
- ,  
F. 

I 
- "  

7x7 
. - - ' $  

'I I 

I ' g  - - I 
8 - 

1 

r r 

I I 

. 
3 

. 4 . '  
i 1 '  cj . . 

!' I NPUT-OUTPUT CAPITAL COEFFICIENTS 
b - 
I 

I I 

' I &  

FOR ENERGY TECHNOLOGIES 

December 1976 

Prepared for the 
ADMINISTRATOR FOR PLANNING, ANALYSIS, AND EVALUATION 

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

ECONOMIC ANALYSIS DIVISION 
NATIONAL CENTER FOR ANALYSIS OF ENERGY SYSTEMS 

:I 
B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  - J. 

A S S O C I A T E D  U N I V E R S I T I E S ,  I N C .  
UNDER CONTRACT NO. EY-76C-024016 WITH THE 

1 

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION ,. 
- 8 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



BNL 50608 
[General, Miscellaneous, and 

Progress Reports (Nonnuclear) - TID-45001 

INPUT-OUTPUT CAPITAL COEFFICIENTS 
FOR ENERGY TECHNOLOGIES 

December 1976 

Prepared for the 
ADMINISTRATOR FOR PLANNING, ANALYSIS, AND EVALUATION 

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

ECONOMIC ANALYSIS DIVISION 
NATIONAL CENTER FOR ANALYSIS OF ENERGY SYSTEMS 

B R O O K H A V E N  N A T I O N ' A L  L A B O R A T O R Y  
UPTON,  NEW YORK 1 1 9 7 3  



N O T I C E  

This report was preparerl as an accnllnt of work sponsorrr.d hy the 1Jnited States 
Government. Neither the United States nor the United States Energy Research and 
r)cvelopmcnt hdministmtion, nor nny of thcir cmploycc~, nor any of thcir contrnctor3, 
subcontractors, or their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, colllpleteness or usefullless of any 
information, apparatus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 

Printed in the United States of America 
Available from . . 

National Technical Information Service 
U.S. Department of Commerce 

5285 Port Royal Road 
. Spri~igGeld, VA 22161 

Price: Printed Copy $4.00; Microfiche $3.00 

January 1977 260 copies 



Abstract 

Input-output capital coefficients are presented for 

five electric and seven non-electric energy technologies. 

They describe the durable goods and structures purchases (at 

a 110 sector level of detail) that are necessary to expand 

productive capacity in each of the twelve sectors. coefficients 

are defined in terms of 1967 dollar purchases per lo6 Rtu of 

output from new capacitv, and original data sources include 

Battelle Memorial Institute, the Harvard Economic Research 

Project , The   it re Corp. , and Eechtel Corp. 

- iii - 
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I. Introduction ' 

An input-output .model of the United States organizes 

a mass of factual data to describe the interworkings of the 

economy. It is particularly useful for estimating detailed 

production, employment and capital requirements to meet a 

forecasted level of Gross National Product (GNP), or final de- 

mand. Brookhaven National Laboratory and the University of 

Illinois have expanded the capability of such of model to 

answer many energy policy questions by adding an optimization 

model of the nation's energy system. (1) . A  key feature is 

expansion of productive energy sectors from five to twelve, 

and measurement of their output in physical units (British 

Thermal Units, 6; Btu) instead of in dollars. The 110 sectors 

of the Energy Input-Output Model are listed in Table 1. 

One element of the GNP forecast that drives the 1-0 model 

is Gross Private Capital Formation (or sales to business on 

capital account). This must be specified at the 110 sector 

level of detail. After solving the model, one can check the 

accuracy of' this forecast with the aid of a capital coefficient 

matrix. Such a matrix is composed of a column, or vector, of 

cue1Iicien-t~ for each sector which describes all capital pur- 

chases required to support a unit expansion in output. With 

this matrix one can determine whether or not the estimate of 

capital formation is sufficient to support the increase in 

sectoral levels of production (from the model solution) over 

those of a prior year plus replacement of worn out capacity. 

The purpose of this report is to present a consistent 

set of capital coefficients for each of the twelve energy 



sectors in the Energy Input-Output Model. To handle both 

traditional and emerging energy technologies, four basic 

data sources are used--Fisher and Chilton ( 2 1 ,  Just (31, 

Istvan (41 ,  and Bechtel Corp. (5). The problems encountered 

in combining and reconciling these data sources lead to a 

set. of recommendations that can improve the usefulness of 

future capital coefficient estimates. 



11. Methodology and Data Compa~ability 

The basic capital coefficient matrix used in the BNL 

model was developed by Fisher and Chilton at Battelle Memorial 

Institute ( 2 ) .  Non-energy Battelle sectors correspond directly 

to or are simple disaggregations of BNL sectors, as shown in 

Table 1. Upon aggregating where necessary and inflating from 

1958 to 1967 dollars," they can be directly used in BNL's 

model. Non-energy sector coefficients are expressed in terms 

of 1967 $/I967 $.  

Battelle coefficients are also the basis for four of the 

energy sectors--coal, crude oil and gas, refined oil products, 

and pipeline gas. since our model expresses the output of 

these sectors in Btu's, capital coefficients are converted to 

6 units of 1967 $/lo Btu output*& by multiplying by the average 

1967 price of each fuel form, expressed in $/lo6 Btu. 

Coefficients developed by James Just at The Mitre 

Corporation ( 3 )  are used for the other three non-electric . 

energy sectors-shale oil, methane from coal, and solvent 

refined coal. Coefficients are estimated from pilot plant 

and technical data sources, and they are presented in terms 

of 1967 $/lo6 Etu. 11-1 crroldin cases they have been rescaled 

to reflect a different plant operating factor or a different 

measurement definition for output Btu. 

Now, the sum.of each capital coeffici.ent yector equals 

. .i.lie".cap.lt.all.o.utput ratio for th.at sector. Just does not . . . . . . . 

. . . . . . . . . . .  
.1. 

Xnf1ato.r~ are from the U. S. Bureau of Labov S-tati'stics, 
Washi'ngton, D.C. 

