APPENDIX A
LIST OF INTERVIEWS

jI;. - ERDA - Washington, D.C.
| June 14, 1976 |
Mr. Neil Cochran - MFPM, Fossil Energy
Subjeéts discussed: |
(1) Changes in process descriptor def1n1t1ons |
(2) Risk" values for process type, gasifier type, 11que-

faction type, and reactor temperature.

1. ERDA - Washington, D.C.
- June 16, 1976 |
Mr Dave Garrett - MFPM Foss11 Energy
SUbJECtS discussed:
(1) Possible 13quefsction processes..

(2) Liquefaction process characteristics.

“III.  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, Fossi1»Energy

Mr. Dave Beecy - Long Range Planning, Foss1] Energy

Subjects dzscussed

(1) Econergy portfolio evaluation methodology.
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(2) Possibility of incorporating different product prices
in model to reflect market effects and geographical

Tocation.

Iv. ERDA - Washington, D.C.
dune 16, 1976
Mr. Zeke Clark - Branch Chief, Gasification, Coal Conversion and
Uti]izatfon, Fossil Energy (Telephone Interview)
Subjects discussed:
(m Anticipéted commercial size of fuel gas plants.

(2) Commercial scale investment cost range.

V. BERC - Bartlesville, Oklahoma
June 24, 1976
Mr. Richard Hurn - Program Manager
Subject discussed:
(1) Inforem computer program which can trace the effect
of additional ton of coal from source to end use on

economy .

VI. Oakridge National Laboratory - Oakridge, Tennessee
July 1, 1976
Mr. John Holms
Mr. Royce Salmon
Subjects discussed:
(1) Clean Coke-Carbonization process economics

(2) Synthoil ﬁrocess economics



VII. Un%versity of Nydming - Laéamie,“wyoming
July 23, 1976 |
| Mr. RalphAD‘Arge - Professor of Resource &nd'Environmentall
Economics | |
Subjects discusse&' _
' (1) Econometric model deve1opment of energy resources
and ut111zat1on . '
. (2) Wyoming environmental pressures aga1nst coa] mine |

~deve1opment

VIII. Wyoming Geographica1'5urvey.- Laramie, Wyominé
July 23, 1576 | -
~ Mr. Daniel Miller - State éeoTogist
SubJects dlscussed
(1) Extent of Wyomvng coal fields.

(2) Possibility of coal slurry pipelines.

fx. LERC - Laramie, wybﬁfng
duly 23, 1976 |
Mr. Charles Brandenberg, Program Manager
Subject discussed: o

(1) In-situ gasification of coal.



XI.

XII.

Arch Mineral Corporétion 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 - 11,000
BTU/1b. subbituminous coal.
(3) This rather large mine could only supply a 10,000
ton/day coal conversion facility.
(4) Environmentally reclaimed mining areas indistinguish-

able from surrounding high plateau prairie Tand.

University of Cali%ornia - Los Angeles, California
August 2, 1976
Dr. Ed Coleman - Professor of Statistics
Subject discussed:
(1) Log normal probability density function as possible

distribution of investment cost overruns.

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‘pi1ot plants which have led to

plant shutdowns.
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CXIII.

X1V,

XV.

Coalcon - New York, New York

" Qctober 11, 1976

Mr. Ed Paulsen - V1ce-Pre51dent Techn1ca1 0perat1ons

Mr. M1ke E111ng - Manager, Econom1c Planning

- Mr. John Nagra - Manager, Techn1ca1 Sales Servzces o

Mr. Tony F1och1 - Manager, Financial Adm1n1strat10n
SubJects d1scussed . |
| (1) Econergy portfb11o modeT )
(2) Techn1ca1 risks assoc1ated with 21 components in CTean

-Boiler Fue1 process.

Hudson Inst1tute - Croton-on-Hudson New Ycrk

October 11, 1976 _ _

Mr. Frank Armbruster - D1rector of Interd1sc1p11nary Studies ,
Subject discussed:’ ' ’

- (1) Economics of various ehergyﬁaftérn&tivés.

ERDA Wash1ngton D. C
'October 12, 1976

Dr. ChriS'Knudsen
SubJect discussed: . L _
(1) Econom1c effect of proaect de]ay and process cont1n-

gen01es



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:
(1) Government-industry investment participation.
(2) Process risks as a function of process component

fa11u}e probability.

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

pricing formulae.
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APPENDIX B
INPUT DATA REQUIREMENTS FOR PORTFOLIO MODEL

| The data input format on the fo1TOW1ng pages was used to obtain fue] gas L

process data and economics. The form was seTf—contained and structured
so that data def1n1t1ons occurred on the 1eft side of each page opposvte
the corresponding data request A similar format cou]d be used for any

. of the d1fferent product types -- h1gh BTU gas1f1cation, 11quefact1on,_

. and d1rect combust1on as well as med1um-to Tow BTU gas1f1cat1on

.Investment dec1s1ons for demonstrat1on piant fundlng are based on commer—
cial scale economics and risks. Land and working cap1ta1 are separated

from the rest of plant 1nvestment costs because they are - non deprec1ab1e

1tems

- Process data are assumed to be equ1va1ent for commerc1a1 and demonstra-
tion scale fac1]1t1es Thirteen process descr1ptors are current]y
defﬁned. The computer program a11ows these thirteen to be redef1ned _

ea511y or other descr1ptors to be added
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INPUT DATA FOR PORTFOLIO MODEL

INVESTMENT COST DEFINITION

The investment cost definition
should be consistent from one fuel
gas project to another. For com-
mercial plant design, the infor-
mation is defined in the Fuel Gas
Program RFP, Subpart 3.3, Section
1.1.1 and 1.1.2; capital costs and
other investment costs (page 59).
However, the capital costs of Sec-
tion 1.1.1 should include the
depreciable item, start-up costs,
from 1.1.2. 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 will require the same
jnvestment cost information as the
commercial plant.

INVESTMENT COSTS - COMMERCIAL SCALE

Small Scale

Utility Industrial Industrial

Total Capital Costs

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, utilities, pro-
perty taxes and insurance, other
operating costs and finally, a
credit for by-products.

" PLANT CAPACITY

The information defined in the Fuel
Gas Program RFP, Subpart 3.2, Sec-
tion 1.2, Process Block-Fiow dia-
grams. Specifically, the primary
product output in terms of heat -
content (BTU/Day) is desired. The
same plant stream factor (Days/
Year operation) will be assumed
for each project. The utility
fuel gas projects may show plant
capacity in terms of electrical
power (kw). If so, this value

can be used.

OPERATING COSTS -_COMMERCiAL SCALE.

| Small Scale

Utility Industrial’®  Industrial

 PLANT CAPACITY - COMMERCIAL SCALE

Small Scale
Utility

Industrial  Industrial
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PROCESS RISK DEFINITIONS RISK ASSIGNMENTS

Small Scale
Utility Industrial Industrial

=

Process Description Ris

|

I. Process Type

1. Liquefaction With
Gasification 1
Pipeline Gas
Liquefaction

Fuel Gas

Direct Combustion

Ol W RN
L] . - .
NDUINOO

II. Process Status

1. PDU Operating 9-10
2. Pilot Plant -

Design, Start

Construction 7-8
3. Pilot Plant - ’

Construction ,

Start Operation 5-6
4. Pilot Plant -

Uninterrupted

Self Sustained

Operation 0-100

Hours 3-4
5. Pilot Plant -

Uninterrupted

Operation -~ 1

month or longer 1-2
6. Commercial Plants

in Operation 0

III. Coal Pretreatment

1. Oxidation - High

Pressure 800 psi -

1500 psi 7-10
2. Oxidation - Med.

Pressure 300 psi -

800 psi 4-7
3. Oxidation - Low

Pressure - Atmos. -

300 psi 1-4
4. No pretreatment 0
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PROCESS RISK DEFINITION

.Process Description

.

VI.

RISK ASSIGNMENTS

- Small Scale

Feedstock Technique

1.

O O1 LI N 1.

No pressure

Lock Hoppers - 1000-
1500 psi 10
Fluidized Flow - 1000-

1500 psi 8

0i1 or Water Slurry
1000-1500 psi : 7
Lock Hoppers,- Flui-
dized Flow, Slurry

300-500 psi 4

Lock Hoppers, Fiui-
dized Fiow, Siurry,
Atmos. - 50 psi Screw
or Star Feeder

(e JE= |

. Gasifier Type

Molten Salt or Iron 1
Fluidized Bed
Ebullated Bed
Entrained Bed
Moving, Fixed Bed
No Gasification but
Fiuidized Bed

o N RO~ O

Liquefactibn Type

1.

ol B W N
. o » s

Hydrogenation WTfh

. Catalyst (H-Coal) - 10

Indirect Liquefac-
tion (Fischer-Tropsch) 8

. - Hydrogenation Without

Catalyst (SRC) 6
Hydrocarbonization
(Coed)

Solvent Extraction
No Tliquefaction

O W

Risk  Utility Industrial-  Industrial
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PROCESS RISK DEFINITIONS

Process Description
VII. Reactor Temperature
1. 2500 F - 4000 F
2. 1500 F - 2500 F
3. 500 F - 1500 F
VIII. Reactor Pressure
1. 2500 psi - 4000 psi
2. 1500 psi - 2500 psi
3. 800 psi - 1500 psi
4. 350 psi - 700 psi
5. Atmos - 350 psi

of Stages

Four

Three

Two

One

No Stages but Mul-
tiple Beds

O BN =
» L] - . .

of Unit Processes

1. Eight to Ten
2. Five to Seven
3. Two to Four

Redundancy

1. Very Poor
2. Poor

3. Moderate
4. Good

5. Very Good

IX. Reactor Complexity - No.

X. Process Complexity - No.

Risk

RISK ASSIGNMENTS

Utility Industrial

Small Scale
Industrial

o PHOYODO

XI. Mechanical Reliability -

N»OYOOO
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PROCESS RISK DEFINITIONS RISK ASSIGNMENTS -~
L ' S : : B Small Scale .
Process Description - ‘Risk Utility Industrial - _Industrial

'XII. 'Process Technical

Feasibility BER
1. Very Poor 10 L
2. Poor .. 8 o

- 3. Moderate -6 S
4, Good : 4 o
5. "Very Good 2 S

XIII. Scale-Up Required for
. Demonstration Plant

1. 1000-10,000 or more 7-10 . ‘
2. 100-1000 - 4-7 .
3. 10-100 . 2-4 -
4. 1-10 ‘ 1-2 S
~ 5. No Scale-Up _ S
- Required - -0 -
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* APPENDIX C
'DATA FOR THENTY-ONE COAL;CQNVERSION PROCESSES =
Appendix C lists the basic input data for the

_coal conversion processes. Coalcon data is -

repeated for "old and "new" costs so Twenty-':",,

'two>sets of data are included. The outputydataﬂa: o

resulting from the Cost Program and the Core .

:Program is also Tisted.
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R : Q I

COGAS ‘ 313,80 i 60 13u4 50
LURGT J15.50 102,60 920,50
HYGAS 329,90 117,30 825,30
SYNTHANE J12.40 89,10 1201.50
TEXALD _ I3G.010 190,50  1086,70
INDUST . FUEL GAS A 100,460 62,80 263,00
INDUST, FUEL GAS R &% 60 3210 102,00
THDUST . FUEL GAS © 127,30 9P, 10 au3. 00
SMALL BSCALE FUEL I 26 .10 1,90 W7, 20
SMALL. SCALE FUEL IX g.80 - 46.80 21,90
SHALL SCALE FUEL E 11,30 w0 21.30
gMALL BCALE FUEL F _ 7.90 .30 Y., 61
CUTILETY FUEL GAB G 88,30 L 29,00 72,00
UTILITY FUEL GAS H 63,010 0 GR.00 367,00
UTTLITY FUEL GAS I - R9.00 1%, 10 23.00
UTILITY FUEL GAS J 176,60 125,00 uk8, 00
UTILITY FUEL GAY K W1, 30 GS0. 00 117 00
ATMOS FLUIDTZED RED 161,40 12610 2E0, 00
COALCON -~ OLD COST 29,50 0 130,10 L5030
COALCON —~ NEW COST - 32900 161,80 G2, 20
SRy TE0 L, 30 192,90 Iuin, 00
FISCHER-TROPSCH ’ w00 190,40  1769.00

REVENUE, OPERATING COST AN INVESTMENT CosT
INPUT DATA FOR COST PROGRAM ($ x 106)
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COGAS

LURGY

HYGAS

SYNTHANE

TEXALD

INDUST . FUEL GAS A
INIRIST, FUEL GAS ¥
INDUST, FUEL.GAS C
SMALL BCALE FUEL It -
GMALL BLALE FUEL IIX
GMALL - SCALE FUEL E
BMALL SCALE FUEL F
UTILITY FUEL GAS @
UTILITY FUEL GAS H
UTILITY FUEL GAS I
UTILITY FUEL GAS J
UTILITY FUEL GAS K
ATHOS FLUIDIZED BED
COALCON - OLI COST
COALCON ~ NEW COST
BRE )
FISCHER-TROPSCH

00
00
200
00
00

00
00
00
00
00
00
.00
0
00
00
00
00
00

00

COGAS

LURGT

HYGAS

SYNTHANE

TEXACD.

CINDUST, FUEL GAS @A

INDUST, FUEL GAS B

INIUST, FUEL BAS C

SMALL SCALE FUEL D

SHALL BCALE FUEL TIX
SMALL BCALE FUEL E

SMALL SCALE FUEL F

UTILITY FUEL GAS G

CUTILITY FUEL GAS M

UTILITY FUEL GAS I

UTILITY FUEL GAS J

UTTLITY FUEL GAS K

ATMOS FLUIDIZED KED
COALCON ~ QLI COST

COALCON - NEW COST

08
L
R ir)
O
, 08
» 08
.08
08
08
, 38
08
08
08
08
08
4 08
.08
. 68
08

HRE - w02
FISCHER-TROPSCH

REVENUE, QPERATING COBT AND

CO8T PROGRAM

00

00
00

IR

02

A0

00
00
00

-, 00

00
00
00

il

N
00

G0
00
00
.00
(0
00
00
w00
A0

00

oy

[ N |

L
13
-06
13

"
AL a.

