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CHAPTER I 

AN OVERVIEW 

Economics being an evolving science gave birth to 

Energy Economics, which with the passage of time has established 

itself as a mainstream economics. Ever since the oil embargo of 

1973-74 1 , the economies realized that energy plays a very vital 

role in deciding the fate of the economy. Energy is an 

indispensable input for sustainable economic development. The mere 

pervasiveness c.f energy use in economic activity reflects its 

great importance in the development process. "There is no 

substitute for energy; the whole edifice of modern life is built 

upon it". 2 

Empirical evidence suggest that there is an iron link 

between growth in Gross Domestic Product (GOP) and consumption of 

energy. Since, production process, transportation, consumption by 

households all require energy, so any increase in the activity 

level of one of these imposes a pressure on the energy 

requirement. The developing countries moving along the path of 

development requires enough energy to achieve the target growth 

and sustain the process. The rapid growth in demand for energy in 

developing countries may be attributed to the rapid growth in GOP 

and relatively high energy intensities. Chern (1985) has shown 

that GOP elasticities of aggregate energy demand are high and 

price elasticities low for the less developed countries. 3 There is 

1. Organisation of Petroleum Exporting Countries 
quadrupled world oil prices in 1973-74. 

(OPEC) 

2. Geoffrey Kirk (edited), "Schumacher on Energy", Abacus, 
London, 1983, pg. 1. 

3. W. S. Chern, "An Assessment of Future Energy Demand in 
Developing Countries", Natural Resource Forum, Vol. 9, 1985. 
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a strong correlation between industrialisation and energy use. To 

quote Schumacher (1992), "it might be said that energy is for the 

mechanical world what consciousness is for the human world. If 

energy fails, everything fails". 4 

The pattern of energy consumption in developing and 

the developed countries is different. The developed countries are 

characterised by a high consumption of commercial energy, unlike 

the developing countries where higher proportion of non-commercial 

energy is consumed. According to a report published by IGIDR 

(1991), the share in total world commercial energy consumption by 

developed and developing is 74.8% and 25.2%. 5 More than 80% of the 

gasolene and electricity are consumed by developed countries at 

the extreme, whereas more than 80% of the fuelwood is consumed by 

the developing country at the other extreme. The shares of total 

electricity consumption in total world consumption for developed 

and developing countries are 79% and 21% respectively. 6 The 

developing countries consume 28% of diesel, 18% of gasolene and 

36% of coal in total Horld consumption. 

However, consumption patterns undergo characteristic 

changes, gradually, as the economy moves along the development 

path. The metamorphosis from a traditional society to a 

industrialized economy requires a higher consumption of commercial 

energy, such as oil and electricity. The economy, thus, gets 

Chern carried out an econometric exercise to estimate and 
analyse the elasticities of 15 less developed countries. 

4. E.f. Schumacher, "Small is Beautiful~, Abacus Books, London, 
1 9 9 2 1 pg • 1 0 1. 

5. "Consumption Pattern: The Driving Force of Environmental 
Stress", A report prepared for the UNCED by IGIDR, Bombay, 
1991, pg. 11. 

6. ibid. pg. 12.· 
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transformed from a net consumer of non-commercial energy to a net 

consumer of commercial energy. During the entire process of 

development the intensity of oil and electricity rises, but after 

the economy has developed this intensity gradually declines. The 

role of commercial energy is very crucial for the process of 

development. 

Along with technological and structural changes, the 

share of manufacturing and export to GOP rises which causes the 

demand for commercial energy to go up. Besides this, in order to 

raise the agricultural productivity and the standard of living of 

rural masses, the consumption of commercial energy goes up. One of 

the main commercial forms of energy is electricity. 

1.1 Role of Electricity 

Electricity, which is a "secondary energy", being 

produced by primary energy, plays a vital role in the development 

process. As the economy moves along the traditional path of 

development, i.e., from primitive agricultural economy, to the 

development of small, light and heavy industries, and finally to 

the growing commercial and services sector, electricity 

requirement grows faster than all other energy forms. In 

developing countries electricity consumption has a growth rate 

higher than that of the developed economies. The reasons for such 

rapid growth in electricity requirement are higher economic growth 

and population growth rates, the transition from an agrarian to an 

industrial economy, and supressed demand in rural areas. 

In underdeveloped countries industry is made the 

engine of growth to break the vicious circle of poverty. Through 

the advancement of the manufacturing sector, the productivity is 

raised which incrases the level of income and pushes the economy 
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along the path of development. But such a development depends upon 

the development and efficient performance of the infrastructure, 

of which power is a major infrastructure. 

As the economy grows, the requirement of electricity 

incrases, to fuel the development and increase productivity of the 

sectors which develop as a backward linkage effect of the 

manufacturing sector. In order to increase the agricultural output 

to cater to the needs of increased demand, agricultural 

productivity needs to be raised. Productivity may be increased 

through mechanisation of agriculture, use of fertilisers and high 

yielding varieties. The fertiliser industries are very power 

intensive. Mechanisation of agriculture includes use of 

electrified and diesel pumpsets, with electrified pumpsets 

gradually replacing diesels pumpsets as the economy grows. Thus, 

direct and indirect consumption of electricity goes up in 

agriculture. The importance of electricity' increases with 

development of commercial and services sector, as it is required 

for vertical transportation and the use of various electrical and 

electronic appliances. A consequence of industrialization is 

rapid urbanisation. With urbanisation the use of power increases 

as it is required for a better urban lifestyle; i.e., from 

entertainment to .Public lighting and waterworks, everything 

requires electricity. 

Moreover, most of the developing economies during the 

initial stages of development become excessively dependent on 

petroleum products and hence become quite vulnerable to sudden 

fuel shocks. The failing balance of payments situation, rising 

current account deficits and extreme vulnerability to oil shocks 

makes these economies substitute electricity for petroleum 

products wherever possible. This raises the importance of power 

further and explains why power intensiveness increases as the 

economy grows. 
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A very large proportion of the population, in 

developing countries, live in rural areas and are very poor. The 

objective of increasing the income level and standard of living of 

those rural masses prompts the government to take proactive 

efforts to introduce various programmes, which require the rural 

electrification programme to be implemented successfully as a 

prerequisite. There is a wide range of electricity uses in rural 

areas. The relative demands from households and producers, 

however, vary markedly from one area to another. Some areas may 

use electricity for a wide range of productive purposes, whereas 

others may use it for little more than domestic and lighting. The 

growth of agrobased industries is to a great extent dependent on 

the use of electricity. Moreover, as the economy grows, the 

income increases take place at a much greater speed in rural areas 

and modern infras':ructure such as transport, telecommunications, 

education, hospital etc., gradually move into the rural areas 

thereby raising the potential for electricity consumption in these 

areas. 

Electricity provides with a very efficient and 

environment friendly form of final energy. Environmental issues 

are very important from the point of sustainable development. 7 The 

increasing use of electricity somewhat ameliorates the severe 

pressure on natural~ources and environment caused by excessive 

use of non-commercial forms of energy in less developed countries. 

However, the power sector itself being a heavy consumer of coal 

should attach increased importance to the hydroelectric potential. 

7. Still some economists believe that developing countries 
cannot afford the luxury of environmental policies to be 
imposed. Contrary to this view, environmental policies do 
need to be implemented in LDC's. Otherwise what good are 
various policies of development, if that process of 
development is unsustainable. 
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In India electricity throughout has played a very 

vital role in her development process. Ever since independence, 

India initiated an ambitious industrialization programme, 

financially and technically aided by many developed countries. 

Rapid industrialization through energy intensive industries 

required the development of power sector as an important 

infrastructure. Gradual economic development over the years with 

increasing inadequacies of supply of energy resources and 

worsening foreign exchange situation have increased the use of 

electricity in the economy. 

India adopted planning methods for industrial 

development. The objective for planning in India was to organise 

the efficient ex;>loitation of resources, increase production and 

step up economic activity through industrial development to the 

maximum possible eY.tent. It also meant, measures to be adopted to 

rai-se the standard of living of the people, and bring about 

equality and justice. Balanced regional development and dispersal 

of economic activity were thought to be two sides of the same 

coin. But in order to achieve the objective, development of 

infrastructure was essential, amongst which power was considered 

to be one of the main infrastructures. 

Under the programmes of the Five-Year Plans, India has 

established a substantially large industrial sector consisting of 

small, light and heavy industries. The common feature to all these 

industries is that they are all quite electricity intensive. Thus, 

electricity played a very important role in making India reach the 

present situation and will play an even bigger role to shape the 

future of the economy. It is essentially because of the rapid 

industrialization, that demand for electricity in India have 

increased at a fast pace. 

6 



The Electricity Supply Act of 1948, was framed for 

the creation of the State Electricity Boards to integrate power 

systems and rationalise power development at the State level. The 

1956 Industrial Policy Resolution guaranteed that power 

development would be exclusively in the public sector. 8 These 

Acts were formulated and implemented so as to make the power 

sector perform well, both at the national and &tate level, and 

help achieve the objectives of planning. 

As development continued with successive plans, 

India's falling balance of payment situation required policies for 

the achievement of self reliance. In the areas of food, 

fertilisers, etc., imports were sought to be reduced through the 

policy ot' import substitution and planned investment. It was 

believed that selective import substitution should be carried out 

to improve the current account deficit of the economy. However, 

such policies of import substitution required the development of 

the power sector, as most of these industries were highly power 

intensive. Hence, the power sector in pursuance of import 

substitution grew and electricity requirement grew along with it, 

considerably over the plan years. 

In India, the development of rural electrification has 

been influence more by economic development than by social 

benefits. Agricultural development and promotion of village based 

industries are the two major reasons for the extension of 

electricity to rural areas in India. However, the initial 

objectives were aimed at social benefits for the rural masses. 

8. Recently in the face of resource crunch, the government has 
invited the private sector to participate in electricity 
generation, supply and distribution. Accordingly, the Indian 
Electricity Act, 1910 and the Electricity Supply Act, 1948 
have been amended. 
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Whatever the case may be, a consequence of such rural 

electrification programme nevertheless improved the quality of 

life in rural areas. 

The rural electrification programme was aimed mainly 

towards the improvement in methods of agricultural production, 

encourage cottage and small scale industries, and finally to stem 

migration to the cities. Considerable momentum gathered after the 

country experienced a series of droughts in the early sixties. The 

aftermath of drought called upon the urgency in improvement of 

small scale irrigation 'to stabilise agricultural production. At 

about this time the Rural Electrification Corporation was set up 

as a consequence of the recommendation of Rural Credit Review 

Committee of RBI. 

All these measures had a distinct impact on the use of 

electricity for productive purposes. Over the plan years an 

integrated development of agricultural, industrial and domestic 

use of electricity, including reduction in the wide difference in 

regional levels of infrastructural development is emphasized. 

Vigorous efforts in the development of rural electrification are 

aimed at stimulating the growth and lifestyle of the village 

economy. 

Thus, the nature of development process in India has 

resulted in high priority being accorded to the development of 

electric power as an essential infrastructure. It has not only 

helped in industrialization and achieving self reliance, but also 

improve the lifestyle of the people, both in rural and urban 

areas. 
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Before we discuss the objective of the study, let us 

briefly outline here the trends in macro economic aggregates and 

the energy scenario, specially electricity in India. 9 

1.2 Trends in Macroeconomic Aggregates and 

Energy Scenario in India 

India is a densely populated country with a total land 

area of 329 million hectares (mha), supporting a population of 844 

million (m). The demographic trends show that total population as 

well as the urban population has increased considerably over the 

last two decades. According to CSO sources, total population 

registered 785m in 1987, when it was 541m in 1970. The share of 

urban population increased from 19.9% in 1970 to 25.7% in 1987. 

Therefore, density of population has increased from 164 persons 

per square kilometer in 1970 to 239 persons per square kilometer 

in 1987. 

The growth rate in Gross Domestic Product (GOP), 

remained at around 3.5% per annum (p.a.) between 1950 and 1980, 

with as low as 2.84% p.a. between 1961 and 1966. It was only in 

the 80's that the growth rates picked up and was around 5.5% p.a. 

between 1981 and 1990. This growth was accompanied by a rise in 

growth of agriculture and per capita consumption, along with a 

decline in capital output ratio. However, growth rates fell to 

4.9% between 1989-90 and 1990-91 and again to nearly l% between 

1990-91 and 1991-92. 

9. Here we deal with the electricity demand 
briefly. A better overview of the trends 
demand are provided in chapters 3 to 7, 
aggregative and sectoral demand analysis and 

9 
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Inspite of considerable structural shifts, 

agriculture still figures the predominant sector in the economy 

with the largest share in the total GDP. However, the share of 

agriculture in total GDP has come down over the last two decades 

and has stablilised to 33% as compared to 55% in the early 

fifties. The manufacturing sector after starting off well lA ~e.. 

1950's and early 1960's slowed down during the 1960's and 1970's. 

But in the 1980's it has picked up pace once again. The notable 

feature is that, the share of commercial and other services sector 
• is gradually increasing and has a very high growth rate. This 

shift in favour of services sector is conducive to employment 

generation, better efficiency of system and improved quality of 

life . The improvement in industrial sector is mainly caused by 

. the improvement in infrastructure. Hence, the success or failure 

of industrial sector rests on the performance of infrastructure. 10 

This structural change and shift in product mix in the 

economy has an important bearing on the pattern of energy 

consumption. In pursuance of self reliance the economy emphasized 

the development of heavy and basic industries, which are all 

energy intensive~ Some energy intensive consumption goods 

industries also received high priority. With rise in income level 

and standards of living, the household consumption basket has 

undergone considerable change - which implies a change in the 

energy intensity of household consumption, along with a change in 

energy consumption patterns. The energy consumption for 

transportation has undergone changes in quantum and pattern, with 

an acceleration in the development process. 

Initially the growth rate in consumption of commercial 

energy was high at 5.47% p.a. between 1953-54 and 1960-61. But, 

this growth rate declined over the decade of 1960's and 1970's, 

10. 8th Plan Document, Government of India. 
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with 4.21% p.a. between 1970-71 and 1980-81. However, it has 

increased marginally in the decade of 1980's and was 4.52% p.a. 

between 1980-81 and 1990-91. But the important aspect about 

consumption of commercial energy is that demand does not reflect 

the true demand as the consumption is supply constrained. Thus, 

growth rates reflect actual availability and not the potential 

demand. 

The final use of commercial energy has increased 

considerably over time because a substantive portion of solid 

fuel is consumed by the power sector and is only used indirectly 

as a fuel by non energy sector. This is due to a substantial rise 

in the demand for electricity over the years. Among the final 

consumption of commercial energy, consumption of coal has 

increased from 52.20 million metric tones (MMT) in 1970-71 to 

73.74 MMT in 1987-88, petroleum produc~s rose from 14.95 MMT in 

1970-71 to 37.40 MMT in 1987-88, natural gas increased from 131 

million cubic metres (mm3 ) in 1970-71 to 414 mm3 in 1987-88, and 

electricity increased from 48.47 TWh in 1970-71 to 159.29 TWh in 

1987-8811 Even though coal consumption has gone up, but in unit 

calorific value the final use has declined according to Sengupta 

(1993). The growth rate in consumption of electricity has been 

maximum to be followed by petroleum products and natural gas. 

According to the 8th Plan document percentage share of 

electricity in total consumption of commercial energy has 

increased from 6% in 1960-61 to 11.7% in 1980-81 and again to 

17.6% in 1990-91. Share of oil and gas has also gone up from 

20.9't> in 1960-61 to 43.4% in 1990-91. But share of coal has 

declined. The noted feature is that there has been significant 

lowering in the elasticity of commercial energy consumption over 

the period 1953-54 to 1990-91, with respect to GOP. The elasticity 

11. Sengupta (1993), pg. 8. 
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of total commercial energy has declined from 1.37 between 1953-54 

and 1960-61 to 0.82 between 1980-81 and 1990-91. Even though 

elasticities for both oil and electricity has declined, still 

elasticity for electricity is the largest at 1.57 between 1980-81 

and 1990-91. This to some extent explains the rapid increase in 

the requirement of electricity over the last two decades. 12 

Not only has the overall energy consumption pattern 

undergone changes but even the sectoral consumption of final 

energy undergone significant changes. This clearly brings out the 

structural shift in the economy over the ye.ars. The share of 

industry in total final energy consumption has increased 

considerably from 40.7% in 1960-61 to 57% in 1980-81, although 

declined to 50.4% in 1990-91. The share of agricultural has 

increased throughout from 1.8% in 1960-61 to 9% in 1990-91. the 

share of household sector increased till 1970-71 and declined 

slightly in 1980-81 but has increased again to 13.8% in 1990-91. 

However, the share of transport sector has been declining 

throughout from 44.9% in 1960-61 to 24.5% in 1990-91. The reason 

for declining share of transport sector could be explained by the 

replacement of coal in railways by more efficient fuels like 

diesel and electricity. 

There has been a substantial increase in consumption 

of petroleum products, which has registered a three fold incre&se 

between 1970 and 1989. Even though the share of light and middle 

distillates increased, however, those of heavy distillates have 

declined. The policy of replacing steam locos caused the rise in 

relative share of consumption of light and middle distillates. 

This got aggravated by the excessive dependence on road 

transport, which has increased considerably over the years. 

However, in the industrial sector from the 80's deliberate efforts 

12. 8th Plan Document, Vol. II, pg. 163. 
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are taken to conserve consumption of petroleum products through 

use of energy efficient technology and also substitution by 

electricity wherever possible. Industrial consumption of oil has 

declined from 28% in 1970 to 10% in 1989. Deliberate policies to 

increase productivity in agriculture has caused consumption of oil 

products to increase, with relative shares increasing from 4% in 

1970 to 9% in 1989. However,. with increasing pace of rural 

electrification and rising rura1 income level, consumption of 

electricity in the agricultural sector is going up fast. In the 

household sector consumption of petroleum products is declining. 

With increasing pace of rural electrification,kerosene for 

lighting is getting replaced by electricity. Also with increasing 

standard of living both in rural and urban areas electricity is 

being used quite extensively in everyday life. 

Electricity consumption has been cant i nuou sly 

outstripping supply over the years. The consumption rose from 48.~1 

TWh in 1970 to 193 TWh in 1989, which means it grew at 7.5% p.a. 

between the same period. The sectoral consumption pattern has 

undergone considerable changes between 1970-71 and 1990-91. The 

Table 1.1 below shows how the relative shares of consumption of 

electricity changed between 1970-71 and 1990-91. 

Table 1.1 

Sectoral Shares of Electricity Consumption (%) 

1970-71 1975-76 1980-81 1985-86 1990-91 

Domestic 8.8 9.7 11.2 14.0 16.8 
Commercial 5.9 5.8 5.7 5.9 5.9 
Industry 67.6 62.4 58.4 54.5 44.2 
Traction 3.2 3.1 2.7 2.5 2.2 
Agriculture 10.2 14.5 17.6 19.1 26.4 
Others 4.3 4.5 4.4 4.0 4.5 

Source: Economic Survey, Government of India, 1993-94. 
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The relative share of household and agricultural 

sector in total consumption of electricity has increased from 

8.8% and 10.2% respectively to 16.8% and 26.4% between 1970-71 and 

1990-91. This could be a consequence of the deliberate policy 

taken by government for rural electrification. Moreover, 

deliberate efforts are made to replace diesel pumpsets by electric 

pumpsets. Again in order to increase production in agriculture 

multiple cropping intensity has increased which causes utilisation 

rate of energised pumpsets to go up, thereby increasing the 

requirement of electricity. Recently, in addition, electricity 

consumption has also gone up due to increased activity of the 

rural non-agricultural sector. Further, since electricity is 

highly subsidised and there is no proper metering for agriculture, 

so wasteful consumption and pilferages have gone up considerably 

over the years. 

The share of industry in total electricity consumption 

has declined from 67.6% in 1970-71 to 44.2% in 1990-91, which 

shows that energy saving techniques are already in use in the 

industrial sector. The excessive dependence of the transport 

sector on petroleum products is reflected in their relatively low 

share in total consumption of electricity. With the contribution 

of the commercial and services sector in total GOP increasing 

rapidly, the consumption of electricity in this sector is also 

growing at a rapid rate since electricity is the main energy 

consumed in this sector. Even though the relative share of 

services sector in total consumption of electricity has remained 

fairly constant, consumption of electricity is growing at a rapid 

rate. 

Thus, it is essentially the household, agricultural, 

and commercial and services sector which have caused the 

consumption of electricity to grow rapidly, inspite of declining 
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shares of industry and relatively small share of the transport 

sector. But still the lion's share in the consumption of 

electricity goes·to the industrial sector. 

Sengupta ( 1993) has worked out sectoral elasticities 

of electricity consumption with respect to sectoral GOP's and 

private final~onsumption expenditure (for household sector), which 

shows that the elasticities have been quite high, exceeding unity, 

for all sectors excepting the transport sector. Inspite of 

proactive efforts taken by the government on railway 

electrification, the output inelastic transport sector explains 

the limited scope of oil substitution by power in the transport 

sector. The elasticity turns out to be the largest for 

agricultural sector at 5.83 between 1980-81 and 1987-88 to be 

followed by the hcusehold sector at 2.76 between the same period. 

The share of total plan outlay to energy sector has 

been increasing in the successive plans. It has increased to 28.2% 

of total plan outlay during 7th Plan from 12.4% during the 2nd 

Plan. The capital intensiveness of various forms of commercial 

energy is evident from steady increase in the relative shares of 

expenditure on energy sector in total plan expenditure over the 

successive plans. Among the various energy forms, the lion's 

share goe~ to th~ power sector, which is most capital intensive 

and involves long gestatio~ periods. The share of power sector in 

total plan expenditure increased from 9.7% in 2nd Plan to 17.4% in 

the 7th Plan. 

The increasing power intensity of the country and 

capital intensiveness of power sector is evident from the 

increasing share of plan allocation to the power sector over the 

successive plans; even in the 8th Plan the maximum relative share 
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is allocated to the power sector. With the energy taking 26.62% of 

total plan outlay, power sector alone takes 18.33% of the total 

plan expenditure in the 8th Plan. 

The average annual growth rates13 for the consumption 

of electricity is very high, and with higher GOP growth rates it 

will be even higher, given the elasticities as highly elastic 

(refer Table 1.2 below). 

The total installed generation capacity at the 

beginning of the 7th Plan was 42,585 MW of which 14,460 MW was 

hydro, 26311 MW thermal, 1095 MW was nuclear and 719 MW gas based 

generation. The details of capacity added during the 7th Plan are 

given in Table 1.3. 

Table 1.2 

Growth Rates (Average Annual) for Electricity Consumption 

Electricity 

GOP 

1960-61 to 
1970-71 

11.4 

3.7 

1970-71 to 
1980-81 

6.3 

3.1 

(per cent p.a.) 

1980-81 to 
1990-91 

8.9 

5.6 

13. The average annual growth rate is obtained be estimating the 
regression equation : lny=a+bt where b=ln(l+r), obtained by 
log transformation of the compound growth rate formula. The 
reason for carrying out such a transformation is to nullify 
the influence of choice of initial value of y on the growth 
rate. The growth rate for y is obtained by taking antilog 
of b and subtracting 1 from it. If multiplied by 100 we 
obtain the percentage average annual growth rate of y. 
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Target 

Achievement 

Table 1.3 

Additions to Installed Capacity During 
Seventh Plan (in MW) 

Hydro Thermal Nuclear Windmill 

.5541 15999 705 

3827 17093 470 11 

Total 

22245 

21401 

Source: Eighth Plan Document, Government of India, pg. 187. 

During the 7th Plan, the average annual rate of 

capacity addition was of the order 4280 MW. The total capacity 

addition during 1990-91 and 1991-92 has been 5803 MW, comprising 

4702 MW thermal, 881 MW hydel and 22 MW nuclear capacity. ihis, 

however, represents a much lower annual rate of capacity addition 

than in to the 7th Plan. Recently there has been persistent 

shortfall of achievements over the targets set by the government 

in the area of capacity addition. In 1990-91 the shortfall was as 

much as 36.49%. In 1991-92 we fell short by 20.49% and in 1992-93 

it was 20.66%. These regular shortfalls are bound to cost us 

dearly in future. 

The total electricity generation has increased from 

61.2 TWh in 1970-71 to 289.4 TWh in 1990-91; in 1980-81 generation 

was 119.3 TWh. Total electricity generation (utilities) recorded a 

growth rate of 8.4% at 286.7 TWh during 1991-92 as compared with 

7.8% i.e., 264.6 TWh in 1990-91 and 10.8% or 245.4 TWh in 1989-90. 

But in 1992-93 the growth rate decelerated to 5% mainly because of 

the decLine in hydro generation compared to 1991-92. In fact the 

contribution of hydel power in total generation fell to 23.2% 
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during 1992-93 from 25.3% in 1991-92; the share was 27% in 

1990-91. The ideal share in hydel-thermal mix is considered good 

at 40% instead of the present level of about 25%. 

The power generation performance in recent years leave 

~uch to be desired. The poor performance coupled with resource 

constraints may trip targets, as it did in the past. Even assuming 

that revised expectations ~f additional capacity is achieved, a 

demand supply gap of about 10% is being forecasted by the end of 

8th Plan. 14 However, Tata Energy Research Institute placed the gap 

at 12.24%. 15 And if industrial and agricultural growth rate picks 

up and rate of urbanisation continues unabated, this gap could 

increase further in future. 

1.3 Objective and Scope of the Study 

The availability of power, being a fundamental 

infrastructural input, sets an effective constraint on the rate of 

growth of the economy. Capacities of production remain 

underutilised, which in turn would have an adverse effect on the 

overall productivity at the aggregate level, if supply of power is 

not adequate. Power being non importable, non storable and highly 

capital intensive, is privileged with a higher relative share of 

total plan allocation in order to set up enough capacity, so that 

the energy required to sustain a given pace of development is met. 

But short run and long run projections of electricity 

requirements presupposes the decisions regarding plan allocations 

and growth rates of the economy. Yet another important aspect is 

that power sector is characterised by long gestation lag of 

investment, varying between 5 and 15 years. The capital intensity 

14. The Economic Times, Response Feature, October 5, 1993, pg. 
1. 

15. S€minar, The Monthly Symposium, edited by .Raj and Romesh 
Thapar, Issue: 414, February 1994, pg. 12. 
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and time intensity of capital formation in the power sector, would 

necessitate the current plant size to take account of the need of 

the perspective plan over about 15 year horizon. All these 

together necessitates the long run projections for electricity 

demands. 

In this study we obtain the long run normative demand 

for electricity, for the given target growth rates of GOP, for the 

terminal years of the 8th, 9th and lOth Plans respectively. 

Instead of employing the long run trend approach to forecasting, 

we have used econometric models based on correlation techniques, 

for forecasting. The basic rationale underlying such correlation 

techniques is that the consumption of electricity is linked to 

several other variables, whose future evolution are being taken as 

targets to be achieved. 

For forecasting we have considered two types of 

models aggregative and sectoral. At the aggregative level 

forecasting is made for the demand for electricity for the economy 

as Q. whole. This demand includes demand for utility as well as 

non-utility. Whereas for the sectoral projections we have 

considered demand for utilities only. Due to limitations of data 

it was difficult to choose a common base year for projection. 

However, for the sake of uniformity we have chosen the common base 

year of our projections as 1990-91. The target growth rates for 

causal variables are either taken from official governmental 

sources or obtained using elasticity factors to those growth 

rates; and technoeconomic norms are taken from government sources. 

For the aggregative analysis we have considered three 

models simple expectations model, learning model, and the 

translog functional form model. In the simple expectation model we 

tried to incorporate the dynamics of consumption of electricity 

through the principle of expectation on level of economic 
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activity. It is thus assumed that consumption depends on the 

expected level of economic activity; where expectation on level of 

economic activity is related to the per capita consumption of 

electricity through a linear function. We have also considered a 

variant of the model, where the expectation is related to the per 

capita consumption through a log-linear form. The data needed for 

estimation are on population, per capita consumption and GOP. The 

consumption data is taken from General Review (CEA) and the 

population and GOP data are taken from cso sources. The target 

growth rates for causal vari'ables are used for projection, after 

estimation of the model. 

The learning model is.based on the principle that as 

consumption continues, knowledge gets accumulated over time which 

has its impact felt on the consumption at the margin. In this 

model cumulative GOP is related to cumulative consumption of 

electricity through a learning function. A variant of the model is 

also considered where cumulative per capita GOP is related to the 

cumulative consumption of electricity through the learning 

function. The data required are on cumulative values which are 

obtained from the data on GOP, consumption and their respective 

per capita variables. The data sources remain the same as in the 

simple expectations model. Target growth rates on causal variables 

are used to make forecasts. 

projection 

The 

is 

translog functional form considered for 

obtained from the relation that intensity 

the 

of 

consumption of electricity takes the shape of log normal function 

with respect to per capita GOP, as the economy grows. The 

variables reqhired are obtained from the data on GOP, consumption 

of electricity, prices of electricity and oil. The data are 

obtained from CEA and cso sources, and Ind_ia Database. The target 

gro_wth rates obtained from official sources are used to make 

forecasts along with the estimates of model. 
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On the basis of test for accuracy we chose the model 

with the highest degree of accuracy and use~ittb~~~ex ante or 
I 

future forecasts for the terminal years of target plans. 

For the sectoral demand analysis we have considered 

separate models for household sector, industria 1 sector, 

agricultural sector and commercial sector. 

For the Household Sector we have considered two 

models, in which we estimate the demand for electricity in two 

stages. In the first stage we estimate the total expenditure on 

all fuels and in the second stage we obtain the expenditure on 

electricity within the total expenditure on all fuels. Then using 

our assumption on prices in the terminal years of target plans, we 

obtain the demand for electricity. The first of the two models we 

have considered is a very simple regression relationship, where we 

have related monthly per capita expenditure on fuel and light to 

the total monthly per capita expenditure, for the first stage of 

the model. We easily obtain projections for the terminal years 

using the estimated elasticity and other assumptions on various 

factors such as urbanisation factor, growth rate of GOP etc. We 

also make assumptions on population growth rates. Once we have 

obtained the prognosticated figures for the total expenditure on 

fuel and light, we use the assumption of the share of expenditure 

on electricity in total expenditure on fuel and light for the 

terminal years of the target plans, to obtain expenditure on 

electricity. This is our second stage of the model. Finally, 

assumptions on price are used to obtain electricity demand in 

physical units. 

The second model for household sector is more or less 

the same as that of the first. However, the second model is more 

advanced than the first model in the sense that we incorporate the 
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poverty ratios in second model and take into consideration the 

expenditure class distribution, by assuming the distribution to be 

a log normal distribution. Thus, by assuming the poverty ratios 

for the terminal years and a poverty line, we make projectins of 

population distribution of expenditure classes for terminal years 

of the target plans. Then using estimated elasticities we obtain 

foreca~ts for expenditure on fuel and light for the terminal years 

in the first stage of the model. The second stage of the model is 

same as that of the first model. We make the same assumptions as 

the first model, except that we add our assumptions of poverty 

ratios. 

The data used for the analysis of the models are the 

NSSO data for the three quinquennial rounds, i.e., 27th, 32nd and 

38th rounds. For assumptions we have used the 8th Five Year Plan 

Document, Planning Commission bulletin on Sectoral Energy Demand 

in India, and data from NSSO rounds. We carry out separate 

analysis for rural and urban sector. Once we have obtained the 

projections for the terminal years, we carry out a sensitivity 

analysis to check the robustness of the results for alternative 

growth rate scenarios and alternative poverty ratios. 

The industrial sector model is slightly more 

complicated. We have estimated the demand for electricity in two 

stages. In the first stage we estimate the expenditure on fuel and 

li~ht by using a translog cost function, taking into consideration 

substitution possibilities between fuel and non fuel inputs. In 

the second stage we estimate the expenditure on electricity as a 

function of expenditure on fuel and light. This we do for the 

registered sector only. Once we have estimated the model using 

ASI data, we use the estimates along with the assumptions on 

various growth rates and elasticity factors to make projections of 

expenditure on electricity by the registered sector, in the 

terminal years of the target Plans. Then using our assumption on 
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price ratio we obtain demand for electricity in physical units. 

Finally, using a proportionality constant based on past data, we 

obtained the demand by the unregistered sector in the terminal 

years of the target plans. 

In addition to this model we have considered another 

model and may be viewed as a sensitivity model. In this model we 

keep the first stage, same as the previous model. In second stage, 

however, we try to observe how demand for electricity changes if 

expenditure on electricity in total expenditure on all fuel 

increases over time i.e., how demand for electricity increases if 

electricity is substituted for other fuels. We have considered a 

logistic function for share of expenditure on electricity in 

total expenditure on all fuels over time. The data for variables 

are taken from CSO sources and India Database. 

The model for the Agricultural Sector is a simple two 

stage model. In the first stage we obtain estimate for total 

energy consumption by energised pumpsets (diesel and electrified). 

The total energy consumption for irrigation purposes is related as 

function of gross value added in agriculture. ln the second stage 

we incorporate the substitution possibilities between electrified 

pumpsets and diesel pumpsets by assuming that the energy consumed 

by electrified pumpsets in total energy consumed for irrigation 

purposes takes a logistic function over time. Using the estimated 

model, assumption on growth rates and elasticity factors, we 

obtain projections for the energy consumption by electrified 

pumpsets. Then using norms and conversion table we obtain 

forecasted demand for electricity in physical units. 

We have considered another model for the agriculture 

which takes an indirect approach in estimating the demand for 

.electricity. 

total energy 

In thi_s model the first stage also estimates the 

required for irrigation, but takes an indirect 
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approach in doing so. Here the gross irrigated area is related to 

gross output and then total energy for irrigation purposes is 

related to gross irrigated area. However, the second stage of the 

model remains the same as first model. Then in a similar fashion 

we make forecasts of demand for electricity. 

A conversion table is used to obtain calorific values 

of energy consumed. The assumptions on technoeconomic norms and 

other assumptions are used to make projectins of demand for 

~lectricity. The. data for estimation are taken from Economic 

Survey and CSO sources. 

The model for Commercial Sector is the simplest of all 

the sectoral models considered. We obtained estimates of 

elasticity of electricity demand with respect to gross value added 

in this sector. Then using this estimated elasticity and 

assumptions on growth rate we obtain the forecast of electricity 

demand for the terminal years of the target plans. The data for 

estimation are taken from .CEA and cso sources. 

The three successive Plan periods considered for the 

purpose of projection are: 

VIII Plan 

IX Plan 

X Plan 

1992-93 to 1996-97 

1996-97 to 2001-02 

2001-02 to 2006-07 

Projections are made for the terminal years of the above plans. 

Before we get involved in the discussion of 

electricity demand models and projections, let us briefly provide 

the chapter plans of the study. 
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In the next chapter 

methodological issues which arise in 

commodity specially for electricity; 

review of literature. 

we discuss about some 

modeling demand for any 

to be followed by a brief 

In the subsequent chapter, we discuss the aggregative 

models of demand for electricity and forecasts made for the 

terminal years of the target plans. 

Chapters IV to VII deal with the various sectoral 

models of demand for electricity and forecasts made for the 

terminal years of the target plans. 

Finally, in the concluding section we compare our 

total sectoral projections with aggregative projections and also 

our sectoral projections with forecasts made by previous studies. 

This is followed by our comments on needs and measures to improve 

the present power sector scenario so as to tackle the demand 

forecasted efficiently. 
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CHAPTER II 

METHODOLOGICAL ISSUES AND LITERATURE SURVEY 

Sir George Bernard Shaw once remarked that any 

reasonable intelligent parrot, provided that he was not tongue 

tied, could be indoctrinated in economics; he needed only to be 

taught to say "supply" and "demand". Though an exaggeration, the 

basic truth underlying this is that as new problems and issues 

arise periodically, we need to analyse afresh these two important 

aspects- 'Supply and Demand'. The periodic on slaught of energy 

crisis have inspired scholars, all over the world, to explore the 

energy issues and problems of future planning for energy. This has 

led to a vast treasury of literature accumulated over a very short 

period. Moreover, due to better availability of data for 

electricity and . the theoretical complications involved in 

modelling demand for electricity, the literature on demand for 

electricity is also quite extensive. But before we make a brief 

review of the literature, it would be appropriate to discuss the 

methodological issues that arise in empirical research and 

particularly while modelling demand for electricity. 

2.1 Review of Some Methodological Issues 

All demand models are based on the same fundamental 

principle of competiti-ve markets; the demand for energy is no 

exception in this regard. The main determinants of demand being 

prices (both o.wn and substitute) and income level. But lots of 

problems are involved in making systematic use of economic theory 

to estimate demand functions. First, complications arise because 

of the use of data based on market observations to test the 
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economic theory or analyse it, which is based on individual 

behaviour. This complicates interpretation of elasticities. The 

obvious question that follows and intrigues the mind is that, "do 

market demands exist?" This raises a conceptual discussion 

without going into such a discussion, for the sake of simplicity, 

we assume that such market demand functions are plausible. 

The next issue in demand modelling arises from the 

fact that energy products are not consumed for their own sake, but 

in conjunction with energy using equipment for the services 

provided. The demand for a specific fuel depends on the total 

demand for services and the choice of fuel using equipment. Thus, 

a complex correlation exists between price of a specific fuel, the 

characteristics of stocks of the fuel using equipment and the 

amount of fuel consumed. The causality of such a relationship 

exist both way. Another, related issue, in modelling demand for 

fuels, is that consumers do not immediately respond to price 

changes. The reason for this is two fold - first, in demand for 

fuels, durable and costly fuel using equipments are involved, 

which often needs some time to get replaced, implying expectations 

to play a big role in the individual decision making process. 

Second, consumer often develops a habit in consuming the services 

of such fuel using equipments, which they cannot immediately give 

up. Whatever the main force in operation, it takes a long time 

for stocks to get adjusted, to price changes. For the industry, 

the existing technology and structure may not permit immediate 

adjustments to price changes. Thus, dynamics of adjustment needs 

to be introduced in the models. The, interrelationships between 

fuel demands, capital stocks and time dimension of consumption 

behaviour are interrelated and interlocking issues. 

dynamic processes ' another aspect comes to mind 

Discussing 

long run 

elasticities of demand. Long run elasticities may be obtained 

analysing cross section data and may also be obtained from dynamic 
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models using time series data. But the two long run demand 

elasticities should not be interpreted the same way - this raises 

conceptual problems. 

A very common problem t.hat arises in the case of 

demand models is that the theory of demand is defined in terms of 

individual units consuming homogenous commodities, but the data 

usually relate to groups of consumers purchasing a category of 

heterogeneous products for a variety of uses. This brings the 

aggregation problem to the forefront. Wh~le modelling demand for 

electricity, income and price responsiveness m'ay differ with the 

variety of electrical appliances put to use and also propensities 

to consume. But responsiveness is in most cases measured for 

aggregate consuMption. This raises question regarding their 

credibility and validity as individual household neither have the 

same array of electrical appliances, nor the same propensity for 

utilizing them. Such aggregation problems arise in industrial and 

commercial sectors too. In fact the individual characteristics are 

even more diverse in industrial and commercial sectors, giving 

rise to some form of aggregation bias, thereby questioning the 

credibility of the estimates. The minimum level of disaggregation 

is by the five major consuming sectors - residential, industrial, 

agricultural, commercial and transportation. The motivation for 

consumption is different in these sector. But within sectors also 

disaggregatin should be resorted to while analysing. But often the 

paucity of availability of data may not permit such a 

disaggregated analysis within sectors themselves. The problem of 

aggregation is the most common and widespread impediment to 

econometric analysis. 
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Yet another issue that impairs statistical analysis of 

demand or supply is the general problem of identification. To 

quote Schultz ( 1938), 1 the basic question is whether it is 

possible to deduce statistically the theoretical demand or supply 

functions where we know only the observations corresponding to the 

intersections of unknown demand and supply curves at different 

points in time or .across different classes of consumers. Thus, 

each such pair of observations of price and quantity are points on 

both the demand and supply curves. With good reasons to believe 

that the demand relationship is stable, by shifting supply from 

one unit of observation to another, on can trace the demand curve. 

The converse is applicable for the supply curve to be traced. But 

unless this is the case, the analysis must proceed as if the 

parameter estimates reflect a hybrid of supply and demand having 

no economic meaning. Such identification problem arises because 

there are two or more variables which are causally interdependent 

and it becomes difficult to isolate exogenous from endogenous 

variables in a model. At times the exogenous variables are not 

entirely exogenous, and estimation techniques have to employed 

which can take care of this. The estimates obtained may have 

desirable large sample properties but small sample bias remains. 

Such interdependence among variables, thought to be exogenous, are 

common in energy modelling. A common identification problem in 

energy modelling arises from interrelationships between fuel 

consumption and equipment prices. Consumption of each fuel is 

dependent on its availability and price. The price and 

availability of fuel using equipment is determined, partly, by the 

quantity of equipment demanded; which in turn is dependent upon 

the quantity of fuels demanded. Unless the supply of equipment is 

perfectly elastic, an increase .in fuel demand will alter the price 

of equipment, which in turn alter fuel demand. 

1. Henry Schultz (1938), "The 
Demand", Chicago, University 
from Bohi (1981) pg. 33. 
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Often government regulations at different times and 

varying degrees interrupt the normal equilibrating function of 

prices in a fuel market. Prices may not record equilibrium points 

on supply and demand curves, making it difficult, and sometimes 

impossible, to infer from data the true characteristics of 

unrestricted behavioural relationships. In these cases, models 

based on equilibrium market conditions are not appropriate. 

Disequilibirum markets often complicates demand modelling. While 

analysing d-emand for a specific energy form, the situation 

commonly experienced is one of supply constraint, where both price 

and quantity consumed would not reflect the true demand, since 

supply is constrained. Through regulations, prices are not allowed 

to close the demand-supply gap. Such disequilibrium causes prices 

to move in discrete jumps rather than as market conditions might 

dictate. 

Demand for electricity has some unique features unlike 

other commodities. While modelling demand for electricity these 

features create conceptual problems. Problems are encountered in 

modelling demand for electricity because of the existence of 

multipart (e.g., fixed and variable charges) and multiblock (e.g., 

varying prices for different consumption blocks) tariffs, as well 

as discontinuities.in the demand function; distinguishing between 

short-versus long term, and static versus dynamic adjustments; 

incorporating the resulting changes in the prices of competing 

fuels. The presence of multi block tariffs makes utility 

maximization subject to budget constraint nearly impossible. 

Actually, the problem is that the consumer, instead of facing a. 

single price, faces a price schedule, where unit price declines in 

discrete steps as consumption increases. Such price schedules have 

serious irnplica.tions for the equilibrium. The decreasing block 

schedule gives rise t.o a piece wise kinked budget 1 ine. Even 

tho·ug:h demand functions do exist, they cannot be derived 
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analytically. The demand functions, so obtained, are discontinuous 

with jumps at the points where equilibrium switches from one 

segment of the budget constraint to another. The same holds for 

the Engel curves. A consequence.of the non-convexity of the budget 

constraint is that there might exist a plethora of equilibria. 

However, consideration of empirical research asks for relaxation 

of the criticism of non analyticalness of demand functions, 

otherwise any applied research on electricity demand would be 

impossible. 

Coming to the discussion of empirical research in the 

presence of such a price schedule, the problem gets transformed to 

one of specification of the model i.e., what price variables to be 

included. Any specification error on the part of modelling will 

give rise to a specification bias; which in turn will question the 

credibility of the elasticity estimates. According to Houthakker 

(1951), 2 a marginal price should be included in demand equation. 

Whereas, Taylor .(1977) 3 is of view that besides marginal price, 

some quantity which measures customer charge and intra-marginal 

prices, should also be included in the demand function, because 

individuals will be consuming within different rate blocks. It is 

difficult to associate an appropriate "average" rate schedule to 

average consumption. Behaviourally the individuals react to 

expe·cted prices. Specification of the model is biggest and 

2. 

3. 

H.S. Houthakker, "Some Calculations of Electricity 
Consumption in Great Britain", Journal o'f the Royal 
Stati.stical Society (A), Vol. 114, Part III, (1951), pg. 
351--371. 

According to Houthakker, marginal price is relevant in 
the demand equation because the consumer achieves 
equiLibrium by equating costs and utility at the margin. 

L.D. Taylor (1977), "The Demand for Energy: A Survey of 
P1='ice· and Income Elasticities", in W.O. Nordhans (ed.), 
International Studies of the D.emand for Energy, Amsterdam, 
North-Holland. 

31 



gravest of all problems that the empirical research faces. Ideally 

both average and marginal prices should be incorporated in the 

model. But paucity of data often does not permit so. This imposes 

a specification error .in the model. 

The fact that demand for electricity is essentially a 

demand from the services of electricity using appliances, requires 

a distinction to be made between the short run and the long run, 

as most of these electrical appliances are durable. Therefore, 

short run demand for electricity can be seen as arising from the 

choice of a short run utilization rate of the existing capital 

stock, while long run demand is tantamount to the demand for 

capital stock itself. Thus, capital stocks need to be considered 

explicitly. Wr;ile modelling demand for energy, one needs to 

consider fuel substitutes explicitly. Fuels often have specific 

uses and may not act as perfect substitutes. Thus, inclusion of 

these substitutes may yield cross price elasticities whose 

credibility as substitutes are questioned. Where the substitutes 

themselves have a price schedule, additional problems may be 

invited while modelling demand for electricity. 

These issues pose a challenge to the scholars, 

interested in empirical research. This has inspired them to deal 

with the above issues and model demand for energy, in particular 

electricity. But no single study could account for all the issues 

in the same model. Without going into the details of these 

studies, we propose to carry out a survey, in the next section, of 

the various model based analyses of the demand for electricity. 

Then we survey a few studies undertaken at the governmental or 

official level in India to make long range demand forecasting of 

energy. But before we do so, let us categorise, under broad 

subdivisions, the type of models used to analyse demand for 

electricity and other energy forms in various studies. 
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Models can be categorised as - reduced form models and 

structural models. The reduced form models estimate fuel 

consumption directly and incorporates the interfuel substitution, 

capital stock adjustments along with elements that affect rate of 

utilization of existing stocks. 

simple to understand and estimate. 

Reduced form models are quite 

But it has its own drawbacks 

also - first often data for equipment prices and other capital 

stock characteristics are not available. Second, it does not 

specify the adjustment process of the stocks. However, models 

need to be specified in such a way that short run and long run 

distinction is explicitly considered. Three groups of reduced 

form models are distinguished - static consumption models, dynamic 

consumption model~ and fuel share models. 

The structural demand models attempt to estimate the 

separate components that combine to derive the reduced form 

models. Common procedure is to es.timate the changes in utilization 

rate with a short run consumption model. The long run adjustments 

to fuel price changes are then separately estimated from a durable 

goods demand model. Structural models, compared to reduced form 

models, are much superior as they separate the dynamic elements of 

demand and permit identification of sources of consumption 

behaviour. 4 But from practical convenience, the availability of 

data and simplicity reduced form models are more popular. 

2.2 Review of Literature 

In this sectiin we present a brief review of the 

literature on various model based studies of demand for 

ele-ctricity. As reviewed in the preceding section, modelling 

demand for electricity is hindered by a number of methodological 

4- D .. R. Bohl, "Analyzing Demand Behaviour: A Study of Energy 
Elasticities", Th-e Johns Hopkins University Press, 
Baltimore, 1981. 
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issues. It is this challenge, posed by these issues, that gave 

birth to the vast treasury of such studies. The studies arrived 

at different results mainly because of diverse approaches taken to 

model demand for ·electricity. 

Way back in 1951, Houthakker 5 studied the demand for 

electricity for residential sector in United Kingdom. He used 

cross section data on provincial towns for 1937 to 1938. He 

considered price of electricity, which is in some sense pioneering 

as he considered a two part tariff. He also had as determinants 

an average income per household facing a domestic two part tariff, 

the marginal price of gas on domestic tariffs, and finally be 

included the average holdings of heavy domestic equipment per 

customer in his ~odel, to analyse the average annual electricity 

consumption per consumer. He tried to overcome the problem of 

identification by introducing lags to the price variables. He 

thus considered two period lags on price of electricit~ and gas. 

The two most interesting features of his study are his explicit 

consideration of two part tariff 6 and the inclusion of average 

holdings of heavy domestic equipment as a proxy for prices of 

complementary goods. He considered the model both in linear and 

double log form and obtained elastic income elasticity and 

inelastic own and cross price elasticities. 

-~------------------

5. H.S. Houthakker, "Some Calculations of Electricity 
Consumption in Great Britain", Journal of the Royal 
Statistical Society (A), Vol. 114, Part III, (1951), pg. 
351-371. 

According to Houthakker, marginal price is relevant in 
the demand equation because the consumer achieves 
equilibrium by equating costs and utility at the margin. 

6.. A two part tariLf consists of a fixed charge that is 
independent o-t amount of electricity considered, i.e., a 
form of reservation charge, and a running cha'C':ge that is 
proportional to the consumption. 
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However, Houthakker was silent as to whether his 

elasticities where short run or long run. The inclusion of heavy 

electrical equipments as determinants means that income and price 

responsiveness is subject to holding this variable fixed. 

that sense the elasticities were short run. 

So in 

Relatively few studies have attempted to estimate the 

influence of energy prices on appliance stocks, mainly because of 

paucity of data. One such study was carried out by Fisher and 

Kaysen ( 1962). 7 Such data problems that these models face is 

clearly evident from their study. They tried to construct 

aggregate indexes of appliance· stocks by. State in order to 

estimate the ratio of the current to last periods stock. They 

analysed both residential demand and industrial demand for 

electricity in Un1ted States. They also explicitly distinguished 

between short run and long run. In their structural equation 

framework, short run elasticity is identified with choice of 

utilization rate, while long run responsiveness is associated to 

choice of the size ~f the capital goods. 

Using a time series of cross section data, they 

defined their model as the total metered use of electricity by all 

households in the community during a period to be equal to the 

aggregate product of stock of "white goods" (i.e., stock of 

electricity consuming capital goods) and average intensity of use 

of that white good during the same period. Average intensity 

depended on price of electricity and community per capita personal 

income. Through some approximations they arrived at the final 

equation to be estimated, with consumption of electricity 

depending on price, income and average stock of white good. The 

equation is in double log form. Given the amount of stock of white 

7. F.M. F.isher and C. Kaysen (1962) 4 "A Study in Econometrics: 
The Demand for Electricity in United St-ates", North-Holland, 
Amsterdam. 
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good they obtain estimates of price and 

Being unsatisfied with their measure 

income responsiveness. 

of white good, they 

reformulated the model to make the white good grow at an 

exponential rate. By taking first difference of model, then, they 

made the final equation to be estimated free of white good 

measure, but dependent on the exponential rate which became the 

constant term in the final equation to be estimated. It is this 

intercept term which captured the influence of white goods. For 

the price variable was taken as an implicit average price, but 

they considered real price and income variables. 

For the long run model they rejected stock adjustment 

kind of dynamic models on the basis that actual stock that matters 

is zero. Instead they proposed a model, where the ratio of stocks 

of a particular w~ite good of current period to that of previous 

period, as a measure of growth of stock was to be explained. They 

explained the ratio as a proportionality function of ratio of 

permanent income of current to previous period, current income, 

price of white good involvea, price of gas using appliance, price 

of electricity, price of gas, ratio of proportion of houses wired 

in this to previous period, total population, proportion of new 

marriages. They estimated the log transformation to this 

functional relationship and was estimated for five classes of 

white goods· separa·tely using time series data. Because of large 

numbers of explanatory variables involved they pooled the data 

using time series of group cross sections, where grouping was done 

as in their short run analysis. According to their findings, price 

of electricity have little effect on prices of appliances; if 

saturation of appliance stocks is not reached them economic 

variables have strong influence but otherwise demographic 

variables play a bigger role; and income, demographic factors and 

wired houses have strong influence on the ratio of white goods. 
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A major problem with the Fisher-Kaysen model is an 

appropriate measure of appliance stocks. Even with accurate sales 

figures for each period, it is difficult to construct an index 

that appropriately reflects changes in the age or quality of 

appliance stock. Halvorsen argued that the poor results in Fisher 

and Kaysen's model were due to specification problem of the model. 