* * 
All capital purch.ases are v o m  non-eneligy sectors; so the 
numeratom of all coefficients are always measured in dollar 
te~ms in the BNL model. 



Table 1 

Cross Classific~tion of Energy Input-Output Model Sectors 

BNL eNL 
110 S e c t o r  

-- 
101  8FA B a t t e l l e  &.Car t e r  B E  

1 C o a l  1 7  7 8 
2 Crude o i l  6 gaa 2 8 8 9 
3 S h a l e  o i l  - - 
4 *thane f r a n  c o a l  3 - 
5 S o l v a n t  r e f i n e d  -1 - - 
6 R ~ f i n e d  o i l  p:oducts 4 31.01 p s r t  91 p s r t  4 1  p a r t  '42 
7 P i p e l i n e  g a s  5 68.02 68.2 93  102 
8 Coal  c h i m e d  c y c l e  o l e c t r i c  
9 Othe r  f o s s i l  e l e c t r i c  6 68.01 

1 0  WR e l e c t r i c  7 68.01 
11 me. e l e c t r i c  - - - - I  - 92 1 0 1  

-ic ~ - - a ~ c 1 L - - ~ ~ ~ ~ ~ ~ - ~ ~ - - -  
9 - 

1 0  - 
Motive power I1 - 

1 6  P~OEBBS h e a t  12 - 
Water h e a t  I 3  - - - 

14  - 
1 5  - 
1 6  - 

2 1  L ives tock  pnd l i v e s t o c k  p r o d u c t s  
-- -- - - -- - - - - - - - - - . 

17  1 1 1 I 
22 Othe r  a g r i c u l t u r a l  p roduc ta  1 8 .  2 2 2 
23 F o r o s t r y  and f i s h e r y  p r o d u c t s  1 9  3 3 3 

1 24 ~ 3 r i c u l t u r s l .  f r n e s i r i  and  f i s h e r y  s e r v i c e s  20 0 . 4 4 1  
21 5 5 ores m i n i m  A - - L  A. 
22 6 5 5-7 

S t o n e  and c l a y  min ing  and q u a r r y i n g  23 9 9 9 1 0  
I Cnemicale and  f e r t i l l i e r  

New c o n s t ~ ~ ~ t i ~ a ,  residential b u i l a n g s  11.01 11.1 11 12 
P New c o n a t ~ c t i o n ,  n o n r e s i d e n t i a l  bu i ld in ;=  13  

New C o n ~ t ~ c t i o n ,  p u b l i c  u t i l i t i e s  I 4  
1 NBW EO~BLNCL~OC.  hiahwavs ll.OC 11 4 14 1 5  . - .  .. . 

New c o n e t r u c t i o r .  a l l  o t h e r  I 1 i i i 0 5  .5 
' 

m i n t e n a n c e  and r e p a i r  m n s t m c t i o ~  r e a i d e n t i e !  " 26 { i:.:: " ~ ~ } - ~ ~  and  r a p s i r  m n s t m c t i o n ,  a l l  o t h e r  I . li 2 
Ordnance and  a c o e s s o r i o s  27 13  I J  1 8  18-19 

37 Food a n d  k indred  p r o d u c t s  28 14  14 1 9  20 
38 m 3 a c m  manufac tu res  29  1 5  I S  20 21 
39 Broad and narcor. f a b r i c e .  ya rn  and e r e a C  m i l l s  30 16 16 21 22 
40 Migc. t aq . iLe  q-ds and f l o o r  m v e h q s  - 3 1  17  22 23 
4 1  Appare l  32 

I ' 
3, f"g,", 21 24-25 

42 M ~ c .  f a b r i c a t &  t e x t i l e  p r o d u c t s  24 26 
43 Lunbez and wood p r ~ d u c t ~ ,  e x c e p t  ~ ~ t . i n ~ r B  34 20 : 3  25 21,  p28 
44 Wooden c o n t a i n e r e  35 2 1  : i  26 p a r t  28 

36 22 22 2 7 29  45 H = Y = e ? d - f u C n i t ~ -  -__ ____ 
46 Othe r  f u c n i t u r e  and f i x t u r e s  37 23 23 28 30 

24.1 . 
47 Paper and a l l i e d  prol-rcts e x c e p t  c c n t e i n o r e  and bmee 38 24 j::; 31 

31  
48 Pape rboa rd  c o n t a i n e r s  s r d  boxes 39 25 5 32 32 
49 P r i n t i n g  and p u b l i s h i n g  40 26 -3 33 33-34 

2P.l  
50 Chemicals  and  s a l e c t e d  chemica l  p ro4uc te  4 1  27 1 2 7 . 2  35-36 

1 21.3 361  

P l a s t i c s  and s y n t h e t i c  m e t e r i a l e  42 28 { iz:: 37 

Drugs. c l e a n i n g  and  t o i l e t  p r e p r a t L o n @  43 29 29 
P a i n t s  and  s l l i s d  p r o d u c t s  44 30 ?O 
Paving m i x t u r e s  and b l o c k s  

L- . 1 
5 Rubber and m i s c a l l a n e o u s  p l a s t i c s  ~ 0 3 1 ~ s  43-44 

L- 1 dd - .- 
57 l e a t h e r  t a n n i n g  end  i n d o e t r i a l  leai.?er p roducre  48 31 2 3  
5 8  F m t m a r  s.ld oLwr l e a t h e r  p r o d w t e  49 34 2 4  
5 9  - la98 and g l s a s  p r o d c c t s  S'J 35 :5 47 46 

:: 1 45 

, 6 0  S t o n e  and c l s v  n r o d u c t s  5 1  16  ;6 .I8 47-42 

".." . - 

>lo s e c t o r  101 BM 8 a t t s l l e .  A .Car t e r  BIS 

61  Primary i r o n  hnd s t e e l  manufac tu r ing  52 37 37 . 4 9  49-50 

62 p r imary  nonfe r rods  m e t a l s  manufac tu r ing  53 38 lil:; . 
"1 51-57 
52 