"0

[
l‘? I"
[ A
gt
[ -eeroN
pde)
b A Ko
sy
£ N e
T AN
gy
A
ryey
¢ AR
 Nua
]
[
0
[
b e
v ol Sl
i)
AL
e

LI

09
08

L 00
00
00
00
00

08

00
Q0
00

00

00
00
00
00
00
G0
00

G0

00
00
.00
00

37
17
37
1a
31

' 33

33
' 33

W33

.33
33
033
33X
33
B3
33
33
L33
‘33
L33

50 )
Y

16

2 (-3 -

00

2% 50 1,00
L0025 LGB0 100
L0025 G0 1,00
L 00 LRSS0 1,00

000 2% B0 1,00

00 .25 50 1,00

B0 LR 501,00

00 L 2S L 5001,00

L0070 RS LED 1,00
ryee

00 JGE0 1,00

Lvauad

00 LRE LED .00
B0 25 . .50 100
SO0 VRS LS50 1,00
S00 0 ,2%. JH001.,00
L0000 L 2% %0 1,00
L0025 50 1,00
L0000 L2550 1,00
L0025 50 1,00
L0025 -, %0 1,00

e B

00

¢ &t [RRAY 1 t 0 0
00 L2350 0 1,00
L0000 2% - G0 1,00

R

sy
) .5’1 W]

13
35
12

29
39
» 34
S WL
w3é
eyt
T,

00
0D
03
00
i
0.
00

.00
.00
00
00
00

PR 2]

P
A

1

)
2 L1300 .00
24 13,00 .00
2% L1 .00 .00
L2413 .00 .00
2% 13,000 00
24 13 .00 .00
2 13,000 .00
24 L1300 .00
24 (13,00 .00
2% 13 .00 .00
2% 13,00 .00
2w 13 .00 00
2 13,00 00
Ml LA 03,00
500 .22 L 04,00

o
i

1,00
1,00
1.00
1.00
1,00
1.00
1.00
1.00
1.00
1.00
1500
1,00

1.00
1.00
1.00
4,00
1,00
1.00
1.00
1.00
1,00
1,00
1,00
1.00
1,00
1,00
i.60
1.00
1,00
1.00
1,60
1,00
1,00
1.00

1.00
1.00
100
1.00
1.00

45,00
1.00
'1.00

00
L 00
00
L0
, 00
ik
L0
00
00
L0
- 049
.00
00
L0
00
L 04
L, 00
L6
00
5 00
]
0N

00

00
00
L0
U0
Lo
N0
A0
N0
. 0a
.00
L 00

00
0
00
00

00
0D
.00

1 ] 00‘

1.00-

.00 -

00

00

1.00
.00
1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

00
00
.00
00
00
00
00
00
00
00
.00
00
00
.00
00
00
00
00
00
00
00
00

INVESTMENT COST CASH FLOW INPUT DATA FOR



REVENUE

OPERATING COST

INVESTMENT COST

TIME COST

RISK WEYLGHTING

COGAS

LURGT

HYGAS

SYNTHANE

TEXACO

INDUST . FUEL GAS
INDUST, FUEL GAS
INIUST, FUEL GAS
SMALL SCALE FUEL
SMALL SCALE FUEL
SMALL BCALE FUEL
SMALL SCALE FUEL
UTILITY FUEL GaS
UTTILITY FUEL GAS
UTILITY FUEL GAS
UTILITY FUEL GAS
UTILITY FUEL GAS

ATMOS FLUIDIZED RED

A
B

G

It

X

E
-
G
H
¥

\J
K

COALCON - 0Ly COST
COALCON — NEW CO8ST

BREC

FISCHER~-TROPSCH

PROCESS RISK INPUT

10

7
8
8

2
10
Lo
1o

“io

0 0
7
10 2
10 2

I} 0

31
38

200
HooR2

0
¢ 0
6 0
0 0
6 0
b0

&6 0

50

w0
g 0
g0
30
3 0

30

- C-4 -

PROCE

8
3
10
8

68

A

PROCE

BESCRIPTORS

10
4
9

Lo

VECTORS FOR

u\:)\
L7
o2 0

K
7
iy

1.

K4
I
“
Aee
]
.

”)
Rae
o

K¢
Iy
FN
i

0

0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
I
I
&
(8]

CORE PROGRAM

13
%
b

m

@ F Ol b b1

WD~

I3
f
6
I

1

b
I
[
ad

3

g
1

1]
8
0
Q1
¢
0
0
1

2
1}
0
]
3
A
é

”y

A

2
4]
8
6

I}
I
10

T

I
1

a4

1
é
&
é
i
&
i)
)
é
é
2
I
I}
.
58

10 10
10 10 7

10
10

5 DESCRIPTORS

7

6
&
I
4
I

2

3
3
It
3

]

£

5

&
10
b
2
£
(a3
é
é

0ATA FOR CORE PROGRAM

G
3

7.

8

3

(ST

]
Iy
e

v

.

8
é
2
-
"
i
5}
é
N
6
i,
1
"
2

3

~y

]
8
10

e ] F D O

)

<
K

0
0
0

el

.0

~=

3

bt

iy

A4
i
1



R . =. . .0‘ ’ .. '. I II.' . . .-r..

' cogas - 1526.27  557.39 833,98 0 298,92

LURGI ' R R L 199.03 HHG.68 296,79
HYGAS . 1604,58 570,53 =88,55 - 291.18
SYNTHANE ' 1519 .46 413.91 22.6% 0 329,18
TEXACQ 1629.87 P26.96 - T4?.VE T 232417
INDUST. FUEL. GAS A& - a13,62 305,45 193,75 - 65,87
INDUIST., FUEL GAS R E19.07 197,599 TGO 33,92
INIIST. FUEL GAS C. S A19.17 - . uB2,01 - 252,49 Gk, q
SMaLL. 8CALE FUEL D - 1284l CFALw7 - 34,77 - 16,027
SMALL SCALE FUEL DX 2,080 . 33.0% - 1613 3.72 .
SMAaLL. SCALE -FUEL E .~ CBM9S - RT.7R T 18069 - L 7069
8MALL 8CALE FUEL F - S 38,42 20.91 7.1a o b
UTILITY FUEL GAS G . 829,48 11,00 a3, 04 H.76.
UTILITY FUEL GAB H 304,91 22,92 276,37 . 37,33
UTILITY FUEL GAS8 I In1.03 S T3 Ly -l s 17,05
UTILITY FUEL GAS J 858,95 607.98 330,0% . BY.96
UTILITY FUEL GAS K 687.26 0 243,19 S B61F . 109,87
- ATMOS FLUIDIZED RBED 736,38 | 4613.33 184,18 - 45,19
- COALCON - OLIV COST 1602.63 | 632,78 - 33L,74 282,76 .
LCOALCON - NEWY CGST . 14602,63 738.33 386,92 . 233,68
8RC- .. T 36UY, 33 - 938,23 ?83.48 - 7iL.75

. FISCHER-TROPSCH S RG70.24 T 927.05 3396 38 o R09.73

PRESENT VALUE OF REVENUE, OPERATING COST, 1NVESTM§NT COST AND
TIME COST OUTPUT FROM COST PROGRAM U
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COGAS

LURGT

HYGAS

SYNTHANE.

TEXALO _ ‘
INDUST. FUEL GAS A
INDUST ., FUEL GAS R
INDUST . FUEL 6AS ©
SMALL SCALE FUEL DI

SMALL SCALE FUEL DX

SMALL SCALE FUEL E
©BMALL SCALE FUEL F
UTILITY FUEL GAS 6
TUTILITY FUEL 6Gas H
UTILITY FUEL GAS I
UTILITY FUEL GAS J
UTILITY FUEL GAS K
ATMOS FLUIDIZED RED
COALCON - OLI COST
COALCON - NEW COST
SRC
FISCHER-TROPSCH

COGAS

LURGI

HYGAS .

SYNTHANE

TEXACO 4

INDUST. FUEL GAS A

INDUST, FUEL GAS R

- INDIUST . FUEL GAS C.
SMALL 8CALE FUEL I

SMaLL SCALE FUEL DX
SMaLL SCALE FUEL E

SMALL SCALE FUEL ¥

UTILITY FUEL GAS 6

UTILITY FUEL GAS H -

UTILITY FUEL GAS I

UTILITY FUEL GAS J

UTILITY FUEL GAS K
ATMOS FLUINIZEL RED
COALCON - OLI' COST

COALCON ~ NEW COST

8RO

FISCHER-TROPSCH

K{R(]
191
KA
362
2080
209
2601
308
161
14l
16%
L7
2460
2462

) o bend
288

323
220
123
W7
InT
F 363
iaL

271

282
. 2:\2""
201
107
V197
231

T 0n7

087

082

067

171

17N

165
250

121

L 000

280
280
300
. 289

.18
24
nee
LU X
361

Lo 3 -1 od
2

Wt

338
bh39
203

203 .

213
201
325
354
379
8y
KPR
188
W53
Y53
I &L

ui7

V394

175

01,0001

BT
310
1846
293
H23
119
119

132

117
276
314
LT
JH81
301
100
MY
[} 'l‘ "!‘ 1
o BG5S

433

L35
240
.91
3430
338
280
344
12
180
190
200
1e0
L8
SN
372
XY
362
194
US4
454
uQ
TN VA

B2
 2H8

811
38
278
' l:.:; &{) 2
W TET
100
100
«1X0
100
V68
986
639
L1
LA609
112
887
. B87
B6T
861

386
210
wzn
396
289
203
285
354
153
153
163
151,
284
288
315
401
304
169
423
23
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APPENDIX D
MODEL CALCULATIONS

The mode1 caTcuTat1ons are made on a step by-step bas1s us1ng the 1nput
‘data described 1n Section 3. Parameter values g1ven in th1s report and

3 referenced as necessary are used in the calculations. The final ‘result

| will give two values, the expected net benef1ts and the r1sk 1n ach1ev1ng
.those benefits for the sampTe portfolio. These two vaTues may then be B
plotted as a 51ngle point on a benef1t/r1sk map to be compared W1th other
po1nts or portfbl1os on the benef1t/r1sk map. The sampTe portfo]1o is
‘composed of Just two coal conversion processes for ar1thmet1c simplicity

-aTthough the portfoTlo computer modeT can curvently handTe a portf011o ‘

of up to 22 processes. Data for the two processes are shown 1h TabTe D-1.%

D1 Portfolio Benefits and Costs
D,T.T Investment Cost

I(i,t)} Investment cost cash'TTOW‘for,process i_and_tfme'period t

: Inv.,Cost(i):: Total undiscounted .investment for.process“i as defined in

| | - this report. | | -

CCFP(t): Yearly cash-flow percentages L A
I(i,t) = Inv. Cost(I) x CFP(t) NN (R )

*See Appendix B for a complete description of the data requ1rements and
process var1abTes
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PROCESS NAMES
" PROCESS ECONOMIC DATA
1. Inveétment Cost

2. Operating Cost

PROCESS RISK DATA

1. Process Type

2. Process Status

3. Coal Pretreatment

4. Feedstock Technique

5. Gasifier Type

6. Liquefaction Type

7. Reactor Temperature -

8: Reactor Pressure

9. Reactor Complexity -
No. of Stages

10. Reactor Complexity -

No. of Unit Processes

11. Mechanical Reliability -

Redundancy

Process Technical
Feasibility

12.

13. Scale-Up for Demon-

stration Plant

PROCESS CHARACTERISTICS
1.  Product Types

2.- Heating Value

3. P1aﬁt Capacity

“Process 1

Pipeline Gas

956.6 BTU/SCF
250 MM SCF/Day

Slagging
Lurgi
$920.5 MM
$102.6 MM
Descriptor Risk
Pipeline Gas g
Commercial 1
None 0
Lock Hopbé?s 4
Moving Bed 2
N/A 0
1500 - 1800°F 5
250 - 350 PSI 2
One 4
Four 4
Very Good 2
Very Good 1
No Scale-Up 0

Process 2

HYGAS

$825.3 MM
$117.3 MM

Descriptor Risk

Pipeline Gas 9

Pilot Plant 3
Oxidation 1
- Slurry 7
Fluidized Bed 7
N/A 0
1200 - 1800°F 5
1000 - 1500 PSI 5
Four 10
Six -6
Moderate 6

Good - Moderate 5

100 4

Pipeline Gas
975.4 BTU/SCF
 256.2 MM SCF/Day

Table D-1 Sample Calculation Processes and Data
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1(1.1) = (920.5)(.08) = 73.
1(1,2) = (920.5)(.11) = 101,
1(1,3) = (920.5)(.17) = 156.
1(1.4) = (920.5)(.39) = 359.
1(1,5) = (920.5)(.25) = 230.1

o o .w o

CI(2,1);= (825.3)(.04) = 33,
1(2,2) = (825.3)(.13) = 107.
1(2,3) =.(825.3)(.37) = 305.
1(2,4) = (825.3)(.30) = 247.
1(2,5) = (825.3)(.13) = 107,
1(2,6) = (825.3)(.03) = 24.