A number of studies were initiated by the debate of what price to 

include in demand models for electricity. Some of the scholars 

suggested an average price specification in the model. Among the 

average price specifications, the most common is an ex post 

measure of average revenue paid by group of customers, obtained by 

dividing total expenditures by total quantity consumed. 

Halvorsen (1975) 8 suggested an instrumental variable 

estimation technique. He did not consider price to be entirely 

exogenous. The price function was estimated using average price 

data associated with corresponding consumption levels. Halvorsen 

demonstrated that this procedure will not bias price elasticities 

of demand, if linear representation is valid (log linear price 

function), because the use of average price data rather than 

marginal prices only affects the intercept term and intercept term 

does not affect the price elasticity coefficient. 

He considered the general form of residential demand -

average consumption of electric energy per consumer as a 

proportional function of marginal price of electricity and vector 

of all other determinants. Since electric energy consumers face a 

price schedule so, to avoid identification, he also had a price 

equation where marginal price was a proportional function of 

average annual sales, cost of labour, percentage of generation 

produced by publicly owned utilities, cost of fuel per kilowalt 

8. Robert, Halvorsen, "Residential Demand for Electric. Energy", 
Review of Economics and Statistics, Vol. 57, 1975, pg. 
12-18. 
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hours of generation, percentage of population living in rural 

areas, ratio of total industrial sales to total residential sales 

and time. Thus he had a price equation and a quantity equation 

(both in log linear form). However, data for marginal price is not 

easily available. So the indirect method used was to derive the 

elasticities of demand for the model incorporating marginal price 

from demand and price equations estimated using data for average 

prices. He therefore obtained a relationship between marginal 

price and average price. Estimated marginal prices (estimated 

using average prices) were thus used to derive demand 

elasticities. Because of simultaneous kind of framework of the 

model, there will be feedbacks in the model, with indirect effects 

on demand affecting elasticities. Thus elasticities calculated 

from the structural demand equation were called direct 

elasticities and elasticities obtained from the reduced form 

models were referred to as total elasticities. 

All equations were estimated with cross section data 

for States for the years 1961 to 1969. Although the equations were 

static, Halvorsen believed that, they should provide consistent 

estimates of the long run elasticities of demand because cross 

sectional differences in the values of the dependent and 

' explanatory variables had been very stable for a long period of 

time. The dynamic equations were estimated by constructing 

weighted averages of the current and lagged values of explanatory 

variables to reflect different assumptions concerning the form of 

lag structure. He estimated long run direct price elasticity to 

be elastic (at least unity in absolute value). The estimated 

direct income ela.sticities were obtained as less than unity. He 

also showed that cross price elasticities with respect to gas 

prices was surprisingly very small. His results, thus, indicate 

that the long run own price elasticity of demand is equal to at 

least unity, contrary to the common assumption that demand is not 

responsive to price. 
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However, Halvorsen's argument does not resolve the 

issue of whether more than one characteristic of the rate schedule 

should be included. Each measure, by itself, conveys only part of 

the information contained in the rate schedule. In addition, his 

price equation averages across different blocks on the same rate 

schedule. The fitted price equation will approximate the 

characteristics of a family of rate schedules, and may have a 

slope which is flatter or steeper than any of the individual rate 

schedules used to obtain it. Which means that the aggregate 

schedule may convey a price response quite different from that 

reflected by any of the individual components. 

Houthakker and Taylor (1970) 9 estimated an equation 

for personal consumption expenditure for electricity, using time 

series data. They based their model on the State Adjustment model 

of consumption. Their model consisted of two equations a 

behavioural relationship that specifies consumption as a function 

of stocks, income and relative prices and a relationship that 

expresses the rate of change in stocks to consumption and 

depreciation which is assumed to be an exponential rate. In the 

model stocks refer not only to physical inventories but also to 

psychological quantities, in particular to the accumulated force 

of habit. If stocks refer to physical inventories of durable goods 

then it affects consumption negatively contrary to the case when 

stocks refer to psychological habit formation. Combining both the 

behav ioura1 relationship and the rate of change of stock 

relationship we obtain the estimating form of the model, after 

carrying out a finite approximation. Thus, the final equation does 

not contain stocks but lagged value of per capita consumption as 

an explanatory variable. 

9. H.S. Houthakker and L.D .. Taylor, "Consumer Demand in the 
United States", Cambridge University Press, Cambridge, 2nd 
ed., 1970. 
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The short run elasticities for both price and income 

are very low but the long run elasticities for both are quite 

substantial (exceeding unity in absolute value). Thus they have 

shown that elasticities are small when only utilization rates are 

allowed to vary. Moreover, they show that if stocks refer to 

accumulated force of habit from past consumption, then the 

services of electricity consuming appliances are subject to strong 

habit formation. An application of time series data assumes that 

the structure of the model applies without change over the entire 

sample period. 

However the above procedure to some extent is ad hoc 

with no underlying theory of adjustment to justify the declining 

geometric pattern. The largest response to any price change need 

not occur in the first period, nor decline geometrically 

thereafter. Moreover, when the model is expanded to include 

additional explanatory variables - such as competing fuel prices, 

income and non-economic variables - the same lag coefficient is 

used to obtain all long run parameters. this is a slightly absurd 

proposition in the presence of too many explanatory variables. 

Another aspect of this model that encounters frequent criticism is 

that consumers react to price changes by continuously adjusting 

actual purchases of durable goods to some desired stock over time. 

However, the nature of acquisition process is often one of 

discrete consumer choices, where the consumer either has or does 

not have a given appliance. 

Baxter and Rees (1968) 10 focuses entirely on 

industrial demand for electricity. They rejected the aggregate 

en.ergy approach, explicitly, because of the requirement to reduce 

10.. R. E. Baxter and R. Rees, "Analysis of the .Industrial Demand 
for Ele:ctricity", Economic Journal, Vol. 78, 1968 (June), 
pgs. 277-298. 
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different fuels to a common denominator, which ignores the fact 

that separate fuels are not equally efficient converters into 

final usable energy. Thus, they used a two stage procedure to 

estimate their demand for electricity for industrial sector. In 

the first stage output was related to capital, labour and energy 

as inputs via the conventional production function. Once derived 

demand for total energy input is determined, this is then 

allocated among the various fuels according to their relative 

prices. This is the second stage of the analysis. 

They used. three mode 1 s to estimate demand for 

electricity: The first model was a general Cobb Douglas 

production function kind of model. In the second model they 

emphasized the effect of changes in fuel technology by making 

electric power consumption related to output and a Surrogate for 

technology in place of input prices. Finally, in the third model 

they constructed a proportional relationship between changes in 

output and electricity consumption and the deviations from this 

relationship are induced by changes in relative prices and changes 

in labour and capital intensity. They pooled the data for industry 

groups and quarterly observations over the period 1954 to 1964., 

and used dummy variables to account for seasonal effects. The 

first and third model was log linear and second model was linear 

in functional form. 

Wilson (1971) 11 estimated average consumption per 

household using cross section data for 1966, adding measures of 

income, a-verage number of rooms per household and number of degree 

days. Amongst all the variables that he considered only 

coefficients of average price of electricity and natural gas are 

significantly different from zero. He used a static model to 

11. J. W.- Wilson, "Residential Demand for Electricity", Quarterly 
Review of Economics and Business, Vol. II, No. 1, (Spring 
1971), pgs. 7-22. 
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estimate the elasticities. He also analysed the demand for six 

different categories of household appliances. For this analysis 

the year of reference was 1960. For both the models he considered 

two alternative measures of electricity price - the average price 

paid per Kwh and typical electricity bills for 500 kwhs per month. 

However, because of interdependence between electricity 

consumption and average pri~es, he reports the results for the 

second alternative only. Since cross sectional data was employed, 

he reported the elasticities as long run elasticities. Like 

Hal~orsen (he too found a significant relationship between price 

of electricity and electricity consumption. Wilson in his other 

model used as dependent variable the percentage of households 

owning at least one unit of the appliance in question. 

K.P. Anderson carried out various model based studies 

on demand for electricity. In 1971 12 , he studied the industrial 

energy demand and was concerned more with the development of 

methodology rather than the obtainment of results. The methodology 

is more or less on the same lines as that of Fisher and Kaysen but 

the focus is on the total producers demand for energy and not just 

electric power. Allowance is made for quality discounts in the 

purchase of energy inputs, effect of supply on demand, competing 

and related energy inputs and finally, the effects of variation in 

the composition of the industry. He attempts to take account of 

the locational effects by estimating energy consumption by state 

adjusted for regional mix. The dependent variable is calculated 

as electricity consumption per unit of value added (by State) 

divided by national average electricity consumption weighted by 

the proportion of total value added attributed to each State. 

12. Kent P. Anderson, "Toward Economic Estimation of Industrial 
Ene~gy Demand: An Experimental Application to Primary Metals 
Industry", Report R-719-NSF (Santa Monica, California, Rand 
Corporation)., 1971. Re~erence: L.D. Taylor (1975) and D.R. 
Bohi (.19R1). 
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Compared to Fisher and Kaysen's estimates, their price elasticity 

of demand for electricity is negative, substantial and highly 

significant. 

In Anderson's 1973 13 study of residential demand for 

electricity he used cross sectional data from the census of 

housing for 1960 and 1970. He uses a static model. The motivation 

behind his study are - first, the interdependencies between 

household demand for one type of energy and that for competing 

energy sources are not adequately considered in most of the 

models; secondly, even if competing fuel prices are considered, 

only a simple competing fuel price is considered; thirdly, price 

responses are not clear, whether they represent interfuel 

substitution, role of alternations in utilization rate or the 

size, efficiency and features of new and renovated equipment. He 

analyses two different classes of models - first predicting stocks 

of energy using equipment and second predicting energy 

consumption. He expressed the model as a double logarithmic form 

with prices (own and competing fuels) .:.nd demographic quantities 

as determinants. For the second model he uses consumption of 

electricity per household as the dependent variable. 

His model for predicting stocks of energy consuming 

equipment is much less conventional, and involves estimation of 

equations of the double logarithmic form. Thus he considers 

fraction of total installation that consume energy type i as 

proportional to prices, income and other demographic variables. He 

then takes the ratio of the share that consume energy type i to 

that which consume energy type j ( ltj) and carries out log 

transformation to the relationship. Tl:.e equations for a given j 

1.3. K~P. Anderson, "Residential En:rgy Use: An Econometric 
Analysis", Report R-1296-NSF p:anta Monica, Califurnia, 
Rand Corporation), 1973. Reference: L.D. Taylor (1975) and 
D.R. Bohi (1981). 
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and for each i are estimated jointly as a aystem of equations, 

with appropriate restrictions imposed on tt;e intercept term of 

each equation i.e., they should all be same in all the equations 

of the system. 

The energy consumption model is estimated for both 

1960 and 1970 data sets but the stock equations is restricted to 

the 1970 data set only. With regard to the stock equations, 

Anderson observes that the price of ~nergy, specially the price of 

electricity, and price of gas, are the strongest predictors. As _, 
demand for electricity in the long run is tantamount to the demand 

for energy consuming equipment, Anderson uses his stock equations 

to obtain the long run price elasticities of demand. 

Anderson also estimates a dynamic version of the model 

in his attempt in 1974 14 , to avoid the problem of measuring 

existing appliance stocks. He considered the share of new 

appliances that use a specific fuel which he called the "new" or 

"non-captive" demand. The share of new purchases of appliance j 

using fuel i is posited as a function of relative fuel and 

appliance prices, income and number of other ~ariables reflecting 

demographic and residence characteristics. As in 1973 study, the 

estimating equations are normalised taking ratio of two fuel 

shares, and were called appliance sa-turation E'quations. Choice of 

denominator share does not matter even though statistical results 

do differ and depend on choice. Anderson ar·rived at appliance 

saturation demand elasticities by taking a \•eighted average of 

significant price coefficients of each appliance. Fuel consumption 

elasticities are obtained by adding utilization rate price 

.14. K. P. Anderson, "Tlle Price Elasticity of Residential Energy 
Use", Re-port R-518-NSF (Santa Monica, California, Rand 
Corporation), 1974. Reference: L.D. Tay.or (1975) and D.R. 
BohB ( 199-1 ) • 
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elasticities to the saturation elasticities. The utilization rate 

price elasticities are obtained from a standard reduced form model 

of consumption for each fuel. 

Mount, Chapman and Tyrrell ( 197 3) 15 in their study 

analysed both short run and long run demand for electricity for 

residential, industrial and commercial sectors. They considered a 

model in reciprocal form which took account of elasticities being 

variable with the price level. They considered a lagged adjustment 

model with the one period lagged endogenous variable entering as 

an explanatory variable among other variables such as reciprocal 

of price and income as an independent variable. The lagged 

variables presence as an explanatory variable implies Koyck type 

of adjustment model. They also considered dummy or shift variables 

to take account of seasonal influence on consumption. They used 

pooled cross section time series data and ~:sed both ordinary 

least square and instrumental variable estimation procedure but 

failed to mention the instrument used for lagged endogenous 

variable. They observed that long run price elasticity for 

electricity demand is generally elastic for all sectors and 

becomes increasingly elastic as price rise!:. But for income 

elasticity the case is exactly opposite. They also considered a 

traditional log linear version of the model, in which they did 

not consider the inverse as variables and u:3ed ordinary least 

squares to estimate the model. 

Houthakker, Verleger and Sheehan (1974) 16 used a flow 

15. T.D. Mount, L.D. Chapman and T,J. Tynell , "Electricity 
Demand in the United States·: A Economet:ric Analysis", Oak 
Ridge National Laboratory (ORNL-NSF-49), Oak Ridge, June 
1973. Reference: D.R. Bohi (1981). 

16. H.S. Hou.t.hakker, P.K. Verleger and D.P. Sheehan (1974), 
"Dynami.c Demand Analysis fo.r Gasolene and Residential 
Electricity", American Journal of Agricultural Economics, 
Vol. 56, No. 2, pgs. 412-418. 
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adjustment model, very similar to the Houthakker and Taylor's 

State adjustment model. They analysed the residential demand for 

electricity using a time series and cross section sample of annual 

aggregates. They employed a logarithmic flow adjustment model, in 

which the ratio of demand for the current period to demand for 

last period is proportional to the ratio Jf the desired demand 

for this period to the actual demand for last period. Logarithmic 

transformation is carried out to this proportional relationship. 

They ensured that desired demand has a proportional relationship 

with prices and income. So after carrying out the necessary 

substitution, the final equation to be estimated is arrived at. 

Both short run and long run elasticities were arrived at after 

using the estimates of the model. They considered per capita 

consumption of electricity anci per capita income along with 

marginal price of electricity. By considerir1g different marginal 

rates the main difference in their results was observed in the 

long run elasticities. 

Baughman and Joskow (1975) 17 used a f~el shares model to 

estimate demand for electricity. The procedurt~ involves two stage 

model where in the first stage total energy consumption by the 

sector is estimated, to be followed by the second stage. In the 

second stage, fuel shares defined as ratios of individual fuels to 

total energy consumption by the sector are related in a functional 

form with the intention to analyse the interfuE11 substitution. The 

fuel shares are related to relative fuel prices in a function 

form. 

17. M. Bau.ghman and P. Joskow ( 19/5) , "Ener"JY Consumption and 
Fu€1 Choice by Residential and Cammer .:i.al Consumers in 
United States", Report MIT-EL-75-024 :cambridge, Mass, 
Massachusetts Institute of Technology Energy Laboratory). 
Reference: D.R. Bohi (1981). 
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The problem with this model is that it takes the 

relative prices as entirely exogenous and also the case that total 

demand for energy is determined independently of individual fuel 

shares. There is also an aggregation problem involved in total 

fuel represented in a single unit of measurement. This model 

additionally suffers from the aspect that the fuel shares need not 

sum to unity, a shortcoming that arises from the measurement of 

fuel shares in logarithms. Baughman and Joskow used an 

instrumental variable estimation procedure, where lagged dependent 

variable is estimated from the other exogenous variables in the 

system and substituted for actual valuE!S in the consumption 

equation. They considered a relatively small sample period 

(1969-72). They obtained an elastic long run price elasticity. 

Both fuel choice and total energy consumption was observed to be 

price responsive; but only total energy consumption was income 

responsive according to this model. 

Another sophisticated model for residential demand 

analysis of electricity was given by Mcfadden, Puig and Krishner 

(1977). 18 They used the conditional logit model to capture 

discrete consumer choice between the fuels. This model is however, 

not the first of its kind to use logit model - Baughman and Joskow 

(1975) makes use of multinominal logit model to capture discrete 

choices. A two stage model was formulated where short run 

elasticities were obtained from the appliance utilization model 

which is a static reduced form consumption model. In the second 

stage the appliance saturation equation estimate the share of 

household owning a given appliance portfolio where determinants of 

ownership include price, income and other variables. The long run 

e.lasticities are given by summation of utilization rate elasticity 

.18. o_. Mcfadden, c Puig. and -o. Kri.shner (1977), "Determinants of 
Long Run Demand for Electricity", in American Statistical 
Association, 1977 Proceedings of the Business and Economi.c 
Statistics .Section (Part 2), pgs. _109-117. Reference: D.R. 
Bohi (1981). 
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and saturation elasticity. They used marginal prices and obtained 

price elasticities below unity. Moreover, this model gives 

elasticities that vary with appliance stocks. 

Chern (1987) 19 in a study concerning energy dema~d 

analysis in Taiwan developed a model following Baughman and Joskow 

( 1975). Basically, he also assumed that there exists a two stage 

decision making process. First, the consumer decides on the total 

amount of energy services required to satisfy a given level of 

utility or for producing a given amount of goods and services. 

Second the consumer chooses among alternative energy forms such as 

electiricty or other fuels to produce the desired amount of 

energy services. So the model consists of an aggregate energy 

demand equation and a set of fuel choice equations. 

For the first stage a traditional double logarithmic 

static or dynamic reduced form is used and for the second stage 

the model is based on conditional logit model to yield a set of 

equations based on discrete fuel choice. Here the dependent 

variable is the logarithmic ratio of market shares of fuels. In 

this fuel split equations, dynamics of adjustment is incorporated 

with inclusion of lagged dependent variable as an explnatory 

variable. Some parameteric restrict~o~ are imposed to increase the 

theoretical consistency of the model. He was aware of the drawback 

of the model, i.e., the irrelevance of the third alternative; 

which refers to the fact that other prices do not appear in the 

fuel split equations. However, he failed to overcome this because 

of multicoLlinearity in a more generalised model. He followed 

Baughman and Joskow to obtain market share elasticities. Chern, 

19. Chern, w.s. "An Econometric Analy-sis of S-ectoral Energy 
Demand in Taiwan", i.n R.K. Pa.chauri (ed.), Global Energy 
Interactions, Allied Publishers Pvt. Ltd., New Delhi, 1987, 
pgs. 121-141. 
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used a time series data between 1956-1979 for 12 sectors. The 

estimation procedure used for second stage is Zellner's Seemingly 

Unrelated Regression estimation procedure. 

Such conditional logit models, inspite of its 

limitations are quite sophisticated econometric tools for demand 

analysis and yield market share elasticities for both short run 

and long run quite easily. But the models which has received 

enormous popularity amongst the scholars, seeking to analyse the 

demand for energy, are the flexible functional form models. Most 

of the models based on economic theory, for the demand analysis 

impose a plethora of restrictions on the elasticities of demand. 

It is often the case that their existence is presumed by the model 

right from the start rather than a result of the empirical 

analysis. The flexible functional form imposes fewer restrictions 

on underlying utility functions or production functions as part 

of the maintained hypothesis. The most common flexible function 

form used in energy demand analysis is the translog function 

developed by Christensen, Jorgenson and Lau (1973, 1975). 20 "For 

utility based consumer analysis, 

quadratic logarithmic approximation 

this approach specifies a 

of utility functions that 

allows expenditure shares to vary with total expenditures and 

where substitution patterns among pairs of commodities are not 

constant and equal". 21 

20.. L.R4 Christense.n, B. Jorgenson and L. Lau ( 1973), 
"Tra,nsc-e:m:lental Logarithmic Production Frontiers", The 
Ameri.can Economic Review, Vol. 51, No. 1, pgs. 28-45. 

Ut.il.ity Functions", 
No. 3, pgs. 367-383. 

21. D.R. -Boh-i (19S~). 

(1975), "Transcendental Logarithmic 
The American Economic Review, Vol. 65, 
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A production frontier subject to second order Taylor's 

expansion specifies the translog form on the production side -

also called translog production frontier. This translog form 

permits more flexible patterns of substitution than models giving 

rise to constant elasticities of substitution. The most 

interesting feature of this form is that they can be used along 

with the duality theory to yield derived demand by consumers and 

also derived input demand by producers. Because of the application 

of the duality theory, translog cost functions have also .become 

quite popular on the production side. Most of the translog form 

models applied to energy demand have concentrated on the 

production sectors and very few have been applied to the household 

sector. 

Pindyck (1979) have used translog utility function to 

analyse energy demand for the household sector. He used cross 

country data to obtain substitution elasticities, for fuels. By 

assuming separable utility function, he isolated the energy group 

and could thereby analyse the substitution possibilities among the 

various energy sources. As we are not really interested in a 

comparative study, we will not go into the details of the results. 

Most of the translog models are employed in static 

form in order to avoid intern~l inconsistencies which arise from 

the addition of lag adjustment process. The most crucial 

assumption is that, a local approximation has to be considered to 

the production function (utility function) to arrive at the 

translog function. In that sense the global validity of the model 

is questioned. For the duality theory to hold the translog form 

requires some restrictions to be satisfied, which if rejected, 

rejects the model altogether. However, inspite of limitations the 

most usefulness of ·this functional form is that, on the production 

side, demand for energy inputs can be analysed along with demand 

for other forms of .inputs. In fact application of translog 
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function on the production side led to the much debated issue of 

capital energy substitution. One such study was carried out by 

Field and Grabenstein (1980). 22 

Application of translog functions on production side, 

made it possible to tackle a plethora of interesting issues -

non energy - energy substitution, whether scale economies exist, 

interfuel substitution possibility, structure of the manufacturing 

sector, impact of technology on the production process anp many 

others related to production process. The literature in this area 

is quite extensive, but to name just a few important studies are 

those by Berndt and Wood (1975), Humphrey and Moroney (1975), 

Griffin and Gregory (1976), Christensen and 

Halvorsen (1977j, Williams and Laumas (1981), 

Greene ( 1976), 

McRae (1981). 23 

These studies however arrived at diff-erent results for 

substitution between energy and non-energy inputs. The difference, 

however, mainly arose from the type of data used (cross section or 

time series) and also from the choice of variables. Demand for 

electricity in these models were treated as derived demand for one 

of the energy sou·rces, by assuming production function to be 

separable in energy inputs and using a translog cost function for 

energy with relative fuel prices as determinants. 

Apte (1983-84), Murty (1986) and Lynk (1983-84) used 

translog model to capture the interfuel substitution in Indian 

manufacturing sector. Lynk further used the model to analyse the 

long run constraints to industrial development in India. All used 

an energy submodel, by assuming separable energy inputs to analyse 

specific fuel demands and interfuel substitution possibilities. 

Demand for electricity worked out from the sub model for energy. 

22. B.C. Field and C. Grebenstern, "Capital Energy Substitution 
in U.s. Manufacturing", Review of Economics and Statistics, 
V.ol. 62, 1980, pg. 207-212. 

23. See bibliography .. 
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Jyoti Parikh while engaged in a project of the 

International Institute of Applied Systems Analysis (IIASA) 

developed the SIMCRED model · (simulation model based on cross 

country regression for energy demand) to estimate commercial, 

non-commercial and electrical energy demand. She used cross 

country data (both developing and developed countries) to estimate 

the regressions. The inclusion of developed countries in the data 

would help determine the future of developing countries, if they 

are to develop over time. The estimates are then used to estimate 

urban and rural energy demand. The distinction between urban and 

rural is maintained, as consumption and income patterns are 

different in these two sectors. The estimates of the regression 

are then used ~o simulate the future forecasting of energy 

demands. In this model, share of agricultural GNP to total GNP is 

determined by relationship of GNP to rural-urban population and 

per capita GNP. The share of non-agricultural GNP in total GNP, 

consumption per capita determines demand for commercial energy. 

The demand for non-commercial energy is determined by the 

relationship between rural population and GNP per capita. Finally, 

demand for electrical energy is determined by the relationship 

between urban population and GNP per capita. The four submodels 

are estimated by multiple regression using cross country data. 

Technological changes are not explicitly incorporated although 

structural changes are incorporated through cross country data. 

The model is quite simple, with simple formulations and the 

computerized simulation technique is very useful. 

Another model based study of energy sector in India 

was carried out by Majumdar and Parikh (1993). They pointed out 

that if the energy demand is forecasted without proper linkages 

with other sectors of the economy, then there is no guarantee that 

investment and .imports will be available to meet the needs of 

the energy sector. Thus, according to the current practices the 
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energy demand is estimated at the ministerial level and production 

targets for various energy are fixed, which often require 

unrealistically high investment and imports. This happens because 

such linkages with other sectors are not taken into consideration. 

In order to explicitly consider such linkages they proposed a 

simulation model, "SIMA" 24 which comprehends the behaviour of the 

energy system of India and its inter-dependence on the macro 

economic variables. "The model generates macro economic growth 

scenarios and energy demand scenarios simultaneously, so that the 

feedback from the energy sector to the economy is accounted for in 

an approximate measure". The model operates in two stages 

generation of macroeconomic growth scenarios and generation of 

energy demand scenario consistent with the macroeconomic frame 

work. After working this out, if necessary, revision of 

macroeconomic frame work and fresh iterations are carried out. 

This is long term projection model, combining analysis of past 

with the assessment of the future. The model's sensitivity is 

worked out for two relevant scenarios i.e., higher oil prices and 

higher export growth rate (HOP and HER). As far as demand for 

electrical energy is concerned, it is related to number of 

villages electrified and per capita GDP.The concept of integrating 

the macro sector to the energy sector is no doubt a wise 

proposition, as i1le..: .. energy sector, being a highly 

capital intensive sector, will be adversely affecting the economy 

unless appropriate·resources are made available. 

2.3 Review of Studies Undertaken at the 

Official Level in India 

Even prior to the first oil shock, Government of 

India's concern for an integrated approach to energy planning was 

recognized. Several studies have been undertaken over tne years to 

24. Si:mulation of Macroeconomic Model. 
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analyze the present and future energy demand and supply 

situations. During the early 1960's the Energy Survey of India 

Committee (ESIC)(l965) was assigned the task of furnishing the 

government with an exhaustive report of energy sector and 

development planning in energy upto 1981. Rural energy requirement 

was given special attention. Even though this Committee clearly 

brought out the problems of energy sector, it failed to provide an 

adequate basis for formulation of a national fuel policy. 

The Fuel Policy Committee (FPC), set up in 1970, was 

assigned to provide a blue pYlnt of the national fuel policy for a 

horizon of fifteen years. The underlying assumption of their study 

was that future energy demand would depend on the economic 

development process. They further assumed that the rate of growth 

of the economy's national product beyond the fifth Plan would be 

at the rate of 6% per annum. This study used regression techniques 

and end use technique to analyse energy demand and make future 

projections. Along with the use of historical data, some norms and 

assumptions were made to take account of technological and 

structural changes in the economy, to analyse the demand. 

Discussion on various fuel sources was made with reference to the 

"normal case" level of demand. The normal case essentially refers 

to the Business As Usual (BAU) case. The policy recommendations of 

the Committee were greatly influenced by the 1973 fuel shock. 

However, the study was biased towards supply side compared to the 

sectoral demand analysis. 

Various approaches are taken to analyse energy demand. 

Some of these approaches are based on an extrapotation of past 

trends. While others are based on econometric methods which assume 

a statistical relationship between energy demand and certain 

explanatory variables. Then there are others which employ 

input-output techniques to analyse energy demand. We consider 

those studies as "model based", which explicitly take into 
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consideration economy-energy interaction. Thus, model is a series 

of interrelationship expressed mathematically so that the impact 

of a change in any one or more of the factors on the total system 

can be spelt out and easily predicted. 

The Government of India set up a Working Group on 

Energy Policy (WGEP) in 1977 to estimate the prospective energy 

demand and assess the demand over the next fifteen years, survey 

present and prospective energy supplies and recommend policy 

measures over the next fifteen years. It was also given the 

responsibility of suggesting possible conservation policies. The 

group submitted its report in 1979. After serious considerations 

the group extended the period of study to 200-01 A.D. Considering 

the unpredictability of the various factors affecting energy 

sector the group attempted to project Reference Level Forecast 

(RLF) of energy demand which referred to the case where no 

deliberate measures are initiated to correct such growth and has 

also suggested Optimal Level Foreca.st (OLF) which considered 

measures that might help in moderating the demand to a more 

desirable level. In the OLF possibility of inter fuel 

substitution, specially oil, was explicitly considered within the 

framework of existing technology. However, their impact on the 

future energy scene has not been q~antified. The group estimated 

regression models correlating energy consumption with activity 

levels of the economy as a whole and on the sectoral level also. 

It was found that linear and exponential models were statistically 

significant. GOP at factor cost and value added in the sectors 

were taken as causal va-riables j,_n the models. Besides using 

regression techniques they also employed enduse methods for 

forecas-ting (which _assumed certain norms for consumer categories) . 

The assumptions made in this study- regarding the macroaggregates 

and other va-riables and parameters were not based on projections 

made by any government bodies. "T.hey were simply adopted on the 

basis of beliefs of energy-problems and the direction of energy 
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policies. For the sectoral analysis the sectors considered were -

household, agriculture, industries, transport and others. The 

average annual growth rate of GOP was taken as 5.5% till 1987-1988 

and 6% thereafter. The study thus considered a higher growth rate 

in future, in order to analyse if energy sector imposes a problem 

in achieving that growth rate. The WGEP study was the first major 

study which illuminated the two central issues in energy planing -

internal substitution and energy conservation. The basic approach 

taken by WGEP in their analysis was similar to that of FPC. 

As a Consultant in the Planning Commission in 

1979-80, J.K. Parikh formulated a detailed econometric simultation 

model to forecast sectoral energy consumption of the Indian 

economy. The fir.al report, "Modelling Energy Demand for Policy 

Analysis" was published in 1981. The objective of the study was to 

develop a national energy modelling system which would 

incorporate consistent assumptions and help in assessing 

implications of various energy policies. The models reflected on 

the interconnections between various energy policies, end use 

activities and energy demand in some detail. This model to some 

extent was superior to the input output model which treated all 

the sectors of the economy equally in the planning process. 

Parikh, to forecast energy consumption till 2000-01 made use of a 

model which consisted of a set of non linear equations expressing 

relationship between energy consumption and certain variables that 

were postulated to explain variations in energy consumption. The 

equations were estimated through the use of multiple regression 

techniques. She also used a model to project macroeconomic 

pa.rameters like GDPr private final consumption expenditure and 

industrial GDP which~ a.long with the demographic variable 

forecasts, ~"(C. used as inputs to the model estimating energy 

con-sumption. 

56 



Thus, the entire modelling system was composed of 

three sub models: 

SIMA 

ENDIM 

INVEST: 

A model to estimate and forecast macro 

aggregates. 

Multiperiod, multisectoral models to estimate 

energy demand, split up into many categories of• 

end uses, some of which used econometric 

techniques for forecasting. 

A model used for calculating the investment 

required by the energy sector, and for 

crosschecking the consistency with the results 

of the macroeconomic model. 

Therefore, in a nutshell, the study is based on a 

model which is a combination of the relationships derived from 

multiple regression, end use approach and simulation of 

alternative scenarios. She considered two macro economic 

scenarios for low and high demand. The high scenario is the one 

used by WGEP which assumed a long term GOP growth rate of 5.87% 

per annum but has a high share of urban population (32% of total 

in 2000 A.D.). The low scenario uses results obtained from the 

SIMA model. Here long term GOP growth is 4.4% per annum and share 

of urban population is 26% of the total in 2000 A.D. As everything 

is discussed in terms of final energy, this s~udy fails to provide 

an integrated approach to energy demand and supply. In the ENDIM 

model the dependent variables are essentially end use activities 

of the different sectors. Regional distribution of energy is not 

built in the models but has been discussed separately. The overall 

results regardin-g oil and electricity conform to WGEP study 

resu~:ts but t:h.e.ir sectoral distribution d.iffers substantial~y, 

what is really lacking in this study is a supply side study along 

57 



side the demand side study. Otherwise the approach taken, being 

the first of its kind in India, is a very useful model in energy 

analysis and perspective planning. 

The Central Electricity Authority submitted its Report 

on National Power Plan (NPP) in 1983. 25 The objective of the long 

range (1981-82 to 1994-95) study was to formulate a power 

development programme in such a manner that the economy and its 

consumers necessitated minimum cost. The study considered the 

absolute level of demand of power, in terms of energy and peak 

demand; rates of growth of demand for power; relationships 

between electricity and the fuel forms as well as the impact of 

overall energy policy on electricity demand; options for power 

development. Besides these the environmental and ecological 

impacts of various options were also considered. Policies were 

adopted at different levels and their impact on adopting various 

options were studied. An important aspect considered was the 

management of power resources development. 

The analysis was carried out regionwise and forecasted 

till 2000-01. After examining the data base CEA decided to 

estimate the demand for electricity at a disaggregtated level. 

The disaggregation they considered was - Industries, Agriculture 

and all other categories of consumers (including household and 

commercial sector). The models used for forecasting electricity 

demand in the industrial sector consisted of regression methods 

and end use method. For regression analysis of electricity demand, 

value added in mining and manufacturing at constant prices was 

taken as the causal variable. The models considered were of, both, 

linear and double log functional forms. Tbe regression equations 

were estimated for each· region and the linear relationship was 

used for the purpose o.f forecasting. Thus aJ.ternat.i.ve s..cenar.ios -

25 • Re.fer ABE REport.. 19 8 5 • 
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"High Scenarios" and "Low Scenarios" - were considered for each 

region. For the High Scenario the value added in mining and 

manufacturing was assumed to grow at a rate of 7% per annum during 

the period 1979-80 to 2000-01; for the Low Scenario the growth 

rate taken was 5.5% per annum. It was observed that the result 

obtained by end use method lie mid way between those estimated for 

High and Low Scenarios using regression techniques. The 

methodology used for estimating electricity demand in the 

agricultural sector is based on the use of norms given by 

governmental agencies. The entire electricity consumed in the 

agricultural sect.or is assumed to be for the purpose of irrigation 

(operating electric pumps-ets). The equation .considered was that 

e.lectricity consumed depends on number of energis€d pumpsets and 

specific c·onsumption per pumpsets. The forecasti.ng was made 

regionwise. Using t·tre number of electric pumps to be installed in 

the terminal years of the plans, the total electricity requirement 

in agricultural sector was estimated. It was assumed that the 

tot.al number o.f feasible wells will be energised by electricity 

a·nd a:ll diese~ pumps·ets will be gradually repLaced by electric 

pumps€ts. Th:is assumption was in tune with the recommendations of 

WGEP that by 2.000 A.D the diesel pumps will stabilise to 27% of 

t:ota.l number o:f ·weLls. However CEA adopted a faster rate of 

addition to electrified pumpsets compared to the rate suggested by 

WGEP~ Whereas for the other categories projection is based on 

past trend in consumption of electricity. 

is made regionwise. 

The forecast, however, 

Electricity consumption requirements have also been 

worked out by CEA using AOKI's method. The method is based on 

world wi.de correlat.i.on of gross ~ectricity geoerati.on per capita 

on GNP per capit-a observed over a number of years. The average 

relati.onship for all countries studied. forms tbe main trend line­

The· c·ountries whose present dae:s n.ot lie on the main trend is 

lik~ly to li-e on the indicative lines on either side. of the trend 
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line. Past historical trend of per capita generation and per 

capita GNP of a country selects the indicative line. Then on the 

basis of the projection of per capita GNP and corresponding 

indivative line projections for per capita generation are 

obtained. The projections, thus, were quite sensitive to GNP and 

population estimates. The AOKI 's method yielded estimates of 

electricity requirement lower than what was worked out by CEA. 

This was mainly because of a discrepancy in population estimates. 

Long term generation capacity planning studies have been carried 

out by CEA using probabilistic method, and deterministic method 

have been used for transmission system planning. Dynamic 

programming techniques had been employed for the generation 

expansion study. The results of the optimization studies have 

indicated a desirable capacity mix by 1994-95 for each of the 

regions. CEA also estimated the consump·tion of coal in thermal 

power plans for 1994-95. This estimate was based on the assumption 

that all generation plants operated optimally, which means that 

with any plant operating sub-optimally would increase the 

consumption of coal. CEA thus carried out an extensive study of 

what the power requirements will be and suggested actions needed 

to be taken to meet the requirement. 

The Advisory Boa.rd of Energy (ABE) was set up on the 

eve of the Seventh Plan in 1984, which submitted its report in 

1985. It was set up with objective of carrying out detailed 

analysis and forecasting of energy demand in the country upto year 

2004, under diverse macroeconomic scenarios. The methodology 

adopted by the study consisted of a c_ombination of end use 

techniqu.es and regression techniq1.,1es to analyse and forecast 

demand.. Besides forecasting, it made important su.ggest.ions 

regarding technical, financial and institutional aspects .of energy 

planning in Ind.ia. 
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THE ABE started by making a comparative study of WGEP 

estimates with the actual estimates for 1982-83 and suggested the 

possible reasons for the difference in the results. The exercise 

was extend€d to an analysis of regional energy consum~tion 

although WGEP clearly stayed away from such analysis, due to data 

problems (excepting for the case of electricity) which they 

clearly mentioned in their report. 

This was followed by the independent projections 

carried out by ABE- Assumptions on macro aggregates were made, in 

order to ca-rry out t·he estimation and forecasting. Because of the 

amb:iguity involved in the choice of population projections, they 

as£umed three aLternative population estimates Planning 

C.ommi.s:sion f·igu·r.e.s, !984 estimate by the RS<rjJistrar General's 

o·f:f:ice, a.nd proje-::tio.rn3 by Dr. Sundaram in EPW August 1984 issue. 

I~n orde-r t.o C'aptur:-e the impact of urbanization on commercial 

ene.rgy cons.ump.t ion urhan-rural population shares for 2004 A.D. 

were cDmume-d to be 67.2:% and 32.8% respectively. Besides this two 

al.t.er.na.t i ve GUP growth rates were assumed 1 i.e. 1 4% per annum and 

5% p:e'r annum- he±w..e:e.n 1:9.'84=-85 and 2004-05 A.D. The sectoral GOP 

growth out on the basis of historical trends and 

eJ...a-.st..i.city coe;f:fi.c.i-e:nt£, excepting for private final consumption 

expenditure which they a·s:sumed would grow at the same rate as GOP. 

For th:e h.o:us·en:o~.d s-e--ctor they used NSS 31st round data. For the 

Agricultural Se-ctur the-y used data for the period 1950-51 to 

1982-83 and used r-egression techniques together with norms on 

energised pumpse.ts (both diesel and electrified). They estimated 

the regressi.o·n grow.th rate of ratio of diesel pumpsets to 

electrified pumpsets- This 1 conforming to WGEP suggestions 1 was 

found to be declining. They also estimated the number of 

eLe.ctr if ied pump?.ets for which the independent variables 

considered were time and output of agricultural sector at constant 

1970-71 prices. After estimating the total number of electrified 

pumpsets and ratio of diesel to electrified pumpsets1 norms on 
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pumpsets were used to project total energy requirements and also 

demand for electricity by agriculture sector for the purpose of 

pumping. Energy required for non-irrigation purposes is also 

estimated using econometric methods. An alternative estimation 

approach was also taken to forecast energy requirement for 

pumping. Regression techniques were applied in two stages to the 

functional relationship between per capita total energy 

requirement for irrigation, per capita net area Sown and number 

of villages electrified per 1000 villages in the first stage and 

in the second stage to the functional relationship between share 

of oil in energy consumption in pumping, numbe-r of electrified 

villages per 1000 villages and crude oil price index. This method 

has the theoretical advantage that projections are not based just 

on number of ir.rigation pumps and e£fects of policies on rural 

electrific.atio:n and a.re-a expans.ion vis-a-vis policies on 

in tens if .Lc.ation .o:f agr ic:ulture can be worked out. However, 

calibration of trre·se equ,a.t.Lons for the years 1976-77 to 1982-83 

showed conside-£ab~e difference bet.ween actual and predicted 

values. S.i:n·ce the actual a-re also esti-mates .so there really is no 

way of know.ing -huw reLiab-Le t-heY. ar-e in the absence of actual 

measurement:s. The re-g:re<s'Sion an-a.ly.s.i-s carried out for the 

industrioa.l s..e.cto:r by r:e:gr:es,sing log value of electricity 

consumpt-ion on t'"ime and log value of industrial value added. End 

use techn.ique -wa:s also used to e:stimate coal and electricity 

requirements· in industrial. sector, where ou·~put levels of various 

industrie:s have been taken from reports of various Working Groups 

constituted by Planning Commission for the Seventh Plan. In order 

to carry out projections for en-e.rgy consumption in transport 

sector a combinat.ion of regression techniques, end use methods and 

official n·orms were use.d. The ABE took the supply side options 

for meet·ing energy demand in India, into consideration before 

arriving at the-ir policy conclusions. Even though important policy 

guidelines. where provided by ABE, it was felt that long run 

economic resource- cost needs to be explicitly taken into account 
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in order to formulate an optimum energy strategy. Mainly 

motivated by this belief Planning Commission undertook long term 

energy modelling studies which included resource cost optimization 

on the supply side along with sectoral energy demand analysis. 

But, in the process they emphasized more on the optimization issue 

on the supply side: 

R.P. 

India: Towards 

Sengupta 

A Policy 

in 

for 

his book, 

Commercial 

"Energy 

Energy 

Modelling 

(1993)", 

for 

puts 

forward the study on energy modelling for India, which wa-s carried 

out between 1986 and 1989 in the Planning Commission. The study 

was based on an integrated system of models. The objoective of the 

study was to carry out a qu.antit.at.ive analysis o·f t·h-e issues 

related to perspective planoin·g a-nd policy f·or tb:e commercial 

energy sector of India. The Commission d-eveloped definite criteria 

of choice in the various dimensions o.f energy planning. To quote 

Sengupta ( 1993), with the beginning of the era of liber.alization 

of the ·Indian economy in the mid-eighties, the consistency 

exercises of macro-economic -mu.-lt.isectoral projections were no 

longer considered adequate to -rmret the raquirel'.en.ts of planning. 

Sectoral planning was concei-ved to achieve the objective of 

improvement in investment produ.ctivity by opt.imizin-g choice.s in 

the relevant areas. The eff ic_i_-ency of th·e growth 

contingent on proper Energy Planning, which would 

energy cost of the economy. Energy planning wa.s 

proc-es.s was 

reduce the 

supposed to 

provide the strategies which in turn depended on a criterion of 

choice which would be objective, quantifiable and capable of 

systematically reflecting changing situations and priorities. 

This study, named nPerspective Planning and Policy for 

Commercial Energy" carried out under the supervision of Sengupta, 

was submitted to the Planning Commission in 198.8-89. In th-e study 

a energy model system was developed, comprising of a large number 

of interrelated models of relationships on the demand and the 
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supply side of different commercial energy resources and energy 

products. In a nutshell, an integrated system was developed to 

determine the strategy of improving resource use efficiency of the 

macro economic growth process through both consumption and supply' 

of energy. Long run models of energy demand projections, 

availability of coal resources, coal production and sectoral 

supply linkages, discovery and production of crude oil and natural 

gas, crude refining, oil import and natural gas, crude refining, 

oil import and petroleum products distribution, regional supply 

and utilization of natural gas, generation and supply of 

electricity, where developed in this study. Most of these models 

consisted of several submodels to carry out details stage wise 

analysis and were used to carry out long range forecasting. The 

models in their mathematical structure were either of consistency 

or optimization type. The optimization exercises were worked out 

using mathematical programming techniques. 

The assumptions made by the demand projection models 

were alternative target rates of growth, about income of 

distribution, energy conservation and conservation of 

environmental resources. The supply side models were concerned 

with optimum utilisation of energy resources and minimization of 

economic resource· cost of energy supply. This study was an 

improvement over the previous studies of Planning Commission 

because the previous studies mostly did not provide projections 

for alternative development scenario; and it is also the case that 

there is no a priori reason to believe that those studies have an 

optimality implication. The previous studies did not explicitly 

consider least cost option for meeting energy needs of the 

development process, which this study for the first time 

considered. Thus, in most of the studies the validity of 

intersectoral consistency was questioned. 
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Sengupta in the study considered three alternative GDP 

growth rates between 1989-90 and 2004-05 I- 5 • 5% f 6% and 7% per 

annum compounded. The sectoral growth rat~s for value added were 

obtained on the basis of macrospecif ications. To carry out 

projections the role of prices was not taken into consideration, 

as it was believed that all necessary changes in the structure of 

energy prices will be made so as to meet energy conservation 

targets. Finally, it was clearly pointed out in the study that, 

as the conventional sources of energy are exhaustible, so the 

development and research in the area of non-conventional sources 

of energy is absolutely necessary. 

The requirement of electricity is projected at the 

national level under a system of periodic power surveys for 

which Power Survey Committees are set up by the Department of 

Power, Government of India. The Fourteenth Electric Pow.er Survey 

Committee was set up in 1989 and submitted the report,in 1991. It 

was held responsible for reviewing the demand projections ke.eping 

in view the Eigth Plan proposals and to project the perspective 

demand upto the year 2009-10. 

The methodology adopted for forecasting demand was the 

Partial End-Use Method. The Committee felt that this method was 

comprehensive ~nd consistent with the available da-ta base and 

could be adopted for projecting the power demands over a short . 
term period. This method takes into consideration all the 

parameters affecting demand for electricity in various sectors. 

Where sufficient data for the past was available and the programme 

for future was well defined for the sectors, an End-Use Technique 

was used. The variables considered for forecasting were economic, 

demographic, and non economic - population, number o£ households, 

number of consumers, percentage of electrified households, per 

capita consumption. They took a trend approach to carryout long 

range forecasting, because of paucity of Statewise development 
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profile, data, at various disaggregated level. The long range 

forecasting covered the period 1995-96 to 2009-10 with 1994-95 the 

base year. 

Data, for the projection, was obtained from State 

Electricity Board, public utilities in private sector, concerned 

Departments of State Governments and various Ministries and 

Departments of Government of India. Past growth rate in number of 

consumers has been studied for each State and Union Territories. 

In States where power shortage were experienced recently, long 

~erm trend analysis of growth in number of consumers is considered 

to decide on number of consumers to be used for purpose of 

rorecasting. Similarly, for State and Union Territories where past 

pe.r_f_ormance was poor, due consideration was given to increased 

~ate of future electrification of households to obtain estimates 

o"f number of consumers. Higher level of electrification expected 

in certain States is also given due consideration. Again, past 

treads had been used to obtain estimates of per capita energy 

co-nsumption. The rising trend and effect of power cuts recently 

ha:s. be-en considered for determining the future consumption. 

Consumption in domestic, commercial and miscellaneous sectors has 

been e-stimated on the basis of number of consumers and per capita 

~unsumption. For public lighting and water works the connected 

lo-ad was forecasted on the basis of past trend, likely increase in 

public lighting and improvement in water supply facilities. Past 

trends were used to obtain estimates of numbers of hours of 

operation with due.consideration given to power cuts. Electricity 

requirement for dewatering and irrigation was obtained by the 

products of number of pumpsets in ~ at the middle of the year and 

average consumption per year per kilowatt of connected load. The 

Committee after consultation with State Electricity Board, giving 

due consideration to trend in actual progress achieved an 

ultimate ground water potential, decided. on the programme of 

energisation of pumpsets upto 1994-95. Future capacity of pumpsets 
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was decided on by considering the past trend in capacity of 

pumpsets, mid year figures of connected load, and total number of 

pumpsets in the past. Extensive irrigation practices and multiple 

cropping, the average consumption by irrigation pumpsets were 

taken into consideration while projecting average consumption by 

pumpsets. For the projection of requirements for lift irrigation 

purposes the connected load and expected hours of operation were 

taken into consideration. The electricity requirements for the 

industrial sector has been estimated for the three sub categories 

- low tension industries, high tension industries with demand less 

than lMW, and high tension industries with demand 1 MW and above. 

The consumption requirements of the first two categories have been 

made on the basis of past trend. For the third category, however, 

projections were carried out for each industry separately on the 

basis of their expected production. From the overall energy 

requirement so obtained the demand to be met by captive power 

plants was deducted to arrive at the demand on the utility system. 

The generation by captive plants was projected on the basis of 

their past trends. ·For the projection of bulk supply to 

non-industrial consumers, trend analysis was carried o.ut. T:hus, 

total electricity requirements by consumers a·rrived· at by 

aggregating all the above mentioned electricity requirements. 

This study also considers transmission and 

distribution losses and suggests possible ways of bringing down 

both technical losses and commercial losses. Generation 

requirements at bus bars were arrived at by adding transmission 

and distribution losses to total consumer requirements for both 

State and Union territories. Future annual load factors were also 

forecasted on the basis of past trends and after due consideration 

being given to changing pattern of utilisation of different 

classes of load. Peak load for each State/Union territory has been 

arrived at by applying the annual load factor on the energy 

requirement at busbars. Forecasts beyond 1994-95 upto 2009-10 have 

67 



been carried out by eXtrapolation technique, of the overall energy 

requirement. The growth rates used for extrapolation were arrived 

at by studying past growth rates till 1994-95 and keeping in view 

the enlarging base. The study assumed that as the long term 

forecast is only an indicative forecast which would facilitate 

identification of resources of power for advance action, so the 

methodology they adopted would meet the requirements. However, it 

was also recognised that the long term forecasts needed to be 

reviewed from time to time. Both short term and long term 

forecasts on supply side were carried out. The supply side 

forecasts were essentially based on norms of allowances suggested 

by working group on power of 8th Plan. 

Government of India in cooper at Lon with ESCAP, UNop, 

and Government ,')f France undert.ook a major study on sectoral 

energy demand, under the Regional Energy Development Programme. 

They submitted their report, "Sectoral Energy O.emand in India", in 

1991. According to this st..un.y neither the trend techniques nor 

econometric methods can tye- us"€d to carry out long range 

projection, if the objectiv:e o£ the study is to make forecasts on 

the basis of structural stability of the energy demand and macro 

economic variable relationobips. These relationships may not be 

consistent over time, so as to provide the basis for long range 

demand estimation. The-r.e ar a number of techno-economic factors 

associated with the end-use activiti.es in the energy sector which 

determine the final demand for energy. The methodology that they 

adopted was the MEDEE's Approach. The important feature of the 

model is that energy demand beLng directly related to end-use 

categories. Interaction between macroeconomic aggregates and 

end-use activity levels is given due consideration, technological 

choices and fuel mix choices are als·o considered and finally 

structural changes are considered. In order to test for the 

robustness of the results of the model a sensitivity analysis is 

also carried out by considering alternative scenario. 
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The assumptions of the base case scenario are made on 

macro-economic and technoeconomic factors. It is assumed that the 

population growth in country will decline during the coming years; 

however the expected rise in share of urban population in total 

population will considerably affect the pattern of energy 

consumption. It is further assumed that agriculture will undergo 

technological and structural change and rapid industrialization 

will create employment opportunities.Thus, it is assumed that 

progressive economic development will be oriented towards 

elimination of poverty. It was assumed that reduction in the 

dependence on import and strengthening self reliance will be 

~corded high priority in the successive plan periods. Through 

appropriate str~.;ctural and technological changes, interfuel 

substitution wherever possible and conscious efforts in energy 

conservation, the economy will bring down its energy 

intensiveness. These assumptions regarding plan objectives were 

incorporated in the macro aggregate and techno-economic 

assumption. The energy demand was forecasted till 2009. It was 

assumed that the GOP growth rate between 1989 and 2009 would be 

6%. 'fhe share of agricultural sector in GOP was expected to 

decline while share of industrial sector was expected to go up. 