63  m e t a l  c o n t e i n * r s  54 39 39 i 3  58 
64 ~ z s t i n g ,  plumbing and f a 3 r i c s t e d  s t r u c t u r a l  m t a l  p r o d u c t s  55 40 40 54 59-60 
6.5---~c~ex~1ach~nppr~d_--bp~, n u t s .  e t c , ~ ~ t a l  s t amuinse  ' 56 4 L  4 1  

57 42 42 
58 43 43 57 63  

6 8  Farm machinery 59 44 44 58 64 
6 9  C o n s t r u c t i o n ,  mining.  o i l  f i e l d  machinery.  equipment 60  45 45  59 6 5  

62 47 47 6 1  67 
72 S p e c i a l  i n d u s t r y  machinery and equipment 63  48 48  62 68 
73  G e n s r a l  i n d u s t r i a l  machinery and  e q u i p s &  64 49 4 9  6 3  6 9  
74 *..china s h o o  ~ r o d u z t s  65  53 5 3  6 4  70  . . 

O f f i c e  c a n  t i n  and a c c o ~ n t i m  n a c h i n s s  66  51  
S e m &  h d ~ t r ~ m a c h i n e s  

E lec .  t r a n s .  6 d i a t .  eq. 6 elac. i n d u s t r y  a p p a r a t u s  

67 52 .5:!l -1 
H o u e ~ h o l d  a p p l i a n c e s  

(53 .2  
. 6 9  54 54 6 9  76  

E l e c t r i c  l i g h t i n g  and wi r ing  equipment 70 55 55 
Radio. t e l e v i s i o n  and c o m t i o n s  e a u i m e n t  7 1  56 56 7 1  78-80 

57 .1  72 
e l e c t r o n i c  components and s c c e s s o < i e e  72 57 1 5 7 . 2  73  8 1  

57 2 7. , -..- . . 
82 . Miece l l aneoue  e l e c .  machinery,  equipment 6 s n p p l i e s  73  58 58 
8 3  Motor v e h i c l e s  and, equ ipnen t  hi A i r c r a f t  and p a r t -  

74 59 5 9  76 
75 60  60  77 

85  Othe r  t r e n s m r t s t i o n  e q u i m e n t  - 6 1  
P r o t e s e i o n a l .  s c i e r . t i f i c  6 c o n t r o l l i n g  i n s t .  6 supp.  

76  6L---- 
77 62 62 

O r t i c a l ,  o p t h a h i c ,  6 pho tograph ic  e q u i p .  6 supp .  78 63  63  8 1  90-91 
' M i s c e l l a n e o ~ e  msnuIac tu r ing  79  64  64  82 92 
R a i l r o a d s  and r e l a t e d  s e r v i c e s  8 0  65.01 6 5 . 1  8 3  93  

94 84 -- 
82 65.03 65.3 85  95  
83 65.04 65.4 . 8 6  96 
8 4 ,  65.05 65.5 87 97 
85  65.06 65 .6  
8 6  65.07 65.7 
87 6 6 .  6 6  90  99 
8 8  67 67 9 1  103  
8 9  68.03 68 .3  94 103 
90 6 9  6 9  9 5  104-105 
91  70 70 96 8 ' 106-107 
92 7 1  7 1  97 108-109 

102 H o t e l s  6 lodging:  pers. 6 r e p a i r  serv . ,  e x c e p t  a u t o  r e p a i r  93 72 72 98 110-111 
103 B l s i n e e s  s e r v i c e s  94 7 3  73  9 9  112-114 
104 Automobile r e p a i r  L s e r v i c e s  95 75 75 1 0 1  115 

Amuae*nta 
Med ica l ,  educ: s e r v i c e s  6 n c n p r o f i t  i n s t .  

96 76 
97 77 77 

F e d e r a l  government e n t e r p r i s e s  98 7 8  
S t a t e  and l o c a l  q o v s r ~ l e n t  e n t e r p r i s e s  99 79 

109 s l a i n e s s  t r a v e l ,  e m t e r t a i n n e n t  6 g i f t *  100 8 1  107 
Office E J H ~ L  1 0 1  82 108  - 

Reeearch 6 deve lopnen t  - 74. 100  
Cross  impor t s  - 8 0  106 126-127 
Sc rap ,  u sed  end  second  hand q m d e  t- Government i n d u e t r y  L 8 4 .  - 8 3  - 109  - 130 131  - Res t  o f  wor ld  i n d c s t r y  - 85  ' - 132 

- Households - 8 6  - 133 
- Inven tocv  v a l u a t i o n  e d i u s t m n t  - 87 . -  134 

*El imina ted  a6  a s e p a r a t e  s e c t o r  by BEA i n  t h e  1963 and 1967 a t u d i e e .  



deflate the components of his vectors which represent 

certain labor' and inte.+est payments. during const.~ct?on. 

Capital/output (K/O) ratios estimated by. the Bechtel Corpora- 

tion ( 5 )  are therefo~e used In conjunction wit3 Just's coef- 

ficients. The difference between a Bechtel K/O ratio and the 

sum of Just's coefficients for each energy technology is added 

to the capital coefficient for sector 30, new construction/non- 

residential buildings, in accordance with Bureau of Economic. 

Analysis (BEA)  accounting procedures. For example, even if 

a public utility uses its own employees to:install a steam 

turbine in a new plant and dlrectly pays for lnterest during 

construction, BEA reassigns these.payments to a construction 

sector.and treats them as purchases by a construction sector 

instead of a public utility sector. The sum of each adjusted 

capital vector thus equals the K/O ratio estlmated by Bechtel 

for these three non-electric sectors. 

These three sectors are different from all other 1-0 

sectors in that no administrative or management functions are 

included. They are strictly defined for a specific technological 

process. The way in which the BNL model picks up all overhead 

f~lnrti~ns ic by having .Llleni  sell all their output. to tradi- 

tionally defined 1-0 sectors, gas utilities (called "pipeline 

gas" in the BNL model), or ~efined oil products. 