0n W o P W O

I(i):l Present Qorth of the investment cost cash flows for process
"~ 1 discounted at rate r ' ‘

) =gt R (D-2)

1(1) = 73.6e™" + 101.3¢™2 & 156.5¢™*3 + 359.0¢™% + 230.1¢7-7
I(1) =66.60 + 82.94 + 115.94 + 240.64 + 139.56
1(1) = $645.68 MM
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1(2) = 33.0e~ 1 + 107.3¢7+2 + 305.4e™"3 + 247.4e7+% 4 107.3¢75
+ 24.8e"-0

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 for the two

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

respectively.
D.1.2 Operating Cost

0(i,t): Operating cost cash flow for process i and period t
Op. Cost(i): VYearly operating cost as defined in this report

CFP(t): Yearly cash flow percentage

0(i,t) = Op. Cost(i) x CFP(t) - (p-3)
0(1,55 - (102.6)(.25) = 25.65
0(1,6) = (102.6)(.50) = 51.30
0(1,7) = (102.6)(1.00) = 102.60
0(1,25) = (102.6)(1.00) = 102.60
0(2,5) = (117.3)(.25) = 29.33
0(2,6) = (117.3)(.50) = 58.65
0(2,7) = (117.3)(1.00) = 117.30
0(2,25) = (117.3)(1.00) = 117.30
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a(i): Present worth of operat1ng cost cash f1ows for process i
. discounted at rate r . :

0(i) ='z opeTt - L o
| ot | e
" For r = 0.10
0(1) = 25.65¢™ + 51.30e™6 + 102.60e™7 + ... + 102.60e7>"°
- 0(1) = $499.03. M
0(2) 20, 33e‘ 5 4 58.656"+6 + 11730677 + ...+ 117.30e785
| o(z) - $570.53 MH

The présent.va]ueé'offthe.Operating'cosfs-for Lurgi*aand}HYGASvare $499;03

- and $570.53 MM respectively.
D.1L3';Revenue§'

Rgv(i): Year]y gross révenhe st%eam as defined in this repbrt

Rev(i) = Plant capac1ty(1) X Heat1ng Va]ue(1) x 330 days/year
© x Fuel Price(i) ' j | o . (D 5)
Rev(l) = (250 MM SCF/day)(956 6 BTU/SCF)(330 days/year)($4 00/ MM BTU)

Rev(1) = $315 68 MM/year

Rev(2) = (256.2 M1 SCF/day) (875.4 BTU SCF) (330 days/year) (4.00/ M BTU)
Rev(2) = $329.86 i/ year

*A11 references to Lurg1 will be understood to mean the Siagg1ng Lurg1
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): Revenue cash flow for process i and period t

CFP(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),is calculated equivalently to the operating costs,
0(i,t). The discounting of these revenue cash flows is again equivalent.

(Exponential discounting is used throughout the discounting calculations

to reflect 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.1.4 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 foi]owlng formulas reflect this deve]opment and prOV1de for calcu-

'Iat1ng the present value of the t1me costs

E(T(i d)): Expected time costs for process kL and de]ay d

E(T(1 1)) = 0.0625 « 1{(i) + 0.155 x (R(i)-0(1)) (D-7a)
E(T(1,2)) = 0.0625 x I(i) + 0.155 x (R(1)-0(1)) o (D-7b)
E(T(1,3)) = 0.0375 x-I(4) + 0.083 x (R(1)-0(1))  (b-7c)
CE(T(1.,4)) = 0.025 x I(i) + 0.062 % (R(1)-0(1)) . (D-7d)

’:USing the present value results from Sections D.1.1 - D;T}S, the:expeé;

' ted time costs are:

E(T(1.1)) = 200.86
E(T(1 2))'= 200.86
E(T(1,3)) = 120.52 |
E(T(1,4)) = 80.34 .

E(T(2,1)) = 197.06
E(T(2,2)) = 197.06
E(T(2,3)) = 118.24
E(T(2,4)) = 78.82

T(i): Present worth of the time costs fbr process i d1scounted
at rate r .

= pTmaeTt ._-".""w-g)

For r = 0.10
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6

T(1) = 200.86e "~ + 200.86(—:“‘7 + 120.52e~'8 + 80.34e-'9

T(1) = $296.79 MM

T(2) = 197.06e~8 + 197.06e™*7 + 118.24e7°8 + 78.82¢""?
T(2) = $291.18 MM

The present values of the time costs for Lurgi and HYGAS are $296.79 MM
- and $291.18 MM respectively.

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

Let the yearly delay cost be C(i)

(i) = 0.125 x I(i) + 0.31 x (R(i)-0(1))

for Lurgi

C(1) = $401.72 M

for HYGAS
' L ¢(2) = $394.12 MM

The expected time costs 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.1.5 Portfolio Net Benefits (Unnormalized)

E(NB): Expected value of the portfolio net benefits _
E(NB) = § R(i) - 0(i) - I{i) - T(i) (D-9) .
i
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~ The present values calculated in the -preceding sections are shown below.

PROCESS

Lurgi |+ 1,534.54  499.03  645.68  296.79 §

1,604.58 - 570;53 .}588,62;3:;;29]i18. |:

~ E(NB) = (1,534.54 - 499.03 - 645.68 2 296.79)
| +.(1,604.58 - 570.53 - 588.62 ~ 291.18)

E(NB) = 93.04 + 154.25
E(NB) = $247.29 MM

: The E(NB) is the NPV of this portfbl1o based on the ava11ab1e 1nput data.
-Since the NPV is pos1t1ve, the 1nterna1 ROR must be h1gher than 10A

-(The internal rate of return is def1ned“as that-ratezof,return for wh1ch
the préseﬁt value is;iero.).;ThefE(NB) is.bne,of'fhe ngmﬁe?slwhichfchar-.

acterize :the portfolio on the benefit/risk map:

iif'the fihancihg arrangemeht between'ERDAvand fhe5induét£y'pa¥tﬁers for
each process is & stra1ght 50/50 split, the modei would 51mp1y apport1on
lhalf the cash f]ow 0 ERDA and half to the 1ndustry partners | More com-

'2p1ex f1nanc1ng alternat1ves can, of course, be eas11y accomadated by

segmenting the positive and negative cash fiows to conform to the speci-

“fics of the f1nanc1ng agreement. Therefore, the_effegt of sophist1cated
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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 Proces§ 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(1,j): Revenue risk, jth process
Risk(2,j): Operating cost risk, jth process
Risk(3,j): Investment cost risk, jth process

Risk(4,i): Time cost risk, jth process

Risk(1,3) = ] W(i,k)d(3,k) (D-10)
k

W(i,k): Model variable weight for ith variable and kth
process descriptor |

d(j,k): Process descriptor value for jth coal conversion

process and kth process descriptor

Process descriptor values are shown in Table D-2. Model variable weights
are shown in Table D-3. Using equétion (D-10) the following calculations

are made for the first process, Lurgi.
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PROCESS DESCRIPTORS Lurgi | HYGAS
1. Process Type . 8 9
2. Process Status - 1 3
3. Coal Pretreatment 0 1.
4. Feedstock Technique | 4 7
5.. Gasifier Type 2 7
‘6. Liquefaction Type . 0 0
7.  Reactor Temperature 5 5
8. ' Reactor Pressure 2 5
9. Reactor Complexity - ' _ o
No. of Stages 4 10
. 10. Reactor Complexity - :
.7 No. of Unit Processes 4 . 6
11. Mechanical Reliability - i
: Redundancy - _ 2 6 -
12. Process Technical
Feasibility : 1 - 5
13. ,Scale-up for Demon- 1.
. stration Plant 0 -4

Tahle D-2 Pracess Descriptor Values
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PROCESS DESCRIPTORS

-::-wp:

o

(Yo oo ~ ()}
L] . L] .

10.
11.
12.

13.

Process Type
Process Status

Coal Pretreatment
Feedsfock Technique
Gasifier Type
Liquefaction Type
Reactor Temperature
Reactor Pressure

Reactor Complexity -
No. of Stages

Reactor Complexity -
No. of Unit Processes

Mechanical Reliability -
Redundancy

Process Technical
Feasibility

Scale-up for Demon-
stration Plant

OPERATING JINVESTMENT TIME

REVENUE COST €oST COST
10 7 8 8
0 7 10 10
0 4 2 2
2 5 4 6
8 8 10 8
10 9 9 10
3 5 4 1
4 8 6 4
2 8 8 6
4 10 10 10
10 10 5 3
10 7 8 5
0 5 8 10

Table D-3 Model Variable Weights for Lurgi and HYGAS
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R1sk(1 1) = (10)(9) + (0)(1) +-(0)(0) + (2)(4) +(8)(2) + (10)(0) .
| o (3)(5) * (4)(2) + (2)(4) * (4)(4) + (10)(2) + (10)(1) + (0)(0)

-~ R1sk(1 1) = 191 .

Risk(Z 1) = (7)(9) + (7)(1) + (4)(0) + (5)(4) + (8)(2) + (9)(0)
+ (5)(5) + (8)(2) + (8)(4) + (10)(4) + (10)(2) + (7)(1) +. (5)(0)
Rlsk(z 1) = 246 )

o Risk(S 1) = (8)(9) + (10)(1) + (2)(0) + (4)(8) + (TO)(Z) + (9)(0) N
+ (8)(5) + (6)(2) + (8)(4) + (Tﬂ)(4) + (5)(2) + (8)(7) + (8)(0)-.
R1sk(3 1) = 240 o | . ‘ . o IR

R1sk(4 1) = (8)(9) + (10)(1) + (2)(0) + (6)(4) + (8)(2) + (10)(0) .
C+ (1)(8) + (4)(2) + (6)(4) * (10)(4) + (3)(2) + (5)(1) + (10)(0)
R1sk(4 =210 |

S1m11ar1y, for the second’ process HYGAS
| R1sk(1 2) = 349
Risk(2,2) = 499
Risk(3,2) = 494

. Risk(4,2) = 430

The individual process risks are tabulated beﬁqw.

R o) 1) T() )

191 26 20 zio f o
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These individual process risks can be scaled to represent o(i,j),

using the 90% confidence estimates for the maximum and minimum process

risks (see Table D-3).

o(i,j): Standard deviation for the ith model variable and the

jth process

o(i,3) = (Risk(i,j) - minrisk(i)(maxpct(i) - minpct(i))/

(maxrisk(i) - minrisk(i) + minpct(i) (D-11)

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

variable

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

variable
maxrisk(i): risk of the maximum risk process; ith variable
minrisk(i): risk of the minimum risk process; ith variable

The maxrisk(i) and minrisk(i) values must be determined. These risks are
determined from the entire set of individual process risks for the twenty-

two processes currently under consideration. These risks are shown in

Table D-5.
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Revenue

Qperéting Cost

Investment Cost

Time.Cost

Maximum Underrun

Minimum Undervun

Maximum Overrun

Minimum Overrun’

Maximum Overrun’

Minimum Overrun

Maximum Overrin

Minimum Overrun

308 -
0%

50%
0%

' 100% .

Cdog

100%

. T0%

Table D-4 90% Confidence Estimates-for Proceés Risks -

' '-;AD.-T.S -




: ' OPERATING INVESTMENT  TIME
PROCESS NAMES REVENUE CcosT __ . cosT CosT

1.  COGAS 340 418 : 435 386
2. Lurgi (Slagging) 191 246 240 210
3. HYGAS . 349 499 494 430
4, Synthane - 302 441 430 396
5. Texaco 284 351 338 289
6. Indust. Fuel Gas A - 200 - 255 250 203
7. Indust. Fuel Gas B 281 338 246 285
Indust. Fuel Gas c 308 439 412 356

9. Small Scale Fuel D . 161 l203 190 153
10. Small Scale Fuel DX 161 203 190 153
11. Small Scale Fuel E 165 213 200 | 163
12. Small Scale Fuel F 177 201 190 151
13. Utility Fuel Gas G 260 325 348 284
“14. Utility Fuel Gas H 262 356 354 288
15, Utility Fuel Gas I : 255 379 372 315
16. Utility Fuel‘Gas J 323 484 , 466 401
17. Utility Fuel Gas K 220 344 362 304
18. Atmos. Fluidized Bed o123 188 194 169
19. Coalcon - 01d Cost 347 453 456 423
-20. Coalcon - New Cost 347 453 456 423
21. SRC 11 363 464 449 409
22. Fischer -~ Tropsch 354 _ 447 447 41

Table D-5 Individual Process Risks °
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- Visually scanning Table D-5. the_haxrisk(f) and minrisk(i)_va]ges_ﬁre:

Operating = Investment ° Time

Revenue Cost . Cost = Cost’

maxrisk = 363 499 o494 - 430
mineisk | 123 188 . 190 BT

Using Eqn. (D-11) to calculate the standard devjation;-a(i,j): -_,‘

'o(1,1) = (197-123)(0.30-0.00)/(363-123) + 0.00

o(1,1) = 0.085 '

 0(2,1)

(246-#88)(6.50-0.10)/(499-188) %‘OQibfl
o(2,1) o

0.175

. 5(351)

(240-190)(1.00-0.10)/ (494-190) "+ 0.10 - .
0.248 e

a(3,1)

'  0(4;1)

(210-151)(1.00-0.10)/(430-151) + 0.10 .~
o(8,1) = 0.230 | |

o Simi]ar1y,>for the second process, HYGAS, -

o(1,2) = 0.282
5(2,2) = 0.500
s(3,2) = 1.000
o(4,2) = 1.000
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The individual process standard deviations are tabulated below.

PROCESS R(1) 0(1i) I(i) T(i)

Lurgi 0.085 0.175 0.248 0.290

HYGAS 0.282 0.500 1.000 1.000

The standard deviations reflect the relative riskiness of each process
based on technical characteristics alone. The variance, calculated
below, combines process technical risk with process economics to pro-

vide a measure of investment risk for each .process.

