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ABSTRACT 

The thesis examines the consumption of electricity and gasoline 

in the Ivory Coast, Ghana and Senegal. Its main objectives are (1) to 

investigate the determinants of the demand for gasoline and the demand 

for electricity by households and firms, (2) to forecast the level of 

electricity and gasoline consumption for the years 1980 to 1985, and 

(3) to recommend measures to curb the rate of increase in the demand 

for energy and to reduce the dependence upon imported oil. 

The choice of the models used in the estimation of the demand 

for gasoline and the demand for electricity by households and indus

tries v;ere greatly influenced by the fact that energy consumption is 

associated with that of other complementary durable goods. The models 

of gasoline demand fitted to annual data for the Ivory Coast were the 

stock-adjustment model and the Koyck model. The empirical results of 

the residential demand for electricity are based on the Koyck model, 

the flow-adjustment model and the new demand model. As to the estimates 

of the industrial demand for electricity they were obtained with the 

following models; The Koyck model, the new demand model, a model based 

on an overtime profit maximization by a firm. 

The results based on the gasoline demand equations indicate 

that income is a major determinant of gasoline consumption in Senegal, 

while in the Ivory Coast, habit formation and or stock adjustment are 

the determinant factors. As far as price is concerned, it has 

ix 
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consistently negative elasticities both across countries and specifi

cations, but is not significant. 

For the residential demand for electricity, the results are much 

more encouraging. All of the countries show that price and the social 

and demographic factors and per-capita income are major predictors of 

residential electricity consumption. Their relative in^iortance differ, 

however, both across countries and specification. The lagged dependent 

variable is significant with the new demand for electricity for Senegal 

and Ghana, and with the Koyck model for the Ivory Coast. 

Finally the results for the industrial demand for electricity 

indicate that price, capital stock, and wage have an influence on tiie 

level of electricity consumed in the Ivory Coast, Senegal and Ghana. 

In addition to the variables mentioned above, output is also an impor

tant predictor of industrial electricity consianption in the Ivory Coast. 

On the basis of these findings, we recommended the following 

measures: 

1. to increase the price of electricity and gasoline over a 

reasonably long period so that the relative price of different fuels 

reflect the change in relative cost of alternative fuel production; 

2. to adopt a development strategy based on the implementation 

of export-oriented industries and the progressive removal of the trade 

barrier behind which the import-substitution industries have been hiding; 

3. to reconsider the non-commercial fuel (wood, charcoal) as an 

alternative source of energy. 



CHAPTER 1 

INTEODDCTION 

Economic growth and industrialization of the Ivory Coast, Ghana 

and Senegal will rely to an increasing degree on energy resources such 

as petroleum and electricity. Also it appears that petroleum, in all 

of its forms, crude oil or natural gas, is becoming a decisive factor in 

economic expansion. It represents for the producer a good source of 

foreign reserves and a good source of further industrialization. For 

non-oil producing countries such as the Ivory Coast, Ghana and Senegal 

which depend upon imported oil to meet a significant proportion of their 

energy needs, this factor of production (energy) may hamper futiore growth 

because of the scarcity of their foreign reserves. Onforttinately, while 

the literature on energy demand is extensive, most of the studies are 

concerned with developed countries. To my knowledge, there has not been 

any published studies on West African countries investigating analytically 

the determinants of energy consumption. It was this realization that 

motivated this study. Thus, like previous works in the field of the 

demand for energy, my objective is to determine whether market mecha

nisms will be able to affect energy consumption in the Ivory Coast, 

Ghana, and Senegal. In other words, is energy consumption responsive to 

economic variables such as income and price? Elasticities computed 

from past studies will also guide us in deciding whether our estimates 

are economically plausible. Before turning to this subject, it is 

1 
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appropriate to begin with a review of the characteristics, economic 

performance and energy outlook of the Ivory Coast, Ghana and Senegal. 

The review emphasizes the fact that the whole basis of Industrialization 

Is founded upon an adequate supply of energy, and therefore provides, I 

hope, an additional motivation for the study. 

Characteristics 

The salient features of the economy of the Ivory Coast, Ghana 

and Senegal are that they are at a low level of economic development 

characterized by a low per-caplta income ($200 - $400). Agriculture 

constitutes the largest single sector In their economies. This sector 
tt 

accounts for at least 25% of GDP, approximately 70% of exports and 

three quarters of the labor force. 

One major implication of this structure is the dual character 

It gives the economy. Although the picture may vary from one country 

to another, according to their level of development, all three still 

retain characteristics of a dual economy In varying degrees: A modem 

sector, dominated by foreign corporations, is concentrated in urban 

areas and a traditional African sector, largely concentrated in rural 

areas, is distinguished by limited specialization in production. 

It remains to be mentioned that the three countries under con

sideration supply little of their own mineral fuel^ which seems to 

indicate that they will have to rely in the next decade mainly on their 

1. Neither the Ivory Coast, Ghana nor Senegal produce oil as of 
today, but according to official reports, some oil has been discovered 
off-shore of the three countries. Unfortunately, estimates of the 
discovered oil has not been made pidslic. 
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hydroelectric potential as the energy basis for further industrialization. 

Unfortunately, the hydroelectric potential is unequally distributed in 

favor of Ghana and at the expense of Senegal. The way this unequal 

distribution has affected past energy policy and probably will continue 

to affect future energy policy will be discussed in the section on 

energy outlook. 

Economic Performance 

Over the past quarter of a century, most West African countries, 

particularly the Ivory Coast, Ghana and Senegal, experienced an economic 

growth that has exceeded original expectations. There were substantial 

fluctuations, however, in the gro^rth rate of the individual countries, 

both timewise and between countries. The increase in real GNP averaged 

8% a year between 1960 emd 1970 for the Ivory Coast and later dropped to 

6% a year between 1970 and 1976. In Ghana and Senegal the economy grew 

at a lower rate than in the Ivory Coast. The economic growth of both 

countries remained below an annual rate of 3% during the period under 

consideration (1960 - 1976). 

As output and income grow, they are generally accompanied by 

substantial changes in economic structure, with industry increasing its 

share of total output at the expense of agriculture sector, even if 

the latter expands rapidly. The economy of the Ivory Coast is a good 

illustration of this process. 

In 1960 agriculture was the most predominant sector of the econ

omy, with a share of output of 43%. This percentage was approximately 

ten times the share of industry output at that time (4%). Economic 
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policies biased toward industrialization brought about the structural 

change noted. In 1976, the share of the agricultural sector went down 

significantly from 43% to 35% and the share of industry rose from 4% 

to 25%. 

The rapid industrialization has been sparked by em investment 

2 
code providing substantial incentives to import substitution industries. 

Although this policy was successful in increasing both the number of 

companies and output, it has a number of disadvantages. In the first 

place, it has led to overcapacity and curbed incentives to reduce costs 

during the period that the firms are protected by the investment code. 

Secondly, it has also induced firms to use more capital-intensive tech/-

nologies and to move into relatively capital-intensive industries. Since 

capital-using activities require relatively more energy than others, 

one may conclude that this policy has also favored an overconsmption of 

energy. 

The Ghanian economy evolved in a manner different frm that of 

the Ivory Coast. Although private enterprise was kept in the economy, 

the government relied more on the control and ownership of means of 

production, distribution and exchange as an industrialization strategy. 

The Ghanian authority emphasized industrialization, and within agri

culture, it concentrated on large and mechanized state farms rather than 

small holdings. Besides in^ort sijbstitution activities (beverages, 

2. The investment code adopted by the Ivory Coast and Senegal 
consists of not only exempting priorities frcan duties on imported raw 
materials and other intermedicury inputs, but also providing freedom of 
transfer of capital sjid renumeration and introducing quantitative re
striction to protect a number of local firms. 
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tobacco, etc.), the government created heavy industries which are large 

3 
consumers of power (aluminum smelting, fertilizer). This economic 

policy may explain the higher level of electricity consumption In Ghana 

as compared with the Ivory Coast or Senegal. The end result was that 

the Industrial share of output raised from 19% In 1960 to 25% in 1976 

and that of agriculture Increased from 41% to 49%. 

In Senegal the change in the structure of production is not sig

nificant compared with the structural change that took place in the Ivory 

Coast and Ghana despite an Investment code similar to that of the Ivory 

Coeist. The share of Industry went up from 20% in 1960 to 24% in 1976 

while the agricultural sector, svibject to bad weather (drought)saw 

its share of output go down from 30% to 28%. 

Knergy Outlook 

As an economy grows and Industrializes, it also Increases its 

consumption of energy. The existence of the close link between economic 

growth, industrialization, and energy consumption has been confirmed In 

previous studies (de Janosi and Grayson 1977). Their results indicate 

that per-capita consumption of energy is higher in developed economies 

than in the third world, and generally, the response of energy consinnptlon 

3. The Alumlnimi Smelter and Mines consumed 141.1 MVTh of elec
tricity in 1966 and 2,923.1 MWh in 1976. 

4. For a detailed analysis of the Impact of the drought on the 
economy of the Sahel countries see Eliot Berg, 1975, "Recent Economic 
Evolution of Sahel", Center for Research on Economic Development, Univ
ersity of Michigan. 
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to a change in GNP is greater in an underdeveloped economy than in an 

5 
industrialized country. 

Cvurrently, of all the major sources of energy, electricity, pe

troleum and wood are predominant in the Ivory Coast, Ghana and Senegal. 

Wood is the leading source of energy although there are no available 

data on its use. However, wood is expected to decline as rural electri

fication progresses. The consumption of electricity and of petroleum is 

concentrated in industrial and urban areas. We will turn now to a 

brief discussion of the situation with regard to electricity and petro

leum in the three countries.® 

Electricity 

Electricity consumption has become one of the most reliable 

indicators of industrial growth because of its unique position as a 

source of industrial energy. While there are possibilities of substi

tution between oil, gas and coal in many processes, electricity is the 

only feasible source of energy for large scale industrialization. 

Consequently, the major tasks of an electricity company in under

developed countries will be to provide an adequate supply of electricity. 

Adequate supply has three aspects: 1) reliability, since unreliable 

supply means constant and wasteful intern^tion; 2) minimal cost, and 

3) sufficient power reserves so that economic expcuision is not hampered 

by electricity energy shortages. 

5. In this analysis, noncommercial sources of energy such as 
wood, were not included in the aggregate measure of energy. 

6. We are not studying the consianption of wood as a source of 
energy due to a lack of data. 
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Ivory Coast. In 1960, the Ivory Coast consumed 57,174 megawatt 

hours (MWh) of electricity. In 1976 consumption has increased by more 

than tenfold. From an output of 1,076,851, 865,135 MWh were consumed. 

These numbers show an average annual growth of about 12% in demand and 

15% in production. 

Electricity supply is entirely the responsibility of Energie 

Electrique de Cote d'lvoire (E.E.C.I.) which exploits a mixed system 

that is predominantly thermal: Four multipurpose hydroelectric power 

plants with a present capacity of 224 megawatts and three thermal pow§r 

plants with a capacity of 278 megawatts supply approximately 85% of the 

total electricity produced. 

Until 1970 the interconnected system was limited to Abidjan, 

the capital of the Ivory Coast. But since the construction of the 

hydroelectric dam at Kossou (1972) and Taabo (1978) most of the E.E.C.I. 

system is interconnected. In fact, 95% of the electricity is distri

buted through the interconnected system and the remaining 5% is supplied 

by isolated microgrids which are mainly diesel fed. 

System expansion for several years ahead will be based on the 

interconnection with Ghana^ and on hydro power (see Table I). The effect 

of the system expansion on the mix of the system will be significant. 

Hydro plants will yield by 1985 about 75% of the total electricity pro

duced, up from 15% in 1976. This projected energy policy is made on the 

assumption that the price of oil will continue to go up in the future. 

7. In December, 1978, CFAF 7 billion had been allocated to this 
end. 
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Table I 

Future System Expansion of the Ivory Coast 

Power Plants 
Capacity in 

MW 
Expected Annual 
Production 

Buyo Hydro 
Soubre Hydro 
Attakro 
Malamabasso 

165 MW 
280 MW 
90 MW 
150 MW 

920 GWh 
1,550 GWh 
410 GWh 
820 GWh 

Ghana. Electricity generation in Ghana, which has been expand

ing rapidly ia the past decade is the responsibility of the Volta River 

Authority (V.R.A.). Its primary function is to operate the Akossombo 

power dam and the 181 KV transmission line. The V.R.A. is also expected 

to meet power demand in excess of 30 MW and to supply electricity to 

Togo and Benin. The distribution for satisfying load demand up to 30 MW 

is the responsibility of one public utility, Electricity Corporation 

of Ghana (E.C.G.) which purchases electricity in bulk from V.R.A.• One 

important feature of electricity generation in Ghana is that since 1966 

the electricity produced by thermal plants represents only .33% of the 

total electricity supply. However, the quantity of fuel oil consumed in 

its production is increasing due to a greater number of isolated micro-

grids. 

order to meet future demand. According to estimates, electricity con

sumption had grown rapidly. In 1967, for 2A96 GWh produced, 1455 GWh 

were consumed locally. Ten years later, consumption and output have 

quadrupled so that in 1977, Ghana consumed 4,294 GWh of electricity and 

produced 4,394 GWh. 

Beyond 1980, additional hydro projects would be undertaken in 
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To meet future demand, more power plants (see Table II) have 

been scheduled: 

Table II 

Futvire System Expansion of Ghana 

Power Plants Capacity in MW Production 

KJ)ong Hydro 144 1000 GWh 
Bui I^dro 450 2000 GWh 

Senegal. Until 1972, three corporations were responsible for 

supplying electricity. In 1973, the three corporations were combined 

to constitute La Societe Senegalaise de Distribution D'Energie (Sene-

lec). Generation, transmission and distribution of electricity are its 

primary functions. Senelec operates a system essentially thermal con

sisting of four interconnected diesel plants (106,450 Kw) and 19 isola

ted microgrids operated with diesel fuel. 

To meet its rapidly increasing electricity consumption, Sene

lec 's output has gone up from 439 GWh in 1975 to 525 GWh in 1977. In 

the same period, its installed capacity grew at an annual rate of 9% 

(from 72 MW to 85 MW). 

Unlike the Ivory Coast and Ghana, Senegal has to rely exclusively 

8 
on thermal sources of electricity to cover its future energy needs. 

The major reason for adopting this policy is that Senegal is poorly 

endowed with hydro electric potential. The projected future diesel 

plants are (see Table III): 

8. Senegal, Mali and Mauritania will jointly build a dam for 
irrigation purposes. However, one may expect that the electricity 
produced will be consumed by households and small firms. 
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Table III 

Future System Expansion in Senegal 

Project Plants 

St. Louis Diesel 

Kaolack Diesel 

Power Installed in MW 

12.6 

35 

Petroleum 

Petrolexim has assumed an important and growing role as an 

energy source in the Ivory Coast, Ghana and Senegal. It is the primary 

fuel for the transportation system and for the generation of electricity 

in thermal plants. Both types of usage account for approximately 60% 

of imported oil. 

Since the quadrupling of oil prices by O.P.E.C. countries the 

cost of imported oil has placed severe strains on the foreign reserves 

of the three countries on the one hand, and has contributed to the 

balance of trade difficulties on the other hand. For instance, in 

1974 the Ivory Coast paid CFAF 5 billion more for its oil than in 1973. 

In Senegal, because of its predominantly thermal electric power system, 

the increase in the cost of oil was significant. It rose frcm CFM* 4.8 

billion in 1973 to CFflF 15,428 billion in 1974. 

The drastic increase in the price of oil has brought about a 

significant change in the structure of iinport.s. The import of petro

leum, eujcounting for 3 to 6% of total imports before 1973, has gone up. 

It now represents at least 14% of total expenditure on imported commodi

ties in each of the three countries. This situation raises then the 

following questions: VHiat are the quantitative responses of energy 



con^onents to changes In per-caplta Income> Industrial output, and 

prices? Does there exist a way to reduce inefficient use of energy 

without adverse effects on national growth targets? The answers to 

these questions lead us.to the main subject of this study. 

Purpose and Organization 

A.S a background, we briefly described the prevailing economic 

situation by pointing out the close link between economic growth, indus

trialization and energy consumption. In light of this overview, we will 

turn to our main topic which is to investigate two important components 

of energy, namely gasoline and electricity, with the following goals in 

mind: 1) to determine the effect on demand for electricity and gaso

line of variations in their respective prices, household income, 

industrial output, and stock of energy consuming goods; 2) to provide 

projections of the demand for energy in the next five years; 3) to 

recommend a set of energy policies that can help control the consumption 

of energy without affecting the overall rate of economic growth. 

For this purpose we will proceed as follows: First of all, the 

literature relevant to the study will be reviewed. It contains a brief 

svmimary of the neoclassical theory of demand and its limitations when one 

of the commodities consumed is sold subject to monopolistic quantity 

discount. In Chapter 3, the theoretical models underlying the empirical 

analysis will be presented. It is worth mentioning that we consider two 

economic agents in formulating the demand for electricity. One set of 

models describes the behavior of households, cind another set describes 

the behavior of industrial users. It is also in this chapter that we 



will describe the model used in estimating the demand for gasoline. 

Chapter 4 is concerned with the data sovirces and the Interpretation 

the estimated equations. The last chapter contains projections of 

energy consumption and several recommendations for energy policy. 



CHAPTER 2 

SURVEY AND CRITIQUES OP THE LITERATURE 

Introduction 

This chapter introduces the literature on energy consumption 

and energy and economic development. It begins with a discussion of 

the conceptual problem inherent to the empirical estimation of the 

demand for electricity and alternative solutions proposed by various 

authors to deal with it. This problem arises from the fact that custo-

mers do not face a single price but a decreasing rate schedule. Such 

a price structure renders the ex post average price dependent on the 

quantity consumed and different from the marginal price. Section 3 

gives a summary of models and empirical works on demcuid for electri

city and gasoline. The literatvire in the field is so large that the 

models have been selected because they were extensively cited in the 

literatxire, they contributed to the problem mentioned above or they 

were related to our investigation of the determinants of both gasoline 

and electricity consuii5)tion and to forecast future gasoline and elec

tricity demand in the next five years. Section 4 turns to the literature 

on energy consumption and economic development. In the final section 

we evaluate the reviewed literature. 

