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CHAPTER III i

PRODUCTIVITY OP LABOUR AID FUEL

1. LABOUR PRODUCTIVITY

Concept of Labour Productivity

The most popular method of measuring labour productivity 

is to estimate the output per man-hour. This is the tradi­

tional average physical productivity of labour. This measure 

of labour productivity suffers from a serious limitation as 

observed by Balter, that, "it does -not measure anything 

peculiar to labour; and that increased capital or materials

may raise labour productivity while labour itself remains 
1passive." The ratio of output to labour input gives us

the average productivity of labour, while the ratio of

labour input to output gives us the labour requirements per

unit of output. In other words, one ratio is the inverse

of the other ratio. These ratios cannot be used to indicate

the efficiency of labour. As Salter writes, "They (i.e. the

above mentioned ratios) are not a measure of efficiency,

1 Salter W.E.G., Productivity and Technical Change,?.2. 
Cambridge University Press, 1966, (2nd ed.)
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for a high output per man-hour can he produced as in- 

efficiently as a low one." Further, "The only significance 

that can he given to such figures is that they are indica­

tions of what may he termed 'growth in depth’ as distinct

from ’extensive growth’ - growth which merely reproduces a
■3given situation." While analysing the partial productivity 

we have to he very careful in interpreting the results. We 

have to hear in mind that the observed gain in productivity 

of an input is the result of interaction of many factors 

operating at the same time; and these gains should never he 

attributed to any single factor. Bearing this fact in mind 

we estimate the productivity of labour and fuel and see 

whether these partial productivities show any §ign of 

acceleration or retardation over a period of time.

Estimates of labour Input

First we try to analyse the productivity of labour 

and then go over to the discussion of productivity of fuel 

input, The data regarding employment of labour in electri­

city are not available from Public Electricity - All India 

Statistics; so the data used here are from Employment 

Review, published by Directorate General of Employment and 

Training, Government of India.The data from the Employment

• •rci■HH
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Review are available from 1965 upto 1973* The data publi­

shed in the Employment Review are for the fiscal year. This 

review collects information about the employment in organi­

sed sector only and does not cover unorganised sector. The 

’unorganised'* sector consists of (a) Agriculture, (b) Self- 

employed, (c) House-hold establishments, and (d) Establish­

ments in the private sector; employing less than 10 workers; 

over and above this employment in defence forces is also not 

covered by this Review.

The normal degree of non-response by the establishments 

in submitting returns is to the tune of 7 to 8 $. Thus,

"the estimates of employment which failed to submit returns

city utilily is concerned, it is all in the organized sector. 

The employment data in this publication are available, 

separately, for employment for &eneratioja~&--Transmission 

as well as for distribution of electricity. These data are 

available for public sector and private sector separately.

The data for 1956-57 and for 1958-59 are taken from

Employment in Public Sector published by National Employment

Employment Review, 1969-70, Directorate General of Employ­
ment & Training, Ministry of Labour, Employment & Rehabili­
tation, New Delhi, p.7.
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Service. The Employment in Public Sector "confines itself

solely to employment in every establishment in the public
5sector irrespective of its size." These data include the 

employment of civilians only and does not give information 

about the Armed 'forces. The study identified nearly 28,000 

separate establishments and it received the information from 

23,600 of them. Thus, it has a coverage of about 85$. This 

type of information is thought to be collected at quarterly 

intervals. These data are available for generation & 

transmission as well as for distribution separately. But 

these are available only for the public sector? and they are 

not available for either private sector or for total employ­

ment in generation & transmission and distribution of 

electric ity.

On account of the non-availability of required data we 

could not estimate the employment in public electricity 

either for generation and’ transmission or” for distribution 

or the total employment in electricity before 1956. In 

short, the employment figures are from 1956 onwards only 

and no data are available before 1956. Eor 1956-57 the data

5 Employment in the Public Sector, national Employment Service, 
Ministry of labour and Employment, New Delhi, November, 1 959, 
Preface, p.(q).



are available only for public sector. According to the data 

reported in Employment in Public Sector, the average daily 

employment in public sector for generation and transmission 

of electricity was 21 ,198; and for distribution of electri­

city it was 33,554. The data for 1957-58 are again not 

available for public sector or for private sector or for the 

total employment. The data for 1958-59 are available only 

for the public sector. Again no data are available for 

1959-60, 1960-61 and 1962-63. Eor 1961-62 only the total 

employment in electricity is available, no separate data 

for employment ha generation and transmission and distribu­

tion of electricity are available.The detailed data are 

available only from 1963 onwards. As a result of non-availa- 

bilily of data most of the data before 1963 had to be esti­

mated. The figures for the employment in generation and 

transmission and distribution of electricity,^ in public 

sector and private sector are estimated as follows.,.:

First of all we have calculated the percentage increase 

in employment in public sector, for generation and transmis­

sion, in 1963-64 over 1956-57. Then the percentage increase
!

in electricity generated by' public sector, for the same
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period, is calculated. 1'he employment in public sector for 

generation & transmission of electricity increased by 232.6 

per cent over a period oof seven years i.e. from'1956-57 to 

1963-64. Against'this the electricity generated by public 

sector increased by 258.3 per cent over the same period. The 

ratio of percentage increase in employment for generation & 

transmission of electricity to the percentage increase in 

generation of electricity by public sector turns out to be 
O.9OO44 (i.e. gg'!?■). Assuming this ratio to remain the 

same for the private sector,t the employment in generation & 

transmission of electricity for the private sector is esti­

mated. It is further assumed that this ratio, viz., 0.90044, 

remains the same for all the years for which the employmait 

figures are estimated. In order to estimate the percentage 

change in employment for generation s transmission of elect­

ricity for any given year, the percentage change in genera­

tion of electricity by that sector (i.e. either public or 

private sector) in 1963-64 over that particular year is 

multiplied by 0.90044* This gives us the percentage change 

in employment in generation and transmission in 1963-64 over 

that given year for which the employment figure is to be 

estimated. To illustrate, take 1957-58 as the year for which
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employment in public sector for generation and transmission 

of electricity is to be estimated. Electricity generated by 

public sector increased by 177*7 per cent from 1957-58 to 

1965-64. Multiplying this percentage inereasein electricity 

generated by public sector by O.9OO44, we get the percen­

tage increase in employment in public sector for generation 

and transmission of electricity over the same period. This 

percentage increase in employment in public sector for genera­

tion & transmission comes to be 160.1 per cent in 1965-64 

over 1957-58. In other words, an increase of 177*8 per cent 

in generation of electricity by public sector would lead to 

an increase of 160.1 per cent in employment in public sector 

for generation & transmission of electricity, over th'fe same 

period of time. Taking the 1965-64 employment figure of 

puolic sector for generation & transmission to be an increase 

of 160.1 per cent over 1957 employment figure, we work back­

wards and estimate the employment in public sector for gene­

ration and transmission of electricily for the year 1957-58. 

With the help of this method we estimate the employment in 

public sector for generation and transmission to be 27,110 

in 1957-58.
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The same method is used to estimate the employment in 

public sector for generation and transmission of electricity 

for the years 1959-60 and 1960-61 . Again, the above discussed 

method is used for estimating the employment in private 

sector for generation and transmission of electricity for 

the years 1956-57, 1957-58, 1958-59, 1959-60 and 1960-61. 

Having estimated the employment in public sector and private 

sector for generation & transmission of electricity, we have- 

summed them up together and estimated the total employment 

for generation and transmission of electricity for the above 

mentioned years.

For the year 1961-62 total employment in electricity is 

available, it is 208,000. In order to segregate this employ­

ment figure for private sector and puulic sector, we have 

assumed that the percentage share of public sector in total 

employment in electricity is the same as its share in total 

employment in electricity, gas, water and sanitary services. 