V(i,j): Variance of it model variable and jthiprocess

V(1,3) = o(1.3) « o(1,3) + R(3) - R(3) (p-12a)
V(2,3) = o(2,3) - o(2,§) - 0(3) - 0(3) (D-12b)
V(3,3) = 0(3,3) + o(3.3) +'1(3) + 1(3) (D-12¢)
V(4,3) = o(4,3) - o(4,3) - T(J) - T(3) (D-12d)

‘Using the calculated values for o(i,j), R(j), 0(3), I(j) and T(j):

V(1,1) = (0.085)(0.085)(1534.54)(1534.54)
V(1,1) = 17,013

V(2,1) = (0.175)(0.175)(499.03)(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) = (0.250)(0.290) (296.79) (296.79)
V(4.1) = 7,407

Similarly, for the second process,

¥(1,2) = 208.748
V(2,2) = 81,376
¥(3,2) = 346,473
V(4,2) = 84,785

 Individual process risks are tabulated below. The unitsiafe'($MM)2.

ST ORI R S R MR H AR T e WU LT IE Ei;.mmwmuﬂmumwmw X K Tdes IASISa T

PROCESS R(i) 0(4) S I1(4) - T(4)

Lurgi 17,013 7.626 25,641 - 73807 |

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

'D.2.2 Interrelated Process Risk

The correlation céefficient, p, provides the 1ink between progesses. The
value of p describes to what extent any pair of-processeé is related.

The bounding values of p are given below.
“Tzpxl

If o approaches 1 for processes A and B, it means that if btoceSS‘A is
successfu?, there is a good chance process B will be successful and vice-

versa. If p=0, it means that process A and B are unrelated so the success
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or failure of one says nothing about the potential success or failure

of the other.

p(X(1),Y(3)):

X(1,k),Y(3.k):

X(i),Y(3):

The value of p is calculated by Egn. (D-13).

Y (X{(1L,K)-X(1)(Y(3,k)-Y(3))
L |

[T (X(1,K)-X(3)2 « § (¥(3.k)-Y13)2 = (D-13)
k k

Corre1ation coefficient between model variable X, process
i and model variable Y, process j.

Model variable R,0,I or T for process i or j, process

descriptor k.

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) = Risk(1,i)/13

For Lurgi and HYGAS, the average process risks are:

R()
R(2)

191/13 = 14.69

246/13 = 18.92

H

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
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R(1)

o(1)

1)

T

RE2)

o

1(2)

|

R(1)

.84

.87

.86

82|

49

51"

. .5-4

o(1)

.84

.98

.93

.66

74

.70 -

.69

1)

.87

.08

.97 |-

.66

.68

74

76

(1)

.86

.93

.97

.62

.62

469

.I79..

e

.82

.66

- .66

.66

.60

.50

"0(2) 

.49

7

.69 -

.89

76

@

.70

.74

.89

.92 |

T(2)

.54

.69

.76

'. 76 '

.92

. - Table B-6 Correlation Coéf_ﬁ_cient- Matrix - Lurgi and _HY'GA_S._'
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matrix is symmetric because the correlation of two variables is the

same regardless of the order in which they are considered. The diagonal
elements are 1 because the correlation of any variable with itself is
perfect, i.e., unity. A samp1e calculation for one of these correlation

coefficiénts is given below.

For example, the p's for the investment cost of Lurgi, I(1), and of

HYGAS, 1(2), are:

(1) = 18.46
T(2) = 38.00
p(1(1),1(2 B(B +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),1(2)) = 0.74

The correlation coefficients calculated above measure the technical

relationship between two processes. The fact that each plant typically
would be constructed and operated by two or more firms is reflected in a

management matrix, CORMOD, shown on the following page.
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R ]0.90 0.85 0.90° 0.30
o lo.ss o0.80 0.20 0.30
I {0.90 0.20 0.75 0.70-

T 10.30 0.30 0.70 o.sQ

‘ ,Iﬁ"addition, gébgraphical differences are accounted.for by a;gebgraphicai
factor wm ch réduce‘-s the correlation coefficients for two .dif%erent pro-

cesses by 20%.' ' _ IR o  ~_‘ T

Us1ng the correlat1on coeff1c1ents Table D-6, the 1nd1v1dua1 process r1sks
' (variances) the management matr1x abOVe and the geograph1ca1 factor, the
" covariances wh1ch measure the dollar risk assoc1ated w1th process 1nter—

-reiat10nsh1ps_can be ca]cuiated with Eqn. D-14.

.;CQQ(X(i)aY(i)) p(X(1) Y(J)) [Y(X(i)) V(Y(J)I]/ (CORMOD(X(i) Y(J))
- (D 14)

'The covar1ance matr1x has ‘the same dimensions as the correiat1on coeff1c1ent
' matr1x The ‘covariance matr1x for Lurgi and HYGAS 1s shown in Tabie D 7.
A sample calculation is given below for the 1nterre1ated r1sk of 1nvestment,
I1{1), in Lurgi and 1nvestment, 1(2), in HYGAS The units, of covar1ance are
the same as«for 1ndjv1dqa1_proqess risk, ($ MM)Z.
Cov(1(1),1(2)) = (0.74)[?5,6415346,473]%(0.75)(0.86)

Cov(1(1),1(2)) = 11,889
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0(1)

I(1)

T(1)

R(2)

1(2)

T(2)

R(1) 0(1) 1{1) (1) R(2) 0(2) 1(2) 7(2)
17013 9568 18171 9654 34846 12398 28192 4922
9568 7626 13704 6990 17734 11798 5757 421
18171 13704 ‘25641 13368 34431 5043 41849 '19544
9654 6990 13368 7407 5?95 3653 19575 9503
34846 17734 34431 5795 20474é 85193 159807 65878
12398 11798 5043- 3653 85193 81376 . | 149442 63128
28192 5757 41849 19575 159807 149442 346473 157682
4922 LYAR 19844 9503 65878 63128 157681 84785

Table D-7 Covariance Matrix - Lurgi and HYGAS ($ MM)2
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'D.2.3 Portfolio Risk CaTculation

- V(NB) :

|  V(NB)'

'+

Variance of the portfo1fo net-benefifé~'.

b WRLE)) + V(0(1)) + 1)) + vum) :

i

z-zz:ovmmo( ))+Cov((> (1))(2-

:J

Cov(R(1),T(J)) +2-7 Cov(O(w) (.)).
1,J ) .

Cov(0(1),7(4)) + cou(1(1),7(0))

1

2+ T oV R R + Cov(0(1).003)) -

7]

4

Cov(xtf)',»l(:z))_+ Cov(T(1),T(4)) (0-15)

U51ng vaiues from the covariance matr1x Table D- 7 the var1ance of the~

' net benef1ts, V(NB), is ca]cu]ated

() =

(17013 + 7626 + 25641 + 7407 + 204748

.+ 81376 + 346473 + 84785)

-2 % (9568 + 18171+ 9654 + 12398 + 28192 + 4922

.+ 85193 + 150807 + 65878 + 17734 + 34431 + 5795)

+2 - (13704 + 6990 + 13368 + 5757 + 4211 + 19844
+ 149842 + 63128 + 157682 + 5043 + 3653 + 19575)

+2 + (34846 + 11798 + 41849 + 9503)
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775,069 - 903,486 + 924,794 + 195,992

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

The V(NB) is the portfolio risk for two processes, Lurgi 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. It would be difficuft to assign some probability
to losing ($996.18 MM)Z, 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.1 and the variance of the net bene-

fits calculaied in D.2.

H

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

VNB) = ($996.18 MM)°

Unnormalized portfolio risk

The normalized results are calculated by: 1.) 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) + 1(2)

Normalized portfolio benefit

1

$1,234.30 MM

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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PORTFOLIO MNO. 1

LURGT
HYGAS

BNETPORT
- RISKPORT
RIGKSIPT

BMETNMORM = 0.20041
RISKNORM = LOELEA

RIGKELNMY = .8O0707

P OF COMM SCALE INVEST
TEMO PLANT CAPITAL REQMTS

COVARIANCE MATRIX

2919u4 T1RunE9 21688 0 - TBALTS
T1284EY 113593 17unol 73387
TRL11488 Lol BWHEAP9 209965
TRELTS . T82RY 209965 111337

8T UEV MATRIX'

a0 RAK : Be2 T ARy
33 ' S Cooule 280
g2 L &7 . uaEe
280 2810 A 3w1c 33

NORMALIZED COVARIANGCE MATRIX -
197 -.082 -yEe T, 057
-, 082 07 L 0%

T 1T Slan L2989 - 138

<L 0ET L 051 - Y £

NORMALIZEI STIN DEV MATRIX

.
'

HE
288
2908

270

5 At

23 12 P3P

15
¥

S -3 10
“JEmraoe

o R e 30

gqﬂmm

T e e B T T Ty B D FRRS e T RAT P o T A

Table D-8 Computer Portfolio Results - Lurgi and HYGAS
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APPENDIX E

TEN BASELINE PORTFOLIO RESULTS

Appendix E Tists the detailed basé1ine'port— _
folio results for the ten portfoiio strictures. |
defined in Section 4; The normalized bortfo1jq‘ :
results plotted in Figure 4-1 are given by’ ;f
BNETNORM and RISKNORM.- The unnormalized quté
foiio results plotted in Figure 4-2 are given

by BNETPORT and RiSKPdRT. Riskport was scaled

to O -’100 scaling before plotting.
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PORTFOLIO N, 1

LURGT
HYGAS

INTIUST . FUEL GAS R

SMAlLL

SCALE FURL

SMALL u(ﬁ[L FUEL. F
UTILITY FUEL GAS K
ATMOS FLUTDTZED RBED
COALCON ~ NEW COST

]7 T4 *l\l’fll’T =
RIGK&ENPT =

ENETNORM =
RIGKNORM =
RISGKEDNM =

PUOF COMM
DEMO PLANT

COVARTANCE

1008949
"H61Q?1

"19 ) 5

6B, 94
L.2LA6LES
LEen 2

0,3un29
U LREL S
0.469579

SoALE
CAPITﬁL

MATRIX

THALRTYL
09583
I3N040
1859264

BTH DEV MATRIX

1004
4810
791
13

NORMALTZED COVARIANCE

e

g
TLLEB
7L 0E0

NORMAL ITZET

0
L 3N2
Y
'-,n) ';

AL AL s

6840
HILQ
BrR
431

S
103
08N
LOn7

RLQWTS 2

= L9RY,

TGN
F3n0u0
BAHURY L
Hueolo

MATRIX

LN
(8N
218
2113

8T DEV MATRIX

S
2

l\ﬁA&

V220
217

A
291
LAY
337

- E-2 -

1233.

-y QEOEY

185924
HEY01L0
261269

TR RS
H31
&0
G11

L0850
N7
113
Y

V223
217
XX
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PORTFOLIO NO. 2

LURGY

SMall. SCALE
GMaLl. SCALE FUEL
UTILITY FUEL GAS K -
ATMOS FLUTDIZED RBED
CLOALCON ~ NEW CO8T

FUEL E
r.:'

BNETPORT

. RISBKPORT =
RISKSOPT =
©BNETNORN =
RIGKNORM =
RISKSONM =

PY OF COMM

DEMO PLANT

- COVARIANCE

COES1S AN
“1La5189
“R00813

"B79Th

88, 23
UL BOREES

61,7

SCALE -INVEST

CAPITAL REQMTS

MATRIX

85189
TTEND
545

84861

~i
1
1

§TIN IEV MATRIX

ae3

L3I0
g
297

B30
24,
IaHY
291

-H

3
G669

T200813
1325465
210808
132298

yug
C 344
5o

364

. NORMALIZED' COVARIANCE MATRIX

200
BRI B 13+
Tl
080

L1053
el

A (N3
IR

- * 11 "" .
RNE
JA20

AT

NORMALIZEN STI DEV MATRIX

R IN A
325
. 338

22U

1 AL A

325
318
2T

T 220

© 338
A 275
L )

e l.!.

o

- E-3 -

"n?—":. x 8

87974

- Bu86tL
132298

88747 -

297
a9d
B
298

- 050
L Ou8
0T

050



PORTFOLIO NO. 3

INIUST . FUEL GAS B
- 8MALL BCALE FUEL E
sMALL SCALE FUEL Fo -
UTILITY FUEL GAS K
ATMOS FLUIDIZED RED
COALLCON -~ NEW €O8T

ENETPORT = W37.61

RIBKPORT = W, 99VTES
RISKSDPT = 706,94

ENETNORM = 0. 579U
RISKNORM = 0.87623
RIGKEINM =  0.93607

PW OF COMM SCALE INVEST
DEMO PLANT CAPITAL REQMTSH

COVARIANCE MATRIX

2893 TLUEET

TLEGETY 1846000

T1369u2 C 113158
69601 72302

ST DEV MATRIX

B3 - 35N
394 39U
370 33é
264 269

"L346992
113159
IuG5M 0%

o R465U8

370
336
3891
311

NORMALIZEDR COVARIANCE MATRIX

Yy T 273
TL2T3 VAT
To2n0 198
To122 w127

€

TL2n0
198
20T

169

NORMALTZED' 8T DEV MATRIX

ey o o
L2 , G522
1 oy o : BN
22 V23

20 MG

* 3"1‘9) ] K :.;6 -

90
L
LS50

LN

= 755,22
= 51T .9

T69601

7230
P6EUE
920G

260
249
211
263

L1222
127
169

121

39
36
1L
L3N8
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PORTFOLIO NO. &

LURGT
HYGAS

ENETPORT

RISKPORT =
RISKSUPT =
ENETMORM =
. RIBKNORM =

 RISKSINM

PW OF COMM

- DEMO PLANT

- COVARIANGE

. RINYRR
S T3RL2T
“ELER9

"182891 . ¢

-~ STI DEY

903
&17
739
B28

. NORMALIZED

Relil
“ 117
V16T
o 0\..'6

. NORMALIZED

a0
AN

on09
.a 23’? :

FLUIDIZED
COALCON - NEW

RED
cosT

sl Nl
1.7154E6
1309.7

:d.zihji
0. ER46ER
,0.?25us

SCﬁhE TNVEST
CAPITAL REQMTS

ﬁﬁTRIX

T38LATY

T33VHLE
J132uEY
LaBUAT

MATRIX

617
aaL -
Fa0 -
wig

COVARIANCE

“ 117
1o
094

052,

380u.3
Jlo5a

i

”“H”898~
313259
TEIR00
399713

739
540
a1
632

MATRIX .