Neoclassical Theory of Demand for Electricity 

According to the neoclassical theory of choice, the demand for 

goods and services consumed by individuals is derived from the 

13 



maximization of a utility function of the form 

U = U(x , X  ,  .  .  . ,  X  )  
1 z n 

subject to a budget constraint 

DPiXi => I 

where are goods or services consumed, are prices of and I is 

money income. On the assumption that the conditions for a global maxi-

mum are satisfied, we can represent symbolically the demand function 

for Xj^ as; 

X = X.(I,P.,P., . . ., P„) 
X 12 n 

where variation in X^^ is related to relative price, income and taste. 

For simplicity, suppose that the individuals have to consume 

two goods only—Xj^ and X2. Let's assume that X^^ is sold at a fixed 

price Pj^, but Xj is sold subject to a quantity discount. Then the 

budget constraint becomes^*^ 

0 if ^2^1 

where g(X2,p2) = j ^2^^2~'^l' ^l'^*2—'*'2 

P2(k2-ki) if k2'^*2 

0 if X2<k2 
KXXo,P3) 

^3^^2~^2^ if k2<X2 

where P2 and P^ are the inframarginal and marginal price of X2 

9. The necessary and sufficient conditions for global maximum 
are; Continuous cmd concave utility functions and a convex budget set. 

10. This expression is given in Taylor (1975, p. 76). 
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respectively, and Z denotes the fixed charges. We let and k2 repre

sent the demarcations between blocks. 

The piece-wise linearity of the budget constraint leads to dis

continuous danand functions; moreover, the demand functions will be 

multivalued at the point of discontinuity. Fortunately, it has been 

shown by Blattenberger (1977) that under fairly general conditions the 

aggregate relation between average consvimption and price becomes a 

continuous function as the number of households increases. 

Another problem related to the piece-wise linearity of the 

budget constraint is the type of price that is to be included in the 

iflemand for electricity. Three views exist—the average price approach, 

the marginal price approach, and the marginal price plus an inframarginal 

expenditure's approach. 

Before the recent work by Taylor, Blattenberger, and Verleger 

(1976) the use of m post average price was viewed as a textbook identi

fication and simultaneity problems. The proposed solution was then to 

specify the demand and supply of electricity.^^ However, it can be shown 

that while the supply function is well defined for a given rate schedule, 

12 
the demand function is a point in terms of average price. 

The marginal price approach was proposed on the grounds that 

utility maximizer equates the marginal rate of substitution to the 

ratio of marginal prices. This equilibrium condition is well defined 

11. This approach was suggested by Halvorsen (1978). 

12. This argument is discussed in Taylor, Blattenberger and 
Verleger (1976, pp. 2-9). 



only if there are no multiple tangencies of the budget constraints to 

the same indifference curve. When this situation occurs, the equality 

of marginal rate of substitution and price is not uniquely determined. 

Thus the marginal price approach breaks down and appears to be inappli

cable even on the theoretical ground advocated by Houthakker (1951) 

when the rate structure has more than two blocks. Another weakness of 

this approach is that it does not recognize that the quantity of elec

tricity consumed does not depend on a single price (marginal or average 

price), but on the entire rate schedule. To overcome these weaknesses. 

It has become necessary to develop a new approach to the price variable 

that is to be included in the demand for "electricity. The key idea was 

provided by L. Taylor (1975) and was later clarified by Nordin (1976) 

and Howrey (1979). 

In his survey, Taylor (1975) proposed a procedure that consisted 

of including both a marginal price and an average price as predictors 

in the demand function, but Nordin (1976) and Howrey (1979) in re

examining the problem reached a different conclusion. They concluded 

that the appropriate arguments in the demand f\inction are the marginal 

13 
price and adjusted income, and a price index of all other goods 

13. Suppose that 

Y = income 
T = total expenditure 

Pjjj = marginal price of electricity 
X2 = quantity of electricity consianed 
e = T - P X : supermarginal expenditure 

m 2 

Then 

Y' = Y - e is the adjusted income. 
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(assuming that individuals consumed two goods—one of which is electri

city) . This is where the debate on the price of electricity currently 

stands in the neoclassical framework. 

Summary of Existing Models 

In the previous sections we discussed one of the stumbling block 

issues in empirical demand for electricity. We presented various 

methods suggested to deal with the problems caused by multi-part tariffs. 

In this section, we will present a detailed summary of models and 

empirical works in the field of electricity demand, gasoline consulta

tion, and energy and economic development. 

VirtUeLLly all studies in empirical demand analysis seek to deter-

14 
mine the elasticities of own price, price of close substitutes and 

income in both the short run and long run, even when other variables are 

included in the demand function being estimated. In electricity demand 

analysis, the concejcn for own price elasticity stems not only from the 

belief that the price of electricity should reflect its cost of produc

tion at the margin but also from the need to know how much electricity 

consumption responds to changes in its price. The income elasticity 

on the other hand, is used to evaluate the distributional effect of unit 

tax on electricity amd the way a change in income affects the demand 

for electricity. 

Before we embcirk on a discussion of existing models, we should 

be aware that modeling and estimation of electricity demand differ 

14. The concern for price as a determinant of electricity con
sumption is motivated by the classical problem of peak-load pricing in 
utilities. For a discussion of this topic, see Buchanan (1966). 



fundamentally from other types of demand analysis. The electricity 

market contains a number of features such as the multi-step tariff, 

discussed in previous sections, the daily (seasonal} peak or off-peeik 

demand, cmd the complementarity of electricity and capital goods which 

makes it necessary to distinguish the demand for electricity as to 

short mn and long run. The review will therefore be centered on 

models that recognize explicitly those features and emphasize price and 

income (output) elasticities. It is hoped that the models selected 

and their empirical results will serve as background for our own study 

of the determinants of electricity consun^tion and gasoline consumption. 

Studies in Electricity Consumption 

Eleven studies (of which three are done on countries other than 

the U.S.A.) have been selected and reviewed. Although these studies are 

not exhaustive, they give a good picture of the problems related to 

modeling and estimating the demand functions for electricity and gaso

line. They also show how the empirical estimates vary with the models 

cind the data used in the studies. The procedure is to summarize each 

study, beginning, with demand for electricity in countries other than 

the U.S.A. 

Houthakker (Besidential) 

In this article Houthakker analyzes the residential demand for 

electricity with a cross section data on 42 provincial towns in the 

U.K. from 1937 to 1938. It is in this study that the author discussed 

for the first time the fact that average price provides no information 

as to the influence of tariff changes on demand and that the relationship 



19 

between average price emd electricity consumption was primarily one of 

arithmetic. On the basis of this observation, he suggested the use of 

marginal price rather than the average price in the demand function. 

The demand equations used in the estimation is of the form: 

(1) X = aM + b/p + eg + dh + e 

(2) Log X = alogM + PlogP + ?log(g) + 51og(h) + e' 

where X - average eumual electricity consumption per customer with a 
domestic two part tariff 

M = average money income per household with a domestic two 
part tariff 

P = marginal price of electricity on domestic two part tariffs 

h = average holdings of heavy domestic equipment per customer 

e,e' = random variables 

In order to insure the identification of the coefficients of 

equations (1) and (2), the lagged values of prices of electricity and 

gas were introduced in the equations. The estimates of the parameters, 

with their t ratio in brackets, are as follows: 

(1') X = -1.7 + 2.378M - 609,2/P-2 + 41.58g-2 + 270.1h-l 
(2.40) (25.7) (2.01) (4.45) 

= .92 

and 

(2') Log X = C + 1.661ogM - .89281ogP-2 + .21071ogg-2 + .17671ogh 
(18.86) (4.694) (1.808) (5.365) 

R^ = .934 

The elasticities obtained from the linear equation are 1.01, 

-1.04, .28, and .12 for income, own price, gas price and stock of appli

ance, Since equation (2) is double logarithmic, the coefficients repre

sent elasticities. In view of the fact that the stock of domestic 



equipment is held fixed, the elasticities obtained can be interpreted 

as short nin. 

R. G. Hawkins (Residential, Commercial and Industrial) 

This study investigates the determinants of the demand for 

electricity by residential, commercial and industrial customers by 

using a cross section data on New South Wales and the Australian Capital 

territory. The residential demsuid for electricity is described in two 

equations. The first one explains the average consumption and the second 

explEiins the proportion of electricity consumed by customers with a 

gas connection. The commercial and industrial consumers are also exam

ined with two sets of models. The first one is based on the assumption 

that commercial and industrial consumers are cost minimizers, and in the 

second model, the demand for electricity is derived directly from the 

production function. 

In order to derive average consumption, the author divided the 

households possessing an electricity connection into two groups—those 

with a gas supply, and those without a gas supply. For households 

with a gas connection the following behavioral function is postulated: 

where = average demand for electricity 

y = household real average income 

Pg = deflated average prices of electricity 

Pg = price of gas 

PQ = price of oil 

X = demographic and social factors. 



For households without a gas connection equation (3) is re

written by omitting variable P^. 

(4) D = b„ + b,y + b_X + b.P + b^P. 
eo 0 r  2  3 e 4 0 

where = average demand for electricity for households without a 
gas connection. 

Then by defining 

(5) 
e eg eg eo eo e 

as the average electricity consunption where 

= number of households with electricity and gas connections 

= number of households with electricity connections only 

= N „ + N ̂  
e eg eo 

and by combining equations (3), (4), and (5), the author derived the 

estimating equations: 

(6) D - ^ Veo'^^e "• 

<«2% + ^ 

'Veg ̂  ^3^3 * "f 

^i ~ ̂ i i = 1/ 2, 3, 4 

Equation (6) is estimated under two hypotheses. In the first, 

r  

-

^a^ b^ for 1 = 0 

and V(y^) = a^l 

In the second instance, the assumption on a^^ is maintained but V(y^) = 

2 
a /M where M = the number of residential electricity customers. 

The results under these two hypotheses, with t ratios in 

parenthesis, are as follows: 
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(7) D = -.3437M^ - 2.182NO M + 4.978yM^ - 5.754N^M^ 
e t t t ^ t h t 

e 
(-.21) -(-2.96) (4.27) (-3.73) 

+ .8844RM^ - .8553P 
h t re t 

(2.76) (-3.74) 

= .986 

where N. and N denotes occupied holiday homes and average household 
h p 

size, respectively. Equation (7) was re-estimated after the inclusion 

of an additional variable, the per-capita black coal consianption. On 

the basis of that equation, the estimated price and expenditure elastic

ities of electricity demand calculated at the sample means were -.554 

and .926 respectively. These results are of the expected signs, and 

are interpreted as long run elasticities. 

In the same study the author suggested two models to describe 

the behavior of commercial and industrial consumers. The first one 

relates electricity consumption to the level of output and factor prices: 

(8) E = g(2, Pj^, P^) 

where E = electricity consumed 

2 = level of output 

Pj^ = price of capital 

Pj^ = wage rate 

PQ = price of fuel oil. 

The second model relates electricity consumption to output, and 

the inputs, capital and labor. Hawkins estimated equation (8) in a 

linear form with and without the wage rate, and the results for the 

latter, with the t ratios in parenthesis, being as follows: 
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Cononercial Demand: 

(9) E = 6.553 + 28.93Fj^ + .2319(S/M^) + 1.136(Jj,/Mg) 

° (2.41) (6.56) (1.94) (1.64) 

- -esisPoe 

(-1.26) 

= .804 

Industrial Demand: 

(10) Ej. = 9.390 + 9.831(Jj|j + Jg + 

(.02) (12.96) (-.21) 

= .832 

where = dtarany variable included for commercial consumption in the 
Australian Capital territory 

E^,Ej = average consumption per commercial and industrial cus
tomer, respectively 

S/M^ = average retail sales per electric customer 

J_/M_ = average number of commercial employees other than retail-c c 
xng 

= average number of employees in manufacturing 

= average number of employees in mining and queirrying 

J /M. = average number of employees, electricity, gas and water 
el 

Equations (9) and (10) suggest that commercial and industrial 

demand for electricity are sensitive to price of electricity and to 

their respective level of activity. 

Taylor (Residential and Industrial) 

Taylor (1977) analyzes the energy demand in Colombia using time 

series observations for the period 1960 through 1974. The author 

estimated the demand for electricity by residential and industrial custom

ers. 



In this study, many models were postulated as describing the 

electricity demand function for households eind industries; however, we 

limit our summary to those that yield the best results. 

For the Eesidential and Commercial sector the following equation 

was assumed: 

+ a„ir + o-.KB^. + + y. 
(Pop)^ 0 ^(Pop)^ 2 et 3y t A "^t 

where q = GWH electricity sold to residential and ccsmnercial customers 

Pop = population of Colombia 

DPI = real disposible personal income (measured in 1970 prices) 

ir^ = average price of electricity to residential and commercial 
customers divided by the cost of living index for abreros 

DRB = percentage of population that resides in urban areas 

RE = percentage of rural households that have access to electri
city 

p = random variable 

Taylor estimated equation (11) both linearly and logarithmically. 

The results of the former were: 

= -165.8 + 16.3?!^ - .097P^ + 4.17URB^ + 2.9921®^ 
t t 

(-1.90) (2.35) (-2.06) (3.14) (1.29) 

= .997 

where the t ratios are in parenthesis. 

On the basis of this equation, the income and price elastici

ties computed at mean values of the variables are .5 and -.07 respec

tively . 



For the demand function of industrial customers, four equations 

were estimated, and we discuss here the one that was tabulated. It is 

of the form: 

Q /rj\ 
^ ®i2t ^ "sTofe: «4'^t-i + ̂ t 

where q = GWH of electricity sold to industrial customers 

Q = gross domestic product in manufacturing 

TT = price of electricity to industrial customers divided by the 
implicit deflator for gross domestic product 

E = employment in industry 

= randcan error term 

The empirical result is as follows: 

Q •̂°̂ ''t-l ~ 1 

(2.81) (.82) (3.43) (-2.52) 

A close look at equation (12) shows that price has the wrong sign. 

Unfortunately, the author gives no reason for this result contrary to 

expectation. 

We turn now to models and empirical studies on electricity 

demand in the U.S.A. 

Wilson (Hesidential) 

In this study, Wilson (1971) exploits data on 77 cities to 

analyze the cross-sectional demand for electricity and the demand for 

appliances. His results are of particular interest because they conflict 
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with those of Fisher and Kaysen [F.K.](1962)Wilson found a negative 

price elasticity and a negative income elasticity. F.K. found little or 

no influence of price on the long-run demand for electricity. 

Wilson's procedure was to estimate demand function of the form 

(13) Q = K + + b2G + bjy + b4R + bgC 

where Q = average electricity consumption per household (KWh per year) 

K = constant intercept 

P = average price per KWh or FPC typical bill 

G = average price of natural gas 

y = median family income 

R = room per unit 

C = climate condition. 

Equation (13) was estimated both linearly and logarithraicly 

using average price and FPC typical bill alternatively, but only the 

results using the latter price were reported, without the t ratios: 

(14)a Q = 21.731 - 1.178P + 144G - 1.37y + 47.9R - .069C 

R^ = .524 

(14)b InQ- 10.25 - 1.221nP + .311nG - .461ny + .491nR - .041nC 

R^ = .566 

Since Wilson used cross-section data, he interpreted the coeffi-

16 
cient from the log form as long r\in elasticities. One unexpected 

15. In a pioneering work Fisher and Kaysen found that "as the 
econony of a state mattires, short r\in elasticity becomes less sensi
tive to price, and the more urbanized a state becomes, the higher the 
income elasticity of electricity demand." 

16. Wilson also analyzes the demand for household appliances. 
This part of his analysis, is, however, beyond our present concern. 



result is that the income elasticity of inccme was negative and signifi

cant at .001 confidence level. 

Halvorsen 

Among the problems created by the use of average price, we men

tioned the dependence of average price on the quantity consumed. In 

order to surmount this problem of simultaneity posed by the use of 

average price in the demand function, Halvorsen (1978) specified a simul

taneous equation model of demand function and price function. 

The demand for electricity is a function of both economic and non-

economic variables and is of the form: 

OjlnJ + + a^lrU + OglnH + a^T + E^, 

average annual residential electricity sales per customer 

average real price of residential electricity 

average real income per capita 

average real price of all types of gas 

index of real wholesale price of electricity appliances 

heating degree days 

average July temperature, measured in Fcihrenheit 

percentage of population living in rural areas 

percentage of housing units in multiunits 

average size of household 

time 

disturbance. 

where = 

Pr = 

y = 

% = 

A = 

D = 

J = 

0 = 

M = 

H = 

T = 
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The price equation is assumed to be: 

(16) InNj^ ~ •*" •*" 

Bjlnl + B^T + e^ 

Pr - V' 

where N = average nominal price of electricity, in cents per KWh 

Q = average annual residential electricity sale per customer, in 
thousands of KWh 

L = average hourly eziming in manufacturing in cents 

K = percentage of generation produced by public-ovmed utilities 

F - cost of fuel per KWh of generation, in hundredths of cents 

U = percentage of population living in rural areas 

I = ratio of total industrial sales to total residential sales 

T = time 

e = a disturbance term 

Pjj = average real price of electricity 

X = consxmer price index. 

Equation (15) was first estimated by two-stage least squares. 

In the first stage, the price variable is regressed on all the exo

genous variables. The estimated equation (t ratios in parenthesis) 

with the appliance and housing structure omitted is: 

(17) InQj^ = -.594 - 1.1481nPj^ + .5131ny + .041nGj^ + .0241nD + 

(13.25) (33.76) (8.14) (2.73) (1.33) 

.5391nJ + .2141nU - .2411nH - .HIT 
(4.60) (10.7) (1.95) (37) 

The estimated coefficients of price and income have the expected 

signs cind are significant. The elasticities obtained from the struc

tural equation was referred to as direct elasticities. 



Due to a lack of adequate data on marginal price, Halvorsen 

determined a relationship between average price and marginal price 

17 
of the form; 

where b is the elasticity of the supply function and denotes the 

marginal price. On the basis of this relationship, the author con

cluded that the price elasticity is invariant to the type of price used 

in the demand ftinctlon. 

He also estimated the reduced form equation using two other 

methods. The first alternative was to substitute the estimated equation 

(16) i-nto the estimated equation (15). The second approach consisted 

of estimating directly the reduced form by using the typical electric 

bill (TEB) data in place of the average price. The results indicate 

that the estimates are sensitive to the methods used to obtain them. 

To test the assumption that the coefficient of equation (17) 

measured long run elasticities, several formulations of the demand 

ftmctlon were estimated. Comparison of the static results with the 

results obtained with a dynamic formulation of the demand function indi

cate that the static model based on the cross-section data is appropriate 

for estimating long run estimates. 

The residential demand for electricity has been estimated with 

data on 48 states provided by Edison Electric Institute and the U.S. 

