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I I N T R O D U C T I O N 

I n this paper is proposed a method o f using Input -Output (I-O) techniques 
for cost-benefit (G-B) analysis, i n order to compare one method o f con

serving energy w i t h another. Only energy conservation w i l l be considered, 
although the methodology is applicable to many other kinds o f problem. 

The outl ine o f the paper is as fol lows: i n the second part we discuss the 
1974 1-0 data to be used as base for the C-B experiments. The th i rd shows 
how these 1-0 data are applied as C-B tools to three energy conservation 
schemes for which numerical informat ion was available. I n the four th part 
we standardise and compare results found i n the t h i r d ; whilst the f i f t h sets 
out some conclusions. A n Appendix examines the common ground between 
tradi t ional C-B formulae and tradi t ional I-O analysis. 

Four useful aspects o f the paper are the fo l lowing; f irst ly, a version o f a 
1974 I-O transactions table is made available for general use, as wel l as 
multipliers for that version: Secondly, some insight is given on the substitu
t ion effects o f the o i l crisis; we compare the 1973 and 1974 household ex
penditure patterns and surmise that some differences are due to higher o i l 
and energy prices: T h i r d l y , the paper attempts to integrate C-B analysis w i t h 
I-O techniques and thus calculate secondary effects o f investment schemes: 
Four th ly , the tools available through the above aspects are applied to three 
C-B problems, all relating to methods o f saving energy, considered as invest
ments. 

I I T H E 1974 D A T A BASE TO BE USED FOR EXPERIMENTS 

I n this section we consider the 1974 Input -Output data base to be used in 
Part I I I for cost-benefit experiments on three energy conservation invest-

• E a r l i e r draf ts have been g rea t ly i m p r o v e d b y the h e l p f u l c r i t i c i s m o f R . C. Geary , 
M . Ross, a n d t h e Referee; t h e w r i t e r acknowledges t h e i r k i n d a t t e n t i o n . 



merits. We also consider a suggested pattern o f change i n 1974 household 
expenditure in response to savings o f energy costs. Tables 1 to 3 below give 
I-O estimates for 1974 and are usable as instruments for our I-O approach to 
C-B, although Table 1 is properly to be regarded as a possible rather than an 
actual 1974 I-O transactions table. I t does contain a correct set o f National 
Accounts for 1974 but is otherwise not precise because o f lack o f informa
t i o n such as 1974 Census o f Industrial Production results. The numerical 
data set out i n Tables 1 to 4 below w i l l be used as tools for the experiments 
discussed i n Part I I I ; Tables 1 to 4 , although sensible, are no t to be taken as 
precise descriptions o f detailed 1974 economic transactions. Tables 1, 3 and 
4 are the main tools we w i l l use; Table 2 is merely the necessary stage to 
reach Table 3 f rom Table 1. The mathematical formulae underlying Table 
2 are set out i n the Appendix . 

Table 1 is a fairly typical transaction table and describes economic trans
actions w i t h i n and between industries and services during 1974. The table 
has 22 rows and columns, each r o w to ta l being matched by a column to ta l . 
A l l imports are gathered together i n Row (22) , matching the export Column 
(22). A l l savings, including depreciation and net foreign disinvestment, are 
in R o w (21), matching capital format ion Column (21). A l l government in
come is gathered in to Row (20) , which matches Column (20) having govern
ment current expenditure, transfers to households and savings (negative). A l l 
household income is gathered in to Row (19) which matches Column (19) 
having household consumption expenditure and saving. The other rows and 
columns have sales and purchases by industries and services among them
selves and to Columns (19) to (22). 

This design o f table was used i n the Copeland and Henry (1975) study o f 
multipliers for 1964 and 1968 and was found to be more appropriate for 
such analysis than other designs. We w i l l refer to multipliers below in con
nection w i t h Table 2; they are no t expl ic i t ly needed to an understanding o f 
our C-B analysis. Some readers, however, may wish to use Tables 1 to 3 as 
rough 1974 estimators no t otherwise available for updating the 1964 and 
1968 multipliers referred to . 

I n order to get Table 2 we require uni tary coefficients w i t h i n each column, 
for 19 columns o f Table 1. The set o f coefficients i n any column is obtained 
f rom the corresponding co lumn o f Table 1 by dividing the latter entries by 
the Tota l I npu t figure for that column. To save space, the table o f direct 
input coefficients is not shown. 

Table 2 shows the usual Leont ief inverse for 19 interacting sectors, the 
19th being households. Thus Row (19) has Keynesian-type multipliers o f 
household income, per un i t final demand. These are described i n the Cope-



Economic and Social Review Vol. 9 No. 1. 

T a b l e 1- Irish 1974 input-output transactions for 22 sectors at producers' prices, each \ 
£ million (ROUGHESTIMATES) 

row total matched by a column total 

A g r i c u l t u r e , F o r e s t r y , F i sh ing (1) 2 2 7 68 
S o l i d Fue l (2) 
S tone , Ores , Gravel (3) 3 00 
F o o d , D r i n k , T o b a c c o (4) 79 16 
T e x t i l e s , C l o t h i n g , etc. (5) 0 43 
W o o d , F u r n . , Paper, P r i n t i n g (6) 
Chemica l s , Rubbe r , Plastics (7) 18 32 
P e t r o l e u m R e f i n i n g (8) 6 18 
C l a y , C e m e n t , P o t t e r y 0 ) 
M e t a l , M a c h i n e r y ( 1 0 ) 0 36 
Veh ic l e s (11 ) 4 00 

C o l u m n Codes 

C o n s t r u c t i o n (12 ) 
E l e c t r i c i t y (13) 
Gas, T o w n (14) 
T rade M a r g i n (15 ) 
T r a n s p o r t , Purchased (16 ) 
Services (17 ) 
A r t i f i c i a l Sect, n.e.s. (18 ) 
H o u s e h o l d I n c o m e Dispos . (19 ) 
G o v t . I n c o m e Disposable (20 ) 
Savings (21 ) 
I m p o r t s , T o t a l (22 ) 

C o l u m n Codes 

Total Input 

(1) 

0 .04 

0 .10 

(2) 

4 4 4 . 4 3 4.55 1.09 
1.60 0.10 0 .30 0 .10 0 .20 

0 .60 0 .10 1 0.20 4 .90 

1 7 2 . 2 4 6.09 0 .20 0 .90 
5 2 . 0 1 1.13 1.17 

0 .04 0.65 0.48 24 .68 0 .04 0 .26 

0.92 3 .66 0.88 1.10 9 .16 0 .26 

0.43 5 .42 1.20 1.37 2.03 3 .72 

0 .48 0 .16 14 .47 

0 .01 0 .14 0.17 0 . 0 1 0.03 

(3) 

1.80 

(4 ) 

4 . 0 0 0 .20 2 00 6 0 0 
0 6 0 

3 0 . 0 0 0 60 10 00 
9 .00 0.20 0 6 0 

14 .00 0 .30 2 00 7 00 
3 .20 1.80 18 10 4 0 90 

3 5 6 . 1 0 14 .20 17 80 136 70 
- 2 1 . 1 0 4 . 2 0 6 70 - 18 8 0 

4 1 . 0 0 3 .80 9 30 29 80 
80 . 67 0 .16 5 22 112 10 

(1) (2 ) (3) (4 ) 

8 5 6 . 0 0 2 5 . 0 0 66 00 9 5 3 0 0 

(5) 

2 .50 

2 . 0 ) 

4 1 . 2 ) 
6 6 . 0 ) 
1 7 . 1 ) 
1 1 . 8 ) 
9 3 . 0 ) 

(5 ) 

(6) 

1.50 
0 .10 
1.90 

15 .70 
3 8 . 5 0 
10 .20 

6 .40 
4 3 . 5 0 

(7) 

2 .20 
0 .10 
2 .80 

2 3 . 0 0 
5 1 . 6 0 
14 .20 

9 .30 
65 .19 

(8) (9 ) 

0 .30 

3 .20 
4 . 7 0 
1.40 
1.40 

9 0 . 0 0 

5 .00 
0 .50 
5 .50 
3 .00 

4 .70 
2 6 . 2 0 

7 .60 
8 .00 

15 .66 

(6) (7 ) 

2 9 9 . 0 ) 1 4 8 . 0 0 1 8 2 . 0 0 

(8) ( 9 ) 

1 0 1 . 0 0 1 0 0 . 0 0 

0 .10 
0 .70 

0.13 
0.43 
0 .92 
0.63 
0 .72 
2 .54 

(10) 

2 .00 
0 .40 
1.20 

3 6 . 0 0 
6 2 . 6 0 
16 .60 
10 .60 

106 .43 

(10 ) 

0.87 
0.43 
5 .50 
0.08 
0 .56 
0.25 
4 . 0 0 

(11 ) 

1.00 
0 .10 
0 .20 
.0.10 
1.00 

13 .10 
3 9 . 4 0 
2 1 . 0 0 

3 .60 
8 2 . 8 1 

(11) 

(1) 
(2 ) 
(3) 
(4) 
(5) 
(6) 
(7 ) 
(8) 
(9 ) 

( 1 0 ) 

(11 ) 

(12) 
( 1 3 ) 
(14 ) 
(15 ) 
(16 ) 
( 1 7 ) 
( 1 8 ) 
(19 ) 
(20 ) 
(21 ) 
(22 ) 