The Economic Survey, 1971-72, published by the Government 

of India gives the employment in public sector in electri­

city, gas, water etc. to be 2.24 lakhs, out,of the total 

employment, in this category, of 2.64 lakhs. In terms of
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relative share, the public sector has a share of 84*8 per­

cent in the employment in electricity gas, water, etc. 

Assuming this relative share of public sector to remain 

the same in the total employment in electricity, we have 

estimated the total employment in public sector in electri­

city to be 176,467. In other words, 176,467 is 84.8 per cent 

of 208,000. I he residual is the total employment in private 

sector. After having segregated the employment in public 

sector from the total employment in electricity, we have 

to further segregate the employment in public sector for 

employment for generation & transmission of electricity and 

for employment in distribution of electricity in public 

sector. In order to estimate the employment in public sector 

for generation & transmission of electricity, we have esti­

mated the ratio of employment for generation & transmission 

to employment in distribution of electricity in public sector 

in 1963-64. This ratio comes to be 0.6046 (i.e. ) •

Thus out of the total employment in public sector in 1963-64, 

60.5 per cent is contributed by employment in distribution 

of electricity and the remaining 39*5 per cent is contri­

buted fcy the employment for generation & transmission of 

electricity in public sector. In other words, 1 06,692 is
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60.5 per cent of 176,467 and 69,775 is 39*5 per cent of 

176,467 in 1961, the assumption being that the ratio of 

employment in distribution to employment for generation & 

transmission in 1961-62 is the same as that of 1963-64,for 

public sector.*

The ratio of employment for generation& transmission 

of electricity to employment in distribution of electricity 

comes to be very near to one (viz., 0.97) in 1963-64 for 

private sector. I’hus assuming an equal share of employment 

in distribution and employment for generation and transmis­

sion of electricity in total employment in private sector, 

we segregate the figures of employment in distribution and 

employment for generation & transmission from total employ­

ment in private sector in 1961-62.

Again, no data are available for 1962-63. We have 

estimated the total employment in electricity In 1962-63 

by taking it to be the simple arithmetic average of 1961-62 

and 1963-64 total employment figures. Prom this estimated 

total employment in electricity, the employment in public 

sector and in private sector is segregated by the same 

method as discussed above. With the help of the method
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discussed above, we have further segregated the employment 

for generation & transmission and the employment in distri­

bution of electrici-ty for public sector and for private 

sector from the total employment in electricity for public 

sector & private sector. By estimating the employment for 

almost all the years before 1963 upto 1956 we have been able 

to have some idea about the employment in public electricity. 

These data are given in Table III.1.

In Table III.2, we have shown the electricity generated 

in public sector and private sector, as these figures were 

used for estimating the employment. In Table III.3, we 

present the weighted index of output and the index of labour 

input. Table III.4 shows gross value Added per worker at 

constant prices. Table III.5 shows the rates of acceleration/

retardation etc.
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Table III.4

Gross Lvalue Added at 1970-71 Prices, Employment of Labour 
in Electricity and Gross Value Added per Worker

Year Gross Value 
added at 
1970-71 
prices 
(fc.lakhs)

Total
Employment
in
Electricity

Gross Value
Added per
Worker 

(8s.)

1 2 3 4
1956-57 6,761 77,972 8,671
1957-58 8,636 91,902 9,397
1958-59 9,612 99,314 9,678
1959-60 11,348 121,974 9,304
1960-61 12,389 144,088 8,598
1961-62 16,094 208,000 7,738
1962-63 17,160 214,158 8,013
1963-64 21,500 220,156 9,766
1964-65 26,284 238,184 11,035
1965-66 27,999 268,887 10,413
1966-67 31,465 284,361 11,065
1967-68 35,734 302,328 11,820
1968-69 -e

*
—

x 0 0 311,572 13,162
1969-70 42,913 329,423 13,027
1970-71 52,141 359,061 14,572

Source : (l) Employment figures are taken from Tablp III.1

of this chapter.
(2) Gross Value Added at 1970-71 figures are from 

Table II.1, Chapter II, of the present study.
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Analysis of Labour Productivity

Observing from Table III.3, columns 2 and 5, we note 

that the weighted output index and labour input Index have 

grown almost by the same rate or sometime the labour input 

has grown even at a faster rate till 1961-62. Thus we get 

the ratio of weighted output index to labour input index to 

be almost one or less than one and declining till 1961-62. 

This indicates an increase in labour input that is larger 

than the increase in weighted output. This ratio of weighted 

output index to labour input index shows a trend in an up­

ward direction especially from 1962-63 onwards.

Defining labour productivity, further, as the ratio 

of Gross Value Added (at constant prices) to labour input, 

we observe, from Table III.4, that the labour productivity 

tends to rise in electricity. This tendency for the produ­

ctivity of labour to rise is more marked from 1962-63 

onwards.

Some interesting observations can be made from the 

information given below ;
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Employment in

Year Generation & 
Transmission

Distribution 
of Electricity

Total Employment 
in Electricity

1 2 3 4
1956-57 32808 45164 77972

1960-61 58074 86014 144088

1965-66 104192 164695 268887

1970-71 118023 241038 359061

Prom the information given aoove, we notice that the 

relative share of Generation and Transmission of Electricity 

in total employment in electricity, has gone down from 42$ in 

1956-57 to around 33$ in 1970-71 * In other words, the rela­

tive share of distribution of electricity, in total employ­

ment in electricity, has gone up from around 58$ in 1956-57 

to 67$ in 1970-71 . This seems to he the result of rural 

electrification. Thus, with increasing emphasis on rural 

electrification more and more labour would be employed in 

distributing electricity.

Further, defining labour productivity as the ratio of 

kwh generated to labour employed in generation and transmis­

sion and in distribution of electricity, we notice from the

6 Source: Table III.1
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figures given below that the productivity of labour in 

generation of electricity has increased at a faster rate 

than the productivity of labour in distribution of electri­

city. Here, we assume that whatever energy is generated is 

distributed without ary losses in transmission and distri­

bution, of electricity.

Electricity Generated/Distributed per Worker

in Generation & Transmission & Distribution
7Respectively

Year Generation & 
Transmission

Distribution

1956-57 294.5 213.9

1960-61 291.6 196.9

1965-66 314.0 198.6

1970-71 504.1 221 .5

From the information given above we notice that the 

productivity of labour in generation and transmission of 

electricity has almost doubled over a period of 16 years.

The productivity of labour in distribution of electricity, 

inspite of not accounting for the transmission losses, fails 

to register a perceptible increase over a period of 16 years.

7 Source ; Derived on the basis of Tables III.1 and III.2.



104

Tbis shows that there are economies of scale associated with 

generation of electricity. Whereas with distribution of 

electricity such economies are not perceptible.

Having seen the broad trend of the labour productivity 

to rise with the passage of time we may attempt to see 

whether there are any signs of retardation in the rate at 
which the labour productivity in .electricity in India is 

increasing over a period of time. In order to see the exis­

tence, or otherwise, of retardation in the productivity of 

labour we have fitted the logarithmic parabola to the pro­

ductivity estimates. The curve fitted, as discussed earlier 

in Chapter II, is of the form ;
y = k ax tty2

where y denotes productivity of labour and x is the time 

variabl e.