Rudyard Istvan's work for the Harvard Economic Research 

Project forms the-basis for defining five electric utility 

sectors in our model. He has taken the traditiona.1. electric 

utility 1-0 sector and disaggregated it int.,o .se,ven "processes"- 

fossil steam generating plants, hydroelectric generating . 

plants, nuclear electric plants, electrical peaking facilitie~ 



(internal..conbustion en.gines and, gas turbines), electrical 

transmission facilities, electrical distribution facilities, 

and, administrative .overhead. Istvan' s capital coefficients 

for the'latter three processes, TDEA, are applied to all five 

BNL ele,ctric sectors. His hydroelectric vector is added to 

TDEA to fom. BNL's hydtroelectric sector, and his fossil 

and peaking vectors'are,added to TDEA to form BNL's fossil 

electric sector. 

For BNL's light wate~ reactor (LWR) electric sector and 

high temperature gas-cooled reactor (HTGR) electric sector, 

Just's capital coefficients for an LWR plant and an HTGR plant 

are added to Istvan's TDEA coefficients. As before, rescaling 

is required in order to account for a different plant operating 

factor than that assumed by Just. Also, an addition is made 

to each of Just's capital coefficients for sector 31-new con- 

struction, public utilities. The~..adjusted vectors then sum . .... . . . 
. . , .  

to the K / O  ratios for LWR and HTGR plants as estimated by 

The coal combined cycle electric sector combines Just's 

coefficients for low Btu coal gasification and the combined 

cycle power plant with Istvan's TDEA coefficients. Again, 

Just's coefficients are rescaled to different plant operating 

factors and aligned to Bechtel's K/O ratios for these two pro- 

cesses hy i n ~ - . r ~ m i n g  t h c  capital c~efficients for sectnr 31- 

new construction,- public utilities. 

In assembling da-ka from,'several data sources it was .found 

that differing procedures and classification schemes reduced 

comparability of the estimates. The level of detail varies 



considerably,with. Just providing the most extensive'disaggre- 
. % 

gation of capital purchases. In contrast to U.S. Bureau of 

Economic Analysis (BEA) accounting conventions, Isvvan and 

Just break out value added payments of each energy industry 

(i.e., its own.labor and interest during construction) and 

do not reassign them to purchases from a construction sector. 

This would be extremely useful for a dynamic 1-0 model re- 

quiring both current and capital inputs .to capital formation. 

But non-energy sector capital formation has not been treated 
, . 

in this fashion by any modeller; so it cannot be used. The 

problem, then, lies in restructing production functions for 

"new construction" sectors to accurately reflect those other 

capital inputs not identified by the detailed capital co- 

efficients. Neither Just, Istvan or Bechtel have done this. 

As shown in Table 2, a large portion of capital purchases 

still remains in two new construction sectors which are not 

technology-specific.gi 

Another serious prolle111 with some of the data sources 

is that of deflation. With Istvan and Just it is a problem 

with the value added'payments of the energy industries-those . . 

that should bc reallocated Lu new construction for comparability 

with Battelle and BEA conventions. Istvanls data must be in- 

flated from 1958 to 1967 dollars for our model, and Just's 

data must be deflated from 1971 or 1973 to 1967 dollars. The 

problem is serious enough that aggregate capital/output ratios 

.kinno.t. .b.e. .c.omputed and ~e~iccrusly compared. Between the times 

J. 

"~ata shown is from capital coefficients developed in later 
sections of this report. 



Table 2 

6 Construction Inputs, to Capital Formation, 1967 $/lo Btu 

Mew New 
construction , Construction, 
Non-Res Bldgs Public Utility Other Total . . .  

Enerpy sector Input . .. Inputs K/O Ratio , . . . , . . ... .. . input 
., .. 

,.... _ 2,, . 
. .:. : .  

Coal 0.02 0.23 0.25 

Crude Oil and Gas 

Shale Oil 4.3 

Mcthane from Coal 4.7 

Solvent Refined Coal 

Refined Oil products 

Pipeline Gas 

Coal Combined Cycle Electric 

Fossil Electri r: 

LWR Electric 

HTGR Electric 

Hydroelectric 



that Istvan and Just developed their coefficients, there were 

large increases In short term inte~est rates and the price 

of ,labor, lengthening construction schedules, and significant 

design changes in plants due to such things as pollution con- 

trol equipment and new federal regulations. The .data they 

present provides no basis for separating real effects (say, 

increased interest payments due to longer construction times) 

from monetary effects (say, increased interest rates). The 

problem is just as great with Bechtel data where everything 

is expressed in 1975 dollars and not deflated to either 

1967 or 1972 dollars. Although capital estimates of Bechtel 

may be the most recent, it is extremely difficult to judge 

what they represent in terms of real shifts in capital for- 

mation from a statistical base year and in terms of purely 

inflationary effects. This capital information is for energy 

sectors only, and it must be combined with non-energy sector 

information estimated in prior year dollars (1958 or 1967). 

The 1967 aggregate capital output ratios developed in this 

report are, thus, very arbitrary and. should be subject to close 

scrutiny in future research on capital. formation. 

Fin~lly a lialil-ation ot the coefficients imposed by the 

plant factor assumptions must be noted. Specific plant factors 

are assumed for each energy sector. If any one. is changed, 

the entire column of capital coefficients should be renormalized. 

In the electric sectors for example, all plants except internal 

combustion and gas turbine peaking plants have plant factors 
I 

of 55%. This presumes a normal utility reserve margin of 

about 20%. Also, although one might assume that all nuclear plants 



w i l l  be base loaded wi th ,  s a y , , a  6 5 %  p l a n t  f a c t o r ,  nuc lear  

and f o s s i l  p l a n t s  a r e  t r e a t e d '  a l i k e  I n  o rde r  t o  prevent  

b i a s  in .compara t ive  analyses .  of t h e  two. Options with  r e s p e c t  

t o  p l a n t  f a c t o r s  could be incorpora ted  i n t o  t h e .  1-0 model, bu t  , 

it was f e l t  t h a t  d a t a  unce r t a in ty  and t h e  way i n  which t h e  

model was t o  be used d i d  not warrant  such complexity. 