Population was assumed to be 1140 million in 2009 with urban share 

at 39%. Wide ranging energisation of pumpsets for ir~igational 

purposes, with an objective of increasing agricultural production 

was assumed. It was also assumed in the study, that by 2009 all 

diesel pumpsets will be replaced by electric pumpsets for 

irr igat ional purposes. Substantial technological change was 

assumed to take place in the industrial sector with an eye on fuel 

substitution and fuel conservation. The study assumed that growth 

of energy intensive industries would decline. The study took into 

account the expected increase in traffic and shifts in inter-modal 

pattern while estimating demand for energy in transport sector. 

For the household sector changes in income distribution and their 
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impact on standard of living and consumption of fuel use have been 

explicitly taken into consideration, in the Base Case Scenario. 

The Base Case Scenario also takes into consideration extensive 

rural electrification and substitution of noncommercial fuels by 

commercial fuels and their impact on the demand for energy. 

However, the study does not consider the impact of 

relative resource cost of different sources of energy on the 

demand for energy. This, as shown by Sengupta (1993) is a drawback 

of any study, which does not take an integrated approach of 

demand-supply analysis along with the optimization of resource 

cost of energy. 

2.4 Present Study 

The models that we have considered, for analysis and 

projection, in the present study do not swear strong allegiance to 

any particular conventional model. We have tried to use models, 

which we feel are fundamentally credible as representation of 

actual behaviour and phenomenon we are trying to understand. 

Thus, while modelling demand for electricity we pay more emphasis 

to the empirical evidence and frame models which are suitable to 

the data evidence made available to us. However, while modelling, 

the lack of appropriate database was severely felt. 

Broadly speaking, in all the models we have used 

regress~on techniques to analyse demand for electricity and make 

.projections, with the objective of taking inio ~~bnsideration the 

historical pattern of consumption and its interrelationship with 

the yarious variables. As already described in the objective of 

study, we have considered the analysis at two levels - aggregative 

and sectoral. The variables used in modelling have a lot common to 

most of the studies undertaken at the official level. The 
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assumptions made in our study, like most of these studies at 

official level, are on macroeconomic aggregates and technoeconomic 

factors. 

The simple expectation model considered for 
• 

aggregative analysis in our study are somewhat similar to the 

lagged dynamic models reviewed in this chapter; particularly to 

Houthakker and Taylor (1970), and Houthakker, Verleger and Sheehan 

(1973). However, unlike Houthakker and Taylor, in modelling we 

have not considered stocks of equipments. Even though we 

ultimately arrive at the same final estimable equation form, we 

have taken a different approach. Moreover, unlike both the 

studies, we have not considered price (own or substitute) as an 

explanatory variable. Since we are considering an aggregative 

model, this should not affect our analysis considerably. Moreover, 

since price of electricity is administered, this would have led to 

other complications in the model as discuss-eo under methodological 

issues. Finally, GOP being a robust and important long range 

forecasting tool should be quite suitable for an aggregative 

analysis. However, we have considered the influence of price in 

our translog form model. Thus, in ord~r to avoid the complications 

of aggregating and averaging the price to obtain an index, we 

worked with wholesale price indices. By doing that we tried to 

avoid the compliacted issue of average and marginal prices on the 

one hand, and the problem of indexing ou=- electricity tariff 

schedules on the other. The learning model, amongst our 

aggregative models do not have anything common to any of the 

models reviewed here, excepting that like some of the models, 

dynamics is built in the model, though in a different way. The 

translog form model in our study takes the translog functional 

form and is not exactly the translog model that we have discussed 

in the chapter. 
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Amongst the sectoral models, the second model for 

residential sector in our study is similar to the model for 

residential sector considered by Energy Policy Division (1991). 

The first model for residential sector is not really similar to 

any of the models. However, the idea of two stage modelling, 

which we have used here, was taken from the studies reviewed here. 

Unlike some of the residential sector models discussed here, we 

have not considered price to be an endogenous variable. Nor have 

we considered the marginal price schedule. There was an additional 

data problem, the major one, that is how to obtain an average or 

marginal price when price data is published according to the 

appliance category wise and quantity data at an aggregative level. 

But, we have used the implicit average price obtained from the 

NSSO data, to arrive at demand in physical units. This, however, 

might raise the question of misspecification of the model. 

The model for industrial sector in the present study, 

is a somewhat non conventional model. It has simila-rities with a 

number of studies reviewed here, but not exactly identical to any 

of them. It is similar to the study by Baughman and Joskow (1975, 

Chern (1987) in the sense that a two stage procedure is adopted, 

where in the first stage total expenditure on fuels is estimated 

and in the second. stage the expenditure on a specific fuel is 

related to the total expenditure on all fuels. But in one of our 

models, in the second stage, we have related the expenditure on 

electricity to total expenditure on all fuels; and in the other 

model, in second stage, we have related their share in a 

functional form to time. The first stage of our model has 

similarities with all those translog studies which analyse fuel 

input and non fuel input substitution pussibilities in 

manufacturing sector. However, we have not considered a translog 

energy sub-model, mainly due to lack of availability of data, 

within the time constraint. 
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The basic principle behind formulation of the 

agricultural sector model in our study, is same as that for ABE 

Study (1985). However, we took the more direct approach model for 

our final projections because we observed that the indirect 

approach, like ABE's,was yielding us with infeasible demands 

given the groundwater supply constraint. Moreover, the second 

stage of our model is somewhat dissimilar, as we tried to model 

demand as a functional relationship between the share of energy 

required by electrified pumpsets in total energy demand for 

irrigation and time. Through this functional form we tried to 

incorporate the substitution possibility of diesel pumpsets by 

electrified pumpsets. 

For, commercial sector we took a very direct approach, 

relating consumption demand for electricity to value added in the 

sector. This procedure is identical to the method adopted by the 

En~rgy Policy Division (1991). Unlike other studies reviewed, we 

did not consider stock of electricity using appliances because of 

the lack of appropriate database. Such an approach definitely 

would have been better, provided appropriate data was available. 

For the transport sector we did not consider an 

independent analysis but accepted the projections of Energy Policy 

Division (1991). 

Unlike some of the studies, we have not taken the 

trend approach for projection but relied entirely on regression 

analysis. Our assumptions on macroeconomic aggregates are 

different from the base case assumptions of most studies. The 

technoeconomic assumptions of our study, sometimes overlap with 

some of the studies, but are broadly different. For example the 

assumption on consumption by pumpsets is taken from the study by 

Energy Policy Divisions (1991). We have considered an uniform 

utilisation rate over time, whereas they assumed an increasing 

utilisation rate and consumption of diesel by diesel pumpsets; in 
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that sense our assumption differs from theirs. Thus, the present 

study has a few similarities with some of the studies reviewed 

here,but are not exactly identical to any of them. 

2.5 Conclusion 

We did not make a comparative survey of the results 

of the various studies, as we intended to review the various 

methodologies and assumptions of these studies. But we should take 

note of the fact that the difference in methodologies and 

assumptions would have a significant impact on the results of the 

models and only a comparative study of the results would judge the 

stability and consistency of the models. The objective of this 

review was, tc provide a brief exposure of the various 

methodologies tha~ may be adopted to analyse demand, and may be 

adopted to make long range forecasts of demand. 

Considering the vastness of the existing literature on 

energy demand and forecasting, it is impossible to cover each and 

every one of them. However, due to scarcity of time, we could not 

carry out a more extensive survey which would otherwise have been 

much more illuminating. 
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CHAPTER III 

AGGREGATE DEMAND FOR ELECTRICITY 

The demand for electricity has been continuously 

growing at a rapid rate in the country. According to the 14th 

Power Survey, the rate of growth of electricity consumption grew 

at an average annual growth rate of 12.19% p.a. in the decade of 

1960's and then declined sharply to 6.54% p.a. in the decade of 

1970 • s. Ever since the 1980 • s the growth rate has picked up and 

has averaged to 9.16% p.a. in p~riod ending 1989-90. The decline 

in growth rate i~ the decade of 1970's was mainly due to supply 

shortages. With increase in the pace of rural electrification and 

energisation of more number of wells to utilise the available 

ground water potential the share of consumption of electricity in 

agriculture and household sector has gone up considerably over the 

years. Even though the share of industry in total consumption of 

electricity has been declining, it still accounts for the lion's 

share of total consumption. The growing electricity demand is 

accounted by these three sectors mainly. The contribution of 

transport sector in total consumption of electricity is rather 

insignificant, though commercial sectors contribution is gradually 

increasing. 

The decline in growth rate of consumption of 

electricity in the decade of the 1970's could be explained by 

sudden fall in the GDP growth rate of the economy. The growth 

rate in Gross Domestic Product (GOP) remained lo~er than expected 

during the decade of the 1970's. It was only in the '80's that 

a clear break from this was observed. Along with this change 

agricultural income and per capita consumption grew and capital 

output ratio declined. All these contributed to the increase in 
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consumption of electricity during the 1980's. However, it can 

also be argued that, may be, because of supply shortage of 

electricity the growth rates of GOP kept low during the decade of 

1970's and then improved in the decade of 1980's with an 

improvement in the supply of electricity. It is difficult to say 

which one was the cause and which the effect, as the causality 

runs both ways. 

The consumption of electricity, ever since, has been 

increasing quite rapidly. The overall consumption of electricity 

increased from 48.6 billion KWh (Bk.Wh) in 1970-71 to 212 BkWh in 

1990-91. Per capita electricity requirement has increased from 

89.8 KWh/person in 1970-71 to to 252.77 KWh/person in 1990-91 

(refer Annexure 7able s1). This could be partly accounted for by 

the rise in share of urban population to total population, from 

20% in 1970-71 to 25.9% in 1990-91. 

The proportion of villages electrified increased from 

18.8% in 1970-71 to and 86.5% in 1990-91. 1 This could be one of 

the causal determinants of increase in growth rate of electricity 

consumption after the 1980's (refer Statistical Table Sl). The 

electricity intensity of the economy has increased from 0. 054 

KWh/Rs in 1970-71 to 0.073 KWh/Rs in 1980-81 and to 0.1 KWh/Rs in 

1990-91. Thus, the electricity intensiveness of the economy is 

increasing at a decreasing rate. This could be mainly explained by 

the influence of the industrial sector, due to use of more 

efficient technology, and also more efficient electricity using 

appliances in the other sectors, excepting for the agricultural 

sector. 2 

1. Total number of villages are assumed to be 5.56 lakhs. 

2. Due to various reasons, which we will discuss later, there 
is a lot of wasteful use of electricity in the agricultural 
and rural sector - which adds to unnecessary consumption of 
electricity and raises the electricity intensity of the 
economy. 
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As GOP elasticity of electricity consumption is 

greater than unity, so with higher plan targets in future 

considerable electricity will be required. In order to achieve the 

target growth rates, supply of electricity should not act as a 

constraint. 

advance of 

requirement 

imperative. 

As a prerequisite to plan our supply sufficiently in 

the actual requirement forecasting of electricity 

for the next 10 to 15 years becomes absolutely 

Besides, projection of the future electricity 

also indicates the steps to be taken now so that requirement 

electricity 

process. In 

does not pose as a 

fact, as accurate 

constraint to 

forecasting 

the 

is a 

development 

difficult 

proposition, indicative or normative demand projections are more 

appealing. 

In this chapter we propose to forecast the overall 

electricity demand (utilities plus non-utilities) in India for the 

terminal years of the 8th, 9th and lOth Plans (i.e., 1996-97, 

2001-02, 2006-07 respectively) based upon simple expectation 

model, learning model and translog form model. We have employed 

time series data for the period 1960-61 to 1990-91 and have used 

econometric techniques to estimate the demand for electricity. In 

all the three ·models we have con~idered the relation between the 

evolution of electricity consumption and economic activity. 

In the next three section we deal with the discussion 

of the three alternative models in details; to be followed by a 

section dealing with the projections using the models considered; 

and finally followed by the concluding section. 

3.1 

considered, 

electricity 

Simple Expectation Model 

It is quite clear from the empirical evidence, already 

that there is a strong interrelationship between 

consumption and GOP. In fact, the impact of the 
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development process on electricity consumption and vice versa 

cannot be overstated. However, without going into the complex 

causality issue, we use this interrelationship to model demand for 

electricity. The state of development of an economy is defined in 

terms of the level qf economic activity. We use per capita income 

as the level of economic activity to formulate our model. We 

assume that there exists a functional relationship between per 

capita consumption of electricity and level of economic activity 

or per capita income. 

In the simple case where we assume that demand adjusts 

instantaneously to price and income changes, the model takes the 

form of a simple static' model. The functional relationship may be 

either linear or proportional form, as: 

whe.re 

In linear form, 

ct = per capita consumption of electricity in period t 

Yt per capita GOP in period t 

ut disturbance term in period t 

In proportional functional form, 

( 1) 

( 2) 

By, logarithmic transformation to equation ( 2) we 

obtain, 

( 2 I ) 
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vt error term in period t. 

In order to obtain elasticities of demand, we estimate equation 

( 2. ) , where the estimated parameter a 1 gives the elasticity 

directly. 

But the simple case considered here has a very 

important shortcoming - it exhibits a static framework and assumes 

instantaneous adjustment process. It, thus, does not distinguish 

between short run and long run elasticities. 3 Realistic 

formulation of economic relations require the insertion of lagged 

values as explanatory variables· in the model. So we consider a 

dynamic adjustment model, through which we explicitly incorporate 

adjustment mechanism into the model. 

3 .1.1 Model and Estimation Procedure 

In the revised extended model we assume a dynamic 

adjustment process and the model takes the form of an Adaptive 

Expectation model. 4 Since expectations play a big role in any 

decision making process of the economy, so we assume the following 

behavioural hypothesis the consumption requirement of 

electricity depends on the expected level of economic activity. 

Electricity is used as an intermediate input, which is consumed in 

3. By short run and long run elasticities we really mean 
elasticities in equilibrium and disequilibrium situations. 
Such long run elasticities also depend on substitution 
possibilities. But as discussed earlier, since we are more 
interested in long range forecasting and as prices of oil 
and electric.ity are administered in India, we frame our 
dynamic model simply on the basis of per capita consumption 
and per capita GOP, and have left out prices completely from 
the model. Later, however, we mention an alternative model, 
where we incorporate price of electricity;_ with details in 
the Appendix 3.A.1. 

4. A Koutsoy iannis, "Theory of Econometrics" (2nd ed. ). , 
MacMillan Education Limited, 1986, pg. 313. 
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order to achieve a level of production or to obtain the services 

of electricity using appliances. Thus, consumption of electricity 

may be viewed as consumption for production. 

Therefore, model takes the form: 

( 3) 

where, 

ct per capita consumption of electricity in period t. 

* Yt expected per capita income at the end of period t. 

Since expectations are not directly observable, so it is customary 

to add an auxiliary hypothesis about the formation of 

expectations. We thus postulate here an adaptive expectation 

scheme, where expectations are updated each period on the basis of 

actual information available each period 

therefore, are adaptive. 5 

expectations, 

where, 

5. 

Yt 

Yt 

n 

* 

The adaptive rule is given by, 

* Yt- n (Yt- Yt-1 ), 0 ~ n ~ 1 

expectations formed at the end of tth period, 

per capita income in tth period, 

expectation coefficient, implying expectation 

elasticity is less than 1. 

(4) 

J. Johnston, "Econometric Methods", 
Company, 3rd edn. 1984, pg. 348. 

McGraw Hill Books 

80 



Therefore, 

Now, 

* * * Yt - Yt-1 (1-n) (Yt - Yt-1 ) (4.) 

n 0, implies expectations adjust period by period to the 

current observations and all previous observations are 

important; the case of instantaneous adjustment. 

n 1, implies expectations once formed remains unchanged 

every period; 

framework. 

state of equilibrium in a dynamic 

0 < n < 1 is the disequilibrium state, when expectations get 

adjusted in the light of past periods experience. 

Note that, the simple model we already discussed is a 

special case of this more general case when n = 0. 

Now since, 
* ._,. 

Yt - Yt-1 * (1-n) (Yt - Yt-1 ) 

Therefore, 

* * * Yt - Yt-1 + ( 1-n)yt-1 (1-n) Yt 

Thus, using lag operator we obtain, 

* Yt (1-nL) (1-n)yt, where L lag operator. 

or 

* ( 1-n) 
(4") 

(1-nL) 
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therefore, 

* 2 Yt (1-n)yt + n(l-n)yt_ 1 + n (1-n)yt_2 + •..•. 

Because, 

(1-nL)- 1 1 + nL + n 2 L2 + ••••••.•• 

So, adaptive expectation scheme gives current 

expectation as a weighted combination of current and all previous 

period income levels, with weights declining continuously 

following the pattern of a geometric progression. 

Now, substituting equation (4") in equation (3) we 

obtain: 

(1-n) 

(1-nL) 

Therefore, 

or 

( 5) 

Therefore, consumption requirement per capita depends not only on 

the level of economic activity but also on preceeding periods 

consumption requirement per capita. As far as consumption of 

electricity is concerned, this is not an unrealistic assumption. 

The existing technology and habit formation may influence the 

level of consumption of electricity. Whether it be firms or 

individual consumers, it is impossible to carry out adjustments to 

demand immediately without taking past consumption into account. 
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However, in order to estimate the model, it needs to 

be embedded in a stochastic framework. 

Thus, if we append to the equation (3) an additive 

disturbance term, ut' then equation (3) may be written as: 

(6) 

Now on substituting equation (4") in equation (6) and making 

necessary manipulations we arrive at, 

( 7) 

where 

The above model, which finally leads to equation (7) was based on 

. an assumption that the per capita consumption assumes a linear 

relation with the expected level of economic activity. 

So, let us modify equation ( 3) slightly, to assume a 

proportional relation. This model we consider as an alternative to 

the above model. 

Therefore, the model takes the form: 

(8) 

since demand functions are often expressed in constant elasticity 

form, so this macro or aggregate demand function is not altogether 

arbitrary. 
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In order to make the function estimable we assume a 

product disturbance term. So equation (8) becomes, 

(9) 

where, 

ut disturbance term 

Now, carrying out logarithmic transformation to equation (9) we 

obtain, 

( 10) 

where, 

* As, Yt is not observable in equation (10) so we assume the 

adaptive rule, 

* Yt -----.. - = 
Yt -----;- ) ( 1-n) , o s n s 1 ( 11) 

Yt-1 Yt-1 

therefore, 

* * * ln Yt - ln Yt-l = (1-n) [ ln Yt - ln Yt-l ) (11') 

therefore using lag operator, we obtain, 

* (1-n) 
ln Yt (11") 

(1-nL) 

Now substituting equation ( i1") in equation ( 10) and making 

necessary manipulation we arrive at, 
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( 12) 

where,-

This model yields the electricity demand elasticities with respect 

to per capita GOP. Both short run and long run elasticities may 

be obtained from this model. 

The short run elasticity, i.e., when 0 < n < 1, is given as: 

-~~~-=!:_ __ ( 13) 
61n Yt 

The long run elasticity, i.e., elasticity in the equilibrium 

state, when expectations remain unchanged, is given by the 

coefficient a 1 since, 

therefore, 

(14) 

Complications arise in estimation of the models. The 

appearance of lagged dependent variable among the explanatory 

variables, in both the above models, has undesirable consequences. 

First, the error terms vt in equation (7) and et in equation (12) 

may be auto~orrelated despite the fact that ut in equation (7) and 

wt in equation (12) may be uncorrelated, when 
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vt ut - nut_1 in equation (7) and 

et wt - nwt_1 in equation (12) 

Also the converse is possible. The existence of autocorrelation, 

renders not only ordinary least square (OLS) estimates biased in 

small samples, but also inconsistent in large samples because 

asymptotic bias does not vanish. 

Second, the lagged dependent variable, is not 

independent of the error terms, i.e., since, 

E(Ct+s' Vt) + 0 for s ~ 0 and all t~ for equation (7). The 

same argument is applicable for equation (12). As a consequence of 

these, OLS estimation procedure breaks down. First, test needs to 

be carried out for the detect~on of presence of autocorrelation. 

But the presence of lagged dependent variable as an explanatory 

variable invalidates the use of Durbin-Watson 'd-statistic', as it 

is biased towards 2. 6 So, we use Durbin's 'h-test' to check for 

autocorrelation, which is a large sample test. In order to do so 

we compute the h-statistic which is, 

h r v (n/1-nV (fi)), n =sample size ( 15) 

where, V (fi) estimate of the sample variance of the coefficient 

of the lagged dependent variable, obtained by applying OLS 

estimation to the equation to be estimated, where 

r = 1- (d/2), 

6. A. Johnston, "Econometric Methods", (3rd edn.), pg. 318. 
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d = Durbin-Watson test statistic, obtained on carrying out 

OLS to the equation to be estimated. 

Thus, after computing h-statistic, h is then tested as 

a standard normal distribution. Thus jhj > 1.96 implies reject the 

hypothesis of zero autocorrelation of disturbance term at 5% level 

of significance. 

Because of the presence of lagged dependent variable, 

OLS estimation may not yield consistent estimates. 7 But in order 

to ensure consistent estimates we employ instrumental variable 

estimation procedure here. This is a two stage procedure that we 

use to estimate for the coefficients of the model. In the first 

stage we obtain instrument for the lagged dependent variable and 

in the second stage we replace the lagged dependent variable by 

its instrument and estimate the equation applying OLS. 

In the above models, to obtain instrument for Ct-l' we 

regress Ct on Yt and lagged values of Yti the number of lags is 
I 

decided on the basis of improvement in the fit as additional 

lagged values of Yt are introduced. Normally a good fit (or high 

R2 ) is obtained with two or three lagged values. In our case we. 

obtained a very good fit with two lags. Therefore, we obtain 

estimates of Ct as, 

where 

7. 

( 16) 

ct = estimated value of Ct 

According to Johnston ( 1984), OLS estimates may be 
consistent if disturbance terms are not autocorrelated and 
are independently and identically distributed. 
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ai estimated parameters, i=0, .... ,2 

Thus, Ct-l is used as an instrument for ct-l 
• 

We replace estimated Ct-l for Ct-l ih the original model and apply 

OLS to the model. The estimates so obtained would still be biased 

for small samples but will be asymptotically consistent. This sums 

up the estimation procedure we have applied in the above models. 

3 .1. 2 Data and Variables 

We ha~e used time series data for the period 1960-61 

to 1990-91 to esti~ate the models. Both the models require data on 

per capita consumption of electricity (utilities and 

non-utilities) and per capita GOP. 

The CEA general review publishes all India time series 

data for per capita electricity consumption (utilities and 

non-utilities together). All India population figures were taken 

from the National Accounts Statistic, cso. GOP at factor cost, 

at 1980-81 prices are taken from Economic Survey, 1992-93. Per 

capita GOP data is generated using GOP data and population data. 

3 .1. 3 Results 

The results to the above static and dynamic models are 

presented here. 

OLS estimation was carried out to equation ( 1) to 

obtain the estimates of the coefficients. In this model per capita 

income explains 97% of the total variation in per capita 

consumption. However Durbin-Watson statistic lies in the zone of 

ignorance at 1% level of significance. But on carrying out non 
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parameteric runs' test for randomness of disturbance term we find 

that the model does not exhibit autocorrelation. The estimated 

coefficients are given in Table 3.1. 

Table 3.1 

Regression Results 

Dependent Variable = Ct 

-2 
R = 0.9718 

Variable Coefficients i:-statistics 2 tail significance 

Constant -229.939 -20.882 0.000 

0.196 32.192 0.000 

o.w. = 1.656 

All the coefficient of per capita income is highly significant at 

5% level of significance. This shows that level o~ economic 

activ.ity is a good determinant for per capita consumption of 

electricity, so that as per capita income increases, per capita 

consumption of electricity also goes up at the aggregate level. 

To the other static model, given by equation (2') we 

carry out OLS. Here, the log of per capita income explains 89% of 

the total variation in log of per capita consumption. The 

Durbin-Watson statistic shows existence of positive 

autocorrelation. Then to correct for autocorrelation, we carry out 

correction for first order autocorrelation i.e., AR( 1). The 

results are given in Tables 3.2 and 3.3 respectively. 
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Table 3.2 

Regression Results 

Dependent Variable ~ ln Ct 

Variable Coefficients t-statistics 2 tail significance 

Constant -18.459 -12.654 0.000 

ln Yt 3.093 15.856 0.000 

D.W. =· 0.39 

Carrying out correction for AR(1) we observe that D-W=1.692 and 

autocorrelation is corrected by assumption of first order 

autoregressive scheme. 

Table 3.3 

Regression Results 

Dependent Variable = ln Ct 

-2 
R ~ 0.9962 

Variable Coefficients t-statistics 2 tail significance 

Constant 3.319 2.169 0.039 

ln Yt 0.379 2.321 0.028 

AR(1) 0.963 71.499 0.000 

o.w. ~ 1.692 
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This shows that all the coefficients are significant at 5% level 

of significance and R2 has improved to 0.9962, showing a better 

fit in the model. 

The estimated income elasticity is 0.38. But this 

essentially gives a short run elas~icity, as we are considering 

time series data and estimating the model in a static framework. 

Thus, in the short run demand for electricity is income inelastic. 

This conforms to the theory that adjustments in the short run is a 

difficult proposition due to various factors. 

As explained in section 3.1.1, the dynamic models 

represented by equations ( 7) and ( 12) are estimated using 

instrumental variable estimation procedure, using estimated ct 

with one period lag as an instrument for ct_ 1 . But before we do 

so, we test for the existence of autocorrelation. But the presence 

of a lagged dependent variable as an explanatory variable 

invalidates Durbin-Watson's test for autocorrelation. Since, we 

have a fairly large sample ( 1960-61 to 1990-91), so we propose a 

large sample test - Durbin's h test to test for the existence of 

autocorrelation in the model. 

The results corresponding to equation 7 show that 

Durbin's h-statistic has the value, h=-0.6616. Since lhl· < 1.96, 

so we do not reject the null hypothesis of non existence of 

autocorrelation in the model. Estimated Ct is calculated after 

regress~ng Ct on Yt' Yt-l and Yt_ 2 , where the explanatory 

variables explain nearly 98% of total variation in Ct' with all 

coefficients significant. Estimated Ct with one period lag is used 

in place of Ct-l as an instrument, to estimate the model. 

Estimation of equation (7) shows that the explanatory variables 

explain more than 99% of the total variation in the dependent 

variable Ct. In the final estimated equation there is no 
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autocorrelation. In this model the dependent variable is Ct and 

the results of the coefficients of the explanatory variables are 

tabulated in Table 3.4. 

Table 3.4 
I 

Regression Results 

Dependent Variable = Ct 

-2 
R = 0.9979 

Variable Coefficients t-statistics 2 tail significance 

Constant -46.753 -3.939 0.001 

0.039 3.849 0.001 

0.856 15.026 0.000 

o.w. = 2.239 

The estimated coefficients of the model turn out to be significant 

at 5% level of significance. The estimates of the model are: 

-333.93, a 1 0.286 , n 0.86 

The rate of adjustment is quite high. Past periods consumption has 

a positive influence on the present consumption. This implies that 

in the short run, besides level of economic activity, various 

other fa~tors such as habits, existing appliance stock etc., has a 

strong influence on present consumption. It also supports our 

hypothesis that economy cannot immediately adjust their level of 

consumption as a consequence of changes in factors affecting 

consumption. 
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In a similar way we estimated equation ( 12). 

Estimating the value of h-statistic we obtained h=-0. 2480, i.e., 

jhj<1.96, which shows that there does not exist autocorrelation in 

the model at 5% level of significance .. We have, used instrumental 

variable technique to estimate the model. Similar, to the previous 

case, we have used logarithm of estimated value of Ct with one 

period lag in place of lnCt_ 1 . This procedure yields us with 

asymptotically consistent coefficient estimates. As, Table 3.5 

shows all the estimated coefficients are significant at 5% level 

of significance. The explanatory power of the model is also very 

high. 

Table 3.5 

Regression Results 

Dependent Variable = ln Ct 

R.2 = 0.9975 

Variable Coefficients t-statistics 2 tail significance 

Constant -3.127 -3.214 0.003 

ln Yt 0.545 3.319 0.003 

0.808 14.368 0.000 

D.W. = 2.036 

The estimated coefficients of the equation (1) are: 

ao -16.32 1 a1 : 2.84 

and adjustment rate n=0.808 
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The estimated short run and long run elasticities, as defined in 

equations (13) and (14) respectively, are: 

0.545 

2.84 

Thus, the long run elasticity of demand with respect to income 

turns out to be greater than short run elasticity and is greater 

than unity. This conforms to our hypothesis that in the long run 

demand is much more responsive to income, than in short run. 

Consumpti~n of electricity in short run is much more restrictive; 

the elasticity less than one supports this hypothesis. 

Both the models represented by equations (7) and (12) 

support the view that inclusion of dynamics in the demand system 

becomes important ·!or a proper analysis incorporating short run 

and long run behaviour. Even though, equation (7) and (12) both 

yield significant estimates, equation (7) yields better results 

with a higher R2 and coefficients have a smaller type I error 

compared to equation (12). 

forecasting of demand. 

We have used both the models for 

Both the above models do not consider price as a 

determinant of demand. Even though it can be rationalised that 

rate structures being regulated by the government and public 

utility commissions cannot be considered to affect consumption to 

a great extent ·in the long run. Chances of price affecting 

consumption in the short run is even less. This is so because 

existing technology, appliance stock, switching cost, habits etc., 

may not permit significant changes in consumption of electricity 

due to price rise. At least the bias would not be as strong as 

in the other commodity markets. And in the Indian context this is 

all the more aflplicable because of the low price structure. But, 

in order to substantiate we have used a different model where 
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price of electricity was incorporated. However, instead of using 

average tariffs or marginal rate schedules or both, we have used 

real prices of electricity generated from price index of 

electricity. But we believe that this should not affect our 

results to a great extent since we are estimating a macro demand 

model. Besides, data availability PFOblem, price of electricity 

imposes additional problems. Estimation of the model reveals that 

our belief is not altogether baseless, as the coefficients of 

price variables tu'rned out to be insignificant. This conforms our 

hypothesis that electricity demand at the aggregate level is 

insensitive to price changes. The details of the model are worked 

out in Appendix 3.A.l. We have not used this model for projection 

of future electricity demand. 

3.2 Learning Model 

Learning is an integral part of the production 

process. It is also true· that learning is a subjective phenomenon. 

But, nevertheless it would be quite useful to incorporate this 

phenomenon into a model, various techniques have been used in 

different fields of economics to capture this learning phenomenon. 

In the area of energy economics and resource economics, too, some 

efforts have been made to capture learning in the form of a model. 

We try to incorporate these studies in our model to estimate 

demand for electricity, which we use later to carry out future 

projections. 

It is believed that improvement of system performance 

that is repetitive and predictable is a consequence of learning. 

Consumption pattern of electricity may be viewed as a consequence 

of learning. As more and more electricity is consumed in the 

product ion process, knowledge of techno logy and input 
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requirements, including electricity, accumulates. This knowledge, 

in turn, affects further consumption of electricity at the 

margin. 8 Thus, the process of learning is captured in a model 

where through cumulative values the empirical relationship between 

input and output is described. The motivation for using such a 

model are two fold: 

i. Energy consumption must reflect to some degree the 

energy savings created by technical changes in the 

energy utilization and these changes are evidences of 

learning. 

ii. To incorporate dynamics within the framework through 

the use of cumulative variables. 

Thus, cumulative variables generated from time series 

data are used so that changes due to learning at the margin may be 

captured and its effects are reflected at the margins. 

3.2.1 The Model 

The model we adopt is given by, 

::!. 
-::;, 

-~L wt 
'% 

(17) 

yt 

where, 

cumulative consumption of electricity in tth period. 

1 . GOP . tth ' d cumu at~ve ~n per~o . 

8. This is a common experience in the steel industry. As stocks 
and inventories accumulate, knowledge accumulates and its 
impact is felt at the margin. 
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% '%-

Dt/Y~ can be defined as cumulative intensity of consumption of 
e.reccricity. 

""'" Wt = L(.) is the learning function. 

The most widely used learning function 9 is, 

where 

ln0 
b i.e., 0 

ln2 

and, 

0 learning rate 

1-0 = rate of progress. 

using this learning function in our model we obtain, 

therefore, 

Then, 

d 

dt 

d 

dt 

( 18) 

( 19) 

(20) 

9. A.Belkaouni, "The Lear~ing Curve: A Management Accounting 
Tool", (1st ed.), Quorum Books, London, 1986, pg. 245. 
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or, 

::::::; 

:: dYt z ~ 

Dt L' (Yt) yt + L(Yt) 
dt 

where 

Dt total consumption in period t 

and yt GDP in period t. 

or, 

=: ~ ~ 

Dt yt [ L' (Yt) yt + L(Yt) 

"" "'b 
Now from equation 1 18) L(Yt) = AYt 

therefore, 

.-

therefore, 

%lJ 
A.b.Yt 

--------

-~_:_~-~:~~--
-::;: 

yt 

~ 

dYt 

dt 

Substituting equation (23) in equation (21) we obtain 

or, 

~ 

Dt (l+b) . L(Yt) . Yt 
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or, 

O:::b 
Dt = A(l+b). Yt . Yt (24) 

therefore 

K. y t I where K A(l+b) 
(25) 

Equation (25) is the demand function for electricity. 

Now carrying out log-transformation we can linearise 

equation (25) to obtain, 

( 26) 

where, a lnK 

Similarly equation (19) may be written as, 

( 27) 

where 

a 1 lnA 

In order to make the model estimable we need to specify the 

disturbance term. Thus, equations (26) and (27) may be written 

as, 

error term (28) 
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and 

error term ( 29) 

Another model that we have considered here is a variant of the 

above model; with aggregate variables being replaced by per capita 

variables. 

Therefore, if we define: 

dt per capita consumption in period t 

dt cumulative per capita consumption in period t 

Yt per capita income in period t 

Yt cumulative per capita income in period t 

then, we have, 

error term ( 30) 

and. 

:::: = 
error term (31) 

OLS estimation technique is used to estimate equations (28) to 

( 31) . But before we state the results, let us discuss the 

variables and data used to estimate the equations in the next 

subsection. 
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3.2.2 Data and Variables 

In order to estimate the models we have used time 

series data, spanning the period 1960-61 to 1990-91. The models 

require data on cumulative GOP, cumulative total consumption of 

electricity, GOP, total consumption of electricity, per capita 

GOP, per capita electricity consumption, cumulative per capita GOP 

and finally cumulative per capita consumption of electricity. 

Since, all the models considered in this chapter, are used to 

forecast macro level electricity requirements, the total 

consumption of electricity data are taken as sum of consumption 

from both utiliti.es and non-utilities. 

Now, CEA' s General Review provides total consumption 

data for electricity for utilities only. But the way we defined 

aggregate consumption here, i.e., as sum of utilities and 

non-utilities, we need to generate this variable. However, General 

Review provides with per capita aggregate consumption data which 

is inclusive of utilities and non-utilities. We make use of this 

data along with the population figures taken, from National 

Accounts Statistics (NAS), to generate aggregate consumption 

figures. In order to check for the validity of using these figures 

we compare these aggregate consumption figures with those 

generated from another source. Economic Survey (1992-93) provides 

with figures for electricity generation for the years 1975-76 to 

1990-91 (complete series). Hence, we have assumed 10% as the 

auxiliary loss and deducted this loss from total generation of 

non-utilities to arrive at, approximate figures for, consumption 

of non-utilities. On the other hand, we deduct General Review 

figures of consumption of util.ities from aggregate utility and 

non-utility consumption figures, generated from per capita 

consumption figures of General Review. The two consumption from 
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non-utilities are compared to observe that there is little 

discrepancy. So, we proceed with the figures generated from 

General Review data and NAS data. 

GOP at constant 1980-81 prices are taken from Economic 

Survey for the same period as above. Per capita GOP figures are 

generated using GOP and population data. 

By taking cumulative values for the per capita 

electricity consumption, per capita GOP, GDP and aggregate 

consumption of electricity we arrive at the data for cumulative 

variables (refer Annexure Table Sl). 

3.2.3 Estimation and Results 

On estimating equation (28) by OLS, it is observed 

that independent variables have high explanatory power. Both the 

coefficients of the equation are significant. But the estimated 

disturbance terms show existence of autocorrelation. The results 

are tabulated in Table 3.6. 

Variable 

Constant 

= 

o.w. = 0.667 

Table 3.6 

Regression Results 

Dependent Variable = ln (Dt/Yt) 

-2 
R = 0.9794 

Coefficients t-statistics 2 tail significance 

-7.78 -59.046 0.000 

0.36 37.803 0.000 
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in order to take care of the existence of autocorrelation in the 

model we carry out correction for AR{l) to the equation (28). The 

results have improved as a consequence with a better goodness of 

fit and with no autocorrelation present in the model. The 

autocorrelation coefficient is significant at 5% level. This shows 

that a first order autocorrelation was present in the initial 

model. The coefficient estimates are also significant in the newly 

defined scheme. The results are tabulated in 3.7. 

Table 3.7 

Regression Results 

Dependent Variable = ln (Dt/Yt) 

-2 
R = 0.9925 

Variable Coefficients t-statistics 2 tail significance 

Constant -8.426 -37.786 0.000 

0.404 25.698 0.000 

AR{l) 0.472 0.096 0.000 

D.W. = 2.416 

Thus, estimated equation (25) can be written as, 

On estimating equation (29) by OLS, it is once again observed that 

the model has a high goodness of fit. But there is existence of 

autocorrelation in the model, as the D-W. statistics, rejects the 

null hypothesis in favour of existence of positive auto-
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correlation. Still the estimated coefficients are highly 

significant at 5% level as shown in Table 3. 8. However, 

autocorrelation is corrected by applying correct ion for first 

order autocorrelation i.e., AR(l). The R2 shows improvement and 

the estimation still yields significant estimates of the 

coefficients. The results are 51iven in Tables 3.8 and 3.9 

respectively for uncorrected and corrected AR(l). 

Table 3.8 

Regression Results 

= = 
Dependent Variable = ln (DtfYt) 

-2 
R = 0.9613 

Variable Coefficients t-statistics 2 tail significance 

Constant -6.888 -49.036 0.000 

0.276 27.303 0.000 

o.w. = 0.241 

Table 3.9 

Regression Results 
= = 

Dependent Variable = ln (Dt/Yt) 

-2 
R = 0.9997 

'Jariable Coefficients t-statistics 2 tail significance 

Constant -8.229 -85.024 0.000 

0.369 55.435 0.000 

AR(1) 0.701 41.049 0.000 

o.w. = 1.861 
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The estimated equation ( 19) can be written, using estimates from 

table 3.9, as: 

2.6 

The estimated equation (19) has a lower standard errors and higher 

R2 compared to equation (25). Therefore chances of committing type 

I error is small in case of equation (19) compared to equation 

( 25). However, since the difference is not much, we may use 

either of the models for estimation. We make the decision on the 

basis of a statist:..cal analysis as will be explained later. From 

the estimated demand equation we can obtain estimates of learning 

rate and rate of progress. 

We now turn to the results obtained from estimating 

equations (30) and (31). The estimation results pertaining to 

equation (30) on applying OLS show that the explanatory variables 

have a fairly high goodness of fit but the D.W. statistic shows 

the existence of autocorrelation in the model. As a consequence an 

AR(1) correction procedure was carried out under the assumption 

that the OLS residuals and their lagged values are linearly 

related. This yields us more than satisfactory results showing 

that our assumption of a linear relationship between lagged 

residuals is valid. The results for estimates are tabulated in 

Tables 3.10 and 3.11 for without and with corrected AR(l) 

respectively. As is observed the coefficient estimates are 

significant at 5% level of significance. 
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Variable 

Constant 

D.W. = 0.483 

Variable 

Constant 

= 

AR(l) 

D.W. = 2.439 

Table 3.10 

Regression Results 

Dependent Variable = ln (dtfYt) 

-2 
R = 0.9668 

Coefficients t-statistics 2 tail significance 

-6.750 -50.494 

0.398 29.591 

Table 3.11 

Regression Results 

Dependent Variable = ln (dtfYt) 

-2 
R = 0.9917 

0.000 

0.000 

Coefficients t-statistics 2 tail significance 

-7.661 -28.538 0.000 

0.487 18.602 0.000 

0.559 7.5799 0.000 
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\.. 

The results obtained from estimating equation (31) by 

applying OLS to the equation shows that the explanatory variables 

explain about 95% of the total variation in the dependent 

variable. However, the O-W test statistic shows that we cannot 

reject the null hypothesis of non-existence of autocorrela~ion; 

even though, the parameter estimates obtained are significant at 

5% level of significance. These results are tabulated in Table 

3.12. 

Variable 

Constant 

D.W. = 0.226 

Table 3.12 

Regression Results 

::::: = 
Dependent Variable = ln (dtfYt> 

-2 
R = 0.9487 

Coefficients t-statistics 2 tail significance 

-5.935 -48.967 0.000 

0.288 23.584 0.000 

Thus, on assuming a linear relationship between the 

OLS residual and their lagged values we carry out the AR ( 1) 

correction procedure. This improves the results considerably 

showing that our assumption of OLS residual and their lagged 

values being linearly related is valid. The goodness of fit, R2 , 

considerably improves, with the o-w statistic showing that the 

existence of first order autocorrelation is corrected. Moreover, 

the coefficient estimates are significant at 5% level of 

significance. The results are tabulated in Table 3.13. 
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Table 3.13 

Regression Results 

- -
Dependent Variable = ln (dtfYt) 

-2 
R = 0.9996 

Variable Coefficients t-statistics 2 tail significance 

Constant -7.299 -74.694 0.000 

0.419 45.096 0.000 

AR(1) 0. 716 49.037 0.000 

D.W. = 1.671 

The estimated equation (3) may be written as: 

( 32) 

and estimated equation (31) may be written as: 

--~L- 6.8 
( 33) 

Even though both equations (30) and ( 31) yield high R2 on 

estimation, the estimated standard error of the coefficients is 

lower in case of equation (31) compared to equation (30). The 

T-statistics of the coefficients of equation (31) are larger than 

those of equation (30) showing that chances of committing type I 

error in case of equation (31) are less. Since both the equations 

exhibit a very high R2 , we employ both the estimated equations to 

carry out forecasting for the terminal years of the Plan periods. 
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The per capita demand equation has been estimated as 

given in equation ( 32). From equation ( 33) also the demand 

function may be obtained by first order differencing. The learning 

rates may be estimated from the estimates of the coefficients. 

By changing our assumption of the disturbance terms 

and assuming it tb be additive, we have also carried out Non 

Linear Least Square (NLS) estimation procedure to the above 

models. But results did not improve for any of the equations 

estimated. So we are not mentioning these results here. 

The learning model shows the adaptability of the 

economy to increasing electricity requirement through the process 

of learning. The results obtained from the estimation of the 

models confirms our belief that the intensity of electricity 

consumption in the economy and GOP are quite strongly related and 

GOP is a major determinant in deciding the future consumption 

requirement and pattern of the economy. The estimates also reveal 

that cumulative GOP has its impact at the margin on the 

consumption of electricity as there exists a less than 

proportional relationship between intensity of consumption and 

cumulative GOP. 

Now that we have strong reasons to believe that there 

might exist a strong relationship between intensity of consumption 

and GOP, we formulate a model which incorporates intensity of 

consumption and GOP. 

3.3 Translog Form Model 

For long term forecasting it would be appropriate to 

use a technique that relates consumption in physical terms to some 

basic determinants, such as GOP, population etc. So intensity of 

electricity consumption may be used within this framework. Now, 
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for quite some time we have been using the term 'Intensity' of 

consumption without formally defining it. • Intensity • of 

electricity consumption is defined as the ratio of consumption of 

electricity in physical units to GOP in value terms. 

For long run forecasting GOP seems to favour the 

intensity as a forecasting tool, since we are essentially 

examining macroeconomic trends with time series data for 

electricity requirement. 

Malenbavm ( 197 3) 10 _showed that intensity of energy 

consumption plotted against per capita income exhibits a skewed 

bell shaped pattern for the industrialized economies. Thus, one 

can possibly thi~k of intensity as a function of per capita income 

where the functior. is a log normal functional form. 

In an attempt to preserve the robustness of this log 

normal type pattern, Harris and Jeon (1987) 11 showed that 

representing the intensity pattern by a log normal functional form 

model implies a demand model in which income elasticity of demand 

varies with the income level. This is based upon the equivalence 

of log normal and translog form models. Such models may be applied 

to study the electricity demand behaviour in Indian economy. 

Studying the pattern of the movement of intensity against per 

capita income for the last three decades, we observe that there is 

a tendency for intensity to behave the way described above. So for 

long term projection we may consider this phenomenon and 

incorporate this in a model for projection. 

10. W. Ma~l'\~UI'I\' "Material Requirements in the United States 
and Abroad in the year 2000", University of Pensylvania 
Press, Philadelphia, PA; 1973. 

11. D.P. Harris and G.J. Jean, "Improved Methods for Long Range 
Forecasting", Tucson, Mineral Economics, Department of 
Mining and Geological Engineering, College of Engineering 
and Mines, University of Arizona, Research Project, 1987. 
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3.3.1 Model 

According to Malenbaum ( 197 3), intensity of energy 

usage, IE, is a function of per capita income, y, and is given 

as: 

IE 
K 

yov(2rr) 

2 (ln y-1-') ] 

where, K, f.l and a 2 are lognormal functional form parameters. 

By logarithmic transformation to equation (34) we obtain, 

lniE 

or, 

1 
ln K - ln a v(2rr) - lny - ( -----

2o2 

( 34) 

lniE 

2 

lnK - lnov2rr- -;~2 - lny ( 1- ~~- ) - ;~2 (lny)
2 

( 35') 

Let, 

ln A ln K 
1-'2 

- ln a v2rr - -----
2o2 

2 
- ( 1 - f.l/0 ) 

Now, substituting (36) to (38) in equation (35') we obtain, 

lniE 
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therefore, 

IE {40) 

Equation (41) is analogous to a simple income-demand model, where 

elasticity varies with the level of income. Thus, demand takes a 

flexible functional form. But this function is based on the 

equivalence of lognormal and translog forms. Now, accepting this 

demand function, the income-elasticity of demand and income 

elasticity of intensity may be obtained as: 

Income elasticity of per capita demand = l+B0 +2B 1lny {42) 

Income elasticity of intensity = n0 +2B 1 lny {43) 

Now, the functional form (40) may be represented by, 

IE T(y;B) ,, where B 

The derived demand theory suggests that a more complete and 

comprehensive description of iE would include own price, 

substitute price and other parameters. 

We consider here two such forms: 

(a) IE 

and 

(b) IE T (y, P, Ps' t; 11) 

where, Q vector of parameters. 

These two cases may be written as: 
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(a) lniE ao + a 1 lny +e(~ lnP + a 3 lnP s + 13 1 (lny) 2 

+ 132 ( lny) ( lnP) + 133 (lny) (lnPs) + 134 (lnP) 2 

+ 135 (lnP)(lnPs) + 136 (lnPS) 2 (44) 

(b) lniE ao + a 1 lny + a2 lnP + a 3 lnPs + a 4 lnt 

+ 131 (lny) 2 
+ 132 ( lny) ( lnP) + 133 (lny)(lnPs) 

+ 134 (lny) (lnt) + 135 (lnP) 2 
+ 136 (lnP)(lnPs) 

.+ 137 (lnP) (lnt) + 138 (lnPS) 2 
+ 139 (lnPs)(lnt) 

+ 1310 (lnt) 2 ( 45) 

Before we discuss the estimation techniques and results it would 

appropriate to d~scuss the data used to estimate the above two 

cases. 

3.3.2 Data and Variables 

For estimation of the above two cases, we have used 

time series data for the period 1960-61 to 1990-91. Data is 

required for per capita GOP, per capita consumption of 

electricity, price of electricity and price of substitute. 

The data for per capita aggregate consumption of 

electricity and per c~pita GOP have been taken from same sources 

and generated in the same way as described in sections 3.1.2 and 

3.2.2. 

Since we are considering aggregate or macro demand 

models, so for price variables (both own and substitute prices) we 

have considered wholesa~e price indices of electricity and mineral 

oil. 

vol. 

these indices are taken from India Database. The Economy, 

I (1990) and RBI Bulletin (various years). Price indices 

between 1960-61 and 1988-89 had base 1970-71 as 100 and another 

series was available which was for 1981-82 to 1990-91 with base 
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1981-82 as 100. B~t we needed a complete series from 1960-61 to 

1990-91. In order to combine the two series we changed the base of 

first series (1960-61 to 1988-89) from 1970-71 as 100 to 1981-82 

as 100. Then we combined the two series to obtain a complete time 

series. But for the sake of simplicity we have ignored the fact 

that both the series had different weighting diagram. After 

combining the two series to obtain a complete series of wholesale 

price indices between 1960-61 and 1990-91 we changed the base to 

1980-81 as 100. It is always suggestible that we use relative 

pries in demand models. So we proceed to obtain relative prices 

using GOP deflator at '80-'81 prices implicit in CSO data. Such 

provided by CSO. It is common practice to use relative prices in 

demand models reveal whether commodities have become expensive or 

cheap. Thus, here GOP is taken as the numeraire. The time 

variable is generated manually (refer Annexure Table S2). 

3.3.3 Estimation and Results 

In order to carry out estimation and make it simple we 

have considered an additive disturbance term to both the cases, 

represented by equations (44) and (45). 

carrying out OLS to both equations (44) and (45) we 

observe that equation (44) can be estimated but there is existence 

of strong multicollinearity in the 

multicollinearity being very high R2 

model. The 

and highly 

symptoms for 

insignificant 

T-statistics for most of the coefficient estimates. Besides, this 

the multiple correlation coefficients are also very high between 

the explanatory variables. The OLS result is tabulated in Table 

3.14. 
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Since the D-W statistics lies in the zone of 

ignorance, we had to carry out a non-parametric runs test for the 

randomness of disturbance term. The hypothesis did not get 

rejected. But the problem is that existence of mu~~icollinearity 

invalidates OLS estimation of the model. 

Table 3.14 

Regression Results 

Dependent Variable = lniE 

-2 
R = 0.9415 

Variable Coefficients 2 tail significance 

Constant 214.56 0.185 

lny -39.21 0.232 

lnP -27.33 0.312 

lnPS -5.16 0.647 

(lny) 2 -0.06 0.971 

(lny) (lnP) 9.38 0.014 

(lny)(lnPs) -0.43 0.829 

(lnP) 2 -6.68 0.011 

( lnP) ( lnP s) 4.11 0.063 

(lnPS) 2 -1.16 0.210 

D.W. = 1.1857 (zone of ignorance at 1% level of significance). 

In the case of equation (45), OLS estimation could not 

be carried becaus~ of the presence of a near singular matrix of 

explanatory variables. This again is a problem of the existence· 

of multicollinearity in the model. 
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So we carried out stepwise regression 12 to the above 

two cases, to take account of multicollinearity {refer Appendix 

3.A.2), in the data and estimate the coefficients of the best set 

of explanatory variables. But to our dismay, the estimated model 

is left with just one or two explanatory variables besides the 

intercept term. Thus, a lot of information is lost in this 

procedure. As an illustration we tabulate the result of the 

stepwise regression applied to equation {45), given in Table 3.15. 

Table 3.15 

Regression Results 

Dependent Variable = lniE 

-2 
R = 0.9943 

Variable Coefficients 2 tail significance 

Constant -3.06 0.000 

0.11 0.000 

-0.02 0.000 

Besides this loss of information, most econometricians 

criticize stepwise procedure on grounds that it yields results 

which give unnecessary importance to few variables and often 

rejects some important explanatory variables on grounds of high 

Ri 2 and R2 . Thus, variables accepted or rejected are not on the 

basis of any economic theory. So, we have finally dropped 

considering stepwise regression estimates for our analysis. 

Moreover, since most of the variables are dropped, through 

12. A. S. Golberg and O.B. Jochems, "Note on Stepwise Least 
Squares", Journal of American Statistical Association, March 
1961, pgs. 105-110. 
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application of this technique, the model no more retains its 

original form and the relationship becomes difficult to be 

explained. 