2 4 2 . 0 0 1 7 4 . 0 0 T O T A L 

0 .20 
2 1 . 5 0 

1.21 
15 .15 

2.75 
0 .51 

4 5 . 8 4 
2 . 4 4 

(12 ) 

4 0 . 0 0 
2 .70 

2 5 . 0 0 
14 .00 
10 .00 
3 3 . 8 0 

1 7 6 . 0 0 
4 7 . 5 0 

9 .30 
8 8 . 1 0 

(12 ) 

5 3 6 . 0 0 

8 .90 - 0 . 5 0 

15.67 

(13 ) 

2 .14 
0.32 
0 .04 

(14 ) 

O.I'O 
0 .50 

5 .40 0 .40 
3 7 . 5 0 ! 3 . 8 0 

7.90 0 .90 
12 .60 0 .10 
23 .03 3 .20 

( 1 3 ) (14) 

1 1 1 . 0 0 11.00 

3 

s 
<3 

( 1 5 ) ( 1 6 ) 

0 .80 

4 . 0 0 
0 .26 
2 .81 0 .35 

2.85 6 .66 

2 0 . 0 0 

(15 ) (16 ) 

7 .00 
9 .00 1.00 

8.00 12 .00 
9 .10 4 . 0 0 

3 6 . 7 0 9 .00 
4 2 . 9 0 2 0 . 0 0 

2 1 3 . 6 0 5 7 . 4 0 
7 3 . 4 0 2 5 . 6 0 
4 0 . 0 0 1 7 . 0 0 
18 .58 36 .99 

(15 ) (16 ) 

4 5 8 . 0 0 2 2 1 . 0 0 

c/3 

(17 ) 

3 .46 
2 .20 

10 .70 
1.08 

12.99 
2 . 7 1 
2 . 5 0 ' 
2.57 
0 .37 
3 .00 

(17 ) 

3 0 . 0 0 
11 .50 

0 .40 
15 .00 
14 .00 
77 .90 
3 5 . 0 0 

5 8 8 . 9 0 
2 7 9 . 1 0 
102 .00 

6 6 . 6 2 

(17 ) 

1 ,262.00 

s 

S 
s 
s 
o 

•S 
ft 

(18) 

3 
O 

(19 ) 

•a 
3 
to 
S 

•5. 

o 
O 

(20) 

2.38 
1 9 . 6 1 

0.37 
2.48 
7.24 
0 .71 

16 .00 

(18 ) 

3 .20 

0.30 
8.80 

18 .00 
1 7 6 . 1 0 

10 .60 

91 .07 
4 .00 

310 .55 
56 .35 
25 .98 

6.95 
2 2 . 3 1 

4 .84 
4 .07 

6 0 . 0 0 

(19) 

6 0 . 0 0 
8.00 

2 4 1 . 0 0 
5 7 . 0 0 

4 0 0 . 0 0 

0.92 

(20 ) 

3 6 . 0 0 

4 7 4 . 0 0 

4 5 0 . 0 0 

4 1 8 . 0 0 

79 .00 
15 .00 

2 2 . 5 0 2 5 9 . 0 0 6 0 . 0 0 
4 0 7 . 0 0 - 6 8 . 0 0 - 1 6 1 . 0 0 

6 4 . 7 1 4 1 1 . 8 8 0.08 2 8 6 . 0 7 

(18) (19) (20) (21 ) 

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

•a 
x 

Row 
Codes 

(21 ) (22) 

- 8 .20 91 .00 (1) 
3 .00 4 .00 (2) 

35 .00 (3) 
11 .16 358 .00 (4) 

9.98 172 .00 (5) 
9 . 1 1 35 .00 (6) 
5 .50 123 .00 (7) 
2 .72 2 2 . 0 0 (8) 
0 .80 22 .00 (9) 
3.86 2 2 7 . 0 0 (10) 

4 7 . 0 0 2 0 . 0 0 ( I D 

(21) (22) 

15 .00 
77 .00 
54 .00 

4 .00 
8 9 . 0 0 
58 .00 

2 8 8 . 0 0 
2 5 . 0 0 

(12) 
(13) 
(14) 
(15 ) 
(16) 
(17) 
(18 ) 
(19 ) 
(20 ) 
(21 ) 
( 2 2 ) 

(22) 

1 ,719.00 T O T A L 

Totd 
Outpi 
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T a b l e 2 : (I-A) inverse and total requirement coefficients for 19 sectors of Irish 1974 22-sector transactions Table 1 

•5 

to 

6b 

o 
o 

bo 

o 

-0 

6 

s 

7^ 

•S 

Row 
Codes s 

a O 
3 

O 

5 

3 So 
8-5 

O 
-S 

3 

Row 
Codes 

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

A g r i c u l t u r e , Fo res t ry , F ish ing 
S o l i d Fue l 
S tone , Ores , Grave l 
F o o d , D r i n k , T o b a c c o 
T e x t i l e s , C l o t h i n g etc. 
W o o d , F u r n . , Paper, P r i n t i n g 
Chemica l s , R u b b e r , Plastics 
P e t r o l e u m R e f i n i n g 
C l a y , C e m e n t , P o t t e r y 
M e t a l , M a c h i n e r y ' 
Veh ic l e s 

C o l u m n Codes 

C o n s t r u c t i o n 
E l e c t r i c i t y 
Gas, T o w n 
T r a d e M a r g i n 
T r a n s p o r t , Purchased 
Services 
A r t i f i c i a l Sect, n.e.s. 
H o u s e h o l d I n c o m e 

T o t a l ( P r i m a r y I n p u t ) 
R e q u i r e m e n t s per U n i t 
F i n a l D e m a n d : 
G o v t . I n c o m e 
Savings 
I m p o r t s 

C o l u m n Codes 

T o t a l P r i m a r y * 

(1) 
(2) 
(3) 
(4) 
(5 ) 
(6) 
(7 ) 
(8) 
(9) 

( 1 0 ) 

(11 ) 

(12 ) 
(13) 
(14 ) 
(15) 
(16 ) 
(17 ) 
( 1 8 ) 
(19 ) 

1.637 
0 .006 
0 .007 
0 .348 
0 . 0 3 1 
0 .023 
0 . 0 4 4 
0 .035 
0 . 0 0 6 
0 .003 
0 .042 

(1) 

0 .010 
0 .043 
0 . 0 0 4 
0 .175 
0 .053 
0 .267 
0 . 0 7 4 
1.014 

0 .145 
1.005 
0 . 0 0 1 
0 .156 
0 .026 
0 .025 
0 .009 
0 . 0 2 4 
0 .007 
0 .002 
0 .033 

(2) 

0 .009 
0 .037 
0 .003 
0 . 1 0 4 
0 . 0 4 2 
0 .243 
0 .118 
0 .869 

0 .106 
0 .006 
1.012 
0 . 1 1 4 
0 . 0 2 1 
0 .038 
0 .023 
0 .029 
0 . 0 2 4 
0 .002 
0 .036 

(3) 

0 .043 
0 .055 
0 .003 
0 . 0 9 6 
0 . 0 4 1 
0 . 3 3 4 
0 .336 
0 .620 

0 .983 
0 .008 
0 . 0 0 4 
1.474 
0 .027 
0 .025 
0 .033 
0 .035 
0 .007 
0 . 0 0 2 
0 .037 

(4) 

0 .010 
0 .043 
0 . 0 0 4 
0 . 1 5 1 
0 .045 
0 . 2 6 1 
0 .116 
0 . 8 8 4 

0 .137 
0 . 0 0 4 
0 . 0 0 1 
0 . 1 3 1 
1.228 
0 .027 
0 . 0 1 1 
0 . 0 2 0 
0 .008 
0 . 0 0 2 
0 .027 

(5) 

0 .009 
0 . 0 3 0 
0 . 0 0 2 
0 .079 
0 .029 
0 .215 
0 .208 
0 .528 

0 . 1 0 9 
0 .007 
0 . 0 0 1 
0 .105 
0 .029 
1.222 
0 . 0 1 6 
0 . 0 2 7 
0 . 0 0 8 
0 .003 
0 . 0 2 6 

(6) 

0 .008 
0 .032 
0 .003 
0 .087 
0 .028 
0 .199 
0 .168 
0 .558 

0 . 0 9 4 
0 .005 
0 .002 
0 .103 
0 .025 
0 .022 
1.059 
0 .027 
0 .007 
0 .002 
0 .025 

(7) 

0 .008 
0 .032 
0 .003 
0 . 0 8 4 
0 .027 
0 .195 
0 .172 
0 .529 

0 . 0 1 4 
0 . 0 0 1 

0 .015 
0 .003 
0 . 0 0 4 
0 . 0 0 1 
1.003 
0 . 0 0 1 

0 .005 

(8) 

0 . 0 0 1 
0 .006 

0 . 0 1 1 
0 .005 
0 .037 
0 .038 
0 .085 

0 .105 
0 . 0 1 1 
0 .059 
0 .113 
0 .019 
0 .024 
0 . 0 1 1 
0 .069 
1.176 
0 .002 
0.02.8 

0 .010 
0 .083 
0 .009 
0 .144 
0 .064 
0 .194 
0 .122 
0 .622 

0 . 0 8 0 
0 . 0 0 4 
0 . 0 0 4 
0 .086 
0 . 0 1 6 
0 . 0 2 4 
0 .009 
0 . 0 1 6 
0 . 0 1 1 
1.012 
0 . 0 2 4 