Bureau of Labor and Statistics for the year 1967 through 1969. 

17. The relationship between average price and marginal price 
depends upon the fact that the demand function is In double logarithmic 
form. 



The major conclusion of the Halvorsen study is that it brings 

out the importance of price and income as a determinant of residential 

electricity consumption. 

Baxter and Rees (Industrial) 

Energy consumption by industries has been studied along two 

lines. The first consists of estimating the demand for aggregate energy; 

this demand is afterwards divided among different physical forms of 

energy. The second approach, that adopted by Baxter and Rees (1968), 

consists of estimating specific demand functions for each separate physi

cal form of energy. On the basis of this approach that the authors 

developed three models to explain the facts that 1) electricity consuni)-

tion grew faster than output in every industry, and 2) technological 

change has been electricity-intensive. 

The first model assumed that industrial electricity consumption 

is a derived demand of the form: 

®1_ ®2 W + 1 
=  V l  ̂ 2  •  •  • '  2  

where = consumption of electricity 

= price of input i 

Q = output. 

The second model shows the extent to which electricity benefits 

from technology. Since the substitution during that period has been 

against coal, it was used as a stirrogate for technological change. 

The third model asstmied that electricity constomption is propor

tional to output, where the coefficient of proportionality is a function 

of relative prices, labor, and capital intensities. It can be written as 
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where D = measure of electricity demanded 

Q = output 

? = coefficient of proportionality. 

These models are used to estimate the consumption of electricity 

by 16 indvistries with seasonally unadjusted data. To allow for seasonal 

effects, dinnmy vairiables are used. Their results can be"summarized in 

the authors' own words (Baxter and Rees, 1968, p. 295).18 

The main conclusion from the analysis is that relative 
prices are not unambiguously an important determinant of growth 
in industrial electricity consumption. The chief determinants 
are growth in output and change in technology. Taken at face 
value, the results for the relative price variables suggest 
that in at least nine out of the sixteen industry groups, price 
elasticity of demand is zero; in a further two, it is relatively 
inelastic; and in only five does there appear to be a marked 
responsiveness of demand to relative price changes. 

Murray, Spann, Pully, and Beauvais 
(Residential, Commercial, Industrial) 

This study, motivated by Taylor's (1975) criticism of the exis

ting literature on the demand for electricity, was done with the purpose 

of overcoming the deficiencies of past empirical works. 

The procedure of Murray et al. consisted of analyzing three 

different types of consumer's demand for electricity. The first one is 

the residential demand for electricity, the second one describes the 

commercial and industrial customer's demand for electricity, and 

finally, the third model examines peak demand. 

18. One must note that the estimate of many variables vary wide
ly between equations. 



Residential Demand. The authors take for their demand func

tion: 

(19) InK^ - (1 - 'l>)lnKt_i = " "^'^it-l' ^jt-1 

where = per-capita consmption of electricity measured in KWh 

X^t ~ three prices, respectively, lagged one 
period 

= per capita permanent income 

^•^,^2,^2 ~ log of the price 

= price of heating oil 

0 < (j) < 1 = adjustment coefficient 

Equation (19) was derived on the assumptions that 1) the rate of 

utilization of appliance stock is constant and the same for all appli

ances, and 2) households are in a process of continuous partial adjust

ment toward a desired level of appliances. The demand function estimation 

was based on monthly data provided by V.E.P.C.O., Tayloe Murphy Insti

tute, and the Virginia Department of Taxation. Whenever monthly data 

were not available, the annual data were interpolated to approximate 

the monthly data. 

The authors use three price variables, obtained from the group

ing of nine price blocks, and permanent income rather then measured in

come. Murray and others estimated the residential demand functions for 

two groups of residential customers during two seasons, hot and cold, 

by ordinary least squares. 
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Commercial and Industrial Demand. The model for commercial 

and industrial demand of electricity is given by: 

" AVit ̂ 

where = total consumption of electricity measured in KWh 

= measure of economic activity, temperature, real price, real 
marginal price of electricity and average price of electri
city. 

according to the authors, and included in the 

demand equation to capture periodic adjustment either monthly or yearly. 

Ordinary least squares was applied to the commercial and industrial 

demand equation. 

Studies in Demand for Gasoline 

J. Ramsey, R. Rasche, and B. Allen 

In this study, the authors (1974) specify the demand equations, 

and the supply equation of the gasoline market, although their main 

interest was in the estimation of the final consumer's demand for gaso

line and the commercial demand for gasoline. The equations describing 

the gasoline market were specified as follows: , 

(20) a q'^ = + 5iPg + + ^3^p + ^4^'^ + "d 

(20)b q== = 00 + + Ogf^ + 

(20) c q® = cIQ + a^P^g + a2P^ + a3P2 + a4P3 + 

(20) d q® = q*^ + q® 

where the endogenous variables are: 

q^ = logarithm of annual quantity of gasoline purchased per 
household 
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g° = logarithm of annual quantity of gasoline demanded by 
commercial users 

q^ = logarithm of annual quantity of gasoline supplied 

P = ratio of nominal price of gasoline and consigner price 
5 

P = retail price of gasoline deflated by price index of truck 
freight rates 

P = wholesale price of gasoline deflated by the principal com-
ponent index of distillate prices 

Y = real disposable income 

tp = proportion of the population between 16 - 24 year age 
groups 

P = price index of train travel deflated by commercial price 
index 

P^ = price index of diesel fuel deflated by price index of 
truck freight rates 

fj, = index of total ton miles demanded of all freight carriers 

Ug,U^,Ug = error terms. 

As specified, it is assumed that the prices of all distillates 

other than motor gasoline are exogenous to the gasoline market. 

Equations (20)a and (20)b were estimated with annual observations 

from 1947 to 1971 on the U.S.A. Two-stage least squares was the method 

of estimation used. The estimated equations are as follows: 

(20)a q"^ = 2.047 - .222Pg - .117P^ - 4.084tp - 1.078y-l 

(1.82) (1.49) (4.74) (11.75) 

= .98 

DW = 1.96 
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(20)b cf = 2.12 - 1.03P„^ + 1.88P. + .65f 
eg a c 

(2.16) (2.58) (2.20) 

= .89 

DW = 1.91 

where the number in parenthesis represents the t ratios. 

The values of the parameters indicate that gasoline consumption 

per household is responsive to ovm price and income. The elasticities 

computed at the mean values of the variables are presented in Table IV. 

TABLE rv 

Elasticities of Gasoline Demand 
Based on Ramsey, P.asche, and Allen's Model 

Private Demand Commercial Demand 

Variables P 
g ^t ^p ^ ^cg ^d f 

c 

Elasticities -.77 .39 -.54 1.34 -3.8 3.4 .89 

Phlips 

In this study, Phlips (1972a) estimates a system of demand func

tions, one of which is gasoline consumption, based on a dynamic version 

of the linear expenditure model. The author assimies that consumers 

maximize their utility function, 

(21) V = SBj^log(gj^ - 0^ -0^3^) 

subject to a budget constraint, 

(22) SP^q^ = I, 

where = measured flow of quantities purchased 

®i'"i constant and 
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s. = state variable. 
X 

The demand functions derived from equations (21) and (22) are: 

qi = ©i + a^s^ + 

Next, phlips defines 

Si = q^ -

where 6^ is a constant rate of depreciation. 

; _ dS 
O*  — — • 

dt 

Finally, by assuming that in the long run, S. = —, that is, 

3^= 0, the author replaces by its value in the first order condition 

of the utility maximization problem. The long run demand functions 

obtained have been approximated by: 

where in terms of the structure coefficients 

. 2«i2 ̂  hz' 

'l - K., - K., 
i3 i3 

^i2 - ̂ i3 

1 + Hi  

«i = 

2{Ki2 + K.3) 2(1 - K^^) 

^12 - Ki3 1 + 

. ^i0(^i2 - ̂ 13> 
®i 

(l+Ki^) {K^2-^K^3' 

Equation (23) was fitted to annual data on eleven U.S. consumption 

series published in the Survey of Current Business, for the period 1929 -



1967. The method of estimation used what that of iterative maximum like

lihood. We report the estimates of the gasoline demand function as 

19 
they are the primary interest of this summary. 

= .6575 + .887iq^_j^ - 4.4640?^^"^ - 1.9077Pg^_j^"^ 

(2.58) (52.17) (6.69) (3.76) 

2 
R = .999 (Estimated t ratios are in parenthesis) 

On the basis of the above estimates, income and price elastici

ties were computed, and are equal to .58 and -.11, respectively, in the 

short run. The corresponding long-run elasticities were 1.54 and -.68 

for income and price, respectively. 

H. Houthakker, P. Verleger Jr., and D. Sheenan 

Houthakker, Verleger and Sheenan [H-V-S](1975) in this study 

examine the demand for gasoline employing the log flow-adjustment model 

of Houthakker and Taylor (1970). In this model, the ratio of demand in 

this period, q^, to demand in the last period, is proportional to 

the ratio of a desired demand, q^ to demand in the last period. This can 

be written as; 

(24) q^/q^_^ = (q^/q^.i) 

* 
Furthermore, the authors assume q^ to be a function of the price 

of gasoline, P^, and income so that; 

(25) 

19. The other goods included in the system of equations are; 
Automobiles and parts, furniture and household equipment, other durable 
goods, food and beverages, clothing and shoes, other non-diirable goods, 
housing, household operation, transportation, and other services. 



After transforming equations (24) and (25) into logarithmic 

form and substituting the logeirithmic form of equation (25) into the 

logarithmic form of equation (24), (H-V-S) obtained the following esti

mating equation: 

Inq^ = 61na + 0YlnP^ + SPlnY^ + (l-0)lnq^_j^ 

The model was fitted to quarterly data on gasoline consumption 

for the years 1963 through 1972 for 42 states, including the District 

of Colianbia. The error component estimation method was used, and the 

results obtained are as follows: 

Inq^ = .593 - .751nP^ + .3031nq^ + .6961nq^ ̂  

The short run and long run elasticities are shown in Table V 

below; 

TABLE V 

Income and Price Elasticities of 
Gasoline Demand Based on (H-V-S)'s Model 

Income Price 

Short run .303 -.075 

Long run .996 -.246 

So far we have summarized a ntmiber of models on the consumption 

of electricity, and the consvimption of gasoline. But before turning 

to the evaluations of these models, we will briefly discuss the litera

ture on energy and development. 
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Energy and Economic Development 

In recent years economists have been concerned with the long-

term relationship between energy consun^tion and gross national product. 

The rationale for this interest may be sought in the fact that economic 

growth and industrialization are closely linked, and that most capital-

using activities (industrial and commercial activities) require energy. 

The interest in the relationship of energy consumption and economic 

growth can also be attributed to the fact that in selected instances, the 

shortage of energy has either caused planners to reassess downward their 

national growth targets or has necessitated an increase in the im.port of 

oil, thus contributing to balance-of-payments difficulties. 

The investigation of the relationship between economic growth 

and energy consumption has been undertaken along two distinct lines. 

The first approach is based on micro-economic demand theory. The demand 

for each energy component is a study for a number of economic agents. 

The studies sianmarized in previous sections were done along that line. 

This approach put emphasis on the response in energy consumption to 

relative price, per-capita income, industrial production, and other non-

economic variables. 

The alternative approach consists of reducing the different 

20 
physical forms of energy to a common measure (B.T.D. or C.E.T.) then 

regressing the common measure of energy on G.N.P. Clearly such a for

mulation assumes that energy consumption is price inelastic and zero 

elasticity of substitution. 

20. B.T.U. stands for British Thermal Units and C.E.T. stands 
for coal equivalent ton. 
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The most recent study using this approach (de Janosi and Gray-

21 
son, 1977), estimated the following equation: 

In E = a + blnGNP 

where E = energy constnnption in million metric tons of coal 

GNP = gross national product in price adjusted local currencies. 

The equation was fitted to time series data for 30 countries 

(developed and underdeveloped). The authors' results indicate that 

GNP and energy consumption are highly correlated, and that the income 

elasticity of energy consumption is partly influenced by a coiintry's 

stage of development. With few exceptions, the income elasticity of 

energy consumption is higher in the underdeveloped countries than in the 

developed countries. 

In a less formal approach, Desai (1978) has attempted to disprove 

the findings according to which for the same growth rate, a developed 

country would require less energy than an underdeveloped country. 

According to the author, the difference in income elasticities found 

between developed and underdeveloped countries can be explained by the 

fact that previous studies have excluded from their analysis non-commercial 

energy (fired wood, dung, straw, . . .) that predominate in less developed 

countries and represent over a third of the energy consumed. Hence, 

Desai included non-commercial energy in his study. 

The effect of including non-commercial energy and evaluating GNP 

at purchasing power parity brought out some interesting as well as 

21. A cross-sectional study undertaken by Darmstader, Dunkerley 
and Alterman (1977) points to a strong correlation between per-capita 
income and energy consumption per capita. Such a result confirms that 
obtained by de Janosi and Grayson (1977). 
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unexpected results. For instance, the author found that the aggregate 

level of energy consumption per dollar of GNP does not show any specific 

trend (.75kg/dollar, .62kg/dollar, 1.35kg/dollar, and ,75kg/dollar for 

India, Japan, Kenya, and U.K.., respectively), but per-capita energy 

consumption is higher in developed countries (2,434kg and 2,682kg oil 

equivalent for O.K. and West Germany, respectively) than in underdeveloped 

countries (255.6kg and 386.2kg oil equivalent for India and Kenya, 

respectively). 

At a sectoral level, the author's results indicate that the 

energy consumption per dollar in transportation and industry is approxi

mately the same in all countries regardless of the country's stage of 

development. However, in the agricultural sector, the energy intensity 

is higher in developed countries than in the less developed countries. 

The author explains the difference in energy intensity by two facts; 

1) agriculture is highly mechanized in developed countries; and 2) in 

underdeveloped countries, agriculture is labor-intensive. 

Evaluation 

In the previous sections, we have reviewed the theoretical 

models, and their corresponding eiii>irical works in the field of the 

demand for electricity and the demand for gasoline. The summary approach 

was adopted because all the models are based on the neoclassical theory 

of demand. According to that theory, the quantity of a good consimed is 

a function of its o»m price, prices of all other goods consxmied, and 

income. This section will evaluate these studies and show their 

relation to this work. 
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We will proceed in the following way: First we will discuss the 

evolution of the field in light of the summarized studies, then we will 

give a brief suiranary of the findings of the literature. On the basis of 

these findings, we will determine a range within which the elasticities 

obtained in this study can be considered plausible. 

Nearly thirty years have passed since Houthakker (1951) brought 

the attention of econometricians to the problem created by the declining-

block tariff rate prevailing in electricity demand. The solution he 

proposed includes marginal price rather than average price in the demand 

function and is based on 1) the classical theory of demand according to 

which consumer equates mairginal rate of substitution to the ratio of 

marginal prices in the maximization of his utility, and 2) on the fact 

that the relationship between quantity consumed and average price has 

neither a statistical nor an economic meaning. 

Unfortimately, the subsequent empirical works in the field over

looked the issue raised by Houthakker. The debate was rather centered 

around the type of price—marginal price or average price to be used in 

the demand function without any theoretical justification for the use of 

either one. The issue was then: Is price a predictor of electricity 

consumption? Indeed this was the purpose of works such as Wilson (1971), 

Hawkins (1975), and Halvorsen (1978). 

This was how the matter stood until the recent work of Taylor 

(1975), Blattenberger and Taylor (1977), and Howrey (1979), among others. 

In the studies mentioned above, the authors reexamined the problems 

associated with the multipart tariff existing in electricity rates. As a 



result, they added a new dimension to the debate on the type of price that 

is to be included in the demand function for electricity. 

In his survey article, Taylor pointed out that the demand func

tion for electricity is discontinuous and multivalued at the point of 

discontinuity as a consequence of the decreasing block rates. In a 

later work with Blattenberger, he showed that the problem of discontinu

ity could be ignored when working with market data, that is, the demand 

function became continuous as one aggregates across large numbers of 

customers. A sufficient condition for this result to hold is that 

tastes or income must vary across customers in such a way that the pro

bability of Sl discontinuity at any point in the price set equals zero. 

Based on this result, we proceed to the comparison of estimated 

elasticities from past empirical works tabulated in Tables VI and VII. 

The empirical results shown in Table VI and Table VII support 

the view that the long run price elasticity is larger than the short run 

elasticity. This is also true for the income elasticity. Moreover, the 

empirical results indicate that electricity consvimption is price elastic 

in the long run as the long run price elasticities are greater than 

unity. However, the magnitude of the long run elasticity of income 

does not exhibit the same pattern. Finally, on the basis of the tabulated 

elasticities, one may conclude that short run price elasticities and 

short run income elasticities in the range of -.2 and -.9 and .10 and 1.20, 

can be considered plausible for the demand for electricity. As to the 

short run price and income elasticities of gasoline consxunption, a 

range of .08 to .80 and .30 to 1.34 is quite plausible. In the long run. 



TABLE VI 

Price and Income Elasticities 
of Electricity Demand 

Model Price Elasticities Income Elasticities Data Price Variables 

Residential Short run Long run Short run Long run 

Houthakker -.892 1.66 cross-section 
Cities (U.K.) 

K (marginal price) 

Havkins -.554 — .926 (c-s) 
Australia 

A(average price) 

Taylor, l.D. -.07 .5 . time-series 
Colombia 

A 

Wilson -1.33 — (c-s) 
Cities (U.S.A.) 

B(typical electric 
bill) 

Halvorsen -1.148 — .513 (c-s) - (t-s) 
States (U.S.A.) 

A 

Commercial 

Hawkins — .7873 (c-s) Australia A> 

Industrial 

Hawkins ~ .8491 (c-s) Australia A 

Taylor, L.D.' .73 .16 . (t-s) Colombia A 

Baxter s Rees -1.50 — 1.206 (t-s) (U.K.)' A 



TABLE VII 

Price and Income Elasticities 
of Gasoline Demand 

Model Price Elasticities Income Elasticities Data 

Household Short run Long run Short run Long run 

Ramsey et al. - .770 1.340 time--series(U.S.A.) 

Phlips - .110 -.680 .580 1.540 

Houthakker, Verleger 
& Sheehan - .075 -.246 .303 .996 

Commercial 

Ramsey et al. -3.800 .890 time--series(U.S.A.) 

•u 
oi 



one should expect a price elasticity greater than the short run elas

ticity. The evidence on the magnitude being mixed for income elastici

ties, we will consider estimates ranging from 0 to 2 as plausible. 