111,. Capital . ... Coefficients for Non-Electric Sectors 
: . . .  . . 

~stimates'of Fisher and Chilton ( 2 )  are used for four 

non-electric sectors -- coal, crude oil and gas, refined oil 

products, and gas. Presented in 1958 dollars, they 

are inflated to 1967 dollars with a set of inflators supplied 

by the U.S. Bureau of Labor Statistics. They are then re- 

normalized to a Btu output basis by multiplying by implicit 

1-0 prices for each fuel. Each fuel price was calculated by 

dividing total sectoral output in dollar terms as reported by 

BEA.(6)by total sectoral output in Btus as estimated by 

Bullard (7). The calculated prices are: 

coal ,2137 67$/106 Btu 

crude oil and gas .3 541 I t  

refined oil products .9892 11 

pipeline gas .7629 11 

Capital coefficients are presented in Table 3, with the sum of 

coefficients in each column equaling the capital/output ratio 

for that sector. 

Coefficients for the other three non-electric sectors are 

also listed in Table 3 -- shale oil, methane from coal, and 

-solvent-~efined coal. 'l'hese data have been estimated by Just ( 3 )  

from engineering and pilot plant studies. 

Shale oil coefficients in the table have been rescaled 

from a 10'0% to a 90% plant factor and from a shale oil input 

Btu basis to a shale oil output Btu basis for conformity with 

rhe output unit of measurement in the Energy 1-0 Modei. Just's 

coefficients for methane from coal are used without modification. 



. . TABLE 3 
. . . . 

Capital Coefficients for Non-Electric Energy Sectors, 
. . 

6 
1967 $/lo Btu 

BNL Shale Methane Solvent Crude Oil 
Sector oil From Coal Refd.. Coal . Coal . 6 . Gas 

Refined Pipeline 
Oil Prds. Gas 

Total 5.479452 5.722983 5.722983 .251772 .567173 
(K/O . , . 
Ratio) 

Assumed 
Plant. ' . . . 
Factor 90% 90% 90% - - - - 



They are derived in terms of high Btu coal gas output and a 

90% plant factor. Just's coefficients for solvent refined coal 

are rescaled to reflect a 90% instead of a 91% plant factor. 

If one adds up Just's coefficients, the sums are sig- 

nificantly less than the capital/output ratio for each process. 

This is because value added payments have not been deflated 

to 1967 dollars and reallocated as inputs from the new con- 

struction, non-residential buildings sector. Rather than 

attempt to do this from Just's data, the decision was made to 

use more recent K/O ratio estimates of Bechtel Corp.(5): 

shale oil plant capital cost $ 9 0 0 ~ 1 0 ~  (7 5$) , 250x109~tu/day crude 
coal gasification plant' 
capital cost $ 9 4 0 ~ 1 0 ~  (75$), 250x109~tu/day gas 

.. coal liquefaction plant 
plant capital cost $940~10 6 (75$), 250x109~tu/day crude. 

These are deflated to 1967 dollars with the Handy-Whitman 

electric light and power construction cost index (1967=100, 

1975=200):' Use of this index is somewhat arbitrary, but it.is 

about equal to the average of Engineering News Record cost 

indices for buildings and construction. Each resulting Bechtel 
I 

K / O  ratio is .shown in Table 4, along with the total for Just's 

coefficients and the increase that must be added to sector 30, 

new construction, non-residential buildings. 

. . . . . . . . . . . . . .  

2. 

U.S. Bureau of Domestic Commerce, "Construction Review." 



. Table 4 

Non-Electric Capital Coefficient Adjustments, 
1967$/106~tu 

Sum of Just's Adjustment to Bechtel 
K/O Coefficients Sector 30 K/O Ratio 

. ., b . . 
shale Oil 

Methane from Coal 1.157510 ' 4.565473 5.722983 

Solvent Refined Coal ' .882458 4.840525 . 5.722983 



IV. Capital Coefficients for Electric Sectors 

Because Battelle estimates capital coefficients for only 

a single electric utility sector, their data cannot be used in 

the Energy Input-Output Model which includes five such sectors. 

Estimates of Just and Istvan are therefore used. Power plant 

information for three sectors is taken from Just's work, while 

power plant information for two sectors plus transmission, dis- 

tribution and administration information for all five electric 

sectors is taken from Istvan. 

The seven "processes" into which Istvan disaggregates the 

electric utility sector are fossil steam generating plants, hydro- 

electric generating plants, nuclear electric generating plants, 

electrical peaking facilities (internal combustion engines and 

gas turbines), electrical transmission facilities, electrical 

distribution facilities, and administrative overhead. The 

first step in using his 1980 projection is to convert capital 

process proportional distributions ( 4 ,  pp. 60-62) from 1958 

to 1967 dollars, using price deflators from the U.S. Bureau of 

Labor Statistics. Each of the seven proportional distribution 

vectors break out relative purchases from each 1-0 sector for 

one dollar of total capital expenditure." They are inflated by 

multiplying each coefficient by the inflator for the sector from 

which the capital purchase was made and by dividing each coefficient 

by the relative price of electricity in 1967 versus 1958 (assumed 

to be 1.0, indicating no change in the price of output from 

.1. 

^capital coefficients are calculated from the proportional dis- 
tributions by.multiplying each vector by that process's capital/ 
output ratio. 



e l e c t r i c  u t i l i t i e s  over  t h i s . t i m e  pe r iod ) .  For va lue  added co- 

e f f l c i e n t s ' ,  a p r i c e  i 'nf la tov o f . l . 1 4 4  is  used,* f o ~  l a c k  of a  be t -  

t e r  f i g u r e .  The c o e f f i c i e n t s  i n  each v e c t o r  a r e  t hen  renormal ized,  

o r  d iv ided  by t h e i r  sum, so  t h a t  they  aga in  sum t o  1 .0  and repre-  

s e n t  a  pro 'por t ional  breakdown of one 1967 d o l l a r  of c a p i t a l  ex- 

pend i tu re .  They a r e  l i s t e d '  i n  Table 5. 