Rejecting stepwise regression procedure, we once again 

went back to the position where we started; OLS estimation is 

invalidated by the presence of multicollinearity and have to use 

some estimation technique which can be applied to both the models 

and which will retain most, if not all, the variables thereby 

retaining maximum information, at the same time explaining most of 

the variation in the dependent variable. 

So finally, we took recourse to the application of 

principal compo.nent method of estimation (refer appendix 3.A.3). 

But in this context it should be mentioned that application of 

this method has been questioned by many on the grounds that it 

uses less information from the sample than the OLS method. 

Moreover, it requires construction of art if ic ial orthogonal 

variables (from the explanatory variables) to which specific 

economic meaning cannot be attached. But given the inability of 

OLS technique in presence of multicoAinearity, we do not have any 

other choice. At least it utilizes all the variables. Hence it 

contains more information than stepwise procedure and it retains 

the model in its original form. 

Now applying principal component method to the model 

represented by equation (44) and applying Kaiser's decision rule, 

we get principal components P1 and P2 where P1 and P2 explain 

together 90.3% of the total variation 

So, equation (44) may be now written as, 

(46) 
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where u 1 = error term. 

Eigenvalue of P1 
Eigenvalue of P2 

6.4955 

1. 6294 

Now, OLS estimation technique is applied to equation (46) to 

obtain the results tabulated in Table 3.16. 

Variable 

Constant 

p 
1 

o.w. = 0.739. 

Table 3.16 

Regression Results 

Dependent Variable = ln IE 

; 2 = o.a269 

Co~fficients T-statistics 

-2.810 -102.396 

0.333 11.916 

-0.051 -1.812 

2 tail significance 

0.000 

0.000 

0.081 

But this shows inspite of high R2 and fairly significant 

coefficient estimates, there is existence of autocorrelation. So 

carrying out AR( 1) correction procedure to this model on the 

assumption of a linear relationship between OLS residuals and 

their lagged values, we observe the results to improve 

considerably. The results are given in Table 3.17. 

We have carried out the principal component analysis 

in SPSS/PC+TM V2.0, which provides with the factor coefficient 

matrix. Therefore, with the help of this, mean and standard 

deviation of each variable, and the estimates tabulated in Table 

3.17 we derive the coeffici~nt estimates of the equation 44 as: 
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Table 3.17 

Regression Results 

Dependent Variable = ln IE 

R2 = 0.9297 

Variable Coefficients T-statistics 2 tail significance 

Constant -2.732 -3.592 0.001 

0.186 2.672 0.013 

0.079 2. 713 0.012 

AR( 1) 0.974 13.140 0.000 

D.W. = 1.523 (no autocorrelation at 1% level of significance). 

ln(IE) -7.850 - 0.054(lny) + 0.364(lnP) - 0.019(lnP
5

) 

- 0.014(lny) 2 + 0.015(lny)(lnP) - 0.003(lny)(lnP
5

) 

+ 0.04(lnP) 2 + 0.005(lnP)(lnP
5

) 

(47) 

Then we obtain the elasticities from the estimated equation (47), 

given in Table 3.18. 

Table 3.18 

Elasticities Estimated 

6ln1E/6lny 6ln1E/6lnP 6ln1E/61P
5 

1960-61 -0.055 1.047 -0.034 

1970-71 -0.058 0.853 -0.035 

1980-81 -0.059 0.536 -0.036 

1990-91 -0.060 0.869 -0.036 
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The elasticities so obtained are not too encouraging 

as can be seen from the above table. So to check for the stability 

of the model, we go to estimate the model with a deliberately 

restrictive sample, only to find insignificant estimates for P1 
and P2 . Using just P1 in the model and carrying out regression we 

again obtained insignificant estimate with a restricted sample 

(1960-1975), at 5% level of significance. As we won•t be using 

this, we are not stating the result here. So, considering the 

inherent instability in the model we reject this model and move on 

to estimate equation (45) with principal component method. 

Applying Kaiser's test we observe that only two 

principal components are retained, say, P3 and P4 

Eigen value of P3 9.7979 

Eigen value of P4 = 3.0239 

Together they explain 91.6 per cent of the total variation. Using 

P3 and P4 we transform equation (45) to obtain: 

where u = error term (48) 

The results obtained on applying OLS to equation (48), 

we observe significant at 5% level of significance, with a high 

R2=0.9725 and no autocorrelation in the model as D.W.=1.166. The 

result given in Appendix 3.A.4. 

But faced with the problem of instability in the first 

case, we deliberately restrict the sample, 1960-1975 and find that 

coefficient of P4 is insignificant at 5% level of significance. 

The model does not seem to yield stable coefficient estimates. 
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So in an attempt to obtain better results we used just 

the principal component P3 which explains 70% of the total 

variation. The equation (45) may be alternatively written as: 

lniE where u error term (49) 

On carrying out OLS to equation (49) we obtain significant 

estimate of the coefficient with a high R2 but model exhibiting 

autocorrelation in the residuals. The result is tabulated in Table 

3.19. 

Table 3.19 

Regression Results 

Dependent Variab~e = lnTE 

-2 
R = 0.9624 

Variable Coefficients t-statistics 2 tail significance 

Constant -2.810 -219.769 0.000 

p3 0.361 27.734 0.000 

D.W. = 0.933 

Assuming a linear relationship between the OLS 

residuals and their lagged values, we carry out AR(1) correction 

procedure to obtain quite satisfactory results. Thus, our 

assumption is validated and we obtain significant estimates. The 

result is tabulated in Table 3.20. 

To check for the stability of the model, if we use 

this principal component, we deliberately withheld the sample and 

used the ~ample 1960-61 to 1975-76 to obtain estimates. It turned 

out that the model estimates are stable as the results of the 

restricted sample are quite ~ncouraging. The result is tabulated 

in Table 3. 21. 
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Table 3.20 

Regression Results 

Dependent Variable = lniE 

-2 
R = 0.9664 

------------------------------------------------------------------
Variable Coefficients t-statistics 2 tail significance 
------------------------------------------------------------------
Constant -2.810 -116.928 0.000 

0.352 12.459 0.000 

AR(1) 0.517 3.180 0.004 
------------------------------------------------------------------
D.W. = 1.853 

Table 3.21 

Regression Results 

Dependent Variable = lniE 

-2 
R = 0.9673 

Variable Coefficients t-statistics 2 tail significance 

Constant -2.874 -177.141 0.000 

0.305 21.101 0.000 

D.W. = 1.597 

Therefore, we have enough good reasons to accept this 

particular case, for the model represented by equation (45), where 

we operate with only the first of the two principal components 

satisfying Kaiser's test. 

From the estimated Coefficients of the transformed 

model given in Table 3.20, we can estimate the coefficient of the 

original equation (45) as: 
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lniE = -3.936 + 0.206 lny - 0.376 lnP + 0.071 lnPs 

+ 0.061 lnt + 0.014 (lny) 2 -0.002 (lny)(lnP) 

+ 0.009 (lny)(lnPs) + 0.008 (lny)(lnt) 

- 0.042(lnP) 2 + 0.003 (lnP) (lnPs) + 0.013 (lnP) (lnt) 

+ 0.009(lnPS) 2 + 0.012 (lnPS)(lnt) 

+ 0.013 (lnt) 2 (50) 

Now that we have obtained estimates of the original equation we 

can easily obtain the elasticities of intensity of consumption 

with respect to income, price of electricity, price of substitute 

and time. Here time variable is used as a proxy for all those 

variables not considere~ explicitly in model but which have its 

impact over time, including the trend factor involved. Factors 

such as technological change, extent of rura~ electrification, 

structural change of the economy, population, urbanization etc., 

all involve time trend. Such factors are captured in the time 

variable. Since, we have used time series data, the elasticities 

so obtained should be short run elasticities. This case 

represented by equation (45) has the advantage over equation (44) 

that, this is a more general case compared to the case 

represented by equation (44); in addition to the fact that this 

is a more stable case. 

However, it suffers from the severe criticism that the 

principal component used accounts for only 70% of the total 

variation, which implies that a lot of information is lost if we 

use this model; besides the usual criticisms of principal 

components. But, since we do not have much of an alternative we 

accept this particular case, represented by equation ( 4), for 

projection. 
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The elasticities obtained from equation (50) is 

tabulated in Table 3. 22. The interesting fact is that the 

elasticities conform to the usual economic theory. And as these 

elasticities are flexible, it can be observed from the table as to 

how elasticities have changed over the decades. As the table 

shows, intensity of consumption of electricity has become more and 

more elastic with respect to per capita GOP over the decades, 

though still less than unity. Intensity has become more and more 

inelastic with respect to prices over the decades and confirms the 

insensitivity of consumption of electricity to price changes. This 

obviously, requires reassessment of tariff policy in the economy. 

Cross price elasticities though less than unity are increasing 

over the decades, ehowing more and more substitution being taking 

place in the economy over the decades. It also shows that the 

rising oil prices over the decades have a positive impact on the 

intensity of electricity consumption in the economy. But because 

of the existing technology and the oil intensiveness of some 

sectors such as the transport sector, oil prices have a less than 

proportional impact on the intensity. The less than proportional 

relationship may also be accounted for, by the highly efficient 

form of energy provided by the electricity. The most interesting 

revelation is provided by the elasticity with respect to trend 

factors. The trend factors not only have a positive impact on 

intensity of consumption of electricity but have a more than 

proportionate relationship in 1990-91. It has been increasing 

throughout over the decades showing that with development and 

industrialization of the economy, the economy has become more and 

more electricity intensive. This could be a result of increased 

pace of rural electrification, increasing population and increased 

urbanization mainly. Increasing mechanization in agricultural 

sector and fast replacement of commercial energy for 

non-commercial energy, with increasing per capita income both in 

124 



rural and urban sectors could also explain this behaviour 

partially. A combined impact of all trend factors have a strong 

influence on the electricity intensiveness of the economy. 

1960-61 

1970-71 

1980-81 
1990-91 

Table 3.22 

Elasticities Estimated 

olnlE/olny olnlE/olnP olnlE/olnPs olnlE/olnt 

0.445 

0.528 

0.616 
0.703 

-0.757 

-0.614 

-0.486 
-0.362 

0.236 

0.353 

0.485 
0.605 

0.254 

0. 511 

0.780 
1.04 

Having discussed the models to be considered for the 

purpose of projection in detail, we now move on to our next 

section where we discuss the macro assumptions made for the 

purpose of projection. We also forecast future electricity demand 

on the basis of that model which best satisfies the statistical 

and economic requirements among the models considered for the 

purpose of forecasting. 

3.4 Projections 

Now that we have estimated all the models, the obvious 

question that arises is that, which model is most suitable for the 

purpose of projection of future consumption of electricity. The 

choice of the model should have both an 'Economic' as well as a 

'Statistical' basis. Of the three models considered - simple 

expectation models, learning models and translog form models -

there is no economic basis to reject any one of them. As already 

explained, in quite detail, all three are quite plausible and are 

basically alternative ways of looking at the demand, which are not 

mutually contradictory. Besides having strong economic rationale, 
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the regression results of all the models are quite acceptable. 

Among the various alternatives of the models we have considered 

those corresponding equations (28) to (31), (50), (7) and_(12), 

because these yields us with the most optimistic results. Since 

there is no economic basis to choose among these models and their 

variants, we employ statistical technique to choose the most 

suitable one from the above mentioned models. 

Several statistical measures have been proposed for 

assessing the predictive accuracy of forecasting models. 13 Such 

measures involve evaluation of 'ex post forecasts', i.e., 

forecasting for dependent variables whose actual values are known 

and then compare between the actual and fore.c.asted values. Such a 

measure involvee finding the 'Average Absolute Errors' (AAE), 

also called 'Mean Absolute Error' method. 

where, 

AAE 1/n p:. I y. - yl.. 
0 .1. l. (51) 

Yi dependent variable of ith observation (actual observed 
value). 

yi forecasted value of yi 

n
0 

= number of periods being forecasted. 

According to the test, we choose that model which has the highest 

forecasting accuracy or the minimum average absolute error. It 

should be noted here that since our models involve different 

dependent variables; so to make them comparable, by some simple 

manipulation with forecasts of dependent variables we obtain 

13. W.H. Greene, "Econometric Analysis", MacMillan Publishing 
Company, New Yark, 1991, pgs. 197-198. 
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forecasts of total consumption of electricity, for each model 

separately. Then compare the average absolute error of the total 

consumption, obtained through each model. 

To carry out expost projections we deliberately 

restrict the sample to 1960-61 and 1975-76. Then we employ the 

same estimation techniques, as employed in the unrestricted 

sample, to each of the models and their variants. It was observed 

that the estimates still obtain satisfactory results, with 

significant coefficient estimates and a high R2 . Then using the 

estimates of the respective models we make forecasts for 1976-77 

to 1990-91. Using equation (5) we obtain the AAE corresponding to 

each model. Finally, on the basis of minimum AAE we choose the 

model with highest predictive accuracy. Having isolated the model 

with minimum AAE, we use the model to carry out ex ante 

projection. In this context it should be mentioned that all the 

learning model variants have autocorrelated error terms and we 

carry out AR(1) corrections to obtain the estimates. Now, we use 

estimates from the model which takes into consideration the first 

order autocorrelation and these estimates are taken as in the 

final stage of iteration. In order to increase the accuracy of the 

projections we should take the estimated autocorrelation 

coefficient and the error term of the final model into 

consideration (refer Appendix 3.A.5). 

The AAE corresponding to the various models and their 

variables are given in Table 3.23. 

Now, the observed actual average total consumption of 

electricity between the period 1976-77 and 199-91 is 125045.91 

MKWh. 
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Table 3.23 

Model AAE of total consumption 

------------------------------------------------------------------
I. 

i. Represented by equation 7 5203.91 MKWh 
ii. Represented by equation 12 14908.36 MKWh 

II. 
i. Represented by equation 28 6177.76 MKWh 

ii. Represented by equation 29 10833.97 MKWh 
iii. Represented by equation 30 8962.33 MKWh 
iv. Represented by equation 31 15163.67 MKWh 

III. 
i. Represented by equation 50 21673.25 MKWh 

------------------------------------------------------------------
Notes: I Simpl.e expectation models. 

II LeQrning models. 
III Tra-nslog form models. 

Among the models we have considered here the simple 

expectation model represented by equation (7) yields the minimum 

average absolute error 5203.91 MKWh which is 4.16% of the average 

total consumption. So we accept this model as having the highest 

projective accuracy. Moreover, our estimation results with 

restrictive samples also were quite satisfactory which shows that 

the model is not really unstable. Moreover, we have also 

considered equations (28) and (30} of learning models for the 

purpose of projections. As given in Table 3.23, equation (28) 

yields an average absolute error of 6177.76 MKWh which is 4.93% of 

the average actual total consumption, and equation (30) yields an 

AAE of 8962.33 MKWh which is 7. 16% of average actual total 

consumption. All these three cases yield an error less than 10% of 

actual average. Even though we have considered these three cases 

forex ante • projection for the terminal years of future plan 

periods, we finally take the projections made by the simple 

expectation model on the grounds of stability of the model 14 and 

14. It is widely criticised, by many scholars, that dynamic 
adjustment models are quite unstable, besides having fixed 
adjustment factor .. But in our case, probably because we are 
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minimum AAE. Projections with the two equations of learning model 

may be considered as sensitivity results i.e. compared to the 

projections made with equation ( 7), how the projected values 

differ when different methodologies are adopted. As the 

expectation model faces the criticism of a fixed adjustment 

factor, so does the learning· model face the criticism of having a 

fixed learning rate. 

In order to obtain forecasted values for total 

consumption for the terminal years of the 8th, 9th and lOth Plans 

respectively we make some assumption on macro aggregates, such as 

GDP, and demographic factors. Keeping in view the long term goals 

of the society and taking into account policies directed toward 

long run, the government has worked out a path of growth for the 

future, which is given in the 8th Plan Document, Government of 

India. For our projections we assumed these GDP growth rates for 

the 8th, 9th and lOth Plans to arrive at the GDP values in the 

terminal years of successive plans. We have assumed the actual 

growth rate between 1990-91 and 1991-92 as given in Economic 

Survey (1992-93). 15 The growth rates assumed for GDP are: 

considering a macro model, the model does not seem to be 
unst-ahle. We have used various restricted samples to 
estimate the model, to find that this model still yields 
satisfactory results. 

15. The Economic Survey (1993-94) was published some time after 
we carried out our projections, so between 1991-92 and 
1992-93 we could not assume their quick estimates and we had 
to somewhat arbitrarily assume a GDP growth rate of 5%, 
reasoning that, because of low growth rate of 1% between 
1990-91 and 1991-92, the assumed 5-6% will never be achieved 
between 1991-92 and 1992-93. But later when Economic Survey 
( 1993-94) came out we found the quick estimates of GDP 
growth rate to be 4% between 1991-92 and 1992-93. So, in 
that respect our projections of electricity consumption will 
be slightly on the higher side, than what it would have been 
if we considered the quick estimate between 1991-92 and 
1992-93. However, for sectoral analysis we considered this 
quick estimate. It would have been better if we could have 
assumed this and reassessed the macro projections but 
paucity of time did not permit this. 
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Period 

GOP growth rates 
(%p.a.) 

1992-93 to 
1996-97 

5.6 

Source: 8th Plan Document. 

1996-97 to 
2001-02 

6.05 

2001-02 to 
2006-07 

6.51 

The 8th Plan document states that the envisaged population growth 

rate during the 8th Plan period will be 1. 78%. we· assume the 

population projections for terminal years, as given in the 8th 

Plan document and we tabulated in Table 3.24 below: 

Table 3.24 

Population Projectrons 

(millions) 

Year 1991-92 1996-97 2001-02 2006-07 

Population 844 925 1006 1086 

Source: 8th Plan Document. 

The 8th, 9th and lOth Plans populations are obtained using the 

compounded growth rates, when terminal year populations are 

assumed as in Table 3.24. 

On the basis of our assumptions on GOP and population 

therefore we make the forecasts of demand for electricity using 

estimated equations (7), (28) and (30), which are given in Table 

3.25. 
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Table 3.25 

Projections of Aggregate Consumption of Electricity (MKWh) 

Year 

1960-97 

2001-02 

2006-07 

Projections of aggregate consumption with 

Learning model 
(eqn. 28) 

310413.2 

467853.5 

721950.5 

Learning model 
(eqn. 30) 

281879.8 

418963.0 

637055.2 

Expectation 
mode 1 ( eqn. 7 ) 

351578.9 

530643.7 

794309.9 

Compared to the expectation model, 16 the learning model yields 

projections which are considerably on the lower side. A probable 

reason for the gap in projections is that they correspond to 

different approaches to modelling demand for electricity. The 

expectations model yields estimates that incorporate both short 

run and long run impacts as dynamics is explicitly build in the 

model. Since these estimates are used to make the projections, 

quite obviously such long run and short run features will be 

reflected in the "proj-ections too. Another probable reason for the 

difference could be the assumptions on which the learning model is 

formulated. The estimated fixed learning rate is quite high and 

is reflected in electricity consumption at the margins, causing 

16. Even with expectations model we have tried two alternative 
ways of carrying out projections. First we carried out 
projection with the intercept term included and then again 
without the intercept term of equation (7). In order to make 
projections without intercept term," we projected the first 
differences and then from that we calculated the total 
consumption. But since the presence of the intercept term do 
not make much of difference, we preferred to retain the 
model in its original form and accepted the projection's 
made taking intercept te-rm into account. Refer Appendix 
3.A.6 for the projections. 
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projections to be on the lower side. Thus, essentially it is the 

difference in methodology which results in the divergence of 

projections. Moreover, unlike ex post projections in ex ante 

projections we have not taken residents and estimated correlation 

coefficients into account for projection with learning model. So 

the projections are not efficient enough. 

projection made by expectation model. 

So we choose the 

Now, that we have made the alternate set of 

projections and decided which one to consider as the plausible 

future projection set refer Table 3.26, it would be appropriate to 

compare the projections of our study with some other study. 

Table 3.26 

Final Aggregate Projections of Present Study (MKWh) 

Year 1990-91 1996-97 2001-02 2006-07 

Projections 211568.4 351578.9 530643.7 794309.9 

Note: These projections corresponding to simple expectation 
model are more consistent and stable compared to those 
corresponding to learning model. 

As far as short term projections are concerned, 

comparing our final projections, i.e. those made with the 

expectation model, with those of CEA17 it is evident that our 

projections are different from theirs. Whatever discrepancy is 

there may be explained by the fact that they have used a 'partial 

end use' method for projection and have taken a disaggregated 

approach by car;ying out projections sector wise; besides taking a 

number of other factors, such as number of households, number of 

consumers per household, growth in connected load, consumption per 

17. 14th Electric Power Survey of India, CEA, Government of 
India, March 1991. 
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KW of connected load, energisation of pumpsets, specification of 

pumpsets etc., into consideration. As a result the CEA projection 

is slightly higher than ours. The power requirements on a long 

term basis was made by CEA employing the trend approach. Thus, 

trend in overall energy requirement in a State and Union 

territories formed a basis of their projections. Long term 

forecasts were made by extrapolating the overall requirements for 

electricity for States and Union territories with 1994-95 as the 

base year. Therefore, compared to our projections the CEA 

projection are quite high for the terminal years of the 8th, 9th 

and lOth Plans. The method of interpolation on the basis of past 

trend, using 1994-95 as base year, adopted by CEA, caused the 

hiatus between our study projections and CEA's to keep on 

increacsing. Also, the state level projections is a disaggregated 

approach taken by CEA, wherea.s we have adopted a completely 

aggregative approach here to make forecasts. The comparative 

figures are given in Table 3.27. 

Year 

Projections 
(CEA) 

Projections 
(present study) 

Table 3.27 

- Comparative Table (MKWh) 

1994-95 1996-97 2001-02 

307355 416274 594520 

297233 351579 530644 

2006-07 

824076 

794310 

However, it should be pointed out that CEA considers 

only projection of utilities but our projections include both 

utilities and non. utilities. So CEA • s projection will be even 

higher if consumption of non utilities is included. The gap in 

the projections of the two studies are a consequence of the 

different methodology adopted and assumptions made. 
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Using the projections of aggregate consumption of 

electricity given in Table 3. 26 we obtain the intensity of 

consumption of electricity and per capita consumption of 

electricity for the terminal years of the plans. They are given in 

Table 3.28. 

Year 

1996-97 

200'1-02 

2006-07 

Table 3.28 

Per capita consumption 
(KWh/person) 

380.09 

527.48 

731.41 

Intensity of consumption 
(KWh/Rs) 

0.126 

0.142 

0.155 
________ _;, ___ ·------------------------------------------------------

The prognosticated figures show that intensity of 

cons.umption of electricity will go on increasing till 2006-07 but 

at a decreasing rate. Per capita consumption will be increasing 

too. Thus, per capita consumption is expected to grow at 6.77% 

p. a. between 1996-97 and 2001-{)2, and at 6. 76% p. a. between 

2001-02 and 2006-07. 

3.5 Concluding Comments 

The forecasted electricity requirements should be 

viewed as a normative demand for electricity in the terminal years 

of the Plan periods. So, what is really important is to take 

account of the direction of the change. As is quite evident from 

our projections, which has been conducted under fairly simplistic 

assumptions that the consumption requirements of electricity by 

the terminal year of the lOth Plan would be very large. The 

growth rate in electricity consumption during the 9th Plan is 

expected to be 8.58% p.a. and during the lOth Plan 8.40% p.a .. 
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But the interesting factor is that the rate of growth 

of electricity consumption is much larger than the rate of growth 

of GOP over the entire projection period till 2006-07, even by our 

conservative estimates. This is bound to create pressures unless 

policy measures are taken, to meet the requirements, now. Even per 

capita consumption growth rates are much higher than the per 

capita GOP. In fact given the income elastic nature of per capita 

consumption, increased industrialization and improved standard of 

living will further increase consumption. The electricity 

intensity of the economy is very high and will increase further by 

2006-07, as is evident from Table 3.28. 

Even though we agree that GOP is an important long 

range forecasting tool for consumption of electricity, there a'r-e 

other factors which affect future consumption of electricity. We 

have not, till now, considered these factors in any of our models. 

While forecasting electricity requirements at the macro level. 

These factors have been implicitly assumed in our macro models but 

an explicit discussion of these other factors would make it.clear, 

as how strongly these factors affect the consumption of 

electricity and shape the future pattern of consumption. 

These factors include proportion of villages 

electrified, number of rural households having access to 

electricity and using electricity, ratio of urban population to 

total population, urbanization, development of rural non 

agricultural sector, etc. 

As per the prediction of the 8th Plan, urban 

population is expected to be 224 million, i.e., 26.04% of total 

population in 1992. Urban population for the next decade 

represents the long term trend of urbanization. However, a.fter 

2001 t.he urban population is assumed to gradually decline in line 
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with the assumed reduction in rate of natural increase. The share 

of urban population is expected to increase continuously and 

number of cities are also expected to increase. These cities 

happens to be the 'main hubs' of economic activity. Thus a fast 

pace of urbanization seems to be inevitable. This will create 

pressure to raise future electricity requirements. 

With the continued development process, rural 

development will be encouraged too. This will cause the rural 

non-agricultural sector to develop and raise the rural income. 

More and more rural households then will be in a position to bear 

the costs of wiring etc., to have access to electricity. The 

development of rural non-a.g,ricultural sector will also require 

e.lect.ri-city. Moreover, the number of households having access to 

ele-ctricity will increase considerably by 2001-02, so that the 

number of rural consumers of electricity will increase. There is a 

very high possibility that by 2001-02 the number of households 

electrified will increase considerably. If our expectations are 

true then the electricity requirements in 2001-02 will be higher 

than our forecasts and even higher in 2006-07. 

We have 

aggreg.ative demand 

disclissed in this chapter 

models considered with the 

the various 

objective of 

carrying out projections of electricity requirements in terminal 

years of the 8th, 9th and lOth Plan. However, the models used have 

their own drawbacks. Of the three models considered we have used 

two of them to make ex ante projections. The expectation model is 

often criticised for having a fixed adjustment rate. But, in order 

to incorporate dynamics into the model we ignored this. As far as 

stability of the model is concerned, our model fortunately 

survived the test. Learning models, on the other hand, have a 

fixed learning rate, which is also quite strongly criticised. 
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However, the use' of cumulative variables in the model, causes 

disturbance terms to be autocorrelated. This cause projections to 

be inefficient. 

But, the biggest advantage of our models is their 

simplicity. Moreover, while carrying out projections we have made 

very few assumption, which make the projections indicative. Some 

might argue that prices were not incorporated into the models. But 

as pointed out earlier, prices being administered in our economy 

do not have any strong Lnfluence on consumption. Thus, consumption 

of electricity is rather insensitive to prices of electricity. 

The two models considered may be viewed as providing a sensitivity 

test. The projections with the a~d of learning model shows how 

electricity requirement change when th-e le.a.rning process is in 

operation in the economy. Wherea'S tile projections with the aid of 

the expectation model reveals what the electricity requirements 

may be if expectations of economic activity is incorporated in the 

model. 

To conclude then it is quite clear that with the 

increasing growth of GOP and development of the economy the 

aggregate electricity consumption of the economy will increase 

considerably over the next two plans. This is clearly indicative 

of the fact that judicious planning, to meet this future 

requirements, should be carried out now. Otherwise, the future 

electricity requirement might pose as an effective constraint to 

the development process of the economy. 

From the next chapter onwards, we discuss the sectoral 

electricity requirements in the terminal years of the 8th, 9th and 

lOth Plans. Such a disaggregated analysis and projection would 

better highlight the economy's electricity requirement in the 

terminal years. 
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CHAPTER IV 

RESIDENTIAL SECTOR 

The residential sector is fast coming up as an 

important consumer of electricity. The growth in consumption of 

electricity in this sector depends on a number of factors, which 

include growth in population, growth in urban population, changes 

in the levels of private final consumption expenditure (PFCE) of 

the households, degree of urbanization, improvements in standard 

of living. 

Considering that large sections of the population 

still live in rural areas, access to electricity still remains 

limited. According to the 8th Plan Document, only 27% of the 

rural households, approximately, are electrified, when more than 

80% of the villages are electrified. The relationship between 

urbanization and access to electricity cannot be overstated. Even 

though government is taking proactive efforts to intensify rural 

electrification programmes and on pen and paper the number of 

villages electrified looks promising, actual number of households 

having access to electricity is quite small. This ~s so because 

income is a major determinant of electricity. 

Income increases are now gradually taking place with 

an increased pace in rural areas than what it used to be in the 

past. Infrastructure such as transport, telecommunications, 

education, etc., are now gradually moving into rural areas. On top 

of that, deliberate effort is taken by government to improve the 

distribution and transmission system in the rural areas. Also, 

efforts are being made to develop the rural non-agricultural 
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sector. All these together will cause the rural population to 

increase the demand for electricity by large amounts in the not 

too distant future. Therefore, increased income and spending 

ability of the people are bound to increase the demand for 

electricity by the residential sector, in future. Moreover, 

because of rising kerosene prices and more efficient energy 

provided by electricity, electricity is fast replacing kerosene 

for lighting purposes. In fact, with traditional fuels being fast 

replaced by commercial fuels, kerosene is more and more being used 

for cooking purposes and electricity for lighting. Though still 

kerosene accounts for a large share of 1 ighting purposes, 

specially in rural areas, still electricity is fast getting 

introduced in many households. 

0 

According to t.he EPD study (1991), 1 the share of 

electricity in total energy consumption increased from 0.2% in 

1960-61 to 1.5% in 1987-88. This share in total commercial energy 

consumption increased from 8.7% in 1960-61 to 13.9% in 1987-88. 

This steady increase is mainly due to an increase in income level 

and urbanization leading to an increase in the use of household 

electrical appliances. Besides variations in electricity demands 

in rural and urban areas, there are variations among different· 

income classes. Even though a small percentage of total PFCE is 

spend on fuel & light, still a regular amount have to be incurred, 

because such an expenditure is a necessity in most cases. Cooking 

accounts for the largest share of energy consumption in the 

household sector. But with income increase the share of lighting 

and other uses of energy also increases. The Table 4.1 shows the 

enduse pattern of household energy consumption for different 

income groups in rural and urban areas in percentage terms. 

1. "Sectoral Energy Demand in India", Government of India in 
cooperation with ESCAP, UNDP and Government of France, 1991. 
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Table 4.1 

End Use Pattern of Household Energy Consumption 

Annual income 
class (Rs) 

< 3000 

3000-6000 

6000-121)00 

12000-18000 

> 18000 

Rural in (%) Urban in (%) 

Cooking Light- Other Cooking Light- Other 
ing uses ing uses 

90.3 6.1 3.6 87.2 7.2 5.6 

89.5 6.5 3.9 85.2 8.3 6.7 

88.7 6.5 4.8 82.2 8.6 8.7 

88.2 6.4 5.4 80.2 9.0 10.6 

88.0 6.3 4.0 77.0 10.2 12.8 

Source: NCAER (1985), "DDmestic Fuel Survey with Special 
Reference to Kerosene". 

Electricity for lighting in both rural and urban areas 

increases with the income level. The share of kerosene seems to 

decline slightly in the rural areas·as the income level increases. 

In the urban areas, share of kerosene is more significant and 

seems to remain more or le·ss ·the same with changes in income 

levels. However, kerosene is also used for cooking. But data does 

not provide us with the exact proportion in which kerosene is 

used for cooking and lighting. Table 4.2 gives the percentage 

share of kerosene and electricity in total energy consumption in 

the household sector for different income classes in rural and 

urban areas . 

• 
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Table 4.2 

Percentage Share of Kerosene and Electricity 
Consumption in Total Energy Consumption 

Annual income 
classes (Rs) 

Rural Urban 

Kerosene Electr·icity Kerosene Electricity 

< 3000 3.77 0.15 8.36 0.87 

3000-6000 3.74 0.36 11.17 2.35 

6000-12000 3.21 0.57 11.11 4.17 

12000-18000 2.70 0.81 11.76 6.52 

> 18000 2.65 0.92 11.30 10.60 

Source: NCAER (1985), "Domestic Fuel Survey with Special 
Reference to Kerosene". 

According to NSSO sources, the percentage of households reporting 

consumption of electricity is increasing both in rural and urban 

areas. The Table 4.3 below shows this. 

Therefore, with the influence of several factors that 

affect consumption of electricity and various policies undertaken 

at the official level, the consumption of electricity has 

increased from 8.8% in 1970-71 to 11.2% in 1980-81 and further to 

15.5% in 1988-89 in the total consumption of electricity 

(utilities). The demand for electricity by the domestic sector 

grew from 1492.29 MKWh in 1960-61 to 3839.76 MKWh in 1970-71 and 

then again from 9246.43 MKWh in 1980-81 to 24767.67 MKWh in 

1988-89. Thus, the growth rate in the decade of '70's was 9.2% 

p.a. and in the decade of the 80's it was 13.2% p.a. compounded. 

Thus, the importance that domestic sector is assuming as a 

consumer of electricity cannot be overstated. We expect that in 

future the demand will be quite high. 
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Sector 

Table 4.3 

Shares of Electricity And Kerosene in Total 
Monthly Expenditure Per Person on Fuel and Light and 

Percentage of Households Reporting Consumption 

and Share of % of HHS Share of % of HHS 
NSSO rounds electricity reporting kerosene in reporting 

in total con sump- total mpce 
mpce on tion on fuel & 

fu.el & light light 

Rural 
27th 0.012 4 0.21 

3·2nd 0.024 7 0.10 

38th 0.040 14 0.09 

U'roan. 
27th 0.17 38 0.18 

32nd 0.17 4_2 0.23 

38th 0.20 54 0.22 

Note: mpcc = monthly per capita consumption expenditure. 
Source: Report NSSO 38th Round, Number 358, CSO, 1:989. 

con sump-
tion 

96 

96 

95 

86 

88 

88 

Therefore, in this chapter we forecast the demand for 

electricity by the residential sector in the terminal years of the 

8th, 9th and lOth Plan. For this purpose we employ two alternative 

models to carry out projections, where both the models estimate 

demand for electricity in two stages. In the first stage total 

expenditure on fuel and light is estimated and in the second stage 

demand for electricity is estiamted. However, in the second model 

we incorporate the influence of expenditure class distribution on 

the demand for electricity. The spending ability of the people 

affects consumption and this is captured in this model through the 

assumptions on poverty ratio. As the consumption pattern is 
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different for rural and urban, we have worked out the models for 

each of the sectors and made projections separately for the two 

sectors. Finally, by summing them up we arrived at the total 

demand for electricity for the domestic sector. After the 

projections have been made, we adopt a different set of 

assumptions, where the initial assumptions take alternative 

values, but use the same models to carry out a sensitivity 

analysis to check for the robustness of the results. 

4.1 Projections a-nd Analysis with Model I 

This section is divided into several subsections 

dealing with me-thodo1ogy and d'ata_, assumptions to be made for 

projection, results of est:imart:Lon and proj-e-cti-on, and fi'n.ally, the 

soe:nsi.tivity an.a1ysis of the proje.c.ti.orrs marl:e with this model. 

--r±re model employs both re-gr-ession technique and norms to ma-ke the 

proj-e-ctions. 

-Methocmlo.9_¥ ami Data 

We have mad-e proj:ectio.ns for the terminal years of 

8th, 9th and lOth Plan (-199-'6--97, -2001-02, 200-6-07) on the basis of 

as:sumption!\1 on GDP g-rowth ra.t-e_ s·cenario.s, urbanization factor, 

share ofelectricit-y in total monthly PFCE, the implicit price of 

electricity and rural urban population. Corresponding to the GOP 

growth rates we have growth rates for PFCE. 

First, given the data_ on monthly per capita PFCE and 

monthly per capita PFCE on fuel and light, we estimate the Engel's 

function, relating monthly per capita expenditure on fuel and 

light with monthly per capita expenditure total, in double-log 

form. This estimation is carried out for rural and urban sectors 

separately. After obtaining the estimates of the Engel's function, 

these estimates have then been used along with the assumptions on 
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PFCE and population (rural and urban separately) for the terminal 

years of the plans to make the projections separately for per 

capita monthly expenditure on fuel and light. 

In stage two we obtain the share of expenditure on 

electricity in total monthly per capita expenditure on fuel and 

light from the same data. Then using the historical growth rates 

and future norms 2 we obtain shares for the terminal years. 

Finally, along with these shares and implicit electricity prices 

we o-btain the projections of demand for electricity in the 

terminal years, separately 

physical units. 

for rural and urban sectors, in 

In order to estimat--e the- Enqel' s function in the first 

stage of the mod-el, we have u.'Sed a poolerl time series of cross 

s·e-cti.orra~ (1"8 s:tat:es and three roum:ls) data. Since, w.e us--e the 

estimates to make long ran.g~e ,proj-ecti.orrs, such pooling of data i.s 

an useful techniqu-e, as the e-sti.mat--e-s obtained incorporates both 

short run and long run features. The estimation procedure followed 

is the one proposed by Kmenta (1971). 3 This procedure assumes same 

autocorrelatin coefficients for the cross sections. The 

Stochastic specification is su.ch tha-t the model is cross 

sectionally heteroscedastic and time wise autoregressive. The 

assumption of same autocorrelatiOI'\ coefficient for the cross 

sections is made for the ease of estimation. The details of the 

Stochastic specification are given in Appendix 4.A.1. Thus a 

feasible generalized least square estimation technique is applied 

to the Engel's function given as: 

2. These future shares have been estimated taking past growth 
rates and norms, and decided upon only after discussion with 
Professor R.P. Sengupta. 

3. J. Kmenta (1971), "Elements of Econometrics", MacMillan, New 
York. 
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where, 

( 1) 

Yit per capita monthly expenditure on fuel and light, for 

ith state in round t. 

xit per capita total monthly consumption expenditure, for 

ith state in the round t. 

eit error term for the ith state in round t. 

This model is applied for rural and urban sectors separately. 

For the estimation of the model represented by 

e~uation ( 1) we have used data from tlle NS"SO 27th, 32n-d and 38th 

roun:d-s.4 The e,ntire an.alyai:s ha~ be·en carried out in 1983-84 

prices as the NS.SO· da,ta of 38th round are in 1983 prices and this 

w;a-s the la_t_e-st round made a-vailable to u.s.. These rounds provide 

data for mont_hly PFC£ per ca:pita and per capita monthly 

consumption expend:itu.re on fuel and light. But since these figures 

iR value terms ·were in current prices, we had to convert these in 

1983-84 prices. In order to obtain the figures in 1983-84 prices, 

we deflated them using consumer price indices. But since Statewise 

indices were not available, we used All India Consumer price 

indices taken from India Database (1990). In order to generate 

variable in 1983-84 prices for rural and urban sectors separately 

we ha-ve taken consumer price indices for agricultural labourers 

and industrial workers. We obtained for agricultural labourers 

both the general index and index for fuel and light. But for the 

industrial workers we obtained only the general index. So we had 

to generate the price index for fuel and light for the urban 

sector. Now, all the rounds (27th, 32nd and 38th) provide both 

4.. NSSO 27th round (1972-73), 32nd round (1977-78), 38th round 
(1983). These are the only rounds,made available to us,which 
provide data in disaggregated form for all the sources of 
fuels both in values and quantities. 
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quantity and value data for individual items of fuels, for urban 

and rural sectors separately. From these value and quantity 

figures we obtained the implicit prices of the specific items of 

fuel. Using these implicit prices and quantity figures we obtained 

the Laspf!Yer' s Price Index 5 for fuel and light for the urban 

sector. The price indices are given below in Table 4.4. 

Thus., using these price indices we obtained the 

consumption expenditure figures for all rounds in 1983-84 prices. 

The GOP at factor cost and PFCE figures were obtained 

for the economy as a whole from National Accounts Statistics 

(CSO). s·u:.t t.he.se figures are .in 19-80-8.1 prices. So the deflator 

implici-t: in CSO' s data for GD.E at fa.ctor cost and PFCE, i..n 

cons,tant '8·0-81 prices, h.ave be·en u·sed to obtain t.be data in 

Ta:b1oe 4 • 4. 

Price Indices (.I:9c"8.3--8~ BaS1!} 

Round.s Gene-ral index Index for fu·el & light 

32nd 

38th 

27th 

32nd 

38th 

5. 

Ag,ricultural. Labou~: (f,o.r Rural} 

Industrial 

Laspeyer's Price Index 
and o = base period. 

41.73. 

62.31 

100 
Workers (for Urban) 

37.84 

59.23 

100 
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100 

40.65 
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The urban and rural population figures are taken from 

Census of India, 1991, 'series 1: Paper 2 

Population Totals, for the census years. 6 
of 1992. Final 

The data for share of expenditure on electricity in 

total monthly consumption expenditure per capita have been 

obtained from the NSSO rounds. 

4 .1.2 Assumptions 

In order to make the projections we require target 

growth rates for PFCE, urbanization factor (i.e., ratio of urban 

per capita c-on.sump.t.ion t-o rural per capita c.onsumpti.o:n), 

demog-raphic projections, projections on share of ~pen.d.iture on 

electricity in total expenditure on fuel and light, and implicit 

price of electricity in 1983--84 (as the enti_re analysis an.d 

pro-j·e:cti.on:s have been c:onducted in 1983-84- price:s). Target GDP 

growth rate.s for the 8th, 9th and lOth Plans are given in t·he Bt_h 

Plan Document a-nd we take these figures as the target growth rates 

for our projections. However, 8th Plan Document provide-s growth 

rate for PFCE only for the 8th Plan. So we take historical data 

(1960-61 to 1990-91) for Private Final Consumption expenditure and 

GOP at factor cost and obtain the elasticity factor by regression 

techniques using a double log functional form. Then, using this 

elasticity factor, which is 0.92 we obtain the growth rates for 

PFCE corresponding to the target growth rates for GOP at factor 

cost; 7 refer Table 4.5. 

6. The population figures between two census 
interpolated using decadal growth rates, 
Prof. M.K. Premi (CSRD/JNU). 

years have been 
as suggested by 

7. ln(PFCE) = a 0 +a1 ln(GDP) 
Then, gr. rate of PFCE = a 1* (gr. rate of GOP), 
a 1 = elasticity factor. 
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Table 4.5 

Target Growth Rates 

Period GOP % (p.a.) PFCE (%) p.a. 

------------------------------------------------------------------
1990-91 to 1991-92 1.0 0.92 

1991-92 to 1992-93 4.0 3.68 

1992-93 to 1993-94 5.0 4.6 

1993-94 to 1996-97 5.6 5.3 

1-996-97 to 2001-02 6.0 5.52 

2UOJ.-02 to 2006-07 6.5 5.98 

No±e: PFCE Private final consumption expe.nd.i.ture, obtained using 
elas:t.i:c±ty factor 0 ... 92. 

GDP -- Gr_as:s domestic product. 

The d·emo:graphic proje.ct.Lons are taken from the 8th 

P l.a·n Document and .are gi. ve.Ll in Ta'bles 4. 6 a·nd 4. 7. 

Year 

1991 

19·96 

2001 

2006 

'Tab~'es 4 . 6 

Urban Population (Target) 

Urban population as percentage of 
total population 

25.72 

27.82 

.30.50 

33.38 
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Tables 4.7 

Target Growth Rates for Urban Population 

Period Urban population 

1991-92 to 1996-97 3.4 

1996-97 to 2001-02 3.6 

2001-02 to 2006-07 3.4 

Thus, it is assumed th-at perc.entage share o~ urban 

popuLa_tion will increase ov-er ttre nex-t two p~.ans. 

The urbanizati-on factor i·s a'Ssumed to remain the same 

til.l. 199;6-97 a:s it wa-s in 198'3-84, but ther_e_after it is assumed to 

decline. Through this we as:s,ume th-at f·rom .the 9th Plan onwards the 

standard of living i-n rur·a_l sec.tor will considerably improve, 

considering the conscious e-ffo-rt bei.ng taken by governme-nt to 

increase the pace of development of the rural sector, e.g., 

through the development of rural non-aqricu~tural sector. 

The urbanization factor is used along with the share 

of urban population in total population and monthly PFCE ir. the 

terminal years to obtain the per capita monthly PFCE in rural and 

urban sectors separately, in the following way: 

If, 

b = urbanization factor. 

cu = per capita monthly private final consumption 

expenditure (mpce) in urban sector. 

Cr mpce in rural sector 

C mpce in rural and urban sectors together. 
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then, 

b 

Now. 

c _:f_ + c 
u 

p p 

where 

P total population 

Pu urban population 

-P r r_ur:al popul.ation 

There:f:or:e uain.g -equation (2) and (3) we- obt-a.in 

c 

c 

ThErefore., 

+ b. c r 

_Pr - Pu_ 
+ b • 

p p 

c I ( + b. 

_:!:!__ 
p 

(2) 

(3) 

(4) 

( 5) 

The share of electric~ty in total expenditure on fuel 

and light are assumed for the terminal years on the basis of 

growth rates of shares over the 27th, 32nd and 38th NSSO rounds, 
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and on the basis of the expectations about the consumption 

patterns in future. It is expected that this share will grow both 

in urban and rural sectors but faster in rural sectors. This is 

assumed keeping in view the active effort undertaken to increase 

the pace of electrification of rural areas and also to improve the 

non agricultural rural sector. With increase in income level and 

acces~ibility to electricity the share of expenditure in rural 

sector should increase at a faster rate compared to urban areas 

where already the share is high. Additionally, through this 

assumpt.ion it is al-so a-ssumed that more and more electricity wi~l 

be ua.ed for the pu-rpos.e of lighting, by replacing kerosene. The 

increase in sha-re in the urban sector is viewed mainly to be 

caus.ed by incr,e-a-s·e in urban population a-nd im_proved urban 

lifestyle. 

A~s the entire a.n.aly"Bis is c:a.rriced out in 1.983-84 

prices, s:o we cnn.si.der the implicit price of -elec..t.rici·ty f-or 

1983-84 preva.iling throughout the proj'8-Ction. It is a-ssumed to be 

0. 43 Rs per Kwh for rural sector and 0. 49 Rs per Kwh for urba.n 

s:e-ctor. 

The base case assumptions are summarized in Table 4.8 

below~ 

With the help of the estimates of the Engel's function 

and these assumptions we can make projections for the terminal 

years for the base case separately for rural and urban. The 

results of estimation and projections are given in the next 

subs.ection. 
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Table 4.8 

Base Case Assumptions 
(in 1983-84 Prices) 

i990-91 1996-97 2001-02 

Rural 
GOP (Rs crore) 

PFCE (Rs crore) 

Population (millions) 

Rural popuLation (millions) 

Urb,an-ization factor 

. Share of expe!'lditure on 
ele.ctric-ity in total 
consumption e:xpend:i tur-e 
on f:'ue l and light. 

271310 

201093 

837 

619 

1..57 

0 .. .10 

Implicit. pr.:ice at electricity 0143 

{Rs/KWh} 

Urba-n 
GOP (Rs crore) 271.310 

PFCE. ( Rs crore) 20.10-9:3 

Population (millions) 837 

Rural popula-tion (millions) 218 

·urbanization factor 1. 57 

Share of expenditure on 0.22 
electricity in total 
consumption expenditure 
on fuel and light 

Implicit price of electricity 
(Rs/KWh) 

0.49 

352372 

256972 

925 

668 

1.57 

0.15 

0 .. 4.3 

3'52372 

256-972 

925 

257 

1. 57 

0.25 

0.49 

Note: Populat.ion figures are for all India. 
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471554 

336170 

1006 

699 

1.5 

0.20 

0.43 

471554 

336170 

1006 

307 

1.5 

0.27 

0.49 

2006-07 

646069 

449447 

1086 

T23 

1.4.5 

0.22 

0.43 

64-&069 

44"344 7 

1086 

363 

1.45 

0.29 

0.49 



4.1.3 Estimation Results and Projections 

The estimated Engel's function given by equation (l) 

on the basis of NSSO data has yielded an elasticity of 1.537 for 

the rural sector and 1.08 for the urban sector. 

The estimation results for rural and urban sectors, 

separately are given below in Tables 4.9 and 4.10 below: 

V.ar-iabl-e 

Estimated 

Table 4.9 

Estima:t.ion Res_ul.t f-or Ru-ral. Sector 

Dependent Variabl..e = ln y .i::t 

Coefficient 

-5.513 

1.537 

au_tocorre·latiGn coefficient = 
o-w s-tatistic 

R2 

Buse R2 

0.7970 
0.9143 
0.7970 
0.6250 

t-ratios 

-7.1647 

9.3104 

The result shows that the estimated coefficient is 

s:ignif-icant at 5% level o-f significance. Both R2 and Buse8 R 2 is 

high enough to show that considering we are pooling the sample 

· the explanatory variable explains more than 62% of the total 

variation. But the D.W. statistics shows the existence of 

autocorrelation in the disturbance terms. So either our assumption 

of a linear first order autocorrelatiot~,of disturbance tenn is not 

true or that of same autocorrelation coefficient across cross 

~ections is false. This yields us estimates which are unbiased 

8. For Buse R2 see Appendix 4.A.2. 
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but inefficient. Nevertheless, we still use this estimate of 

elasticity as it has the right sign and is significant. Also it is 

the case that R2 and Buse R2 are both high enough. However, when 

these estimates were used for projection, there are other 

inaccuracies of projected values involved which we have already 

discussed in Appendix 3.A.5; here we did not consider the 

disturbance terms and autocorrelation coefficient into account 

while forecasting. 

Table 4.10 

Estimation Re-sult for Urban Sector 

D.ependent V.a:riable = ln y it 

Variable Coe"f f Lc i ent 

·cO'O'&tant 

1..0'8 

Estimated autocorrelat.ion coef.f icient 
D-W Statistic 

R2 = 

Buse R2 

-0.151 
1. 7896 
0.9906 
0.6726 

±-ratios 

--6 .. 171 

10.33-6 

The result in Table 4.10 shows tha-t the estimates are 

-scign.i.ficant at 5% le:vel of si.gnit:i-can:ce. The explanatory variables 

explain·s more than 67% of the total variation. Unlike the case 

for rural sector, here our assumption of a linear relationship 

between the residual and its lagged value holds true. This 

estimated e-.la·sticity is both unbiased and efficient and we have 

us-ed it ·for the purpose of proj·ect.i.on. But, a.s we have not taken 

i.nto consideration the estimated autocorrelation coeffi.cient and 

the r.-es.idual into consideration while proj'ecti.ng, 

for inaccu:r.acy of the forecasts to prevail. 
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Now, these elasticity estimates along with our base 

case assumptions were used to forecast the per capita monthly 

expenditure on fuel and light, for rural and urban sectors 

separately. then, the assumption on share of electricity in total 

expenditure on fuel and light is used to obtain the monthly 

expenditure on electricity. Finally, implicit prices were used to 

arrive at the demand for electr~city in physical units. However, 

the forecast made on the basis of assumptions made in Tables 4.8, 

4.9 and 4.10, may diverge from the actual demand; so in that sense 

the projections are indicative. 

The projections for monthly per c_apit.a expenditure for 

the household sector is given in Table 4. 11. 

Rural 
(a) cr 
(b) crf 
(c) ere 
(d) crt fer 
Urban 
(a) cu 
(b) cuf 
(c) cue 
(d) cuflcu 

Table 4.11 

Praj·ectiono&- for Monthly Per Capita. cE""-xpendi.ture 
(in 1983-84. prices) 

1996-97 2.0QL-Q2 

174 .• 36 199 •. 65 2-4-1.10 
11.2 1.3. 82 18 .-4;6 
1.12 2.07 3~69 

0.06 0.07 0.08 

300.29 
2.5.87 
5.69 
0.09 

2.73. 7 313.45 3-61. .. 6"5 435.42 
16.42 19.01 22.19 27.12 
3.61 4. 75_ 5.99 7.86 
0.06 0.06 0.06 0.06 

------------------------------------------------------------------
Notes: 

cr 

cu 

ere' cue 

= 
= 

= 

Monthly per capita consumption expenditure in 
rural sector (Rs/person/month) 
Monthly per capita consumption expenditure in 
urban sector (Rs/personfmonth). 
Monthly per capita expenditure on electricity in 
rural and urban sectors re13pe.c.tively 
(Rs/person/month). 
Monthly per capita expenditure on fuel and light 
in rural and urban sector respectively 
(Rs/personfmonth). 
Share of expenditure on fuel and light in total 
e~penditure for rural and urban sector 
respectively. 