Since these estimates are derived from different models and data sets, 

this is as far as one can legitimately compare them. 

Let us now assess these results in light of Howrey's (1979) 

solution to the decreasing block in electricity tariff. According to 

Howrey, the appropriate variables to be included in the residential demand 

for electricity are the relative marginal price and adjusted income, 

where adjusted income is defined as the difference between total income 

and supermarginal expenditure. Hence, using income instead of adjusted 

income may lead to a bias estimate of the coefficients of both price and 

income variables. Howrey's results are used later to give an interpreta

tion of the coefficient of the average price. 

It will be of some interest at this point to discuss the formu

lation of the models summarized. As mentioned at the beginning of chap

ter 2, the attributes of energy consumption make it necessary to 

discuss the difference between a short run demand for electricity and a 

long run demand for electricity. The relevance of this distinction lies 

in the fact that electricity is not consumed as an end in itself, but 

rather is consumed in conjmction with complementary durable goods. In 

the short run, the stock of capital is fixed, and the demand for energy 

depends upon the rate of utilization of the capital stock. In the long 

run, the stock of capital is variable, and the demand for energy is 

therefore related to the demand for capital goods. Unfortunately, since 
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most of the studies summarized are weakly motivated theoretically, the 

distinction between the short run and long run is lacking. 

t-Wiat then is the implication of ignoring dynamic behavior in 

energy consumption on the elasticities of price and income? My conten

tion is that the failure to distinguish short run behavior from long 

run behavior is the formulation of the demand for electricity may lead to 

a biased estimate of both price and income elasticities. Moreover, for 

a given model and data sets, one should expect the short run price elas

ticities and short run income elasticities of the correctly specified 

model to be smaller than the price elasticities and income elasticities 

22 
of the model ignoring the dynamic component of energy consumption. 

Turning now to the purely econometric nature of the early lit

erature, in all of the studies, the authors regressed the quantity of 

electricity ccnsmed on price and income. Some studies included in their 

demand functions price of substitutes, non-economic variables such as 

temperature, and social demographic factors in order to e:^lain seasonal 

variation or regional variation. With few exceptions, the results of 

these regressions are reported without mentioning the magnitude of the 

D.W. coefficient. This silence is noticeable since one usually worries 

about autocorrelated error terms when using time-series data. 

Multicollinearity is also a problem hardly discussed. With 

multicollinearity, a significant test is difficult or impossible to 

interpret. It is tempting to conclude that the wrong sign or 

22. My contention is based on the concept of omitted variables. 



insignificance of some of the coefficients in the literature may be 

attributable to the presence of multicollinearity among the exogenous 

variables. 

Conclusion 

This section has examined the existing literature, and the major 

conclusions that can be dravm from this review are as follows: First, 

one notes that [with the exception of Houthakker (1951)] before Taylor 

(1975), the debate on the type of price to be j.ncluded in the demand 

function was no theoretically motivated. In most studies, the concern 

was whether price was a determinant of electricity demand. Secondly, 

they ignored the dynamic component of electricity consumption. Finally, 

the empirical results were at times conflicting, but overall, price and 

income appear to be important determining factors in electricity and 

gasoline consumption. 



CHAPTER 3 

MODELS UNDERLYING THE EMPIRICAL ANALYSES 

The piirpose of this chapter is to describe a number of models 

that will be used to estimate 1) the demand for electricity by both 

household and industrial users, and 2} the demand for gasoline. The 

choice of the models has been greatly influenced by the nature of the 

commodity. These characteristics are therefore discussed briefly before 

turning to the description of the models. 

General Information 

Energy is not a durable good; that is, a good that can be 

enjoyed over a length of time or can be stored for future use, but its 

consumption is associated with that of other complementary durable goods. 

This characteristic of the consumption of energy is present in the case 

of both household consumption and the firm's consmption. The demand 

for energy is therefore a derived demand. 

Models 

Five distinct models have been developed. The first one, the 

flow-adjustment model, is used to estimate the demand for electricity 

by household and commercial users and the demand for gasoline. Follow

ing Balestra and Nerlove (1966), we derive a "new demand" for energy 

v;hich is used in estimating not only the demand for electricity by house

hold and commercial users, but also the demand for electricity by 

49 



industry. The third and fourth models are intended to test the respon

siveness with respect to the variation in price, and other variables of 

industrial demand for electricity and demand for gasoline, respectively. 

Residential and Commercial Demand for Electricity 

The residential demand for electricity is studied with two 

models. The first one, the flow-adjustment model, allows a distinction 

between the short run effect and the long run effect of a variation 

in income, price, and other exogenous variables on the demand for elec

tricity. In the second model, the "new demand" for energy, it is 

assumed that there is no response to a change in price over a short 

period of time. 

The flow-adjustment model assumes that consximers attempt to 

bring their action consumption to some desired level so that the rate 

of changes in the flow of consumption, » is proportional to the 

discrepancy between the desired flow q and the actual flow q .. 
(t) ^(t) 

This equation can be written as: 

(26) • ef'Jlt) -

where 8 is the speed of adjustment, and is determined by income, 

y, price, -p, and by other variables, z, according to: 

"^(t) ~ ^0 ^l^(t) ^2^(t) ^3^(t) 

Substituting (27) into (26) leads to: 

(28) q^^j a^e - 6q^^, + + a2®P(t) ^3®^(t) 



The estimating equation of (28) obtained after using a finite 

approximation has the form" 

(28') q(t) = Aq + + Aj (y^, + y^.j.) + A3 (p^ + 

A4(zt + zt-i) + et 

where e^ represents a random error and , 

2(1 - A,) 
(29) e = L. 

1 + A]̂  

(30) 

(31) a^ = 

(32) = 

(33) 33 = 

^0 

1 - A ^  

2^2 

1 -  A ^  

2A3 

1 - A, 

2A 
4 

1 - A^ 

The effects on the rate of consimption in the short run of a 

change in income and price are obtained by finding the derivative of 

equation (28) with respect to y and with respect to p. So for a change 

in income, we have: 

(34) ^ a e ^ '^^2 
<3y ^ 1+Ai' 

Similarly, for a change in price we have; 

23, See Houthakker and Taylor (1970) for further discussion. 
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(35) ^ = e = ̂  

<aP 1+Ai' 

The flow-adjustment model can be reformulated in logarithms. 

Following a reasoning similar to the linear approach, we postulate: 

(36) q 
g (t) = e'(lnq^^.j - Inqj^j), and 
(t) 

(37) lnq,..= a ' + a 'Iny + a_'lnp, . + a_'lnz . 
(t) 0 1 (t) 2 '^(t) 3 (t) 

The counterparts to equation (28) and (28') are respectively 

fia\ - (t) = a '6' + a '6'Iny + a '0'lnp , + a '6'lnz , 
(38) q^tj 0 1 "^(t) 2 ""(t) 3 (t) 

and 

(3SM ^ " 

A'jdnpjy + + A4'(l>li»(y + l»Vll • S ' -

Equations (29) - (33) remain valid as the relation between param

eters in (38) and (38'). 

A  

Letting N and N denote the elasticities in the short run and 

in the long run, we have from (37) and (38): 

(39) N = ^^2 
U f 

1+A^ 
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The second model is analogous to the one developed by Balestra 

and Nerlove (1966). With this in mind, it is assumed that the demand 

for any type of energy input is not responsive to price changes in the 

short run. This assumption is based on the fact that high transfer 

costs associated with shifting from one type of fuel to a different one 

does not induce consumers to revise their choices (i.e., once a plant 

is built or an appliance is installed, there is little or no substitu

tion between the type of fuels used). Our focus is, in fact, on the 

"new demand" for electricity or gasoline—the incremental demand for 

electricity from a net increase of the stock of energy consuming goods. 

The following sections will give a description of the model. 

I t  ^ 
Let E., p, and A denote the "new demand" for electricity by 

t t 

either of the two econcxnic agents, the relative price of electricity, 

and the new requirement for all other types of energy sources, respec

tively. Then by assuming that the "new demand" for electricity is 

determined by the relative price of electricity and the total new 

requirements of other types of energy, we can write 

(43) E* = E(p, A*). 

* * 
If we further assume that the relation between E^, p^, and A^ 

is linear, then (43) can be rewritten as 

(44) E* = + B^p^ + B^A; . 

* * 
As it stands, equation (44) is non-operational since E^ and A^ 

* * 
are not observable. The problem now is to express E^ and A^ as a ftjnc-

tion of observable variables. For this purpose, we define 



(45) = XS^, 

where is the average stock of energy consvuning goods or capital 

stock at time t, X represents the ];:ate of utilization of the appliance 

(or capital stock) and stands for fuel consiamption at time t. 

24 
Note that X is assiamed to be constaint for convenience. Using 

S as the net change in the energy-using commodities (or capital stock), 

we have 

(46) S = - (1 - r)S^._3^, 

where r represents a constant rate of depreciation and equation (46) 

corresponds to the familiar statement that net investment is equal to 

gross investment (purchase) minus depreciation. 

Equation (46) is also based on the assumption that depre

ciates at a fixed exponential rate. Let us define 

(47) = XS^_j^ 

as the consumption of fuel at time t-1. 

Clearly the quantity AA^ = A^. - ^ (S^ - S^_2^) does not 

represent the new demand for fuel because some of the stock of fuel-

consvmiing equipment existing during the period t-1 has worn out in 

period t. Consequently, the new demand for fuel is; 

(48) A* = XS^ - X(1 - r)S^_^ 

- - Vi' * 'Vr 

Equation (48) implies that the total "new demand" for fuel has 

two components. It is the sum of the incremental change in consumption 

and replacement demand represented by the quantity rA^_j^. 

24. Balestra and Nerlove (1966) made similar assumptions about 
the constancy of lambda. 



By analogous argument, the "new demand" for electricity, E^, 

may be written as: 

(49) E* = E - (1 - r )E , 
t t g t-l 

where r^ stands for the rate of depreciation of electricity-using 

capital stock. 

By combining (44), (48), and (49) we obtain 

(50) E = B +Bp +BA + BA +(l-r)E 
t 0 It 2 t 2 t-l g t-l 

Since an estimate of the consumption of other sources of energy 

is not available, it can be approximated by the equation of the form 

(51) + a^y^, 

where y^ represents per-capita income or industrial output. 

Substituting (51) into (50) gives 

(52) E. = Y- + Y p + Y^y +Yy +ye +§. 
t '0 'l^t 2^t 3 t-l '4 t-l t 

As it stands, equation (52) will be used to estimate the demand 

for electricity by industrial and household users. 

Industrial Demand for Electricity 

We turn in this section to the model describing the firm's 

demand for electricity. It is derived on the assumption that firms 

maximize the present value of profits subject to constraints such as a 

production fvinction and capital accvimulation equation. 

Derivation of the Demand for Electricity. Let us assume a homo

genous output in the economy and the use of only three homogenous fac

tor inputs—labor, capital, and electricity. Let L^ denote labor input 

at time t and E^ be period t energy input. Let be the stock of 
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capital at the beginning of period t and be the output in period t. 

The firm's production function is thus given by 

(53) Y =Q(L,K,E), 
t t t t 

where Q(L^,K^,E^) is assumed to be concave with 

>0 i = r.^, K^, E^; 

Q. .<0 i = L , K , E.? and 
11 t t t 

aij>0 i E^. 

Let and be the price of output, the wage rate, and 

the price of electricity, respectively. Furthermore, let us assme that 

the cost per unit of gross investment rises with the investment. 

Thus following Gould (1968), we can write = C(I^) where C(I^) ̂  0, 

C(1^) > 0 for all 1^. In other words, C(I^) is strictly convex. The 

problem consists then of maximizing 

/I -^^[PQ(r.^, K^, E^) - - P^^E^ - C(I^)]dt 

subject to 

K = I - 6Kt 
t 

I min^I^^I max 

L^^O, K^^O, E^^O. 

Let us write the Hamiltonian H as 

(54) H = e-^%PQ(L^, K^, E^) - " C(I^)3+ u^(I^ - SK^} 

Xt = u^e^^ 
where 

and is the costate variable. 
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The set of necessary and sufficient conditions for an optimum 

is written as: 

( 5 5 )  =  a ,  
dt du^ 

(56) u = -dH, cind 
t dK^ 

A A A  A  A  A  A A  

(57) e-^%Q(L , K , E^) - TO - P E^ - C(I )]+ u(I - )> 
t t t  t i t t  t  t  t  —  

e^^[PQ(L , K^, E^) - TO - P E^ - C(I^)]+ u(I - sk). 
t t t  t I t t  t  t  t  

lim u. = 0. 
t ->• «> 

Condition (57) signifies the maximization of the Hamiltonian H 

with respect to the control variables L^, and E^. So by setting 

A  A  

E^ = E^ and we obtain 

(58) P^ - W <_ 0 and (PQ^^ - W)£^ = 0, 

A  A A A  

where ^ evaluated at (L , K , E^). Assuming L. > 0 for all t, we 
L  t t t  t  

obtain 

(59) Q^=|, 

which is the familiar marginal productivity rule with respect to labor. 

A  A  

Similarly, by setting L = L and I = I. » condition (56) 
t t t t 

implies 

(60) PQ^ - Pj^ < 0 and (PQ^ -

A  A A A  

where Q„ = -^ evaluated at (L , K , E ). Assiaming E^>0 for all t, we 
dEt t 

can write 
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(61) Q_ = fit . 
^ P 

25 
Combining equation (59) and (61), we can write 

(62) L = L(K , -It) , and 
t t p p 

(63) E. = E(K , -It). 
^ t p p 

By assuming that there are no inferior factors, we can write: 

dE dE 
< 

d(Pit/P) d(w/p) 

dL^ dL. 
5 < 0^ £ < 0. 

d(P^t/P^ 

Also, it can be shown from equations (59) and (61) that 

25. The required condition is: 

J = 

®LL ®LE 

Q Q 
EL EE 

¥• 0 

where 

do Q = 
li dL 

Q = ̂  
EE dE 

A  

evaluated at L, K, E 

A A A  

evalTiated at L, K, E 

do « A « 
and Q = Q = evaluated at L, K, E. 

EL LE dL 



> 0. 
dK, 
t 

The relationship between E I , K , —, ̂ t in equation (63) will 
t t P P 

be treated as linear, or log-linear. It will then be possible to esti

mate the function by least squares. The estimating form is then:. 

where a^^ and a2 are expected to be positive and a^ < 0. 

At this point, we have completed our discussion of the demand 

for electricity. Therefore, we shall from now on focus our attention 

on tlie demand for gasoline. 

Demand for Gasoline 

As previously mentioned, gasoline is not desired for its own 

sake. Gasoline is combined with other goods, such as cars, to produce 

(65) logE. = a + a logK + a log — + a log (—It) 
t o i t 2 E '  3 ?  

2 
Since Q is concave, P 0 - 0 > 0. 

•Q Q 
LK LE 

dE = 
cIK 

= 0 Q - Q Q 
LE KE ^EE^LK > 0. 

•Q Q 
EK EE j+ 

Q Q - Q Q 
LE KE ^EE^: 

J+ 



some basic commodities; transportation, prestige, and comfort. For 

the purpose of this study, we will' assvime that the combination of gaso

line and automobiles produces transportation, Z^, such that; 

(66) = f(Pg, y, M) 

where P is the price of gasoline per gallon, y is income, and M de-
a 

notes the potential number of miles that are available with an existing 

stock of automobiles, V. That is, 

(67) M = £V 

27 
where £ is assumed constant. 

If we fxirther assume that f(• ) is homogenous of degree one with 

respect to M, then 

(68) Z, = U(p , y)M 
1 g 

where U(p^, y) = f(Pg/ Yf !)• 

Let us define q as the miles travelled with one gallon of gaso

line, and as the consumption of gasoline at time t. Then 

(69) 

28 
and equations (67), (68), and (69) give us 

(70) = a(Pg, y)^^-. 

P V Since ~ represents the potential of consumable gasoline asso-

dated with the stock V^, and is the amount of gasoline consumed, 

then clearly U(Pg, y) is the utilization rate. 

27. The constancy of & is explained by the fact that there is 
an upper limit to the distance that an automobile can be driven in a 
specified period. 

28. From this point on, the model is similar to the stock-
adjustment model. 



61 

At this point, the specification of the demand for gasoline in 

the short rvin is reduced to the specification of the fractional form 

of the utilization rate, U(p , y). This functional form can be written 
g 

either as 

(71) U = + a^Pg+ a^y 

or as U = OQ + a^lnpg+ 02^*^^ 

thus, = (BQ + B^Pg+ B2y)V 

n i  
where = i 1 = 0, . . .3; 

q 

or G = (B + B p + B y)V. 
w U X 7 ^ 

Since the short run is defined with respect to a fixed automo

bile stock, the effect of a change in income, y, price p^, on the demand 

for gasoline v/ill take place through a variation of the utilization rate. 

Thus we have: 

'̂̂ t V 
(72) ^ = B^q, and 

(73) t =» B 

dy 

In the long run, individuals will tend to use the full gasoline 

potential provided by the desired stock of automobiles, V, then 

— SLV — 
G = — or y) = 1 
t q g 

from equation (69), G. = _i, 
t q 



where is the desired constanption of gasoline and is the 

desired demand for transportation (or automobile mileage). 

Assuming now that 

then 

where p and y are as defined previously, and r and d represent the 
g 

interest rate and depreciation, and p^ is the price of automobiles. 

C 
Then the quantity (r + d)p^ denotes the user cost. By assuming a con

stant mileage per gallon over time, we have; 

dG. _ X, 
dy q 

This ends our discussion of the models describing the consump

tion of the two components of energy: electricity and gasoline. 

Identifiability and Estimation Models 

In the preceding sections, we dealt with a number of models 

STiitable for estimating the demand for gasoline, the demand for electri

city by both household and firms. This section will discuss the identi

fiability of those demand equations, and the methods of estimation that 

are to be used. Let us then rewrite the equations upon which the dis

cussion is based. 

The equations describing the behavior of the household and 

commercial sector are the following: 
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(74) A^CY^ f y^_^) + A3 •. 

+ Zt-i^ ®t' 

(75) logE = A' + A'log + A'(logY + logY ) + 
Ht 1 Ht-1 2 t t-1 

A'dogP + logP ) + A'(logZ + logZ )e'; 
3 Ht Ht"*l 4 t t"X t 

and 

(76) + YiP„t 1- + e;. 