The rate at which productivity of labour increases is 
estimated by fitting the curve: y = (e)^x; where y is the 

productivity of labour and x is the time factor. I'his gives 

us a rate of growth, of the productivity of labour, that is 

compounded continuously.
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Observing the results of the fitted curves, given in 

Table III.5, we notice that there are no signs of retarda­

tion in the productivity of labour. Here, we have adopted 

three indicators of productivity of labour. One way of look­

ing at. the productivity of labour, is to define it as a ratio 

of Gross Value Added, at constant prices, per worker, The 

productivity of labour, defined in this way, increased at an 

annual compound rate of 3*5$• This rate, though not a very 

high rate of growth, shows an acceleration, the value of the 

rate of acceleration being 2.05$* The highest rate of growth, 

as well as acceleration, is registered by the ratio of kwh 

generated to the employment in generation and transmission
s

of electricity. The ratio of weighted output index to labour 

input index shows a very low rate of growth, ‘^hie ratio also 

shows an acceleration, almost to the tune of 2$, in its 

rate of growth.

In short, labour productivity, defined in any way, 

shows no sign of retardation in its rate of growth. Thus, the 

rate at which labour productivity increases has a tendency to 

increase at an approximate rate of 2 to 3 $ per annum.

Similar is the experience of America as observed by Dr. Gould
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"A logarithmic parabola fitted to the index of electric 

light and power output per man 1902-42 reveals an accelera­

tion of growth at an annual rate of O.O45 per cent, too high
&to be attributed to random causes".

In our analysis we get a very high rate of acceleration 

in rate of growth of labour productivity. The time period 

analysed in this study is too short to enable us to reach 

any conclusion regarding the factors responsible for this 

acceleration.

2. PRODUCTIVITY OP FUEL IEPUT

Types of fuel Input

Due to the problem of aggregating all the inputs with 

appropriate weights assigned to them, we estinate only the 

partial productivity of fuel. The most important fuels used 

for the generation of electricity are coal and oil. The data 

regarding the fuel consumption, by all the types of plants, 

are available from The Public Electricity Supply} All India 

Statistics. The data pertaining to fuel consumption are

3 Gould J.M., op.cit., p.139.
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available from 1950-51 upto 1970-71, i.e. for a period of 

21 years, ^he figures of coal consumption are given in terms 

of tons for the first three years, vis., for 1950, 1951 and 

1953- For the years 1953-54, 1954-55, 1955-56, and 1956-57, 

the consumption of coal is measured in terms of tons as well 

as in terms of metric tonnes, and both these figures are 

readily available. From 1957-58 onwards all the figures of 

coal consumption are availaole in metric tonnes only. In 

order to compare the consumption of coal for different years, 

we have converted the consumption of coal from tons into 

metric tonnes by using the conversion ratio: 1 to = 1.01605
t

metric tonnes, from 1964-65 onwards more detailed data regar­

ding consumption of fire wood, lignite are available separa­

tely. The 1964-65 onwards figures of coal consumption are 

available which include firewood, lignite etc. also. We have 

taken the figures of coal consumption inclusive of firewood 

etc. This is so because from 1964-65 onwards the heat-in put 

data are also readily available which include heat input 

from firewood, coal, lignite, furnace oil, and natural and 

other gaseous fuels. Further, there is no specification for 

the earlier years regarding the figures of coal consumption, 

whether they are inclusive of firewood etc. or not.
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Another Important fuel, used for the generation of 

electriciiy, is oil. The data for furnace oil are not sepa­

rately available, but the consumption of furnace oil is 

included in the consumption of coal. The furnace oil consump­

tion is included in the figures of coal consumption after 

covering it into equivalent quantity of coal. The data for 

diesel oil are separately available. For the first three 

years, viz., 1950-51 , 1951-52, and 1952-53, the consumption 

of diesel oil is measured in terms of tons. From 1953-54 upto 

1964-65 the consumption of diesel oil is measured in terms 

of metric tonnes; and from 1964-65 onwards it is measured 

in terms of kilo-litres. The 1950-51, 1951-52 and 1952-53 

figures are converted into metric tonnes by using the 

conversion ratio 1 ton = 1 .01605 metric tonnes. Figures of 

diesel oil consumption for 1956-57, 1960-61 and 1965-66 are 

available in terms of metric tonnes as well as in terms of 

kilo-litres. Working out the ratio of K.L. to metric tonne 

we get 0.91743 metric tonne per K.L. This ratio is used to 

convert K.L. figures into metric tonne figures for the years 

1966-67, 1967-68, 1968-69, 1969-70 and 1970-71; i.e. for the 

last five years. Thus, we have converted the consumption of 

coal and the consumption of diesel oil both in terms of 

metric tonnes only.
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Equivalent of Heat Input

In order to have a clear idea about total consumption 

of energy, one has to aggregate the quantities of energy 

consumed from different sources. To aggregate the energy 

consumed from different sources it becomes necessary to 

express them in common units. Different common units can be 

used for this purpose. But the mo sic commonly used aggregate 

measure is the coal equivalent tonne. Some of the developed 

countries use oil equivalent tonne. The United Nations still 

continues to use coal equivalent tonne as the measure of 

units. To quote from the Report of the Fuel Policy Committee, 

we have "Coal equivalent tonne expresses the heat content 

(Kilo Calories) of each fuel in terms of the heat content 

of an average tonne of indegenous coal." The calorific value 

of Indian coal ranges between 6700 KCal/Kg and 4000 KCal/Kg, 

depending on the variety of coal. We do not have the detailed 

data giving information about the consumpton of coal on the 

basis of different grades of coaL used in generation of 

electricity. Therefore, we have taken 5000 KCal/Kg as the 

average heat content of the coal. This is the average heat 

content of coaL that is used by the Fuel Policy Committee.

The thermal value of oil product is, as given by the Fuel
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Policy Committee, 10,000 KCal/Kg. Taking these values of

the heat content for the two most important sources of

energy we have estimated the total heat input, Separately

9for coal and oil. This heat input is expressed as 10 KCal. 

Taking one metric tonne to be equal to 1000 Kg. We have the
|<ca.l

heat content per metric tonne of coal to be 5,000,000/metric
i\

tonne.Taking this value of heat content we have expressed 

the consumption of coal (measured in terms of metric tonne) 

in terms of heat input, (measured in terms of lO^KCal).

This estimates are calculated for the first 14 years, from 

1950-51 to 1963-64. Prom 1964-65 onwards we get the data of 

heat input from coal, including firewood, furnace oil, natural 

and other gaseous fuels, readily available. Therefore, from 

1964-65 onwards the figures of heat inputs are taken directly 

from the Public Electricity Supply - All India Statistics.

Similar method is followed to estimate the heat input 

from the consumption of oil. The data for diesel oil consump­

tion are expressed in terms of metric tonnes, for all the 21 

years. Again, taking 1 metric tonne to be equivalent to 

1000 Kg., we get the heat content of oil to be 10,000,000 

KCal/metric tonne. On the basis of this heat content of oil, 

we have expressed the consumption of diesel oil in terms of 
heat inputs (10^ KCal).
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Thus having expressed, the consumption of coal and oil 

in the common unit of heat input, we aggregate these heat 

inputs and get the total heat input (measured in 10 KCal 

given in Table III.6. The productivity of fuel input is 

defined as the ratio of kwh generated to the total heat 

inputs. In other words, the productivity of fuel input 

indicates the electricity generated per unit of heat input.

For estimating the productivity of fuel we exclude the 

electricity generated by hydro plants and by nuclear plants. 

Nuclear plants are of very recent origan. We exclude energy 

generated by hydro plants from the analysis of fuel produ­

ctivity for the simple reason that these plants do not consume 

coal, oil or other fuels as prime movers. If we include 

energy generated by these plants in our analysis of fuel

productivity then we would get an overestimate for the fuel

gproductivity. Therefore, we define fuel productivity as 

the ratio of kwh generated (excluding hydro plants) to total 

heat in put. Thus, looking at the figures given in Table III. 6 

column 8, we notice a tendency for average heat input per 

kwh generated to decline over a period of 21 years. A fall

9 Percentage share of Hydro Plants in Total Electricity 
generated

1950-51 49.34
1960-61 46.27
1970-71 45.23
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in the ratio of average heat input per kwh generated does 

indicate an improvement in the productivity of fuel input.

