUNCTION ,SQRSI;i'I(N,X,E,Y,J) 
D I H E N S I O N  X (  '~ =l}, ~¢), E(20, q.), Y (tl.) 
(., ¢~ . 
,~(~ R ~ U H : :  0 , 
DO 1 I : - I , N  : ' ' • 

S Q I ~ S U H = S Q R S U H +  ( X  ( "r ,  J ) . E (  I ,  J )  ~ Y  ( i )  ) ~ - . 2  
R E T U R N  
END 

GPSi08 E FiLE NAME > 6 CHARS 

. ^  

11 
2 
3 

5 
6 
7 

8 
9 

I0 
11 

C 

5 

FUNCTI()N .SUBROUTINE SQSUMY 
FUNCTION SQSUNY(N,X~E,Y,J) 
DIMENSION X(20,4),E(20,4.),y(L~) 
TINV = 0. . 

DO 5 II = i,N 
"FINV = TINV + E(II,3) 
SQSUMY=O, 
DO I I=I,N 
SQSIJMY=SQSIJMY3:(X(I, J}~E(I,,J)~Y(I)a-E(i~ 3)/TINV)~w2 
RETURN ,. 
END 

- l - l l  - 



A 

SRU' S : , 3 

A 

1 
2 
3 
LI. 

6 
7 
8 
9 

C F'UNCI' I (IN SUB ROUTI NE 
FUNCTI( ]N S U M ( N , X )  
BIHF":NSI(]N X ( 2 2 , 2 2 )  
S U H =: 0 . 

Z|[) I I = I , N  
I.'I[) 1 ,J=I,N 
SUM:=SUM+X ( I ,  J)  
REI'U RN 
END 

SUM 

A 

S R U ' S :  , 3  

1 
2" 
3 
LI. 
5 
6 
7 

A 

S R U ' S  : . 3 

ab 

"l 

2 
3 
4 
5 
6 
7 

FLINI]TI(]N ,...,,c~"~ (,~. I, N, X) 
DIMENSION X(22,15) 
SUM2= 0 . 
DO 1 J = I , N  
SUH2=SUt t2+X ( I ,  J ) 
RETURN 
EN£1 

FUNCTI(]N SUMXY(NJ, I , J , I ( , L , , X , X B )  
DIMENSION X ( q - , 2 2 , i S ) , X g ( 2 2 , q ' ) "  
SUMXY="O. 
D(] 1 JR=1.,  NJ 
SUMXY=BUMXY+(X(K, I ,  J R ) - X B ( I , K )  ) * (X(L . ,  J., JR) "XB(J , t . . ) )  
RETURN 
ENI'I 

A 

S R U ' S : , 3  
! 

A 

1 
2 
3 

5 
6 
7 
8 

1 

C FUNCTION SUBROUI'INE 
FUNCTION T O T ( N , X . J )  
DIMENSION X ( 2 2 , # )  
TOT=O . 
]DO i I=I, N 
TOT=T(]T+X(I, J) 
RETURN 
ENB 

TOT 
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~ ~  ~ 
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c:~ c:~ _-~-- - '  
L.-'~ Is~ c: ,  

~-.1 ~-.I .-~. 

o ~ c j  

. --~ ~.4 ~. j  . . .  
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