- 1a7
L0984
L2u3
123, .

ST DEV MATRIX

v 3"!‘:‘3
322

o310
227

809
V310
93

350

E-5. -

~182891 -

Coiemuer T
. E99713-

2246898

w28
ST
633

M7

- 056
05D -
123 -
L 070



LURGT.

INDUST. FUEL GAS B

SMaLl. SCALE FUEL E

HMALL. BCALE FUEL F

UTILITY FUEL GAS K

ATMOS FLUIDIZED RED
8RO

BRNETPORT 1302.8
RISKPORT 1.8108E6
RISKSIPT = 13WF.7

# B

- BNETNORM
RISKNORM
RISKSIINM

0.465223
0. 45385
0, 57369

BoitoH

PW OF COMM SCALE INVEST
NEMO PLANT CAPITAL REQMTS

1L997.5

773,32

o

COVARIAMCE MATRIX

1562079 TLHBuGs “RANBO2 TH16200
“Hanhos 204304 360058 236827
Te1ua02 360058 B3N 1L3 616661
Ta3l6200 236827 416661 oG08

ST DEV MATRIX

12%0 ‘ a&vvy Y56 718
497 506 600 1187
Phb Aa00 YU e
718 . na7 78% 750

NORMALIZED COVARIANCE MATRIX

392 To122 "L 229 o129
T.122 » B&HY 090 B9
m.zEQ ' |090 .22% 1155
To1329 059  LES 126

NORMALIZETY ST DEV MATRIX

VH26 s 39 M9 V360
U c 203 300 2L
HTR 300 T3 » 393
360 el 393 356



PORTFOLIO NO, &

- LURGI

HYGAS

INDUST . FUEL GAS B
8MALL. SCALE FUEL E

S BMALL SCALE FUEL F
CUTILITY FUEL GAS K
ATHMOS FLUTOIZED RED
- COALCON - NEW COST
BRE

ENETPORT

_ = 1700,8
 RISKPORT = 4, 4322E6
 RISKSDIPT = 2152,2

ENETNORM = 00,5721
RIGKMORM = 0,524
RISKSLNM = - 0, 72395

29729
14843

PW OF COMM SCQLE-INVESf
CHEMO PLANT CAPITAL REQMTS

HoH..

COVARIANCE MATRIX

. 370708 1291897 TRL031E8 T813057
1291897 8uu98y. THONTE L7865
2103158 THOUTS 22PN 1383030

813057 o 178658 1383030 9TRLLY

STO LEV MATRIX
1925 1137 oans0. 902
1137 919 866 - 692

AR (I ' 8aH S IELs S A 7 N
02 X)) S 1174 990

NORMALTZED COVARIANGE MATRIX

M19 T =aue. . <azg EENTTN
R U 096 T pes N
T.23F 085 - 260 154

T o (350 ) 156 oWl

NORMALIZED 8TD DEV MATRIX

AT  3R2 B8 V303 .
L3282 V309 el-3 ] : V23R
88 291 LBl e {-T
303 L33 V394 o 0333
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PORTFOLIQ NO, 7

LURGT ‘
INDUST . FUEL GAS R
aMALL SCALE FUEL E
aMAaLL SCALE FUEL F
ATMOS FLUTDIZED RED

HRE

BNETPQRT
RISKPORT
RISKENPT

1054, 6
1. 7196E6
13113

%on B

BNETMNORM
REBKNORM
RISKEINM

E

0.5%5178
047073
0.6861

H I

PW OF COMM SCALE TNVEST
DEMO PLANT CAPITAL REQMTS
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FHES6R9
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S9%
738
e

NORMALIZED COVARIANCE MATRIX

' 397 R §eL
TR » 060
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NORMALIZEI STD DEV MATRIX
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A L 20N
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07
c2UL
168

492
311
M9
QT
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Toinn
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i
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PORTFOLTO NO. 8

LURGT

HYGAS- .
ININST, FUEL Gags A
INDUST. FUEL GAS R
USMALL. BCALE FUEL E

S BMARL SCALE FUEL F

UTILITY FUEL GAS K
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RISKSOPT = .2168.4
BNETNORM =. 0,52094
RISKNORM = - 0,44891
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PW OF COMM SCALE INVEST
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COVARTANGE MATRIX
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| TBR3RIG - -
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1189
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PORTFOLIO NOQ, 9

LURGT

HYGAS

INDUST, FUEL GAS R
amMall, SCALE FUEL E
aMaLL SCALE FUEL F
ATMOS FLUIDTZED BED

BNETPORT = 193,00

RISKPORT = 1.0283E6
RIBKSOPT =  L014.,1

RNETNORM
RIGKNORM
RISKGIINM

0. 12731
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uon

h

PW OF COMM SCALE TNVEST
DEMO PLANT CAPITAL REQMTS
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B o#

COVARIANCE MATRIX
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PORTFOLIO NO. 10

- LURGT

INDUST. FUEL GAS R
ATMOS FLUIDIZED RED -
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APPENDIX F

INDIVIDUAL PROCESS RESULTS

Appendix F Tists the detailed port%oiio _
results for theAtwehty-two individual sets
of process data. Each portfolio is con-
structed of just a single process so that
B fndividua] process benefits and risks can '

be'compared.
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PORTFQLIO NO, 1

COGAS
BNETPORT = “1464.03
RISKPORT T.922TVES

L

RIGKSIIPT 890.1

ENETNORM = 70.,19668
RIGKNORM = 1.1391
RISKSINM = 1.0673
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APPENDIX G

SENSITIVITY RESULTS FOR
TEN BASELINE PORTFOLIOS .

Appendix G Tists the sensitivity results
of each baseline boftf01io to hon~optima1
process economics and risks. The inter-
pfétation of these figures is given in
Seq%fon 4.4. In addition to the Ease]ine
portf01io.sensitivities, the sensitivity
d% small scale industrial fuel gas pro-
éesses is included. The STaning Lurgi
process is denoted as Lurgi and the SRC

11 process is denoted as SRC.
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Figure 6-3 Sensitivity of Program 3 to Process Economics and Risk
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Figure G-5 Sensitivity of Program 5 to Process Economics and Risk
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Figure G-7 Sensitiﬁity of Program 7 to Process Economics and Risk
- G-8 - '



Risk Sensitivity

AR/R 7+ (%)
A
T 50
*
SRC,FT
e . ©
coSsy  COSHY HY,SY
5 25
oJ Co
o D,DX
' A,C BgC DﬁE .
SY,TX _e . a A . D,F
rr C0.TXe ©  Hy,TX DX,E -
CBs v Ho o, oLUSYAr (DX.F : :
' e : o, 2”7 |
-50 BTG 25 50
' Benefit = .
Sensitivity
.AB/B . (%).
1-25 '
[ )
- LU, TX
Symbol Table Base1_1'ne Portfo?lio 8
~ Pipeline Gas . T-50
© COGAS Q0 : :
e Lurgi’ Ly Lurgi
e HYGAS HY HYGAS .
e Synthane - SY :
. ® Texaco ' TX -
Fuel Gas . o - "
A Industrial A,B.C - Industrial A,B ~

QO Small Scale Ind D,DX.E.F
.0 Utility Fuel Gas G,H,I,d.K
Direct Combustion '
B Atmos Fluid Bed AFB
Liquef/Gasification :
% Coalcon-New Cost CBF
% SRC SRC
* Fischer<Tropsch FT

Figure G-8 Sensitivity of Program

- G-9

Small Scale E,F
Utitity K

Atmo_s Fluid Bed

- Coalcon-New Cost - |
“+ SRC :

8 to Process Econsmics & Risk



Risk Sensitivity

AR/R (%)
A
-+ 300
4 200
HY,SY
Co,sY CO ,HY
° ° . + 100 |D,DX
D,E
D,F
€0,TX SY,TX HY.’TX - | DX,E
. ° Ca A DX,F
N ¥ 3 A AN 2 1 3
1§ T 1 ) T T T T
Co,LU LU,SY
-300 . -200 -100 100 200 300
LU,TX ‘ Benefit
+-100 Sensitivity
AB/B (%)
+-200
+-300
Symbol Table _ Baseline Portfolio 9
Pipeline Gas
e COGAS co
e Lurgi LU . Lurgi
® HYGAS . HY HYGAS
® Synthane ‘ SY
® Texaco TX
Fuel Gas ‘ _
A Industrial A,B,C Industrial B
O Small Scale Ind D,DX,E,F Small Scale E,F
o Utility Fuel Gas G,H,I,J,K
Direct Combustion
m Atmos Fluid Bed AFB Atmos Fluid Bed
Liguef/Gasification
*. Coalcon-New Cost CBF
% SRC SRC
* Fischer-Tropsch FT

Figure G-9 Sensitivity of Program 9 to Process Economics & Risk
-~ G-10 -



 Risk Sensitivity

. "AR/R - (%)
'Hv,svi '
. . ©]
. €0,SY" Co,
o .HY_-- 150
- --.’HY,T_X.‘ 1
€0, TX® . < 100
* . LUsY |
FT S . e ©
' CCoLW
<+ 50
‘e
LU,TX
i " , : — : — =
-150. -100 CBF 50 . 50 100 . 750"
‘ ' ' ' ' Benefit
Sensitivity
. AB/B (%)
+- 50 o .
=700 -
Symbol Table =~ - | Baseline Portfolio 10
Pipeiine Gas - , , - o
© COGAS . C0 |+ -T5- '
e Lurgi L LU : Lurgi
© HYGAS - - . HY .
- © Synthane - - SY
© Texaco ’ X :
Fuel Gas - : S . L
& Industrial - 'A,B,C P ' Industrial B- -

O Small Scale Ind D,DX,E.F
O Utility Fuel Gas G,H.I,J.K _ -
Direct Combustion _ : , T o .
B Atmos Fluid Bed AFB . ' ' Atmos Fluid Bed
Liquef/Gasification L _ R R

* Coalcon-New Cost CBF - ST
* SRC . . SRC — : "~ SRC

* Fischer-Tropsch FT : : :

| ‘Figure~6510 'Sen;itivity of Program10 to Process Economics & Risk"-_f

- 6-11 - -



Risk Sensitivity
AR/R (%)

Y

-+ 3
+ 2
=+ 1
; —— : ! : ; —
-4 -3 -2 -1 0 1 2 3 4
DX,E ' 1 ' ) Benefit
e ' : i : Sensitivity
T AB/B (%)
Dif
4.-2
D,DX D.E
(Y
-3
Symbol Table ' 4.-4 Baseline Portfolio 1
Pipeline Gas . '
o COGAS , £ ; .
o Lurgi LU ~ Lurgi
‘®  HYGAS HY HYGAS
® Synthane - SY
® Texaco TX
Fuel Gas .
A Industrial . A,B,C Co © Industrial B
O Small Scale Ind D,DX,E,F Small Scale E,F
O Utility Fuel Gas G,H,I,J,K Utility K
Direct Combustion . ' Coee e
® Atmos Fluid Bed ' AFB * Atmos Fluid Bed
Liquef/Gasification
* (Coalcon-New Cost CBF Coalcon-New Cost
* SRC SRC
* Fischer-Tropsch FT

. Figure G-11 Sensitivity of .Program 1 : _
Small Scale Industrial Fuel Gas Processes to Process Economics and Risk

- 6-12 -



~ APPENDIX H

APL PROGRAM LISTINGS®

Appendix H gives the APL program 1istings for the three °
programs , CDSEQ CORE, and PORT. Cost calculates expected
benefits. Core Ca]culates individual risk standard |
deviations and correlation coefficients. Port calculates
the final portfolio results. These.prograﬁs were developed

on the Econergy IBM 5100 computer.
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V COST; LYEAR; RATE ;AL TL; T2, T3, Tw; I
[ LYEAR2E
[N RATE«Q, 1 :
L3l ALERTpx~RATEX AV LYEAR
I led
LST 0 LPL:a(T=22) /TIME
L&l UATAERCET; 1364+ /0ATAROTLY ; LIX(NATACFCEL; 150, ClEpl ) ) XAl
L7l DATAERCET; 2T+ /0ATAROILT ; RQIXCUATACFCLL; 1; 0, (1%p1) ) XAl
£el Hh!ﬁfHFLJ,Sl@i/BﬁIARUIFI dJX(HﬁTAFFLL- ;1 (18p0))XAL
£l Tel+l ' :

L1073 =Pl

L1317 TIME: .

L1l Tl&((ﬂ.ﬂéﬁhXHﬁTﬁrULl,31)4G LS CHATAERCE ; 1 1-DATAERCE; 21) )X
#-RATEX6

L1313 T’&ffU.QéQbXUAIﬂLﬂCF,3J)+O.1 WX ADATAERCE; LI-DATAERCL ; 21) )%
WRATEXT L :
Liwld TKF((0.0375XUQTQEHCE'33)+0.09?X(HQTQFBPK;JJ“HATQHRCF‘”]))X
*-RATEXR

CIGT THeCC0, 0R25XUATAERCE ; 31 +0, 042X (NATAERCE ; 1.1~ UﬁTﬁLBLT,Q?))X*
~RATEXS?

L1671 DATAERCE; BI€TL+T2HTE+TY
v ' .