Further, defining fuel productiviiy as the ratio of 

index of unweighted output to the index of heat input, we 

observe a moderate improvement in fuel productivity. Un­

weighted output is defined here as kwh generated, excluding 

those generated by hydro plants. The trend shown by the 

ratio of unweighted output index to heat input .index, 

rises upto 1959-60 and then falls .for some time i.e. upto 

1963-64. After 1963-64 ttois ratio continuously rises.
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Table III.6

ctivity of Fuel (Electricity Generated excludes that generated
by Hydro and Nuclear Plants)

Year Coal 
(metrie 
tonnes)

Heat input
l09KCal of 

Coal*

Oil
(metric 
tons)

Heat input
109 KCal 
of oil**

Total Heat 
input
109 KCal

1 2 3 4 5 6=3+5
1950-51 2,253,830 11,269.15 68,843 688.43 11,958
1951-52 2,521,919 12,609.60 74,322 743.22 13,353
1952-53 2,715,038 13,575.19 72,167 721 .67 14,297
1953-54 3,107,426 15,537.13 71,209 712.09 16,249
1954-55 3,369,964 16,849.82 75,724 757-24 17,607
1955-56 3,739,552 18,697.76 76,751 767-51 19,465
1 956-57 4,067,348 20,336.74 76,261 762.61 21,099
1957-58 4,593,761 22,968.81 83,341 853-41 23,802
1958-59 5,119,522 25,976.10 92,152 921.52 26,898
1959-60 5,759,000 28,795.00 101 ,483 1 014.83 29,810
1960-61 6-, 699,590 33,497.95 111,974 1119.74 34,618
1961-62 7,236,361 36,181.81 118,194 1181.94 37,364
1962-63 7,995,689 39,978.45 119,470 1194.70 41,173
1963-64 8,759,461 47,797.31 113,089 1130.89 48,928
1964-65 10,566,625* 56,854*** 125,011 1250.11 58,104
1 965-66 12,471,946* 66,095*** 170,52t+ 1705.21 67,800
1966-67 13,031,496* 71,833*** 107,334 1073.34 72,906
1967-68 14,689,826* 79,898*** 80,847 808.47 80,706
1968-69 16,559,864* 94,112*** 63,006 630.06 94,742
1969-70 17,105,693 93,730*** 41,125 411.25 94,141
1970-71 17,127,750 96,323*** 36,365 363.65 96,687

cont...
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Year Total Elect­
ricity gene­
rated (exclu­
ding Hydro & 
Huclear 
Plants)

Average 
Heat Input 
per kwh 
generated
(i.e.KCal/
KWH)

Index of 
Total 
Heat In­
put

Index of 
kwh gene­
rated

Ratio of 
Index of 
kwh gene­
rated to 
Index of , 
heat input

7 8 9 10 11
1950-51 2586.928 4622.47 89.69 86.27 0.96
1951-52 2998.705 4452.92 100.00 100.00 1.00
1952-53 3321.217 4304.75 107.23 110.75 1.03
1953-54 3782.332 4294.89 121 .87 126.17 1.04
1954-55 4285.257 4108.74 132.05 142.90 1 .08
1955-56 4850.213 4013.23 145.99 161 .74 1 .11
19565-57 5367*256 3931.06 158.24 178.99 1.13
1957-58 6296.901 3779.95 178.52 209.99 1 .18
1958-59 7145-784 3764.18 201.74 238.30 1 .18
1959-60 8005.529 3723.68 223.58 266.97 1 .19
1960-61 9100.431 3804.00 259.64 303.48 1 .17
1961-62 9855.569 3791.16 280.23 328.66 1 .17
1962-63 10560.430 3«98.80 308.80 352.17 1 .14
1963-64 11541.071 4239.47 366.96 384.87 1 .05
1964-65 14764.234 3935.46 435.78 492.35 1.13
1965-66 17765.154 3816.46 508.50 592.43 1.17
1966-67 19641 .489 3711.84 546.80 655.00 1 .20
1967-68 22536.59 3581 .11 6O5.3O 751.54 1 .24
1968-69 26710.60 3546.98 710.57 890.74 1.25
1969-70 27603.67 3410.45 706.06 920.52 1 .30
1970-71 28162.02 3435.24 725.15 939.14 1 .30

Source;
(1 ) Public Electricity Supply - All India Statistics, for 

columns, 2, 4, and 7
(2) Columns, 3» 5, and 6 as explained in the text.
(3) Electricity generated excludes electricity generated by 

Hydro and Huclear plants.
cont...



To observe the rate at which the productivity of fuel 

increases we have fitted the curve, discussed earlier, of the 

form y = cegX. for estimating the rate of acceleration/retar­

dation in the rate of growth of fuel productivity we have 

fitted the logarithmic parabola, discussed earlier. The 

results of the two curves fitted to the fuel.productivity

data are given below s

farticular Rate of 
growth, 
compound­
ed conti­
nuously

The Curve 
fitted

Rate of 
Accelera­
tion/Reta­
rdation

<* * ***)

The Curve 
fitted

Ratio of Index 
of Unweighted 
output to the 
Index of fuel 
input

1.12 y=(l.0078)
( \ .011 21x (e)

-0.12 y=i
. i

. i

(.9881 )
(1.0385)X 
(.9988)x^/2

Note to Table III.6 (continued)
** The calorific value of oil is 10,000 KCal/Kg.

1 ton = 1.01605 metric tonnes.
* From 1964-65 onwards the figures of coal include the figures 

of-firewood, lignite etc., which are given separately from
1964-65 onwards.

*** Heat inputs include coal, furnace oil, and natural and other 
gaseous fuels for which sepatate data are availaole from 
1964-65.

* The calorific value of coal is taken as 5000 KCal/Kg.
++ figures for 1965-66 and onwards are in terms of Kilo litres, 

for 1955-56, 1960-61 , and 1965-66 it is possiule to get the 
figures of oil consumption in metric tonnes as well as in 
kilo litres. Working out the ratio of K.L. to metric tonne 
we get 0.91743 metric tonne per K.L. This ratio is used 
to convert K.L. figures into metric tonnes for 1966-67 to 
1970-71 .
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From the figures given above we notice that the rate 

at which the productivity of fuel increases is very low, 

viz., 1.12$. Not only that, but there are already signs 

of retardation in the rate of growth of productivity of fuel.

Thus, we observe that on the one hand the rate of 

growth in labour productivity shows an acceleration and on 

the other hand the rate of growth of fuel productivity shows 

a retardation. The significant fact still is that the fuel 

productivity has improved all along.

