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Abstract 

This paper assesses the impact of prices on the consumption of different energies by using the demand 

function modelling for different sectors. We estimate short-run and long-run energy demand Elasticities 

based on annual data for 1977-2004 observed in Tunisia. The energy demand is specified by a simple 

partial adjustment model. The econometrics results prove that the energy demand in Tunisia is generally 

quite sensitive not only to income but also to the prices of energy products. The price elasticity and the 

income elasticity of energy demand depend on usage and by product. These results imply that an 

increasing price policy will have no effect on the volume of consumption of energy but it will generate 

substitutions between different forms of energy.  

Keywords:  Elasticity, energy demand estimation and partial adjustment model. 

1. INTRODUCTION 

The analyzing of energy demand is one of the primary poles necessary to understand the energy 

system. Its knowledge is a fundamental basis for energy planning. Indeed, it is essential to consider the 

paths followed by the application within the time and its sensitivity and its response to price changes and 

other factors that affect it. Several empirical and theoretical studies have been conducted to model the 

demand for energy, among which are those of [4], [5] and [16]. These models are useful tools in the 

development of energy policies. The energy sector has experienced a particularly successful era in 

Tunisia during the seventies. It played a leader role in the economic and social development. The oil 

represented a significant source of revenue and the key determinant of economic growth in Tunisia along 

this period. The new economic environment of Tunisia, ie. the insertion into the global economy and its 

new status of net importer of energy,  would be expected to promote greater transparency in price 

formation and implementation also a system of price and tax policies which better reflect the constraints 

of the international economic environment. The price mechanism is the existing consumers of petroleum 

products to hedge against fluctuating market price outside.  

The Tunisian state practice of price caps on the retail local market, subsidizes certain energy products 

and other taxes with different rates. This paper aims to assess the impact of prices on consumption of 

different energies, through a modelling based on a simple partial adjustment framework.  It is organized 

along the lines that follow: after a description of the energy situation in Tunisia in the first section, we 

present in the second section a review of the literature. The third section will be devoted to model 

specification and presentation of the estimation methodology. We present in the fourth section the 

estimation results and the calculation of elasticises of short and long period. 

2. THE ENERGY SECTOR IN TUNISIA 

During the 70 and 80, the energy sector has played an important role in economic growth in Tunisia. 

Since the early 70's, hydrocarbons, including oil and petroleum products, contributed to economic growth 

by allowing Tunisia to have substantial surpluses and strengthen public finances. In addition, they were 

among the basic elements of the trade balance and the main foreign exchange earner for the country. 
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This situation was very favourable to the 80, but since the cons-shock of 1986 the energy sector's 

contribution in economic growth has steadily declined due to lower revenues from hydrocarbon exports 

(due the falling prices of petroleum products), the decline in production mainly due to the depletion of the 

main oil field El Borma and significant growth in energy consumption. In fact, Tunisia has experienced a 

change in status from a surplus country a net importer of energy. Energy resources that participated in the 

development of the country's economic growth especially during the 80s now become a heavy burden on 

the economy. 

In Tunisia, the energy intensity showed different trends. Indeed, during the '80s, it was marked by 

rapid growth was mainly due to the acceleration of economic growth during this period. 

However, from years 90, the evolution of energy intensity showed an average downward trend. It rose 

from 0.416 Toe / MDT in 1990 to 0.352 toe / MDT in 2005, down about 1% per year. In 2007, energy 

intensity has reached 0.323 Toe / MDT, a decrease of about 2.8% during the period (2005-2007). This 

fall, very fast especially after 2000, is mainly the result of the energy control policy followed by the 

Tunisian State and the result of a structural change in production. 

The natural resources of Tunisia are modest when compared with those of other neighbouring 

countries: Algeria and Libya (which are among the major oil exporting countries). The scarcity of our 

resources have participated in a major way to the passage of Tunisia a net exporter of oil in the years 70 

and 80 to a net importer of oil during the last decade. 

