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1 – Introduction 
 Brazil experienced a period of prosperity in the energy sector during the decades of 
50, 60 and 70, of the twentieth century, because of significant investments in infrastructure. 
During those decades, the generation and production of electric energy was quickly developed 
at relatively low cost and with significant technological progress. 
 In 1995, the Brazilian electric sector experienced an overhaul, characterized by the 
opening of markets, elimination of monopolies and removal of the State from distribution 
activities. This scenario provided opportunities for private investment in the sector. 
 At the beginning of this century, during the years 2001 and 2002, the Northeast region 
of Brazil, the South, the Central West and the states of Para and Tocantins suffered a rationing 
of demand, when the central government stipulated a consumption quota, penalizing those 
consumers that exceeded that limit. 
 In this post-rationing scenario, it appears that one of the most obvious problems faced 
by the electricity industry is the imbalance between supply and the expansion of demand in 
the medium and in the long run. 
 This problem motivates this study to aim at projecting the demand for electricity for 
residential, commercial and industrial classes at Northeast of Brazil, from 2004 to 2010, in 
order to contribute to a better planning of the sector. 
 The database built by Siqueira, Cordeiro Jr. and Castelar (2006), from now on called 
SCC (2006), will be used. What differentiates this work from SCC (2006) is the methodology 
selected. Those authors used an auto-regressive error correction model (VAR/VEC) estimated 
by OLS, while in this study the methodologies developed by Stock and Watson (1993) and by 
Gregory and Hansen (1996), respectively known as Dynamic OLS (DOLS) and Regime 
Switching will be used. 
 This article has besides this introduction, five more sections. The second section 
presents a review of the literature. The theoretical model, the database, the methodology and 
scenarios for forecasting are discussed in the third section. Section four brings the empirical 
results. The fifth section contains the results of forecasts for the period 2004 to 2010. The last 
section brings the conclusion of the paper. 

2 - Review of the Literature 

 Some studies have been conducted on the demand for electricity in Brazil during the 
three last decades. That makes this work an update of the national literature due to the use of 
different econometric methodologies. 
 Modiano (1984) was one of the first to measure the income and price elasticities in 
Brazil for residential, commercial and industrial classes in the period of 1963 to 1981. These 
elasticities were estimated by the method of least squares with correction for serial 
correlation. It was observed that only the long term income-elasticities proved to be elastic in 
relation to the demand for electric energy. 
 The work of Andrade and Lobão (1997) is, to some extent, an extension of the study 
of Modiano (1984). It analyzed the trends in the residential consumption of electricity in 
Brazil in the period of 1963 to 1995, through the estimation of income and price elasticities of 
demand. It was found that the short term price and income elasticities were higher than the 
long term elasticities. Their estimation method used a vector auto-regressive model (VAR). 
 Yet, the study by Schmidt and Lima (2004) estimated the long term price and income 
elasticities of the demand for electric energy for the residential, commercial and industrial 
classes. These authors obtained results for the income elasticity exceeding one, while the price 
elasticity was less than one in module. Moreover, predictions were made for the consumption 
of electric energy in the period 2001 to 2005. 
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 Due to the rationing in the years 2001 and 2002, SCC (2006) proposed a methodology 
to incorporate its effects on the demand for electricity for the residential, commercial and 
industrial classes, in the Northeast region of Brazil. 
 The estimates made for the long term price and income elasticities used OLS, Two 
Stages Least Squares (TSLS) and VAR/VEC. The long term income elasticity proved to be 
higher for the residential class. Yet, the long term price and income elasticities outweigh the 
short term elasticities for the three classes. 
 In the last decade, some studies on the demand for energy in countries like China, 
Australia, Jordan, France, Greece and others used the methodology developed by Stock and 
Watson (1993), DOLS. This methodology generates more robust estimators for small 
samples, and corrects the bias, simultaneity and serial correlation problems. 
 Thus, in the search for more robust estimates for the long term elasticities of demand 
for coal in China, Masih and Masih (1996b) used this method. The study comprised the 
period of 1953 to 1992, in which the consumption of coal is explained by its real price and 
real income (GNP). The study concludes that the short term price and income elasticities are 
lower in absolute value than the long term elasticities. 
 The demand function for electricity in Jordan used by Al-Azzam and Hawdon (1999), 
during the period 1968-97, estimated by DOLS, is a function of income, construction activity 
and political instability. These variables had a significant impact on the consumption of 
electric energy. In any event, the real price effect was found to be neutral or weak. 
 By its turn, Saed (2004) estimated the total energy demand in Jordan in the period of 
1980-1999, reaching the conclusion that economic growth is accompanied by more than a 
proportional increase in energy consumption, because the income elasticity found was 1.15. 
 Akmal and Stern (2001) measured the long term elasticities for electricity, natural gas 
and other fuels in Australia, from the third quarter of 1969-70 to the second quarter of 1998-9, 
using DOLS. The demand function estimated by the authors depends on the price of the i-th 
fuel, the price of fuel substitutes, the price of other goods and supplementary income. 
 Silk and Joutz (1997) investigated the effects of some economic variables on the use 
of energy, employing co-integration techniques. Their results suggest a change of regime in 
consumption during the sixties, and still, they projected the demand for 1994 and 1995. 
 In an empirical study to Cyprus, done by Zachariadis and Pashourtidou (2006), for the 
consumption of electric energy, the authors used unit root tests with and without structural 
breaks, co-integration, Granger causality, and impulse-response functions. In this study, 
results showed that the commercial sector is less elastic and revert to equilibrium faster than 
the residential sector. 