Factors Behind Fuel Productivity Improvement

The underlying reasons behind an improvement in the fuel 

productivity seem to be (a) a switch against gas and oil 

plants as compared to steam plants; and (b) within the steam 

plants the trend is towards bigger si^e plants. Table III.7 

gives the information regarding generation of electricity by 

steamplants and by gas and diesel plants; and their relative 

share in total energy generated by all types of plants. Thus, 

we see that the relative share of gas and diesel plants in 

total energy generated declined from 3*75$ in 1951-52 to 

0.65$ in 1970-71 . As against this, the relative share of
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Table III.7

Electricity Generated by Steam and Diesel and G-as Plants

Year Electricity Generated (Mil.kwh)

by steam by Pies el Total
plants and Gas 

plan is
1 2 3 4

1951-52 (a) Mil .Kwh. 2779.059 219.646 5858.403
(b) Percentage 

share in
Total
Electricity
generated 47.44 3.75 100.00

1955-56 (a) Mil .Kwh. 4618.863 231.350 8592.451
(b) Percentage 

share in 
total Ele­
ctricity 
generated 53.75 2.69 100.00

1960-61 (a) Mil .Kwh. 8732.409 368.022 16973.012
(b) Percentage 

share in total 
Electricity 
Generated 51 .45 2.17 100.00

1965-66 (a) Mil.Kwh 17372.181 392.973 32990.125
(b) Percentage 

share in total 
electricity 
Generated 52.66 1 .19 100.00

1970-71 (a) Mil.Kwh. 27796.45 365-57 55827.64
(b) Percentage 

share in total
electricity
Generated 49.79 0.65 100.00

Source: Public Electricity Supply:All India Stati sties,op.cit.
Note: Total in column 4 includes Electricity generated by

Hydro and Nuclear plants which are not shown separately 
in the table.
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steam plants in total electricity generated increased from 

47.44# in 1951-52 to 49.79# in 1970-71 . I’his shows that the 

gas and diesel plants are “being replaced by bigger and more 

efficient steam and hydro plants. Since the gas and diesel 

plants are basically of a smaller size as compared to steam 

and hydro plants, the replacement of gas and diesel plants 

by the other two types of plants does improve the productivity 

of fuel input.

Another factor that accounts for improved fuel producti­

vity is the shift, within steam plants, in favour of bigger 

size of the plants. Observing from Table III.8, we notice 

that in-1951-52, steam plants with installed plant capacity 

of over 50,000 kw accounted for 53*7# of the energy generated 

by steam plants, 'i'he share of these plants has been consis­

tently going up and in 1970-71 they account for almost 93# 

of the energy generated by steam plants. As against this 

relative share of small sized plants with installed capacity 

of upto 1000 kw has gone down from 1.01# in 1951-52 to 0.002# 

in 1970-71 . For all practical purposes we can say that the 

plants of very small size have disappeared from the picture.

Thus, we see that the relative share of all the small size
has

•of steam plants,/been consistently going down. And we reach a
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situation in 1970-71 where almost whole of the electricity 

generated by steam plants is accounted by the big plants 

only. The benefit of shifting from small plants to big plants 

can be seen by looking at the figures of thermal efficiency. 

The thermal efficiency of big plants is considerably higher 

than the thermal efficiency of small plants. In 1951 -52 the 

thermal efficiency of small plants was 3*65/ and that of big 

plants was 19*9/• With the shift in favour of big plants the 

thermal efficiency of big plants itself improves from 19*9$ 

in 1951-52 to 25-69/° in 1970-71. Hot only this, but, the 

shift in favour of big plants improves the thermal efficiency 

of all the steam plants taken together. Thus, the average 

overall thermal efficiency, for all the plants taken together, 

improves from 16.3/ in 1 951-52 to 24.87/ in 1970-71. There­

fore, we can say that part of the improvement in fuel pro­

ductivity is accounted for by the shift in favour of bigger 

steam plants.
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CHAPTER IV 5

CAPITAL PRODUCTIVITY

1 • PROBLEMS OP CONCEPT AMD MEASUREMENT 

Concept of Capital j

The concept of capital can have two meanings associated 

with it. One of the meanings is that it represents an indi­

vidual's command over financial resources. The second meaning 

of the term capital is that it represents one of the most 

important factors of production. In any analysis of growth, 

whether for the economy as a whole or for a particular 

industry, the concept of capital always represents a factor 

of production. In our analysis also, by capital we mean a 

factor of production that is produced by the economic system 

and used by the economic system for further production. The 

problem primarily arises because it is extremely difficult 

to measure the capital. This is so, because all the units of 

capital are not homogeneous and so one camot aggregate 

different types of capital equipment in order to get a clear
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idea of the stock of capital. As a result of this difficulty 

of measuring capital in physical terms one has to measure the 

stock of capital and the additions to the capital stock In 

value terms. The reasons why we face the problems of defining 

and measuring capital are clearly summarised by Hashim and 

Dadi. Thus, according to them there are five basic reasons 

for facing these problems.

"(a) Capital is a "composite Commodily" made up of different 

types of capital goods - each with its own characteris­

tics and durability;

(b) The composition of this "composite commodity" keeps on 

changing over time....

(c) The future productivity of a capital asset is not 

exactly measurable, since a capital asset is productive 

over a considerable period of time and future is un­

predictable ...

(d) The capital stock existing at any time has no linkage 

with current market valuations...

(e) The productivity of a capital asset might not remain the
1same over its life time."

Hashim S.R. and Dadi M.M.s Capital-Output Relations in 
Indian Manufacturing (1946-1964 ), The M.S.University of 
Baroda, Baroda, 1973,pp.6-7 •
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Measurement of Capital i

As observed earlier the only way of measuring capital 

is to measure it in value terms.The problem associated with 

the measurement ox capital is which value of capital should 

we accept? Should we accept the net value of capital asset?

Or should we accept the gross value of capital asset? That is 

to say, should we take capital as gross of depreciation or 

net of depreciation; depreciation as shown in the account 

hooks. The idea underlying the concept of net stock of capital 

is to capture the changes in the services of capital that take 

place over a period of time. Most of the analysists favour 

the gross stock of capital to the net stock of capital on the 

grounds that the net value of capital asset falls much more 

rapidly as compared to its ability to. contribute to production. 

This is because the accounting depreciation does not necessa­

rily represent the true technical decline in the efficiency 

of capital. Denison does not agree fully with the idea of 

using gross capital in one's analysis. Thus, for Denison,

"the use of gross stock would imply that this ability is 

constant throughout the service life of a capital good", and

that, "the gross stock assumption of constant services through
2out the life of an asset is extreme". He then reaches the

2 E.P.Denison, Why Growth Rates Differs Post-War Experience in 
Nine Western Countries; Washington; The Brookings Institution,
1 yb?, p.140.
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conclusion that a "correct index of capital services would 

fall somewhere between indexes of the gross and net stock 

hut I believe it would lie much closer to a gross stock 

index..." According to Prof. Leontief "Use of depreciated 

coefficient implies that capital stocks decrease in efficiency 

in exact relation to depreciation charge", but, "most availa­
ble evidence indicates that this is not a reliable assumption.^ 

This is due to the fact that most firms undertake large 

repairs and maintenance expenses, which maintain the technical 

efficiency of the plant and equipment at,the same level or 

sometimes even increase it, as maintained by Leontief. Thus, 

so long as a capital asset is used, it continues to render 

services at a uniform efficiency.As a result of this objec­

tion against the use of net stock of capital, this analysis 

uses only the gross stock of capital, that is undepreciated 

stock.

Alternative Methods of Measurement !

Having decided to use the gross stock of capital, we 

face the problem of measuring this stock of capital. One

5 Ibid, p.141.
4. Harvard Economic Research Project; Estimates of the Capital 

Stock of American Industries, 1947 ; Cambridge Mass. , 1953.
pp.21-22.
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cannot take the Book Value of capital assets as the Book 

values represent the written down values of capital purchased 

at different points of time at different prices.

Alternatively, one can adopt a forv/ard-Looking concept

of capital hy defining the value of capital assets "as the
5discounted future income stream to be derived from it." . 