In fact, Tunisia has received favourable energy situation characterized by excess energy balance during 

the 70 and 80. But from the late 80s, this situation began to deteriorate by moving from a surplus of about 

2600 ktoe in 1985 to a deficit situation slightly in 2001, with demand constantly increases combined with 

a stagnant supply  

Petroleum products are an important part in the final energy demand. In 2006, final energy demand 

conventional reached 5.8 million toe. This application is dominated at 70% by petroleum products; 

electricity comes in second position of the energy consumed by a 17% share. Regarding natural gas, it 

represents only 13% of final energy balance despite increased demand. 

The following table gives an idea about the energy balance final treaty in 2006 and shaped by Sector. 

TABLE 1: RESULTS OF CONVENTIONAL ENERGY IN TUNISIA 2006 (1000TEO) 

 Natural 

gas 

Petroleum 

Products 

Electricity Total 

 

Industry 601 1004 465 2070 

Transport 0 1724 13 1737 

Residential 177 499 255 931 

Tertiary 46 320 221 587 

Agriculture  333 55 388 

Non-energy 

Consumption 

 179  179 

Total 824 4059 1009 5892 
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3. LITERATURE REVIEW  

A number of studies have been undertaken to address various aspects of electricity demand and its 

determinants. [20] was one of the pioneers to examine the determinants of electricity demand in more 

detail. His focus was on residential electricity consumption in the United Kingdom using cross-sectional 

observations on 42 provincial towns. He employed a double logarithmic model and the results showed 

that income elasticity was 1.17, price elasticity was −0.89, and that cross elasticity of demand with 

respect to the marginal price of LP gas was 0.21. 

[6] analyzed residential demand for electricity as well as the residential demand for six different 

categories of household appliances. The results showed substantial negative price and income elasticities. 

[13] used an econometric model of the electric utility industry to simulate the effects of higher fuel prices 

on electricity demand. The study demonstrated that given projected fuel input prices, the short and long-

run impacts on electricity demand are likely to be small. 

[13], [15] and [20] are some of the recent studies that have estimated both the short-run and the long-

run residential demand for electricity. [4] also analysed the relationship between electricity consumption 

and socio-economic variables using OLS and random coefficient (RC) methods. According to him while 

there is a positive relationship between electricity consumption and socio-economic development, 

electricity consumption is found to be inelastic with respect to changes in other socioeconomic variables. 

The reference [26] suggested a two-stage model where consumption in the short-run (first stage) 

depends on two components, namely income and the price of electricity. They employed utilization rates 

of appliance stocks as an important variable in their model estimation. They attempted to explain the 

factors influencing capital stock in the long-run. The authors concluded that noneconomic variables are 

the primary determinants of residential electricity demand, and that price has a lesser impact on long-term 

demand. [16] estimated an error-correction model of annual US residential electricity demand for the 

period 1949–1993. They found that the long-run income elasticity is close to 0.5 and that the long-run 

price elasticity was−0.25. [11] analysed the relationship between electricity consumption and socio-

economic variables using OLS and random coefficient (RC) methods. According to him while there is a 

positive relationship between electricity consumption and socio-economic development, electricity 

consumption is found to be inelastic with respect to changes in other socioeconomic variables. 

The reference [16] estimated the residential demand for electricity using aggregate data at city level for 

40 Swiss cities over the period 1987–1990. The study showed that increasing price does not significantly 

discourage residential electricity consumption. The price elasticity of demand was −0.3. 

According to [24] residential electricity demand can be expressed in general as a function of two 

components namely, the stock of electrical energy using equipment and economic factors. These two 

components can have independent and interdependent impacts on electricity demand. The capital stock of 

energy using equipment can be broken down to two types. They are demand for daily energy services 

such as lighting, refrigeration, and entertainment and demand for heating and cooling services. As far as 

the Sri Lankan residential electricity demand is concerned, demand for heating services is negligible. 

However, these authors conclude that the short-run income and price elasticities are smaller than the long 

run elasticities. The results are consistent with economic theory. 