0 .008 
0 .026 
0 . 0 0 4 
0 .066 
0 . 0 2 6 
0 . 1 9 1 
0 .186 
0 . 4 7 1 

0 .069 
0 .003 
0 .001 
0 .074 
0 .019 
0 .018 
0 .038 
0 . 0 1 1 
0 .008 
0 .003 
1.041 

(9) ( 1 0 ) (11) 

0 .005 
0 .021 
0 .002 
0 .053 
0 . 0 2 0 
0 .142 
0 .108 
0 .406 

(1) 
(2) 
(3 ) 
(4) 
(5 ) 
(6 ) 
(7 ) 
(8 ) 
(9) 

(10 ) 
(11 ) 

( 1 2 ) 
(13 ) 
( 1 4 ) 
(15 ) 
(16 ) 
(17 ) 
( 1 8 ) 
( 1 9 ) 

(12 ) (13) (14) (15 ) (16) (17) (18) (19) 

0 .123 0 .099 0 .090 0 .139 0 .115 0 . 1 4 4 0 .098 0 .237 (1) 
0 .006 0 .083 - 0 . 0 4 4 0 .008 0 . 0 0 4 0 .007 0 .005 0 .007 (2) 
0 .050 0 . 0 0 1 0 .003 0 . 0 0 1 0 .003 0 .002 0 .003 0 .002 (3) 
0 .132 0 .106 0 .097 0 .149 0 . 1 3 1 0 .154 0 .105 0 .255 (4) 
0 .026 0 .018 0 .016 0 .026 0 .019 0 .025 0 .026 0 .042 (5) 
0 . 0 6 1 0 .017 0 . 0 1 4 0 .033 0.025 0 .033 0 . 0 9 1 0 .028 (6) 
0 .015 0 .006 0 .005 0 .009 0 .010 0 . 0 1 1 0 . 0 1 1 0 .013 (7) 
0 .026 0 . 1 5 4 0 .218 0 .028 0 .046 0 . 0 2 1 0 .026 0 .028 (8) 
0 .116 0 .005 0 . 0 4 0 0 .008 0 . 0 1 0 0 .010 0 .033 0 .007 (9) 
0 .007 0 . 0 0 1 0 .005 0 .002 0 .002 0 .002 0 . 0 0 4 0 .003 (10) 

0 .032 0 .022 0 . 0 2 0 0 . 0 3 4 0 .120 0 . 0 3 1 0 .075 0 .045 ( I D 

(12) (13) (14 ) (15 ) (16 ) (17 ) ( 1 8 ) (19) 

1.092 0 .006 0 .005 0 .012 0 . 0 4 4 0.035 0 .032 0 .010 (12) 
0 .039 1.021 0 . 0 3 0 0 .049 0 .028 0 .037 0 .028 0 .046 (13 ) 

0 .003 0 .002 1.050 0.003 0 .002 0 .003 0 .003 0 .005 (14) 

0 .150 0 . 0 7 1 0 .066 1.120 0 .133 0 .109 0 .105 0 .165 (15) 

0 .065 0 . 0 2 4 0 .022 0 .056 1.049 0 .042 0 .083 0 .047 (16) 

0 .247 0 .162 0 . 1 4 1 0 .325 0 .243 1.261 0 .697 0 . 3 0 6 (17 ) 
0 . 1 4 4 0 .089 0 .072 0 .147 0 .148 0 .076 1.103 0 . 0 6 1 (18) 

0 .728 0 .590 0 . 5 3 9 0 .822 0 .589 0 .791 0 .536 1.427 (19) 

(20 ) 
(21 ) 
(22 ) 

0 .178 
0 . 3 1 4 
0 . 5 0 9 

0 .350 
0 . 3 5 1 
0 . 2 9 9 

0 . 3 0 1 
0 .308 
0 . 3 9 1 

0 .153 
0 .292 
0 .556 

0 .208 
0 .182 
0 . 6 1 0 

0 .223 
0 . 1 8 9 
0 .588 

0 .216 
0 . 1 8 4 
0 .600 

0 .037 
0 .035 
0 .928 

0 .256 
0 .264 
0 .481 

1 

0 .195 
0 . 1 6 1 
0 .645 

0 . 2 2 4 
0 . 1 2 0 
0 .656 

( 2 0 ) 
( 2 1 ) 
(22 ) 

0 . 2 9 4 
0 .216 
0 .490 

0 .209 
0 . 2 6 1 
0 .529 

0 .195 
0 .132 
0 . 6 7 4 

0 . 3 6 4 
0 .289 
0 .347 

0 .290 
0 .232 
0 .479 

0 . 4 0 1 
0 .270 
0 .330 

0 .330 
0 .185 
0 . 4 8 6 

0 .263 
0 .313 
0 . 4 2 4 

(20 ) 
(21) 
(22) 

(1) (2) (3) (4) (5 ) (6) (7 ) (8 ) 
I 

(9) 
[ 

( 10 ) ( I D (12 ) ( 1 3 ) (14 ) (15) (16 ) (17) ( 1 8 ) (19 ) 

1.001 1.000 1.000 1.001 1.000 1.000 1.000 1.000 
1 

1.001 1.001 1.000 T o t a l 1.000 0 .999 1.001 1.000 1.001 1.001 1.001 1.000 Total 

* T h e s u m o f entr ies i n R o w s (20 ) t o ( 2 2 ) , i n t h e o r y equal t o u n i t y . 



land Henry (1975) study, for 1964 and 1968. The household 1974 income 
mul t ip l ier for Column (19) itself is 1.43, compared w i t h 1.58 for the 1968 
34-sector inverse; the reduction in size is par t ly due to relatively more ex
pensive imports for 1974 than for 1968 and may also have other causes. The 
to ta l requirements' coefficients for Rows (20) , (21) and (22) are also Key-
nesian-type multipliers corresponding to 34-sector 1968 results (Copeland 
and Henry 1975}^in so far as sectors can be matched. 

Table 3 is an essential part o f the 1-0 approach to C-B analysis. The I-O 
theory shows that, i f all our arithmetical calculations for Table 2 have been 
correct, we can ful ly account for each o f Columns (20) to (22) o f Table 1 in 
terms o f Rows (20) to (22) , via the 19-sector Leont ief inverse included in 
Table 2. Likewise, the household income, Row (19) , can be accounted for 
f u l l y 1 by entries i n Columns (20) to (22) . For the 19-sector Table 2 inverse 
o f the present paper, Columns (20) to (22) are treated as so-called final 
demands and can be ful ly accounted for by Rows (20) to (22). What Table 3 
shows is these three components o f each o f the Columns (20) to (22), 
together w i t h related household income. 

One numerical example w i l l suffice. The Table 1 Column (20) tota l value 
is 893 units, i n £ m i l l i o n . Table 3 shows that this means 319 units o f govern
ment income, 209 o f savings and 365 units o f imports , for our chosen I-O 
model and theories. Thus the 893 units o f value o f Column (22), thought o f 
as a stimulus to the economy, generates as response an aggregate equal 
amount made up o f the three components mentioned. This same stimulus 
also generates a response o f 1,044 units o f household income. 

Tables 1 and 3 are the basis we w i l l use for cost-benefit comparisons i n 
our experiments, described in Part I I I below. We w i l l change one or more 
columns o f Table 1, especially Column (19), household consumption, to 
al low for savings on energy. We w i l l compute the new 19-sector Leont ief 
inverse and the new equivalent o f Table 3. By comparison w i t h Table 3 en
tries we w i l l get the net changes' which are taken to be net benefits. Invest
ment switching must also be taken in to the reckoning. 

We want a plausible pattern for household expenditure o f money saved 
through conserving energy, so that we can use this pattern to modi fy Column 
(19) o f Table 1 when we come to compute net benefits. National income 
data o f a suitable nature are available. F rom the CSO (1976) report on 1974 
National Income we have relevant particulars in Tables A . l l and A .12 . A t 
1970 prices, household expenditure was £1,307 m i l l i o n for 1973 and £1,313 

1 T h e C o p e l a n d a n d H e n r y ( 1 9 7 5 ) paper has a f a i r l y de t a i l ed discussion o f th is p r o p e r t y , 
i n c o n n e c t i o n w i t h i t s A p p e n d i x 7.1 



T a b l e 3 : Primary Input components of Table 1 columns (20) to (22) and related house
hold income, via 19-sector inverse. 