However, this is only a theoretical possibility as the stream 

of future income and the rate of discount to be adopted give 

rise to a host of problems.

finally, there is the Backward-looking concept of 

capital by defining it as the labour time spent in the past 

in producing the capital asset. This cost approach also has 

a problem that what we get is the cost of new machine when 

it was installed, but we cannot know the cost of old machine 

that waa already installed a few years back. If we accept 

that the productivity of capital asset falls as the time 

passes then in order to know the worth of an old capital 

asset we have to know its 'earning power'. Thus, we go'back 

to the forwarding looking concept of capital; the concept 

that we have already discarded. On account of these problems 

5 Hashim S.R. and ladi M.M., op.cit., p.7.
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the cost approach of measuring capital is not free from 

objections. A slightly variant concept of value of capital 

is the ’Replacement Cost*. The Replacsnent Cost concept may 

either refer to the 'Replacement Cost New' or to the 

Replacement C0st written down. By replacement cost new we 

imply the cost of replacing the existing machine by a new 

machine of similar type.As against this, the replacement 

cost written down incorporates the idea of declining capital 

productivity with the passage of time. We cannot leave the . 

determination of the value of old capital assets to the 

market forces. This is so because we do not have a well 

developed and an organised market for second hand goods. 

Therefore, we are left with only one concept of capital 

viz., undepreciated original cost, of the asset.

Undepreciated replacement cost new is the measure of 

capital which we adopt. Undepreciated because we have argued 

that a capital asset continues to render services at uniform 

efficiency so long as it continues to be used. This is 

because repairs and maintenance particularly in a public 

utility like Electricity eifectively take care of wear 

and tear. Replacement cost new because we wish to put all
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capital assets on par with each other. How much would it 

cost to replace an old machine with a similar new one?

Capital assets in existence in any given year were purchased 

at different earlier points of time at different prices 

prevailing then. If we know the purchase price of the capital 

asset (not merely written down Book value) and the change 

in prices during the period in question, we can convert the 

historical purchase prices into current replacement costs. 

Fortunately, the data relating to capital assets at cost 

(purchase prices) are available for Electricity Utility, 

something which is not available for manufacturing industries. 

We have this distinct advantage in case of Electricity 

Utility.

It may be noted that while we do not take depreciation 

into account, we would permit discarding due to obsolescene 

and aging. The Public Electricity Supply themselves do take 

discarding into account.

Capital at Purchase Prices :

The data pertaining to the values of capital at purchase 

prices are readily available from the consolidated capital
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account published, in the Public Electricity Supply - All

India Statistics. These data give the value of capital

assets at cost, that is at purchase prices. The data on

capital expenditure are available from 1947-48 onwards upto

1970-71. Some of the capital assets given in 1947-48 must

be acquired before 1947-48. But no data on capital are

available before 1947-48. The ,1947-48 assets represent the

stock of capital assets acquired at different times since

the inception of electricity till 1947-48. One can only

speculate about the assets prior to 1947-48. In 1947-48 the

installed capacity was only 1.36 million kw as can be seen

from Table IV.1. This may be compared with 4*65 million kw

in 1960-61 and 14.71 million kw in 1970-71 . We have data

regarding installed capacity in 1939 available in 1971-72

issue of Public Electricity Supply. In 1939 the installed
6capacity was 1.07 million kw. In Venkataraman's book , for 

the year 1921-22, the installed capacity is given as G.13 

million kw. Thus, we can say that assets in existence in 

1947-48, were acquired during 1921-22 to 1947-48.

6 K.Venkataraman, Power Development in India - The Financial 
Aspects, Wiley Eastern Private limited, New Delhi,1972,p.29•
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2. CAPITAL US ELECTRICITY

Age Profile of Fixed Assets :

In Table IV. 1 we have the data relating to installed 

capacity and total fixed capital at purchase prices. Age 

profile of fixed assets is required to wake adjustments for 

price variations over time. Figures given for capital assets 

are the figures given for capital assets over a period of 

time. Thus the capital assets in use in any given year would 

be equal to the assets in existence in the earlier year, 

plus the assets added minus the assets discarded due to 

aging. In order, therefore, to know the amount of fixed 

capital acided each year, we must know the age profile of the 

capital assets. Ideally, we need data for every type of 

capital assets purchased by public electricity. However, it 

was possible to segregate only two categories of capital 

assets. The two categories of capital assets taken are 

(i) buildings and civil works, and (ii) machinery and 

equipment, general assets and special items. Thus, from 

the total capital expenditure we deducted land and intangibl 

assets to arrive at the figure of Fixed Capital Assets.
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For the earlier three years, viz., 1947-48, 1948-49 

and 1949-50? we do not get a detailed capital account.We 

get the total capital expenditure for these years from the 

1951 issue of the Public Electricity Supply. The total 

capital expenditure for 1947-48, 1948-49 and 1949-50 is 

given to be Rs.115*5 crores, 8s. 118.6 crores and Rs. 131*0 

crores, respectively. In order to arrive at the figure of 

total fixed capital for these years we apply the ratio of 

total capital expenditure to total fixed capital that pre­

vailed in 1950te51 to these figures of capital expenditure. 

(The ratio of total fixed capital to total capital expendi­

ture was 0.955. This is because a part of the capital 

expenditure is on land and intangible assets, which are 

'excluded here, as we are concerned with reproducible capital 

only). Thus, we first estimate the total fixed capital 

assets for 1947-48, 1948-49, and 1949-50.

Having estimated the total fixed capital for 1947-48, 

194.8-49 and 1949-50, we try to estimate the figures for 

buildings and civil works on the one hand and machinery and 

equipment on the other. This has been done as follows ;
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For segregating the expenditure on buildings and civil 

works and plants and machinexy from total fixed capital, 

for 1947-48, 1948-49 ana 1949-50, we have applied the pro­

portion of buildings and civil works in total fixed capital 

that prevailed in 1950-51 . In 1950-51 buildings and civil 

works constituted 23*1 2$ of total fixed capital. Assuming 

this proportion to remain the same, we have applied it to 

the figures of total fixed capital for 1947-48, 1948-49 and 

1949-50. Thus, we get the expenditure on buildings and civil 

works for these years. The expenditure -on plants and machinery 

is the residual. Thus, we have separate data for buildings 

and civil works on the one hand and plants and machinery on 

the other, for all the 24 years.

Once we have' the complete series for buildings and 

civil works and machinery and equipment separately for 

all the years, then we can prepare the matrix of age profile, 

first, for buildings and civil works and then for plants and 

machinery at purchase prices.
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Table IY.1

Installed Plant Capacity, fixed Capital Assets, Buildings 
and Civil Works; and Plants and Machinery.

Year Installed
plant
capacity

(Ml)

Total Fixed 
Capital 

(fis, lakhs)

Buildings & 
Civil works 
(Es. lakhs)

Plants & 
Machinery 
(fe.lakhs)

1 2 3 4 5
1947-48 1363.3 11008 2545 8463
1948-49 1411.0 11303 2613 8690
1949-50 1537.2 12484 2886 9598
1950-51 1712.5 14077 3254 10823
1951-52 1835-4 16288 3224 13064
1 952-53 2061 .8 18739 3609 15130
1953-54 2305.2 21662 3874 17788
1954-55 2494.8 26075 4135 21940
1955-56 2694.8 31701 4956 26746
1956-57 2886.1 50369 7599 42770
1957-58 3223.1 54400 7942 46458
1958-59 3511 .6 63918 9171 54747
1959-60 3873.2 69631 9935' 59696
1960-61 4653.1 74103 10479 63626
1961 -62 5218.8 90007 14183 75824
1962-63 5801 .2 100342 15664 84678
1963-64 6575.9 113103 16099 97004
1964-65 7396.7 124254 12992 111261
1965-66 9027.0 161268 16244 145025
1966-67 10092.2 198742 22322 176419
1967-68 11883.2 225106 24244 200862
1968-69 12957.3 259807 22571 237237
1969-70 14102.5 281767 22999 258768
1970-71 14709.0 31 21 64 24 918 287246
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Eotes to Table IV. 1

Source; Bublj-c Electricity Supply; All India Statistics, 
op.cit.