Tstvan does no t  p r e sen t  c a p i t a l / o u t p u t  r a t i o s  f o r  h i s  seven 

process  vec to r s ;  s o  app rop r i a t e  ones must be c a l c u l a t e d  from t h e  

breakdown of c a p i t a l  expendi tures  by .process .which  he envis ions  

f o r  1980 ( 4 ,  p. 65) .  Ca lcu la t ions  a r e  shown i n  Table 6 .  In- 

vestment i n  t h e  fou r  t ypes  of power. product ion i s  es t imated f i r s t  

us ing  t he '  c a p i t a l  c o s t  ( s u i t a b l y  d e f l a t e d )  and capac.i.ty add i t i on  

e s t ima te s  of I s tvan .  This  r e p r e s e n t s  49.05% of c a p i t a l  investment;  

9 
s o  t o t a l  1980 investment can be es t imated a s  19.0511 x 1 0  1967 

d o l l a r s .  Al loca t ion  of t h i s  t o t a l  t o  t ransmiss ion ,  d i s t r i b u t i o n ,  

and admin i s t r a t i on  i s  then  made on t h e  b a s i s  of I s t v a n ' s  propor- 

t i n n a 1 , s p l i t  a s  shown i n  t h e  f i r s t  column of  Table 6. His:1980 

capac i ty  ' a d d i t i o n  assumptions ( i n  kw) a r e  c v ~ ~ v e r t e d  t o  annual 

Rtu 's  of generated e l e c t r i c i t y  by assuming a  55% load f a c t o r  

f o r  f o s s i l ,  nuc l ea r ,  and hydro p l a n t s  and a  1 0 %  load f a c t o r  f o r  

peak: n g  p l a n t s .  c a p i t i l / o u t p u t  ratios i n  terms of 1967 $ / l o 6  Btu 

a r e  then  c a l c u l a t e d  d i r e c t l y .  For T ,  D E A ,  t h e  t o t a l  annual out-  

pu t  frnm t h e  fou r  power types  i s  used a s  t h e  d i v i s o r .  The 55% 

load factox* p13esumes exceSs r e s e r m v t !  capacity o f ,  about 2 0 % .  
I 

Although one might ' expec t  nuc l ea r  p l a n t s  t o  always be base loaded 

and t o  have a  h ighe r  load f a c t o r  than  55%, t h e  same f a c t o r  i s  

used f o r  a l l  t h r e e  i n  o r d e r ' t o  avoid b i a s  i n  s t u d i e s  which.com- , 

B 
This i s  t h e  BLS p r i c e  i n ' f l a t o r  f o r  s e c t o r  31, new cons t ruc t ion ,  
pub l i c  u t i l i t i e s .  



TABLE 5 

Capital Process Proportional Distributions 
for Electric Utilities, 1967 $11967 $ 

BNL . 
Sector 

3 1 
4 0 
4 3 
4 5 
4 6 
4 7 
5 1 
6 0 
6 1 
6 2 
6 4 
6 6 
6 7 
6 9 
7 0 
7 1 
7 2 
7 3 
7 4 
7 5 
7 6 
7 7 
7 9 
8 0 
8 1 
8 2 
8 3 
8 4 
8 6 
8 9 
9 1 
9 2 
9 3 
9 9 

100 
101 
102 
103 

Fossil 
Steam 

Nuclear 
Steam 

Hydro- 
Electric 

Peaking Trans- 
Facilities Mission 

Distri- 
Bution 

Adminis- 
Tration 

Value 
Added 

Total 



Table 6 

Capita1,'Output Ratios for Istvan's Electric Process Vectors 

Proportion 2a2ital. Annual K/O Ratio 
of Total .2ost, * 1980 Capacit In estment, Out ut, 1967 $/lo P 

6 
Type Investnent 1937 $/kw Additibn, 1OXku lo3 1967 $ 101 Btu Btu 

Power Product ion ,4905 

fossil 155.1 15.0 

nuclea? '116.2 25.0 

hydro , 

peaking , 

Trensmission 

Distribution 

Administration .0331 

Total 1.0000 19.0511 

*Istvanls estimates (1'68 $1 deflated by the Handy-Whitman public utility, electric light E 
pcwer price .index, O.C4. 



p a r e  a l t e r n a t i v e  power p roduc t ion  t y p e s .  

C a p i t a l  c o e f f i c i e n t s  f o r  t h e  seven p r o c e s s e s  can now be  

c a l c u l a t e d  u s i n g  t h e  p r o p o r t i o n a l  breakdowns p r e s e n t e d  i n  Table  5  

and t h e  K / O  r e t i o  i n  Ta.ble 6 ,  w i t h  t h e  v a l u e  added c o e f f i c i e n t s  

r e a s s i g n e d  t o  s e c t o r  31. The T, D ,  E A c o e f f i c i e n t s  a r e  'added 

t o g e t h e r  t o  form a  g e n e r a l  overhead v e c t o r  f o r  u s e  w i t h  any 

power p r o d u c t i o n  v e c t o r ,  and t h i s  i s  l i s t e d  i n  Table  7 .  

F o s s i l  and peaking c o e f f i c i e n t s  a r e  combined f o r  u s e  i n  

t h e  s i n g l e  BNL s e c t o r  9  and, i n  t h e  r a t i o  o f  .863 f o s s i l ,  . I 3 7  

peaking.  Th i s  i s  based on t h e  " E l e c t r i c a l  World" f o r e c a s t  f o r  

new a d d i t i o n s  o f  t h e s e  two p l a n t  t y p e s  between 1976 and 1995. ( 7 )  

Th.e combined c o e f f i c i e n t s  for. fossi.1. and peaking p l a n t s  a r e  l i s t e d  

i n  Tab le  7 a s  w e l l  a s  t h e  c a l c u l a t e d  c a p i t a l  c o e f f i c i e n t s  f o r  

h y d r o e l - e c t r i c i t y  . 
The remaining t h r e e  s e t s  o f  power p r o d u c t i o n  c o e f f i c i e n t s  - 

LWR, HTGR, and Coal. Combined. Cyc1.e - cone from J u s t .  ( 3 )  Nuclear  

c o e f f i c i e n t s  from J u s t  a r e  used i n  p l a c e  o f  I s t v a n ' s  because  

t h e y  a r e  .morle recent .  and a r e  d e r i v e d  i n  much g r e a t e r . ' d e t a i l . *  

J u s t ' s  c o e f f i c i e n t s  a r e  r e s c a l e d  t o  a  55% p l a n t  f a c t o r ,  and th.e 

c o a l  combined c y c l e  c o e f f i c i e n t s  p r e s e n t e d  i n  Table  7  combine h i s  

low Etu coal. gas  vect .c r  a n d  h i s  combined c y c l e  power p l a n t  v e c t o r .  