The projections bring out that share of expenditure on 

fuel and light in total expenditure per capita will increase for 

the rural sector; but for urban sector this will remain more or 

less constant. This incorporates the assumption that in the rural 

sector more and more traditional forms of fuel will be replaced by 

commercial fue~s. This is also supported by the implementation of 

policies which arise from environmental consciousness. 

The per capita monthly expenditure on electricity is 

pr-ojected to be much higher in the urban areas compared to the 

rural areas. But this is increasing in both the sectors and at a 

faster rate in rural areas. This is based on the assumption that 

the share o-f expendit-ure on electricity in total expen'diture on 

fu.e.l and lig.ht will increase at a fa'Ste=r r.ate in rural areas 

during the initial years but slowly taper o'ff after s-ome years. 

Table 4.12 below provides the projection of demand for 

electricity for the household sector, for the base cas-e. 

Rural 

urban 

Table 4.12(i) 

Projections of Monthly Per Capita Dem-and for Electricity 
for the Household Sector (in KWh) - Base Cas-e 

1990-91 1996-97 2001-02 2006-07 

2.60 4.81 8.58 13.23 

7.37 9.69 12.22 16.04 

The demand for electricity per person is projected to 

increase both in rural and urban sectors over the 8th, 9th and 

lOth Plans, but faste.r for the rural sector. This is so because 
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it is assumed that more number of people will use electricity in 

the rural sectors with increase in level of income and 

accessibility to electricity in the rural sector. 

Table 4.12 (ii) below tabulates the overall demand for 

electricity for the household sector in MKWh (million kwh). 

Table 4.12(ii) 

Proj:ections of Demand for Electricity 
(in KWh) - Base Case 

------------------
1990-91 19"96-97 2001-02 

Rura~ 1931.2.80 38-644 .• 4 7 72019.81 

Ur:ban 19.279.92 2989-5.92 45035.02 

"Total 3.8592.72 6.8540.39 117054.83 

200-6-07 

114825.77 

69873.80 

184699.57 

Now that we have made the projections for the base 

case, we propose a sensitivity analysis in the next subsection. 

4.1.4 Sensitivity Ana-lysis 

Here we propose an analysis of the robustness of the 

projections. the base case projections are based on certain 

assumption of growth rates, demographic projections, urbanization 

Tactor etc. Now, it is quite possible that the future scenario may 

turn out to be di!Terent from what we have visualized. Here we 

carry out projections for alternative set of assumption to see how 

the demand for electricity gets altered in the terminal years. To 

keep the an.alysis simple we have two different sets of assumptions 

where all the pr~e-vi.ous assumptions of base case remain same, as 
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given in Section 4.1.2, but only the GOP growth rates are 

different. Thus, we make projections of demand for electricity for 

alternative GOP growth rates. GOP being an important determinant 

for demand in the long run and electricity being an important 

input for the development process, such an analysis would be quite 

helpful. 

Here we consider two cases, which we name Case 2 and 

Case 3, with a lower growth rates and higher growth rates of GOP 

respectively. The assumptions for GOP growth rates are given in 

Table 4.13. 

Table 4.13 

Alt-ernativ:e T-arget- GDP .GrOwt.il Rates (% p.a.) 

-----------------------------------
Period Case 2 Case 3 

1990-91 to 199~--9:2 1 1 

1991-92 to 1992-93 4 4 

1992-93 to 1996-97 5 5.6 

1996-97 to 2001-02 5.6 6.5 

2·001-02 to 2006-07 6.0 7.0 

--------------------~--------------------------------------------

Corresponding to these GDP growth rates we obtain the growth rates 

for the PFCE using the ela-sticity factor 0. 92 as before. these 

growth rates are tabulated below in Table 4.14. 
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Table 4.14 

Alternative Target Growth Rates for PFCE (% p.a.) 

Period Case 2 Case 3 

1990-91 to 1991-92 0.92 0.92 

1991-92 to 1992-93 3.68 3.68 

1992-93 to 1996-97 4.60 5.30 

19-g6-97 to 2001-02 5.20 5.98 

2001-02 to 200-6-07 5.52 6.44 
-----·-------------------------------- ------------------

-Note: P-FCE imp.lres pr.ivate final con:surnpti.on e.x:penditure. 

The rest of the assumptio.ns remain as it is in Section 

4-.1. 2. W-e then Ul3e the assumptions on dem.og.raphic projections and 

u:r:banization £act·or to obtain t:he monthly per capita expenditure. 

Th~m using equa·.tions (-4) and (5) we obta.in the proje.ctions for 

mol'lthly per capita expenditure for rural and urban sectors 

S€parately. Using the same elasticities obtained from estimating 

eq_uation (1) we project the monthly per capita expenditure on fuel 

and Light for the terminal years for rural and urban sectors. 

Finally, using s-hare of expenditure on electricity in total 

expend-iture on fuel and light and implicit prices for 1983-84, we 

ar:rive at the demam:i for electricity in the terminal years. 

The details of the assumptions for case 2 and case 3, 

for rural and urban sectors are tabulated in appendix 4.A.3. 
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Base 

cr 
cr_f 
ere 

Ca:se 

cr 
crf 
c re 

ea.se. 

cr 

crt 

ere 

Table 4.15 (i) 

Projections for Rural Monthly Per Capita Expenditures 
(in 1983-84 prices) 

1990-91 199.6-97 2001-02 2006-07 

Case 

174.36 199.65 241.10 300.29 
11.22 13.82 18.46 25.87 

1.12 2.07 3.69 5.69 

2 

174.36 195. &9 232.76 283.67 
11.22 13.40 17 . .4"9 2.3. 70 
1.12 2. 0.1 3.50 5.21 

3' 

174.36 200.97 248. o-s 3.15. 71 

11.22 13.'96 1-:9 . 2:.9 27.94 

1.12 2.09 3.86 6.15 

------------·---~-------·-----.---------------------------------·-

Hotes: cr = Rura:l monthly expenditure pe-r pe.r.s:on I. ,Ln Rs). 

crt Rural monthly expenditure pe·r capita on fuel & light 
(in Rs). 

ere ·- Rural monthly expenditure per capita on electricity 
( i.n Rs). 
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Base 

cu 

c uf 

cue 

case 

cu 

cu:f 

Cuce 

case 

cu 

cuf 

cue 

Table 4.15 (ii) 

Projections for Urban Monthly Per Capita Expenditures 
(in 1983-84 prices) 

1990-91 1996-97 2001-02 2006-07 

Case 

273.7 313.45 361.65 435.42 

16.42 19.01 22.19 27.12 

3.61 4.75 5.99 7.86 

2 

273.7 307.23 34:9 .. 14 411.32 

16.42 18.61 21._3:6 25.50 

3.61 4.65 5.77 7.40 

3 

273.7 315.52 3.72. 08 457.78 

16.42 19.15 2.2- 8'8 28. 6.2 

3.61 4.79 6.18 8.30 

----------~-------------------------------------------·---

Note1i! cu Urban monthly expenditure per person (in Rs). 
c uf Urban monthly expenditure per capita on fuel & light 

(in Rs). 

cue = Urban monthly expenditure per capita on electricity 
(in Rs). 

Neither expenditure on fuel and light nor expenditure 

on electricity per person is very sensitive to GDP growth rate 

hence PFCE growth rate·s, as is evident from the above tables. Thus 

even though expenditure on fuel and light and specially 

electricity goes up as PFCE increases, still the increase is not 

of any great dimension. 
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Table 4.16 provides projections of demand for 

electricity for the terminal years in physical units. 

Table 4.16 

Projections of Demand for Electricity for 
Alternative Scenarios (in MKWh) 

------------------------------------------------------------------
1990-91 1996-97 2001-02 2006-07 

------------------------------------------------------------------
(i) Rural 

Base case 19312.80 38644.47 72019.81 114825.77 

Case 2 19312.80 37470.14 68235.35 105201.49 

Case 3 19312.80 3"9036.00 75257.86 124026.42 

(ii) Urban 

cBase case 1.9279.92 29£9'5. 92 4-5035 ~ 02 69873.80 

Case 2 19279.92 292:fr6. 53 43380.98 65784.49 

.Case 3 19279.92 30147.67 46463.51 73785.31 

(ill..) Total 

Base c:-acS:e- 38592.72 68540.39 117054.83 184699.57 

Case 2 38592.72 66736.67 111616.33 170985.98 

case 3 38592.72 69183.67 121n1.37 197811.73 

The above projections strongly reveal that even though 

there is a substantial increase in demand for electricity between 

the terminal years of the successive plans, still t.he demand does 

not vary much with alternative scenarios; particularly compared to 

our bas.e case scenario. So, the choice of target growth rate 

should not matter and may be achieved if we can project the demand 

properly and plan the supply in order to meet that requirement. 
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But the projections obtained with this model seem to 

be somewhat erroneous as the rural demand for electricity is very 

high. This is spurious in the face of the evidence that in 

1990-91 less than 25% of the rural household were electrified and 

a vast majority of the rural population had a very low spending 

ability, implying impossibility for every person in the rural 

sector to have had access to electricity. This abnormality in the 

projection arises from the nature of the model. The model 

considered in this section actually projects the monthly per 

capita expenditure on fuel and light from which monthly per capita 

demand for electricity is obtained for the terminal years of the 

target plans. Thus, the estimated projections are for a typical 

rural and u.rb:an ho-usehold. Then, when we use demog.raphLc 

projections to p-roject the overall demand, we tend to over 

estimate the ru:ra..;. and urba-n deman-d. This is so, because w.e do not 

take into· con:sideration the expenditure cla-s·s distr i.bution for 

rural and u.rban se.ct.or-s i.nt.o consideration while projcecti·rrg. It 

is very import.a:rrt tnat w.e take into cons.i.deration the ability to 

spend of the rura.l and urban sectors. Besides tb.i.s, the elasticity 

for the rural se.ctor is not very efficie-nt. A-ll these together 

does not make the model very a-ttractive. 

So we propose in the next section an alternative 

model, simila.r to ~ models of this section but tries to overcome 

the shortcomings discussed above. 

4.2 Projections and Analysis With Model-II 

In this section we make projections for the terminal 

years of the target plans based on a model and various 

assumptions, which not only take into consideration a consi.stent 

rate of growth of PFCE, but also the expenditure class 

distribution of the rural and urban sectors separately. Thus, the 
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marginal spending ability of the people and the proportion of the 

population living below the poverty line is taken into 

consideration while carrying out projections. 

4.2.1 Methodology and Data 

Based on the assumptions on target growth rates, 

urbanization factor, demographic projections, monthly consumption 

expenditure distribution etc., for the terminal years of the 

target plans, we make the projections for the terminal years of 

8th, 9th and lOth Plans, for the rural and urban sector 

separately. He-re in this model we would assume consistent growth 

rat-es for GOP and PFCE and aLso s-ome targe,ts of poverty 

allev.iation .. This is so bet:ause we belie-ve that removal of poverty 

a.n:d the. fact that more and more hou.sebolds are g·etting 

eLe-ctrifie:d, w-it-h n.early all hou.sehold..Sgettin.g electrified by the 

9t.h p_La,n, will have a stron.g influ-ence on the future consumption 

o.f. ele:c:tri_city. Thus, ba.sed on var·ious a-ssumptions, same as those 

made in Section 4 .1.2 and others such as pov-erty lines and poverty 

ratio.s .we- may obt:a:in the monthly personal consumption expenditure 

distr:ibu.t.ion of th£! population for the terminal years of the 

target pLans, f-or rural and urban separately. 

·The entire a~nalysis has been conducted at 1983-84 

prices as· w_e have used the NSSO 38th rour.d data on monthly 

consumption expenditure per person. On the basis of this data we 

have estimated the Engel's function relating monthly consumption 

expenditure per person to the monthly expenditure per person on 

fuel and 1 ight in double lo.g form for rural and urban 

separat_ely. Thus the functional relation takes the form: 

ln y = a + B ln x + u 
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where 

y monthly per capita expenditure on fuel and light. 

x = average monthly per capita expenditure. 

u = disturbance term. 

In order to analyse and take into consideration the 

spending ability of the people we need to forecast the monthly 

expenditure distribution for the terminal years. We have chosen 

the log normal distribution as an appropriate analytical tool for 

f . tt . h d. . b . 9 h ~ ~ng t ese ~str~ ut~on$, T us, we assume that the monthly 

personal consumption expenditure distribution takes log normal 

distribut_ion and we can obtain the proportion of the population 

in e.ach expenditure class for t.he te-rminal years. By doing this we 

.explicitly take into consid-eration the fact that t-w-o d_i_fferent 

pov-e:rty ra:t.Lo-a would give t'wo different projections of consumption 

for the same per ca-pita cmrsumpti.on level. 

The attractiveness of choosing a lognormal 

distribution is two fold. First, it is as positively s.k.ewed 

distribution and, secondly, t.he random values take a range between 

~ero and infinity. Given our targets for personal consumption 

expenditure and demographic projections we can obtain the monthly 

personal c.onsumption expenditure for rural and urban sectors 

separately, using equations (4) and (5). The details of obtaining 

th-e distribution are furnish-ed below. 

Let us assume that the rural and urban sector's 

monthly personal consumption expenditure as the mean of the 

expenditure class distribution. Now, given the poverty line in 

value terms and the poverty ratio or proportion of population 

living below the poverty line we can obtain the distribution. 

9. This procedure was followed by Planning Commission as given 
in the "Report of the Task Force on Projections of Minimum 
Needs and Effective Consumption Demand", 1979. 
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Let x be the variate of per capita monthly 

expenditure and a the poverty ratio. Then, x takes lognormal 

distribution as follows: 

dF(x) f(x) dx , 0 < X < ro 

Therefore, 

1 -1/2 (log K-}1) 2 
dF(x) --------- exp --------~------- . dx ( 7) 

X ov(2rr) 0 

Now, suppoEe mean ·personal. con:sumpt io-n e.xpen:di t·ure C 

Then, 

mean E:(.x) c (8) 

variance = V(x:-) ( 9) 

Also, ·E (Log x·) p and v ( log x ) 

Now, i-f Z.a be the value of the standard normal value for which the 

.cumulative- integral is a, then 

log x - iJ _____ g ____ _ 
( 10) 

0 

If a poverty ratio then, xa = poverty line in value terms. 

Now solving (8) and (10) for iJ and o 2 we can obtain 

the distribution log x- N (p,o2 ). 
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It should be noted that in order to obtain ~' we 

solve a quadratic equation in a. We take the minimum positive 

value for a by solving the quadratic equation in a. By choosing 

the minimum value for a we minimise the lorenz inequality. 

Now, 
log x-~ 

z rv N(0,1) 
a 

both for rural and urban sector. Let the range of the monthly 

personal expenditure variable be de~ined by the classes: 1, .. ,n. 

l 

2 
3 

n 

Average Standard_ 
value crf normal 
class 

w" 

value of 
:.1pper class 

z 1 

Propo-rt___ion 
o.f popula-tion 

~ < z2 l -~ ( z 1 l 
~ (Z3)-~(Z2) 

where P =total population (rural or urban). 

Population i.11 

the class 

P. (~ (Z 2 )-¢:(Z 1 )) 

P. (~ (Z 3 )-~(Z2)] 

Here Zi is the standard normal value for the upper 

limit of the class whose average value is Wi. ~is the cumulative 

integral of normal distribution. This is how the distribution of 

consumption expenditure is projected. 

In order to obtain the monthly personal expenditure on 

fuel and light and its distribution we use the estimate of 

elasticity form the Engel's function given by equation (6). Once 
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we obtain the monthly personal expenditure on fuel and light for 

each expenditure class, we take the weighted average of the 

monthly personal consumption expenditure on fuel and light. Now, 

share of electricity in total expenditure on fuel and light is 

used to obtain average expenditure on electricity. Finally, with 

the help of demographic projec~ions and implicit price of 

electricity we forecast the demand for electricity in physical 

units for the terminal years of the target plans. 

The data used for the analysis are more or less the 

same, with same sources, as explained in Section 4.1.1. The NSSO 

3Bth round data .Ls used so the entire analysis w.as conducted in 

198.3-84. pr~i.c.e.s. We have used the CSO data for PFCE to obtai.n the 

per cap.Lta mon.thly PFCE f·or the b-aos·e y-e-ar 199·0-91. Th-e deflator 

i:mp.lici·t in cso' s data i.n consta·nt 1980-81 prices have been used 

to convert t·h.e PFCE of 1990-91 t:o 1_983-84 .pr.ices. Besides this the 

e:s±im-a:.t-es of pov.erty line for rural and urb.an sectors are t.a.ken 

f''rorn the study or EPD, Plann:i.ng C.omm·is-sion ( 1991) I whic.h is t.ake.n 

from. the technical note of tile 7th Pl-an .. The-s:e poverty lines are 

then c:o:nve.rt.e.d to 1983-84 price-s uos·in:g cons.u:mer price i.n.dex for 

Lndust.ria-1 wor.k.e:rs and agr.icu.ltural l-abourers. 

We hav-e used ord.in.a.ry Lea-st squares technique to 

estimate· the Engel's functi-on giv-en by equation ( 6) •
10 

Now, on the basis of this technique and data we 

forecast demand for electricity by making certain assumptions for 

th-e various scenarios expected in the terminal years of the target 

plans. 

10. For the s-ake of simplicity and ease of estimation we have 
ignored the presence of existence of heteroscedasticity and 
spatial autocorrelation. 
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4.2.2 Assumptions and Estimation Result 

In order to make projections we require target growth 

rates for PFCE, urbanization factor, demographic projections, 

projections on share of expenditure on electricity in total 

expenditure on fuel and light, implicit price of electricity in 

1983-84, expected poverty ratios in the terminal years of the 

target plans and estimates of poverty line. Excepting for the 

estimates of poverty ratio and poverty line, all other assumption 

for the base case remain the same as that given in Section 4.1.2. 

The assumpt.ions regarding the poverty line and poverty ratios are 

given below in Table 4.17. 

Tab-l-e 4 . 17 

A'S:Sumpt.:ion.s on Pov-ert.y Ratio for Base ca·s:e 

1990-91 1.996-97 2001-02 2006-07 

Pov-erty ratio 27% 10% 5% 1% 

These assumptions of poverty ratio take into consideration the 

poverty alleviation programs followed by government. 

The poverty lines assumed for rural and urban sectors 

separately at 1983-84 prices are taken as: 

Rural (Rs/person/month) 

Urban (Rsjpersonjmonth) 

105.28 

125.92 

The elasticities to be used for projection are obtained on 

estimating the Engel's function given by equation (6), the results 

of which are are given below in Tables 4.18 and 4.19. 
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Variable 

Constant 

ln x 

0.9963 

Table 4.18 

Estimation Result for Rural Sector 
Dependent Variable = ln y 

Coefficient 

-0.629 

0.577 

t-ratios 

-13.3475 

56.9087 

The estim-ates are all s:igni..ficant at 5% level of 

s.igni-t ican-ce w.i:th a very hig.h R2 • But i:t i.s to he not.ed that th:e 

eLa-:st.icity i·s smaller than that g..iv-en in Table 6. 5. This is SD 

be-c-a--use- we have t·aken here t·he cla.s's distribution into account 

explicitly. 

Variable 

Constant 

ln x 

~2 0.9913 

T..S.b.l.e 4 .. _1::9 

:&s,timati-on R~ f-or· Urban Sec:ttrr 

Depen-dent Variable = ln 'Y 

Coefficient 

-1.0463 

0.688 
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The above table shows that both the estimates are 

significant at 5% level of significance with a very high R2 . 

Thus, the NSSO data has yielded us an estimate of 

elasticity of 0.58 for the rural and 0.68 for the urban sectors. 

These elasticities are smaller than those of model I. We next use 

these elasticities along with the other assumptions to forecast 

the demand for electricity. 

4.2.3 Project.ions of Demand for Electricity 

fcor Ba-se Case 

The p-rojections for the PFCE distributi.on pe-r month 

a.re- give-n in t.he Appen.di.x 4.A.4 a·nd 4.A.7, for rural and ur.ban 

erectm::s r:as.pective.ly, fer the years 1990-91, 1996-97, 200.1-02 and 

2006-07. We ha-ve obta.ined forec-.a.sted figures for ave-rage per 

capita monthly expenditure on fuel ami light, average per capita 

expeod:it-ur:e on elect-ricity for rural and urban sectors. The table 

4. 20- i::>elow shows these figures for rural and urban sectors 

separately. 

Table 4.2U 

Projections for MoDthly Per capita Expenditure 
(in 1.983-64 Pt:ices) - Base Case 

-------------------------------------------------------

Rural 

cr 
crt 
ere 
Urban 

cu 
cut 
cue 

1990-91 1996-97 2001-02 2006-07 

174.36 199.65 241.10 300.29 

10.13 11.27 12.65 14.23 

1.01 1. 69 2.53 3.13 

273.7 313.4"5 361.65 435.42 
15.01 17.50 19.02 21.14 
3.30 4.38 5.14 6-13 

Mean monthly per capi.ta consumption expenditure for 
rural and urban sectors respectively (Rs). 
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Average monthly rer capita expenditure on fuel and 
light for rural and urban sectors respectively (Rs). 
Average monthly per capita expenditure on electricity 
for rural and urban sectors respectively (Rs). 

After projecting the monthly personal consumption 

expenditures per person which is expected to be higher for the 

urban sector compared to the rural· sector for the terminal years 

of the target plans, we make projections for demand for 

electricity in physical units. 

Table 4.21 

Ba.s.e Ca-se· :P-rojecti.o.n.s o"f Monthly Per Capita­
Demand ·for Electricity (·KWh.) 

--------------------------------------------
1.990-91. 19-96-9 7 2001-02 200-6-07 

-------------------
Rural 3.93 5.88 7.28 

Urban 8.93 10.48 12.51 

·The·s:e projections sh-ow. that the .per c:apita demands for 

·electricity are lo.w.er if we take expenditure class di_stribution 

into a·ccount. Thus, compared to the proj·ections of per caFita 

dem-and, for b·a,s--e ca:s:e with mo.del I, the above· 4.21 table shows 

that the forecasted consumption is much lower for the rural 

sector. This could be because of the concentration of poor in the 

rura.l areas, witn a. lower ability to spend. So, even though the 

demand for electricity is expected to increase, it won't increase 

to the extent projected by the previous model. 

By incorporating the policy of removal of poverty and 

ris-e in rural income per capita we have assumed that more and more 

peopl-e will be able to afford electricity over the next two plans. 
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And, as potentiality for rural demand improves, rural 

accessibility for electricity will also increase. Hence, demand 

for electricity is expected to increase considerably over the next 

two plans. 

Table 4.22 

Base Case Projections of Demand for Electricity (KWh) 

1990-91 1996-97 2001-02 2006-07 

.Rural 17455.8 3150tl.23 49350.62 63182. 3·6 

Urban 17605.68 2753tl.53 38624.39 54502.87 

Toctal 35061.4-8 59042.76 87975.02 11 7tl85. 20 

The overall demand for electricity is expected to 

in·crease approximately three and a half time from 1990-91 to 

2006-07 and two fold from 1990-91 to 2001-02. 

As we have carried out for model T ... , here too we 

propose to carry out for model II a sensitivity analysis to look 

for the robustness in the results. 

4.2.4 Sensitivity Analysis 

In the last subsection we carried out projections for 

the base case. Now, it is quite possible that the assumptions 

regarding the poverty ratios may not actually be achieved through 

various alleviation programme. It is also possible to achieve a 

better situation in the future target plans. The question that 

arises is that how does these alternate scenarios affect the 
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demand for electricity in future. In order to answer this question 

we carry out a sensitivity analysis of the projections with 

alternative poverty ratio scenario. 

We consider two alternative cases with case 2 

corresponding to lower poverty ratios and case 3 to higher poverty 

ratios compared to the base case. These alternative scenarios for 

future target plans for terminal years are tabulated in Table 

4.22. 

Table 4. 22 

Al ternativ.-e Targets f.or Po-v.-er.ty Ratios 

19'96-97 2001-02 2006-07 

case 2 1% 0.1% 

Case 3 10% 5% 

The projections of distrihu:ti.on of monthly c.onsumption 

expenditure per person for di.ffe-rent terminal years o.f future -

plans, for the targets spe:cified in TabLe 4.22 are given in 

Appendix 4. A. 5 , 4.A.6, 4.A.8 a·nd 4.A.9 for rural and urban 

sectors. While carrying out the projections for the distribution 

and hence demand for electricity G.t's assumed that besides the 

alternative scenarios for poverty ratio, all other assumptions for 

the base case remain the same in case 2 and case 3. 

The projections for consumption expenditures for rural 

and urban sectors, for alternative scenarios may be obtained using 

the elasticities estimated from the Engel's function, the 
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-
projected distribution and assumptions of share of expenditure on 

electricity in total expenditure on fuel and light in the terminal 

years of the target plans. 

Table 4".23 

Comparative Projections 

1990-91 1996-97 2001-02 2006-07 

Rural 

Base ca.s·e 

cr 174.3-6 199.65 241.10 300.29 

crf 10.13 11.27 12.65 14. 2.3 

ere 1. 01 1. 69 2. 53 3.13 

case 2 

cr 174.36 199.65 241. 10 300.29 

crf 1C.13 11.26 12.77 14.56 

ere L01 1.69 2.55 3.20 

Case 3 

cr 174.36 199.65 241. 10 300.29 

crf 10.13 10.99 12.33 13.66 

ere 1.01 1.65 2.47 3.00 

Urban 

Base case 

cu 273.7 313.45 361.65 435.42 

cuf 16.42 17.5 19.03 21.14 

cue 3.61 4.38 5.14 6.13 

Case 2 

cu 273.7 313.45 361.65 435.42 

cuf 16.42 18.19 20.12 22.05 

cue 3.61 4.55 5.43 6.39 

Case 3 

cu 273.7 313.45 361.65 435.42 

cuf 16.42 16.30 18.24 19.86 

cue 3.61 4.08 4.92 5.76 

------------------------------------------------------------------
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Note: The definitions of cr, ere, crt and cu, Cuf' Cue are same as 
those in Table 4.20. 

As the table shows, that the results are quite robust 

for average per capita expenditure and do not change much for the 

alternative scenarios. 

Using implicit price of electricity for rural and 

urban sectors the demand for electricity are obtained (refer Table 

4.24). 

Table 4.24 

Projections of Demand for Electricity fo.r 
A~ t.e--rnat.i ve ( MKWh) 

---------------------
19'90-91 1996--97 2001-02 2006-07 

Rural 

Base c-as-e 174.5.5.8 31506.23 49350.62 63182.36 

Case 2 17455.8 314-84-.20 49839.19 64647.68 

case 3 17455.8 3075,4.79 48109.51 60627 .'78 

Urban 
Base case 17605.68 27536.53 38624.39 54502.87 

cas-e 2 176-05.68 28.620.99 4-0836.56 56841.39 

Case 3 17605.68 25652.31 37024.42 51193.44 

Total 
Base case 35061.48 59042.76 87975.02 117685.20 

case 2 35061.48 60105.19 90675.76 121489.0 

case 3 35061.48 56407.11 85133.93 111821.20 
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Thus, from the above table it is quite clear that the projections 

do not change to any great extent for the alternative scenarios of 

poverty ratio. Among the rural and urban sectors the change in 

rural sector is even less. 

We have carried out sensitivity analysis with 

alternative GDP target growth rates for the last model and the 

results were found to be rather insensitive. Thus, even though we 

have not carried out sensitivity test for alternative target GDP 

growth rates in this model, still we believe that here also the 

results for projections would be rather insensitive. This is so 

because majority of the poor are situated ind the rural sector. 

This is .evid~nt from our projections of distribution for 

alte't"native pover_ty ratios. So, with rise in incom-e, they instead 

would be o.f s:pe.nd~_ng the marginal income increase on other things 

be:si:-de:s fuel and 1 ight, which is consumed as a necessity. 

Bu:t on-e tbing is quite clear from our sensitivity 

analysis, that i_s el.ectricity won • t be an effective constraint to 

t.he developmen-t p.roce.ss if the requirem'ent for electricity is 

properly pro-ject.ed and supply pla::med to meet the requirement. It 

i.s als-o tru.e that th.e household sector will exhert a lot of 

pressure on overall electricity consumption over the next two 

plans. 

4.3 Concluding Comments 

The projections that we finally accept are those made 

with the help of the second model, which explicitly take the 

expenditure class distribution into consideration. It is only in 

this model where we take the spending ability of the people into 

consideration. We also incorporate the policy of poverty 

alleviation into this model, through our assumptions on the 

poverty ratios. In all these aspects the second model is a 
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superior model over the first model to be considered for 

projections of electricity demand. However, the non availability 

of expenditure class wise distribution of consumption of 

electricity in the 38th round NSSO data has seriously constrained 

our estimation of· demand. Moreover, due to paucity of time we 

could not carry out sensitivity analysis for each of the 

assumptions, made to carry out projections. As far as estimation 

techniques are concerned, ignoring presence of heteroscedasticity 

and spatial autocorrelation was a rather restrictive 

simplification because their presence may yield us inefficient and 

inconsistent estimates of elasticity, which in turn may yield us 

erroneous proj€ctions. 

s-ome might object to the Lact thB.t the demand 

functions were n~t made functions of price and the effect of 

substitution was not considered. But thi:s we be.lieve are not 

constrc..inin~ factors as. far as long run projections of demand are 

c.oncerned. Prices of electrLcit·y and k.eros,ene have not been 

playing their usual role of eliminating demand supply imbalances. 

These prices are administered and that tire:Se fuels bave been 

receiving heavy subsidies on a regular basis. It is because of 

this that the demand for electricity is rather insensitive to 

price changes. There are other constraints to incorporating prices 

also. The price data published by CEA in Bulletin of Average 

Electricity Supply Rates and Duties in India, usually refer to the 

price per unit of electricity charged according to the load used 

by consumers. The revenue collected for electricity consumption 

is actually based on a kind of two part tariff. The variable part 

of the tariff rates are in different categories according to the 

load used by the consumer. Since we do not have the means to 

distinguish the different consumers according to the load tbey 

draw we are seriously constrained in our choice of price. In 
' . 

addition, the existence of a two part tariff impose additional 

problems to modelling demand. So, as we are more concerned with 
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long range projection we chos~ to leave out price variable in our 

analysis and took the implicit price of electricity from the NSSO 

data. 

The use of NSSO data does not allow us to take into 

consideration the unsatisfied demand and so the usual 

identification kind of problems remain. Finally, taking appliance 

stocks and prices of appliances into consideration while 

modelling and projecting demand for electricity would have been 

more appropriate. But due to problem of availability of data we 

had to leave these out f-rom our analysis, ·while modelling demand 

for electricity. 

But, inspite of its s:ho.rt comings and limitation-s the 

s:e·cond model is quite an us-eful mod:e.l., which yields us quite 

reas·onable projection-s given the a;ssumptions on target growth 

rates and ta·rget poverty ratios, a.l.ong with th.e other assumptions. 

T'h.u.s, a.c.cording to our proj-e.ctions, t.he demand for electricity is 

expected to grow at the rate of 8. 3% p. a. compounded between 

1996-97 and 2001-02 and a.g.a.in at t-tre rate approximately 6% p.a. 

compounded. That is over the next two successive plans the growth 

rate is anticipated to remain quite hiqh, with a slight decline 

after the 9th Plan. This will considerably contribute to the 

power intensiveness of the economy over the next two plans. 
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CHAPTER V 

INDUSTRIAL SECTOR 

The importance of industrial sector in the economy 

cannot be overstated, with a considerable increase in growth rate 

over the last four decades. Value added in industry has increased 

to 7.22% in the decade of 1980's. Even though the elasticity of 

value added in industry with respe-ct to GOP declined slightly, 

still it is greater than unity and was 1. 32 during t·he decade of 

1980's. The share of industry in tot.al GOP has increased from 

15.2% in 1960-61 to 22.3% in 1989-9-0. The industrial sector 

compr is:e·s of the registered s-ector a.nd the unreg is-r.ered se-ctor. 

Th.e unre:gistered sector con_sists of unregistered industrial 

establ is-hme.nts and household industries. The re-gistered s-ector 

con.sist.& of registered f_actories . 1 However, not only has the 

i-mp:ort.a_nce of industry gone up but it has also undergone 

structural changes. As a cn.nsequenc.e of the change in the product 

mix, due to structural changP-, the en-ergy intensit-y and pattern of 

energy consumption of the industry has also changed. 

The industrial sector is the largest consumer of 

commercial energy in India, consuming nearly half of the 

commercial energy available in the country. The industrial sector 

1. According to ASI (CSO), a Registered factory is one which is 
registered under section 2m(i) and 2m(ii) of the Factory 
Act, 1948. These sections refer to any premises including 
the precincts thereof whereon ten or more workers are 
working on any day of the year, in any part of which a 
manufacturing process is carried on with the aid of power or 
with twenty or more workers working on any part where the 
manufacturing process is carried on without the aid of 
power. 
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consumes ~ore than 40% of the total electricity consumption and 

also a substantial amount of coal and petroleum products. Even 

though in percentage terms the consumption of electricity in total 

consumption of economy has declined from 69.4% in 1960-61 to 42.0% 

in 1991-92. Still it is very high. The consumption of electricity 

in total consumption of commercial energy increased from 8.2% in 

1960-61 to 15.8% in 1987-88. From the seventies the consumption of 

oil has declined. The consumption of coal is very high but has 

gradually declined over the decades. Thus, coal is getting 

replaced by electricity and petroleum products. The increase in 

importance of power has made the industry quite power intensive. 

But, Lately the consumption elasticities wit-h respect to value 

added in industries for commercial energy, electricity and oil 

ha-ve declined. Th-e intensity o-f consumptio-n of el_ectric_ity is 

aLso gro-wing at a slower rate and decli'ned after the 1980's. This 

c_ould be caused by the incre-asing use of the energy efficient 

te-c.hnolog_y. Also, the fact that power prov id:e-s more efficient 

energy may account for the decli.ning intensity. But, there is no 

doubt that ~he overall electricity consumption of the economy is 

to a great extent influenced by the requirement of electricity by 

the industrial sector. 

Within the industry itself, there are a few industries 

which account for nearly half of the total energy consumption in 

this sector. These are iron and steel, aluminium, paper, sugar, 

These chemicals, fertilizers and cement. 

industries account for nearly half of the 

energy 

total 

intensive 

electricity 

requirement in the industry. As these sectors have grown rapidly­

over the last two decades, so they have contributed to a 

substantial increase in electricity and other fuels consumption by 

the industrial sector. 
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Therefore, industry being the major consumer of 

electricity shall, to a great extent, influence the future overall 

requirement of electricity. In consonance with this, we make the 

future projections of electricity demand by the industrial sector, 

for the terminal years of 8th, 9th and lOth Plans. 

5.1 Methodology 

Forecast of electricity demand for the industrial 

sector is made separately for registered and unregistered sector. 

The projections for the registered sector is carried out first and 

then using a proportionality constant, ba.sed on historical 

observations, the projections for the unregist.ered s-ecto-r are 

mad-e. T.he- project ions for reg.istered se:eto-r ar-e ba-sed on a two 

stag-e model, wher-e in the first stage we us-e a c-ost fun-ction 

approach to e-st-imate the share of the cost of fu-el in total cost 

i.ncu·rred by the industry. In the second stage we reLate the total 

e:xpen:d·itur'e on electricity to total expend·iture on all fuels 

obtained from the first stage, to obtain t.he total expenditure on 

electricity borne by the registered sector. Then on the basis of 

the assumpt.i.ons .of the price in the terminal years, along with the 

assumptions- on other variables required to project the total 

cost, fuel cost -shares and expenditure on 

termi.nal years, we obtain the projections 

electricity in 

of the demand 

the 

for 

electricity in the terminal years of the target Plans. We have 

used an econometric model here to forecast the demand for 

electricity. 

in detail. 

Let us now describe the model for registered sector 

Demand for inputs by the industry is essentially a 

derived demand, from its output. Since the objective, of the 

firms, is to minimise the total cost of production for a given 

level of output, hence the derived demand for inputs depend on 

their substitution possibilities. By the application of the 
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duality theory, the specification of a production function implies 

a particular cost function. Recent developments in duality theory 

have enhanced the appeal of the cost function approach. Functional 

forms for cost functions have been developed which have two 

attractive features. First, they imply derived demand equations 

which are linear in parameters, and at the same time they 

represent very general production structures, even though explicit 

production functions are not considered. 

For the first stage of our model, we have chosen the 

trans log cost function. 2 What we assume is that t_here exists in 

the Indian registered manu.fac.turing sector a production func·tion, 

which is of a very genera.! form and is weakly separable in 

mat-erial inputs_. This condition is nece-ssary becaus-e of the l.ack 

• l . d . . 3 of reasonable data on mater .Leu. .lnput-s an .1ts pr...lces. Assuming 

factor pric.e:s :and output is -e,xog:enou-sly determine-d, by applying 

duality theory., gi.ve:n cost minimising objective of the firms we 

have a co:st function o-f the f-o-rm.: 

( 1) 

2. The trans log cost function i.s d.u.e. to Christensen, Johgenson 
and Lau (1973). A large body o·f literature is now available 
on the spe-cification and estimcation of translog cost 
functions which provide e-stimates of derived demand 
elasticities for inputs. Some of these studies have used 
aggregative translog models while others disaggregative, we 
will use here an aggregative model where we treat energy as 
an aggregative input rather than treating different energy 
inputs as separate inputs. 

3. This assumption of not considering material inputs will 
seriously constraint our analysis. But it is believed that 
material inputs will not be substitutable with capital, 
labour and energy, in order to minimise the total cost of 
production. So we proceed as if the objective of the firm is 
to minimise the cost function represented by equation (2) 
for a given level of output, in order to minimise total cost 
given by equation (1). 
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where 

Say, 

where 

y 

c (. ) 

output 

non homothetic aggregate consisting of capital 

labour and energy. 

PM = price of material inputs 

P price vector of inputs weakly separable from 

material inputs. 

c C (P, Y) ( 2) 

P = (Pk, PL, PE)' is a vector of input prices i.e, c.apital, 

la-bour, and energy prices. Equations ( 1) and ( 2) corresponds to a 

non homoth-e-tic and non homogeneous production function. 4 By 

as:suming t:h:at both equations ( 1) and ( 2) corre$ponds to a non 

homothe·tic prod.uct.ion function, we assume a general f-unctional 

f.o:rm for equat.ions ( l) and ( 2) which involve few, if any, a priori 

restrictions- on parameters. 

In order t·o make the cost function, given by equation 

(2), quite flexible with no a priori restrictions on substitution 

possibilities, we assume that it takes the translog form. 

Therefore, we assume that the cost function, given by equation 

( 2), sa.tisfies the usual properties of cost function 5 , is twice 

continuously differentiable, and provides a second order local 

4. By assuming a non homothetic and non homogenous production 
function, we make the production function quite general for 
the registered manufacturing sector. There is no a priori 
reason to believe that the cost function will be separable 
in input prices and output i.e., the case for homothetic 
production functions (Refer Appendix S.A.l). 

5. The usual properties of a cost function are that the cost 
functions should be monotonic, linear homogenous in prices 1 

and concave. 
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approximation. 

Then equation (2) may be written in translog form as: 

lnC a 0 .+ ay lnY + 1/2 Byy (1nY) 2 + ~i ai ln Pi 

+ 1/2 ti ~j Bij ln Pi ~nPj + ~i BYi lnY ln Pi (4) 

where, 

C = total expe.nditure on capital, labour and energy 

i,j k,L,E 

Bij Bj i 

Pi price of the ith input 

Y val.uc. crddeti output 

k capital 

L labour 

E energy 

Since by Shephard • s Lemma (Varian., L984) 

( 5) 

where Xi is the cost minimising quantity demanded of the ith 

input. 

Then, using (5)7tonveniently,in a logarithmic form for the translog 

cost function we obtain: 

.Sloe _:L 6C 
------ (6) 

olnPi c 6P. 
l. 

or, 

.SlnC P.x. 
------ ___ .!:_!_ s. 

6lnPi c l. 
( 7) 
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where 

Si share of expenditure on ith input in total expenditure 

on all inputs. 

Then from equation (7) and equation (4) we obtain, 

where, 

s. 
l. 

i,j = k,L,E 

Since the sha:re£ add up to unity, 

or 1 i k,L,E 

(8) 

T'herefore, w€ neoed to impo·s·e tb.e follow.i.ng p.ara·meter 

restri.ct.i.ons: 

' l;. 1 
l a. = I .... 

l. l. 

I 
(8') 

ii. I:- {3ij = I:i {3 ij 0 

and 
J 

j iii. "'By = 0 
Lo i i 

Now, the Allen Partial Elasticities of Substitution (AES) may be 
I 

written as (Griffin and Gregory, 1976, pg. 849): 

a .. 
l.l. 

f3 .• + s. 2 - s. 
l. l. l. l. 

-------~~2-------

l. 

I i=k,L,E ( 9) 

and 

f3 .. +s.s . ..,. __ !} ____ !__} __ 
, ifj & i,j=k,L,E ( 10) 

s.s. 
l. J 
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Again, the price elasticities of demand for inputs are given as: 

J.lij s. a .. , i,j=k,L,E 
J ~J 

( 11) 

Thus, the equati~(4) and the system of equations (8) together 

explain the first stage of our model. But in order to make the 

model estimable, it has to be embedded in a stochastic framework. 

Therefore, the econometric model corresponding to the translog 

cost f_unction is given by adding random disturbances to the 

equations (4) and (8). We, therefore, have: 

l.nC = a 0 +cry ln Y + 1/2 f3yy (lnY) 2 + ~i ai ln Pi 

+ 1/2 1: .. ~. {3 •• lnP. lnP. + ~. f3y· lnY lnP; +v· (12) 
~ J ~J ~ J ~ ~ ... 

where v Ls Ute d,istur.ba-nc.e term for th·e tr.an.slog c.o.st equation ( 4) 

a-nd 

where u. 
J_ 

is tne random error t.erm which 

divergence between estimated and actu-al shares. 

Now, 

u. 
~ 

l 

( 13) 

ac·counts for the 

So these disturbances, ui, are not distributed independently, 

therefore y Lelding a singular covariance matrix. The standard 

procedure, in such a case, is to drop one of the share equations 

and jointly estimate the remaining share equations. Then the 

estimates of the dropped equation may be obtained from the 

parametric restrictions given in (8'). The share equations 
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estimate most of the parameters of cost equation excepting a few. 

However, an optimal procedure for estimation, according to 

Chris~en and Greene (1976), would be to jointly estimate the 

cost function and cost share equations as a multivariate 

regression system. 6 However, if we include all the share equations 

along with the cost equation, the singularity of, the covariance 

matrix remains because of rut = 0. So, we jointly estimate the 

cost equation and the share equations, deleting one share 

equation. As, there is no a priori reason to believe that 

covar iances of disturbance between equations should be z.ero and, 

the distu.rbance v-ariances s-hould be homoscerlastic and same for all 

the equations, s·o an appropriate e·stimation t·ecbnique would be to 

use Zellne·r • s Seemingly Unrelated Regre-s-sion (SUR) tec.h·niqu.e of 

~~t 1.' .ma·._ ;On- 7 8••._ . ._ t ........._. ·· 'd ...__ t = "-~ ~ cu.. a more ap:proprl.a ..... e e"'_u,,.Lq:u-e w.o . ..w. ue. o use 

iterative Zellner's SUR t:ec.hni.que, a.s Km-enta an:d Gilbert (1968) 

a'fld Dhry-mes (1970) have s-hown. 8 Th:is e.s·t.imation technique ensures 

the invar.ianc.e of parameter es:tima±e'S to whic:b share equation is 

9 dr:opp:e:cL Thu-s, w.e adopt the i:t.erative ZeJ.lne.r 's procedure for the 

-est.imation o"f our model. The details of the technique is explained 

6. The inclusion of all the share equations of the model to the 
cost equation bas th·e e-f-fect of adding many additional 
d-egree of freedom without adding any new unrestricted 
regression coeff icient.s. However, u i are not obtained from 
the disturbance term v of the cost equation. 

7. Zellner~ SUR technique or seemingly unrelated regression 
estimation technique is a type of generalised least square 
technique. 

8. Christensen and Greene, 1976, pg. 663. 

9. B~ten (1969) has shown that the maximum likelihood 
estimates of a system of share equations with one equation 
dropped are invariant to which equation is dropped. Kmenta 
and Gilbert (1968) and later Dhrymes (1970) have shown that 
iteration of Zellner's estimation procedure until 
convergence results in maximum likelihood estimates. 
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in appendix S.A.2. The test for homotheticity and homogeneity 

restrictions are carried out using a likelihood ratio ( LR) test 

(refer appendix 5.A.3). The test statistic is given by: 

- 2 ln n = T [ ln I QR I - ln / Qu 

is distributed as chi square with h. degrees of freedom. 

where, 

n is the likelihood ratio 

h is the numbe:r of restrictions 

de·t-erminant o-£ the rest-ric.t.ed estimates of 
dis.tur.ba:nce covarian-c-e matrix. 

det-erminant o.f the .unrestr-tcted estimates of 
dis-tur.hance covariance ma~tx ix. 

( 14) 

This t.est ensures t.ire v--c:J.iG~it·y af cm:r a-ssu-mpt.ion o·f a most general 

fo.r.m of production fund:ion. 

In the second. st:a,ge ox our mode~, we est.imate the 

elasticity of t.otal exp:en-dit.u:re on el-ectricity with respect to 

total expenditu.re on aLl fuels, by the registered manufacturing 

sector. The id~a is that, once we have obtained the share of 

expenditure on all fuels in the total expenditure incurred by the 

registered manufacturing, taking into consideration the 

substitution possibilities with the non-energy inputs, we want to 

find out the share of expenditure on electricity among the 

fuels. 10 

10. Because of the lack of reasonable data, consistent with the 
first stage of the model, we could not frame a more 
elaborate model which takes into consideration interfuel 
substitution possibilities. 
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The basis of the second stage of the model given by 

equation (15) is that, we assume a proportional relationship 

between expenditure on electricity in total expenditure on all 

fuels, given the existing technology. Thus, the second stage of 

the model may be written as: 

ln EL ( 15) 

where, 

EL expenditure on el.ectricity 

EF total expendi-ture on all fuels 

u dist~rhances terms~ 

T.heref_o:r:e, with the a_i.d of es:tJ.mate-s of equat-ions ( 12) 

and ( 13) and the acScSumpti.an:s., f_or the terminal years, regard_i_ng 

t.he val.ue added output .and pri.c:eE we forecast the expected total 

c-ost and share of energy in to.tal cost for the tennina.l years of 

the targcet plans. Then UcSing tJ1e elasticity estimated from (15) 

and our assump±ion on pri_c_e o:f e-1-e-ctri.city, we ma-ke projections of 

demand for el'E'ctricity for the t,erminal years of the target plans. 

This we take as the prognosticated demand for ele-ctricity by the 

registered manufactur.ing sector, in the termin.sl years of the 

future plans. 

On the basis of the past data we observe that, the 

ratio of the moving average of electricity demanded by 

unregistered manufacturing sector to that by the registered 

manufacturing sector has remained fairly constant. So we use this 

proportionately constant to project the de-mand for electricity by 

the unreg.istered sector, once we have made the projections for the 

registered manufacturing sector. 



5.2 Data And Variables 

We have estimated the above model for the registered 

manufacturing sec~or in India using a time series data, for the 

period 1968-69 to 1988-89. In order to estimate the model data 

is required on shares of expenditure on various inputs in total 

expenditure on all inputs; total expenditure on capital, labour, 

and energy inputs; prices of capital, labour and energy; value 

added output; consumption of -electricity in registered and 

unregis-tered manufacturing sector; and price of electricLty. 

Tb.e d-ata for valu:e added outpu-t, fueLs consumed (total 

p . .u:r:c.ha:s:e valu.-e-), tot.-a.l emoltlliten.t·s paid to all employ-ee.s., tot-al 

_pers-o:rrs eng:a:g-ed., va.J.UE o_f stock of f·ix-ed c:a;p.ital a,t current pr ice.s 

a-re ta.cke:n from th:e Annual Survey of In-du:str·ie-s (ASI) report.s for 

the fa.ctory sector (S,uiiUTiary Re-sultsj £o:r v-a-r:ious year:s. Data fo-r 

1"972-73 was m.Lssi.ng, bu.t was interpolat-ed u:sing a-pprnp:r::-Late growth 

rat-es. We had to u-s-e data for v-alu-e a-dded ou-tput instead of data 

an indu-strial output (in value t-e'rms). S-in-ce de-f.lator implicit in 

CSO data was available for value added out::pt:Lt for the registered 

sector, we could use that to obtain val.u.e added out.put by the 

registered manufacturing sector in cons:t;ant prices. On the other 

hand du-e to non availability of deflator for indu.strial output we 

could not obtain data for industrial output in constant pr ic.es. 

Fuels consumed data represent total purchase value of 

all items of fuels, lubricants, electricity, water etc., consumed 

by the registered sector. 

same way 

expressed 

regularly 

Total emoluments to all employees are defined in the 

as wages i.e., all remunerations capable of being 

in monetary terms and also payable more or less 

in each pay period to workers. But total emoluments 
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refer remuneration to all employees plus imputed value of benefits 

in kind i.e., the net cost to the employer on those goods and 

services provided to employees free of charge or at markedly 

reduced cost which are clearly and primarily of benefits to the 

employees as consumers. 

Total persons engaged relate to all persons engaged by 

the factory whether for wages or not, in work connected directly 

or indirectly with the manufacturing process and include all 

administrative, technical, clerical staff, as also labour engaged 

in produ-ction of capital a:ssets for factory's own use. It also 

inc-lude-s all workin-g pr_oprietors and their family members who are 

activ-ely engaged in the wGrk of th-e f:actory even without any pay 

and th-e unpaid membe-rs of t·he cooperative s:ocieti-es w-ho worked in 

or for the f.2'ctor .Ln any direct and. produ.ctive ca-pacity. 

Fix-e-d ca-pital c·ov-ers all type of a.ss-ets, new or used 

or own con-s,tructed deploye-d fu.r produ_ction., tansporta±ion, li.vi.ng 

and recreational facilitie.s, hospitals, sch-ools etc., for factory 

pers.onneJ.. It in-c_ludes the fixe-d assets c·f th-e hea-d office 

allocable to the factory and a-lso the full valu-e o-f assets taken 

on hire purchase basis. 

In order to e.stimate the tota-l cost of capital 

services, we use the technique adopted by Murty (1986). As 

suggested by Jorgenson and Griliches ( 1967), in the absence of 

direct taxation the price of capital services may be estimated as 

follows: 

(16) 

where 

Pk price of capital services 

qk = price of investment good 
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r rate of return on capital 

rate of replacement of investment good 

rate of capital gain on that good 

Neglecting capital ga~ns, we have obtained price of 

capital services as Pk=qk (m+r). 

Now, one rupee worth of capital may be estimated as 

(m+r) wDrth of capital services. The interest rate r is taken from 

H.L. Chandhok, India Datahase. Due to lack o-t uniformity in the 

i-ntez:e-st rates at which c.apital is. lo~aned o.u.t, we have taken t.he 

b.ank ca_te as r. To arrive- a.t the rat·.e o-t re.plaaenrent, we have 

t:aken t-he boo-k v..a.Lue of dep:re-c_La-t·ion fx.om ASI and book va.l.ue o.f 

fixed ca-pital from AS.I. Th-e rat-io o:f depreciation and ·fix-ed 

c.a.pital i:s taken as the rate o:f replacement, mk. T.he va~u:e o_f 

f_ixed ca~pi.t.al sct:ock at current prices is -mu_lt.i.plied by ("mk+r) to 

obtain t.he .a-nnual co•st of c.a.pit-:a-1 -S'ervi:c:es f-or the r-eg:i~--ere-d 

manu-fa:etu.ring sect-or. rtTe price o;f inves:tme,nt goo.d Ls taken as tbe 

defl:ato:r imp-licit in gros'S fix-ed capital fo-rmat-ion data obtained 

from CSO (N'a-t.iona.l Acc-ou-nts Statistic.s). The price of ca-pi t.a.l 

.services is taken a·s p-rice of this deflat_or multiplied by (mk+r). 