The reference [17] have estimated price and income elasticities of electricity in the household sector in 

India using disaggregated survey data for over thirty thousand households. The results show that 

electricity demand is income and price inelastic for all three seasons. Furthermore, they concluded that 

demographic and geographical variables are important in determining electricity demand in India. 
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The reference [31] has also used a macroeconomic approach to develop a long-run electricity demand 

model in order to analyze the main factors affecting electricity demand in the Peoples Republic of China 

(PRC). The results show that, the relationship among the relevant variables was more stable, responsive 

to market forces and significant after the country's economic reforms in 1978. 

The reference [18] pointed out that there are different elasticities when prices are falling and when they 

are rising. They found that during periods of falling prices, residential demand for electricity is less elastic 

than when prices are rising. The lack of converging elasticities across countries and time indicate the need 

to estimate the demand function for various countries at different times for the purpose of practical policy 

decision-making. This is more important when considering analyses in developing countries where 

subsidized electricity markets have been functioning for a long period without any significant reforms in 

the sector. Since the beginning of 1990s, cointegration analysis has become the standard component of all 

studies using time series data. 

The reference [35] examines disaggregating components of energy demand, it is seen that electricity is 

the highest quality energy component and its share in energy consumption increases rapidly. Natural gas, 

petroleum and coal follow electricity respectively. [10] utilises cointegration methodology as a basis for 

modelling energy demand in Germany. Using annual data over the period 1960-1993, he obtain a 

cointegrating vector between energy demand, output and prices in each energy using sector. He find 

considerable variation in the estimated energy demand elasticities across sectors. The average long run 

elasticities with respect to output and prices are 0.75 and -0.3, respectively. 

The reference [9] looks for the possible outcomes of the determinants of demand for energy in Turkey. 

By employing Vector Error Correction Models (VECM) and impulse-responses for energy consumptions, 

this paper results in a reduced form indicating that energy consumption is affected by only electricity 

production in the long run for the annual period of 1954-2003. 

The reference [3] estimate the demand for energy in Jordan using the dynamic OLS method developed 

by Stock and Watson, and compare the results with conventional forms of cointegration and error 

correction estimation. Results are found to be robust to various departures from standard regression 

assumptions and to be stable in spite of the rapid structural changes in the Jordanian economy over the 

period of the study. Income, construction activity, and political instability are found to impact 

significantly on consumption, while real price has only a neutral or weak effect. Changes to energy prices 

on their own are unlikely to achieve current goals for energy conservation. 

The reference [8] presents a detailed review of the literature on energy demand forecasting models 

with the objective of identifying their relevance to developing countries. He found that mainly two types 

of methods, namely, econometric and accounting, are used in the literature to forecast energy demand. 

While econometric methods are employed mainly in aggregated (i.e., national level) energy demand 

forecasting, accounting methods are used at more disaggregated (i.e., sectoral and end-use) levels. A large 

number of models have been developed by academics, research institutions, government agencies and 

private companies for energy demand forecasting. These models use either econometric or accounting or 

both techniques. 

The reference [45] estimates price and income elasticities for gasoline in the transport sector for 

Mauritius, a small island economy, and uses an innovative technique to test for cointegration - the 

Autoregressive Distributed Lag (ARDL) bounds test. Results indicate   the long-run income and price 

elasticities of gasoline demand are estimated to be 0.77 and -0.44 respectively. The short-run income 

elasticity is estimated to be 0.37 based on an ARDL error-correction model while the short-run price 
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elasticity is found to be -0.21. The adjustment parameter is 0.48 which implies that around 95% of the 

demand adjustment occurring after five periods. 

The objective of [39] is to determine the sustainability and cointegration between total energy 

consumption and economic growth for Malaysia using time series data in the long run and short run using 

empirical approach. 

4. METHODOLOGIE  

4.1 Model Specification 

It is assumed that there exists for Tunisia a simple equilibrium demand relationship between energy 

demand, economic activity and the real energy price characterised by:  

 , ,i i jD L p p y 

Where iD demand for a particular energy is i , p is a price and y is income. 