The following set of equations is used in estimating the indus

trial consumption of electricity: 

(W) (P ) 
(77) Ej^ = Oq + + a + 03 + U^; 

P^ P 
t t 

(78) logE = a' + a'logK +a'log-^Hl. + ct'log-i^ + U'; 
I t  0  l ^ t 2 = p  t  

and 

V • ̂<1 • H=it-i * ^ • »A-i ̂  

Finally, for gasoline consumption we have the following equations: 

(80) = (Bq + B^Pg^ + B2y^)V + E^; 

(81) t? = i[B' + B'P . + BlY. + B:v(r + d)P 1 + E/; 
t q 0  1 g t 2 t 3  V  t  

where Y^ = per-capita income 

E„. = consumption of electricity by household and commerce 
ciu 

P^ = price index 
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= social factor 

= industrial consumption of electricity at time t 

= capital stock 

W = wage rate 

V = stock of automobiles 

= industrial output 

= gasoline consimption in the short-run 

= gasoline consumption in the long-rtm 

q = miles travelled with one gallon of gasoline 

= stock of automobiles 

= price of electricity faced by industrial users 

= price of electricity faced by household and commerce 

P = price of gasoline 

i, d = interest rate and depreciation respectively 

p^ = price of automobiles. 

Let us first discuss the identifiability of the demand for 

electricity before turning to a discussion of the estimation method. 

The problem of identification, frequently neglected in demand 

analysis, is an important one. To solve it, some authors make use of 

the rank or order condition after specifying demand and supply equa

tions of the commodity; others have approached.the problem by discussing 

the conditions under which the commodity is supplied. The second approach 

is the one we will use in our study. 

We argue that the monopolistic nature of the electricity market 

in the Ivory Coast, Ghana and Senegal suggests that the quantities and 



prices observed depict the demauid equation for electricity. Also, be

cause of the existence of excess capacity in the industry, it is possible 

to assume a perfectly elastic supply of electricity. On the basis of 

the above arguments, we conclude that the electricity demand equations 

that will be estimated are identified. 

Bearing this consideration in mind, let us discuss the method 

of estimation. As we know, the estimation problems and procedures will 

depend upon the assumptions made about the behavior of the disturbance 

terms. To proceed further, we will distinguish between the following 

possible behavior of the error term, u^. 

29 ^ 
Assumption I; y^s are N(0, 

Assimiption II: P+. = PP. , + v 
w U"* J. U 

2 
0 < p < 1, and V. and N(0,a I). 

t V 

In Assimption I, we argue that the error terms are normally and 

independently distributed with mean zero and consteuit variance. Under 

this assumption, ordinary least squares applied to all the equations 

(from 74 to 81) yields consistent and asymptotically efficient estima

tors provided we postulate zero probability limits for the covariances 

between the error terms and the explanatory variables. 

Equations (74) - (76) and (79) have one common feature—the 

presence of lagged values of endogenous variables on the right hand side 

of the equations. The presence of these lagged variables combined with 

29. VI. represents any of the error terms from equations (51 -
6 0 ) .  ^  
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Assmption II raises two important theoretical points: 1) The combination 

of lagged endogenous variables and serially correlated disturbances 

yield an ordinary least square estimator which is not consistent- It 

is, however, important to note that autocorrelated disturbances without 

lagged endogenous variables do not produce biased estimators, even in 

small samples, although the sampling variance may be larger than those 

obtainable by using other methods of estimation; 2) The conventional 

Durbin-VIatson test is biased. The least square residuals show less 

autocorrelation than do the true disturbances. In the view of the 

estimation problem associated with the combination of the lagged endo

genous variables and autocorrelated error terms., an instrumental-varia

ble procedure will be used to estimate equations (74) - (76) and (79). 

The combination of autocorrelated error terms and lagged endo

genous variables is not the only problem we encoimter in the course of 

this study. Another type of problem, created by the use of an inappro

priate data matrix, is also examined. This problem occurs because we 

use proxies for data that are not available (i.e., in equation (77) and 

(78), we use, instead of the wage rate, minimum wage or wage income 

per person as a proxy). The effect that the use of proxies may have on 

the coefficients of the other variables is not without ambiguity. It 

can, however, be shown that the use of a proxy "induces a misspecifica-

tion bias on the estimates of the coefficients of all variables and not 

merely on the coefficient of the misspecified variables provided the 

included variables are not orthogonal to the missing variable. The 
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extent of this bias is proportional to the true coefficient of the mis-

specified variable. (Dhrymes, 1978) 

«• 

30. Dhrymes (1978) also discusses the discrete choice models; 
logit and probit analysis. 



CHAPTER 4 

EMPIRICAL RESULTS 

This chapter contains the estimates of the demand for gasoline, 

the residential and commercial demand for electricity, and finally, the 

demand for electricity by industries. Parameters for gasoline demand 

functions are summarized in Table VIII (p. 78). Those corresponding to 

residential consumption of electricity are shorn in Table X, Table XI, 

and Table XII for Senegal, the Ivory Coast and Ghana, respectively 

(pp. 84-86). Table XIV (p. 94) and Table XV (p. 95) present a summary 

of the regression results for industrial electricity consimption. 

All of the estimations were first conducted with ordinary least 

squares (OLS). Since these results may be biased because of the presence 

of the lagged endogenous variable on the right side of the equations 

estimated, we reestimated each model for each energy component with 

instrumental variables. However, since the results obtained offered 

little or no improvement over those obtained with OLS, they are not 

reported. 

Data Sources 

I will now proceed to a brief discussion of the quality of the 

data used. But before that discussion, let us remind ourselves that this 

study is based on data from three VTest African countries: Senegal, the 

Ivory Coast, and Ghana. These countries were chosen mostly because the 

data requirements were satisfied. 

68 
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Our study is limited to the period from 1960 to 1977 because 

31 
this is the period for which the data needed were available. These 

data were not collected from a unique source, but rather from statis

tical publications on each country. 

The data for all three countries, the Ivory Coast, Senegal, and 

Ghana are weak, and for the most part, the statistical coverage is 

incomplete. The data on electricity are broken down between residential 

and commercial, and industries in the Ivory Coast and Senegal. The 

reason for the classification of commercial and household as one economic 

agent is that most commercial activities are undertaken in the home. In 

Ghana, the data refer to three economic agents: residential, commercial 

and industrial. 

In all three countries, the data on electricity consumption are 

biased downward because electricity produced and consumed by house

holds and by small industries (i.e., saw mills) in remote areas are not 

32 
included in the statistics of electricity consumed. 

The data on gasoline were available only on the basis of total 

consumption of gasoline per period. Also, the stock of automobiles 

consisted of total stock of automobiles. The ideal variables would of 

course be gasoline consumption for each economic agent (Household and 

Connnercial), and a stock of automobiles divided into private vehicles, 

trucks, buses and taxis. However, for the purpose of this analysis, 

31. In some instances, the data were not available during all 
the 17 years. 

32. This form of electricity is distributed with isolated 
microgrids. 



it is assumed that private vehicles and taxis represent the stock of 

automobiles, and are the only consigners of gasoline. The errors in

volved in allocating all of the gasoline to private vehicles and taxis 

should not be serious since most trucks and buses use diesel fuel, but 

using the stocks of automobiles as a proxy for the stock of private 

vehicles and taxis may be serious since buses and trucks have larger 

cylinders and are used more intensively than private cars and taxis. 

The price of electricity available was the average price of 

electricity. As discussed in Chapter 1, the ideal price variable would 

be marginal price, but this is not available. The stock of capital is 

not measured in physical terms, and is computed as the sum of all past 

investments. The minimum wage rate was used as a proxy for the unpub

lished wage per worker. 

Using the data on electricity customers and population, we 

define a social and demographic factor Z = (Number of customers) x 7 ^ 

Population 

where the number 7 stands for the size of the household. This variable, 

Z, represents in fact the proportion of the population having access to 

electricity. We will turn now to a brief discussion of the source of 

the data in each country. 

Senegal 

The data for Senegal were provided by three agencies: Senelec, 

the Ministry of Planning and B.C.E.A.O. Annual data on electricity 

consimption from 1961 to 1977 by customer class were available in the 

Annual Report published by Senelec. This electricity company published 
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also the average price of electricity by custraner class and the nimber 

of customers. 

The observations on income, population, investment, and the 

minimum wage rate were obtained from the publication of the Ministry of 

Planning — Comptes Econcmiques and Situation Economigue, and the publi

cation of the B.C.E.A.O. 

Ivory Coast 

The principal source of the data was the Ministry of Planning 

which pviblishes annual data on most of the aggregate variables such as 

income, population, GNP, investment and minimum wage, and E.E.C.I. 

which makes available data on electricity constunption, average price 

by customer class, and the number of customers. 

One limiting factor on the observations is that from 1960 to 

1964, the data on electricity consumption were collected on the basis 

of the ultimate use rather than rate category. It is therefore difficult, 

if not impossible, to distinguish cooling or lighting for household 

from cooling or lighting for industries so that the observations on 

average price and the quantity consumed by customer class during that 

period are approximations. 

Ghana 

All of the data used in the study for Ghana, except the observa

tions on electricity, were provided by the Central Bureau of Statistics 

in two publications (Economic Survey and Statistical Year Book). The 

data on electricity consumption, average price and the number of custo

mers were provided by V.R.A. and E.C.G. in their respective annual reports. 



Overview of the Empirical Results 

From the tabulated results, we can draw the following conclu

sions : 

Regardless of the energy component considered, price has a 

negative sign and is strongly significant in the residential demand for 

electricity and the industrial demand for electricity for all three 

countries. Unfortunately, the income variable does not have the cor

rect sign in the energy equation for Ghana. Since energy (gasoline or 

electricity) is viewed as a normal good, the negative income elasticity 

is disturbing. 

The results on gasoline consumption indicate that income is the 

most important predictor in Senegal, although price has the expected 

sign. In the Ivory Coast, the lagged dependent vari^le is the only 

significant variable. 

None of the models used to estimate the residential demand for 

electricity dominates all the others in every country in terms of the 

goodness of fit, autocorrelation, sign, and the significance of the co

efficients. Their performance varies from country to country. The 

dynamic models yield poor results in Senegal in that the coefficient 

of the lagged dependent variable is insignificant, but the static model 

yields impressive results. In Ghana and the Ivory Coast, the Koyck 

model performs best. The basis for this conclusion is the significance 

of the coefficients of the lagged dependent variable and exogenous 

variables. 

The determining factor of the residential consvimption of electri

city varies from country to country, but price and the proportion of the 



population having access to electricity are important predictors in all 

three countries. 

Industrial electricity demand is responsive to price, output/ 

the capital stock, and wages in Senegal and the Ivory Coast. In Ghana, 

output is not an important determinant of industrial electricity con-

sumption, but the capital stock, price and wage are. 

2 
The R values are usually high, implying the overall fit of the 

models to the data is good. But as is well-known, the lagged variables 

in each equation contribute to the high R values. There are, however, 

a few exceptions, for example, the stock-adjustment model fitted to data 

2 
on gasoline per car in Senegal, where the R is only .18. 

Interpretation of the Average-Price Elasticity 

In this section, we are conceited with the meaning of the coef

ficient of the average price of electricity. The measure of elasticity, 

with respect to price, is defined as dlogg where q is quantity, and P is 
dlogP 

price. Such a measure is xinambiguous when the price of the commodity 

under consideration is represented by a single parameter. When the 

commodity is sold subject to a declining-block rate schedule, the 

appropriate price variable is the marginal price, and the income variable 

is the adjusted income. Thus, given adequate data on marginal price and 

adjusted income, unbiased estimates of their respective elasticities 

could be obtained by estimating the demand function for electricity. 

33. Our conclusion according to which indiistrial output is not 
a major determinant of industrial electricity consumption in Ghana is 
based on the results of the Koyck model and the new demand for electri
city model. 
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Since data on marginal rates are not available, but data on 

average price are available, what interpretation should one give to the 

elasticities of average price when it is used as a proxy for marginal 

price? 

This question would be answered by first establishing a relation

ship between marginal price and average price, and then showing that 

under certain conditions the coefficient of the average price measures 

the price effect but is biased. 

Let us define the following variables that will be needed in 

the derivation of the relationship between the average and marginal 

prices: 

T = total expenditures on electricity by any economic 
agent 

P = marginal price 
in 

P = average price 
& 

= quantity of electricity consumed 

e = supermarginal income. 

Following Howrey (1979), we write 

(82) e = T - P 
m 2 

That is, the supermarginal income, e, is the difference between total 

expenditure on electricity and the amount that would have been spent if 

the quantity consumed was bought at the marginal price. 
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34 
After a few algebraic manipulations, (82) can be rewritten as 

(83) P = P (1 + e ), 
a in _ ' 

or logP_ - z = logP_; for e small, 

m 2 

where Z = e . 

m 2 

Suppose now that the well-specified demand function is: 

logX2 = Oq + "*• '^t' 

or logX2 = + Bj^logP^ + B22 + B^logY^ + u^, 

where B, + = 0. 
1 2 

But we are estimating 

logX^ = Bp + B^logP^ + B^logY^ + 

Clearly, if Z is constant throughout the period under study, we 

obtain the same result as Halvorsen (1978) in that only the intercept is 

34. In footnote (22), we define 

(28.1) e = T - P X. 
m ^ 

where e, T, P , and X_ are as previously defiiied. 
m ^ 

Set P = average, then (28.1) can be written as: 
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affected by the use of average price data as a proxy for marginal price. 

Under this assumption, the coefficient of average price is an unbiased 

estimator of the coefficient for marginal price. However, in the event 

where Z is not a vector consisting of the same niunber, its omission 

from the equation would lead to a biased estimate of the elasticities of 

price. The seriousness of the bias depends on both the coefficient of 

the omitted variable, Z, and the coefficient of regressing on Zj^. 

What is the implication of the above discussion? Clearly, the discussion 

suggests that one should view our eic^irical results, to which we turn 

in the next section, with a great deal of caution, for the coefficients 

obtained may not be unbiased. 

Demand for Gasoline 

We begin the analysis of the empirical works with the demand for 

36 
gasoline. Two alternative models of gasoline demand were fitted to 

annual data for the Ivory Coast and Senegal. A number of functional 

forms—double log-linear, hyperbolic, and linear, were estimated. The 

double log-linear form yielded the best results; therefore, this will 

be the form discussed below. 

37 
The models used in the estimation are: 

35. Halvorsen's conclusion is discussed in footnote (17). 

36. No estimates of the demand for gasoline in Ghana are pro
vided because there were no data available on the consumption of gasoline 
and gasoline price. 

37. The model of the long run demand for gasoline are not esti
mated because the data on user cost are not available. 



(84) GPC = f(P , PCY) 
<3 

(85) GPC"= g(P , PCY, GPC ,) 
g -1 

(86) GC = h(P , PCY, GC ,) 
g 

where GPC = quantity of gasoline consvnned per car 

PCY = per-capita income 

Pg = price of electricity 

GC = total gasoline consumed at time t. 

Equation (84), the stock-adjustment model, relates consmption 

of gasoline per car to price of gasoline and income. It is assumed that 

economic agents adjust instantaneously when price and/or income change 

by varying the intensity of the utilization of the stock of automobiles. 

Equation (85) and equation (86) assume that economic agents do not 

respond fully to changes in the exogenous variables in the same period. 

Equation (85) captures exclusively the short rvin "inertia," while 

equation (86), the Koyck model, captures both the stock-adjustment and 

inertia in the demand for gasoline. 

The above models were fitted to data for the Ivory Coast and 

Senegal using ordinary least squares. The estimates are presented in 

Table VIII (t ratios are in parenthesis). Also included in the table 

2 
are the R 's and the Durbin-Watson coefficient (D-W). 

Three remarks can be made about the empirical results: 

2 
Despite a high R value for most of the reported equations, the 

t ratios are very low. 



TABLE VIII 

Estimated Coefficients of Gasoline Demand 
in the Ivory Coast and Senegal 

Covuitry Model 
Dependent 
Variable Price Income 

Lagged 
Dependent 
Variable 

2 
R D.W. 

Senegal (85) consumption 
of gasoline 
per car 

- .099 
(-1.166) 

.226 
(1.460) 

- .388 2.53 

I I  (86) aggregate 
consumption 
of gasoline 

- .085 
(- .843) 

.252 
(1.450) 

.203 1.45 

Ivory 
Coast (85) consumption 

of gasoline 
per car 

- .144 
(-1.198) 

- .631 
(2.060) 

.928 1.23 

I I  (86) aggregate 
consumption 
of gasoline 

- .064 
(- .226) 

.381 
( .762) 

.487 
(1.371) 

.952 2.18 

NOTE: (85) and (86) refers to the Koyck model. 



The stock-adjustment model performs poorly in the Ivory Coast and 

Senegal. For instance, in Senegal, the estimates obtained with the stock-

adjustment model were insignificant at the 10% confidence level. The 

same model applied to the Ivory Coast yields wrong signs and insignifi

cant coefficients for price and income. None of these equations were 

therefore reported. 

The elasticities of price and income are very sensitive to the 

model used, and also vary across countries. 

Let us now analyze the reported results. The estimates in 

Table VIII are based on models (85) and (86) for Senegal and the Ivory 

Coast. Given that the coefficients of the lagged dependent variable was 

close to one in models (85) and (86), we estimated the models for Sene

gal imposing this as a constraint. The estimates obtained using this 

constraint have the right sign. However, only the coefficient of the 

income variable is statistically significant at the 10% level of confi

dence for both models. An analysis of the correlation matrix shows a 

high correlation (between price and income), which suggests that multi-

collinearity may be the cause of the insignificance of the price vari

able. 

The elasticities of price and income are almost identical for 

both models. The stock-adjusteent equation (85) yields short run 

elasticities of (-.099) and (.226) for price and income, respectively, 

while the Koyck model gives us a short rxm elasticity of (-.085) for 

price and a short run elasticity of (.252) for income. Since both 

models yield almost identical results, it is tempting to conclude that 



the price elasticity of gasoline is less than (-.1) in magnitude/ but 

different from zero, and that the income elasticity of gasoline is less 

than (.3) but greater than (.2). 

2 
One fact worth mentioning is the change in the value of the R 

value when both equations are estimated with or without the constraint. 

When the Koyck model was estimated on the assumption that the coef-

2 ficient of lagged dependent variable is equal to unity, the R value 

dropped from .94 to .2, but the multiple correlation did not change 

significantly in the stock-adjustment model (86). Autocorrelation does 

not appear to be a serious problem in both estimated models. 