By ignoring capit:acl g-ains, howe-ver, w-e tend to overestimate price 

of capital services. 

Thus, annual cost of capital services, total 

emoluments and cost of fuels together gives the total cost we use 

in the estimation of the model. Next, the shares of individual 

inputs in this total cost is generated. 

Value added output taken from ASI has been converted 

to constant 1980-81 prices using the deflator implicit in CSO data 

for registered manufacturing sector. 
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On dividing total emoluments by total number of 

employees we obtain the implicit price of labour. This we take as 

our data on price of labour. 11 

ASI publishes aggregate electricity consumption data 

for the registered manufacturing sector from 1981-82 onwards. The 

aggregate electricity consumption data for the industry is 

published by CEA in the General Review. However, from the ASI 

source we have taken the purchased consumption figures only, so as 

not to include consumption of non utilities. These consumption 

figures a-re subtracted from thos.e obtained from General Review to 

obtain consumption o-t electricity by the un-registered s-ector. 

·For !:he data on fuel we hav-e taken the wholes-a.le 

price i.ndex fur fuel and light at 198.0-Bl prices from the Ind.ia 

Data Bas-e. 

The price data on electricity are taken from the 

Annual Report on the working of State Electricity Boards and 

Electricity Departments (Planning COtnmi.ssion), for various years. 

In order to generate an aggregat-ive price index for the industrial 

sector we have taken the weighted average of prices given 

according to indu.stry size for each State. We have used 

consumption figures for the same as weights, thereby generating an 

average price index for electricity for industrial sector. 

In estimation of the second stage of the model we had 

to restrict ourselves between the period 1981-82 to 1988-89, 

because this was the period for which ASI data on consumption of 

electricity was made available to us. For data on expenditures 

and price, refer Annexure Tables 53 and 54. 

11. The way price of labour is defined, they may have either an 
upward or a downward bias. 
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5.3 Estimation Results 

Having discussed the variables and data used to 

estimate the model given in Section 5.1, we now discuss the 

results of estimation in this section. 

On estimating the first stage of model given by 

equations ( 12) and ( 13) jointly by the procedure mentioned in 

Section 5.1, we obtain the estimates of the parameters of the 

equation (12). In doing so, we ha-ve imposed the restrictions 

given by (8'), which correspond to cnndition of linear homogeneity 

in fa·ctor prices. The other regularity conditions which the cost 

functions need ':o sati.s:fy i.n order to correspond t.o well behaved 

produ.cti.on s:tr_u.cturecs are mon.tan:icity and concavity in factor 

pr:ices. 12 These add.iti.ona~ conditi.on.s: _a.re needed to be satisfied 

at each and every obs.e.rvat i.ons~. MD.not.onicity is satia-f ied if the 

fitted cost shares at each and evcery ohservations are positive. 

This condit..Lon Ls sati.sf.i.e:d i.n aur model .. Concavity requires that 

the principle minors of the Hessian ma.t.ri.x sbnu~d alternate in 

sign with the first principle minor being ne-ga:U.ve. 13 Concavity is 

a sufficient condition for a c·ost f.unct.ion to be well behaved. 

However due to la·ck or ti.rne such a test was not carri.e.d out here. 

A necessary condition for the cost functions to be well behaved is 

that all own price ela~ticities shou~d be negative. This condition 

however is satisfied in our model. We have tested for the symmetry 

restriction, but one at a time, i.e., each time deleting a 

different share equation. The hypothesis of symmetry restriction 

doesn't get rejected. But this iJV no way ensures that all the 

syrnrn~conditions hold simultaneously. The additive restrictions 

12. The translog cost function is a local approximation and may 
not satisfy the conditions of mon~tonicity and concavity 
globally. 

13. An alternative test is that all the characteristics 
of the Hessian matrix should be negative. 
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were tested, using Likelihood Ratio test and were not rejected in 

our model at 5 per cent level of significance. However, following 

most of the studies, we assume linear homogeneity in input prices, 

by simply imposing the restrictions (8' ), without really 

establishing its validity in our model. 

of equation (12) are given in Table 5.1 

The estimated parameters 

As is evident from the Table 5.1, all the 

coefficients, excepting those corresponding to log of price of 

capital (lnPk) and square of log price of capital [ (lnPk) 2 ] are 
') 

significant at 5% level oi" significa-nc:e. The system R~ or psebdo 

R2 is very high, explaining 99% of the total variation. 14 While 

estimating the model, we dropped the first s_hare equ-ation i.e., Sk 

for conveni.ence. As already mentioned in secti.on 5. 1, it d-oe-s not 

matter which equation we drop, if we carry out iterative Zellner's 

SUR estima-tion p.:::ocedure. By employing suc-h an estimation 

proc:edure, we obtained the estimates. For the equations jointly 
.., 

estimated, the individual equations R"' are also ve.ry high. 

Thus, 

R2 for equation lnC 0.9966 

R2 for equation SE 0.9128 

R2 for equation SL 0.9021 

Moreover, a non-parametric runs test show that the hypothesis of 

randomness of disturbance term for equations lnC and SE does not 

get rejected at 1% level of significance. But for equation SL 

there is existence of autocorrelation at 1% level of significance. 

Using these parameters estimates we can easily obtain 

the Allen Partial elasticities of substitution and the price 

elasticities of demand for the factor capital, labour and energy 

14. Pseudo R2 = 1 -(det E'E I det Y'Y),where det = determinant. 
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(refer Tables 5.2 and 5.3). It is evident from the Tables 5.2 and 

5. 3 that the performance of the model explaining substitution 

between energy and non-energy inputs is not so good. However, 

within non-energy inputs substitution possibility seems to be 

quite strong. Since we have used time series data to estimate the 

model, the elasticities estimated are essentially short run 

elasticities. 

We have used the LR test statistic given by (14) to 

test for homogeneity and homotheticity. Since all 13 . are 
Yl. 

s~ignif icantly different from zero, a:s is evident from Table 5. 1, 

so the assumption of homotheticity is rejected. 

Parame+....e-rs 

ao -61.336 

ay 8.215 

Byy -0.421 

ak -0.367 

aL 2.288 

aE -0.921 
13kk 0.021 
13kL 0.042 
13 kE -0.063 
13LL 0.048 
13LE -0.090 
13EE 0.153 
13 Yk 0.024 
13YL -0.16 

l3YE 0.136 

-----------------------
Standard 
errors 

t-ratios 

11.373 -5.393 
1. 719 4.779 
0.124 -3.372 
0.246 -Jet 492 
0.356 6.415 
0.321 -2.860 
0.029 0. 724 
0.016 2.480 
0.025 -2.473 
0.023 2.055 
0.022 -4.094 
0.0043 4.576 
0.0043 5.581 
0.013 -11.597 
0.012 10.845 

------------------------------------------------------------------
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Table 5.2 

Estimated Partial Elasticities of Substitution 

Estimates Standard errors 

0 kk -2.19 0.293 

0 kL 1. 313 0.119 

akE 0.232 0.304 

0 LL -1.088 0.127 

0 LE 0.18.2 0.2 

_aEE -0.597 0.492 

Not.e:s: 1. St:a:mia-rd -error-s a:x:e estJ:mated a-t the me:an of the shares. 
2-· a i j are es-timated at mea-n o_f the shares. 

Tab:l-e- 5.3 

Estimated Pr-ice Elastic.i-t.ie:s- of Demand -tor Factors 

---------
Estimates Standard errors 

f'kJt -0.625 0.092 

!-lkL 0.557 0.046 

l-IkE 0.06 0.079 

I-ILL -0.461 0.053 

I-ILE 0.047 0.052 

I-lEE -0.155 0.127 

!-ILk 0.415 0.037 

I-IEk 0.073 0.096 

I-IEL 0.077 0.084 

------------------------------------------------------------------
Notes: 1. 1-1·. are estimated at the mean of the shares. 

~) 
2. standard errors are estimated at the mean of the shares. 
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For homogeneity it is required that B =0 and B .=0 yy y~ 

for all i. With and without these restrictions we estimate the 

model to obtain the likelihood ratio statistic as: 

- 2 lmr 31.79 with d.f.3. 

Comparing with critical chi square value with 3.d.f we reject the 

hypothesis of homogeneity restriction, at 5 per cent level of 

significance. Thus, our assumption of a general form of the model 

doesn't get rejected. 

NDw tha-t we have the estimates for the first stag:e of 

the model, w.e :.llu-strat.e the res.ult of the second stage of the 

mo-del. The resu~t of es.t.ima.tion . of eq_u_ation ( r5) is tabulated 

in Table 5.4 

Variable 

Constant 

lnEF 

Tab~e 5.4 

E-s.t:i:mati.-on Results for Second S-tage 

DependeD±. V~riable lnEL 

i-2- = 0. 92:96 o.w. = 1.4-64 

Coefficients t Sta.tistic 

-6.423 -3.272 

1. 375 9.664 

2 tail signi­
ficance 

0.017 

0.000 

------------------------------------------------------------------

It is evident from the Table 5.4 that all the 

coefficients are highly significant. The explanatory powers of 

the model is also very high, as 'R2 
= 0.9296 and there is no 
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autocorrelation in the model given by equation ( 15). The 

estimated elasticity of expenditure on electricity with respect to 

expenditure on all fuels is 1.38 approximately. 

We also obtain the proportionality constant between 

consumption of electricity in unregistered and registered sector. 

The ratio of the 3 yearly moving average is found to be fairly 

constant, in and around 0.29. So, we accept this as the estimated 

proportionality constant which we use for the purpose of 

projections. 

5.4 A-s-sumptions And Projections 

The entire projection for the terminal years of tar-g.e.t 

plans h.ave been carried out on th.e assumption that during the 

p-roj-e.c-t·i.on IYeriod prices o-f capital, labour, energy and 

ele.ctricit·.y do not change. What-ever increase in electricity 

cons:u:mp:t.io·n tak-es place, it is du:e to a change in real value 

added. In order to mar.o.e the projections of demand for electricity 

u:sing t:he estimates i.n Table-s 5.1 and 5. 4, we make certain 

assumptions of t.he growth rates anticipa-ted for the 8th, 9th and 

lOth Plans. The target. growth rates for GOP and gross value added 

(GVA) in the registered sector is given in Table 5.5. Given the 

target growth rates for GOP (taken from 8th Plan document), the 

target growth rates for GVA for registered sector was obtained 

using an estimated elasticity factor of 1.4. 15 

.15. To estimate the elasticity factor, cso data on GVA for SIC 
20-29, 30-38, 40-42, 74, 97 was taken into consideration, so 
as to make it consistent with AS! data. 
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Table 5.5 

Target Growth Rates 

------------------------------------------------------------------
Period GDP(%) RGVA(%) 

1990-91 to 1991-92 1 1.4 

1992-92 to 1992-93 4 5.6 

1992-93 to 1 9"9'3-94 5 7 

1993-94 to 1996--9 7 5.6 7.8 

19-9-6-97 t-o 2001-02 6.0 8.4 

2001-02 to 2-006-07 6.5 9.1 

---~------------------------------------------------------------~-
NDte: RGVA = GVA in registered sector. 

Using these growth ra:t:e we ab_tain the value adrled 

output of the registered sector in the te=inal years of the 

target plans. 

For the entire projection the price of capital 

services, price of labour and price of energy are taken as those 

prevailed in 1988-89. The price of electricity is also taken as 

that of 1988-89, for the entire projection period. 

Using target RGVA; prices of capital services, labour 

and energy at 1988-89 prices; and the estimates from Table 5.1 

alongwith equations (12) and (13) projections for total cost and 

share of energy in total cost are forecasted for the terminal 

years 1996-97, 2001-02 and 2006-07. From these estimates then the 

estimated projections for total expenditure on fuels consumed are 
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projected for the registered sector for the terminal years. 

Projections for share of expenditure on fuels consumed by 

registered sector in total cost on capital, labour and energy; 

total expenditure on fuels are given in Appendix 5.A.4. Once we 

have forecasted the total expenditure on fuel for the terminal 

years, we then obtained the growth rates of the total expenditure 

on fuel. The growth rates for total expenditure on electricity 

are obtained using the elasticity factor 1.38, estimated in the 

second stage of the model, for the 8th, 9th and lOth Plans. 

Tablec 5.6 

Ta"rget Growth Rates f:or Total Expendi.t..u-r.e on 
El·ectricity B.etwe·en 19'91-92 An.d 2006-07 

Period Total ex:pem::liture on electricity (%) 

1991-92 to 1996-97 6.4 

1996-97 to 2001-02 5.2 

2001-02 to 2006-07 2.9 

Using the target growth rates fer the three successive 

plans we forecast the total expenditure on electricity for the 

terminal years 1996-97, 2001-02 and 2006-07 as tabulated below in 

Table 5.7. 
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Table 5.7 

Total Expenditure on Electricity - Projections 

(Rs. lakh) 

Period Expenditure on electricity 

1990-91 969387.2 

1996-97 1789880 

2001-02 2306230 

2006-07 2660600 

Now, sin.c-e the proj-ections for expenditure on electricity have 

been ca-r.r.ied ou·.t in 1998-89 pr ice.s, so using the price of 

eiectric:ity f·or 1988-89 we forecast the demand for electricity by 

the reg.i.stered manufacturing s:e:ctor, in the terminal years of the 

target plans. These projections are tabulated in Table 5.8. 

Year 

1990-91 

1996-97 

2001-02 

2006-07 

Table 5.8 

Projections of Demand for Electricity by 
Registered Manufacturing Sector (Mkwh) 

Demand for electricity 

103677.7 

191431.0 

246655.7 

284556.2 

------------------------------------------------------------------
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Thus, demand for electricity is expected to grow at the rate of 

6.5% per annum between 1990-91 and 2006-07, for the registered 

manufacturing sector. But the growth rate is assumed to decline 

over the successive plar. period, given the existing technology 

prevails over successive plans, with 10.7% per annum between 

1990-91 and 1996-97, 5.2% per annum between 1996-97 and 2001-02, 

and finally 2. 9% per annum between 2001-02 and 2006-07. This 

growth in electricity demand is due to growth in gross value added 

per se as prices are not allowed to change over the projection 

horizon. As is evident from Table 5.8, the increase is quite 

s·uhs-t_a,ntial even though the growth rate is expected to decline, 

give·n tile existing technology to prevail over the forecasting 

horizon. 

F~om the projectiorrs of demand for electricity by the 

re-g±.st---e-r-ed se-ctor we make projection-s for the unregistered sector 

u:s-Ln-g the proportionality cons-tant 0. 29, assuming that this 

constant will prevail over the entir-e forecasting horizon. These 

for:ecast:s are given in Tabl-e 5. 9. 

Year 

1990-91 

1996-97 

2001-02 

2006-07 

Tab~e 5.9 

' 

Forecasts of Demand for Electricity By 
the Unregistered Sector (Hkwh) 

Projections 

30066.55 

55515.01 

71530.15 

82521.29 
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The demand for electricity in unregistered sector is 

also expected to grow in a similar fashion 1 as the registered 

sector. 

The demand for electricity by the industrial sector as, 

a whole,as forecasted for the terminal years of target plans are 

given in Table 5.10. 

199-Q-91 

19-96-97 

2006-07 

Table 5.10 

Project-ions o.f Demand for -El-ectricity By 
the Industrial Se-ct-or (Mkwh) 

Proje.ct.ions 

13.3 7 4-4 •. 2 5 

246'946. 0 

318185.8 

3-67077.4 

Thus, between 1990-91 and 2"0:06-07 the de.ma.nd for 

electricity is expected to grow at the rate of 6. 5% per annum for 

the industry as a whole. The growth rate will gradually fall with 

time, with growth in industrial production with no change in the 

existing technology. But by 2001-02 the increase in demand will 

be quite significant. It will be even higher still in 2006-07. The 

growth rate, however, will fall to 2 .. 9% per annum between 2001-02 

and 2006-07 from 5.2% per annum in the previous Plan. Even though 

technological advancement is not explicitly considered in the 

model, but efficiency of the existing technology will cause the 
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growth rates to decline. The growth rates, however, can be further 

brought down through technological innovations and energy 

conservation. 

The model considered for the purpose of projection 

does not consider substitution possibilities between electricity 

and non-electricity forms of energy, e.g., oil and coal. Here we 

consider another simplistic model for the purpose of sensitivity 

analysis. 

5.5 Sen-sitivity Ana-lysis 

Ln th.Ls mode~ we try t.o inc-or.:pora.·te substitution 

possibiliti.e,s be-::w.een ele-ctricity an:cl other f·orms o:f energy in the 

production proce-s-cs. For thLs a very s'i.arple model is considered, 

which assumes t:ha·t over the p.lannirrg horizon more a:nd more power 

operated technolo-gy will be replacing non-eJ..ectr ical tec·bn·ology. 
, 

But in doing _ao the electrica.l t.ecrrnoLo·gy maintain:S the same 

standard of ef-ficiency of us.e of elect.ricity i.e., assumption on 

improvement in t~oloqy is not exp~icitly made. Thus the 

object_ive is t.o observe, hew demand for electricity is affected 

due to production increas-es a·n·d replacement of non-electrical form 

of energy by electricity within the framework of the present 

technology. 

In order to do so, we consider a simple model which 

assumes that over time the share expenditure on electricity in 

total expenditure on all fuels gradually increases and 

asymptotically tenas towards unity. Thus, the share of electricity 

in total expenditure on all fuels takes a logistic functional 

form. 
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The model, therefore, is in two stages. In the first 

stage share of fuels in total cost on fuels, capital and labour 

are estimated using a translog function, the same way we did in 

Section 5.1. However, in the second stage, we assume that the 

share of electricity in total expenditure on all fuels takes a 

logistic function of time, asymptotically approaching unity. 

Since the first stage of the model remains the same as 

that in Section 5.1, we describe here only the second stage of the 

model. In the first stage equations (12) and (13) are joi.ntly 

e·stimated to obtain estimat.es of the parameters. 

stage we consider the model: 

1 
z 

1+a exp(-bt) 

w.h:ere, 

In t·he s.econd 

( 17) 

z· share of ex}:-enditur:e on eLectricity in total expenditure 

on .aU. fuels. 

Hence, Z -----> 1 as t ---> ro so th-at 1 is the upper asymptote. 

Therefore, 

ln (1-Z/Z) lna (18) 

In order to estimate equation ( 18) for a 0 and b we add a 

disturbance term u to equatin (18). 

Therefore, 

ln ( 1-Z/Z) ao - bt + u ( 19) 
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To estimate we use the procedure of iterative SUR to the first 

stage. To the second stage we carry out OLS estimation of equation 

( 19). 16 The model cons ide red here is for the registered 

manufacturing sector. For the unregistered. sector, as in the 

previous model, it is assumed that consumption of e~~tvicity is 

proportional to that of the registered manufacturing sector. This 

proportion is observed to be fairly constant and so is assumed to 

remain for the entire forecasting horizon. Thus, once the 

projections for t.he registered manufacturing sector's demand for 

electrLcity is made, we obtain the dtm1and for electricity for the 

unre-gLstered sect.or using the proportionality c:onstant 0.29. The 

data used for e.st.imati.on are same as tho.se given in S-ection 5.2, 

both for first s-ta'g£! anLI sec:om:l sta-ge of t.bis model. 

·The e£tima.te-s for the first stage of t.he model are 

s-ame a-s those g-iv-en in Tables 5.1, 5. 2 and 5. 3. Even though not 

al.l e.-stimat.e-s are si..gnific:ant, out t-IT.ere exists s-ubstitution 

possibilitie-s bet·ween the inputs. Substitution possibility between 

ene.rgy and non energy i.npu±s is, however, slightly p.oor. The 

resu.l.t:s of the se:cond stage given by equation ( 19) are tabulated 

in Table 5.11. 

The results show that the coefficients are significant 

at 5% level of significance, with a reasonably high explanatory 

power of independent variables. Moreover, there is no 

autocorrelation present in the model. 

16. We have considered an additive disturbance term to equation 
( 17) and carried out NLS estimation procedure to the 
equation. But since OLS gave us better result, so we accept 

the OLS estimates. 
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Variable 

Constant 

t 

Table 5.11 / 

Regression Results 

Dependent Variable ln (1-Z/Z) 

R2 =0.7766 D.W. statistic = 1.541 

Coefficients 

1. 328 

-0.095 

t Statistic 

l3. 930 

--5.033 

2 tail signi­
ficance 

0.000 

Using the estimates in Table 5.11 we obtain the growth 

rate of share of electricity in total expenditure on all fuels. 

Now, since, ln (1-Z/Z) 

Therefore, 

d (1-Z) 
[ ln ( ) ) -b 

dt z 

or 

dZ/dt b(l-Z) 
--;r-- z 

or 

dZ/dt 
b(l-Z) 

z 
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Thus, 

_:L:_:~:L 
zt-1 

b (1-Zt_ 1 ) (20) 

therefore, as is evident from equacion (20) the growth rate of the 

share is variable. Share thus depends on the estimated 

coefficient, b,and share with a one period lag. 

The a·ssump.tions made for the purpose of projection are 

more or tes:s the same a-s those given in Section 5. 4. The growth 

raLe:s for -g:r:oss va.lue added in tiTe regist~re·d s'ect-or are obtained 

us.in:g t.he ·e:lacstic.ity factor 1. 4, when growth rates on GOP ar·e 

as.sumed as ·t·h.o.se in TabLe 5. 5. These growth r-ates a.long with the 

g:r.o.wt-h rate-s o.f GDP are q.iven in Table 5. 5. The GDP growth rat·es 

a·re- ta-ken -from the 8.tn Plan do-Cument. For ·th-e entire projection we 

ma,ke. a ve:ry sL-npl..i..::o-:t.ic assumption t.hact t:h•e prices do not ch·ange 

any furt.b:er but. rem:a:in a-t thos:e o-f 19-8-8-£9-. By assuming this we do 

away w:Lth t.h-e price e·ffect on the demand and e.xpend~ture, thereby 

ma-king our projections of demand entirely de:pen~dent on· the target 

value add-ed by t.be indus:trial secto·r. 

Now, using the parameter estimates given in Table 5.1 

and equati.ons ( 12) and ( 13), along with our assumptions on gross 

value added and prices we project the share of fuels in total cost 

on fuels, capital and labour, and total cost. From these two 

projections, we obtain the projections for the consumption 

expenditure on fuels for the terminal years of the target plans. 

On the other hand, using estimate in Table 5.11 and 

the equation (20), we obtain the growth rates for the share of 

expenditure on electricity in total expenditure on all fuels. 
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These growth rates are given in Appendix 5.A.5. Using these growth 

rates the shares are projected for the terminal years of the 

target plans. 

Now, using the projections of total expenditure on all 

fuels and those of shares for the terminal years of the target 

plans, we obtain the forecast of total expenditure on electricity. 

Since we have assumed that the price of electricity will remain 

the same as in 1988-89; so using this price we forecas-t the demand 

for electricity, in the terminal years of target plans, for the 

registered sector. Then using the proportionali±y constant 0. 29 

we obtain the demand forecast of e_lectricity for the- unregi.stereu 

sector. The-se foreca·sts are given in TabLe.,.-.. 5 .1.2 helow. 

If we compare the resul t_s in Ta-ble- 5. 12 with those 1.n 

Table 5. 10, the- difre-rence is not ins·igni f icant. 

Year 

1990-91 

1996-97 

2001-02 

2006-07 

Table 5.12 

A"l:.t..erna-tiv.e Projection'S for Demand 
for Eloectricity ('Mkwh) 

Registe-red 
.s.ector 

122709.7 

204949.8 

294197.2 

374212.7 

Unregist.ered 
sector 

35585.82 

59435.45 

85317.19 

108521.6 

Total 

158295.52 

264385.25 

379514.39 

482734.3 

The projections obtained with the aid of the model 

considered in this section are definitely higher than those given 

in Table 5.10. This is mainly because of the- assumption cf 

interfuel substitution of other form of fuels, such as coal and 

oil, by electricity. The implications of the sensitivity analysi.s 
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is that if we allow for interfuel substitution along with the 

fuel and non fuel substitutions, then demand for electricity in 

future are not insensitive to such substitution. Thus, given the 

existing technology to prevail in future, demand for electricity 

will increase considerably, if electricity replaces other fuels in 

the production process. Therefore, unless and until technological 

advancement takes place, with more power efficient machines 

replacing older' vintages, along with conservation measures, it 

would increase the power requirements of the industry considerably 

thereby imposing pressures on the economy. 

Thus, in the fa'ce of interfuel substitution 

poss-ibilitie-s with cheap and efficLe_nt en-ergy provide-d by 

electricity, technolog-ical a-dvancement and ele-ctricity 

conservation measure.s are the needs of the hour. 

5.6- Concluding Comments 

Since the entire analysis and project~ons have been 

m-ad-e at an aggregative level, for the industry a.s a wbcle, the 

proje-Ctio-ns snou.ld not be taken as the precise estimates of demand 

in the terminal years of the target plans. Rather, they should be 

treated as indicative of the power intensiveness of the industry 

over the entire projection horizon. As the industrial sector 

comprises of diverse production structures producing heterogeneous 

commodities, with different energy and power intensiveness; it is 

not appropriate to estimate the demand at such an aggregative 

level. A more appropriate method would be tc make an analysis at a 

disaggregated level, with a separate analysis for each of the 

energy intensive industries and for the rest of the industry. 

The energy intensive industries account for more than 

half of the total energy consumed withi.n the industrial sector. 

The aluminium industry is a very large consumer of electricity 
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along with other ·fuels. With rapid development expected in 

electrical and transport sectors, this industry is expected to 

receive considerable pressure from the other sectors using this 

product. Thus, until appropriate policy measures are taken the 

industrial demand for electricity will be higher than expected. 

Another sector that will face a lot of demand with the 

on-going development strategy of the economy is the cement 

industry. This industry in turn will demand a considerable amount 

of electricity. Unles·s policy mea.sures are taken to conserve the 

use of electricity through technological innovations, the 

in-dustrial sector won· t be able to bring down its power 

in t-en:s i v<me.ss . 

The iron and st·eel industry also accounts for a major 

share in the total indu.stdal d-emand far electricity. Even though 

th-ey consume a lot crt non utiliti-es, t.heir demand for utilities 

are expected t.o go up with the dev-elopment strategy adopted by the 

ec-onomy. 

Wit.h t-he increasing demand fur agricultural produce, 

th-e demand for fertilisers aLs-o go u.p. Thus, this sector would 

also be an important contributor in the increase in demand for 

electricity. 

The primary energy inputs required by the textile 

industry are steam and electricity. Their requirements, however, 

vary with product mix, capacity utilisation and overall operating 

efficiency of the plants. This sector also raises the demand for 

electricit-y considerably for the industrial sector. 

The power intensiveness of these sectors and others, 

such as those dealing with electroplating etc., cannot be 

understated. With special importance being attached to all of them 
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and heavy dependence on some of them for the achievement of 

development targets, improvement in the availability of power is 

an absolute necessity. These sectors will demand a major portion 

of the total industrial demand for electricity. 

Our analysis could have been made far more 

interesting, by incorporating structural changes, technological 

changes, interfuel substitution possibilities. The estimates of 

our models would have been far more efficient if we used time 

series of cross _s_ectional data rather th.an just time s.er ies data. 

But due to la·c·k of time we could not use such data. A detailed 

study at the disaggreg.at-ed level is requir-ed to make electricity 

demand forecasts f.or the indus-tria-l s:ector. 

Huw.ever, .inspite of the lim:i .. t:ations u£ th.e model and 

i-ts estimates-, i': is e-v-i.den·t from cur proj .. ection.s t-hat th.e 

industrial dema-nd tor e_l-ect:r:Lcity will Lncrea-s:e.. If the plan 

targets are t·o he act:Ueve-d tire-n ap.propri.a-.te me.asure.s should be 

taken to impr.o:ve the pow.er situation and mee-t the industrial 

requ.i.reme-nt.s of electric.it.y. 
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CHAPTER VI 

AGRICULTURAL SECTOR 

The Indian economy remains predominantly an 

agricultural economy, even though its share in GOP declined over 

the years. With the increase in demand for agricultural produce 

over the ye.ars, this sector is under a continuous pressure to 

increase it·s productivity. Inspit-e of its· excessive dependence on 

monsuon and nea-rly stagnant agricultural land area, agricultural 

ou.t.p.ut ha·s g:rowth considerably over the years. The major break 

t·h-rough in a:gri.cultural production ma-y b.e attr . .Lb.uted to three 

facto.z:s. F.i..rst, besLde.s gradual in.cr-eas.e in net so-wn area, a 

.s.t-e.ady irrcrea'Se in the intensity of cropping is observed over the 

las-t f.our de:ca.des, thereby Lncrceasing the gro.ss sown area from 

147.3 mha. in the first Plan to 176.9 in 1986. Sec.ond, due to 

::m-d-exniz.a±..i..on of a-griculture and use of fe:rtil izers, HYV seeds, 

pe·s-±ici.d:es etc., there ha-s been a steep. Lncrt!eaoSe in ti'.e 

prm:iuct..ivity le-vels in agriculture. Thirdly, increase 1r. 

production have been largely realised not only through an assumed 

supply of water owing to expansion of irrigation facilities .out 

also through a steady increase in the intensity of irrigation. The 

inten.sity of irrigation has increased from 1.14 in 1955 to 1.32 in 

1986. All this has contributed to the increase in direct and 

indirect use of energy in the agricultural sector. 

Agricultural sector is an important consumer of 

electricity and diesel, required for land preparation and lift 

irrigation. Electricity consumption in the agricultural sector, 

over the period 1960 to 1989, have registered an average annual 

growth rate of 14.6% whereas the corresponding rate of growth of 

diesel was 10.4%. As a consequence the relative share of 
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electricity in total energy consumption in agriculture increased 

from 18.5% in 1960 to 40.3% in 1989, whereas that of diesel 

declined. 1 Thus, the share of electricity consumption in total 

electricity consumption of the economy has increased from 6% in 

1960 to 26.4% in 1990. 

The important feature of the electricity consumption 

in the agr icu 1 tural sector is that, the extensive rural 

electrification programme taken up in all States has led to the 

gra-du_al replacement of diesel by -electri.city for operating 

agr icu 1 tural pumpsets. But for a large number of a-reas, which has 

no rea-dy acc_e-s-s to e.lectricity, diesel still c-ontinues to be an 

important fuel for lift irr igati.on. Th-e -number of -elec.t.r if Led 

pumpsets have increa-s:ed from 0.1_9 millLon in 1960 to 8.3 miLLion 

in 1989 ag-ainst the increas-e in di-esel operat_ed pump.s.ets f: rom 0.28 

miLlion in 1960 tc 4.J5 million in 198-9. The rate of utilis.at-ion 

in el.ec.trif ied pumpse-t.s hav-e al-so in:cr:ea.se-d stea-d:Lly ov-er the last 

two decades. The major c-ause- for such an inc.rettae Ls t·he increa-sed 

nudt.i.cropping patter:"! adapted in rec.ent y-ears. Beside-s t-his, 

i.ma.f:f.icient pump system de.sign and lo-werin:g o:f g:r:ou::1d wa:t·er tables 

has alsu contributed towards increase in t.he ra:t.e of utili_s,ation. 

As a consequence of all the-s-e, electric:ity intensity of 

4tgriculture have increa.sed steeply ov·er the years, from 0.25 in 

1960 to 6.39 in 1989. The e-lectric-ity consumption to value adde-d 

elasticity in agriculture in 1989 w-a.s as high as 5. 23. 2 However, 

the rapid rise in intensity of electricity in agriculture over the 

last decade or so may be, to some extent, accounted for by the 

1. The statistic.al figures are taken from "Sectoral Energy 
Demand in India" - study c-ondttl::ted by Government of India in 
cooperation with ESCAP, UNDF and Government of France, 1991. 

2. Some fluctuation in the elasticities are observed over the 
yea·rs, which i.s mainly due to the seasonal fluctuations in 
the level of agricultural output which still largely depend 
on rainfall conditions. ibid. pgs. 76-77. 
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increasing use of electricity in non irrigation activities. Such 

activities include threshing, cutting, chopping etc., which are 

now carried out with the use of mechanised instruments. 

' 

The increasing demand for electricity for the economy 

as a whole, in the face of declining share of electricity demand 

by industry, is mainly accounted for by the increases in relative 

share of agriculture and the domestic sector due to extensive 

rural electrification progr.amme adopted. But, such programme 

involves a certain lag before electricity demand considerably 

incre•ses. Thus it is expected that the agricultural demand for 

electricity will co-ntinue to increase in the future. In this 

chapt.er we try to fur:ec.ast the demand for electricity for pumping 

w.ate-r in agricuLt:ur.a.l s-ect.or for the terminal year_s of 8th, 9th 

and 10th PLans. .:..e.t us n.ow dLscuss the methodology adopted for 

this pu:...'tJo:sE. 

6.1 -~lOSH And Data 

A cii:s:aqgregat·ed approa-ch of cropwise an-d areawise or 

re.gionwise analysis w.ould ha-v-e b-een idceal. But du-e to time 

constraint we could not take .s-uch an approach. Instead, we have 

used a very simple econometric model relating gross value added in 

agriculture with consumptio-n of e-n-ergy and electricity required 

for pumping water. Irrigation pumpsets (energised - diesel and 

electrified) constitute a major source of demand for direct 

commercial energy. Keeping in view the importance of irrigation in 

raising the productivity in agriculture and exploiting the 

increasing ground water potential and proactive efforts towards 

rural electrification, it is expected that the number of energised 

pumpsets would increase considerably in future, and electrified 

pumpsets will be replacing diesel pumpsets in the years to come. 
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The model that we propose here is in two stages. In 

the first stage l»t..~ the total energy required, in calorific 

units, for irrigational purposes,ie, .to operate both diesel and 

electrified pumpsets together, to the gross value added in 

agriculture. We have taken three yearly moving averages of these 

two variables to iron out the random fluctuations, if any, in 

these variables over time. The first stage of the model is 

considered in double log linear form as given below: 

ln(TE) a 0 + a 1 ln(VA) ( 1) 

where, 

T.E .3 yE"ar.ly m.ovin.g avera_g;e of ene-rgy consumed for 

irrigcational pu:r.pos;e in c.alorific unit-s. 

VA_ 3 yearly moving ave:r.a.g.e of value ad:d'e-d in a-griculture. 

In -t-he &eCDnd stage of the mop.el_, we assume that 

ele:c:t.r::i£ ied pump:soet.s will be replacing d_i-ese 1 p:umps-e<:s, arrd at 

some point in future, may be, all pumpS€ts in ope-ration will be 

electrified. Thus, the share of energy co-nsum-ed by electrified 

pumpset.s, in calorific units, is assumed to increase over time and 

approach unity asymptotically. 'I:hus, the s:hare of energy consumed 

by electrified pumpsets to total energy consumed for irrigation 

purpose takes a logistic function of time. It may be written as: 

1 
k ( 2) 

l+b exp (-at) 

wher-e-, 
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k Ratio of 3 yearly moving average of energy consumed by 

electrified pumpsets in calorific value to 3 yearly 

moving average of total energy consumed by all 

pumpsets in calorific value. 

t Time. 

We estimate the model to obtain estimates of 

parameters of both the stages. Then, using the assumptions on 

macroaggregates for the terminal years of target plans we project 

the total energy re.quired for irrigation in the termina·l years of 

the ta'rget plans. 

Then, we project the shares in the t.e.rminal years of 

targ.e.t pl.an-s, using the es.t.imate:d growth rates from s:econd stage 

Usi·ng these two projections w.e estimate the energy 

required by agriC"ul.ture in operating electrifi.ed pmnpsets for 

irrigation·. Finally, using the conversion norms we obtain the 

proj.e:cti:ons o-£ demand for e.lectricity in the agriC"Ultural sect.or. 

I.mpl.ic.it in th·e growth r.at~£ es.timated from second stage are the 

sub.stitu·tion p:o-sosib.ilities o£ diesel pumpsets by electrified 

pumpsets. 

The data required for estimation of the model are on 

value add-ed in agriculture, total energy consumed by pumpsets 

(both diesel and electrified), and total energy consumed by 

electrified pumpse~s. We have used time series data for the 

period 1971-72 to 1990-91 to estimate, the model, for the 

parameters. 

The value added data has been taken from National 

Accounts Statistics (CSO) at 1980-81 prices. The data on number of 

electrified and diesel pumpsets are taken from Statistical 

Abstract published by cso. Planning Commission norms on 
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utilisation rate were combined with number of pumpsets (both 

diesel and electrified) to obtain the fuel required for operating 

these pumpsets. Finally, using the conversion table taken from 

Indian Petroleum and Natural Gas Statistics, these diesel and 

electricity requirements were converted to their calorific 

equivalents. The energy requirements in calorific units were 

added together to obtain total energy requirement. Electricity 

requirement in calorific units was divided by total energy 

requirement in calorific units to arrive at the share. The 

Planning Commission norms on average utilisati.on rate are: 

This, 

i. 

ii. 

UtLlizat.ion r-ate of electric pump 

Kwh/yea.r /pump set. 

4 4 2 .. 3 

Con-sumption of diesel pump 883 Lt.sjyear fpumps:et. 

howeve·r, wiLl somewhat overestimate the total energy 

requirement for the ear..lier years, 

utilization rates. 3 

as past years had lower 

The data for number of pumpsets is given in Annexure 

Table SS. The conversion table used is given below: 

i. 1 kg. of HSD = 10,000 Kcals of energy. 

ii. 1 Kwh. of electricity = 860 Kcals of energy. 

iii. 1210 litres of HSD = 1 metric ton by weight of HSD. 

Finally, to iron out random fluctuations, three yearly 

moving averages for the variables were taken. The share variable 

was obtained from the ratio o-£ the moving averages. 

3. An obvious consequence of this is that the eLasticity factor 
estimated from the model may be somewhat biased. The norms 

are taken from the "Sectoral Energy Demand in India", 1991. 
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Now that we have discussed the methodology, variables 

and data, we may move on to illustrate the results obtained,on 

estimating equations ( 1) and ( 2), before we put forward the 

projections. 

6.2 Estimation Results 

On carrying out OLS to equation (l) the estimates of 

the parameters obtained are found to be quite significant at 5% 

level of significance. The explanatory var.iable expl.ain.s more than 

95% of the total variation .. But t h-ere i s ex i s ten c e o f 

autocorrelation in the model. "The resul.t. is tabu.lated in Table 6.1 

Re_gr_es.s.i:on Ras:ult 

Dependent Vari:a:bie = l:n.(.TE) 

-----------------------------------------------
Var..iable Co-ei' f ic ie:nt 

Constant 3. 14-2 

ln(VA) 2.572 

R.2 = o.9sso D.W. = 1.077 

t-s-t a.t..i.st.i c 

2 .. 5,1~6-

18.4.58 

2 Tail signifi­
cance 

0.024 

0.000 

So, we carry out AR(l) correction procedure, where we 

assume a linear relationship between the clisturbance term and its 

lagged value. The result is given in T"abLe 6.2 
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Table 6.2 

Regression Result 

Dependent Variable = ln(TE) 

Variable Coefficient T-Statistic 

Constant 12.687 1. 7 36 

ln(VA) 1. 744 2.606 

AR(1) 0.791 4-.271 

D.W. = 1. 2T6 

2 Tail sign if i­
cance 

0.106 

0.022 

0.001 

A-s is clearly ev-i.dent from TabLe 6.2., our acS-sumption 

o-f .l.L-:rear r.e::l.ati:on-s-hip b:e:tween t:he dist.u.r.bance te-rm and its lagged 

'l.ralll€. Ls no.t rzj-e-c:ted at 1.% l:ev.el of s.i.y-n..i.f ic.ance. The explanatory _., 
pcwcr h-as improv.-erl with R""=0.97ll and the coe·f-tic.i·ent of logarithm 

of val.J..:..-e adderl i.s -signif . .icarrtly d·iffer:Ent f-_r::c:;; z·ero. l:io:wever, the 

Lntercept term i.s net si.gn.if ic:a:n:t at 5% le-vel o-f sLgnif icance. 

-=: .•• + 
~u.L-, ·since w.e are interested in t:he e.la.sticity factor only, it 

doe-s not affect our an.aly·si.s. The elasticity obtained from the 

estimation is 1. 74, sb:ows an elastic demand for energy, for 

ir-r·i-gat·ion, in the a.qricultural sector. 

For the second stage of the model, we have carried out 

two procedures of estimation. First by assuming a product 

dist::.:rb-a::nce term, we log lineuris.ed the equation (2) to obtain a 

semi log function. and carried out OLS to the transformed equation. 

Again, by assuming an additiv-e disturbance term we carried out NLS 

(Non linear least square) estimation to equation (2). 

222 



The NLS estimation results turned out to be superior 

to the OLS estimates with higher R2 , larger log likelihood value, 

larger F-statistics, larger t-statistics for both coefficients. So 

we choose the estimates obtained from carrying out NLS to equation 

{2). These estimates are tabulated in Table 6.3. 

Variable 

b 

a 

R2 · = 0. T065 

Table 6.3 

Regression Result 

Dependent Variable = K 

Estimates t-statistic 

1. 7 35 20.965 

0.029 -6.249 

R2 = 0. 7248 D.W. = 1.472 

2 Tail signifi­
ccrnce 

0.000 

0.000 

As is evide·nt from 'Ta"ble 5. 3, both t.h.e c:o.eff icients 

are s·iqnif.icant at 5% level o-f si.gni f ic.ance. There doesn 't ex .Lst 

any autocorrelation at both 5% and 1% level of significance. The 

explanatory variables explain more than 70% of the total 

variation. These estimates of the model are then u.sed to forecast 

t·he demand for electricity for the agricultural sector. 

6.3 Assumptions And Projections 

For the projection of demand for electricity we make 

certain assumptions on the growth rates of value added and use the 

norms re.garding pumpsets. 
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In order to obtain the target growth rates for the 

value added in agriculture, we assume the target growth rates of 

GOP as given in the 8th Plan document. Then using the elasticity 

factor 0.68 we obtain the target growth rates for gross value 

added (GVA). These target growth rates· are tabulated in Table 6.4 

below, for the projection horizon. 

Table 6.4 

Target Growth Rat~s (% per annum) 

GD1' GVA Total energy 

.1990-91 to 19:91-92 1 0.68 1. 15 

199.1--92 t·o 19'92-93 4 2.72 4.62 

19'92-93 t_o 1993-94 5 3.4 5.78 

1993--9-4 to 19~6--97 5.6 3 .. 80 6.46 

19-9-6-97 t:D 20D.l-02 6.0 4.1 6.97 

2CYCH-02 t-o 2006-07 6.5 4.42 7.48 
----- ------ ------------------------------

Now, in order to obtain the target growth rates for 

total energy requirements for irrigation purposes in the terminal 

years of target plans, we use the target growth rates for GVA and 

the estimate<\ elasticity factor, from equation (1), 1.74,(Refer 

Table 6.4). These growth rates are then used to project the total 

energy requirements in the terminal years of the target plans. 

These proj-ections are tabulated in Table 6. 5 
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Table 6.5 

Projections for Total Enert~ Demand for 
Operating Pumpsets ('10 Kcals) 

Year 1990-91 1996-97 2001-02 2006-07 

Total energy 0.67 0.90 1.3 1.8 

Since we all:eady have th:e estimates for equation ( 2) ~e can easily 

·o:bt-ain the e'Bti.:ma-ted growth rate-s for the shares, using t.he 

r:e~.ation: 

_Kt - Kt-l 

Kt-1 

These e....~at·erl tar..get gr:owt·h rate-s are used to obtain the shares 

.in the termi.nal years o.f the target plans (refer Table 6. 6). 

Year 

T.ab.l.e 6 . 6 

Pro.j.ecti.ons for Shares of Energy Consumption By 
·Electrif·ied Pumps in Total Ene,rgy Requirement 

1990-91 1996-97 2001-02 2006-07 

-------------------------------------------------------------------

s:bare 0.507 0.549 0.583 0.617 

--------·----~---------------------------------------------------
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Finally, these two projections on shares and total energy required 

for irrigation are used along with the conversion table,given in 

Section 6.1,to obtain forecasts of the electricity demand in the 

agricultural sector for the terminal years of the target plans. 

These are tabulated in Table 6.7. 

Table 6.7 

For-ecasts of Electricity Demand (Mkwh) 

Year: 1996-97 2001-02 200"6-07 

Fore:c.as:t 39=546. S-5 57643.56 8:S.5l8.. 68 12.9256.2 

It is e-,id-emt fTCm Tab.Le- 6. 7 tha:t t:he demand for 

ele-ctri.ci.ty shall in:crea:m cuEsi.dera-bly cv.er the next two pl.an.s, 

w.i.th more thaz1 tw:o hundred ·per- cent i·n.:::~.ea:se over the ba.sB year. 

The expe--ct-e-d growth r_at.e boe:t.wece-r. 19-96--97 an-d 200.1-02 is 8% pez 

annum and t:hat between 20"01-0:2 and 2006-07 is 8. 6% per annum. 

Ths requirement o-f el.ectri.city in 2.006-07 Ls likely to 

incr.ease 3.27 times the consumption level of 1990-91 with an 

average annual growth rate of 7. 68%. This increase may be 

accounted for by an increase in the share of electric pumpsets in 

tb..e economy, due to our assurnpt ion of d iese 1 pump sets getting 

replaced by electric pumps.ets. Aft.er having disctW>sed with 

Profess-or R.P. Sengupta, we arrive at the conclusion that this 

proje-ction Ls more or less currs-istent with the expected ground 

water potential in the terminal ye-a-rs .of the target plans. 
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Even though our projections may have a bias, because 

of the. assumption of uniform· utilisation rate made during 

estimation, we accept these forecasts as the target forecasts of 

electricity demand for the terminal years of the target plans. But 

before we conclude our discussion of the demand for electricity in 

agricultural sector, let us very briefly describe an alternative 

model of projection. However, we reject the projections made with 

the alternative model, for the terminal years of target plans, for 

being over ambitious and infeasible. 

6.4 Alternative Model And Projection 

This model may be considered as an indircect me.thod of 

foreca-sting the demand for electricity, if we view t·he l.ast model 

as a more direct raethod of p-rojection. 

.6 .• 4 .1 Methodology, Data And El;·t.imation Results 

ThLs model, similar to the previous one, employs a two 

st·age met hod. In the fi:r.s.t stage total energy required for 

irri.gation is estimated and in t·he s.e-cond st.ag:e energy required by 

electrified pumpse.ts in total en.ergy requirement i.s e·stLmcrted. 

Thus, in the first stage, three yearly moving average 

of gross irrigated area is related to three yearly moving average 

of agric~ltural output, in double-log form. Again, three yearly 

moving average of irrigated area is related to the three yearly 

moving average of total energy required for operating pumpsets, 

both diesel and electrified, in a double-log form. Thus, instead 

of directly relating value added in agriculture to total energy 

required for irrigation, we indirectly link up, first agricultural 

output to irrigated area and then irrigated area to total energy 

required for irrigation. The moving averages are taken to iron out 

the random fluctuations in the variables. 
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The first stage of the model in equation form may be 

written as: 

again, 

whe-re, 

ln(IA) ( 3) 

ln(TE) ( 4) 

I-A- 3 yearl-y moving avera-ge of gro-ss irrigated area. 

LO = 3 yearly -moving ave'ra-.ge of Index of agricultural 

o-.u:tput. 

TE == 3 y-ea.rly movin~g average o-f tot.al energy requir-ed for 

irrigation. 

The .secunrl stage of the model is similar to th-at of th-e previous 

model, w:here share of energy consumption by electrified pumpsets 

in tota.l ene-rg_y consumpt.ion for irrigation take_s a logistic 

funct_ion of time. .The equational form is same as that of equation 

( 2} • 

Thus, by considering gross irrigated area we are 

taking explicit consideration of multicropping patterns which are 

in.cr:easing wi:tb the object.ive of incre.asing productivity. Again, 

through the s-econd stage of the model, we are considering 

substitution possibilities between diesel and electrified 

pUinpS"e±.:s-. 
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The basic principle underlying the projections is 

that, given certain assumptions on gross value added for the 

target plans, we obtain target growth rates of the index of 

agricultural output. Using these growth rates and the estimated 

elasticity factor we obtain target growth rates for gross 

irrigated area. Finally, using the.estimates of elasticity factor 

from equation (4) we obtain the target growth rates for the total 

energy requirement for irrigation. 

Now, once we obtain the total energy requirements 1 

using the target growth rates, for the terminal ye,ars of the 

t.ar.get plans, we employ a sim·il.ar proc.e.du.Fe a,s the previou-s model 

i.n S.ect.ion 6.1 t.o ob.t.a:i:n the force:ca-st.s of dema,nd for electricity 

for th;e targEt pLa:ns. This mo.d€-1 1 thus, diifoe:rs from t.he f·irst 

model only in the fi-rst stage., L.e. 1 e-stimati.on of tar.get growth 

rates o.f total en~rg;y requirement f.or irr-iga.tian.. B.ut th·e second 

stage in bnt-h tire models a.r-e identic-a~. 

'r!re data rEqUired to car-ry o:ut e-stimatiGT, is more or 

l e.s:s t:.':le same as desc:r::i::be.d in Sec:'"".ion 6 . 1 1 ex ce:pt th:at w.e r e qu ire 

dat.a an two new v-a.r.ia±:les - index o.f agricultura.l out·put and gross 

i.rrigated area. Data cr. bo.th the variables are taken from Economi.c 

Survey. Then, three ye:arly moving averages were taken for these 

variables. 

The same Planning Commission norm for pumpsets and 

conversion table, as given in Section 6.1, are used to obtain the 

data on total energy. Three yearly moving average is taken for 

this. The same way, data for en.ergy requir-ed by electrified 

pumps·ets are generated and th...-ee yearly moving a-verage-s are taken 

to arrive at the share of energy required by electrified pumpsets 

to total energy requir-emen:t.s for i.rrigation. 
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Both to equations (3) and (4) OLS estimation procedure 

is applied to obtain the estimates of the parameters. The 

regression results are given below in Tables 6.8 and 6.9 

Variable 

Constant 

ln(IO) 

R2 = o.969-s 
s..igni f Lcance. 

Variable 

Constant 

ln(IA) 

-2 
R = 0.9968 

Table 6.8 

Regression Results 

Dependent Variable = ln(IA) 

Coe-fficient i:-statistic 

-1.461 -6.065 

1.107 22. 5:82 

2 Tail signifi­
cance 

0,000 

0.000 

D.W. = 1.391 (no autocorrelation at 1% level of 

Table 6.9 

Re.g.res.sion R~ 

Dependent Vari..abU, = l..n.(..T.E) 

Coefficient t-statistic 

21.904 165.227 

2.336 70.139 

2 Tail signifi­
cance 

0.000 

0.000 

D.W. = 1.103 (no autocorrelation at 1% level of 
significance). 
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The coefficients are highly significant and the model has a very 

high explanatory power. 

From Tables 5.8 we observe that the elasticity factor 

between irrigated area and agricultural output is 1.107. Again, 

from Table 6.9 we observe that the elasticity factor between total 

energy and irrigated area is 2.336. Both the elasticities being 

highly elastic, the impact of an increase in agricultural output 

on the total energy requirement is quite severe. 

The growth rate for share estimated from the second 

st-a'g'e of the model is given by: 

0. 028 ( 1-Kt--1) 

T:b.e re:s:ult:s fo.r ·t±te e:-stima-tLcm o.f sce.c-ond staq-e of the model are 

give-n in T:a.bl-e 6. 3, obtained by u.sing NLS technique to the sec-ond 

sta:g:e. T'hes.e f___i_r_:s-t_ az1.d. sec and sta:ge est im-at e s a 1 on g with the 

a-:sE.umpt.ion.s em GD"P gro...rt:.h rates a:nd v-a.lu-e added growth rate-s are 

u-sed to make the project-ions- of demand for electricity. 