J u s t  does n o t  p r e s e n t  d e f l a t o r s  f o r  v a l u e  added comporents 

01 ciipi'l-a1 c o s ~ s t r u c t i o n  ( i n t e r e s t  d u r i n g  c o n s t r u c t i o n ,  l a b o r  

s u p p l i e d  by th.e energy i n d u s t r i e s ,  e . t c .1 ;  s o  one cannot  e a s i l y  

. . . . . . . . .  . . . 

<I 
The LWR cap.i.ta.1. c o e f f i c i e n t  f o r  s e c t o r  50 i.s a d j u s t e d  upwa.rd by 

1.494374 1967$/106 Btu,  and t h e  HTGR c a p i t a l  c o e f f i c i e n t  f o r  s e c t o r  
50 i s  a d j u s t e d  upward by 1.717671 1967 $ / l o 6  Btu,  t o  accoun t  f o r  
i n i t i a l  f u e l  c o r e s .  



TABLE 7 

C a p i t a l . P r o c e s s  C o e f f i c i e n t s  
f o r  E l e c t r i c  U t i l i t i e s ,  1967 $1.10 Btu  

HTGR 
E l ' e c t r i c  

BNL , ' '  . 
S e c t o r  

2 2  
2 4  . 
2  7  
3  1 
3  3  
3  6  
3  9  
4  0  
4 3 
4  5  
4  6  
4  7 
5  0  
5  1 
5  3  
5  4  
5  6  
5 9 .  
6 6 
6  1 
6  2 
6  4  
6 5  " 

6  6  
6  7  
6  9  
7  0  
7  1 
7  2  
73  , 

7  11 
. 7 5  
7  6 
7  7  
7  8  
7 9  
R n 
8  1 
8  2  
8  3  
8 4  . 
8  6  
8  8  
8 Y 
9 1 
9  2 
9  3 
9  6  
9  9  

1 0 0  
1 0  1 
1 0 3  
104  
1 0 6  :. 
1 0  7  
1 0 8  
1 0 9  
11 0  

T r a d ,  D i s t r  F o s s i l . &  Hydro-' LWR 
& Admin . P e a k i n g  E l e c t r i c  E l e c t r i c  

C o a l  CMBND 
C y c l e  



c a l c u l a t e  K / O  r a t i o s  f o r  h i s  p r o c e s s e s .  . Ins t ' ead ,Bechte l  e s t i m a t e s  

a r e  used a s  c o n t r o l s  w i t h  t h e . d i f f e r e n c e  between t h e  sum o.f J u s t ' s  

c a p i t a l  c o e f f i c i e n t s '  and t h e  d e f l a t e d  Bech te l  K / O  r a t i o  added t o  . 

t h e  c a p i t a l  c o e f f i c i e n t  f o r  s e c t o r  31, new c o n s t r u c t i o n ,  p u b l i c  

u t i l i t i e s .  The Handy-Whitman p u b l i c  u t i l i t y  e l e c t r i c - l i g h t  and 

power. index* i.s used t o  d e f l a t e  Bech te l  r x t i o s  from - 1975 t o  1967 

d o l l a r s .  

. . This  ad jus tmen t  scheme i s  t h e  same a s  t h a t  used f o r  J u s t ' s  

t h r e e  nor ' - e l ec t r i c  p r o c e s s  v e c t o r s  i n  s e c t i o n  111. . Bech te l  K/O 

r a t i o s  a r e  a l s o  used a s  a  c o n t r o l  on" the  f ~ s s i . 1  and pea.king vectcr .  

d e r i v e d  from I s t v a n .  Here it i s  assumed t h a t  new f o s s i l .  p l a n t s  

w i l l  be 70% c o a l - f i r e d  and 3 0 %  o i ' l - f  i r e d .  Bech te l '  s '  .K/O r a t i o  

f o r  a  h y d r o e l e c t r i c  p l a n t  i s  n o t  used a s  a  c o n t r o l ,  however, 

because  i . Y  2s  lower thar: t.l-.eir K / O  r a t i o  f o r  . c o a l  s team e l e c t r i c '  

p l a n t s .  H i s to r i ca l .1y ;  c ' a p i t a l  c o s t s  f o r  h.ydccel.ectr;ic .p ls .n ts  

have been h i g h e r  t h a n  f o r  f o s s i l - f i r e d  p l a n t s .  Table  8. shows, 

t h e  a d d i t i o n  t o  t h e  c a p i t a l  c o e f f i c i e n t  f o r  s e c t o r  31 t h a t  i s  made 

i n  o r d e r  f o r  t h e  sum of t h e  c a p i t a l  c o e f f i c i e n t s  t o  e q u a l  B e c h t e l ' s  

K/G r a t i o  f ~ i r  each e l e c t r i c  g e n e r a t i o n  v e c t o r .  

T a b l e  8 

6  A d j u s t m e n t  t o  E l e c t r i c  G e n e r a t i o n  Vecto~ns, 1 9 6 7  $ / l o  B ~ L  

B e c h t e l  Sum cf J u s t  o r  A d j u s t m e n t  t o  
K / O  ' R a t i o  I s t v a n  C o e f f i c i e n t s  S e c t o r  3 1  P u r c h a s e s  

f o s s i l  e l ec t r i c  1 4 . 2 3 0 2  1 2 . 0 2 0 1  2 . 2 1 0 1  

LWR e l e c t ~ i o  1 7 . 7 9 3 0  l n . l l n 9  

HTGR e l e c t r i c  1 7 . 7 9 3 0  1 2 . 2 5 6 4  

C o a l  C o m b i n e d  C y c l e  2 6 . 4 7 9 8  4 . 6 6 5 9  
. . . .  