As to the results on the Ivory Coast, we note that the estimated 

coefficient for price and income have the expected sign, but are statis

tically insignificant at the 10% confidence level. However, the coef

ficient of the lagged dependent variable has the expected magnitude and 

is statistically significant at the 5% confidence level. The above 

results are true for equations (85) and (86). The multiple correlations 

2 
obtained are greater than (.9). Such a high R value may be attributed 

to the presence of the lagged dependent variable as a predictor. 

It will now be of some interest to compare oiir findings to those 

found in the literature that was reviewed earlier. In Table IX, we 

svonmarized the elasticities of gasoline consumption in Senegal and the 

Ivory Coast. 

Looking through Table IX, it is clear that gasoline consumption 

is not price elastic either in the Ivory Coast or in Senegal, and that 

the price elasticity of gasoline is lower in Senegal than in the Ivory 



TABLE IX 

Price and Income Elasticities of Gasoline 
Demand in Senegal and the Ivory Coast 

Price Elasticities Income Elasticities 

Country Short run Long run Short run Long run 

Senegal -.099 - .226 

Ivory 
Coast -.144 -.460 - -



Coast. Comparison of the estimated coefficients with those of previous 

works reveal that the magnitudes of the short run price and income elas

ticities are acceptable in Senegal and so is the short run price elasti

city of gasoline in the Ivory Coast. The short run price and income 

elasticities of the reviewed studies range from .074 to .77 for price 

and from .303 to 1.34 for income. One may, however, criticize our 

long run elasticity in the Ivory Coast as being too small in magnitude 

because it falls outside the range of previous results. One should, 

nevertheless, recognize that despite its low value, the long run price 

elasticity confirms the results according to which gasoline consumption 

is more responsive to own price in the long run than in the short run. 

Residential Demand for Electricity 

In this section we present the empirical results of the residen

tial demand for electricity. These results are based on three econo

metric models of residential energy consumption; the Koyck model, the 

flow-adjustment model, and the new demand model. Although the last 

two models were discussed at length in Chapter II, we will present the 

versions utilized in the estimation. 

The logarithmic flow-adjustment and linear flow-adjustment models 

estimated are: 

(87) logEjj^ = + a^dogY^ + 

+ a3log(Zt + Vl^ 

(88) + a^(Y^ + Y^_^) +a2(Pg^ + +<^(2^ + Z^_,) 



where E„. = household and commercial consumption of electricity 
nu 

= per-capita income 

Pjjt = average price of electricity purchased by household 

= proportion of the population having access to electricity 

is assximed to be negative. One explanation for this assumption 

is that urbanization in developing countries is mostly due to rural 

exodus. Since the newcomers in cities are unskilled, their incomes are 

necessarily lower than those in cities. In view of this fact, one may 

expect the marginal newcomer's consumption of electricity to be lower 

than the average quantity constnned reducing then the average consumption 

of electricity. 

Finally we estimated the new demand model and the Koyck model. 

The estimating forms of these models are respectively, 

(89) logEjjt = 30"^ ®l^°®^Ht 

®4^°9EHt-l ®t' 

(90) logE = B' + B'logP + B'logY + B'logE + e'. 
^ H t  0  l ^ H t  2  t  3  H t - 1  t  

The regression coefficients are shown in Tables X, XI, XII 

for Senegal, the Ivory Coast, and Ghana, respectively. It must be 

mentioned that because of the poor results obtained from other func

tional forms, only the results of the double logarithmic model are 

reported. The coefficients in the Tables are therefore interpreted as 

the elasticities of the exogenous variables. 

Some of the salient points of the estimates may be recapitulated. 

The results indicate a wide variability of the estimates among countries 



TABLE X 

Estimated Coefficients of Residential 
Demand for Electricity in Senegal 

Equations 
Dependent 
Variable 

Social 
Demographic 
Factor Price Income 

Lagged 
Dependent 
Variable Alncane D.W. 

(87) logarithm of 
per customer 
consumption of 
electricity 

-1.64 
(-3.402) 

- .357 
(-1.698) 

.826 
(2.76) 

- .188) 
(- .703) 

- .772 2.177 

(89) I I  
- - .3962 

(-3.1235) 
.1622 

(1.936) 
.4242 

( 3.028) 
- .7221 
(-5.245) 

.8875 2.077 

(90) I t  -1.1822 
(-3.864). 

- .2481 
(-1.813) 

.5784 
(2.S80) 

.1268 
(. .734) 

- .993 2.213 

(90)' n -1.443 
(-5.252) 

- .3577 
(-3.565) 

.7778 
(4.818) 

- - .828 2.093 

NOTE: (87) refers to the logarithmic flow-adjustment model. 

(89) refers to the logarithmic new demand for electricity model. 

(90) refers to the Koyck model in logarithmic form. 

(90)'refers to the instantaneous adjustment model in logarithmic form 

00 



TABLE XI 

Estimated Coefficients of Residential 
Demand for Electricity in the Ivory Coast 

Equations 
Dependent 
Variable 

Social 
Demographic 
Factor Price Income 

Lagged 
Dependent 
Variable AIncome 

2 
R D.W. 

(87) logarithm of 
per customer 
consumption of 
electricity 

- .4037 
(-1.910) 

- .7291 
(-2.339) 

.699 
(1.839) 

.1669 
( .479) 

- .71 2.228 

(89) 11 
- - .5296 

(-1.642) 
.0084 

( .0119) 
.1336 

( .2869) 
.026 

( .0633) 
.602 2.039 

(90) n - .1577 
(-1.375) 

- .1998 
(-1.351) 

.1919 
( .935) 

.5058 
(2.690) 

.77 2.236 

NOTE: (87) refers to the logairithmic flow-adjustment model. 

(89) refers to the logarithmic new demand for electricity model. 

(90) refers to the Koyck model in logarithmic form. 

00 
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TABLE XII 

Estimated Coefficients of Residential 
Demand for Electricity in Ghana 

Equations 
Dependent 
Variable 

Social 
Demographic 
Factor Price Income 

Lagged 
Dependent 
Variable AIncome D.W. 

(87) logarithm of 
aggregate con
sumption of 
electricity 

1.717 
(2.425) 

- .608 
(-1.560) 

- .0319 
. (- .310) 

- .170 
(- .577) 

- .873 1.079 

(89) I t  
- - .796 

(-1.896) 
.213 

( 1.509) 
.3183 

( 1.335) 
.0705 
(.798) 

.818 2.912 

(90) t l  1.646. 
(6.406) 

- .674 
(-2.018) 

- .0337 
(- .474) 

- .1646 
(- .1646) 

• - .916 2.513 

(90)' t l  1.644 
(6.406) 

- .378 
(-1.356) 

- - - .885 2.047 

NOTE; (87) refers to the logarithmic flow-adjustnent model. 

(89) refers to the logarithmic new demand for electricity model. 

(90) refers to the Koyck model in logarithmic form. 

(90)'refers to the instantaneous adjustment model in logarithmic form. 

00 
(Ti 



and a sensitivity of the coefficients with respect to the model. Resi

dential electricity consumption is responsive to change in own price 

in the three countries, but contrary to expectation, the coefficient of 

income is either negative and/or insignificant in the Ivory Coast and 

Ghana. 

Let us turn our attention to the estimates in each individual 

country. In Senegal, the coefficients of price, inccms and rural 

electrification and urbanization index have the expected signs and are 

significant at the 5% confidence level. Their magnitudes are plausible, 

but vary appreciably among equations. In fact, the price elasticities 

vary between -.248 for the Koyck model to -.396 for the new demand 

model, while the flow-adjustment model gives a price elasticity of -.353. 

Neither of the income elasticities are invariant with respect to the 

model used. It varies from .162 with the new demand model to .826 with 

the flow-adjustment model. 

Finally, the coefficient of Z (proportion of the population 

having access to electricity), is negative and significantly greater than 

unity. This implies that an increase in Z by 1% will reduce the consump

tion per customer by more than 1%. 

The only disconcerting result is the coefficient of the lagged 

endogenous variable. It has a plausible magnitude in all three models, 

but it is either insignificant and/or it has a negative sign. To test 

whether households adjust instantaneously to price and income, we esti

mated a static model referred to as equation (90') in Table X. One notes 

a significant change in the magnitude of the coefficient of price. 



income, and the demographic factor without a change in their sign. The 

multiple correlation is aisout .828 and the D.W. coefficient, being close 

to 2 indicates that autocorrelation is not a problem. One should not 

conclude that from the above results that household consumption of 

electricity adjusts instantaneously to the change in price and income, 

although it is not unlikely because electricity is used mostly for light

ing and cooking. Multicollinearity between the lagged endogenous 

variable and the social/demographical factor may explain the low t ratio 

of the coefficient of the lagged dependent variable in the Koyck and 

the flow-adjustment models. 

Let us now analyze the results reported in Table XI where the 

estimates of residential consumption of electricity of the Ivory Coast 

are tabulated. In some ways, the results are different from those of 

Senegal. In Senegal, the flow-adjustment and the Koyck models failed 

to capture the dynamic behavior of household consumption of electricity 

because of multicollinearity among the explanatory variables. Income, 

price of electricity, and the social/demographical variable are the most 

important predictors of electricity consxunption per customer. Unlike in 

Senegal, the Koyck model performs remarkably well for the Ivory Coast. 

One encouraging fact about these results is that all the esti

mates have the right sign regardless of the model used, although this 

is not the case in terms of significance. Price and the demographical 

factor are the only exceptions, in the sense that they have the right 

signs and are statistically significant in all three models. But income 

is statistically insignificant in the Koyck model and new demand models 



but is significant in the flow-adjustment model. As to the lagged endo

genous variable, it is significant in the Koyck model, but insignifi

cant in the other two models. 

Of the tiiree models, the new demand model yields the poorest 

2 
results in terms of the R value (.6) and low t ratios for three of the 

four explanatory variables. The t ratios of income and the lagged endo

genous variable are particularly unimpressive—.0119 and .2869, respec

tively, as is also the t ratio for the change in income. In contrast, 

with the Koyck model the empirical results are especially striking. 

All of the variables, except income, are statistically significant at 

2 
the 10% level. The R value in the equation is .77. It is, however, 

quite surprising that the flow-adjustment model does not capture the 

dynamic behavior while the Koyck model does capture this behavior. 

The final results to be discussed are based on the data from 

Ghana. The dependent variable, here, is aggregate consumption of elec

tricity rather than the consumption per customer because of the poor 

results obtained using the latter as the dependent variable. Using 

aggregate consuntption, instead of consumption per customer, one should 

except the coefficient of Z, the social/demographical factor, to be 

positive. 

The regression coefficients are shown in Table XII. As in the 

Ivory Coast and Senegal, price and the social/demographical factor have 

the expected signs and are statistically significant. The magnitude of 

the price elasticity varies between .6 and .8 while that of the urbaniza

tion rate varies from 1.65 to 1.7. 
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It should also be mentioned that there are very close agreements 

between the flow-adjustment model and the Koyck model on the estimated 

coefficient of price, income, lagged endogenous variables, and the 

social/demographical factor. But the disconcerting fact is that both 

models have insignificant and negative coefficients for income and the 

lagged endogenous variable. We therefore estimate equation (90') in 

which we ignore the lagged dependent variable and incane. The results 

reported in Table XII and referred to as equation (90') indicate that 

price and Torban growth and rural electrification are the major deter

minants of residential electricity consumption. This result is reliable 

2 
since the equation has R = .385 and D.W. = 2.047, which indicates 

that not only does the model fit the data, but also that autocorrelation 

is not a problem. 

The last problem, the new demand model, yields more satisfactory 

results. Price, income and the lagged endogenous variable have the 

correct signs and are significant at the 10% confidence level. 

Before presenting the results for the industrial consumption 

of electricity, we shall compcire the price and income elasticities 

for the residential sector implied by the estimated equations with those 

obtained in the literature. 

The elasticities reported in Table XIII are obtained with the 

Koyck model. The short run income elasticity obtained with the flow-

adjustment model are greater than 2 in the Ivory Coast and Senegal. 

In general, the results conflict with the results obtained in pre

vious works. The only notable similarity is in the relationship 
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TABLE XIII 

Price and Income Elasticities of Residential 
Demand for Electricity in Ghana, Senegal and the Ivory Coast 

Countries 

Price Elasticities Income Elasticities 

Countries Short run Long run Short run Long run 

Senegal -.248 -.284 - -

Ivory Coast -.200 -.404 .192 .388 

Ghana -.674 - -

NOTE: The above elasticities are obtained with the Koyck model. 



between the long-run elasticities and the short run elasticities in 

the Ivory Coast and Senegal. In these countries the long-run price 

elasticity is larger than the short run price elasticity; this is also 

38 
the case for income elasticity. 

The major difference between our findings and those of previous 

works is in the size of the long run price elasticity, which is signifi

cantly less than unity. We are not, however, disturbed by this con

flicting result since both types of studies are dealing with economic 

structures at different levels of development. 

Previous studies describe the household behavior in developed 

countries. Household consumption of electricity is closely linked to 

the stock of energy-consuming appliances. The long rtin price elasticity 

of the demand for electricity is therefore linked to household demand for 

appliances. In this context, when the price of electricity goes up, 

households select energy-saving appliances in the long run. The situa

tion, however, is quite different in the developing West African coun

tries in the sense that households demand for electricity is 

predominantly for lighting and in exceptional cases, for cooking. Thus, 

one should not expect a similarity in the behavior of households in 

developed countries and households in the Ivory Coast, Senegal, and 

Ghana. 

38. This result is due to the negative coefficient on the 
lagged dependent variable. 



Industrial Demand for Electricity 

This section reports our results on the industrial demand for 

electricity. The estimates are shown in Tables XIV and 3CV and were 

obtained with the following models: 

--The Koyck model 

(91) E =f(P ,W - Y,E ) 
It It Min t It-1 

—The New Demand model for electricity 

(92> 

and finally, the Demand for Electricity model based on the dynamic profit 

maximization: 

(93) = W^^) 

where E^^ = electricity consumed at time t 

= average price of electricity purchased by firms 

= industrial output at time t 

^Min ~ minimum wage 

= capital stock measured in nominal terms. 

We should mention in passing that whenever the Koyck model 

fails to capture the dynamic behavior of industrial electricity consump

tion, the following model is estimated; 

(94) E = f(P , W . Y ) 
It It Min t 

This model can be derived from the short run cost minimization 

behavior of firms. The most striking feature of Tables XIV - XV is 

the wide variation of the coefficients across countries, and their 



TABIE XIV 

Estimated Coefficient of Industrial Consimption 
of Electricity in Senegal 

Equation 
Dependent 
Variable 

Capital 
Stock Price Wage Output 

Legged 
Dependent 
Variable 

2 
D.W. 

(93) Aggregate in-
. dustrial con
sumption of 
electricity 

.167 
(1.464) 

-2.232 
( 1.88) 

3.828 
(2.001) 

- ; - .47 .681 

(91) t1 - -1.330 
(-2.016) 

1.180 
(1.457) 

1.228 
(3.724) 

.014 
(.466) 

.882 1.791 

(94) I I  - -1.488 
(-2.725) 

1.334 
(1.872) 

1.263 
(4.084) 

- .873 1.945 

NOTE; (91) refers to the logarithmic Koyok model. 

(93) refers to the overtime profit maximization model in logarithmic form. 

(94) refers to the short-run profit maximization model in logarithmic form. 



TABLE XV 

Estimated Coefficients of Industrial 
Consumption of Electricity in the Ivory Coast 

Equation 
Dependent 
Variable 

Capital 
Stock Price Wage Output 

Lagged 
Dependent 
Variable AOutput R2 D.W. 

(93) Aggregate in
dustrial con-
sianption of 
electricity 

.573 
(8.13) 

- .725 
(-2.15) 

.985 
(2.£75) 

- - - .988 1.481 

(91) I I  
- - .1509 

(-1.614) 
- .242 

(1.721) 
-754 

(6.879) 
- .998 2.362 

(92) I t  
- - .6594 

. (-5.247) 
- 1.742 

(5.801) 
.595 

. (6.292) 
.696 

(2.31?) 
.999 2.344 

NOTE; (91) refers to the logarithmic Koyck model. 

(93) refers to the overtime profit maximization model in logarithmic form. 

(92) refers to the new demand for electricity model in linear form. 

VD 
in 
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sensitivity to the model used. However, there is one consistent pattern 

across countries: The statistical results suggest that average price 

of electricity, the capital stock, wage rate, and output are all deter

mining factors of industrial electricity consumption. 

In the case of Senegal, the capital stock, average price, and 

minimum wage have the correct signs and are statistically significant 

at the 5% confidence level with the model based on intertemporal profit 

maximization. However, the elasticity of price and wage are implausibly 

high at -2.233 and 3.872, respectively. 

The results obtained with the Koyck model are not encouraging 

in the sense that the coefficient of the lagged endogenous variable is 

insignificant. Once again, in addition to output, price and minimum 

wage are important predictors of the demand for electricity. Their 

respective t-ratios cire 3.724, -2.016, and 1.457. The model based on 

the cost minimization behavior was also estimated. Its results confirm 

our previous findings: Price, output, and minimum wage not only ex

plained 88% of the variation in industrial electricity consumption, 

but also are statistically significant at the 5% confidence level. The 

value of the D.W. coefficient being close to 2, indicates that auto

correlation is not a problem. The results of the new demand model are 

not reported because of the low t ratio of all of the variables except 

the lagged dependent variable. 

The estimates based on the data from the Ivory Coeist appear to 

look plausible. The coefficients of price, capital stock, and minimum 

wage obtained with equation (93) are -.725, .573, and .985, respectively. 
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They are also highly significant statistically (the t ratios are above 

2.0). The only disttirbing result is the D.W. coefficient which is in 

the inconclusive region. 

The Koyck model yields an vinexpected result in that the coeffi

cient of the minimum wage is negative. The Koyck model was therefore 

estimated without the wage variable. The results obtained are quite 

impressive. Inertia and/or stock-adjustment is clearly present as 

witnessed by the t ratio (6.8) of the lagged dependent variable. All 

other variables (price and output) are statistically significant at 

the 10% confidence level. Finally, 99.8% of the variation of the 

industrial electricity consumption is explained by price, output, and 

the lagged dependent variable. 

The final equation, the new demand for electricity, confirms 

the findings according to which the stock-adjustment and/or inertia is 

present in industrial demand for electricity in the Ivory Coast. The 

R in the linear and logarithm-linear equation are at least .998. 

The tabulated results, obtained with the linear new demand model, 

clearly show that all of the explanatory variables (price, output, 

lagged dependent variable, and change in output) are statistically sig

nificant. 