In order to estimate Eq. (1), the conventional log-linear specification is assumed as follows: 

0 1 2 3( ) ( ) ( ) ( )t t i j tLn D Ln Y Ln P Ln P         

 

All variables are specified in logarithmic which means that the estimated coefficients represent 

elasticities for the different model variables.  t  is a random error term. 

Some adjustments were introduced to correct the problem of autocorrelation of errors. Moreover, some 

equations were estimated by assuming the existence of a partial adjustment process that is particularly 

interesting for energy demand. It can distinguish between the behaviour of short term and the long term 

and avoid the problem of data on the stock of capital goods. 

Partial adjustment model is particularly interesting for energy demand. It can distinguish between 

long-term behaviour and the short term. In this model, the desired level of energy demand in period t (D
d

t) 

depends on the price pt and other variables (Zt) and a random variable (Ut): 


* *d

t t t tD a b P c Z U    

Effective demand Dt is assumed to vary from period to period in proportion to the difference between 

the desired demand in period t and the actual demand in period t-1: 

 *

1 1

d

t t t tD D D D    

Combining the two equations above yields the following equation: 

 
** *

11t t t t tD a b P D c Z U          

The coefficient on the variable P gives the effect of short-term price. The long term effect is obtained 

by dividing the coefficient of p by . Similarly, the short-term effect of the variable Z is given by its 

coefficient, while the long-term effect is obtained by dividing this coefficient by . 
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4.2 Data 

Data used in the estimation consists of annual data over the period 1977–2004. Data on energy 

consumption by product and by sector data for Tunisia were taken from the National Energy Management 

Agency (ANME) and Tunisian Company Electricity and Gas (STEG). For data on indicators of economic 

activity and price indices, the national accounts published by the National Institute of Statistics (INS) 

provide these series 

 It provides consumption in ktoe of different forms of energy (mainly oil, natural gas and electricity) 

per sector of industry, transport and residential. Some explanatory variables used in our model differ from 

those required by the theoretical models of energy demand. These are variables that take into account 

approximate the effect of real variables for which we do not have any information. For example, GDP at 

constant prices was used as a variable to approximate the whole economy instead of global production. 

This same variable was also used as an indicator of income for households.  

The value added at constant prices by industry is used to approximate the production branch. 

The consumption for which estimates are made, are generally aggregates of products. The presence of 

the prices of different products included in this consumption function to estimate this risk of multi 

colinearity. To overcome this problem, it was made a choice of one or both prices of products that 

provide reliable results (sign and significance level). Regarding the deflator, we used the implicit GDP 

deflator, the deflator to get involved both in GDP at constant prices as an indicator for actual prices. In the 

first, it is considered an indicator of living standards in the latter case, it represents an appreciation of the 

real level of prices. 

4.3 Unit- Root Tests 

For most of the cointegration techniques, the time-series properties of the individual variables need to 

be investigated. 

In particular, it needs to be determined whether the variables in the model (which are in natural 

logarithms) are stationary in levels and therefore integrated of order zero, I(0), or are non-stationary and 

consequently have a unit root requiring differencing to achieve stationarity; therefore,  being integrated of 

order d, I(d) where d is the number of times the variable in the model needs differencing to achieve 

stationarity. This is required since modelling with non-stationary variables can result in spurious 

relationships, whereas a combination of non-stationary variables can, in certain circumstances, result in 

cointegration and hence an appropriate relationship (see below). 

To test for the presence of a unit root the most commonly used test is the Augmented Dickey-Fuller. 

(ADF) test, which involves estimating a form of the following equation by OLS: 

0 1 1 1 ......t t t t q t qx t x x x                

where   is the difference operator. 

Most of the time series are stationary, ie they fluctuate relative to its mean. There is not much variation in 

amplitudes of the price. The main results are grouped in the tables below by the following formulas:  

1t t tLnx Lnx       

where tx  denotes the application considered in each case.  

α and β  are parameters, εt is a error term. 
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We present the following tables the results when tested for stationary of time series. (The parameters 

in parentheses denote t-statistics). 