Columns of 1974 I-O 22-sector transactions 
Government Columns 

Component consumption, Capital Exports (20) to 
transfers, Formation (22) 

savings combined 
(20) (21) (22) 

£ £ £ £ 
million million million million 

Government Income (20): 
D i r e c t ( r o w (20 ) o f T a b l e 1) 0 60 58 118 
V i a i n t e r - i n d u s t r y 19-sector 3 1 9 174 2 8 2 775 
T o t a l ( A ) 3 1 9 2 3 4 3 4 0 8 9 3 
Savings (21): 
D i r e c t ( r o w (21) o f T a b l e 1) - 6 8 - 1 6 1 288 59 
V i a i n t e r - i n d u s t r y 19-sector 277 130 3 1 6 723 
T o t a l ( B ) 2 0 9 - 3 1 6 0 4 782 
Imports (22): 
D i r e c t ( r o w (22 ) o f T a b l e 1) 0 2 8 6 25 3 1 1 
V i a i n t e r - i n d u s t r y 19-sector 365 293 7 5 0 1,408 
T o t a l (C) 3 6 5 5 7 9 775 1,719 
Aggregate o f ( A ) , ( B ) , (C) 8 9 3 782 1,719 3 , 3 9 4 
C o l u m n to ta l s s h o w n i n T a b l e 1 893 782 1,719 3 , 3 9 4 
Household Income (19) generated b y 

C o l u m n s (20) t o (22 ) 1,044 4 1 7 9 6 9 2 , 4 3 0 

m i l l i o n for 1974. This means almost identical to ta l spending power i n bo th 
years, according to the constant price results. 

I t therefore seems a reasonable hypothesis that i f inf la t ion between 1973 
and 1974 had spread completely evenly over all items as listed, then we wou ld 
get such 1974 expenditure simply by scaling up the 1973 Column (1) figures 
o f Table 4 to give £2,023 m i l l i o n which is the 1974 aggregate at current 
prices shown i n detail i n Column (3) . The scaled-up 1973 figures appear as 
Column (2) . 

Column (2) values less those o f Column (3) , give a hypothet ical pattern 
o f distortions due to uneven price changes between 1973 and 1974 and are 
shown i n Column (4) . We f ind in fact that the two biggest hypothetical 
purchasing losses or wastes o f money (negative Column (4) entries) are for 
fuel and power, (£22 m i l l i o n ) , and travelling w i t h i n the State, (£7 m i l l i o n ) , 
j o i n t l y making£29 m i l l i o n . The four biggest positive entries ( to be interpreted 
here as forced reductions o f buy ing power) are for transport equipment (£16 
m i l l i o n ) , durable household goods (£9 mi l l i on ) , food, dr ink and tobacco 
(£5 m i l l i o n ) , and c lothing, etc., (£4 m i l l i o n ) . "Biggest" here means readily 



identifiable w i t h our 22-sector I-O model . T o avoid undue complicat ion o f 
commodities i n the exercises below, we select the three items transport 
equipment, durable household goods, c lothing etc., as suitable components 
o f £29 mi l l i on reduction in purchases, to match the switch o f £29 m i l l i o n to 
extra energy costs. Thus another way o f pu t t ing our hypothesis is that £29 
m i l l i o n was taken by excessive fuel, power and travel costs and that the three 
positive items selected were sacrificed to provide this £29 mi l l i on . 

T a b l e 4 : Household Consumption Expenditure for 1973 and 1974 and derived 
marginal pattern 

Derived 
Column (1) marginal 

1973 scaled up 1974 pattern 
Actual uniformly Actual (2) less (3) 

Expenditure Category at current to give at current for reduced 
prices 1974 prices spending 

total on energy 

(1) (2) (3) (4) 

£ million £ million £ million £ million 
F o o d a n d n o n - a l c o h . beverages 4 8 1 . 2 5 5 9 5 5 3 6 
A l c o h o l i c beverages 200 .3 2 3 3 2 3 9 - 6 
T o b a c c o 95 .0 110 105 5 
C l o t h i n g , f o o t w e a r , personal e q u i p . 194.2 2 2 6 222 4 
F u e l a n d p o w e r ( e x c l . m o t o r s p i r i t ) 71.9 8 4 106 - 2 2 
D u r a b l e h o u s e h o l d goods 9 6 . 4 112 103 9 
T r a n s p o r t e q u i p m e n t 77.3 9 0 74 16 
O t h e r goods 145.2 169 173 - 4 
R e n t 1 0 9 . 4 127 125 2 
T r a v e l l i n g w i t h i n t h e State 100.3 117 1 2 4 - 7 
E x p e n d i t u r e ou t s ide t h e State 60.3 70 73 - 3 
E n t e r t a i n m e n t a n d spo r t 27 .6 32 3 1 1 
Professional services ( i n c l . Educ . ) 6 2 . 9 73 73 0 
Pr ivate domes t i c service 6.6 8 8 0 
O t h e r e x p e n d i t u r e 96 .3 112 1 1 6 - 4 
less E x p e n d , b y non-res idents - 8 4 . 8 - 9 9 - 1 0 2 3 

Total household consumption 
expenditure 1,740.1 2 ,023 2 ,023 0 

( - 4 6 + 4 6 ) 

Sources: Tables A . l l a n d A . 1 2 o f NIE 1 9 7 4 (CSO 1 9 7 6 ) . 

The assumption is now made that any saving on energy costs w i l l be used 
to purchase transport equipment, durable household goods and clothing, etc., 
i n the ratio 16:9:4, rounded to be 4 : 2 : 1 , thus tending to restore the Column 
(2) pattern. These items are interpreted as being nearest to Rows (12) , (11) 



and (5) respectively, o f our 22-sector model; Their values at purchaser prices 
have to have an estimated trade margin (perhaps % ) deducted and then the 
remainder divided between domestic outputs and similar imports . We have 
enough i m p o r t data to roughly estimate similar impor t ratios. Part I I I below 
w i l l clearly illustrate these procedures. 

I l l EXPERIMENTS W I T H T H E INPUT-OUTPUT M O D E L 

I n this part o f the paper are shown the results o f applying the I-O model to 
three proposed methods o f conservation, for which numerical data are avail
able. The first application is to measure the outcome o f insulating thermally 
the attic i n most existing houses. The second considers replacement o f coal-
fired central heating o f individual houses by a district heating scheme, also 
coal-fired. The th i rd application measures the outcome o f using the heat 
f rom an oil-fired electricity generator for district heating, instead o f the coal-
fired system o f the previous proposed scheme. I n Part I V below we w i l l l ook 
at the results o f all three experiements together and consider how to com
pare the methods o f conservation one w i t h another, as wor thwhi le invest
ments. Losses o f benefits by withdrawal o f investment f rom other projects 
w i l l be brought in to the picture. 

I I I . 1 EXPERIMENT O N E : T H E R M A L I N S U L A T I O N OF EXISTING HOUSE ATTICS 

This experiment considers the effects o f thermal insulation o f attics o f 
most houses in the country . The basic data come from Table 9.1 o f the 
Henry (1976) report on conservation. We w i l l take roughly 700,000 houses 
at an in i t i a l investment cost o f £50 per house, that is an in i t ia l investment of 
£35 m i l l i o n for insulation o f attics. We w i l l take the theoretical max imum 
annual saving o f £9.6 mi l l i on out o f roughly £71 mi l l i on annual cost o f 
space-heating. We w i l l assume that all cost o f investment has been paid before 
the typical year, to be analysed. 

Table 5 sets out the main features. The figure o f £71 mi l l i on is an estimate 
included i n Table 9.1 o f Henry (1976) ; its pattern shown in Column (1) of 
Table 5 is tentative, as is the pattern for the £9.6 m i l l i o n saving. The other 
columns o f Table 5 show how an estimated suitable pattern is formed, by 
means o f background data to this paper. 

N o w we consider Table 6, which allocates the £9.6 mi l l i on fuel savings to 
c lothing, metal etc., vehicles, roughly in the ratio 1:2:4. Here again we use 
background data to estimate a suitable pattern, i.e., compatible w i t h the 
structure o f Table 1. 
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Tab le 5: Numerical outline of Experiment One: Thermal insulation of attic 

I-O Row 

Space-heating, 
tentative 

breakdown 

Full Supposed 

Further tentative analysis of 
the annual £9.6 million saving Re-arrangement 

of data to suit 
Table1 format 

annual saving by Domestic Imports Trade 
purchase insulation output margin 

cost 
£ million £ million £ million £ million £ million £ million 

(1) (2) (3) (4) (5) (6) 
(2) S o l i d f u e l (peat , 

an th rac i t e ) 3.0 0 .4 0.3 0 .1 0.3 
(8) P e t r o l e u m 

excep t p e t r o l 
f o r cars 20 .0 2.7 0.7 1.0 1.0 0.7 

(13 ) E l e c t r i c i t y 30 .0 4 .0 4 .0 4 .0 
(14 ) T o w n s Gas 3.0 0.4 0.4 0 .4 
(15) T r a d e M a r g i n I n c l u d e d 

i n fuels 
I n c l u d e d 
i n fuels 1.7 

(16 ) I m p o r t e d 
H o u s e h o l d coa l 15.0 2 .1 1.5 0.6 

Imports 2.5 
TOTAL 71.0 9.6 5.4 2.5 1.7 9.6 

T a b l e 6 : Allocation of £9.6 million Annual Savings from Fuels 

I-O Row 

Analysis of £9.6 million 

Domestic Trade Rearrangement 
Total Output Imports margin to suit Table 1 

£ million £ million £ million £ million £ million 

(5) T e x t i l e s , c l o t h i n g 
(10 ) M e t a l , m a c h i n e r y 
(11 ) Veh ic l e s 
( 1 5 ) T r a d e m a r g i n 

TOTAL 

1.2 
2.8 
5.6 

i n c l u d e d 
elsewhere 

9.6 

0.3 
1.7 
3.7 

5.7 

0.5 
0.2 

0.7 

0 .4 
0.9 
1.9 

3.2 

0.3 
1.7 
3.7 
3.2 

Imports 0.7 

9.6 

Table 7 shows the final adjustments, to give a revised Household Column 
(19). A fresh computer analysis is made for Table 1 w i t h revised Column 
(19) included, but no other changes to Table 1. The net benefit results were 
obtained by comparing the new results w i t h figures shown i n Table 3 above. 