For Ghana, two out of three models yield very poor results 

(wrong signs of the coefficients and t ratios less than one). Conse

quently, we only report the model yielding the results which are most 

acceptable. This model is; 
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logE = K + .7091ogK - .4011ogP + .SSllcjgW 
It t It Min 

(3.216) (1.977) (1.73) 

= .868 

D.W. = 1.684 

where and W„. stand for real price of electricity and real miniininn 
It Min 

wage rate. We should mention, that because of the lack of data on the 

minimum wage rate in Ghana, the minimum wage rate for the Ivory Coast 

was used as a proxy after being converted into Cedis. 

All of the coefficients have the right signs and are of plausible 

magnitude. The other encouraging observation is that the t ratios for 

capital stock and for price are 3.216 and 1.977, respectively, and that 

the t ratio for wage is 1.73. One must note, however, that the Durbin-

Watson coefficient lies in the inconclusive region. 

The price and output elasticities for industrial electricity con

sumption are reported in Table XVI. Let us first focus on the short 

run elasticities. These results show one major surprise; Senegal has 

a rather high price and income elasticity while the other two countries 

have low price elasticities. There is a clear indication in Senegal 

that electricity consumption will tend to grow faster than industrial 

output. This is not the case in the Ivory Coast. 

Because of poor results of the dynamic model in Senegal and 

Ghana, we will discuss the long run elasticities of price and output 

in the Ivory Coast only. These results, in fact, show that the long 

run price elasticity (-.609) is greater than the short run price elasticity 

(-.151). The output elasticity, on the other hand, is close to one. On 



TABLE XVI 

Price and Output Elasticities of Industrial Consumption 
of Electricity in Senegal and the Ivory Coast 

Price Elasticities Output Elasticities 

Model Countries Short run Long run Short run Long run 

Long run profit 
maximization 

Senegal -2.232 - - -

Short run cost 
minimization 

It -1.488 - 1.268 -

Long run profit 
maximization 

Ivory Coast - .725 - - -

Koyck II -.1509 -.609 .242 .990 

New Demand It 
- .770 - -
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the whole, these results are not out of line with the results of previous 

39 
studies. 

At this point it is appropriate to raise the following question. 

What accounts for the difference in the estimated coefficients for the 

energy sectors in the Ivory Coast, Ghana, and Senegal? It would appear 

that these differences can be attributed to two factors: 1) the struc

ture of the economies, and 2) the behavior of the determinants of energy 

40 
components during the period under consideration. 

One possible explanation of the difference in"" the structure of 

electricity and gasoline consumption may be due to different growth 

rates of the economy of the Ivory Coast, Ghana and Senegal and the 

structural change that took place from 1960-1976. During that period, 

the economies of the Ivory Coast, Ghana and Senegal evolved differently. 

In the Ivory Coast, the increase in real GNP averaged 8% a year between 

1960 and 1970 and later dropped to 6% a year between 1970 and 1976, 

but the economy of Ghana and Senegal grew at a rate below 3%. 

Also, the structural change associated with the growing economies 

took place in a dissimilar fashion. In 1960 agriculture's share of total 

output amoimted to 43% in the Ivory Coast, 41% in Ghana and 30% in 

Senegal while the share of industries was as low as 4% in the Ivory 

Coast, 19% in Ghana and 28% in Senegal. Sixteen years later, although 

39. I reestimated each model using an instrumental-variable; 
I also pooled the data on the Ivory Coast, Senegal and Ghana, but none 
of these techniques yield encouraging results. 

40. Other factors such as stock of housing, preferences, housing 
characteristics are not discussed because of a lack of data. 
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the share of industry in GNP went up and that of agriculture dropped 

in all three countries, the relative shares of each sector varies across 

countries. 

The final set of factors that may have substantially contributed 

to the differences in structure of energy consumption is the behavior 

of the determinants of energy in all three countries. In all three 

countries, the real price of electricity and gasoline fell; however, 

the rate at which they fell varies across each country. In the Ivory 

Coast, the real price of electricity decreased at an annual rate of 2% 

and 1.5% in the household and industrial sectors respectively, while in 

Senegal the fall in the real price of electricity was on the average 

2.9% in the household sector and 1% in the industrial sector. The 

highest decline in the real price of electricity occurred in Ghana, 

where electricity price went down by 14.85% in the household sector 

and 15% in the industrial sector. Similar analysis for per capita income, 

minimum wages, capital stock, industrial output and gasoline price re

veals that the determinants of energy followed different growth paths 

in all three countries. 

The discussion above is not intended to exhaust the list of 

factors that may account for the difference in the estimated coefficients 

in the three countries, but rather to illustrate the complexity of the 

relationship between energy consumption and its determinants. 

Evaluation 

We shall draw together the major results and conclusions of our 

investigation. Our primary objective was to investigate the determinants 
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of electricity and gasoline consumption in the Ivory Coast, Senegal, and 

Ghana using alternative econometric models. Such an approach also 

allowed a comparison of the performance of the proposed models. We 

will therefore discuss first the performance of the dynamic models used 

in the estimation, then we will summarize the empirical findings. 

On theoretical grounds, none of the proposed models dominate 

a prior one for all are based on the neoclassical theory of demand and 

all are dynamic in the sense that they accoiont for the influence of 

past behavior on present decision. Consequently, our compcurison will 

be essentially in terms of the empirical results. Such a comparison 

would appear to be valid since the models proposed have been applied 

to identical data sets using the same estimation techniques. 

The comparison is based on the following crude criteria; The 

goodness of fit and the t ratio of the explanatoiry variables. 

In the study of gasoline consumption, two sets of equations, 

the Koyck model and the stock-adjustment models, were estimated for 

the Ivory Coast and Senegal. On the basis of the data from Senegal 

neither of the two models outperform the other. Both equations have an 

2 
R lower than .4, and the price variable is insignificant. In contrast, 

in th^ Ivory Coast, despite a negative income elasticity of gasoline 

consvmiption, both models enable us to conclude that the demand for 

gasoline is characterized by a habit formation and/or a stock-adjustment, 

but in terms of goodness of fit, there is no difference among the models 

2 
for the R values are at least equal to .98. 
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Turning to the residential demand for electricity, it is clear 

that none of the three models performs better than the other two. In 

2 
Senegal and Ghana, for instance, despite an R greater than .8, the 

Koyck model and the flow-adjustment model fail to capture the dynamic 

behavior of the residential electricity consumption. Fortiinately, the 

new demand equation did capture the dynamic behavior, fln analysis of 

the correlation matrix suggests that multicollinearity may be the 

cause of the poor performance of both the Koyck and flow-adjustment 

models. In the Ivory Coast, the Koyck model outperforms the other two 

models in terms of the significance of the lagged dependent variable 

and the multiple correlation coefficient. 

For the industrial demand, the empirical findings do not enable 

us to choose among alternative models. In this case the dynamic models 

yield very poor results in Ghana and Senegal. This conclusion is based 

on the low t ratio of the explanatory variables, and psirticularly the 

insignificance of the lagged dependent variable. In the Ivory Coast, 

the dynamic behavior in the consumption of electricity is captured 

by the Koyck model and the new demand for electricity models. However, 

neither model can be considered superior to the other in terms of the 

2 
R values. 

Having made a general observation on the relative performance 

of the models, I shall now attempt to summarize the findings of this 

study. Even though the findings are somewhat mixed, they differ 

from country to country, by the models used, and by the components of 

energy analyzed. 
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The results based on the gasoline demand equations, indicate 

that income is a major determinant of gasoline consun^tion in Senegal, 

while in the Ivory Coast, habit formation and/or stock adjustment are 

the most important determining factors. As far as price is concerned, 

its effect is consistently negative both across countries and models, 

but is not significant statistically. 

For the residential demand for electricity, the results are 

much more encoviraging. All of the countries show that price and the 

social and demographic factors and per-capita income are major predic

tors of residential electricity consumption. Their relative importance 

differs, however, both across countries and specification. The lagged 

dependent variable is significant with the new demand model for electri

city for Senegal and Ghana, and with the Koyck model for the Ivory Coast. 

Finally the results for the industrial demand for electricity 

indicate that price, capital stock, and wage have an influence on the 

level of electricity consumed in the Ivory Coast, Senegal and Ghana. 

In addition to the variables mentioned above, output is also an impor

tant predictor of industrial electricity cons\mption in the Ivory Coast. 

These conclusions about gasoline consumption and electricity 

consumption are related to important policy questions. For instance, 

the degree to which prices are a determinant of electricity demand is 

an important element in the design of the rate schedule. This problem 

and similar problems will be discussed in the next chapter. 



CHAPTER 5 

POLICY IMPLICATIONS AND CONCLUSIONS 

Our objective in this study has been to investigate the deter

minants of electricity and gasoline consianption in the Ivory Coast, 

Senegal and Ghana, to forecast the level of electricity and gasoline 

consumption for the next five years, and finally recommend a set of 

policies consistent with our empirical findings that are geared toward 

curbing the increase in consumption of petroleim products or commercial 

energy. 

The preceding chapter has dealt with the investigation of the 

determinants of energy consun^stion. Our objective in this chapter will 

be to provide a basis for the analysis of energy policy by establishing 

projections of future electricity consumption, industrial electricity 

consumption, and gasoline consvmiption. Our projections cover the years 

1980 to 1985. The assumptions upon which they are based are discussed 

below. 

The presentation is divided into three parts. Part 1 is con

cerned with the method employed in forecasting. The projection of 

exogenous and endogenous variables are discussed in Part 2. The policy 

implications of the estimated coefficients and the conclusion are 

presented in Part 3. 

105 
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One must be aware that forecasting the values of gasoline and 

electricity consumption is undertaken with two types of models: static 

models and dynamic models. Projection with the static models is quite 

simple; the forecast values of the explanatory variables are substi

tuted in the equation. In the case of a dynamic model, two alterna

tives are available. One may either solve the difference equation and 

make the projections from the solution or make the projections year by 

41 
year using the structural equation from an initial condition. In 

this study, the latter method of projection is used; the initial year 

will vary from year to year but will always be thfe most recent one. 

Projection of the Exogenous Variables 

In order to project electricity and gasoline consumption in the 

Ivory Coast, Senegal eind Ghana, it is necessary to forecast future values 

of the determinants of each energy component. The prediction of the 

exogenous variables is based on the assumption of rising price of energy 

and slow growth rate of the economies of Ghana, Senegal, and the Ivory 

Coast. 

Basically, the rate of growth of electricity price and of the 

economy are expected to vary among countries because of their different 

degree of dependence on imported oil. Other things remaining the same, 

one should expect a higher increase in electricity price and a lower 

41. Although both models are equivalent, they differ in that 
a projection made with the solution method is likely to involve more 
rounding error. 
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grovrth of the economy in Senegal than in the Ivory Coast and Ghana and 

one should also expect a smaller increase in electricity price and a 

higher growth of GNP in Ghana than in the Ivory Coast and Senegal. The 

reason is that Senegal depends entirely on imported oil to fuel its 

economy while Ghana meets 99.67% of its electrical energy requirements 

with hydro powers. During the period of forecast, the Ivory Coast will 

depend more on thermal electricity than Ghana. 

Household Sector 

The forecast values of electricity price, per-capita income and 

social factors are presented in Tables XVII, XVIII, and XIX for the 

Ivo]^^ Coast, Senegal and Ghana, respectively. These values are based 

on the assumption that the real price of electricity will go up at an 

annual rate of 4% in the Ivory Coast and 3% in Ghana. The difference 

in the increase in price is supposed to reflect the difference in opera

tion production mix. Real income, on the other hand, is projected to 

rise at 4% and 3% in Ghana and the Ivory Coast, respectively. As to the 

proportion of individuals having access to electricity, it will increase 

but at a lower rate than in the past. It is also expected to grow, but 

at a rate of 1% in both Ghana and the Ivory Coast. 

Since the energy outlook is markedly different from that of the 

Ivory Coast and Ghana, we project a different growth path of the exo

genous variables. Senegal, being entirely dependent on imported oil, 

will experience a smaller increase in per-capita income (1.5%) and a 

higher increase in the price of electricity (5%) than in the Ivory 



TABLE XVII 

Projected Values of the Determinants of Household 
Demand for Electricity in the Ivory Coast 

Year 

Variable 1980 1981 1982 1983 1984 1985 

Price 34.01 35-37 36.78 38.25 39.79 41.37 

Per capita income 144001 148321 152770 157463 162186 167052 

Social factor 2.66 2.71 2.76 2.82 2.88 2.94 



TABLE XVIII 

Projected Values of the Determinants of Household 
Demand for Electricity in Senegal 

Year 

Variable 1980 1981 1982 
• 

1983 1984 1985 

Price 35.86 38.33 39.86 41.85 43.94 46.14 

Per capita income 145638 147822 150039 152289 154573 156871 

Social factor .1938 .1957 .1976 .1995 .2014 .2034 



TABLE XIX 

Projected Values of the Determinants of Household 
Demand for Electricity in Ghana 

Year 

Variable 1980 1981 1982 1983 1984 1985 

Price 3.42 3.48 3.68 3.51 3-54 3.57 

Social factors .95 .96 .97 .98 .99 1.00 
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Coast and Ghana. Finally, the proportion of individuals having access 

to electricity is expected to grow at .5% annually. 

Industrial Sector 

Tables XX, XXI, and XXII show the projected values of the deter

minants of the industrial demand for electricity in the Ivory Coast, 

Senegal and Ghana, respectively. In the Ivory Coast, we project the 

real price of electricity, industrial output, wage and capital stock to 

grow at 2%, 6%, 4%, and 6%, respectively. For the Ghanaian economy we 

e^qpect a 1% increase in electricity price, but a 4%, 2.5%, and 4% in

creases in industrial output, wage and capital stock, respectively. 

Finally, in Senegal, a 3% increase in the price of electricity is expect

ed and a 3%, 5%, and 5% growth in wage, industrial output, and capital 

is assumed. 

Gasoline 

The projected values of gasoline price are presented in Table 

XXIII. It is assumed that the real price of gasoline will grow at an 

annual rate of 10% in both the Ivory Coast and Senegal. The high rate 

of increase in gasoline price is intended to discourage unnecessary 

driving and encourage a shift to mass transportation. 

Projection of Endogenous Variables 

The projection of electricity consumption by household and indus

tries and the projection of gasoline consun^ition are obtained by substi

tuting the projected values of the exogenous variable in the equation if 

a static model is used or by using the year-by-year projection method in 



TABLE XX 

Projected Values of the Determinants of Industrial 
Demand for Electricity in the Ivory Coast 

Year 

Variable 1980 1981 1982 1983 1984 1985 

Price 19.01 19.39 19.78 20.16 20.56 20.97 

Wage 120.36 134.53 139.91 145.51 151.33 157.38 

Capital Stock 1,764,105 1,869,951 1,982,148 2,101,076 2,227,140 2,360,768 



TABLE XXI 

Projected Values of the Determinants of Industrial 
Demand for Electricity in Senegal 

Year 

Variable 1980 1981 1982 1983 1984 1985 

Price 22.19 22.86 23.55 24.25 24.98 25.73 

Wage 116.71 120.21 123.82 127.53 131.36 135.30 



TABLE XXII 

Projected Values of the Determinants of Industrial 
Demand for Electricity in Ghana 

Year 

Variable 1980 1981 1982 1983 1984 1985 

Price 2.16 2.20 2.24 2.28 2.32 2.36 

Wage .65 .67 .69 .71 .73 .75 

Capital Stock 4496 4630 4769 4912 5059 5211 



TABLE XXIII 

Projected Values of Price of Gasoline 
in the Ivory Coast and Senegal 

Year 

Countries 1980 1981 1982 1983 1984 1985 

Ivory Coast 160.75 176.83 194.51 213.96 235.36 258.90 

Senegal 123.12 135.33 148.86 163.75 180.12 198.13 
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the forecast from a dynamic model. The equations are (85), (90), (93) 

in the Ivory Coast, (95), (90)', (94) in Senegal, and (90)', (93) in 

Ghana. 

Household Sector 

Our projections of household consumption are presented in Table 

XXIV. In the Ivory Coast, electricity consumption per household is 

forecast to decrease from 2032 KWh in 1980 to 1832 KWh in 1985, an 

annual average decrease of 2%. In Senegal the rate of decrease of elec

tricity consumption per household is similar to that of the Ivory Coast. 

The amount of electricity consumed goes from 912 KWh in 1980 down to 

833.5 KWh in 1985. In Ghana, electricity consumption by household is 

projected to increase 1.37% a year, down from 13% in the last decade. 

The major difference between the growth rate of electricity 

consumption in the Ivory Coast, Ghana and Senegal can be attributed to 

the different time path of their determinants. As we recall we pro

ject for the Ivory Coast annual rates of increase of 4% for price, 3% 

for income, and 1% for the demographic and social factors. In Ghana, 

we assume a smaller increase in price, a growth of 4% in income and .5% 

increase in the demographic and social factors. However, because of 

Senegal's dependence on- imported oil, we project a 5% increase in the 

price of electricity, 1.5% in income, and 1% in the demographic and 

social factors. 



TABLE XXIV 

Forecasted Values of Household Consumption 
of Electricity in the Ivory Coast, Ghana and Senegal 

Year 

Countries 1980 1981 1982 1983 1984 1985 

Ivory Coast^ 2032.13 1962.35 1918.32 1886.18 1859.81 1836.74 

Senegal^ 912.648 891.723 878.723 863.566 848.780 833.58 

Ghana 243,142 246,545 249,971 254,664 256,812 260,277 

a. Equation (90) is used in forecasting household consumption of elec
tricity. 

b. Equation (90)' is used in forecasting household consumption of elec 
tricity. 

c. Equation (90)' is used in forecasting household consumption of elec 
tricity. 
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Industrial Sector 

Table XXV shows the forecast values of industrial electricity 

consumption between 1980 and 1985. We note that the growth rate of the 

projected industrial consumption of electricity differed markedly from 

its past trend. In the Ivory Coast, for instance, the results indicate 

an annual growth of 5% in electricity consumption, down from 12% in 

past decades. In Senegal and Ghana the projected value of electricity 

consumption shows a growth rate of approximately 4% from 1980 to 1985. 

The decline in the growth rate of industrial electricity consumption in 

all three countries is due in major part to a decline in industrial 

growth and an increase in electricity price. 

Gasoline 

The final forecasts are for gasoline consumption for 1980 to 

1985. The forecast values presented in Table XXVI show that gasoline 

consumption per car will decline at an annual rate of 3.92% in the 

Ivory Coast while in Senegal the aggregate consumption remains at the 

same level during 1980 and 1985. 