TABLE 2: STUDY OF STATIONARITY OF THE DEMAND TOTAL 

 α β 

total demand 
0,039 

(9,526) 

- 0,457 

(- 2,22) 

Industrial final 

demand  

0,031 

(4,44) 

- 0,489 

(- 2,417) 

Final demand 

for transport  

0,034 

(4,090) 

- 0,321 

(- 0,091) 

Residentiel  

final demand  

0,060 

(11,740) 

0,165 

(0,712) 

 

TABLE 3: STUDY OF STATIONARITY OF DEMAND FOR NATURAL GAS  

 

 
α β 

Final demand for 

natural gas  

0,094 

(4,029) 

0,267 

(1,179) 

Industrial 

demand for natural 

gas  

0,076 

(3,139) 

0,185 

(0,797) 

Residential 

demand for natural 

gas  

 

0,155 

(6,548) 

- 0,768 

(- 5,570) 

TABLE 4: STUDY OF STATIONARITY OF DEMAND FOR PETROLEUM PRODUCTS  

 α β 

Final demand 

of oil products  

0,032 

(0,315) 

- 0,478 

(- 2,361) 

Demand for 

petroleum 

products for 

transport  

0,034 

(4,052) 

- 0,012 

(- 0,054) 

Industrial 

demand for 

petroleum 

products   

0,017 

(1,934) 

- 0,442 

(- 2,126) 

Residential 

demand for 

petroleum 

products  

0,048 

(7,159) 

0,360 

(1,614) 
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TABLE 5: STUDY OF STATIONARITY OF DEMAND FOR  ELECTRICITY 

 α β 

Final demand 

for electricity  

0,068 

(19,074) 

- 0,344 

(- 1,573) 

Residential 

demand for 

electricity  

0,061 

(12,78) 

- 0,422 

(- 2,002) 

Industrial 

demand for 

electricity  

0,078 

(0,757) 

- 0,476 

(- 2,348) 

 

 

5 ESTIMATION RESULTS 

5.1  Estimate of Total Demand 

Total demand includes all consumption of all sectors. We chose to estimate two variables, a variable 

income represented by GDP at constant prices and a price variable represented by the price index of oil 

divided by the implicit GDP deflator. The best specification of this function is obtained from the partial 

adjustment model. The income elasticity of total energy demand is about 0, 9. This implies that total 

demand is growing at a rate slightly below the growth rate of GDP.  

The price elasticity is approximately -0.25 to long-term indicating that energy demand is generally price 

inelastic. The reaction of economic agents to price changes is more important in the long term and short 

term.  

Elasticities - income from productive uses to know the industry and transport are lower than residential 

use. In any case, energy demand in the industrial and transportation is inelastic with respect to income, 

price elasticities are relatively low. Energy demand in the residential sector is resilient relative to income. 

This elasticity is the order 1.33 against a negligible value for the price elasticity. And improving living 

standards is reflected by an increase in the share of households in the over all energy consumption. 

TABLE 6: ESTIMATION OF  DEMAND ELASTICITY FOR ELECTRICITY 

 Income 

elasticity 

price 

elasticity 

Total 

Demand 

0.9%**  -0.25 %** 

Final 

demand 

residential 

1.33 % * 0%* 

Final 

demand 

industrial 

0.80 %* - 

Final 

demand for 

transport 

0.57% *  - 0.45%* 

* short- run 
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** Long- run 

5.2  Estimate of Electricity Demand 

Electricity demand is elastic with respect to income; this elasticity is around 1.3 implying that the 

overall economy, electricity consumption is growing at a faster pace than GDP. In fact, electricity 

consumption increases per unit of value added registered a growth rate of 2.8%. Econometric estimates 

indicate that electricity demand is sensitive to price movements substitutable products (petroleum 

products), whose elasticity is about 0.23. A more detailed analysis of the behavior of electricity demand 

by use shows that residential demand elasticity is elastic with respect to income (1.78) this is explained by 

the improvement of living standards. Regarding the elasticity of demand with respect to electricity prices, 

it is quite high in the residential; this can be explained by the lifetime of the equipment used in this sector 

which is long and makes any immediate reaction changes in prices, we should also note the possibility of 

substitution between electricity and petroleum products is around 0.2. The increase in final consumption 

is partly explained by the increase of equipment televisions, refrigerators, washing machines, video 

equipment and air conditioners.  