6.4.2 A10s~ion'S And Proj-ection-s 

The_ assumptions for GDP and gross value added growth 

rates for target plans are taken the same as those in Section 6.3. 

According to the 8th Plan Document the projected growth rates 

betw.een 1992-93 and 1996-97, in per cent per annum, for the 

agricultural sector gross value added and value of gross output 

are given as! 

for GVA 3.1% per annum 
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and for value of gross output 4.1% per annum. 

From these two growth rates· we obtain the elasticity 

factor of agricultural output with respect to value added as 

(4.1/3.1) or 1.32. 

We have assumed that this elasticity factor shall 

prevail over the entire projection horizon. Therefore, given our 

target growth rates ·for value added we can easily obtain the 

target growth rates of agricultural output. Using the estimated 

elasticity factor 1.107 we also obta.in the target growth rates for 

g·ro-s:s irz:ig-atoe_d area. Finally, using .the e-s-t.i.mat.ed elasticity 

factor 2. 336 we estimate the targ.et growth rates for to.t.al energy 

r.equ.ir.eme:n.t for irr ig·at ion in the agricul t.ural s€ctor. Th-es-e 

growth ra.te-s a.re- tabulated below in Td.ble 6 .. 10. On using th-ese 

growth rat·es we c-an e.a.sily fo.reca:st t:he total energy I.""'eqUin:me.nt 

for irriga-tion in t·he terminal ye-ars. of the target pLans. 

Table 6.10 

Ta:rget Growth Rates (% pe:r annum) 

Period GDP GVA IO IA TE 

------------- -------------------------------------------
1990-91 to 1991-92 1 0.68 0.89 0.98 2.28 

1991-92 to 1992-93 4 2. 72 3.59 3.98 9.27 

1992-93 to 1993-94 5 3.4 4.48 4.97 11.58 

1993-94 to 1996-97 5.6 3.8 5.01 5.56 12.95 

199-6-9.7 to 2001-02 6.0 4.1 5.41 6.0 13.98 

2001-02 to 2006-07 6.5 4.4 5.8 6.43 14.98 

------------------------------------------------------------------
Notes: IO agricultural output ; TA : irrigated area 

TE : total energy requirement for irrig-ation. 
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Again using growth rates, estimated from second stage 

of this model we can forecast the shares of energy required to 

operate electrified pumpsets to total energy requirements, for the 

terminal years of the target plans. These shares are tabulated in 

Table 6.6. 

Using these two projections, the norms on pumpsets, 

and the conversion table we obtain the forecasts of electricity 

requirement to operate electrified pumpsets, for the terminal 

years of the target plans. These projections are given in Table 

6. 11 below-. 

Year 

Electricity 
demand 

fore'Cast 

Ta-ble 6. 11 

.p.r_oj.ecti,om-s for Elect.ricity Requi·I'ement in 
Ag:x:i.cu-1-ture Using Al.t:erna·tiv-e- Mod:el (Mkwh.) 

1990-91 19=9-6-97 2D01-02 2006-07 

4.1._645. 70 810"15.18 L65627. 0 352056.2 

Now, according to this forecast consumption 

requirement is expected to increa-se 8.45 times over 1990-91, 

registering an annual growth rate of 14.3%' Ltv 2.-<ITHo-07• 

Compared to the projections in Table 6. 7 the-se 

forecast-.s are rather over ambitious. According to Sengupta 

( 1993), as per the assumptions on the current estimates of ground 

water poten·tial of the country and assessment of the minor 

irrigation potential in the country, the implied electricity 
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requirement for irrigational purposes is at the level of 85 
I 

billion Kwh. in 1994-95, which would increase to 106 Bkwh in 

2004-05. 4 So the projections given in Table 6.11 are far too much 

to be actually feasible. The ground water potential for minor 

irrigation have to be much higher if these projections have to be 

valid. But our projections in Table 6.7 are comparable to those of 

Sengupta's (1993) and are more consistent with the estimate 60 

million acreage for minor irrigation in 2004-05. On these 

feasibility grounds we accept the projections given in Table 6.7 

as the expected demand for electricity in the terminal years of 

the target plans. 

Concluding ColiiJilenci::s-

Now that we ba.ve obtain::ed the projections of d€mand for 

e 1 ectr.i__c i t-y for t 11e term i-n:a.l years o£ the t.a-rgB t plans , the 

s.u:bstantial in-crease i.o co.ns.umption expecte-d is quite evident. 

However, we rejected t-he projectiO-ns ma.de wi.t-h the alternative 

model for being infeasible. This abnormally high projection 

obtaine-d from- tb.e second model is a consequenc-e of the indirect 

a-pproach taken to estimate t·he total energy re-quirements for 

irrigation. As the agricultural output was related to the 

irrigated area, the target growth rates of a-gricultural output, 

obtained through elasticity factor and target growth rates of 

value added, pushed up the growth rates of gross irrigated area to 

abnormal heights. Even though the target growth in gross irrigated 

area is needed to achieve the level of agricultural output in 

target plans, it is not feasible given the estimated ground water 

pot-ential over the forecasting horizon. This was the main causal 

4. These figures w-e-re arrived at by R.P. S-engupta after 
consultation with the. experts and after reconsidering the 
possible under estimation of ground water potential made by 
the Advisory Board on Energy (refer Sengupta, 1993, p. 22). 
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variable for our abnormally high projections in case of the 

alternative model. So we reject the projections with the 

alternative model and accept those tabulated in Table 6.7. 

It is, however, clear from the above projections of 

electrical energy requirements for agriculture that, the supply 

side constraint of water availability for minor irrigation is a 

binding constraints, for the agricultural growth, for all the 

terminal years. Therefore, if the agricultural growth have to be 

sustained, then the shortfall will have to be met .by the -extensi.on 

of surface irrigation programmes of major and minor kinds. 

Therefore, a_s mor.e and more eLectrified pumpsets replac.e d.ie.s-el 

pumpsets, the potential electricity r_eq:uirement.s increase bu.t 

supply side cons:trai:n.t res.tr.i..cts the requir:ement. 

:tn our models, we hav-e as-aumed that electrified 

pumpsets will -be repla.cing diesel pumpsets and at s-ome time in the 

future all p.ump:s:ets for irrigation will he electri.fie<.l. Incre..asing 

use of electricity for agriculture .Ls mo.s.t welcome i.n as much as 

it replace:s thee diesel pump sets b-y electric pumpset s. However, 

the extremely unrelia-ble power supply and its f.ai.lure at the nick 

of the time is the harsh reality which the farmer has to face very 

day. This is so much the case that those who can afford have 

started installing a diesel engine as standby in addition to the 

electric pump. Thus, unless the power situation in the Indian 

agriculture improves it is difficult even to think about diesel 

pumps being completely r~placed by electr~ pumps. 

On the basis of the projections made we may defLTie two 

types of demand. On the one hand tb.e.re is, what we may term as, 

the feasible demand, and on the other hand we have the potential 

demand. For example, the projections made with the use of the 

alternative model may be infeasible but we cannot totally deny the 

demand potential. The extension of electricity grids and power 
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lines does not immediately lead to increased demand for 

electricity. The lag in the process of rural electrification and 

increase in demand for electricity in rural area are strongly 

correlated. Actually, what happens is that, in the initial stages 

it is the richer farmers and those with other advantages that 

essentially benefit from the supply of electricity. The low income 

and small farmers, generally, come on stream subsequently, when 

credit facilities, with which to make the initial investment 

necessary to use electricity, are made available to them. 

Therefore, the potential demand for electricity in future is 

actually much higher than what our projections given in Table 6.7 

are. Be.sides this, the potential demand to sustain an increase in 

dema-nd for agr icu.l tural output, requi.red t·o feed an increasi.ng 

th.an. the feasible dem-and for populat·ion, is much higher 

electricity. 

E.lectr icity demand in a_gricul ture is, however, not 

entirely f.or the purpose or irr igat.ion. Electr i.city demand for n.or, 

i.n::iga-t.i.onal purposes also exist.. Th.i.s demand. is in fact gradually 

im:re-as i·ng in importance. Electricity is required for thre.shing, 

cutl.in-g, chopping· etc. Mecha-nical an:d power operated t.hre-shers and 

choppers a-r:e fa-st getting introdu-ced in the agr icu.l tural sector. 

O-tten due to lack of proper manning o:.f m:eters a-nd inefficient 

nwat.ers, these do not get recorded or incorrectly recorded. It is 

also the case that sometimes the farmers connect these mechanical 

instruments used for agricultural purposes to their domestic 

connections. The demand for electricity for these operations are 

growing at a moderately fast speed. But by the end of the 9th and 

lOt:h Plans their importance as means of electricity consumption 

shall no longer be insignificant. If some how this can be 

accounted for, it will be observed that the agric.ultural dema.nd 

for electricity in the terminal years of the target plans will be 

high~r than our projections. 
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However, taking the projections as normative it is 

quite clearly evident that the demand for electricity in the 

agricultural sector will be substantial over the next two plans. 

Looking at the pathetically poor performance on the supply side 

and the financial mess of the State Electricity Board, we may 

infer that the future of the agricultural sector is quite 

critical. 

To conclude, we may add that our projections and the 

mo-dels -employ-ed ha-ve certain drawbacks. First, the use of 

calorif.ic value to obtain the- total energy requirements may give 

r...i.se t-o s-ome coucept_u_a-1 que:st.io_ns, -a-s Professor R. P. Sengupta 

potnterl o.ut. Second, th:e use- of a uni.fo-rm utilisation rate of 

e.le--ctri___c pumps a~d consumpti:Dn p.er di.e:s£!.1 pumpsets, t·hr-oug·h out 

the analysis, may somewhat bia-s t_he est i.ma.tes and project ions. I.t 

would h-ave b-ee:n be:t:::te:r, if w,e could t..ake account of the 

imp:r.ovemeut L'1 u.t.l.lisa:tion rate-s for our a.-.alysis and projection. 

Besides th~, we should have carriEd out a sensitivity analysis; 

'Which c.ue t·o time c-cn-str::aint we could n.ot. Murecver, for a proper 

d€mand analysis for ele-ctricity in agricultur~, it would have been 

better to take a total system approa-ch o.f analys-is taki!'!g choice 

of irrigation strategy into consideration. A disaggregated demand 

analysis based on agroclimatic variations, would have been better. 
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CHAPTER VII 

COMMERCIAL & SERVICES SECTOR AND TRANSPORT SECTOR 

7.1 Commercial & Services Sector 

The commercial and services sector comprises of a 

plet:hora of activities., .such as communication, trade, hotels a-nd 

r-e-staurants, banking a.nd insurance, re.al estate, ownership of 

.d:w.eclli.ng h-ouse-s and business ser.vices, public administration etc. 

W.h:ile othe-r fuels are als.o used, .e-l-ectricity is the most important 

form o-f ene-rgy u·se.d in t.hi.s se.c:tor. It is relatively simple to 

anal.ys.e .a:nd fore:c.a:st th-e demand for electricity for this sector 

becaus-e nf th:-e rea-dy av.aila:bility of data, compared to other 

fue-l-s-. 

The consumption cl elect;:icity 1.n the commercial 

sector increased from 2572.66 MKWb. in 1970-71 to 4681.84 MKWh in 

19-80-B.l. In 1990-91 th-e consumption d-emand for electricity was as 

high as 11180.99 M'KWh. Thus, Ln the decade of the '70's it 

registered a growth of 6.2% p.a., which increased to 9.1% p. a. in 

the decade of the '80 • s. 1 The a-verage annual growth rate 

between 1971-72 ann 1990-91 was 7.6~. On the other hand the growth 

rate in gross value added in commercial sector registered a growth 

of about 4% p.a. between 1971-72 and 1980-81, which increased to 

6 •. 2% in the decade o-t the 1980's. This shows that the consumption 

demand for electricity is growing faster than the value added in 

this sector. Thus, the power intensity in this sector has been 

continuously rising. 

--------------
1. These f.i.gures are obtaineu from the General Review, CEA. 
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According to the study conducted by Energy Policy 

Division of Planning Commission ( 1991), the growth rate in 

commercial and services sector has been greater than the growth 

rate of GOP in the decades of 1970 's and 1980's. This is an 

evidence of the growing importance of this sector in the economy 

as a whole. The elasticities of electricity consumption with 

respect to value added in this sector has been fairly constant, at 

1.6 approximately, over the decades of 1970's and 1980's. The 

elasti.city is fairly constant and slightly less than that. of the 

economy as a whole. 

T_he increasing consumption of electricity in this 

s.ect·or ha-s be'e:n the r.e.sult o-f mor_e numbe.r of buil.ding.s using 

aix:c.oncli.t.ioner.s 3.-nd ele-vators, great.er installation of various 

office- -equipm:ents Like computers, electronic typewriters etc. It 

Ls- exp:e-ct.e-d th:a.t_, wi..t.h the dev.e-lopment of the- economy , this 

se-ct-ar wi_ll assume- gr.:eater importance. A-n obvious consequence of 

thi.:.s- wo.uLd be, substantial rise in the demand for electricity over 

t....'l:e_ f'utu:re sucre'SS..iVl:. pla·ns. We, th-u_s proFos-e to fo-recast the 

demand for e~e-ctr..icity Ln tttLs s.e.ctor for the terminal ye.ars of 

the 8th; 9+..11 and 1-Dt:b Pi a'T's. 

7 .l.l Methodo..loqy, Data And Estimation Results 

Electricity demand is essentially a derived demand for 

the commercial sector. It is required in order to carry out 

various activities and also to enjoy the services of various 

el-ectricity using appliances. It would have been better if data on 

thes-e we-re available, to carry out demand analysis for 

el-e.ctricLty. But as data on these are not readily available, we 

carry out th-e analysis at an aggregative level by assuming the 

gr.o-s:s valu-e adde.d in this sector to be the main determinant of 

demand ror electricity. Value added is considered to be an 

important_ .foreca-sting tool for Long range projections. 
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The methodology adopted for the purpose of projection 

is quite simple. It is assumed that demand varies with the value 

added in the commercial and services sector. An analysis of the 

historical trend shows that electricity consumption in this sector 

should be positively related to val.ue added. In order to estimate 

this functional relationship we choose both a linear and double-

log linear functional form. 

as: 

In equation form they may be written 

ECON 

and 

ln (ECON) 

where, 

ECON 

VA 

( 1) 

{ 2) 

Consumption of electricity in the commercial 

sector. 

Value added in commercial sector. 

A time series data is used for estimating these two functional 

forms. The period 1971-72 to 1990-91 is considered as the sample 

range for estimation. The data on consumption for electricity was 

take-n from the General Revie-w, CEA and the da-ta on gros-s value 

added was taken from Nat.iona1 A-ccounts Statisti.cs., cso. 

The functional forms ( 1) and ( 2) were estimated using 

ordinary least squares technique. The resu.lts are tabulated in 

Tables 7.1 and 7.2 respectively for equations (1) and (2). 
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Variable 

Constant 

VA 

-2 
R = 0.9861 

V.ariable 

Constant 

ln(VA) 

-2 
R = 0.9854 

Table 7.1 

Regression Result 

Dependent variable = ECON 

Coefficient · t-statistic 

-2375.399 -10.201 

0.219 36.821 

D.W. = 2.396 

TabJ.e 7. 2 

Depend.ent Variable -= ln(.E:CON) 

Coeffici-ent t-statistic 

-6.566 -15.553 

1. 445 35.892 

D.W. = 1.584 

2 Tail signifi­
cance 

0.000 

0.000 

2 T:.il signifi­
cance 

0.000 

0.000 

In both the equations (1) and (2) the "R2 is very high, 

the estimated coefficients are significant and there is no 

autocorrelation present. Although in every aspect the linear 

equation yields results which are slightly better than log Linear 

equation, still we have used the log linear equation estimates for 

projection. The reason for doing so is that, we can completely 

get rid of the intercept term and simply use the elasticity 

estimated for obtaining electricity consumption growth rates, for 
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target growth rates of value added. This, however, assumes the 

elasticity factor to remain fixed over the entire projection 

horizon. 

7 .1.2 Assumptions And Projections 

To forecast the demand for electricity for the 

terminal years of the target plans, we need to make assumptions of 

t~e target growth rates for gross value added in the commercial 

secto_r. 

In o-rder to obtain the growth rat.es for the target 

plans, we .assume that tire vaLue a'dded f.or this sector along with 

the value added by ag-r icul t.ural and industrial sectors together 

corrsti±ute the t:ota.l GD,P. Tlrus, gross value added for this sector 

may be caLculatEd as a re:aidu:al at.t-er gro.wti1 rat--es for industrial 

and ag:r icu~ tur.acl sectors have b-e.en a:c-c:o:u.rr:t.e.d for in total GOP. 

No.w, given the value added .g-.r.ow.th rate-s for t.he- agricult.ural and 

industrial sectors {from our e:ar:li.e:r chapters·) and the GOP growth 

r-ates (obtained from th€ Btn Pl.an docu:nre.11t), we may obtain the 

growth ra.te.s for tn·is sector, for t-he t.arget plan-s, a-s explained 

below: 

As:sume that the base year rat.i.os of agricultural value 

added to t-otal GOP and t-hat of in-dustri.al value added to total GOP 

remains constant over the entire forecasting horizon. 

De.fin-e, 

Ratio of agricultural value added to total GDP = a 

Ratio of industrial value added to total GDP m 

Base year GDP Yo 

Base y=_ar c-onunerci.al value added y
0

[l-a-m] 
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Suppose, 

Growth rate for GOP g 

Growth rate for agricultural value added 9a 

Growth rate for industrial value added gm 

Growth rate for commercial value added gc 

Terminal year commercial value added 

( 3) 

Again, t-ei'min:al year commercial value added 

(4) 

Now, equating e·qua.t..1orrs (3) and (4), we obtain 

[ { 
(l+g)t -a (l+g )t - m(l~g )t 

--------------~-------~ 
(l-a-m) 

( 5) 

There.fore, u.sing the values for y 0 , a, m, and t.arget g, ga' gm we 

can easily obta-in the target gc for tne forecasting horizon. Th-e.se 

calculated figures are given in Table 7.3. 

Now that we have obtained the target growth rates for 

the commercial s.ex:t.or value added, we can easily obta.i.n the targ.et 

growth rates in consumption o.f .e.lectricity using_ the estimated 

-e.lasticity f.a:ctor 1.44:5, as given in T.a.ble 7.2. Thes.e growth 

rates are given in T.ab.le 7. 4. 
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Table 7.3 

Target Growth Rates (% per annum) 

Period GDP(g) Agricul- Industrial Commercial 
tural value value added 
value· added 
added 

(g) (gal (gm) (gel 

1990-91 to 1991-·92 1 0.68 1.2 1. 09 

1991-92 to "1992-93 4 2. 72 4.8 4.3 

1.992-93 t.o lg9J-94 5 3.4 6.0 5.4 

19'93-94 to 1'9%--97 5.6 3.8 6.72 6.0 

1".9'96-97 to 2.001-02 6.0 4.1 7.2 6.3 

2001-.02 to 20.06-07 6.5 4.42 7.8 6.6 

Table 7.4 

Target <L..~....h Rates for Electr.i.c.ity Demand 

Peri..od Growth rates (% per annum) 

19'90-91 to 1991-92 1. 57 

1991-92 to 1992-93 6.19 

1992-93 to 1993-94 7.78 

1.993-94 to 19·9·6-97 8.64 

1996-97 to 2001-02 9.07 

2.001-02 to 2006-07 9.5 

Using thes.e growth rates the forecasts for the electricity demand 

£or th.e targ.et terminal years are made. 
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Table 7.5 

Forecast of Electricity Demand (MKWh) 

Year 1990-91 1996-97 2001-02 2006-07 

Foreca-s·t 11180.99 1666-6.20 25725.47 40498.03 

----------------.----------------------~---------------·---------------

Thu£, it i:s ev i.de nt f rem t:h e T.a.b l e 7 . 5 t hat t he 

electricity d"€!tla:nrl in the- commerci.a~ s:ec·tor will increase 

sub:Er._ant:ia.ll.y o·ve-r t:he next decades, The gr~o.wt:h rate exp·ected 

betwee-n 19-90-91 and 2.001-02 is 7.8'% per annum; an-d bet_ween 1990-91 

and 2006-07 it is expected t.o be 8. 3% per a:z::m.um. There:fore, as the 

e'Conomy develops the com:r.erc.ial and se:rvic-es s-ector will become 

incre.a:sing l y po.w.er i.ntens i ve. 

7 .1.3 

The projection.s s.hould be taken as normative rather 

than preci.s-e forecas+...s. Besides, the usual problem of a.ssuming a 

constant elasticity factor throughout the forecasting horizon, 

this projection also makes other rather restrictive and simplistic 

a·ssumption.s. For example, the assumption of c.onstant agricultural 

value added to GOP and industrial v~ue add-ed to GDP ratios, 

throughout LTe forecasting horizon is rather restrictive. These 

relativ-e share.s will be changing over the successive plans. 

Moreover, the as:sumption o£ conunerci~ sectors value added being 

calcuhted as a residual, is also a very simplistic assumption. 
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Besides, it would have been better if data on other 

parameters such as the number of electrical appliances used in the 

commercial sector and their specific consumption were available. 

The forecast definitely would have been richer if it was projected 

as a derived demand. Thus, the need to improve the database to 

facilitate the estimation on a more accurate basis is strongly 

felt. 

7.2 Transport Sector 

The transportation system, 

va-st are:a, is quite comple:x. It is 

passeng.e.r a-n-d freight tra_ffic by ra-il, 

spatially spread over a 

used for car-rying bot·:h 

road, inland .w-aterways, 

pipelines and airways. In rural. Ind.i.a drought anima-ls continue to 

be a major mode cf transport even though t.r-actors and trucks are 

g:r:a.-du-al.Ly maJd . .P__:g inroa-ds. 

Bot.h the passenger and freight traffic in India is 

g:rowi:rrg, .although the road traffic is growing at a faster rate. 

Th:e popuLation of v-e-hicles have also been growing at a 

cons-id-erabl-e rat.e, of which the growth ra:te of private transport 

registered the highes-t growt-h of 18. 6% between 1980 and 1986. 

The transport sector is an important user of energy, 

whic-h h-a-s been growing over the years. It increased at the rate of 

2.09% per annum between 1953 and 1970 to 3.2% between 1970 and 

1987. The intensity of energy consumption with respect to value 

.added was 4 79.3 ktoe/ Rs billion but fell to 304.4 ktoe/Rs billion 

in 1987. This fal..ling intensity inspite of increase in energy 

consumpt.i..on and: increase in population of vehicles is on account 

o£ more e-fficient rail transport based on diesel and electricity 

and the introduction of fuel efficient vehicles. The trends in the 

e.last_icity of energy consumption in the transport sector with 

r-espect to both value added and GOP have been increasing. For 
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example, the elasticity of commercial energy consumption with 

respect to GDP increased from 0.53 between 1953 and 1970 to 0.83 

between 1970 and 1987, and with respect to gross value added it 

increased from 0.34 between 1953 and 1970 to 0.47 between 1970 and 

1987. 

The transport sector has been a large consumer of 

coal. But over the years there has been a shift from coal to oil. 

The transport sectors relative dependence on oil has increased 

considerably. The growth in consumption of electricity has not, 

however, bee.n high but steady. The relative share of oil i.n 

va-r-..iou.s fuel-s in tr.ansport sect·or increased from 38.3% in 1970 to 

82. 1'% in 19'87, while that for elect:r.Lcity went up from 1% in 1970 

to 1.-4.% i-n 19-8.7. Bu:t the sh:are at electricity consumption by 

t.ra!'l:s:por:t sect:o:r i.n th:e total co-mrumpt.i.on of electricity of the 

e-:c:c ::r.omy , Jra-s hee':1 de-c li.n.i.ng cnnt.in·uou.s l y o-ver the la.s t few 

deccad:asr in 1.987 t·h:is s:h.are w.as as Low as 2.4%. Thu-s, electricity 

denra:-nd in t·he- tran:s,part s:ect:or i.s qui.te Low and the eox-::essive 

depe::rden:ce is on oi.l. It is the d.L-esel engJ..ne which is essentially 

replaci.mJ the steam loco:s and n.o.t t.n-e elect.ri.city operated engines 

which is doing the replac.ement. Also th.e incr-easing dependence on 

road transport both for passeng.er a:nd freight tra.ffic has caused 

the s.hare of oi.l to go up an-d that of electricity to fall. 

Consideri:ng the pre-sent road vehicle population and the high 

in.fra-structura.l cost o-f electrifying tracks there is little or no 

reason to expect that consumption of electricity will increase to 

any significant extent over the next two plans. It~~difficult to 

visualize the declining trend of share of transport sector in 

total electricity consumption L~ the near future. According to the 

General Review published by CEA, the consumption of electricity by 

transport s·ector .in 1970-71 was 1364.57 MKWh, increased only to 

2265.91 MKWh in 1980-81. and finally to 3772.26 MKWh in 1988-89. 
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Even though the growth rate increased in the decade of the 80's 

over the decade of the 70's, still its relative share in overall 

electricity consumption declined. 

Because of its relatively small share and bleak 

prospects of any substantial increase over the next two plans, we 

did not carry out an independent analysis and projections of 

electricity demand for the terminal years of the target plans. We 

have, however, accepted the projections made in "Sectoral Energy 

Demand in India", a study conducted by Energy Policy Division of 

Planning Commission (Government of India) 1991, as the future 

normative foreca~st of electricity demand for the transport sector. 

The c!emand for energy is derived demand depending upon 

the dema,n,d f.or tran-sport activity. But the dema.nd for transport 

activity is it~soelf derived from the a-ctivLty levels of industry 

agriculture and house-hold sectors. The approach taken by the 

Ene-rgy Policy Divisi.o.n (EPD) is on the basis of these factors. 

The El'D e·s:tima.te.d thee demand for all fuels by transport sector 

individually and electricity is one of them. Thus, the past trends 

in the transport se'-'tor upto the base year 1986 of their study 

have been considered in detail and energy demand has been 

projected upto the year 2009. The study covers both passenger and 

freight traffic, where in the case of passenger traffic all the 

three subsectors i.e., public, private and sub-urban traffic were 

considered. All the existing modes of transport which consume 

commercial energy where considered. The sub-urban traffic of only 

four cities (Calcutta, Bombay, Delhi and Madras) were considered. 

The base case assumption for projection that they made 

was that the economy will grow at the rate of 6% per annum for the 

period 1990-2010. It was assumed that the agricultural share in 

total GOP will decline from 26.6% in 1994 to 21% in 2004 and then 

to 19% in 2009. The share of industry was assumed to increase from 
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30.9% in 1994 to 37.7% in 2004 and further to 39.0% in 2009. The 

rest was assigned to all other sectors grouped together. It was 

assumed that the share of railways in freight traffic which is 

declining will be arrested in view of the greater energy 

efficiency in the railways. The share of electric traction in the 

movement of goods and services is expected to increase. Steam 

locos is expected to be phased out by 1994. The share of diesel 

traction is expected to decline over the forecasting horizon. But 

still in 2009 it is expected to a.ccount for about 55% of the 

total traction and rest will be el.ec.tric traction. Elasticities of 

private a-nd public mode of transport with respect to per capita 

GOP and GD:P were obtained. They aLso mad.e assumptions on the 

tecchnoeconomic parameters for different vehicles. 

Qn the ba'sis o£ the:s,e 

p:roj.~cti.o.ns for the year 1.9~4, 19'9-9' 2UD4 

they made th.eir 

and 2009. The 

projections that they made can 

groups tra.:f"fic projections 

be broadly cate·<JO.r ize.d into two 

and pro1e:ct.ion.s regarding f:uel 

requireme.n:ts. W,e, bow;ever, present here only the project io:n.s 

regarding elec-tricity requirement in the targ-et te,.-minal years by 

the transpert sector. 

The passenger and freight traffic by train i.s expected 

to .increas·e over the target terminal years but the share of tr.ai.n 

in passenger transport is expected to decline from 12.3% in 1994 

to 7.8% in 2009. As regards freight traffic the share of railways 

is expected to increase from 42.8% in 1994 to 48.2% in 2009. 

As regards the projection of fuel requirements the 

projections of electricity requirement for freight and passenger 

traffic are expected to increase (refer Table 7.6). 
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Table 7.6 

Electricity Requirement in Transport Sector (KTOE) 

For passenger movement 

For freight movement 

Total 

1994 . 

160 

305 

465 

1999 

172 

402 

574 

Note: KT.OE = Kilo-tons of oil equivaLent. 

2004 2009 

212 254 

637 976 

849 1230 

Howeve·r, it i.s expected that the share of railways, 

where elect..ricit-y is used, in total demand for ene-:-r.gy by t.he 

transport sect.or, will decline from 7 •. 8% in 1994 t-o 6.7% in 1999, 

anti again 6. 5·% in 20C4 to 6. 3% in 2009. 

Ac~c.ording to their projections the share of 

electri.c.Lty in total energy requirement by t.h.e transport s-ector 

wi..ll be quite low. They expect that the share of electricity 

should be 1.4% in 1994, 1.1% in 1999, 1..2.% in 2004 and 1.4% in 

2009. Thus, th.e sliare of electric tr-action has not increased 

appreciably despite the conscious efforts made in this direction 

and a major share of increased traffic is expected to be moved by 

diesel traction. This explains for the lower demand for 

electricity in 1999. 

It is evident from their projections and analysis that 

unless there is a shift of passenger and freight traffic towards 

railways and the dependence on road transport falls the 

electricity requirement by the transport sector in overall 
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electricity requirement won't be significant. Moreover, given 

the present trend there is little possibility for electricity 

demand by transport sector to increase over the next two plans. 
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CHAPTER VIII 

COMPARISON AND COMMENTS 

Against the target growth rates for the 8th, 9th and 

lOth Plans, in this study we have obtained the electricity demand 

projections at the aggregative and sectoral level. 

The aggregative demand projecti.ons are ob.t.ained at the 

macro level for the economy as a who.le. Tbe- mac.ro demand function, 

w.hich w.as us:ed to make the proj-el:::-tion.s was mad:e a function of tire 

GOP. T'h.is dem-an-d funct.ion thll:s giv•es us the e.lec:t:I:.Lcity 

r..equirement in order to ac-hiev.€ the targ.et growth o-f the -e=nomy 

in the terminal years of the target pla-ns. 

On the otb:e.r hand , we c.~PJ arr i ~"e a-t. tb:e t-O:ta~ 

el.ectric.i.ty require.m€nt of the e-c-onomy in th-e terminal y:ear.s of 

th-e targe·t plans by adding up the s-e-ctoral requirerr.ents. Th:eS:e 

sectoral. requireme...•ts are arrived at by analysing the demand at 

th-e disaggregativ-e err sectoral level under various &ectoral 

assumpt.i.ons for the target plans. More.over, the sectoral level 

analysis uses different techniques and methodologies to obtain the 

demand for electricity in the terminal years. The data source? for 

the demand analysis of electricity are also different. Besides)the 

aggregative projection takes into consideration demand for both 

utilities and non-utilities, whereas the sectoral projections only 

takes demand for utilities into consideration. These together may 

cause the aggregative projections to somewhat diverge from that of 

the all sectors together. For the sake of convenience we shall 
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name the aggregative projections as overall electricity demand and 

the sum total of all sector demand together as the all sector 

demand for electricity. 

The overall demand for electricity includes both the 

demand for utilities and non-utilities. It is expected to grow at 

the rate of 8.6% p.a. between 1990-91 and 2006-07. The demand for 

electricity is expected to grow at the rate of 8.6% p.a. over the 

9th Plan and decline marginally to 8.4% p.a. over the lOth Plan. 

Thus, a substantial growth in demand for electricity is expected 

between 1996-97 and 2006-07. The most important thing to observ·e 

i.s that this growth in demand is higher than the growth rate of 

GOP. This impl.i.e.s that over the next two pla·ns the e·c:onomy will 

b:ero:me- more power intensive and is e-xpected t.o b-e 0"14.2 in 

2D01-·02, and tfu£ill f..urth-er .increa.s.e to 0.155 in 2006-07. The per 

.c:a-pit.a. d-eman-d :-or electric-ity is also ex:p-e·cted to grow 

-si.gn·iri.cant~y wi..th an a-nnua~ growth rate of 6. 77% between 1996-97 

an-d 2.0:0:1-02, and at t::he rate o:f 6.76% between 2001-02 and 2006-07. 

In o:..-:der to have a more clftail-e.d an~ysis w.e need to consider the 

se·ct·oraJ. demand pa±teorn over t:h-e entire targ.et plan horizon. Even 

thou:g:h th·ere e·xi..st.s d.iscre:p.ancy b:etween overall and all sector 

demand projections, still i.n the normative sense our analyses 

s-hould~ be comparable. The difference in all sector and overall 

electricity demand may be partly explained by the different 

methodologies adopted for projection. Moreover, the sectorc~ level 

projections are based on more detailed assumptions and at a much 

disaggregated level unlike the macro projections. 

To illustrate, take the case of the Residential 

sector. In this sector we explicitly assume the expected poverty 

ratios for the terminal years of target plans. By doing this we 

take into consideration the impact of the poverty elimination 

policies. But at the aggregate level such an assumption on the 

spending ability of the people is not made. Moreover, for the 
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residential sector the analysis is further carried out for rural 

and urban sectors separately. As the consumption pattern is 

different in the two sectors, it will have an impact on future 

projections through differing elasticities. The data source for 

the aggregative analysis and residential sector analysis is also 

different. Another assumption made for residential sector but not 

for macro analysis is that of urbanisation factor being falling. 

Such an assumption means that we assume that standard of living in 

the rural sector to improve over the next two plans. 

Let u-s now take the case of agr icu.l tural sector, where 

electricity is assumed to be requir-e<i only for operating 

irrigation pump·soe-ts-. At the macro level we d·o not make any such 

assumption. Bllt in t.he agricultural sect.o.r assumptions on 

technoeconornic fa--,tor-s along with those on macro aggregate$ are 

made. -Be:s id-es t-his, the subst i tu t i.on pos.s i.b il.i ty between 

electrified pumpsets a:nd diesel pumpset.s is mod-elled e.cplicitly. 

These are n-ot c.on:s.i.dered explicitly f.or ttre. macro level analysis. 

Moreover, while c:onsia-e-ring· a.gric-ultu·ral ~ctor projection-s we 

have differentia.ted between feasible demand and potential demand. 

Similarly, we have considered the substitution 

possibilities explicitly while making projections for the 

industrial sector, which were not assumed for the macro 

projections. The data source for this sector is also different. 

These diverse assumptions along with difference in 

methodologies may well cause the macro projections to diverge from 

all sector projections. Moreover, we have not considered the 

transport sector within the all sector projections. Even though 

the share of this sector in the total requirement of electricity 

in the terminal years of~the target plans is expected to be very 

small, still it may cause the two projections to differ. But, 

since we consider the projections as normative rather than precise 
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forecasts, so neglecting the difference in growth rates of the two 

projections we may infer about the causes of such rapid growth in 

overall demand by studying the sectoral projections (refer Table 

8.1) 

At the sectoral level the residential sectors demand 

for electricity is expected to grow at the rate 7.9% p.a. between 

1990-91 and 2006-07. It is expected to grow at the rate 8.3% p.a. 

over the 9th Plan and t.hereafter declin-e to 6% p. a. during the 

lOth Plan. This is based on t-he assumption that by the end of the 

9th p·lan poverty ratio will fall to 5% and by the end of the lOth 

Plan it will furt.her fall to 1%. Along with this the assumption 

of decreasing u.ri:ra_nisat ion f·acto-r, pus-h-es up the growth rat.e o_f 

demand for ele.ctricity in this s:ector. The s-hare of elec::t·ricity 

demand in this sect.or will continu-e to i=-rea·s~. 

The agrLCultural se-ctors danand for eLectricity will 

.aLso inc:rea-:se c:on-sid-e-rably ov:er the 9t·b a.!:Jd the lOth Plans. With 

the aaaumption that more and more elec+--r i.e pumpsets will b-e 

replacing diesel pump.sets, the demand is expe-cted to grow at the 

rate 7.6-% p.a. b:etwee:n 1990-91 anc! 2006-07. Over the 9th Plan 

demand for electricity is expected to have a growth rate of 8. 2% 

p.a. and then go up to 8.6% p.a. However, this is the growth of 

feasible demand. The growth rate of potential d-emand is expected 

to be even higher. With the increasing pressure on the 

agricultural sector to increase production over the next two 

plans, to meet the requirements for the growing population and 

sustain the target GOP growth rates for the economy, it is natural 

to expect the growth rate for electricity demand to be high. Thus, 

to increase productivity, irrigational requirements would 

increase, and with the assumption that the electric pumps would be 
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Year 

Table B.l 

Electricity Consumption Projectio~!> Sec·tondse 
and All India (in Cwh) 

Domestic Industry Agriculture · Commercial All sector All India 

-----------------------------------------------------------------------------------
1990-91 35061.48 133744.25 39546.55 11180.99 219533.27 211568.4 

1996-97 59042.76 246946 57643.56 16666 .. 2 380298.5 351578.9 

2001-02 87975.02 318185.8 85518.68 25725.47 517405.0 530643.7 

2006-07 117685.2 367077.4 129256.2 40498.03 654516.9 794309.9 



replacing diesel pumps, the consumption requirement of electricity 

would go up considerably. Therefore, it is expected that over the 

next two plans the agricultural sector would become highly power 

intensive, as the growth rate in electricity requirement is much 

higher than the growth rate in value added in this sector. Thus, 

the share of agricultural sector in total demand for electricity 

is expected to increase substantially over the next two plans. We 

may mention here that besides electricity requirements for 

irrigational purposes, there are other uses to which electricity 

is put to in the agricultural sector. This demand is also expected 

to go up with the prosperity of the farmers and with greater 

acces.sibil ity to electricity. It is not an absurd propos it ion, 

that demand for electricity for these purposes would also go up 

over the next two plans, which will only add to the pow.er 

int·en.siv-enes:s of this sector. 

The commerci.al s·ector Ls e-xpected to g..r:ow over t'he 

nex:t t.wo plana. a-nd assume an impurtant position in the de-velopment 

pro:ce:S;s. The commer-cial s;ect-or bei.n.g an important consumer of 

el-ec:tric·ity, Ls e:x.pe'C.ted to incre:ase its demand over the next two 

pl:a.-:rs". T:h:e dem:an:d fo.r electricity i.n this s-ector is expected to 

g:z:ow at the ra.t.e of 8.4% 'p.a. between 1990-91 and 2006-07. over 

t:tre 9th Pl.an and t·he lOth Plan Lt is e-xpected to grow at the ra.te 

o:f 9c% p. a.. and 9 .5% p. a. respect:i ve ly. This sector is exp-ect·ed to 

become highly pow.er intensive over the next two plans. The 

commercial sec-tors share in total consumption of electricity is 

also expe-cted to .g.o up over the next two plans. 

Therefqre, the high growth rates in these three 

sectors would considerably raise the demand for electricity in the 

economy. Going by the projections of the Planning Commission the 

growth in the demand for electricity for the transport sector over 

the next two plans won't be substantial and its share in total 

demand for electricity should be slightly more than 1%. 
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As far as the demand for electricity by the industrial 

sector is concerned, it is believed that it will continue to have 

the lion's share in the total demand for electricity. However, the 

growth rate for electricity requirement is expected to be only 

6.5% between 1990-91 and 2006-07. Moreover, the demand for 

electricity is expected to grow at a declining rate with 5.3% 

p.a. over the 9th Plan and 2.9% p.a. over the lOth Plan. With the 

increasing technical efficiency and conservation measures, the 

demand for electricity would be brought down further, in the 

industry. The industry is expected to remain quite power 

intensive over the next two plans, though the s·hare of electricity 

demand in total deman-d is expe-cted to declinE ovBr the next two 

pla-ns. 

Howeve-r, ou.r observa_tions about the dema-nd pattern for 

th-e vari.ous s-ectcr·s is ob-viously within the bo.un.d:s of the 

as-sumptions we made duri.ng the analysis. There are additional 

f.ac:t:ors which w.e hav-e not co~n.si.dered but cause t.he demand to 

io~creas·e further, some of which we have already mentioned as 

pa·ssing comments .. 

\-lith proactive efforts being taken by the governmen~., 

as clearly mentioned in the 8th Plan document, to increase the 

pa-c-e o£ e.lectr if ication and develop the rural non agr icu 1 tural 

sector, it is expected that during the 9th Plan and by the end of 

lOth Plan a considerable increase in demand for electricity in 

rural sector shall take place. More households sha 11 be 

electrified and all rural households shall have access to 

electricity by the lOth Plan. With the increase in rural income, 

electricity shall be increasingly affordable. Besides these, the 

effective population control programmes, which are being 

undertaken, imply a change in the fertility behaviour of the 

society. Such change can only come about with the extension of 

health care and methods of ensuring child survival, an increase in 
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income, the spread of education ·and literacy, and growth of 

employment opportunities. All these would materialize through a 

larger use of electricity. 

With increasing income in the rural sector and 

increasing pace of rural electrification, more farmers should be 

able to afford to operate electric pumpsets. With increasing 

credit facilities, the number of electric pumpsets would increase. 

These would increase the consumption of electricity over the 9th. 

and lOth Plans. Increase in development would require the 

agricultural productivity to go up. This will raise the 

utilisation rate of th~ pumpsets and increase the potential demand 

for electricity. Actual demand., however, will be conside-red by the 

.availability of ground w.ater. 

With ir.cre:as.ing pace of te.c.hnologica1 inncrvatiDn and 

con.gcervation measures the demand for electricity in the industrial 

sector is expected t!J come do.wn over tne ne-xt two plans. But it 

will still continue to be tbe major consumer of electri.city. 

All these together will c.reate a lot of pressure on 

t:he demand for electricity, in addition to what we have already 

obs-erved from our projections. It is clear from the above sectoral 

analysis of our projections that the economy will continue to 

undergo a structural change over the 9th and lOth Plans. Such a 

structural change in the economy, in the path of development, will 

push up the demand for electricity to a considerable extent. The 

increasing pace of electrification of· rural sector undertaken 

during the 8th Plan will have its impact felt in the 9th and lOth 

Plan through a significant rise in demand for electricity in the 

residential and agricultural sectors. The commercial and services 

sector will gain in importance and will contribute to increase the 

demand for electricity substantially by the end of the lOth Plan. 
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To test for the credibility of our projections, let us 

compare our projections, for the terminal years of the lOth Plan, 

with those of Energy Policy Division (EPD) study (1991) and 

Advisory Board on Energy Study (1985). On comparing our 

projections with those of the study by EPD (1991) and ABE (1985), 

we observe that the projections are not exactly same. But 

considering the fact that different methodologies and assumptions 

are adopted by these studies from ours, the projections are not 

noncomparable. To be slightly more illuminating let us compare the 

projections sector by sector. 

Fo.r the residential s.ect·or if we choose the projection 

of A-B-E cor.re-sponding to popula-tion 1046 million and for EPD study 

1060 milli:on f·or the ye-ar 2004-05 and c·ompare our projections 

c.o.rre:s:pon.d.i:ng to population 1.08.6 milli-o-n in 2006-07, we obsexve 

t.hat with pr~rject_ion ll7. 7 T.Vh our projections are different from 

ho±h ABE's with 100 Tw~ and EPD study 134.4 TWh. Th-e EPD study 

ta•ke explic±t assumption that by 2004-05 all house-s will be 

co:mp.letely e±ectri£ied ami electricit-y wLll replace kerosene for 

lighting. Bes-ides this, their a:s.sumptians on poverty r.atio, me'an 

monthly per c:apit:a expenditure, urb.anisa.tion factors and share of 

electricity i:n total expenditure on fue·l and light are different 

from ours. Th-e EPD study have assumed a constant GDP growth rate 

of 6% p. a.. As regards our discrepancy with ABE study may be 

attributed to different methodology, assumptions and data source. 

We have used the NSSO data for 38th Round and used price of 

electricity implicit in the data. 

As regards the projections for the agricultural sector 

our projection of 129.3 TWh in 2006-07 is much more comparable to 

those of EPD study with 109.2 TWh than the ABE's with 42-45.2 TWh. 

Whatever difference exists in our projections with the EPD study 

may be attributed to the difference in methodology and some of the 

assumptions. For example the assumptions on utilisation rate are 
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different from ours. The model used to carry out projections are 

also different. On the other hand ABE study estimated electricity 

requirements using regression techniques, by projecting number of 

pumpsets, which were correlated to value of output and using norms 

they obtained the electricity requirements. As regards norms on 

utilization rate of a pump, they used their best judgement to 

make the assumption. They, thus, assumed the utilization rate 3588 

Kwh/pump which is lower than our assumption. This can explain 

somewhat the difference in their projection from ours. 

For the industrial sector, our projections of 367 TWh 

in 2006-07 dt'lt,. much more compar.atle to t.hose of ABE's end use 

es.timates of 367 TWh in 2004-05, t.han their regression e.stimat.es 

of 267 TWh in 2004-05. The EFD study 1t.s-ed a dis.aggre:.g:ated 

an.aly.sis by obt.aining trends of con:;,umpti..on of energy in d.i.f:fe.rent 

industries. Be:Sides c:omrider.Lng t·he energy require.me:nt of t·he 

major energy c-onsum.i.n.g indu.st.r..i.e.s, they c.!Jl'Tsidered the s.cope uf 

en-ergy conse-rvation and c:hange•s in technology mix w.b-il.e carry i.ng 

out project ions. B.u::t S'U-C-b energ-y cons-ervation and c-ha:n-gE:-s in 

technology mix w-ere not considered by ABE study. In that s-ense 

the E"PD study was a-n improvement over ABE study. However, t:h.e 

re-sults o-f the EPD study are comparable to tho.se of A£E · s 

re.g.res-s ion analys.Ls. Becaus-.e of different methodology a:1d 

assumption made for projection by EPD study, our projections are 

not exactly comparable to theirs. In o·ur projections we have 

neither incorporated energy conservation measures no~ change in 

technology mix. However, we have incorporated the fuel and 

non-fuel factor substitution possibilities in the model. 

As regards the projections for commercial sector, our 

projections of 40.5 TWh in 2006-07 are slightly lower than the EPD 

study's projection of 49.4 TWh in 2004-05. But this is probably 

because of the different methodology and assumption used for 

projection. They used a linear equation for projection whereas we 
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have used the elasticity factor to carry out projection. Also they 

have assumed a constant GOP growth rate of 6% p. a. which is 

different from our assumption on GOP growth rates. Still both 

projections are comparable. 

Thus, by and large, our projections for the terminal 

years of the lOth Plan are comparable to the earlier studies. It 

is therefore, quite evident from our projections, that the demand 

for electricity by the terminal year of the Tenth Plan will be 

substantially high. If we consider our projections to be 

indicative, then it has serious implications for the future 

development of the economy and its su-stainability. Since the power 

secto-r involves long g.estation period, p-ower planning has to be 

conducted 15 to 20 years in a-dvan:ce. Unle-ss serious consideration 

i.s given now to meet the requirement of electricity, th-en it is 

bou·nd tn have serious repe.rcuss.ions -on the economy o s performance o 

The present scenario of t.he power situation is not 

t.o.o en-c-ou:r:a::ging .{~ere is a per.s is.tent s·hortfall of achievement 

ovEr target in ca-pacity addition. In 1990-91 the gap was 36.49%, 

in 1991-92 this 20.49% and in 1992-93 about. 20.66%; which shows 

that t:b:is will cost the economy dearly in future. The overall 

problem:s in the power sector, at present, fall into several 

categories. These include, resource crunch for further addition of 

capacity, generation inefficiencies, high transmission and 

distribution losses, theft and pilferages of power in agriculture, 

industry and household sectors, and increasing losses of State 

Electricity Boards. On top of this an optimal generation mix is 

lacking, leading to unnecessary wastage of non-renewable resources 

and creating environmental hazards. 

The current poor performance of the power sector with 

supply shortage and poor voltage conditions in most parts of the 

country are having serious adverse effects on industry and 
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agriculture. An obvious consequence of this is that industrial 

units engaged in export oriented manufacturing and other large 

industrial units have started installing diesel generating sets. 

Farmers who can afford to keep standby diesel pumpsets and a 

section of domestic consumers are acquiring portable gene'rators. 

This raises the demand for petroleum products, which in turn has 

serious repercussions on the financial health and competitiveness 

of the economy. 

However, the main problem with the power sector in 

India has be.en the financial performance of the power sector, 

going from bad to worse everyd-a-y. In 1992-93 the losses incurred 

by the State Electricity Boards (SEE's) amounted to Rs 47 bLllion 

( E co n·o-rn i c Surv-ey , 1993-94) These losses are not only 

un_s.ust.ainable but h-av-e in.cr.ea-sed becau,:oe of wflat.ion, low levels 

o:f operational efficiency a-nd high transmission and distribution 

Lo-s--se-s. T'b-es-e have been further c1ggravated by the populist and 

hi.g:hly subsidised tar..i.ff-s r-a-tes tor agricultural, do.me.stic and 

industria.l se-ctors. Cb~ electri.city in the form of low tariff 
/ 

that is tieing charged has p:.:-t g-ene rat ion and supply under 

tremendous prl:!'S·sure. The costs of generation and distribution have 

risen but the recovery, in the form of tariff rate-s, is very low. 

Given the present power sit~ation to prevail in future, our 

projections of demand have very little chances of being met. This 

will then have very serious repercussions on the economy. 

Unless the performance of the power sector improves 

the target growth rates of GOP and objectives of economic 

liberalization will never be achieved. The power sector being 

highly capital intensive requires large capital investments to 

set up additional generating capacity, and distribution and 

transmission facilities. So given the indicative projections for 

the terminal year of the lOth Plan, the need of the hour is enough 
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resources to be mobilised, and improvement in the technical and 

financial health of the power sector, if the demand has to be met 

and make the development process sustainable. 

These ask for some measures to be taken for the better 

performance of the power sector. 

Among the measures is, structural reform of the SEB's. 

The SEB's should be split into entities in charge of generation 

and distribution with separate accounts and accountability. 

Pro-fessionalism in various manag€ment disciplines, and financial 

and personnel mana-gement needs to be improved in SEs-· s. There is a 

high degree of ov-er st-a-ffing at all level_s in most of the SEB's. 

Fin-.an:ciaJ. viability o.f t-he SEE's nave to b-e prevented 

from eroding. This can be brought about t-hrough r-evising the 

·tariff s±ruct.ure pe-riodically, so a.s t.o keep p:ace with the 

in-fLationary i.r:crease:s iJ:l t-h:e c-ost of po.wer supply. The gap 

betwe-en the unit cost of p:ower su·pply and the r-evenue rat.e 

re-alis€d from some consumer categories, p·art.ic:aJ.arly farmers, have 

incr-eased substantially ov'Er the ye-ars. Thes-e agr icul tura 1 

consumers contribute to only 5% of the r-evenu€s r-ealise-d by the 

SEB's, when about a one t.hird of the electricity is sold to them. 

On the other hand, agricultural subsidy has increased from 17% in 

early 1980s to 27% in 1991-92. Even the domestic sector is highly 

subsidised. Part of these losses due to subsidies were regained 

through the surpluses generated from sale to industrial, 

commercial and other sectors. Inspite of this, the uncovered 

subsidy was Rs 4700 crores in 1992-93, and is likely to increase 

to Rs 4935 crores in 1993-94. However, if the SEB's were to earn 

only the stipulated 3% of returns, they would generate an 

additional revenue of more than Rs 6000 crores in 1993-94. If the 

tariff in agriculture was raised to 50 paise/KWh, the overall rate 
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of return would earn• SEB's an additional revenue of Rs 1924 

crore in 1993-94. Thus, periodic revision of tariff structures 

would improve the financial health of the SEB's substantially. 

The operational performance of the generating stations 

need to be improved by setting up dedicated forces. These task 

forces should set up programmes and plans for eliminating and 

solving all adverse factors related ·to the functioning or 

operation of the generating stations. The continued high 

tran-smission and distribution (T&D) losses have plagued the SEB's. 