Policy Implications 

We now proceed to the policy implications of our empirical re

sults. The recommended measiares are intended simultaneously to curb 

the rate of increase in the demand for petroleum products and to reduce 

the dependence upon imported oil, and consequently improve the deficit 

of the balance of payments of the Ivory Coast, Senegal and Ghana- The 

policies fall into three categories: 1) Conservation policy; 2) adoption 



TABLE XXV 

Forecasted Values of Industrial Consumption 
of Electricity in the Ivory coast, Senegal and Ghana 

Year 

Covintries 1980 1981 1982 1983 1984 1985 

Ivory Coast^ 644,421 682,656 723,113 766,484 812,071 860,273 

Senegal'^ 23,440 24,443 25,488,9 26,582.3 27,725.3 28,911.7 

Ghana'' 612,375 632,984 660,531 688,934 718,198 748,405 

a. Equation (93) is used in forecasting industrial demand for elec
tricity. 

b. Equation (94) is used in forecasting industrial demand for elec
tricity. 

c. Equation (93) is used in forecasting industrial demand for elec
tricity. 



TABLE XXVI 

Forecasted Value of Gasoline Consumption 
in the Ivory Coast and Senegal 

Year 

Countries 1980 1981 1982 1983 1984 1985 

Ivory Coast^ 1962.7 1880.6 1804.79 1730.87 1669.09 1606.66 

Senegal^ 126,150 126,157 126,165 126,172 126,179 126,187 

a. Equation (85) is used in forecasting gasoline consvimption 

b. Equation (85) is used in forecasting gasoline consumption. 
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of a new economic development strategy; and 3) development of alternative 

sources of energy. Although these measures are primarily concerned with 

reducing the high growth rate of commercial energy consumption and pro

moting an efficient use of energy resources in Ghana, Senegal and the 

Ivory Coast, one should keep in mind that they affect all aspects of 

economic activities. 

We begin the discussion on policy reccamnendation with conserva

tion policy. What we mean by conservation is the substitution of less 

costly production factors for commercial energy. To a household, it 

means a change in its behavior in the use of energy intensive activities 

such as cooling and driving in the short rm, while to a firm, it means 

an efficient use of its inputs. Thus, the formulation of the policy mvist 

be designed in such a way that firms and households perceive the value of 

the saved energy as being greater than or equal to the cost associated 

with the change in their behavior. 

The key issue in the development of this policy is the extent 

to which the demand for electricity and gasoline respond to their respec

tive prices and particularly the extent to which other factors can be 

substituted for them. Our empirical results on electricity and gasoline 

consumption disclose that other things being equal, residential electri

city demand would decline by at most .46%^^ following a 1% increase in 

price and that a 1% increase in the price of gasoline yields at most 

42. Actually, in the short run a 1% increase in price will yield 
only .144% and .099% decreases in gasoline consumption in the Ivory Coast 
and Senegal, respectively. 
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43 
.6% decrease in demand, while a 1% increase in the price of industrial 

electricity will cause a 1.42% decrease in consumption in Senegal, .725% 

in the Ivory Coast and .401% in Ghana. Despite these low price elastici

ties for electricity in the household sector and for price of gasoline, 

the following measures ought to be adopted: 

1) To increase the price of electricity and gasoline over a 

reasonably long period so that the relative price of different fuels 

reflect the change in the relative cost of alternative fuel production. 

2) To vise taxes and/or subsidies to Improve the functioning 

of the market. 

Although the increase in the price of electricity and gasoline 

will reduce the rate of growth of energy (electricity and gasoline) 

consumption, one objection to allowing the price to go up can be raised; 

Its distributional effect, that is, significantly higher prices, may 

more heavily bear on the lower income households. 

This objection should be resolved by separating the demand for 

electricity and gasoline by poor and non-poor in all three countries. 

It would appear that the poor do not own a car and the most part use 

public transportation; hence, the direct impact of higher gasoline price 

on them would be insignificant. On the other hand, the use of electri

city by the poor is limited to lighting; cooking is done with non-commercial 

energy such as charcoal, wood, or vegetable waste. As to the indirect 

effect of high price of commercial energy on housing and food, it can be 

43. In fact, the response is much lower in the Ivory Coast 
(.4%) and Senegal (.284%). 
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dealt with by subsidizing low income housing and food in the short nin, 

and by progressively allowing the market force to determine their respec

tive price levels in the long run. 

The recommended policy should not be limited to high price of 

energy input only. The Governments of the Ivory Coast, Ghcina and Senegal 

should also stimulate a progressive shift from private car to public 

transit, encourage building insulation and educate the public about 

various ways they can conserve energy. These goals can be achieved 

through taxes and subsidies, information and education. 

Having proposed measures to reduce the growth rate of energy 

consumption in the short run, we will turn to policies that can bring 

about a more fundamental change in the countries long rm energy con

sumption. One such measure is the adoption of a new development stra

tegy; another is the development of alternative sources of energy. 

In the past the industrialization was based on the following 

principles: Encourage import substitution industries and provide protec

tion against international competition. Such a policy has encouraged 

the expansion of capital-intensive manufacturing activities in the modern 

sector relying on imported fuel as a source of energy and has lead to a 

transfer of resovurces generated in agriculture to industry. Since the 

Ivory Coast, Ghana and Senegal are labor-abundant and agriculture is a 

labor-intensive sector, it is clear the industrialization policy did 

not take into account the comparative advantage of the agriculture sec

tor. 
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Consequently, in addition to reducing the rate of growth of 

energy consumption through conservation policy, the Ivory Coast, Ghana, 

and Senegal should develop export-oriented industries. The techniques 

of production must be more labor-intensive. Also, the government of each 

country should start removing progressively the trade barriers behind 

which the import-substitution industries have been hiding. Only those 

who can justify their existence without excessive protection in the long 

run should survive. 

Before we conclude, we will discuss the options available to the 

governments of the Ivory Coast, Gheina and Senegal in the development of 

44 
alternative sources of energy. Over the past quarter of a century, 

the trend in energy consumption consisted of substituting non-commercial 

fuel for commercial energy sovirces. The reason for this policy, besides 

convenience and the low and falling price of oil, lies in the widely 

held belief that the utilization of gas, coal, oil, or electricity is an 

indication of social and economic progress while the use of charcoal, 

wood, or vegetable waste is a sign of underdevelopment. However, the 

prospect of increasing price of oil offers an opportunity to reconsider 

the non-commercial fuel as an alternative source of energy. The objec

tives of this policy must be: 

44. We do not discuss the question of oil exploration or con
struction of hydropowers because in recent years the effort of the Ivory 
Coast, Senegal and Ghana to reduce their dependencies on imported oil 
have been mainly concentrated on oil exploration, a restructuring of 
electricity price and construction of multipurpose dam. Also, for a 
discussion of various energy policies and alternatives available to a 
developing coiintry see Kirit S. Parish, "India's Fuel Needs and Options" 
in William D. Nordhaus, 1975, "Proceeding of the Workshop on Energy 
Demand", International Institute for Applied Systems Analysis, Austria. 
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1) To establish forests consisting of fast-growing species of 

trees designed for firewood consumption in order to meet a clearly 

defined part or, if possible, all of the long run domestic fuel needs. 

2) To explore the possibilities of exporting charcoal once the 

domestic needs have been met. 

3) To achieve continuity and reliability of supply of non

commercial fuel so as to encourage households as well as industries to 

use that source of energy. 

To achieve these goals, government intervention in the form of 

subsidies must be relied upon because of the externality associated with 

the establishment of forest plantations and because usually investors 

are risk averse when investing in long-term projects. 

The combination of conservation policy, adoption of new approaches 

to industrialization, and the development of indigenous energy could 

reduce significantly oil imports, boost exports and consequently bring 

about a permanent solution to the balance of payments difficulties. 

conclusion 

We will now recapitulate some of the salient points of our 

findings, discuss its strengths and weaknesses and make suggestions for 

future research. Several important and encouraging conclusions emerge 

from this study: 

First, regardless of energy component considered, price has a 

negative impact on energy consumption, and is statistically significant 

in the residential sector for electricity and the industrial demand for 

electricity in all three countries; 
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Second, the results suggest that in some instances (Ivory Coast) 

energy consimption is more responsive to the ovm price in the long run 

thcin in the short run; 

Thirdly, the static model performs as well as or better than 

the dynamic model. 

Although the above results are an important step for evaluating 

energy policy we must emphasize its weakness and several lines of re

search that need to be undertaken. 

As noted in Chapter 4, our estimate of the elasticities are 

probably biased because of a lack of data on the price of substitutes 

for electricity or gasoline and even more because of the use of ex-post 

average price and income instead of the marginal price and adjusted 

income. Future research must try to eliminate both of these defects. 

The major limitation of our study can be attributed to the 

quality and quantity of the data set. It is, therefore, imperative 

that time and effort go into the construction of electricity price 

data sets, household capital stock data sets, consumption of non

commercial energy. Availability of such data will allow researchers 

to use more sophisticated methods of estimation, which in itself can 

improve considerably the explanation of the demand for energy. 

There are a number of ways this study can be extended in order 

to provide additional information on the impact of energy policy on the 

structure of the energy sector and the composition of economic activity. 

The following research can be considered; 
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1) We suggest that a study of the demand for electricity in the 

industrial sector be landertaJcen using duality theory.This method can 

allow us to examine not only the possibility for svibstitution among 

energy inputs, but also between energy and non-energy inputs. 

2) A study that considers eiqslicitly the present interconnec

tions between the energy sector and the balance of payments. This will 

make it possible to evaluate the impact of energy policy on the balance 

of payments -

3) A study that attempts to estimate the quantitative impor

tance of the demand for non-commercial energy such as charcoal, vegetable 

waste, and firewood. 

4) Finally, a study on the monthly kilowatt demand. Such a 

study would reveal the policy needed to alleviate peak-load problems. 

In a final note, we recognize that, despite the progress that 

has been made in this study in the development of a framework for the 

evaluation of energy policy in the Ivory Coast, Ghana, and Senegal, 

much remains to be done. 

45. For an example of a study using duality theory, see Berndt 
and Wood, "Technology, Prices and the Derived Demand for Energy," (1975), 
pp. 259-269. 
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Year 
t 

Per-capita 
Income 
CFRP 

Average Price 
of Electricity 
(Household) 

CFAF 
Number of 
Customers 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

38,183 
42,037 
42,674 
48,842 
57,545 
55,718 
58,234 
60,456 
68,514 
74,002 
81,138 
84,703 
88,000 
98,851 

110,699 
121,840 
126,713 
131,782 

21.50 
19.05 
18.50 
18.11 
16.57 
16.31 
16.14 
16.23 
16.14 
15.91 
15.91 
16.48 
17.05 

17.26 

22.39 
26.19 
29.25 
30.26 

13,384 
16,570 
20,983 
24,261 
26,226 
32,713 
40,123 
44,549 
52,012 
60,130 
69,982 
79,503 

90,813 
109,412 
121,793 
142,524 
164,457 
184,686 

Aggregate 
Household 
Consumption 

of Electricity 
Mlfll 

28,106 
39,039 
53,339 
67,445 
78,206 
93,592 
113,548 
125,049 
147,454 
172.874 
192,800 
207,185 
238.875 
285,018 
278,906 
335,780 
351,116 
392,827 

Average Price 
of Electricity 
(Industry) 

CFAF 

Industrial 
Electricity 
Consvmiption 

MWh 

11.63 
10.46 
10.29 
10.01 
9.24 
9.11 
8.42 
8.16 
8.84 
8.76 
8.71 
8.82  
9.10 
9.80 
13.56 
16.16 
17.62 
17.91 

27,030 
34,883 
44,599 
59,085 
74,775 
90,082 
121,803 
138,663 
160,835 
191,306 
224,941 
269,933 
310,772 
359,031 

382,188 
426,835 
493,870 
577,347 

lo 
<15 



Price 
Year Capital Stock Minimum of Gasoline 
t (10^ CFAF) Wage CFAF 

1960 19,128 40.00 
1961 43,363 40.00 
1962 68,598 40.00 
1963 96,963 40-00 
1964 136,167 42.40 
1965 179,808 42.40 36.24 
1966 224,449 42.40 34.18 
1967 270,306 42.40 39.80 
1968 324,330 43.50 42.66 
1969 386,167 46.64 46.03 
1970 470,048 58.30 53.86 
1971 562,412 58.30 56.01 
1972 656,662 58.30 56.13 
1973 778,622 64.30 58.45 
1974 922,277 89.60 75.34 
1975 1,106,223 92.00 90.95 
1976 1,346,526 115.00 102.50 
1977 1,481,178 115.00 120.78 

Volume Industrial 
: Gasoline Stock of Output 

M3 Automobiles (10^ CFAF) 

111,034 13,779 
126,122 17,329 
120,985 20,233 
130,902 22,538 
141,146 27,392 
149,016 3,554 29,802 
161,187 3,752 37,219 
166,092 4,320 39,793 
182,604 5,093 48,328 
190,932 5,625 54,196 
204,707 6,478 70,912 
215,125 7,631 86,297 
233,207 7,517 96,904 
239,071 7,604 101,265 
231,345 7,661 134,846 
256,891 7,765 154,907 
279,308 8,256 187,664 
299,069 11,115 206,430 
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Year 
t 

Per-capita 
Income 
CFAF 

Average Price 
of Electricity 
(Household) 

CFJ^ 
Niamber of 
Customers 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

46,690 
47,980 
47,520 
50,290 
50,430 
51,290 
48,340 
51,380 
50,400 
54,050 
54,700 
64,300 
48,340 
58,700 

21.673 
22.673 
23.684 
:J2.836 
22.182 
22.442 
22.444 
21.885 
21.963 
21.239 
21.905 
22.446 
22.183 
22.198 
33.144 
35.811 
35.598 
32.450 

63,000 
68,000 
62,000 
62,000 
64,052 
67,757 
71,226 
74,069 
77,173 
78,771 
85,773 
109,846 
110,250 
125,459 
136,085 
139,277 

Aggregate 
Household 

Consianption 
of Electricity 

MVfli 

35,882 
49,175 
53,175 
58,785 
63,772 
63,110 
66,915 
66,454 
70,145 
80,545 
82,066 
81,356 
87,004 
96,947 
94,406 
100,485 
112,707 
126,468 

Average Price 
of Electricity 
(Industry) 

CFAF 

9.866 
7.815 
7.642 
7.821 
7.578 
7.525 
7.433 
7.159 
7.471 
7.482 
8.299 
8.314 
8.458 
8.702 
15.604 
17.629 
20.336 
20.300 

Industrial 
Electricity 
Consiunption 

MWh 

36,034 
100,715 
116,943 
114,218 
130,560 
138,153 
152,086 
167,858 
174,479 
195,697 
201,792 
216,925 
230,977 
252,918 
263,230 
279,461 
295,470 
317,126 

H 
U 
to 



CFA 
Year Capital Stock Minimum 
t (10^ CFRF) Wage 

Price 
of Gasoline 

CFAF 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

15.05 
30.15 
45.58 
66.99 
90.04 
113.90 
142.02 
174.12 
200.62 
227.84 
250.06 
270.05 
295.09 
324.33 
386.16 

470.04 
517.05 
568.75 

40.00 
40.00 
40.00 
44.00 
44.00 
44.00 
44.00 
44.00 
47.30 
50.60 
50.60 
50.60 
50.60 
54.35 
83.90 
107.05 
107.05 
107.05 

37.65 
45.05 
46.00 
47.02 
48.40 
48.66 
48.80 
48.80 
48.80 
51.54 
54.64 
56.01 
56.39 
57.99 
72.87 
75.70 
81.35 
92.50 

Volume 
of Gasoline 

„3 
Stock of 
Automobiles 

Industrial 
Output 

(103 CFA) 

90,660 
90.146 
91,559 
94,800 
93,368 
94,034 
94,180 
99,220 
99,481 
102,247 
105,298 
112,611 
119,725 
124,603 
124,943 

32,712 
34,965 
37,246 
40,146 
42,608 
45,286 

47,197 
49,331 
53,788 
57,397 
60,343 
63,197 
66,579 
66,573 
68,859 

69,729 
74,325 
80,545 

26.74 
27.42 
29.99 
30.94 
32.52 
31.23 
31.93 
35.10 

37.19 
41.56 
45.22 
54.56 
45.95 
60.36 
71.99 
76.31 
80.88 
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Per-capita 
Year Income 
t (10^ Cedis) 

1960 956 
1961 1,022 
1962 1,094 
1963 1,208 
1964 1,357 
1965 1,608 
1966 1,783 
1967 1,778 
1968 2,067 
1969 2,335 
1970 2,568 
1971 2,029 
1972 1,978 
1973 2,088 
1974 2,195 
1975 
1976 
1977 

Average 
Price 

of Electricity 
(Household) 

(NP) 

3.30 
4.04 
4.04 
4.04 
3.80 
3.80 
2 .60  
2 .60  
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2 .60  
2 .60  
2 .60  
3.30 

Household 
Consumption 

Number of of Electricity 
Customers MWh 

47,629 
52,858 
58,098 
62,782 
67,581 
72,781 
77,846 
84,289 

89,516 
94,735 
99,287 
107,988 
119,875 
127,753 
138,184 
146,782 
156,056 

52,954 
58,465 
90,656 
74,976 
109,976 
102,674 
116,828 
181,945 
140,202 
153,316 
172,808 
181,971 
188,491 

198,672 
204,017 
239,017 
272,856 



Average Industrial 
Price Electricity 

Year of Electricity Consumption 
t (Industry) MWh 

1960 3.09 39,585 
1961 4.04 51,575 
1962 4.16 90,119 
1963 4.04 78,176 
1964 3.92 128,361 
1965 4.04 111,11 
1966 2.80 128,956 
1967 2.00 88,965 
1968 1.90 144,754 
1969 1.80 181,778 
1970 1.70 222,873 
1971 1.50 291,296 
1972 1.60 314,257 
1973 1.50 412,885 
1974 1.70 437,243 
1975 2.00 423,416 
1976 
1977 

Industrial 
Capital Stock Output 
(10^ Cedis) (10^ Cedis) 

233 
485 
706 
968 

1,206 
1,506 
1,752 
1,965 
2,189 
2,438 
2,732 
2,994 
3,166 
3,339 

3,607 

3,769 

79,424 
100,886 
122,368 
144,474 
160,786 
178,810 
208,256 
239,297 
295,807 
337,020 
407,471 
494,400 
593,700 
781,200 

1,066,000 
1,230,632 
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