These net benefit results for the 19-sector Leont ief inversion are shown on 
the right o f Table 7. For the economy i n general the net benefit is very small, 
being less than £1 m i l l i o n for household income, for government income and 
for impor ts . Savings show negligible change. The main benefit is the original 
direct availability o f £9.6 m i l l i o n saved on space-heating for spending on 
consumer durables and clothing. 

T a b l e 7: Adjustment of household column (19) for Experiment One and computed net 
benefit results, annual 

Annual Annual Net Old Revised Net benefits, 
I-O Row increase decrease change Col. (19) Col. (19) annual 

Table 1 
£ £ £ £ £ £ 

million million million million million million 
(2 ) S o l i d f u e l - 0 . 3 - 0 . 3 4 . 0 0 3 .70 H o u s e h o l d I n c o m e + 0 . 7 9 
(5 ) T e x t i l e s e tc . 0.3 0.3 56 .35 56 .65 G o v t . I n c o m e + 0 . 7 2 
(8) P e t r o l e u m - 0 . 7 - 0 . 7 2 2 . 3 1 2 1 . 6 1 
( 1 0 ) M e t a l e tc . 1.7 1.7 4 .07 5 .77 Savings - 0 . 0 3 
( 1 1 ) Veh ic l e s 3.7 3.7 6 0 . 0 0 6 3 . 7 0 

Savings - 0 . 0 3 

( 1 3 ) E l e c t r i c i t y - 4 . 0 - 4 . 0 6 0 . 0 0 5 6 . 0 0 I m p o r t s —0.86 
( 1 4 ) Gas - 0 . 4 - 0 . 4 8 .00 7 .60 D i r e c t Savings 

o n Space H e a t i n g : ' - D U ( 1 5 ) T r a d e M a r g i n 3.2 - 1 . 7 1.5 2 4 1 . 0 0 2 4 2 . 5 0 
D i r e c t Savings 
o n Space H e a t i n g : ' - D U 

( 2 2 ) I m p o r t s 0.7 - 2 . 5 - 1 . 8 4 1 1 . 8 8 4 1 0 . 0 8 
Original Investment: 

Total of above 
entries 9.6 - 9 . 6 0.0 8 6 7 . 6 1 8 6 7 . 6 1 £35 m i l l i o n 

From the algebraic design o f our I-O model we might expect only small 
changes anyway. The reason is that the fresh inversion uses the original un
changed Columns (20) to (22) as Final Demand. Thus the Primary Inpu t , i.e., 
Rows (20) to (22) for Columns (1) to (19) i n aggregate remains unchanged— 
this is the simple arithmetic o f the structure. This means that for Rows (20) 
to (22) government income and savings pick up whatever imports lose; and 
this applies to our results to wi th in £0.2 m i l l i o n , the latter discrepancy prob
ably due to rounding errors. Household income has more scope to gain some
thing f rom all other inter-acting sectors; this o f course depends on the altera
tions we make to Column (19) before the fresh calculations. 

I I I . 2 EXPERIMENT T W O : DISTRICT H E A T I N G V I A IMPORTED C O A L 

I n this experiment we examine 100 schemes o f group-heating 600 houses 
b y means o f a central coal-fired boiler. The experiment is based on the data 
given i n Byrne's (1976) memorandum on a coal-fired district heating scheme 



for 600 houses. We have scaled up this b y a factor o f 100, i.e., we axe taking 
this for 60,000 houses out o f some 750,000 houses i n al l . We are assuming 
that these 60,000 houses already have individual coal-fired central heating 
systems. Our reason for making this assumption is that we do not want to 
increase the heating costs shown i n Table 5 above. Imposing district heating 
on the open-fire houses possibly w o u l d mean making them pay more than 
they do at present, for improved comfor t levels. So we are taking Byrne's 
figures for a per house coal reduct ion, f rom roughly 4 .1 tonnes per house for 
individual systems to 2.7 tonnes or so for the district system, for 60,000 
houses assumed to be already on coal-fired central heating. 

Table 8 sets out the o ld and new systems. Under the new system, at £950 
per house, w i t h annual long-term charge o f 15 per cent, this makes an in i t i a l 
investment o f £57 m i l l i o n and an annual charge o f £8.55 m i l l i o n , for the 
new system. (Under the o ld system, the 15 per cent charge on £48 m i l l i o n 
investment, i.e., £7.2 m i l l i o n , is assumed paid to Trade, as a service charge). 
A b o u t half o f the £8.55 m i l l i o n , namely, £4.28 m i l l i o n , is taken t o be de
preciation and thus listed as savings. The other half, £4.27 m i l l i o n , is taken 
to give £3.00 m i l l i o n o f household income and £1.27 m i l l i o n as government 
income. The latter also takes £0.18 m i l l i o n o f the labour costs. 

T a b l e 8. Old and new coal-fired heating system for 60,000 houses: annual accounts 

Old system: individual heating New system: district heating 
£ £ 

C a p i t a l a n d In te res t million C a p i t a l a n d In te res t million 
( 1 5 % o f £ 8 0 0 per house) . 7 .20 ( 1 5 % o f £ 9 5 0 per house) 8.55 
Coa l i m p o r t s c . i . f . Coa l i m p o r t s c . i . f . 
( 2 4 7 , 4 0 0 t o n n e s ® £ 2 1 ) 5 .20 ( 1 6 4 , 9 0 0 tonnes @ £ 2 1 ) 3 .46 
T rade m a r g i n o n coa l T r a n s p o r t m a r g i n 
(@ £ 1 1 per t o n n e ) 2 .72 (@ £1 per t o n n e ) 0 .17 

L a b o u r costs 0 .90 

Total Cost 15 .12 Total Cost 13 .08 

A new row and column are created, the row to sell the output o f district 
heating entirely to household Column (19) , and the column to take district 
heating inputs. There is a saving o f £2.04 m i l l i o n (15.12-13.08) on heating, 
to be divided among clothing, metal , vehicles, as usual. Table 9 shows the 
inputs to district heating and the details o f the £2-04 m i l l i o n as re-allocated. 



T a b l e 9 : Inputs to coal-fired district heating and re-allocation of £2.04 million 

District heating inputs Re-allocation of £2.04 million 

£ I-O Row (Table 1) Similar Trade 
million 

I-O Row (Table 1) 
Total Domestic Imports margin 

(16 ) T r a n s p o r t 0.17 (5) T e x t i l e s etc. 0 .24 0 .06 0 .10 0.08 
(19) H o u s e h o l d 

i n c o m e 3.72 (10 ) M e t a l e tc . 0 .60 0.05 0.35 0 .20 
(20 ) G o v t , i n c o m e 1.45 (11 ) Vehic les 1.20 0 .80 n i l 0 . 40 
(21 ) Savings 4 .28 
(22 ) I m p o r t s 3 .46 

Total Input 13.08 Total 2 .04 0 . 9 1 0.45 0 .68 

Finally, i n Table 10 are shown the final adjustments to Column (19) and 
the net benefits as computed. Distr ict heating was taken as a 20 th row and 
column and the 20-sector matr ix inverted. Readers please note that this 20 th 
column is no t to be confused w i t h column (20) o f Table 1, which is un
affected by the new row and column, by merely having a zero entry for the 
new row. Likewise, Table 1 Columns (21) and (22) have zero entries for the 
new (district heating) row. The results shown in Table 10 indicate once again 
less than£l m i l l i o n net benefit i n household income and government income. 
Savings have increased b y roughly £4 m i l l i o n , for a similar reduction in i m 
ports. There is o f course the direct net benefit o f £2.04 m i l l i o n o f fuel sav
ings to be spent on consumer durables and clothing. 

T a b l e 1 0 : Adjustment of household column (19) for Experiment Two and computed net 
benefit results, annual 

I-O Rows Old Net benefits, 
(Table 1 but Net column (19) Revised annual 

with new row change Table 1 column (19) 
for D.H.) £ million £ million £ million £ million 

(5) T e x t i l e s e tc . 0 .06 56 .35 5 6 . 4 1 H o u s e h o l d I n c o m e +0 .74 
(10 ) M e t a l etc. 0.05 4 .07 4 .12 G o v t . I n c o m e +0 .44 
(11 ) Vehic les 0 .80 6 0 . 0 0 6 0 . 8 0 Savings + 3 . 8 2 
( 1 5 ) T rade M a r g i n - 6 . 5 2 2 4 1 . 0 0 2 3 4 . 4 8 I m p o r t s - 4 . 0 4 
N e w r o w 13.08 n i l 13 .08 D i r e c t Saving 2 .04 
I m p o r t s - 7 . 4 7 4 1 1 . 8 8 4 0 4 . 4 1 o n Space H e a t i n g 

Total of above Original Investment 
entries 0.00 773 .30 7 7 3 . 3 0 £ 5 7 m i l l i o n 



I I I . 3 EXPERIMENT T H R E E : DISTRICT H E A T I N G V I A H E A T FROM A N O I L - F I R E D 

ELECTRIC POWER S T A T I O N 

I n this experiment we examine an ESB scheme scaled down to f i t 60,000 
houses. The experiment is based on the data given i n the Chapman and 
O ' R e i l l y (1975) study o f district heating o f part o f D u b l i n f rom the Poolbeg-
Ringsend power station complex. We confine ourselves to Table 8 o f that 
report, wh ich deals w i t h sales o f the heat at fu l l market price. We take our 
district heating scheme to be 37 per cent o f the ou tpu t level shown i n Table 
8, w i t h all costs i n the same p ropor t ion , to match the 60,000 households 
used for Experiment 2. Thus Experiment 3 supposedly deals w i t h the same 
60,000 houses already on individual (coal-fired) central heating schemes. 