For 1947-48, 1948-49 and 1949-50 total capital expendi­
ture is given to be 115-5, 118.6 and 131-0 crores of 
fe. respectively. For getting total fixed capital for 
these years we have applied the ratio of total fixed 
capital to capital expenditure in 1 950-51 , the ratio 
was O.953.
For segregating the expenditure on buildings and civil 
works and plants & machinery for 1947-48, 1948-49 and 
1949-50 from total fixed capital we have applied the 
proportion of buildings and civil works in total fixed 
capital that prevailed in 1950-51 . The buildings and 
civil works constituted 23-12$ 01 total fixed capital 
in 1950-51 - Applying this proportion we have estimated 
the figures for buildings and civil ?rorks for the above 
mentioned three years. Hants and machinery are residual.

On account of non submission of returns by the Assam 
and Anohra Pradesh Electricity Boards and Jammu & Kash­
mir Government Electricity Departments in 1957-58 their 
data were not included in the All India Statistics. We 
have added the figures of 1956-57 of these boards and 
departments to the 1957-58 All India data. Applying 
the ratio of buildings and civil works to total fixed 
capital, for All India, prevalent in 1957-58 to these 
figures we segregate the figures of buildings and civil 
works, (plants and machinery is the residual). Then,

cont.. ..
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Notes to Table IY»1(contd.)

we add these figures to the figures of All India for 
1957_50, xt may he noted that for other years the 
•Public Electricity Supply have adopted the practice 
of taking the figures for capital for the prior year 
in case of non-response. However, the percentage of 
non-response is on the whole small.

5. Prom the total Expenditure given in the Reports, 
investment in land and value of intangibles are excluded.

6. The total capital expenditure for Andhra Pradesh,
Assam, Orissa and Jammu & Kashmir comes to be fc.4797 
lakhs, for 195,6—57* Applying the ratio of total fixed 
capital to total capital expenditure, (i.e. 0.976) for 

1957-58 to Rs.4797 lakhs we get total fixed capital for 
these boards and government to be Bs.4682 lakhs for 
1956-57- Then, Bs.4682 lakhs are added to the 1957-58 
figure of total fixed capital for All India.
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Looking at the figures given in Appendix Table IV.1, 

we notice that the value of buildings and civil works, at 

purchase prices, for 1951-52 is lower than that for the 

previous year. This gives us a negative addition to the 

existing stock of buildings & civil works. There is no 

explanation provided for this sudden fall in the value of 

buildings and civil works in 1951-52. Here, the problem that 

one faces is how to interprete this negative value. We have 

taken -this to be the result of exceptionally large dis­

carding of old assets. Therefore, in the cell of 1951-52 

we have put the addition to be zero and then we have sub­

tracted the difference from the figure of 1947-48 which is 

carried forward- upto 1951 -52. Thus, the value of stock of
i,

buildings & civil works in 1 947-48.was fe.2545 lakhs carried 

forward upto 1950-51 and from 1951-52 this value becomes 

Bs.2515 lakhs and the addition in 1951-52 becomes zero. We 

have adopted the same method of extraordinary discarding 

whenever the addition to the stock of buildings and machinery 

turns out to be negative. These years are exceptional years 

and we fail to find any explanation for'this negative addi­

tion. In our matrix we have in all three'such exceptional 
years, viz., 1951-52, 1964-65 and 196§^-6|.
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Similar method for constructing the matrix of age 

profile for plants and machinery, at purchase prices, is 

adopted. Unlike buildings and civil works we do not get 

any negative additions to the stock of plants and machinery. 

This age structure of plants andmachineiy is given in 

Appendix Table I?.2.

Age Profile at Current Prices :

In order to have some idea about the value of buildings 

and civil works and plants and machinery at current prices, 

we have to know the age structure, as discussed above, of 

these capital assets. We need to express the value of fixed 

capital assets at current prices because the inventories are 

at current prices. In order to have some idea about the 

total capital of electricity utility we must be in a posi­

tion to add up the inventories and th.e fixed capital assets 

together, therefore, the expression of fixed capital assets 

at current prices becomes inevitable. To express buildings 

and civil works and machineiy and equipment at current 

prices we have to multiply the audition made in each year 

with appropriate price indices for the respective years. 

Appendix Table I?.3 gives the matrix of age profile of



138

buildings and civil works at current prices. The figures 

given in the second row and second column (and written in 

the brackets) give the price indices that are used. For 

buildings and civil works we have applied the construction 
eost^ indices for 23 years viz., from 1948 -49 to 1970-71 .

As we could not get the construction cost index for 1947-48
0we have used the price index of manufactures for that year.

Thus, we have to multiply each and every cell of the 

matrix showing the age profile of buildings and civil works 

at purchase prices, with the relevant price indices. The two 

above mentioned price indices are converted to the 1951-52 

base and written in a continuous manner from 1947-48 to 

1970-71. ®his implies an assumption that the construction 

cost index in 1947-48 moved in the same manner as the price 

index of manufactures. In absence of any other alternative, 

we assume that the price index of manufactures in 1947-48 

can be taken as a proxy for price index of buildings and 

civil works. This same assumption we make for the price 

index of machinery and equipment.

7 fholakia, B.H.* op. cit., p.196.
8 M.Mukerjee, National Income of India; trends and Structure,

Calcutta, Statistical..Publishing Socle 1y", 1969, p.94-
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Thus, we arrive at the matrix of age profile for 

buildings and civil works and plants and machinery by multi­

plying each and every cell of the matrices at purchase 

prices with the relevant price indices; and thereby estimate 

each and everj, cell for the matrices showing age profiles

at current prices. For plants and machinery we use the price
9indices of machinery and equipment ; for 23 years i.e. from 

1948-49 to 1970-71 . lor 1947-48 we use the above mentioned 

price index of manufactures.

1 0To put the method symbolically, we have,

24 P+
Kt = i A± ( jn );

i=1 1

where, represents the value of accumulated capital assets 
*fc ki "t ki

in t year in t year’s prices. Ai is the addition to
”fc tl

capital stock in i year; Pt and are the price indices 
"fcfci thin t year and in i year, respectively.

Thus, we build up two matrices for the two categories

of capital. Appendix Table IT.3 gives the matrix of age

profile for buildings and civil works at current prices. The

age profile of plants and machinery at current prices is

9 Dholakia, B.H.: op.cit., p.196.
10 Hashim S.R. and Dadi M.M., op. cit., p.20.
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given in Table IV.4* Having estimated capital assets at 

current prices we apply relevant price indices and express 

the stock of buildings and civil works and plants and 

machinery at 1970-71 prices.

In this manner, we have constructed the value of 

gross fixed capital at purchase prices, at current prices 

and at constant prices. The matrix of age profile at pur­

chase prices becomes inevitable if one wants to measure 

fixed capital at current prices. The need for measuring 

fixed capital at current prices arises because inventories 

are expressed at current prices. In order to minimize the 

price factor one has to express capital at constant prices. 

And so, the expression of value of stock of capital at 

constant prices becomes useful.

It may be mentioned that the above method takes care 

of converting the additions made to capital during each of 

the year between 1947-48 to 1970-71, into current prices 

appropriate to each year. But the capital that existed in 

1947-48, that is the year of starting o'f our series itself 

remains unconverted. However, on a closer consideration, we 

find that though, the capital in existence in 1947-48 was
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mostly acquired during 1921 -22 to 1946-47, in terms of the 

price level if it does not seem to have been acquired at a 

price level very different from that prevailing 1947-48.