CosT PROPRﬁM LISBTING
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¥V CORE; KL ERR; T
£id Ked :
L21  TieEX *SHRCOR"
L34 Tiel [ISV0 "SHRCOR'
o H(2HTL) /SHAREAERROR | .
L3 SHRCOR&'QUT 1003 ID=(DATACOR)®
L6T . (0 0 #+/SHRCOR) /Z0PENAERROR
L?T LPL:a(K=u)/DONEL : - L
LRl ABUML KIe+/7020(22 13 pHéTﬁthK;J)XﬂQTQRI$K
91 XAVGL; KIeX8UME; K1+13 f '
LA02° TLeXBUMED; KT - '
L1133 DATABIGLE; K]%PLT"HLFK?*(Tl (lfflréTij))X(PFTB[bLKJ PLT&NLEK
)+ CLFTILYTIT) - (ITTICATIN Y
L1231 Keed "o

B33 SLPL
CCAMI DONEL:Kel
151 Ledl

L1671 LP2:+(Ks4) /DONER . .
L171 LPE:H(Lew) /NEXT o . ‘
L181 KDIFF&((22 13 pDATAWTLK; 1) XIATARISK)~0(13 22 aXAVGE;KT)-
C193 LDIFF&((22 13 pDATAWTLL; D) XDATARISK) =R (15 22 PXAVEL; L)
E200  CK=';K;0 L=l
L2313 ¢ 6 2 sCORe(KNIFF+, X&IDIFF) +((+/02] KHTFF*”)o X {+/027 LOT
FFR2MY%0,H

L2231 9p[AVEL603]
E237 a WRITE.COR OUT TO LATA FI!E 'DATACOR”
L243  SHRCORECOR
[251 a CHECK THE RETURN CODE FOR THE. WRITE GPFRQTIDN

K263 (0 0 #4/LRR«QHRFGR)JNR}TEﬁﬁRROR
273 l@|+1

S 281 sLP3

LRI NEXT:Let-

L3073 - KeK+1

L3137  =LpP2

- L3210 DORER: SHRCORE 0

L3331 Ti+[8VR 'SHRCOR'

L340 4’”?Tl)/PEiRﬁLTﬁLRRUR

YQQJ A _

L3671 NRTTF&FRPGR QHPC0P¢\0 ' I

L3731 CWRITE ERRAR--THE RETURHN FOI‘E I8 ‘S ERR

£3R] 40 I

- E391 SHAREAERROR : * SHARE ERRQR“TTHE RETURN COnE 18:  ';TL - -

LHo1 20 S | T
1 GPFN&LPRUP FILE GPENING ERROR~~-THE RETURM COUE I8+ ' ;SHRC
QR .‘ 'A. ) - . . .. :..‘ .
LnRI e . o

EMoJ RLIRAL?ﬂERRGR "RETRACT ERROR--THE RETURM CORE I8:  ';Ti

CORE PROGRAM LISTING.
' | - H-3 - |



V PORT; KL M; TCT; KDUM
11 ICTel
L2l MODECORMOTI1 . 25
L31 TLeOEX "SHRCOR'
Lyl Tiel [18V0 CGHROOR®
L%l A(2#TLY /SHAREAERROR
Lol MePORTINLL; 1
L71 BNETPORT¢22p0
L8l RISKPORT&2200
LYl RNETNORMe2200
L1107 RISKNORMeQ2p0
L1107 LPO:(ICT=M) /DONE
L1271 SHRCORe'IN 1003 ID=(LATACOR)®
L1337 =0 0 #+/5HRCOR) ZOPENAERROR

1] ACCXPORTEINCICT+1; 1) /PORTINCICT+1; ]

L1520 SIGEDATASIGIA; D '

L1461 FERCDATAERCLA; ]

L1771 SIGERCeSIGXERC

£181 Kel

£193  Leld

L2071 LPL (K Z7CHEQK

C2171 LP2:40Lx4W) /NEXTK

L2271 a READ DATACOR FOR CORRELATION COEFFICIENTS — ONE RECORD AT
A TIME

L2371 DCORESHRCOR

La81 a CHECK FOR AN EMPTY VECTOR WHICH DENOTES THE END OF FILE
L2513 2 (0=plCOR) /TIONE '

L2617 COReNCOREA; AT

£271 a CALCULATE MOUIFIED CORRELATION COEFFICIENT MATRIX .
L2837 KhuMel

L2907 LP3:=a(KOUMpA) ZCONTINUE _

L3071 CORCKIUM; (CuvpA)#KIIUMY 271 pAT€CORTKIUM,; ({1 pA) #KTIUM)Y / v pA X MODE
K;L1 )

C3LT KDUMeKDUM+L

L3271 +LP3

333 CONTINUE:

L3370 a CALCULATE THE K.L COVARIANCE MATRIX ELEMENT

£357  COVEK; L1e+/ ¢+ CCORXSIGERCE ;K1 , X8TGERCE; L.1))

L3467 - 2 (({(K=i)Aall=1))v{(K-1)Aadl,x1)) ) /PLUS

L3771 NEG:COVEIK; LI¢-COVEIK; 1,1

L3821 PLUS: Ll

T39I -LP2

FIRST THIRD OF PORT PROGRAM.
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CERO0T MEXTK :Lel .
L1 KeK+1
27 =LP4 ' L
CCM3T m CHECK TO SEE THAT ALL RECORDS WERE Rran T;--ﬁ‘u

Lui] CHECK: 9((k“ﬁ)A(Lm1))/CﬂﬁPUTF ‘ ) ' e
Ll 3 ‘COMPLETE SET OF CORRELATION LGFFFIFTFNT% NDT ann = K=
H R L
: Ewéj SNONE ' : N

LU COMPUTE : BENETPOR rruxruwnrmr 1.3 (FBCE,QH-‘FB(‘E 33+FR(‘L :;3)),
CER81 RISKPORTLICTI¢+/{+/C0V)
N A= PDPTTHVv+’EBLI,Wﬂ

CLB0a - PNFTVDRNFICT?«UNETPURTFICT? POPTTVV
LE1Ld beKVGRWLILTB&PTBKPORTFIFT? PURTINV%?

PRI

[521 - - PORTFOLIO NO. *;ICT.
CEE33OC
CLEW1 [OeNAMESEA; ]
LRSI . _
L561 BNETPORT = !;BNETPORTLICTY
L5723 ' .0 RISKPORT.= ' ;RISKPORTLICTI:
LE81 ' RISKSUPT = ' ;RISKPORTLICTI®G.S
£seq - ¢ L :
Len1 ENETNORM = *;ENETNORMLICTI
L4131 *° RISKMORM = *;RIGKNORMECICTI . -
CE621 . RIBKSIMM-= ,RIbKNOPWK[LTJ%ﬁ.u ’
T&31 .
Cé43 ' . PW, OF COMM SCALE INVEST - = ,PﬂRTTNV S
E&ST. o IEWO PLANT CAPITAL REGNTS .= j +/VEHOINVEAT.
L661 zpmavriéon

,Eé?] s COVARIANCE MATRIX'
Le81 .

L6913 e 12 0 zcov "

L7030 [AVLl&0T ' RTEIRRT

- E?l]n_’ - L 8TH DEY MQTRTX'

{:?"73 .'_'. '

L7331 [l 12- 0';<|c0v>%0.5

C7HI  [AYC1401 X :

[751 *  NORMALIZET COVARIANCE HATRIX'
o B

L771 [& 12 3 sCcbhvs fPORTINV%”)

L7831 [aviiaeol- AU
N NORMALIZED STD DEY ﬁﬁTRIXi;Gw
=1 e . :

SECONT THIRD OF  PORT PROGRAHN,
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CELT e 12 3 s0C1C0V)I%0,5)+PORTINY

L821 ICT«ICT+1

L8331  (19-pA) p[lAVEL60]

C8HY  SHRCOReQ

£8%1  =LPO

CB6T DONE: BNETPORTMAX = ' LIBNETPORTLYRNETPORT]

Leyl ENETPORTMIN = ' ; 14tBNETPORTEABRNETPORT]
resa o ‘
£gyy ¢ RISKPORTMAX = ' 1tRISKPORTLYRIBKPORTI

ceal RISKPORTMIN
L2131 [lAavila01

Lea2l BNETNORMMAX
Le31 ENETNORMMIN

LIMRISKPORTLARISKPORT

U LTENETNORMOYRNETNORMI
C LTBNETNORMLABNETNORMI

L

Lewy !
L9511 ; RISKNORMMAX = ;1 tRISKNORMEYRISKNORMI
Les61 RIGKNORMMIN = °*; 1tRISKNORMLARISKNORMI

L9771 2p[1AVIEL4601]

L9881  TLie[6VR *SHRCOR®

L2993 - (2¥T1)/RETRACTAERROR

L1003 =0

C1I0LISHAREAERROR: * SHARE ERROR--THE RETURN CODE IS8: *;T1
L1023 20 - .

C103D0PENAERROR: *FILE OPENING ERROR--THE RETURN CODE I8: ';8HRC
0R

Lioul =0 : -
CLOGIRETRACTAERROR: ‘RETRACT ERROR--~THE RETURN CODE IS: *';T1
L1061 40 :

ElO?gTAPEAERROR:'TAPE ERROR~-THE RETURN CODE I%: *;ERR

LAST THIRD OF PORT PROGRAM
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APPENDIX I

FORTRAN PROGRAMS AND DATA LISTINGS

Apbeﬁdix I gives the Fortran pfogfaﬁ'iiétihgsxas.wéill .
as data for the Econergy portfolio model. The three
programs are COST, CUEE; and RSKBEN. Cost caicqlétes'f
-expected benefits.  Core calculates indiyidU&i-risk g ;.
standard deviations and correiatﬁon coéfficients.:, |
RSKBEN calculates the final portfolio results. Data -
1istingé are unlabelled but aré in 6Fder in fefms-éf:
1.) input to Cost; 2.)_output from Costy 3.) input.to
Cores 4.) output from Core. The output from Cest and
Core form the input to RSKBEN. These Fortran;hfogﬁams'
and data.fi1es reside on a Computer Sciehce,borpdratioﬁ

computer for interactive use by ERDA personnel.
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NSO NOW R LN

£oGas
LURGT
HYGASY
SYNTHANE
TEXCAO
INDUSTRY A
INDUSTRY R
INDUSTRY C
SMaLll. SCALE D
sMaLll. 8CALE IiX
SMALL SCALE E
SMaLL SCALE F
UTILITY G
UTILITY H
UTILITY I
UTILITY J
UTILITY K
ATMOS FLUID EED
COALCON -~ QLI COST
COALCON - NEW COS8T
SREC 2

FISCHER-TROPSCH



ononn

#19%.,0,47.2,321.9,21.3,
2 254.0,260,43,325.8/

. IMPLICIT REAL (ID) ' '
INPUT PARAMETERS R(J,K):J- YEQRS K-PLANT
SAME DEFINITION FOR OC4H,K), ICCJ,K).TC(JIKY'
DISCOUNT .RATE: RATE '

UNIT -OF DOLLSRS: MILLION

"DIMENSION RE(22),00(22),IC(22)

DIMENSION XR(22,30),XI(22,30),X0(22,30)
DIMENSION PV(22,3,4), DEﬁINV(ZB) ' .
DATA PV/264%0./ '

DATA DEMINV/IZ?. 0;249 0,457.0,210.8,209,5,112

RATE=0.10
LYEAR=23
LYR3Z = LYEAR - 3

- LYRY = LYEAR - &

i1 -

o

OO0y

3
)

o0

21
3101
3102

. NP=22
NSIZE=1 .
D0 15-J = 1, NP

,0,102.0,

b 3a 6,130.0,23.0, 196 0 41,0, 90 ,134%.0.

REAI(?,10) (XR{J,LY.L=1.10), (XR¢J, L), L=LYR3,LYEAR), RE(.D)
READC(F,10) (XO0(J, L), L=1,10), (XO(J,LILL=LYRI,LYEAR), 0C(J)
READINCS,10) (XI(J L), L=1,10), (XIC(J,L);L=LYR3,LYEAR), .ICCI).

REALICD,11)
REALI(9, 11)

FOGRMAT(10X) - . -
Do 15 LL = 11, LYRY
- XR{JLLL) = XR(J,10)
S XO{J,LL) = X0(J,10)
XICJ,rLh) = XI(J,10)

FORMAT(10FS.2,3X, UFS.2,F7,2) .
INPUT CASH FLOM IN YEARS

. PRESBENT VALUE

PV(20,3,1)~FOR REVENUE, PV(20,3,2)-FOR OPERATING .COSTS, ETC,

0o 21 J=1,NP° .
00 21 K=1,NSIZE
D0 22 L=1,LYEAR

DISCON=EXP(0.-RATE®FLOAT(L))
PY(IS K, 1)=PV(J, K, 1)+RE (I #XR(J, L) *DISCON

PY{J K, 2)=PV{J, K, 2)+0CCIY#X0(, L) *DISCON
PV(J.K,3)=PV{J,K, 3)+IC(J)¥XI(J L)=DISCON

COMTINUE

CALCULATION OF TIME COST

0 23 J=1,NP
0 23 K=1,NSIZE

PVL2=(, 0625%PV(JI, K, 3)+0. 1558 (PV (I, K, 1)=PV(J,K,2

PYLE3=(, 0625%PV{(J,K,3)+0, 135%(PY(J. K 1)-PV(J. K,

. THE YEARS OF DELAY PROBABILITIES MHICH ACT AS CASH FLDU
. PERCENTAGES ARE éLREAD\ INCLUDED IN THE PARAMETERS -

2) ) )YXEXP{-RATE®S, )

2)))=EXP(-RATE®Y. ¥
Pyil= ( 0375%PV (LK, 3)+0, 0938 PV, K, 1) =PV (J,K,2) ) #EXP(-RATE*8., )

PVLS=(, 0250%PV(J,K,3)+0,082%(PV(J, K, 1)~ PV{(d, K;Z)))*EXP( RATE%9.)