Before setting out the figures, a few points need to be made. We accept 
the authors' stated method o f raising the investment loan o f £22.6 m i l l i o n , 
which is to bor row i t abroad; thus the annual £2.45 m i l l i o n o f interest and 
amortisation is all paid abroad, and is an invisible impor t . There is a small 
"replacement fue l" cost o f £0.12 m i l l i o n per annum, and the annual revenue 
f rom sales is £5.78 m i l l i o n . We pick a typical year after the investment has 
been completed. Table 11 sets out the details for such a year, before and 
after scaling down and re-arranging. 

Tab le 1 1 : ESB district heating for 60,000 houses 

(2) Re-arranged for (3) Table 1 
Original (1) Re-arranged Table 1 Scaled Revised Col 

down (13) Inputs 
(1) (2) (3) (4) (5) 

£ million £ million £ million £ million £ million 
Wages 0 .44 

O p e r a t i n g 0 .56 F u e l (19 ) House . 0 .34 0.13 (19) 37 .63 
Costs [ i m p o r t s 0 .12 I n c o m e 
D e p r e c i a t i o n ° - 6 8 l Savings 1.12 (20 ) G o v t . 0 .45 0.17 (20) 8.07 
Costs t o ESB 0 .44] ^ I n c o m e 
In te res t a n d Inv i s i b l e 2 .45 ( 2 1 ) Savings 2 .42 0 .90 (21 ) 13 .50 

a m o r t i s a t i o n 2.45 i m p o r t s 
P r o f i t 1.65 [ G o v t , i n c o m e 0.35 (22 ) I m p o r t s 2 .57 . 0 . 9 4 ( 2 2 ) 2 3 . 9 7 

'/ "(Savings 1.30 

Revenue from sales 5 .78 Total 5.78 5.78 2 .14 Total in-
p u t l l 3 . 1 4 

The investment corresponding to the scaled-down ou tpu t o f £2.14 m i l l i o n 
is £8.36 m i l l i o n . The revised Column (13) inpu t is the ESB costing increased 
by £2.14 m i l l i o n . We now increase the ou tpu t o f R o w (13) to households by 
the same amount. The net saving b y households is £12.98 m i l l i o n , given by 



the supposed ful l cost £15.12 m i l l i o n , as for Experiment 2, less the new cost 
£2.14 m i l l i o n , for the 60,000 houses affected. The £12.98 mi l l i on available 
for non-fuel purchased is allocated as fol lows: 1.84 to textiles, etc.; 3.68 to 
metal, etc.; 7.46 to vehicles. Table 12 shows the final arrangements and the 
estimated net benefits via the inverse, etc. Household income, government 
income and savings are each less than £1 m i l l i o n . The reduction o f imports 
is some £1.4 m i l l i o n . The major net benefit is the £13 m i l l i o n saved on house-
heating and available for spending, on vehicles, consumer durables and cloth
ing, supposedly. 

T a b l e 1 2 : Final arrangement of £12.98 million respending of fuel savings; adjustment of 
Column (19) for Experiment Three; computed net benefit results, annual 

Final Old Revised 
I-O Rows, arrange Net Col. Col. Net benefits, 
(Table 1) ments of change (19) (19) annual 

respending Table 1 Table 1 
£ million £ million £ million £ million £ million 

(5) T e x t i l e s e tc . 0.53 0.53 56 .35 56 .88 H o u s e h o l d I n c o m e + 0 . 1 9 
(10) M e t a l e tc . 0 .12 0 .12 4 .07 4 .19 G o v t . I n c o m e + 0 . 4 1 
(11 ) Veh ic l e s 4 . 9 1 4 . 9 1 6 0 . 0 0 6 4 . 9 1 Savings + 0 . 8 3 
(13 ) E l e c t r i c i t y 2 .14 6 0 . 0 0 6 2 . 1 4 I m p o r t s - 1 . 4 1 
( 1 5 ) T r a d e m a r g i n 4 .39 - 2 . 8 1 2 4 1 . 0 0 2 3 8 . 1 9 D i r e c t saving o n 

space hea t ing 12 .98 
(22 ) I m p o r t s 3.03 - 4 . 8 9 4 1 1 . 8 8 4 0 6 . 9 9 

Total of above Original Investment 
entries 12.98 0 .00 8 3 3 . 3 0 8 3 3 . 3 0 £ 8 . 3 6 

m i l l i o n 

I V S T A N D A R D I S A T I O N A N D COMPARISON OF E X P E R I M E N T A L 
RESULTS 

I n this part o f the paper the experimental results are finalised, by adjust
ing them for the losses or gains arising f rom transfers o f investment to the 
three energy conservation schemes. Thus the final results are standardised, 
by scaling up all investments to the scale o f £100 m i l l i o n , and the benefits of 
the three conservation schemes compared. Some conclusions are drawn. 

I V . 1 LOSSES OR G A I N S A R I S I N G FROM TRANSFERS OF I N V E S T M E N T 

We should take account o f investment losses due to investment being sup
posedly transferred f rom other projects i n order to be available for the con-



servation schemes o f Experiments 1 to 3. This is explained in the Appendix 
below i n connection w i t h formulae (10) to (14) . T o avoid problems o f 
choosing what kinds o f investment are reduced by the transfer, we make a 
simple assumption that the investment was abroad. 

(i) Experiment One: Attic Insulation 
This investment is £35 m i l l i o n . We suppose i t has been invested abroad at 

10 per cent net direct to households. This says there has been a stimulus o f 
£3.5 m i l l i o n to Column (19) o f Table 2 which thus yields ( in £ mi l l i on ) 3.50 
direct household income; 1.49 indirect household income (the sum of the 
latter t w o given by 3.5 x 1.427);0.92 government income (i.e., 3.5 X 0.263); 
savings 1.10 (given by 3.5 x 0.313) and imports 1.48 (given b y 3.5 X 0.424). 
Because o f the switch to insulation and thus the wi thdrawal o f this invest
ment f rom abroad, the above estimates are losses or reductions to be 
reckoned in the final account. 

(ii) Experiment Two: District Heating via Imported Coal 
The o ld investment was supposedly £800 for each o f 60,000 houses, 

making £48 m i l l i o n i n all . The new investment is £950 per house, making 
£57 mi l l i on . Thus supposedly £9 m i l l i o n has to be wi thd rawn f rom abroad, 
making an annual loss o f £0.9 mi l l i on . I n exactly the same way as for Experi
ment 1 we get the fo l lowing, A L L R E D U C T I O N S : 0.90 direct household 
income; 0.38 indirect household income; 0.24 government income; 0.28 
saving; 0.38 imports . 

(Hi) Experiment Three: District Heating via a Power-Station 
The new investment o f £22.6 m i l l i o n is taken to be all borrowed from 

abroad. Thus the £48 m i l l i o n o f o ld investment for the 60,000 houses in the 
scheme is supposedly available for investment abroad at 10 per cent net, 
direct to households. I n exactly the same way as for the previous two 
experiments, we get A L L INCREASES as fol lows: 4.80 direct household 
income; 2.05 indirect household income; 1.26 government income; 1.50 
savings; 2.04 imports . 

I V . 2. F I N A L I S E D N E T BENEFITS FOR T H E T H R E E EXPERIMENTS 

We now br ing together the gains and losses for the experiments. Table 13 
shows how the final results are obtained. The b o t t o m row o f Table 13 has 
the arithmetic sums of the entries i n the other five rows; this b o t t o m row is 
taken as measuring the to ta l benefit, because there is no obvious objection to 
such a measure o f tota l benefit and no better measure is apparent. Other 



Tab le 13: Finalised annual net benefits for Experiments One to Three 

Experiment One: 
Attic Insulation 

Two: District 
Heating via Coal 

Three: District Heating 
via Power Station 

Type of Social Benefit Gains Gains Gains 
from Losses Net from Losses Net from Losses Net 
new from result new from result new from result 

system transfer system transfers system transfer 
(a) (b ) ( a ) - ( b ) (a) (b ) ( a ) - ( b ) (a) (b) ( a ) - ( b ) 

£ million £ million £ million 

(1) (2 ) (3 ) • (1 ) (2 ) (3 ) (1 ) (2 ) (3 ) 

D i r e c t househo ld i n c o m e o r 
spending-power 9 .60 3.50 6.10 2 . 0 4 0.90 1.14 12.98 - 4 . 8 0 17.78 

I n d i r e c t househo ld i n c o m e 0 .79 1.49 - 0 . 7 0 0 .74 0 .38 0 .36 0.19 - 2 . 0 5 2 .24 
G o v e r n m e n t i n c o m e 0.72 0.92 - 0 . 2 0 0 .44 0 .24 0 .20 0 . 4 1 - 1 . 2 6 1.67 
Savings - 0 . 0 3 1.10 - 1 . 1 3 3.82 0 .28 3 .54 0 .83 - 1 . 5 0 2 .33 
I m p o r t s : Decrease s h o w n p o s i t i v e , 

increase negative 0 .86 - 1 . 4 8 2 .34 4 . 0 4 - 0 . 3 8 4 .42 1.41 2 . 0 4 - 0 . 6 3 

Total of the above 11 .94 5.53 6 .41 11.08 1.42 9 . 6 6 15 .82 - 7 . 5 7 23 .39 
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possible measures might omi t some o f the rows or apply weights to the row 
entries or combine b o t h these methods. 