Thus in 1947-48 total fixed capital as seen in Table IV.1 

was Ms.11008 lakhs and installed capacity was 1363*3 MW. Thus 

capital per 1 kw installed capacity in 1947-48 was fis.807. In 

1948-49 the capital increased by fis.295 lamas and capacity 

by 47.3 MW. Thus the capital cost of additional capacity 

was Rs.624 per 1 kw in 1948-49* Similarly in 1949-50 this 

came to Rs.936. It will thus be observed that the capital 

assets acquired before 1947-48, were acquired at a price not 

very different from that prevailing in 1947-48 etc. There­

fore, one single price adjustment as done in appendix 

Tables IV.3 and IV.4 for 1947-48 is enough.

Inventories

Having discussed the method adopted for measuring 

fixed capital, we discuss the inventories. The data regard­

ing inventories are readily available from Public Electricity 

Supply - All India Statistics. These data are available from 

195 0-51 onwards only, l’he current assets, used here to 

indicate inventories, include works in progress and stores
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and materials at hand. From our analysis we exclude the 

works in progress for the simple reason that it must have 

heen included in fixed capital in the following years. In 

order to avoid this double counting we do not include works 

in progress in the current assets. Thus, our current assets 

include stores and materials at hand. Since the value of 

stores and materials is at current prices, and the stores 

and materials are not accumulated over a period of time, as 

fixed capital is, we do not have to make any adjustments in 

order to represent them at current prices, ^n other words, 

we have taken the value of stores and materials at current 

prices as they are given. Thus, our total capital at current 

prices includes fixed capital at current prices and stores 

and materials at current prices.

For expressing the value of stores and materials at 

constant prices we have to apply a suitable price index. 

Stores and materials in hand include, (a) Fuel coal and/or 

oil at cost; and (b) General stores at a below cost. Since 

we have no idea about the proportion of fuel coal and oil, 

as well as about the items included in general stores, we 

cannot apply different price indices to each item. As a
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result of this, we have applied the price index of coal, as 

a proxy, to the stores and materials at hand. Thus the 

value oi stores and materials at 1970-71 prices is esti­

mated by applying the price indices of coal, with 1951-52 

as the base year. Our total capital at 1970-71 prices is 

the summation of gross fixed capital, (as discussed above) 

and the current assets, both at 1970-71 prices.

Composition of Capital

However, it may be observed from the information given 

below, that the composition of capital in electricity utility 

has undergone a change over a period of time. The composi­

tion of capital has changed in favour of plants and machinery 

and against buildings and civil works and inventories.

Relative Share of Types of Capital in Total
Capital (per cent)

Year Building & 
Civil work

Plants & 
Machinery

Inven­
tories

1950-51 27 66 26

1955-56 18 76 6

1960-61 15 77 8

1965-66 10 82 9

1970-71 8 85 7
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Thus, having estimated the total capital of public 

electricity, we now estimate the prodiictivity. The produc­

tivity of capital is measured by the output; capital ratio, 

i.e. the inverse oi capital; output ra;tio.

Capital : Output Ratio :

Capital output ratio can be defined as the ratio of 

total capital to gross value added. This, of course, is the 

average capital output ratio. Capital; output ratio can be 

either at current prices or at constant prices. While esti­

mating the capital: output ratio at current prices we use 

capital and gross value added both at current prices and 

for constant prices we use capital and gross value added 

both at 1970-71 prices.

further, one can observe the ratio of gross fixed 

capital to gross value added at current and at constant 

prices. Similarly, one can observe the ratio of inventories 

to gross value added both at current as well as at constant 

prices.
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Observing Table IV.3 we note that inventories to out­

put ratio remained, more or less staple and very low. It is 

the fixed capital; output ratio that influences the overall 

capital: output ratio. The capital:output ratio, barring 

the first year, shows a continuously rising trend upto 

1956-57 where it reaches the highest value of 15.94, (at 

constant prices). Prom 1957-58 upto 1961-62 capital:output 

ratio shows a declining trend.Then it rises and falls, 

showing irregular movement. Prom 1966-67 onwards there is 

a decline, looking to the capital:output ratios for all the 

21 years one notices a tendency for capital:output ratio to 

fall, though the tendency is not consistent. Over a period 

of time the average capital:output ratio has fallen from 

the maximum of 15-94 in 1956-57 to 8.25 in 1970-71 . As 

compared to other manufacturing industries the capital:out­

put ratio in electricity is definitely much higher. The capf

talsoutput ratio for manufacturing ■ industries in 1964 was 
^115.20. As against tnis the capital:output ratio in 

electricity in 1963-64 was 9*80. Thus, we notice that as 

compared to other industries electricity industry requires a 

larger amount of capital per unit of output. Not only this,

11 Hashim S.R. and Padi M.M., op.cit., p.39.
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but in the initial stages the capital:output ratio tends to 

be much higher; viz., 15*94 in 1956-57-As the electricity 

industry grows and the output increases the capital output- 

ratio tends to fall.A declining tendency on the part of 

capital soutput ratio indicates a rising trend for the pro­

ductivity of capital. Thus, we see a rising tendency on the 

part of capital productivity.

Similar is the experience of America as observed by 
1 2Dr. Uliher. The capital; product ratio, at 1929 Dollars, 

increased from 4*42 in 1887 to 18.40 in 1893. Prom 1894 

onwards the capital; output ratio for electricity and power 

utility in America shows a downward trend. Thus, for America, 

the capital; output ratio in electricity falls from a maximum 

of 18.40 in 1893 to 1.30 in 1950.

The fall in the capital: output ratio in electricity in 

India is not as marked as in America. This is mainly because 

our findings are based on the time series data for 21 years
l

only. Dr. Ulmer's findings are based on the data for more 

than 60 years.

In summary, we conclude that the capital output ratio

12 Ulmer M.J., op.cit., pp.476-7-
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shows a declining trend in electricity in India. Over a 

period of time, we have seen that the productivity of all 

the three inputs, taken separately, has a tendency to rise. 

These partial productivities do explain the growth in the 

output of electricity, but fail to show the contribution of 

inputs, taken jointly, in the growth of this industry. 

Therefore, we have to take up the analysis of joint producti­

vity.
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Rate of Growth of Capital Productivity :

Productivity of capital is nothing else but the inverse 

of capital: output rato. Thus, productivity of capital is 

defined as the ratio of gross value added to total capital, 

both at constant prices. Since the capital:output'ratio does 

not show a consistent trend, we will not get a consistent 

trend for output capital ratio also. Therefore,^order to know 

whether the productivity of capital has increased over a 

period of time, we have fitted the curve, discussed earlier, 
y = ce®x, where y stands for outputs capital ratio and x is 

the time variable. By fitting this curve we get an annual 

rate of growth, compounded continuously, of 1.57 per cent 

for the productivity of capital.This is arather slow rate of 

growth. Thus, the curve that we get is ;

y = (0.07 64 2)(e)0-0157^

Having seen that the productivity of capital increases 

at a very slow rate, we would like to know whether there are 

any signs of retardation in the rate of growth of capital 

productivity.As already discussed earlier, we have fitted a 

logarithmic parabola of the form;
, x . x2/2 

y = k a b 1 9



y = (.09523)(0.908S6)X (1.0121)X /2

Since the value is 'b' is greater than, unity, we get accele­

ration in the rate of growth of capital productivity .The 

rate of acceleration in the rate of growth of capital produ­

ctivity is 1.21 per cent.

Thus, we see that neither labour productivity nor capital 

productivity shows any sign of retardation in the rate of 

growth of productivity.