PV(J;K:%) PYUR+PVUI+PYLLE+PYLE .
OUTPUT
g 3i J=1:NP

"0 31 K=1,MNS8IZE

PYNET = PV(J,K,1) .- PV(J,K,2) - PY(J, K 3 - FV(J K, 4)

WRITE (8,3101) (PV(J,K,LY L=1,4), DEMINV(D)

T WRITE (6,3102) (PY(J, KLY, L=1,4), PVYMET

FGPﬁAT(MFlO.hoFls 2)
FORMATC' ‘L 4F10.2,Fi,2)
8TOP , - 1-3 -

- FIFTH COLUMN OF PRINTED OQUTPUT IS NET BENEFITS FOR COMM SCALE
FIFTH COLUMN OF OUTPUT FILE IS DEMO SCALE INVESTﬁENT CDSTS '
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DIMENSION WO, 15),0(22,15), Y(22,18), X{(4,22,108), AR(22,14),
& COR(R2,22,4,4), 8022, %)
DIMENSION SGMA(22,4),PCTSMLYY, PCTRIG(H)
UATA PCTRIG/D,30,0.50,1.00,1.00/,PCTSML/0. g.0,10,0.10,0.10/
DESCRIPTION VECTOR N(22,13)
WEIGHTING FACTOR W/ W(l,1%). R, W(2,15).00C, W3, 15)_T0, U, 151 TC
MJ=13
Np=22
ng 2 K=i,u
2 READI(Y,311) (WK, ), J=1,ND)
311 FORMAT(LBFS,2)
REAL(?,302)
e? FORMAT (150
00 3 I=1,NP
3 READCD,311) (01,0, t=1,ND
3696 3696 36 36 96 96 6 36 6 96 6 9630 56 96 3 36 96 36 96 6 96 36 96 303 3636 96 6 3696 36 36 6 26
366 36 96 36 2696 36 36 36 76 96 26 3 36 96 36 36 3636 3 3636 96 26 I 3 36 96 26 36 36 F 90 9696 6 36 3 36
369696 96 56 36 936 36 35 36 36 96 32 26 95 36 36 36 36 96 35 6 9% 36 96 30 36 34 30 96 36 96 T 96 7 96 ¢
CALCULATE STANIARD DEV. RIS8K
g 11 K=1i,4
no o1l I=1,NP
0o 11 J=1,NJ
11 XK, T, =Wk, Sy eI, )
263636 36 36 36 36 36 96 36 35 96 36 36 96 96 3% 36 I 56 96 5% 36 H 96 96 36 34 36 3 396
o0 12 I=1,NP
0o 12 K=1i,u4
0o 121 J=1.NJd°
121 Y(I,D=X{K,I,d
ST IO=8UM2CT. NI, Y)
12 XE(I,K)=SIO{I,K)/FLOAT(N.D
WRITE(H,20) ((SD(I,K),K=1,4),I=1,NP)
o FORMAT(MF10,3)
no 13 I=1,NP
0o 13 K=1,4%
13 SGﬁA(I;K)=PCT8ﬁL(K)+(SH(I;K)*SMIN(NP;K:SD))*(PCTBIG(K)*PCTBML(K))
&/ (SMAX (NP, K, 5D ~8SMIN(NP, K, 8IN)
SGMA IS UNITLESS
CALCULATE COR CKOEF
nog 21 I=1,NP
0o 21 J=1,NP
ng 21 K=1,4
no 21 L=i,4%
21 CORCI,J, K, LI=BUMXYI(NI, I,J,K, L X, XE) /SART (SUMXY (NJ, T, I, K Ky X, XR)%®
% SUMXY (NJ,JoJo Lo Lo XS XE))D
ng 2
ng 2
COR(
ng 2
o 23 L= 1 It :
WRITE (8,2313) K,L
2313 FORMAT(///7//7/77/7/7 K= ", 11" L= ',I1)
ng 23 I=1,NP

=
4

)
.
=
N Hw
I,

-
[

R R

I
K
I
23

23 WRITE(S,2311) (CORCI,J,K,L),J=1,NP)
2311 FORMAT(22F6 . 14)

WRITE(&,71)
1 FORMAT(/”® ")

n0 2% Ji=1,NP
WRITE(7,241) (SGMACJIL, J3), J3=1,u)
241 FORMAT(4F10,4)
It WRITE (&6,241) (SGMACJL,S3), I3=1 1)
STOP
ENII : L 144 -



IMPLICIT REAL (1)
REAL NOOV{H, ), NETI(, 1) C : ' L '
DTMENSTON ACR22,22,4,0),E(22,5), V(22,1), BMTRIX (4, 4, CORMOD (4, 4)
DIMENSION NAMEL(22), NAME2(22) /NAME3(22), NﬁﬂEH(QQ) NAHL (?2)

CDIMENSTION STIMTX (4, 1)

DIMENSION BO22,22.04,4),ER(22,3,8), VB(QQ 1) o
DIMENSTON  X(22,22,0, 1), NPT(22) . NETZ (22) , NPA(22)
MUMBER OF PLANTS NP L

MIMENSTON ALFACR2), RETA(22), Fﬁﬁﬁ( 2) L IETALR22

DIMENSION CRRLI(22,22),CR01(22,22), CR11\£2a22):CRT1( 2 2”):

L000L¢22,22), COLLERR, 22),00T1(22,22),
ACITIR2,22),CITLL{22,22),CTTI(22, 223,
3CRR2(23;2?);‘P02\32;hJ) CRIZ(22,22), FRT"(QQ;QB)
BCODR(22,22),C0I2¢(22,22),C0T2(22,22),
SLITR(R2,22),CITR(22,22),CTTA(R22,22)

DIMENSTON RRI“(?Z;QQ);ROl”(QQ;QQ);RIj”(E»; 22),RT12¢(22,22),

10012¢22,22),0T12¢22,22),0T12(22,22),
RITA2(R22,22), IT12(22,22),TTL2(243,22),
GRR21(22,22) /RO2L (22, 22) , RIZ21L (22, 22), RT”l(QQ;”Q):
BO02L{22,82),0121(22,22),0T21(22,22), :
BITR1C(22,232), ]T”l(22:22);1T21(2» 22)

DIMENSION GCOV(16,148), CCOV(146,18), GC?“(ié 16); GC21¢16,16)

CDATA NETZ/22%1/

naTa AlLFA/22%0 .50/, BETA/22%0.50/, Fﬁﬁﬁ/ﬁ?*ﬂ.uﬂ/ ﬁFTé/EE*Q.aO/

- DATA CORMOD/0.9,0.85.0:9,0.3,0.85,0.8, 0.~;0 2,0.9,0.,2,0.75,

C

2101

C0.7:,0.3,08,3,0.7,0.8/

NUMEBER OF E-V PONITS ON. GRAPH -
REAII(S, 101) N
FORMAT (I2)

C NUMEER OF POSSIBLE PROCESS PER PORTFOLIO ~NP&(J)

2] 0303

O

"REAICS, 1031) (NPAGS)Y ,J=1,M)

- NUMBER OF POSSIRLE PRGCfS 5ES

1031

NSIZE=]

MT=22

~

READ PROCESS NAMES

DO 13L JJ=1.MT - ) '
CREATNCIL,1108) NAMELCGLD, NAME”(JJ) NAHEB(JJ);NQHEH(JJ) NﬁﬁEJ(JJ)

! FORMAT(20AL)

CREAD IN ALL B/C (EB); VARIANCES (VR), - CUVARIANCFS AVH DEHO CGPITQ
S0 131 J=1,MT : : :

RO 11 K=i, NEIZE

CREAIICH, 1101) (EB(J, K, L) JL= l:q)

FORMAT(HF10,2,F15.2)

G0 111 J=1,.MT
CREATNT7, 1102 (VBCJL K) K= ,4)
FORMAT(UF10.4)

0o 12 K=1,4

B0 12 L=l,4

REAII(H, 1221) KDUM, LOUM
FORMATC////77/777728Y)

Do 12 Ji=1,MT7 '

REAI(S, 121 1) (BCIL, I3, KoL), J3 ¥, ﬁT)

FORMAT(R22F& ., 4) . .
NUMEER OF E-VY POINTS ON GRAPH = M

EXECUTE “THE PROGRAN N TIMES 55 C EXECUTE THE PROGRAH H TINES
00 1 JM=1,M .

INPUT NP - NUNEER or PRGPL“SES IN A PORTFOLIO

NP=NPA (M) :
PROCESS INDEX NPT(J); SIZE NSIZ(D)

REAL {9,1031) (NPTCJY,J=1,NpP)

FORMAT (2213) - 1-5 -
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TOn

PO H W W W X OH KX X WK X W K X ¥

SELECT PORTFOLIO DATA FROM PLANT DATA

REINDEXING

00 13 JR=1, NP

JL=NPT(JIR)

0013 J0s=1, NP

JB=NPT )

00 13 K=,y

00 13 Ll b

ACIR: JCL G LIY =R, I3, K, L)

CALCULATE MODTFIED CORR COEF MATRIX

IFC JR LEQ. JC ) GO TO 13

ACIR, JC, Ko L) =ACIR, JCH K /L) *CORMODN(K . 1) /2, 25

CONTINUE

o0 ik J=L,NP

JL=NPT ()

J2=ENGTZ (D)

B0 14 K=1,5

ECJ K)=ERCIL, J2,K)

D0 15 J=h, NP

J1=NPTCJ)

IO 15 K=,y

VO IO =VEIL, KD :

VG I8 BIGMA wITH NOD UNIT

TINV = TOT(NP,E, -

DEMINVETOT (NP E, 5

IO 21 JR=1,NP

IO 21 JC=1.NP

o0 2% K=1,4

00 21 L1,k

X IR JC KL LY =ACIR, JU#K ) L)%V (IR, K%V CIC, LI RECIR, K RECIC, L)
GOVERNMENTAL RISK

00 3L JR=1, NP

U0 31 JC=1,NP

CRRILCIR, JEY =X CIRS JG 1, 1) #ALFACJIR) ¥ALFACJC)

COOL IR, JEI=X (IR, JE, 2, ) *BETAIR) XBETAJC)

CILLCIR, JOI=X IR, JC, 3, 3YRBAMA (IR %GAMACIC)

CTTLCIR, JEI=X IR, JC, I RUETACIR) ¥DETACIC)

CROLCIR, JCI=X IR, I, 1, 2) %ALFA (IR XBETACJIC)

CRILCIR, JCI=X (IR, JC, 1, 3) %ALFACIR) %BAMACJC)

CRTLCIR, JCI=XCIR, JE, 1, 4 %ALFACIRYXDETACIC)

COLLCIR, JCI=XCIR, JC, 2,3 *BETACIR) XGAMA CIC)

COTLCIR, JCI =X CIR, JC 2, 4 *BETACIR) XDETACIC)

CITL(IR, JEI=XCIR, JC, 3, 1) %GAMA (IR *DETACIE)
CONTRACTOR RISK

[0 32 JR=1,NP

B0 32 JC=1, NP ;
CRR2CIR, JCI=XCIR, JC, 1, 1% (L ~ALFACIR) )% (1, —ALFACIC))
COO2CIR, JEI =X (IR, JC, 2, 23%¢1 ~BETACJIRYI % (1, ~RETALJC) )
CITRCIR, JEI=XCIR, JC, 3,35 (L, ~GAMACIR) Y% (1, ~BAMACIC))
CTT2CIR, JEI=XCIR, JE M, 4% (1, ~DETACIR) )% 1, ~TETACJIC))
CRO2ZCIR, JCI=XCIR, JE, 1, 2) %L, ~ALFACIR) Y% (1, ~RETALIC))
CRIZCIR, JCI=XCIR, JC, 1, 3)% (1, ~ALFACJIR) Y% (1, ~GAMACIC))
CRT2CIR, JCI=X IR, JC, 14 % (L ~ALFA (IR I% (1, -DETAICY)
COTRCIR, JCI=XCIR, JC 2, 3% (L, ~BETACIR) D% ( 1, ~GAMA (JC) )
COTRCIR, JCI=XCIR, JC, 2, W) % (L, ~BETACIR) Y% (1, ~DETACIC))
CIT2CIR, JCI=XCIR, JC, B )% (1, ~GAMACIRY D# (1, ~DETACIE))
JOINT RISK

D0 33 JR=1,NP

DO 33, JC=1,NP - 1-6 -



iy

. RRIZCIR, JCI=X IR, JC, L, l)ﬂALPA(JR)“(i.~ALFA(JC))'
.Oﬂiq(JR;JC)“X(JR,JV;M;h)YBETA(JP)N(l.“BFTA(JC)) .
TIL2CIRY JCY=X CUR, JC, F, B %GAMACIR) %L, ~BAMACIC)) -
TTLI2CIR, JOY=X (IR, JC, 4, W) RBETACIR) # 01  ~DETACIC))
ROL2CJR, JCY=X IR, JCH 1, 2) %ALFACIRI (L ~RETACJICY )
RTI2CJIR, JOI=X IR, A0, 1.3 xALFACIRI %L, —BAMNACICYY -
RTL2CIR, JCI=XCIR, JC, 14 #ALFACIRY 36( 1 ~DETATJIE))
OTL2¢UR, JOIY=X IR, JC, 2, ) RRETACIRY % (L, ~GAMALIC))
OTL2GIR, JCY=X(JIR,.JC, 2 H)MBLTﬁ(JR)N\1.~HETA(JL)Y'
ITI2CIR, JCI=X (IR, JC, B ) 2GARACIRY ¥ (1 ~DETAGIC) ) = -
RR2LCIR, JOI=X IR, JC, 1y 1)L, ~ALFAGIRY Y ¥ALFACIL)

Q021 CIR, JOY=X (IR, JC, 2, 2)# (1, ~BETACIR) I RBETACIC)
TI24CIR, JCY=X IR, JC, 3, 3% CL, ~GAMA (JR) I RGAMACIC)

TT2L IR, JOY=X IR, JC 1, )% (L, —BETACIRY I RDETACIC)

RO21 CIR, JCY=X (IR, JC, 1,25 L, ~ALFACIR) IRBETACIC)

RI21 (IR, JC)I= Y(JP,JC;L:a)k(l.~ﬁLFé’JR))ﬁGﬁﬁé(JL)" e
RT21 IR, JOI=X IR, JC, 1, 8y %L, —~ALFA(JRY I EIETALIC) '
DI21 (IR, JEY =X CIR, JC, 2, 3% (L, ~BETA (IR IRBANA CUC) .