Column-wise we deduct the transfer losses from the gains on the new 
systems. The (b) Column for Experiment 3 is negative, because this is in 
fact a gain, no t a loss. The final results o f each experiment are shown in 
Column (3). 

Table 14 shows the Table 13 results scaled up to be returns on £100 m i l l i o n 
o f conservation investment. The quoted supposed investments were £35 
m i l l i o n for Experiment 1, £52 m i l l i o n for 2 and £22.6 m i l l i o n for Experi
ment 3. 

Tab le 14 : Annual net social benefits for experiments One to Three, from an investment 
of £100 million in each 

(Table 13 results scaled up) 

Experiment One Experiment Two Experiment Three 
(Dist. heat from (Dist. heat from 

Type of social benefit (Attic insulation) coal) power station) 
Total Total Total 

£ million £ million £ million 

D i r e c t h o u s e h o l d i n c o m e 
o r spending p o w e r 17.4 2.2 78.7 

I n d i r e c t househo ld i n c o m e - 2 . 0 0.7 9.9 
G o v e r n m e n t i n c o m e - 0 . 6 0.4 7.4 
Savings - 3 . 2 6.8 10.3 
I m p o r t s (decrease s h o w n 

pos i t i ve ) 6.7 8.5 - 2 . 8 

Total of the above 18.3 18.6 103.5 

Gains f r o m N e w Sys t em 
O n l y ( T o t a l o f C o l u m n (a) 3 4 . 1 21 .3 70.0 
o f Tab le 13, scaled u p ) 

The results, which for £100 mi l l ion of investment can be read as per-
centages, show a total annual rate o f 103.5 per cent for Experiment 3, as 
against 18 to 19 per cent lor 1 and 2. The Experiment 3 annual rate o f over 
100 per cent return on the investment seems excessive and is commented on 
in the next paragraph. We can argue that a fairer picture is obtained by con
fining comparisons to Column (a) of Table 13, that is to the gains from 
conservation w i t h o u t reckoning losses from transfers, because Column (b) 
reduces the yield from 1 and 2, but increases i t for 3. These unadjusted gains 
are shown in the last row o f Table 14 and here again 3 has the advantage, at 



70 per cent, compared w i t h 1 at 34 and 2 at 21 per cent. Indeed, 3 has a 
direct saving o f 57.5 per cent, given by the annual £12.98 m i l l i o n saving 
on heating costs, per £22.6 mi l l i on investment. On the above results Experi
ment 3 (Distr ict Heating from a Power Station) is immensely superior to the 
other t w o . Experiments 1 and 2 are about the same and at 18 to 19 per cent 
per annum are a good social investment. 

The above figures are to be regarded as illustrative rather than precise. I t 
may be argued that the result o f Experiment 3 is based on too low a price 
for residual fuel o i l . This price was stated by Chapman and O'Reil ly (1975) 
to be roughly £20 per tonne, as against £32.9 per tonne calculated from the 
Official I m p o r t Statistics for the calendar year 1974. The capital costs also 
might be higher, for a scale of operations at 37 per cent of the Dubl in 
scheme described. Thus i t is possible that Experiment 3 benefits might be as 
l ow as one-half o f the rates shown in Table 14. Even so, Experiment 3 is 
s t i l l a better investment than either o f the others, over the listed items o f 
Social Benefit, considered as a group. 

V CONCLUSIONS 

We draw six conclusions from the study, the first three of which cast a 
favourable l ight on the I-O approach to C-B as outl ined and illustrated above; 
the remaining three state difficulties to be faced by readers considering 
practical use o f the k ind o f model and methodology discussed above. 

(i) These I-O methods o f analysis provide further dimensions ' to the 
tradit ional C-B approach discussed by Mishan (1972) and treated by 
formulae (1) to (4) o f the Appendix . The I-O system directly measures 
benefits of the k ind found di f f icul t to quantify, e.g., by O'Donoghue (1969) 
and Mulvey (1971). The acceptance o f a standard frame of reference may 
provide more equitable comparison o f net benefits than that available in the 
absence of such a frame o f reference and set o f tools. The suggested standard 
frame is a given I-O transactions table and standard pattern(s) of change, 
standard investment paramenters and so on, in the I-O context. 

( i i ) These I-O methods can be used for any year o f a scheme; i f capital 
investment is going on during the year we can fit this into Column (21) o f 
Table 1, having itemised i t suitably and possibly added one or more rows and 
columns for the investment output and the input costs going to the invest
ment act iv i ty ; this is similar to the district heating activity o f Experiment 2 
and its treatment. 

( i i i ) The t ime profile aspect, as discussed under formulae (1) to (4) o f the 
Appendix , can be satisfied by a series o f annual results, either l ike those o f 
Table 14, or including on-going investment, as considered under conclusion 



( i i ) above. The Table 14 results are for steady long-term annual benefits 
after complet ion o f the necessary investment; this is clear f rom the dis
cussion o f the Appendix . 

For each year o f a scheme one wou ld compute results analogous to those 
of Table 14, bu t al lowing for investment effects over one or more years at 
the beginning. I n order to compare two investment schemes thus fol lowed 
through their time-profiles, i.e., for as long as there are meaningful net social 
benefits (or losses), there appear to be t w o possibilities: 

(a) for each scheme, to add together the tota l net benefits, w i t h o u t 
discounting them; 

(b) to discount future benefits in the usual way, w i t h a discount 
factor o f 10 or 15 per cent, then take the sum o f the discounted 
values as the measure appropriate to each scheme being compared. 

I n view of the high annual rate o f price inf la t ion, method (a) is less 
objectionable nowadays than in periods o f fairly steady prices. 

(iv) Some difficulties may arise in getting suitably detailed data for includ
ing a project in the I-O scheme. We have seen in the three examples given 
above that two kinds o f detail are required for the I-O system applied to 
C-B: 

(a) the input cost structure, such as for district heating via impor ted 
coal; 

(b) the cost structure o f the change in household expenditure for the 
saving of energy; in other problems Columns (20) to (22) might 
also need changing. Careful detailed research is needed in choosing 
the pattern o f change. 

I t seems fair to say that in admit t ing to such data problems and in estimating 
suitable I-O structures, we are at tempting to use more informat ion than via a 
single aggregate; thus we may reasonably expect better measures for each 
investment project being considered. 

(v) A data base and computer program are necessary. A plausible database 
would be a small I-O transactions table (some 20 sectors) such as Table 1. 
The computer program to calculate the Leontief inverse is mainly matr ix 
inversion (such as the I B M subprogram M I N V ) . A fairly small amount of 
data manipulat ion is necessary, for adding one or more rows and columns 
to the inter-acting matr ix and for modifying the household column and 
perhaps other columns. 

(vi) In our l-O approach to C-B analysis of energy conservation methods 
we have not attempted to measure the usual less quantifiable benefits such 
as increased comfor t , reduced fire risk, better health f rom cleaner air, 
reduced traffic congestion through absence o f solid fuel lorries or o i l lorries 



delivering to individual houses. These benefits are impor tant and apply in 
varying degrees to the conservation methods out l ined above. Some list ing o f 
them might be at tempted as further parameters o f social benefit. 
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A P P E N D I X : COST-BENEFIT T H E O R Y A N D T H E INPUT-OUTPUT 
APPROACH 

This appendix has t w o sections: the first looks at some formulae for the 
tradit ional C-B approach, for example, those f rom Mishan's (1972) tex tbook, 
a suitable reference; the second section sets ou t the input-output approach 
tentatively explored b y the author. 

1. COST-BENEFIT THEORY, T R A D I T I O N A L 

T w o basic formulae 2 for cost benefit calculations w i l l suffice, b u t first the 
nota t ion needs to be explained. 

Notation 
b t the gross benefit i n period t f rom investment K 
c t the gross outlay in period t 
B t equal b t — c t , is the net benefit i n period t 
r the rate o f discount, or o f social t ime preference 
K t the investment or capital outlay during period t 
X the internal rate o f return 
B the discounted present value o f the stream o f net benefits B t 

K the discounted present value o f the stream o f investments K t 

The Net Present Discounted Value B 

B = 2 B t / ( l + r ) 1 (1) 
t=o 

For a stream o f net benefits, B 0 , B j , . . ., B n obtained during time-periods 
0, 1 , . . . n , the net present discounted value B , shown by formula (1) , is 
simply the sum o f all the net benefits discounted to their present value. Pre
sumably some o f the earlier net benefits, e.g., B 0 at least, w i l l be negative, 
because the capital outlays K t , included in c t , exceed the gross benefits b t 

for one or more periods at the start. 
For a given K o f investment we can get various streams o f benefits, and 

thus various B-values, for various investment projects. The value o f B depends 
on r, the chosen rate o f discount, and this aspect o f formula (1) is unsatis
factory. 