. . . . . . . . .  . .  

* 
This  p r i c e  index f o r  1975 v e r s u s  1967 i s  2 . 0 .  



The final-capital/output coefficients for the five electric 

sgctors are listed in Table -9. Eere, the T, 6, & A coefficient2 

in Tzble 7 have been added to each of the five electric generation 

vectors In that table. Also, coefficients for sector 31 have been 

adjusted upward by the amoulits shown- in Table 8. The sums 

shown at the bott~m of each col.umn are the estimated K/O ratios 

for that sector. 

A check can be made on the reasonableness of these ratios by 

comparing them with Battelle's single forecasted 1975 K/C ratio 

for the electric utility sectcr. Their ratio, inflated to 1967 

dollars and converted to a Btu basis by the implj cit 1967 1-0 

price of electricity (4.74 1967 $/lo6 Btu), is 28.19 1967 $/lo6 Btu. 

The estimates develcpec in this report zre right in the same 

ballpark; so there should be good conformity between energy sectcr 

capital requirements estimated with these coefficients and non- 

energy sector capital requirements estimated with Battelle coef- 

f icients . 



T A B L E  9 
. . 6 Capi ta l  ~ o . = ' f f i c i e n t s  f o r  E l e c t r i c  s e c t o r s ,  1967 $ / l o  B tugenera ted  

- - - . . .. . e l e c t r i c t y  

B N L  F o s s i l  Hydro- LWR ' H T G R  Coal C M B N D  
Sec tor  E l e c t r i c  E l e c t r i c  . E l e c t r i c  ' . ' : ~ i e c t r i c  .Cycle  



Capital 

BNL 
Sector 

8 9 
9 1 
3 2 
9 3 
9 6 
9 9 

100 
101 , 
103 
104 
106 
107 
108 
109 
11 0 

Coefficients 

Fossil 
Electric 

Table 9 (Continued) 
-- - . . - -. -- - - . .- . 

6 
for Electric Seators, 1967 $/lo ~tugenerated 

electricty . . .  . . 

Hydro- LWR HTGR Cqal CMBND 
Electric Electric Electric Cycle 

.I70767 .I49752 .I70730 .I33249 

.246168 ' .215740 .260940 .I91854 

.008954 ,007844 .009017 .006975 

.022378 .019611 .022241 .017439 
.000493 .000791 

-175352 .477683 .613780 .284884 
.000714 .001124 .lo6053 

.lo3829 .a64317 .013823 .012441 

.219245 .I85221 -186677 .670792' 
.000535 .000889 
.000115 .000179 

. .000040 . .000068 . 
.000042 .000065 
,000834 .001301 
.0004 26 .000066 

TOTAL 27.019011 22.655961 30.581936 30.581936 39.268711 

(K/O 
Ratio) 



V . . Recommendat ions for .:Future :Research. ' . , .. 
.._ . . . ; . . . .. 

A .number of pro.blems were -encountered .,in coordinat-ing and 

combining capita1,goefficient information from different original 

sources, The following ,recommendations- are made,.so that future 

research on th,is subject will be both useful and compatible with 

that already ..:done. . . 

.Estimat$on of,,capital coefficients. for techno$ogical processes 

should no:t be carried 0u.t in ,is~lation. Corresponding adjustments 

should be made to ,the remaining capital requirements of the input- 

output *sec,tor ,.in ,which BEA .gl.ass.ifies that process. An example 

of th5s is the work ,of .I.st,van which examines ..all capital requir.e- 

ments of the electric .utilit.y sector, ,not just those for power 

. . . . .  . plants . 
.Coefficients should be estimated within the framework of 

some set of coefficients for the whole economy, such as Battelle's. 

Use of the same classification conventions, the same level of de- 

tail, and the same year dollars will ensure compatability of 

estimates and prevent definitional. inconsistency. 

.Coefficients should accurately reflect the composition of 

current inputs used by the construction sectors to produce buildings 

and structures. The processes i,nvestigated in this report, for 

example, all require large capital purchases from one or two new 

construction sectors. Yet, the 1-0 table of current (vs. capital) 

transactions which is used with the capital coefficients says that 

exactly the same set of inputs are used to construct nuclear 

plant buildings, fos.sil plant buildings, etc. 

*All capital payments as defined by BEA (.including construction 

and installation labor and interest during construction) should be 



d e f l a t e d '  so  t h a t .  es t imated  coeff f c i en t s .  can .Be. -wed  wi'th. .historical 

input-output  t a b l e s .  I n  t h i s  way one can s e p a r a t e  r e a l  e f f e c t s  

i n  t h e  s t r u c t u r e  of  product ion from pure ly  monetary e f f e c t s  t h a t  

have occured between t h e  d a t e  of t h e  h i s t o r i c a l  1-0 t a b l e  and t h e  

d a t e  of t h e  technology represen ted  by t h e  c a p i t a l  c o e f f i c i e n t s .  

*The l e v e l  of d e t a i l  inco.rporated i n  process  c o e f f i c i e n t s  

should be cornpatable wi th  t h a t  of t h e  s e c t o r a l  c o e f f i c i e n t s  wi th  

which they  a r e  t o  be ' u sed .  For example, J u s t  p u l l s  many purchases 

ou t  of what BEA and I s t v a n  would inc lude  in new cons t ruc t ion  

purchases ,  and he i d e n t i f i e s  them by s e c t o r .  This has  no t  been 

done f o r  f o s s i l  p l a n t s  o r  T ,  D & A;.so model runs  t h a t  c o n t r a s t  

s e c t o r a l  investment requirements i n  f o s s i l  c apac i ty  versus  nuc l ea r -  

capac i ty  a r e  no t  f u l l y  comparable. 
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