The T&D losses have remained above 22%. These are mainly due to a 

sparsely distributed load over large area, mainly in the rural 

sect-ors., lack of investment in the transmission systems and higb 

d-egree of pilfez::age of power. Th.ese losses c·an be brought down 

throug-h system improvement scheme-s .an-d investments in T&D systems. 

Such i-nve-stments may prove to be highly productive; e.g. adding 

l.MW o·f power to the grid through reduction in T&D losses is far 

m-ore ·economical th-an adding the same by setting up new generating 

capa:c i t.ies . 

In or-der to smooth the process of capacity addition 

and releas'B investible resources the Government has openned the 

gate£ for d-omestic and foreign private companies, by amending the 

Indian Electricity Act, 1910, and Electricity Supply Act, 1948. 

Attractive incentives are being given to the domestic and foreign 

private sectors but the response is not as encouraging as it was 

thought. The objective of the private sector is to earn optimum 

returns on investment. It is the financial performance of the 

SEB's and low current rate of return which is keeping them back. 

Besides these there are other problems to private sector 

participation. Without going into all that detail, we may say 

that the approach for involving private parties should be recast 

without any delay and the SEB's should increase their strength to 
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' 
invite bidders and negotiate with them, if necessary with external 

assistance. Private sector should be invited in large scale to 

the area of power distribution. 

Most of the projects implemented by power utilities 

are capital intensive, and hence cost and time overruns are very 

costly, not to forget the adverse impact on GOP growth rate caused 

by supply shortages. Thus, good project management which includes 

s·tructuring new institutions, development of detailed management 

system, etc., may improve the situation to a great extent. 

Demand side management is o£ten not ful.ly appreciated, 

but has the power to ameliorate the failing situation to a great 

extent. Th.u:s, throu.g.h mana-gemen-t of e~ectrical e-nergy on the 

consumption side, .a highe-r rate o_f return may be ac-hiev-ex:l. Demand 

side ma-nagement includes restructur_in.g of t.arLf-£s r.ates and T.&D 

lOSS'BS; which w:e rra·v-e already dis=cussed. Through energy 

conservation the p:o.we:r :&e'ctor c:an g:ain a lot of Lost ground. 

Ac-corcLing to tiTe expert groups, e:m::::.w.g::h s·av ings- o.f all forms of 

energy is pc:sB:i.ble in the ir..dustr-ia.l s-ector. The potentia~ energy 

savings in the agric-.:~ltural s<ector was estima.ted at 30% of the 

total consumption of electricity. A lot o£ this wasteful 

consumption ar_ise-s from the exceptionally low tariff structure in 

agricultural sector. Ac-cording to the expert group set upto in 

1982, the potential fo·r saving electricity in just these two 

sectors could be 2000 MW. This is almost the capacity that may be 

added during the 8th Plan at a capital cost of 5000 crore. the 

estimate that the experts provided show that by spending ohly one 

third of this amount the necessary amount may be saved through 

conservation measures. The areas of conservation inc 1 ude 

cogeneration, installation of instrumentation and computerised 

process control system, _and the adoption of newer energy efficient 

technologies. 
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If we consider our projections to be indicative, 

rather than precise numbers, of the size and pattern of 

electricity demand in the terminal years of the target plans, then 

it is clear that by the end of the Tenth Plan India will become 

highly power intensive. Along with development India will 

experience a structural change, which will be the major 

contributor in making the economy power intensive. Within the 

existing framework there is very little scope for electricity 

conservation. When we talk about demand increasing substantially 

by the terminal year of the Tenth Plan, we i.mpl.icitly assu.me that 

the development process will continue, with the economy moving 

alon-g its target growth path unhindez:ed. But we can-n-ot ignore th.e 

causality which run-s from electricity requ.irement to GOP. 

To surr; up, therefore., t:hi..s entire study was devote-d t:o 

obtain pr.oje:c.ti_ons fo.r the e.l.e:ctricity r-eq:ui..rem'2-nts for t.b-e 

term.Lnal years of the target pl.ans. But these project ions wer.:; 

ba-sed on the a-s.sumptLons of ta.rget GDP growth rates. The toreca.st~s 

imply thai: if t.h.e economy move-s towards t.h.es.e GDP growth rat.es, 

th-en the industry would demand more power and Indian farmers would 

clamour for more of the same. The urban and rural household will 

join the cacophony. This will lead to an explosive situation in 

the country if the existing power performance ccntinu~s in future. 

The measures sug.gested will be able to ameliorate the situation 

somewhat and also release enough funds to carry out proper supply 

side planning efficiently. We did not concern us with the supply 

side story here, but which needs to be considered to get a 

complete view of the power situation in future. This we propose to 

keep for future research. 

side, 

It is true that a more detailed analysis of the demand 

taking into consideration electricity using appliance 

stocks, statewise or regionwise disaggregation, industrywise 

disaggregation, separate analysis for energy intensive industries, 
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disaggregation into agro-climatic zones, etc., would have been 

more fruitful. Even though the models used for the forecasting 

suffer from certain inadequacies, still they provide us with 

valuable insights, such as insensitivity of consumption of 

electricity to its price, robustness of GOP as a forecasting tool, 

significance of the effect of spending ability on consumption, 

etc. There is scope for improvement and further research in this 

area, but for that an improved database is required. However, 

given the limitations of data and time this study is indicative 

enough of the critical power demand situat~on of tbe economy by 

the terminal year of the Tenth Plan. It is also apprehended that, 

given the indicative proje-ctions, unle-s-s the p:erformance of the 

power secto-r improves the objective o:f gnvernment liberalization 

policies and growth in GUP are not Like~y t.:o be achie-ved. 
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APPENDICES 



I 

APPENDIX TO CHAPTER 3 

l3.A.Ll We have already seen in the previous two models as to 

how expectation might play an impoFtant role in the evolution of 

demand for electricity. But both the models do not incorporate 

price of electricity as an explanatory variable. So we look at the 

expectation model in a different framework by incorporating price 

of electricity as an explanatory variable. In doing so we adopt a 

model similar to that used by Saram, Anandlingam and Mubayi (1987) 

to estimate demand for petroleum products in Sri Lanka. 

Often adjustment to price changes in consumption 

cannot be made irr~ediately in th~ short run because of factors 

such as existing technology, ex i s t i n g a p p 1 i a 11 c e s 1t o c k , 

infrastructural requirements, geographical location, habits, etc. 

As a consequence, benefits to the full extent cannot be reaped 

immediately, which takes a longer time at the expense of some 

costs. So, optimal level of consumption may take some time to be 

achieved. The model, thus, takes the form of partial adjustment 

model. 

Therefore, the demand function takes the form: 

* 
ct a(yt)J3 r 

(Pt) ' (A) 

where, 

* 
ct desired optimal per capita consumption in the ith 

period. 

Ct per capita consumption in tth period 



Yt per capita income in tth period 

Pt =telAL:vt price of electricity. 

The partial adjustment mechanism is specified as 

where, 

ct -------
* 

1-n 
) 

ut disturbance term 

, o ::s n ::s 1 (B) 

The error term 1s introduced in the specification of ct in 

equation (B) and not Ln (A). 

Now, carrying out nece-ssary logarithmic transformation to (A) and 

(B) and combining thetl' we obtain, 

(C) 

The presence of lagged dependent variable as an 

explanatory variables has similar undesirable consequences as the 

previous two models. As a result, Durbin's h-test to test for the 

existence of autocorrelation and instrumental variable estimation 

procedure needs to be adopted. Estimated value of Ct-l is used 

instead of Ct-l in the equation (C) to obtain estimates of the 

coefficients. 

The data used to estimate the model is a time series 

for the period 1960-61 to 1990-91. Data for per capita consumption 

and per capita income variables are same as those used for the 



previous two expectation models. Data for the price variable is 

taken as that used in the translog functional form model in 

section 3.3. 

The results are tabulated below, 

h -0.06432 

therefore, 

lhl < 1.96 

So we do not reject the null hypothesis of the non 

existence of autocorrelation. 

Variable Coefficients t-statistics 2 tail significance 

Constant -1.855 -2.643 0.014 

lnyt 0.271 1.908 0.068 

lnPt 0.082 1.342 0.192 

lnct_ 1 0.897 20.001 0.000 

dependent variable = lnct 

The parameter estimates are: 

n 0.896 , a -17.84 f3 2.60, r = 0.78 

R2 = 0.9975 shows that variance in dependent variable is very well 
explained by the explanatory variables. 

OW = 2.0364, h = -0.0999, shows the absence of autocorrelation in 

the estimated equation. 



However, both the lnyt and lnPt are insignificant at 

5% level of significance. Price variable is highly insignificant. 

This is not an unnatural phenomenon as price of electricity is 

administered in India and does not really affect the consumption 

decision. Which could also explain for opposite sign of the 

coefficient for price variable. 

Using the above estimates we obtained estimates of 

elasticities: under non-optimal conditions they are, 

~11 -~=~=~- n(1-n) 0.27 
olnyt 

~12 -~=~=~- Y(1-n) 0.08 
olnPt 

~hus we have a positive, but very small, price 

elasticity for consumption of electricity, which could be because 

of the fact that prices being administered do not affect 

consumption decision. 

Elasticity under optimal conditions are: 

~1 2.6 

0.78 

The income elasticity though small under non optimal conditions or 

in short run, in the long run it is highly elastic. Moreover, 

both the long run elasticities are greater than short run 



elasticities. This conforms to the theory that adjustment take 

longer time which requires dynamics to be build in the model 

explicitly. 

However, since both lnyt and lnPt coefficients are 

statistically insignificant ~owe co\lld not use this model for the 

purpose of projection. The model, moreover, suffers from the 

drawback that fixed adjustment rates are assumed; but a more 

serious criticism is that same rate of adjustment is adopted for 

both price and income. This is slightly unrealistic because even 

though the form of adjustment may be similar, there is no a priori 

reason to believe why the speed of adjustment should be same. -
[3 .A.2j Step~ise regression procedure is often used 

deciding the best set ox explanatory variables for a regression 

model. The procedure is to introduce explanatory variables one at 

a time and calculating the F-statistic and deciding on whether to 

keep the variable or drop it. once decided to keep the first 

explanatory variable a second one is introduced and F-statistic is 

calculated a fresh for both variables. Then it is decided whether 

to keep both or reject one of them. This procedure continues till 

no more variables can be added to the model. Thus, the decision 

to add or drop a variable is usually made on the basis of the 

contribution of that variable to the explained sum of squares as 

judged by the F-test. Therefore, stepwise regression takes care 

of inclusion of irrelevant variables which lowers the tolerance or 

raises the standard error of the variables. 

Tolerance is defined as 1-R. 2 where R. 2 indicate that 
~ ~ 

the ith independent variable is almost a linear function or 

combination of other independent variables. thus, is the 

multiple correlation when ith independent variable is reg:Y"C.S.Se4. 

on all other independent variables. 



Standard error of the ith independent variable, s8 i is 

given by, 

s1-____ 2 _________ 2 
( 1-Rt ) ( n -1 ) S i 

where, 

S sample standard error 

Si sample standard error when ith independent variable is 

the dependent variable. 

Stepwise regression procedures are used to take account of the 

multico~nearity problem in the data. 

Method of Obtaining Principal Components 

Suppose lf.•e have a matrix of explanatory variables X of 

n obse:rv-ations on K variables: 

l 
xll XKl l I ........ 

X i 
I 

x1n ........ XKn I 
L 

Here observations have been standardized by using their sample 

mean and standard deviation. This makes the variables free of 

units. The method requires transformation of the X's' to a new set 

of variables which will be pairwise uncorrelated and of which the 

fi"rst will have the maximum possible variance, the second the 

maximum variance among those uncorrelated with the first, and so 

on and forth. 

1, ... , n 



denote the first new variable 

therefore in matrix form, P1 xa 1 

where P1 is an n - element vector and a 1 is k - element vector. 

The sum of squares of P1 is 

In order to maximize P1 o P1 , the constraint a 1 'a 1 =1 is imposed 

(otherwise P1 oP 1 would be unbounded). 

So, L 

or L 

Now, 

oL 
0 

therefore, 

(X 0 X)a 1 

Thus, a 1 is an eigen "ec..to1- of (X oX) corresponding to the 

characteristic root n1 . 

a 1 ox•xa1 = n1a 1 oa 1 = n
1

, 

( b~c.o...~ . a1 o a1 1) 

So, largest n1 is chosen, to maximize P1 oP 1 , among all the eigen 

values of (X'X). 



• 

For (X'X) positive definite, it will have positive eigen values. 

Then the first principal component of X is P1 . 

Now say, P2 

maximum subject to a 2 •a2 

xa 2 and choose a 2 such that P 2 'P2 is 

1 and a 1 •a2 = 0. The second constraint 

ensures that P 2 is uncorrelated .to P 1 , because eigen vectors 

corresponding to distinct eigen values are orthogonal . 

0 

Thus covariation between P1 and P2 is zero. 

therefore, 

aL 
0 

or 0 

But 0 

therefore, p 0 

Therefore n2 is so chosen that it is the second 

largest latent root of (X' X} as (X' X}~:: C\2-· CA..2. 



Proceeding in the way for each of K roots of (X'X) and 

assembling the resulting vectors in the orthogonal matrix, A, 

the K principal componentsis obtained. 

therefore, P XA 

where, 

P matrix of K principal components; matrix is nxK. 

p•p A' X' >:A r diagonal matrix of eigen values. 

[therefore, orthogonal matrix of eigen vectors diagonalises X'X] 

Thus principal compone-nts are pairwise uncorrelated 

and that their variances are given by, 

ni , i=l, ....... K. 

Total variation in X's is given by, 

+ • • • • • + t't' (X' X) 

but tr(A'X'XA) 

therefore, 

K n 2 
~ ~ x.t 

i=l t=l ~ 

therefore, 

tr(X'XAA') = tr(X'X); A'A=I 

tr (X'X) tr (A'X'XA) 
K 
~ n. 

i=l 1. 



n• ___ ],.._ 

En. 
~ 

proportion of contribution of each principal 
component to the total variation of the X'S. 

Only a small number of principal components account 

for a large variation in the X's. 

According to Kaiser's decision rule only those 

principal components with latent roots greater than 1 are to be 

retained. So all principal components are not used; some are left 

out of the analysis. 

This method can be used to remedy multicoUinearity in 

the model, which _W.,alidates the OLS estimation procedure to the 

original mode_l. so the original model can be transformed to 

another model using the principal components, as the new set of 

explanatory variables. Since th-ere is no correlationship between 

the principal components, one can apply OLS technique to the 

transformed model and obtain estimates of the coefficients, the 

coefficients of the original mod'El ca.n be obtained, this is a 

popular technique inspite of severe criticisms. 

So even though in the original model of form: 

y Xf3+E , X matrix of explanatory variables. 

OLS technique was ~pplicable because of the 

presence of multicollinearity in the model; OLS technique is 

applicable to the transformed model of form: 

Y = PT + U. , P matrix of principal components generated 

from the X matrix. 



(Johnston, J., "Econometric Methods", (3rd edn.), McGraw Hill, 

1984, pg. 536-540). 

l3•J\•4\ P3 and P4 are principal component of case (b). 

lniE error term 

applying OLS to this equation we obtain the result: 

Variable Coefficient 2 tail significance 

Constant -2.810 0.000 

0.361 0.000 

0.038 0.002 

R2 
= 0.9725 

D-W. 1. 166, no auto{;orrelation at 1% level of 
0 • & • Sl.gnl. ... :o.cance. 

Using these coefficient estimat.e.s we obtain the estimates of the 

model represented by equation (45) as: 

lniE = -5.189 + 0.217lny - 0.276lnP + 0.088lnPs + 0.059lnt 

+ O.Ol4(lny) 2 + 0.004(lny)(lnP) + 0.011(lny)(lnPs) 

+ 0.007 (lny)(lnt) - 0.031 (lnP) 2 + 0.008(lnP) (lnPs) 

+ 0.012 (lnP)(lnt) + 0.011 (lnPs) 2 + 0.012(lnPs)(lnt) 

+ 0.013 (lnt) 2 

Projections in the presence of autocorrelated 

disturbance terms requires consideration of estimated 

autocorrelation coefficients and error term of the final model. 

This is so because we have obtained estimate of the parameters of 

a function whose error terms are autocorrelated. Thus, what we do 

is estimate the parameters from the transformed data, 



where 

P autocorrelation coefficient. 

We are given the values of X's in period (n+l), where n is the 

last observation of our sample and we want to estimate the value 

of Y in period (n+l). 

"The most efficient prediction is obtained from the 

expression 

where, 

en = residual of the n-th observation in final model 

P* = estimated autocorrelation coefficient from final 

ite-ration. 

3{* estimates of 3i's from the transformed variables in 

the final iteration 

Projections of Aggregate Consumption of Electricity in 

GWh using the expectation model are given below: 



Year 

1996-97 

2001-02 

2006-07 

Projections (with 
, intercept term of 

equation (7)) 

351578.9 

530643.7 

794309.9 

Projections (without 
intercept term of 
equation (7)) 

32· 9141.2 

497460.6 

754029.0 



APPENDIX TO CHAPTER 4 

\4.A.l~ In order to estimate the Engel's function we have 

pooled the data. While pooling the data we have assumed that the 

data is cross sectionally heteroscedastic and time wise 

autoregressive. Thus the model and its stochastic specification is 

as follows: 

and 

where, 

for all i, for all t 

0, for all t + S 

Yit per capit.a monthly expenditure on fuel and light for 

. h ha . th . ~ 
~t s re ~.n t per~ou. 

xit per capita monthly total private final consumption 

p 

d . f . h h . tth . d expen ~ture or ~t s are ~n per~o . 

. f . h . th . d d~sturbance term or ~t state ~n t per~o . 

error term for ith state in tth period 

first order autocorrelation coefficient. 

If I 

0 

e. 
~ 

for all i 1, ..... ,N 



and 

1 p T-1 

[ 
........ P T-2 

] a .. p .1 ........ p. 
E (eiej ') 

__ !}_ • 
l-P2 

. 
pT-~ . . ~ .. . . . 1 

The covariance matrix results from the assumptions on vit" 

Now, in the presence of such a stochastic framework, 

following Kmenta (1971), a feasible generalized least square 

technique is applied. 

\~ BUSE'S R2 

One possibility for a measure of goodness of fit is 

the R2 obtained by applying least squares t-o the whole sy-stem. If 

we me.asu-re the proportion of explained va.riatJ.on in y for a given 

equat.ion around th-e mean for that equation, this definition is 

given by, 

-' 
e e 

1 -

where 

e = y - XJ3 are the least square residuals 

and 

j j' 
DT IT - ----- with j (1. .. 1. .. 1)' 

T 

The matrix DT transforms a given yi from its original observations 

into deviations around its mean; DT is idempotent and 



If R. 2 is the coefficient for determination for the ith equation, 
l. 

then 

M 
!: 

i=l 
R~ --~!~-~I-~~---

1. y • (I M ® DT) y 

Thus, this definition is a weighted average of the 

coefficients for each equation with the weight of the ith equation 

given by the equations proportion of the total dependent variable 

variation. However, it is based on lea.st squares residuals not 

those of the GL5 estimator. Thus, Buse proposed that the problem 

can be overcome by using Feasible GLS resLduals, 

place of ~' but there is a possibility ~hat R2 may 

this case (Judge, et.al., 1985). 

,oJ ,_, ' 

e = y-x Pc,l..~ l.n 

be negative in 



B The assumptions for sensitivity analysis are given 

below: 

Case 2: Assumptions (in '83-'84 Prices) - Rural 

1990-91 1996-97 2001-02 2006-07 

------------------------------------------------------------------
GOP (Rs crore) 271310 346400 454881 608733 

PFCE (Rs crore) 201093 251881 324544 424569 

Population 837 925 1006 1086 
(millions) 

Rural populatLor. 619 6-68 699 723 
(millions) 

Urbanization fac_t_or 1. 57 1.57 1.5 1. 45 

Share of expenditur-e 0.10 0.15 0.20 0.22 
on electricity in 
total expenditure 
on fuel and light 

Implicit price of 0.43 0.43 0.43 0.43 
electricity in Rs/ 
KWh 



Case 2: Assumptions (in '83-'84 Prices) -Urban 

1990-91 1996-97 2001-02 2006-07 

GOP (Rs crore) 271310 346400 454881 608733 

PFCE (Rs crore) 201093 251881 324544 424569 

Population 837 925 1006 1086 

(millions) 

Rural population 218 257 307 363 

(millions) 

Urbanization factor 1. 57 1. 57 1.5 1. 45 

Share of expenditure 0.22 0.25 0.27 0.29 

on electricity in 
total expenditure 
on fuel and light 

Implicit pric·e of 0.49 0.49 0.49 0.49 

electricity in Rs/ 
KW.h 
------------------------------·-·--------------------------------



4·A?:>(C.OM~-) Case 3: Assumptions (in '83-'84 Prices) -Rural 

1990-91 1996-97 2001-02 2006-07 

------------------------------------------------------------------
GOP (Rs crore) 271310 354389 485539 680994 

PFCE (Rs crore) 201093 258691 345861 4 72526 

Population 837 925 1006 1086 
(millions) 

Rural population 619 668 699 723 
(millions) 

Urbanization factor 1.57 1. 57 1.5 1. 45 

Share of expenditure 0.10 0.15 0. 20 0.22 
on elect.r ic i ty in 
tot.a.l expendit.u.r_e 
on foel .and light 

Implicit ·price of 0. 4.3 0.43 0.43 0.43 
electricity in Rs/ 

KWh 

----------------------------------------------------------



4· A·?J (Co"td-) Case 3: Assumptions (in '83-' 84 Prices) - Urban 

1990-91 1996-97 2001-02 2006-07 

------------------------------------------------------------------
GOP (Rs crore) 271310 354389 485539 680994 

PFCE (Rs crore) 201093 258691 345861 472526 

Population 837 925 1006 1086 
(millions) 

Rural population 218 257 307 363 
(millions) 

Urbanization· factor 1. 57 1. 57 1.5 1.45 

Share of expendic.ure 0.22 0.25 0.27 0.29 
on electricity in 
total expenditu.re 
on fuel and light 

Implicit price of 0.49 0.49 0.49 0.49 

electricity in RB/ 
KWh 



\ 4 .A. 4 1 Projections of Distribution of Monthly Consumption 
~xpenditure Per Person ~or Different Terminal Years 

RURAL 

consumption expenditure 
clabses Rs/month/person 

Lower limit Upper limit 

BASE CASE 

Assumed mean 
of class em·­
penditure 
He/month/ 
per-son 

UNIT: MILLION 

Population 

1990-91 1996-97 2001-02 2006-07 

--------------------------------------------·---------------------------------------------
0 50 3 5. ~it 16.22 0.844285 0.326083 0.012580 

50 60 55.23 16.34 2.361313 0.978110 0.065359 
60 70 65. 15 23.21 5.174795 2.354092 0.247482 
70 85 77.35 42.46 16.69499 7.935187 1.255055 
85 100 92.28 49.64 26.89755 15.22268 3.583766 

100 125 111. 52 86.29 72.76463 44.51141 15.12790 
125 150 136.45 80.28 90.86483 62.98542 31.86868 
150 200 171.16 120.02 173.9526 151.6100 109.5217 
200 250 221.46 75.46 120.9556 137.9644 136.8699 
250 300 272.12 44.82 73.94132 101.5842 128.7073 

> 300 445.47 64.26 83.54802 173.5282 295.7401 

Poverty Ratio 27% 10% 5% 1% 

Mean consumption expenditure 174.36 199.65 241.10 300.29 
(Rsfmohthfperson) 

Average expenditure on fuel 10.13 11.27 12.65 14.23 
and light (Rsfmonthfperson) 

Average monthly expenditure 1. 01 1. 69 2.53 3.13 
on electricity (Rsfmonth/ 
person) 



~ Projections of Distrib~tion of Monthly Consumption 
~~penditure Per Person For Pifferent Terminal Years 

Consumption expenditure 
classes Ra/month/persoh 

Lower limit Upper limit 

0 50 
50 60 
60 70 
70 85 
85 100 

100 125 
125 150 
150 200 
200 250 
250 300 

> 300 

poverty Ratio 

Mean c:onsumption expenditure 
(Rsjmonth/person) 

Average expenditure on fuel 
and light (Rsfmonth/person) 

Average monthly expenditure 
on electricity (Rsjmonth/ 
person) 

CASE 2 

Assumed mean 
of claas ex­
penditure 
Rs/mont~h/ 

person 

35. O.H 
55.23 
65.15 
77.35 
92.213 

111.52 
136.45 
171.16 
221.46 
272.12 
445.47 

UNIT: MILLION 

Population 

1990-91 1996-97 2001-02 

16.22 0.054508 0.001537 
16.34 0.344688 0.016356 
23.21 1.30761 0.102193 
42.46 6.459159 0.854946 
49.64 16.36767 3.365545 
86.29 59.01439 19.69069 
80.28 93.03596 47.29629 

120.02 210.3614 169.5326 
75.46 145.2705 185.7123 
44.82 76.66061 130.3421 
64.26 59.12334 142.0853 

27% 5% H 

174.36 199.65 241.10 

1.0.13 11.26 12.77 

1. 01 1. 69 2.55 

2006-07 

o. 000072 
0.000361 
0.003831 
0.054731 
0.329760 
3.287625 

79.51901 
14.891.19 

151.0435 
161.1687 
312.7011 

0.1% 

300.29 

14.56 

3.20 



\4 .A.2J Projections of P.istrib~tion of lofonthly Consumption· 
Exp~ndi.ture Per Person For Diffel:'eQt Terminal Years 

RURAL 

Consumption expenditure 
classes Rs/month/person 

Lower limit Upper limit 

0 50 
50 60 
60 70 
70 85 
85 100 

100 125 
125 150 
150 200 
200 250 
250 300 

> 300 

Poverty Ratio 

Mean consumption expenditure 
(Rsjmonth/person) 

Average expenditure on fuel 
and light (Rsjmonth/person) 

Average monthly expenditure 
on electricity (Rs/month/ 
person) 

CASE 3 

Assumed mean 
of class ex­
penditure 
Rs/month/ 
person 

35. 311+ 
55.23 
65.15 
77.35 
92.28 

111.52 
136.45 
171.16 
221.46 
272.12 
445.47 

UNIT! MILLION 

Population 

1990-91 1996-97 2001-02 

16.22 10.53943 2.730993 
16.34 11.92206 4.191273 
23.21 17.20427 7.529697 
42.46 34.63747 18.03664 
49.64 41.66743 26.08290 
86.29 78.52400 57.47870 
80.28 78.74798 68.72854 

120.02 134.4118 136.8816 
75.46 92.39101 115.5751 
44.82 60.34832 83.78025 
64.26 107.6061 177.9842 

27% 20% 10% 

174.36 199.65 241.10 

10.13 10.99 12.33 

1. 01 1. 65 2. 4 7 . 

2006-07 

0.884084 
1.622556 
3.260223 
8.824865 

14.37107 
36.19591 
51.30726 

116.8881 
113.7301 

94. 1346 
~81. 7811 

5% 

300.29 

13.66 

3.00 



L£:~iJ Projections of Distribut.iop. of Monthly Consumption 
Expenditure Per Person For Different Terminal Years 

URBAN 

Consumption expenditure 
classes Rs/month/person 

Lower limit Upper limit 

0 50 
50 60 
60 70 
70 85 
85 100 

100 125 
125 150 
150 200 
200 250 
250 300 

> 300 

Povert.y Ratio 

Mean consumption expenditure 
(Rs/month/person) 

Average expenditure on fuel 
and light (Rsfmonth/person) 

Average monthly expenditure 
on electricity (Rs/month/ 
person) 

Assumed mean 
of class ex-·· 
penditure 
Rejmonth/ 
peracn1 

34.53 
55.55 
65.32 
77.50 
92.50 

112.08 
1.37.22 
171.94 
222.72 
273.04 
466.06 

UNIT: MILLION 

Population 

1990-91 1996-97 2001-02 

7.50 0.510916 0.138180 
4.95 0.833965 0.290053 
5.82 1.484868 0.604575 
7.94 3.594710 1.772403 

13.34 5.520565 3.242472 
18.07 13.37597 9. 140065. 
18.31 16.70957 13.49142 
31.33 39.08214 36.36043 
24.94 37.15153 41.87876 
19.31 31.60945 39.23751 
66.49 107.1262 160.8441 

27't 10% 5% 

273.7 313.45 361.65 

16.42 17.5 19.03 

3.61 4.38 5.14 

2006-07 

0.004065 
0.016516 
0.052054 
0.233989 
0.620875 
2.667324 
5.693655 

22.83992 
35.65563 
42.94028 

252.2756 

1% 

435.42 

21.14 

6.13 

----------------------------------------------------·-------------------------------------



G'} Projections of Distribution of Monthly Consumption 
Expenditure Per Person For Different Terminal Years 

URBAN 

Consumption expenditure 
classes Rsjmonth/person 

Lower limit Upper limit 

CASE 2 

Assumed mean 
of class ex­
penditure 
Rs/month/ 
person 

UNIT: MILLION 

Population 

1990-91 1996-97 2001-02 2006-07 

------------------------------------------~------------------------------------------------
0 50 34.53 7.50 0.045874 0.00105 0.000006 

50 60 55.55 4.95 0.136955 0.006416 0.000078 
60 70 65.32 5.82 0.344637 0.026893 0.000579 
70 85 77.50 7.94 1.208748 0.155618 0.006197 
85 100 92.56 13.34 2.526335 0.502466 0.033831 

100 125 112.08 18.07 7.934592 2.513838 0.310546 
125 150 137.22 18.31 13.12385 6.231424 1.244690 
150 200 171.94 31.33 37.66895 26.48835 9.563380 
200 250 222.72 24.94 43.13449 42.24433 25.23964 
250 300 273.04 19.31 37.69729 48.60077 40.50455 

> 300 466.06 66.49 113.1782 180.2287 286.0964 

Poverty Ratio 27% 5% 1% 0.1% 

Mean consumption expenditure 273.7 313.45 361.65 435.42 
(Rsjmonth/person) 

Average expenditure on fuel 16.42 18.19 20.12 22.05 
and light (Rsfmonth/person) 

Average monthly expenditure 3.61 4.55 5.43 6.39 
on electricity (Rs/month/ 
person) 



URBAN 

~ Projections of bistributiou· of Monthly Consumption 
Expenditure Per Persoi:l For Different Terminal Years 

CASID 4 UNIT: MILLION 

-----------------------------------~------------------------------------------------------
Consumption expenditure 
classes Rsjmonth/person 

Lower limit Upper limit 

Assumed rnean 
of class ex·­
penditure 
Rs/month/ 
person 

1990-91 

Population 

1996-97 2001-02 2006-07 

------------------------------------------------------------------------------------------
0 50 34.53 7.50 4.941133 1. 032809 0.328260 

so 60 55.55 4.95 3.700491 1.284856 0.516585 
60 70 65.32 5.82 4.880712 1.950678 0.948373 
70 85 77.50 7.94 8.814817 4.547652 2.310059 
85 100 92.56 13.34 9.806323 6.371754 3.770807 

100 125 112.08 18.07 18.65578 14.00730 9. 715876 
125 150 137.22 18.31 18.82997 18.04125 13.38972 
150 200 171.94 31.33 36.49520 39.01758 33.91977 
200 250 222.72 24.94 28.52355 38.13179 39.55004 
250 300 273.04 19.31 25.13390 32.78802 38.42006 

> 300 466.06 66.49 97.21808 149.8262 220.1304 

Poverty Ratio 27% 20% 10% 5% 

,. 

Mean consumption expenditure 273.7 313.45 361.65 435.42 
(Rs/month/person) 

Average expenditure on fuel 16.42 16.30 18.24 19.86 
and light (Rs/monthjperson) 

Average monthly expenditure 3.61 4.08 4.92 5.76 
on electricity (Rs/month/ 
person) 

-----------------------------------------------------------------------------------------



APPENDIX TO CHAPTER 5 

Proposition: A cost function is separable in 

input prices and output if and only if the production function is 

homothetic. 

Suppose, y h (f(x)) is a homothetic production 

function, where y = output, x = vector of inputs h'>O 

and f(x) is homogeneous of degree T. 

Now, h- 1 exists because h is monotonic 

therefore h- 1 (yl f(x) 

or m(y) f(x) where m(.) 

Say, f(x*)) = 1, [x• produces 1 unit of output] 

therecfore,m(y) . f (x* \ m(y) 
, 

there:fure,£ [x*.n(y)] m(y), where n(y) = . (v))1/T (m • . 

Now suppose 1 C(p,1) px* [C(p,y) is the cost function which 

minimises cost to produce y units 

of output] 

therefore, 

C(p, y) px*.n(y} 



Now, x*n(y) minimises cost (proof by contradiction). 

Therefore 

C(p,y) n(y) . C(p,l) 

Again, suppose C(p,y) k(y). C(p,l) 

Define, V(y) {x: f(x) ~ y } 

and 

V<Yl { x: px ~ C(p,y) , for all p ~ 0 } 

th:ere-f.ore , 

V(y) G V(y) 

Suppo-se V(l) V(l) 

then X E V(l) V (1) 

claim, k(y). X EV(y) 

say k(y)x f V(y) 

Then, k (y) .x t V(y) beeo..u.se. V(y) £ V(y)] 

there£ore, 3 p I p. k(y) .x < C(p,y) 

But C(p,y) k(y). C(p,l), given 

So, 3 p lp.k(y) .x < k(y). C(p,l) 

o.r 3 p I px< C(p, 1) 

or X 1V(l) 



or x ~ V(1), contradiction 

therefore k(y).x e V(y) 

Now, if k(y) = (m(y)) 1 /T and (m-1 )1 > o 

then v(y) is homothetic. 

The disturbance term of the cost function is v and the 

disturbance term of a share equation is u .. 
~ 

Suppose there are q such share equations 

Now, since 1;iui = 0, so the covariance matrix is singular. 

Thus, in order to estimate we drop one share equation and estimate 

the cost equation and (q-1) share equations jointly. Thus, now we 

have q independent: equations to be estimated jointly. Let us 

d-efine the di.sturbance terms of this new system of equations as: 

1 •..•. ' q. 

where, 

v • • • • • •' Eq 

if we drop t.he first share equation. For the sake of convenience, 

let us assume that we have dropped the first share equation. 

We also assume that, 

ai~I, i=1, ..... ,q ....... 

and 

1, ..... ' q 



Thus, the disturbance variance is different in various equations, 

but within the equation it is homoscedastic and has zero 

covariance. It is also assumed that the disturbances in different 

equations have non zero covariances and that for any pair the 

covariance is same at each sample point, (Johnston, 1984) . Thus 

collecting these variances and covariances in a symmetric positive 

definite matrix we have. 

Therefore, the c?variance matrix for the random disturbance for 

all obs€rvations, t=l, .... ,T, we hav-e-: 

V(e) l: ® I 

wher-e, 

e = 

define, v 

The appropriate, estimation procedure to t.he system o.f equation, 

in our case, given by the cost equation and share equations with 

the first share equation deleted, would be GLS: 

where X is matrix of explanatory variables of the system to be 

estimated and Y is the vector of dependent variables of the system 

and, v the covariance matrix defined above. 



However, V ·is unknown because ~ is unknown. So, 

Zellner suggested the procedure where OLS is separately applied to 

each equation obtaining vector of estimated residuals 

(e 1 , ..... eq)' then these estimated residuals are used to estimate 

~. 

s .. 
~~ 

Thus, 

.1\ I 1\ 

e. e. 
__ .!: __ .!:_ and s .. 

n ~J 

1\11\ 

e.e. 
_l,_} _ 

n 

These Sii and si_j are used in plac-e of oii and oij to obtain 
1'\ 

estimated :L as :E, which is then u.sed to obtain the GLS estimates. 

In the iterative p-rocedure, are calculated as 

described above and h-ence :E is obtained. This E is used to 

calculate .BGLS. Again, this 

estLrnates of vector of residuals 

used to obtain new values of Sii 

to obtain in t·urn a new !3GLS. 

B~LS is us-ed to obtain fresh 
-~ ~ 

say, f'-e' , ...... e ) . These are then ... q 
" ~ and S .. and hence a new I: say, :E, 

1J 
This procedure is repeated again 

and again until convergence is achieved~ The fiGLS obtained in the 

final stage of iteration is a.lso maximum likelihood estimate and 

hence is asymptotically consistent. 

[s .A. 3 .} If we substitute the MLE's obtained or. 

estimation of the unrestricted model in the log likelihood 

function we get the maximized log likelihood, 

lnLu = - T/2 (l+ln 2n) - T/2 ln I n~l 

Similarly, for the restricted model we obtain the maximized log 

likelihood as, 



ln LR = - T/2 (l+ln 2n) - T/2 ln I n~l 

Now, 'likelihood ratio is givenby, 

therefore under the null hypothesis of valid restrictions, the 

maximized likelihood LR and Lu should be very similar. That is the 

likelihood ratio, should be close to unity and its 

logarithm, ( lnLR - ln Lu), close to l.eYC. If at least one of the 

restrictions are invalid, the.n we expe.ct ( L_ /L ) < 1 and hence 
~ u 

( l nLR -lnLu ) < 0. Thus, the idea behind likelihood ratio test is 

that we reject the null hypothesis of valid restrictions if (lnLR -

ln L :\is sufficiently negative. u, 

Therefore, 

ln n -T/2 

Now, LR.= -2 [ln (~) - ln(Lu)] 

I ,._ I 
I " i u• 

T [ ln I nR - ln I nu I l . 

For large samples, the likelihood ratio statistic, 

LR. = -2ln (\, has a chi square distribution with degrees of 

freedom equal to total number of parametric restrictions. 

Restrictions are rejected if the test statistic LR is 

sufficiently positive, i.e., if it exceeds the relevant critical 

value taken from')(-distribution. ((Greene (1991), pgs. 387-393]. 



PROJECTION foR SHARE OF FUEL IN TOTAL COST AND 
TOTAL EXPENDITURE ON FUELS IN 1988-89 PRICE 

YEAR 

1990-91 
1996-97 
2001-02 
2006-07 

SHARE OF FUEL IN TOT~ COST 

0.3945 
0.4437 
0.4985 
0.5577 

\Table 5.A.5J 

TOTAL EXPENDITURE ON 
FUEL (Rs. LAKH) 

2762055 
3489545 
4184815 
4652229 

ESTIMATED PROJECTION GROWTH RATES FOR SHARE OF EXPENDITURE 
ON ELECTRICITY IN TOTAL EXPENDITURE ON ALL FUELS 

PERIOD GROWTH RATE (%) 

1988-89 to 1989-90 5.64 
1989-90 to l990-91 5.45 
1990-91 to 1991-92 5.26 
1991-92 to 1992-93 5.06 
1992-93 to 1993-94 4.86 
1993-94 to 1994-95 4.66 
1994-95 +-~ 1995-96 4.46 ...... v 

1995-96 to 1996-97 4.25 
1996-97 to 1997-98 4.05 
1997-98 to 1998-99 3.85 
1998-99 to 1999-2000 3.65 
1999-2000 to 2000-01 3.46 
2000-2001 to 2001-02 3.27 
2001-2002 to 2002-03 3.08 
2002-2003 to 2003-04 2.9 
2003-2004 to 2004-05 2.72 
2004-2005 to 2005-{)6 2.55 
2005-2006 to 2006-07 2.38 



ANNEXURE TABLES 
(STATISTICAL TABLES) 

• 



Tot Cons(GIIh) 
YEAR (uti+nonuti) 

1960-61 16448.6 
1961-62 19358.4 
1962-63 22019 

1963-64 25241.6 

1964-65 

1965-66 
1966-67 

27255 

29779 
32769 

1967-68 36229.6 
1968-69 40352.2 
1969-70 44171.5 
1970-71 48581.8 

1971-72 51965.2 
1972-73 54602.1 

1973-74 56538.4 
1974-75 58701.07 

1 975- 76 66739. 65 

1976-77 74015.6 

1977-7-8 T-65"42. 82 
1978-79 84849.12 
1979-80 86645.36 
1980-81 8985'8.86 
1981-82 97758.84 

1982-83 104111.4 

1983-84 111623.9 

1984-85 124367.7 
1985--86 134196.9 

1986---87 147839.2 

1987-88 1"59776. 7 

1988-89 177414.8 

1989-90 195119 
1990-91 211568.4 

TABLE S1 

Tot. Cons ( Gllh) 

(nonutility) 

2607.96 
2910.11 

3339.98 

3447.62 

3035.73 

3044.06 
3641.36 
3542.73 
2999.85 
3109.8 

4857.64 

4902 

5514.04 
6292.02 

6069.-43 
6493.84 

7-4W.03 

7287.79 
7556.3 

8561.74 

74-91..£8 
7513.51 

"8522-83 

9279.48 

1.0299.82 

11197.58 

11"887. 17 
14163.92 

1n1-s.39 
19700.05 
21211.1 

PCCon(KIIh) 

(uti+nonuti) 

37.9 
43.6 

48.5 
54.4. 

57.5 

61.4 
66.2 
71.6 
77.9 
83.5 

89.8 

93.8 

96.3 
97.48 

98.99 

109.95 

119.38 

1"20. 73 
130.94 
130.49 
132.34 
141.27 

147.05 

154.39 

168.52 
177.98 

191.75 

203.02 

220.94 
237.95 
252.77 

Source : [1] General Review , CEA ; various years. 

NU/N VE/TV 
0.181881 0.039125 
0.183634 0.045276 
0.185499 0.052397 

0.187473 0.060634 

0.189557 0.070169 

0.191353 0.081201 
0.193656 0.098048 
0.195680 0.112482 
0.197436 0.132624 

0.199692 0.159767 
0.201689 0.188744 

0.204606 0.219604 
0. 207680 0 .. 251 007 

0.210911 0.281886 
0.214300 0.312109 

0.217489 0.334187 

0.221200 0.363938 

0.224717 0.390041 
0.228402 0.418651 
0.231556 0.449278 
0.235239 0.4-89724 
0. 238069 0. 5332B2 

0.239997 0.582519 

0.242399 0.625115 
0.244930 0.666064 
0.247262 0.701965 

0.249405 0.746124 

0.252008 0.783548 

0.254744 0.819228 

0.257297 0.846830 
0.259989 0.865330 

[2] Census of India, 1991,Series 1,Paper 2 of 1992,Final Population Total 

[3] National Accounts Statistics,CSO,GOI;various years. 

Not-e [1] 
[2] 

[3] 

[4-1 
[5) 

[6] 

PCCon=.per cap-ita const~Jllt ion of electricity. 
uti +nonuti =utili t i,es & nonut i lit ies together. 
TotCons=total cunsumpti~n of electricity,utilities & nonutilities to 

Total nombei of villages= 5.56 lakhs. 

NU/N=share of urban population in total population. 

VE/TV= proportion of villages e{ectrified. 



IJPI('81-'82base) IJPI('80-'81base) (1980-81base) 
GOP def ------------------ ------------------ ------------------

YEAR base80-81 ELEC MINOIL ELEC MINOIL Relec Roil 
1960-61 0.242 23.104 12.468 26.950 15.087 111.137 62.215 
1961-62 0.248 23.820 12.707 27.785 15.377 111.947 61.956 
1962-63 0.260 25.250 12.887 29.453 15.595 113.331 60.005 
1963-64 0.283 27.396 15.664 31.957 18.956 113.038 67.050 
1964-65 0.307 28.469 15.644 33.208 18.931 108.172 61.667 
1965-66 0.334 29.757 15.884 34.710 19.221 104.034 57.611 
1966-67 0.376 32.654 16.823 38.089 20.358 101 .319 54.153 
1967-68 0.409 32.511 17.522 37.922 21.204 92.824 51.902 
1968-69 0.420 34.120 17.902 39.800 21.663 94.790 51.595 
1969-70 0.433 34.263 19.061 39.967 23.066 92.196 53.209 
1970-71 0.439 35.765 19.980 41.719 24.178 95.005 55.060 
1971-72 01463 36.660 21.618 42.762 26.161 92.450 56.558 
1972-73 0.510 37 . .804 22.298 44.097 26.983 86.393 52.863 
1973-74 0.598 39.80.7 28.332 46.433 34.284 77.607 57.302 
1974-75 0.696 49.070 47.992 57.238 58.075 82.219 83.421 
19?'5-76 0 .• 678 56.545 51.389 65.957 62.186 97.238 91.677 
197'6-77 0.720 61.3.73 53.-447 71.589 64.676 99.411 89.811 
t977-78 0.765 li5.272 53.546 76.137 64.797 99.556 84.728 

1978-79 0.779 74.785 53.926 87.234 65.256 111.973 83.763 
1979-80 0..897 80 •. 687 61.698 94.118 74.662 104.953 83.257 
1"960-81 1.000 85.730 82.637 100.000 1"00.000 100.000 100.000 
1"981-82 1. l03 100.000 100.000 116.646 121.011 105.791 109.750 
1982-83 1.190 1"1"1.500 102.800 130.060 124.399 109.269 104.513 
1983-84 1.289 120.500 106.300 140.558 128.634 109.049 99.798 
1"984-85 1.386 124.800 107.100 145.574 129.602 1 OS .015 93.493 
1-985-86 1.493 139.700 120.300 162.954 145.576 109.124 97.486 

1986-87 1.593 153.500 125.600 179.051 151.989 112.425 95.433 
1987-88 1.732 166.700 126.300 194.449 152.836 112.280 88.252 

1988-89 1.866 176.600 129.200 205.997 156.346 110.371 83.769 

1989-90 2.015 187.700 129.700 218.944 156.951 108.679 77.907 

1990-91 2.245 200.900 154.700 234.341 187.203 104.366 83.373 
--- ----- ·- ---.. ---- -- --------- - ------------------ - --------- ----------- - ---- - - --------- --- ----
Source : c·"' IJ India Oa.tabase :The Economy ,H.L.Chandhok. & The Policy Group;1990. 

[2] National Accounts Statistics,CSO,GOI;various years. 
l!»1 ~ "e>·I. e,~~...ue..t.\...\.·, vo... ... i.o~ 'jea~. 

Note [1] Relative Prices are relative to the GOP deflator. 
[2] Relec=relative price of electricity (80-81 base) 

{3] Roi l=rela.tive price of mineral oil (80-81 base). 

{4] GOPdef=Gross Oomesti c Product deflator (80-81 base). 
(S-] IJI>l .EL£C:wholesale price index of electricity. 

[6) WP·I Ml"NOIL=whol.esate price index of mineral oil. 



TAB:.E 53 

YEAR TC CE TE EF y PK PL PF 
1968-69 249152 80662 123233 45257 563113 0.040 3104.82 0.260 
1969-70 282601 88837 141718 52046 638700 0.043 3306.06 0.271 

1970-71 338311 109411 167400 61500 786293 0.050 3209.36 0.282 
1971-72 379758 122058 188500 69200 808833 0.057 3467.62 0.299 
1972-73 430742 134387 216m 79580 893580 0.052 3692.38 0.311 
1973-74 494426 152250 249874 92302 902479 0.073 4293.29 0.369 
1974-75 622076 178876 305200 138000 927670 0.095 5042. 13 0.560 
1975-76 751375 221675 346296 183404 941169 0.111 5427.20 0.619 

1976-77 825826 252470 363670 209686 1044630 0.111 5469.34 0.651 
1977-78 939866 296509 419361 223996 1116611 0.111 5912.00 0.661 

1978-79 1099014 353711 461172 284131 1256100 0.121 6362.65 0.691 
1979-80 1284410 40919.0 537l90 338030 1223274 0.139 6996.24 0.799 
1980-81 1493540 460796 6()%51 423093 1192877 0.154 7762.o3 1 

1981-82 1766398 5639l5 6.77753 524730 1339882 0.181 8585.40 1.207 

1982-83 21i1312 .6568"14 804609 649889 1454079 0.193 9852.96 1.297 

1983-84 2.730771 824386 921825 984560 1-634551 0.218 11530.88 1.397 

1984-85 2"93.83b1 953869 1066021 91W.n 1592436 0.240 13356.37 1.463 
1985-86 3248052 1040905 11:08113 1099034 1633414 0.266 14611.18 1.637 
1986-87 357261"8 1136996 1.229918 1205704 1734255 . 0.277 16292.99 1.748 

1987-88 4250560 1409966 1408105 1432489 1822616 0.312 17815.49 1.812 

1988-89 4594510 160355-6 1572832 141"8122 2032485 0.341 20014.96 1.912 

Total Fuels Co- Real Value Total 

Emolt..ments -nsUiled Added Cost 

{Rs l<!kh) (Rs Lakh) (Rs Lakh) (Rs Lakh) 

TE H y TC 

Avg.Price Price of Value of liP! of 

of labour Capital Cap. Services fuel&! ight 

(Rs/person) Services (Rs Lakh) 80-81 base 

PL pl( CE PF 

Source: rn Annual Survey of Industries,CSO,GOI;(various years). 
[2J India Oatabase:The Economy,H.L.Chandhok & The Policy Group,vol-1, 1990. 

[3] Nationa-l Accounts SUtistics,CSO,GOI,(various years). 



YEAR PEL REL UEL 
1981-82 0.347 395263 135374.9 
1982-83 0.396 381798.0 147875.5 
1983-84 0.480 454299.9 116644.8 
1984-85 0.468 550220.6 79972.62 
1985-86 0.658 496666.0 173134.5 
1986-8'7 0. 749 520657. 1 :82311.5 
1987-88 0.895 548449.3 143351.6 
1988-89 0. 935 565520 .. 5 i&l595.8 

REL= E lecCons UEl= 
RegManuf 
(Lalch n.oh} 

Ef= Fuels Con- PEL= 
-suned 
(Rs Lakh) 

RATI01= Ratio of 

UEL to REL 

TABLE 54 

EF RATI01 
524730 0.342 
649889 0.387 
984560 0.257 
918471 0.145 

1099034 0.349 

1205704 0.350 

1432489 0.261 

1418122 0.333 

Cans Unre-
-gj s manof 

( Laich IGJh i 

o\vgPrice 

of Elec 1n 

Rs/KWh 

S<lurce: r1J Report on The llorking of State Electricity Boa;ds,PLanning COillllission; 
various issues. 

[2] Annual Survey of lndustries,CSO,GOI;various is·sues. 
[3] General Review,CEA, 1990-91. 

,{ 



TABLE 55 

YEAR YEAR DP EP y 

1971-72 1971-72 1277 1466 0.374369 

1972-73 1972-73 1545 1618 0.353115 

1-973-74 1"973-74 175-.0 2430 0.419880 

1974-75 197.4-75 1884 2432 0.402220 

1975-76 1975-76 20ll 2434 0.384957 

1976-77 1976--77 2l82 2436 0.367856 

1977-78 1977-7.8 .2349 2438 0.3Si067 

1978-79 1WB-79 2500 3599 0.428695 

1979--80 19.79-80 2654 3966 0.437860 

l98U-;81 1"980--8-1 2825 4331 0.444171 

1981-82 1"981-82 3.013 465{) 0.445811 

1982-83 1"982-83 3187 4973 0.448533 
1"983-84 1983--84 3385 5309 0.449797 

1984-85 1984-85 3554 5709 o.45sm 

1985-86 1985-86 37-4-5 6152 0.461281 

1986~87 1986-87 405.0 6657 0.461429 

1987-88 1987-88 4240 7226 0.470430 

1988-89 1"988-89 4308 7819 0.486139 

1989-90 l989-90 4355 8358 0.500088 

SOURCE: SOURCE: [1] STATISTICAL ABSTRACT , CSO ; various issues. 

[2] CMIE , various issues. 

NOTE: NOTE: [l] o·p = Di-esel Pl.rnpsets in '000 nu!bers. 

[2] EP = -E-1ectrified ~~ets in •ooo I'UIIbers. 1 

[3] Utilisa-tion Rate for elec1:ric ~ is 4423 kwh/year/purp; 

Report by Planning Commission for ESCAP & UNOP,1991. 

[4] Ut_il isation Rate for diesel ~et is 883 l ts/year/purp; 

Report by Planning Commission for ESCAP & UNOP, 1991. 

[5] Y = shar-e of energy consuned by electric ~ in t:otal 

energy cos~tion by~ for irrigation. 
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