While the substitution took place at the water heater. The variables used in estimating the function of 

the industrial demand for electricity are: industrial added value and the price of electricity.  

The income elasticity is around 1.3%. Industrial demand for electricity is very elastic to income. The 

price elasticity is about -0.59%. The elasticity of substitution is about 0.2%. 

TABLE 7: ESTIMATION DEMAND ELASTICITY  FOR ELECTRICITY 

 Elasticit

y - income 

Elastic

ity - 

price  

Elasticity 

of 

substitution  

Total 

demand 

1,31% * -0,54% * 0,27% 

Industri

al demand 

1,32% * -0,59% * 0,2% 

Resident

ial demand 

1,78% * -0,30% 

* 

0,14% 

 

5.3 Estimate of Demand for Petroleum Products 

Oil demand is elastic relative to GDP in the overall economy. This is an application that is 

characterized by a certain rigidity to the extent that the reaction to price changes is by some delay. At the 

sectoral level, we find that the elasticity with respect to income or value added is low especially in the 

transport sector. This is explained by controlling the fuel consumption due to improved engine 

performance and better organization of this sector. Regarding the price elasticity, they are weak in all 

sectors. 
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TABLE 8: ESTIMATION OF  DEMAND  ELASTICITY  FOR PETROLEUM PRODUCTS 

 

 
Elasticity - 

Income 

 Elasticity 

- price 

Total 

demand 

0.67% **  -0.09%  ** 

Residential 

demand 

1.06%  * -0.03%  * 

Demand of 

Transport 

0..56% *  -0.44% * 

5.4 Estimate of Demand for Natural Gas 

Demand for natural gas for the entire economy is resilient relative to GDP. This result is legitimate 

because the natural gas consumption grew at an average annual rate of around 10%. The income elasticity 

is higher in the residential sector with a value of 2.32 to a lesser degree for the industrial sector 1.35. The 

price elasticities (and cross) are higher for all purposes and especially for residential. The favourable 

trend in the relative price of natural gas appears to be the cause of the increased share of this product in 

the total energy consumption. 

TABLE 9: ESTIMATION OF DEMAND ELASTICITY FOR NATURAL GAS 

 Elastici

ty - 

Income 

Elasticit

y- price 

 

Elasticity 

of 

substitution 

Total 

demand 

1..35% 

** 

-1.12% 

** 

- 

Resident

ial demand 

2..32% 

** 

-0.98% 

** 

0.48% 

Industri

al demand 

1..35% 

** 

-0.9% 

** 

0.26% 

6 CONCLUSION 

 

In this article we have analyzed the energy demand in Tunisia by product and by sector. Econometric 

analysis shows that energy demand in Tunisia is generally quite sensitive not only to income but also to 

the prices of energy products. These results are consistent with those found in other countries Also, it can 

be concluded that the right prices would counteract the income effect and encourage economic agents to 

make efforts to save energy.  

Tax cross-elasticities in different econometric estimates indicate that any pricing policy which aims to 

reduce energy consumption must be careful of the possibilities of substitution between products if this 

policy could lead to results contrary to the objectives. 

Tunisia, whose energy resources covering up to 1993 energy consumption, moving towards replacing 

petroleum with natural  gas. It has tended to price its quite independent of international prices. It referred 

in general budgetary and balance system of price preferences. Such a policy can be justified in some 

cases, but overall it has the effect of free competition activities which have therefore no incentive or 

motivation to seek higher productivity. At a time when Tunisia became a net importer of energy, a pricing 
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policy is highly desirable. It is likely to encourage at all levels of competition and choice of fuels cheaper 

and better suited. 
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