OT2L IR IO = X(JR;JC;“:H)*kl.*BLTﬁ(JR))XULTQ(JC)-l;
IT2LCIR, JCI=X (IR, JC, 3, u)k(l.—FﬁMA(JR))%UFTﬁ(JC)'

“BUM OF GOV RIBKS - ARSOLUTE DOLLARS

. COVI=SUM{NP, CRR1Y+SUMINP, COOL)+SUMNFP . CTIl)+SUﬁ(NP FTTl)
% =2, SUM{NP, CROL Y +SUMINP, CRI L) +SUMINP; CRT1))
$ - 42, #(SUMINP, COIl)%SUW(NP FUIi)+SUﬁ(NP CITl))
GRISK = Ccavi

SUM OF GOV RIBKS -~ \ORHALLZEH BY PURTVULTU INVESTﬁENT
GNORM = GRISK/(TINV®®2) -

SUM OF CONTRACTOR RIBKS - ARS DLUTE IOLLARS y '
COV2=SUM(NP, CRR2) +SUM(NP, COO2) +8UM(NP,CI I”)+SUM’NP CTT”)

% ~2 % (BUMINP . CRO2) +SUM (NP, CRI2) +BUMINP, CRT2) ).
$ +2, % (SUMNP, LOL”)#GUM(NP COT°)+GUM(NP CIT”))

CRISK = COV2 :
suM QF- CUNTRAF?GR RIGKE - NDRMQLIZFH BY - PURT%OLID INVESTHENT
CNORM = CRISK/(TINY®:2) . _
JOINT  RISGKS -~ ARSOLUTE ﬂOLLAR%

- GCRIBK= SUH(NP RR12)+SUMNP, DOL2) +GUM (NP, IT17)+SUM(NP TT1i2)

o | C+BUMCNP, RR21)+SUM (NP, 0021) +8UMINP, TI2L)+8UMINP,TTR1) -
s - -3 ®{GUMINP : ROT2)+SUMINP s RIL2)+SUMNP, RT12)Y © . -
% +2, e (BUMINP, DT12) +8UMINP, OT12)+8UMINP, ITl“))‘ .
% Co-2, BCBUMINRP, RO2L) +SUM NP, RIZLI+SUMCNPL,RTR21Y)Y
& +3, % (BUMINP, DTR21 ) +8UMNP, OT2D+8UHNP, IT21)) -

‘UM OF JOINT RIBKS -~ NORHALI?FD BY PGRTFULIO INVESTﬁENT
. BCNORM. = GCRISK/ CTINVIE®2) .
- COMPUTE bOVERNMFNT CUVAPIQNCF HATRIX
GCOV(L, 12 SUMINP, CRRL)Y - :
SHBOVIE, ) SUMINP, COOL)
GCOV(3Z,3) BUMNP,CITL)
GOV (L, ) SUMINP,CTTL)

li

i

LI

GCOV (L, 3)

C BCOV(L,R) = ~8UM(NP,CROL)Y
GCoviR, 1) = GCOv(L,2)
GFUV(J:3) = ~GUMINP, CRIL)
GCOVIZ, 1) = GCOV(L.,3)

S BCOV(L,u) = ~8UM(NP,CRTL)
GCOVI%, 1) = GCOV(Ll,W a
GCOV(2,3) = SUMINP,COLL)
GCOV(3.,2) = GCOV(R,3)

S GOV, %) = SUMINP,COTL)
GCOV(N,2) = GCOV(E,W) '
GCOV(3.4) = SUMINP,CITL)

GOOV(3.4)
. - I-7 -
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Beiada.

GRRLCSE, 3D

.CRISK=8QRT (ARG (CRIGK))

COMPUTE CONTRACTOR COVARTANCE MATRIX
CoOViL, 1) = SUMINPLCRRD)
COOVI2,2) = SUMINP,CD02)
COOVZ, 3 = SUMINP,CIID)
CCOVR, 1) = SUMMNP,CTT2)
BROVEL,2) = —-SUMNP,LRO2)
CoOvERa, 1) = COOVAL,2)
CCOVEL,3) = ~GUMINP,CRIR)
CCOVE3, 1) = CCOVAL.3)
COOVOL,u)Y = =SUMINP, CRT2)
CCOVaL, 1) = CCOVIL, W)
CCOV(R,3) = GUHNP, COT2)
COOVEE,2) = CLOVR,3)
CCovez, ) SUMINP, COTZ)
CCOvy, 2) CRovaa,n)
LOOVZ. 1) SUMINE, CIT2)
CCOVL,3) = CUOV(3,N)
COMPUTE JOINT 12 COVARIANCE MATRIX
GCLACL, 1) = SUMINP,RRLD)
GCLA2,2) SUMINP, 0Q12)
GGLR0E, 3D SUMINP, TT12)
GELAM, ) SUMINP,TTLE)
~SUMINP, ROL2)
GOLRAL,2) .
~GUMINP, RT12)
GEL2(1,3)
~GUMCNP, RTL12)
GClLACL. 1)

B o#

¥ O#

BE1R2, 1)
GOL2CL, 3)
GCL2C3, 1)
GEL2CL, 1)
GeL2K, 1)

#OH OH

1n
i

i

GCLAC2,3) = GUMINP,OIL2)
GCLACE, D) = BCLACR,3)
GCLAC2, ) = SUMNP,OTI2)
3022¢0,2) = GOLA(2.4)
GC1ACE, ) = SUMINP, ITL2
GC12aN,3) = GUL2(Z, 1)

COMPUTE JOINT 21 COVARIANCE MATRIX

GEALCA, 1) = SUMCNP, RR21)

BORAC2,2) = SUMCNP, G021)

SUM(NP, TI21)

SUM(NP, TT21)

~SUM (NP, RO21)

GORL (L, 2)

~SUMINP, RT21)

BCALCL, XD

~GUM (NP, RT21)

BO2L (L 1)

SUM (NP, 0121)

THCRLCR, B

SUM(NP,DT21)

GC23 (2. 4)

BC21C3,4) = SUMINP, IT21)

BO2L (4, 3) = GORLCZ, M)

PORTFOLIO NET RENEFIT, ENET - ARSOLUTE DOLLARS
PORTFOLIO RISK, PRISK - ARSOLUTE DOLLARS
ENET=TOT(NP,E, 1)~TOT(NP, E, 2)=TOT(NP,E, 3)~TOT (NP, E, %)
PRISK=GQART (GRIBK+CRISK+GCRISK)

SCLRSK  SCALES THE RISK AXIS FROM 0.T0 100 (APPROXIMATELY)
SCLRSK = 1.

PRISK = PRISK/SCLRSK

GRISK=SQRT (ARS (GRIGK))

GC2L (U, u)
GCR1(L, D)
GC21¢2,1)
BC21 (1.3
GC21 (3, 1)
BC2LCL,H) =
BE21 (4, 1)
GC21¢2,3)
BRI, 2)
BE21C2,4)
GE21 ¢, 2)

B OB

¥ OHOH

2
3t

oo

# o0



BCRIGK=8ART (ARS(BERISK))
PORTFOLIO NET BENEFIT, BNORM - NDRﬁnLIZFD BY PORTFOLTO INVESTMENT
BNORM = BNET/TINV

 PNORM = SQRT(GNORM + CNORM + GUNORM)

5111
94
5112

Sik

97
o8
o808

Sii3

666

648
291
992

SCLN SCALES 'THF Nnmﬁﬁl TZED RISK AXIS

SCLIN = 1.,

PNORM = PNORH/%CLN

WRITECLG,S111) JiM

FORMATC -, 12X, "PORTFOLIO® :uX 12)

WRITECLQ,2S4IGRISK, CRISK, GORIBK . : : ' .
FORMATC 0, "BRIGK=",F1L,0,5X, 'CRISK=",F12.0,5X, " JRIBK=",FL12.0)
URITE(iG;ﬁll”) BNET, PRISK : - '
FORMATCO 0, "BNET=",F12,2, 85X, 'PRISK= JFJ”!M)

WRITEL(S, BLW) - . .

FORMATC 1 ")

WRITE(S,5111) JM'

PRINT PROCESS NAMES

WRITEC(A,992) )

nn 5% J=L1,NP

JPROC=NPT LD : ' '
WRITE(6.,9%98) NQMEI(JPRGF):NQHF”(JPRGL):NﬁﬁE3(JPRUC);
*NAMER (JIPROC) s NAMES (JPRAOC)

FORMATC 0 ', 2041

WRITE(S,992) .

NRITE(&;?é) TERIBK, CRISK, BCRIBK

WRITE(S,S112) BNET.PRISK

WRITE(H,27) EBNORM, PNGRN

FORMAT(' 0", *BNORM="' :Fll.~:uX;'PNORﬁ» ;Fﬁﬁ.ﬁ)

WRITE (A, 98) TINV )
FORMATC('0", 'COMM SCALE CAPITQL REQNTS = :F?.Q) ’
WRITE(S, 980) HEHINV N -
FORMAT(' 0", 'DEMO SCALE CAPITQL RE@HTS ="', Fg,2)
MRITE(é,a113) - | o
FORMATC 0" s " e ‘_-' - 'f) .
URITE(&,992) T .

SUM OF FOUR SURMATRICES

10 466 K=1,4% - :

0 666 L=i,4 - ‘ '
SHTRIX(K,L)= ecnvtx L) +BCL2(K, L)+GC°1(«.L)+CC0V(K Ly
00 668 K=1,

N0 668 L—1, :

STOMTX(K, L) =SaRT (ARS(SHTRIX (K, L))

NEDV (K, L) =8HTRIX(K, L) /TINV#x2

NSTIMK LY=8TOMTX (K, LY/TINV

FORMATC' 07, 4F12,0, 12X, 4F12,0)

FORMAT(*0°)

"WRITE(6, P94)

I0 667 K=1,4

-1-9 -~



667 UWRITE(SH,991) (BMTRIX(K,L) L=1,4)
99U FORMATC'0', 'COVARIANCE MATRIX')
_ WRITE(L,992)
. WRITE(S, 995)
293 FORMATC'0', "STD IEV MATRIX')
no 113 K=1.,4
113 WRITE(SL,?91) (STIMTX(K L), L=1,4)
WRITECH, 992) . .
o WRITECH, 998)
9946 FORMATC'0', ‘NORMALIZED COVARIANCE MATRIX')
0o 114 K=1,4 .
114 WRITE(S, 981 (NCOVIK, L)Y s L=1,4)
WRITE(A, 992
 WRITEC(H,997) T :
997 FORMATC'0', "NORMALIZED STHO DEV MATRIX®)
o 115 K=1.4% ‘ -
(115 WRITE(S,981) (NSTD(K.L) ,L=l,4)
281 FORMAT(' 0", 4F12,4)
1 CCONTINUE -
. 8TOP
ENI

- 1-10 -
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FUNCTION SMAXIN, K, 511
DIMENSION $D(22,4)
SMAX=8I1( 1, K)

CIFAN L ESR. 3)_&0 TU 2

DO 1 I=1,N : ‘ .
IFC S, K LT bMéX_)lGO_TOyl L

'ﬁﬁAXmﬁygx,K)‘

CONTINUE
RETURN
ENIT -

FUNCTION SMIN(N, K{ 301)
DIMENSION SI22,4)
SMIM=811CL, 1K)

TF N LEQ. 1) 6O TO.2

L0 1 I=l, M - S
IF (8INI,K) .GT; SHMIN>. GO TO 1
GMIN=80CT, K) S

CONTINUE

RETURN

END

FUNCTION SUBROUTINE SQRSUM
FUNCTION SQRSUMIN,X,E,Y,.J)
HTHLNG1UN X208 ,EC20, H) Y{u)
SARBUM=0,
DU 1 T=1,N o
SARGUM= JOR?UM+(X(I J)*E(l:d)*Y(I))**“
RETURN ‘
END

GPSiOS E FILE NQHE * & CHARS

FUNCTION SUBROUTINE SQsUMY
FUNCTION SQSUMYI(N,XHSE,Y:J)
DIMENSION X(20,4),E(20,4),Y (L)
TINV =0, .
B0 95 I = 1.N
TINV = TINV + E(II,3)
H5QEUMY=0,
o 1. I=i,N
SABUMY=848 Uﬁr+(X(I J)%F(T,J)*Y(I)¥E(I 3)/TINV)%*°
RETURN :
END

- 1-11 -



A
1 C FUNCTION SURROUTINE SUM
2 FUNCTION SUMN,X)
3 DIMENSTON X{22,22)
b HUM=0,
v no 1 I=1,N
6 ng o1 J=1,N
K4 1 SUM=8BUM+X(T,.0)
8 RETURN
9 ENI
A

SRU'S:.3
!

A
1 FUNCTION SUM2CT N, XD
2 DNIMENSION X(22,1%)
3 SUMZ==0 ., )
b 0o 1 J=1.8
] 1 SUM2=8UMR2+X(T, D
& RETURN
7 NI
A
SRU'S:.3
!
A .
1 FUNCTION SUMXY(NJ:I;J;K;L;X:XB)
2 DIMENSION X(W,22,159),XB22,4) -
3 SUMXY=0, j
I no 1 JR=1,NJ
] 1 SUMXY=GUMXY+ (XK, T, IRY-XBCT,KI) I (X (L, JRI-XE(I, L))
é RETURN
7 END
A
SRU'S: .3
1 .
A .
1 c FUNCTION SURROUTINE TOT
2 FUNCTION TOTI(N, X, D)
3 DIMENSTON X(22,4)
. TOT=0,
4] gy 1 I=1,N
é 1 TOT=TOT+X{(I,.))
7 RETURN
8 BN

- 1-12 -
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