2 See e.g. M i s h a n ( 1 9 7 2 ) , p p . 1 8 1 2 3 4 f o r f u r t h e r discussion o f the p r o b l e m . 



The Internal Rate of Return X 
For a stream o f net benefits, Bo , B x , . . ., B n obtained during time-periods 

0, 1, . . . n , the internal rate o f return X is that value o f X which satisfies the 
polynomial equation 

2 B t / ( U X ) ' = 0 (2) 
t=o 

What this formula says in fact is: set B o f formula (1) zero and f ind the 
m i n i m u m real positive r value (re-named X) which satisfies the right-hand 
side made zero. As explained for (1) , some o f the early B t w i l l be negative. 
Suppose we take i t that B 0 only is negative and is purely investment. Then 
we have, f rom (2) , 

- B 0 = K = S B t / ( l + X ) t (3) 
t = i 

Clearly, the larger B is i n general, the larger X must be, for K constant. 
Thus, we can compare investment projects for net benefit magnitude by 

look ing at X —values: large X means large net benefit. 
Let us develop formula (3) slightly, for B t the net benefit constant, and 

for n quite large. Then by the usual Geometric Progression Sum we f ind , 
since (1 + X) exceeds u n i t y , 

K = B t / [ 1 - 1/(1 + X)] - B t = B t (1 + 1/X) - B t . = B t / X 

Thus 

B t / K = X (4) 

Formulae (3) and (4) are appropriate for the long-term net benefit situation 
which we consider for three examples o f conservation methods, in the text 
above. We st i l l suppose an in i t ia l investment K in period 0, and then a steady 
stream o f constant net benefits B t in each period t o f an indefinitely large 
time-span. The ratio B t / K , which is X, is used as one indicator o f net benefit, 
for comparing one investment w i t h another. 

Losses of One Project to be set against Gains from Another 
Formulae (1) to (4) above consider only one project at a t ime for net 

benefits. But one investment project as such is only half the analysis, i f i n 
vestment has been switched from one project to another. This situation is 



relevant for the three conservation analyses carried out i n the text above: the 
money invested i n energy conservation methods must have been wi thdrawn 
f rom investment elsewhere so there is a loss o f net benefits f rom other in 
vestment projects. Readers can see this aspect o f gains minus losses, to give 
net changes, clearly il lustrated i n t w o analyses o f transport, by O'Donoghue 
(1969) andMulvey (1971) . 

2. A N INPUT-OUTPUT APPROACH R E L E V A N T TO ENERGY CONSERVATION 

We use a transactions' matr ix which has a r o w and column for households; 
the mat r ix is explained brief ly i n the text above. We include the household 
r o w and column in the inter-industry mat r ix . Primary input rows are govern
ment income, savings, imports ; final demand columns are government con
sumpt ion, etc., capital format ion , exports. Some further no ta t ion is necess
ary: 

Further Notation 
n number o f inter-industry sectors, o f which the n t h is households; n is 

19 for 1974 data used above. 
I the un i t ma t r ix , o f dimension (n , n ) . 
A 0 direct inpu t coefficients' mat r ix , (n , n ) , o f basic data (for year 1974, 

obtained f rom Table 1 Rows (1) to (19) by dividing entries i n each 
column by its Tota l Inpu t . 

A 1 the matr ix A 0 after changes have been made to some coefficients, 
e.g., those o f the household column. 

y° co lumn o f aggregate final demands, a vector o f n elements, basic data. 
y 1 the vector y ° after some changes to elements. 
( I - A 0 ) - 1 the usual Leont ief inverse (Rows (1) to (19) o f Table 2 above), 

w i t h a corresponding inverse for A 1 . 
( c ° ) ' row vector i o f basic pr imary inputs , having n elements i = 1,2,3. 

(Only three such vectors for 1974 data). 
( c j ) ' the vector (c?) after some changes to elements. 
k° basic investment amount, a scalar. 

Note that superscript 1 represents a matr ix or vector for the typical year 
after some conservation scheme has come in to effect and thus caused inpu t 
patterns differing f rom those o f the base year. 

Net Benefit Formulae for long-term Constant Annual Outcome 
We get basically five formulae for a single change in pattern anywhere i n 

Columns 1 to n , bu t for y° constant. There are also o f course net benefits 



f rom the in i t i a l investment k° ; these are o f a once-only k i n d and are ignored 
here and below because we are l i m i t i n g the study to long-term annual results. 
The five formulae are as fol lows: 

Household Income Change per £ofk° 
(Row n o f Leont ief inverse is household income row) 
Row n o f 

[ ( I - A 1 ) - 1 - ( I - A 0 ) - 1 ] . y ° / k ° ( 5 ) 

Government Income Change per £ ofk° 
(Primary input r o w one is ct') 

[ ( c l ) ' ( I - A 1 ) - 1 - ( c ? ) ' ( I - A ° ) r l ] . y ° / k ° (6) 

Savings' Change per £ of k° 
(Primary inpu t r o w t w o is c' 2) 

[ ( c ^ ) ' ( I - A 1 ) " 1 - ( c O ) ' ( I - A 0 ) - 1 ] . y ° / k ° (7) 

Imports' Change per £ of k° 
(Primary input row three is c 3 ' ) 

[ ( c ^ ) ' ( I - A 1 ) - 1 - ( c ° ) ' ( I - A ° H . y ° / k ° (8) 

The Direct Increase in Purchasing Power of some Households, per £ ofk° 

A specified sum o f money /k° (9) 

This last formula is specific to energy conservation; i f say £10 mi l l i on is 
saved on fuel then this amount is available for purchasing other goods and 
services. The meaning o f formula (9) should be quite clear from the numeri
cal examples in the main text . 

Modification of the formulae (5) to (8) to take account of extra activities 
For some experiments we add one or more rows and columns to those 

numbered (1) to (18) o f Table 1. For example, in Experiment 2 above we 
include a new act ivi ty : district heating via imported coal. The fol lowing 
changes i n formulae (5) to (8) are typ ica l : 

(a) We increase the number o f interacting sectors to become (n + 1) or 
(n + 2) or greater, depending on whether 1 or 2 or more new activities have 
been added to the transactions' mat r ix . 



(b) We put meaningful entries i n all columns, including the columns o f 
final demand y 0 , to purchase the ou tpu t o f the new row or rows. I n Experi
ment 2, the on ly non-zero entry in the new row (district heating) is the pur
chase o f that ou tpu t by the household column. There is, however, no restric
t i o n on dis t r ibut ion o f the output o f a new r o w or rows, so long as i t is mean
ingful and properly entered i n all columns and correctly used by the com
puter i n getting the Leont ief inverse and its applications, via formulae corres
ponding to (5) , (6) , (7) , (8) , for matrices o f dimension (n + 1) or (n + 2) or 
greater. 

Formulae (5) to (9) measure changes arising throughout the economy due 
to effects o f conservation investment k° completed before the year being 
examined. As w i l l again be clear f rom the main t ex t , these changes occur i n 
the household column and in energy producing sectors. All values are at con
stant (1974) prices; thus changes in a column entry must be compensatory: 
i f less is spent by households on the same heating as before, then more must 
be spent on other items. But there is no change in final demands y ° , consist
ing o f government purchases, capital format ion and exports. The household 
r o w and column is part o f the interacting mat r ix . 

Loss of Investment Income through Switching to Conservation 
We w i l l assume that k ° , the savings invested in conservation, wou ld pro

duce net benefits i f invested elsewhere. We can see that i f the investment had 
been in (say) manufacturing, then either the exports wou ld be larger than 
those contained in y° or certain Columns (1) to (n) wou ld have larger 
domestic entries and smaller impor t entries. T o simplify the matter, w i t h o u t 
altering the principle o f loss o f earnings, we assume that the alternative 
investment was abroad and that all tax was deducted abroad, thus a larger 
direct f low to the final demand element o f the household income row (n) 
wou ld occur: This stimulus (y^ — yj j ) w i l l produce five responses, numbered 
as Formulae (10) to (14) below, and being counter-effects to the net benefits 
o f Formulae (5) to (9 ) : 

Household Income from k°, per £ 

[Element (n , n) of ( I - A ° f ' ] . (y^ - y ° ) / k ° (10) 

Note that this includes the direct increase in purchasing power shown under 
(14) below. 

Government Income from k°, per £ 

[ (c?) ' c o L n o f t l - A 0 ) - 1 ] . ( y i - y ° ) / k ° (11) 



Savings from k°, per£ 

[ ( c ° ) ' c o l . n o f ( I - A ° r ] . (Y, n 
y 0 ) / k 0 (12) 

Imports from k°, per£ 

[ ( c ° ) ' c o L n o f a - A 0 ) " 1 ] . ( y 
n y n ) / k ° (13) 

Direct Increase in Purchasing Power of some Households, from k°, per £ 

Note that this is a part o f (10) above, the direct part , and thus overlaps the 
ful l household income amount. 

For the three experiments dealt w i t h i n the main tex t , we consider the 
loss o f income from alternative investments only when we come to compare 
them finally and set them on a un i fo rm scale. 

( v i - y J D / k 0 (14) 