3 - Theoretical Model and Econometric Methodology  

 In this section, it will be presented the theoretical model, the data, as well as the 
econometric procedures adopted. 

3.1 - Theoretical Model and Database 
 The model used in this analysis is based on the following assumptions: 

i) There is no problem of suppressed demand and the supply of energy is infinitely 
elastic; that is, the amount of energy for each class of consumption is actually 
offered. Therefore, the amount consumed is a proxy for the demand. 

ii) The demand is influenced by the average tariff of the class, the per capita income 
(residential class) or the GDP (commercial and industrial classes), the stock of 
electrical appliances and the price of a substitute good (industry). The demand is 
represented by the following non-linear function, 

(1)     ttttt PCEYTKC δγβα
1=  
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Where Ct is the consumption of electric energy in time t; K1 is the consumption of 
subsistence, Tt is the average tariff in time t; Yt is the family income in time t (for the 
residential class) or the GDP (commercial and industrial classes); Et is the stock of electrical 
appliances in time t; PCt is the price of substitute goods in time t. 

iii) The stock of electrical appliances (Et) reacts positively to increases in family 
income or to the product of the industry (Yt) and negatively to increases in the 
prices of electrical appliances (PEt), and these variables are related according to 
the following function,  

(2)    ttt YPEKE θµ
2=  

 The system of equations comprised by (1) and (2) could be estimated by any 
simultaneous equation method. However, SCC (2006) argues that it is not possible to find a 
suitable proxy for the stock of electrical equipment. So, they chose to transform (1) and (2) 
into a single equation. 
 Replacing (2) in (1) and applying logarithm results in a linear equation; expressed as 
follows, 

(3)   )ln()ln()ln()ln()ln( 54321 ttttt PCPEYTC φφφφφ ++++=   
Where 
  )ln( 211

γφ KK= , ;2 αφ = ;3 γβφ += ;.4 µγφ =  and δφ =5 . 
The coefficients 5432 ,,, φφφφ and represent the elasticities of demand for electricity in 
relation to the average tariff of the class, family income or the GDP of the sector, the price of 
machinery and electrical equipment and the price of fuel. 
 To estimate equation (3), the database of SCC (2006) was used which is comprised of 
annual data in the period that runs from 1970 to 2003. A more detailed description of the 
variables, as well as their respective units of measurements and sources are shown in Tables 1 
to 3. 
Table 1 – Identification of the variables in the residential model 
Variable Proxy Used Sources Unit 
Avegage Residential 
Demand 

Residential Consumption/ Population of 
NE 

CHESF/IBGE Kwh/hab. 

Residential Tariff Average Residential Tariff (*) IPEA/Eletrobrás R$/Mwh 
Price of Appliances IPA-OG- Appliances FGV/IPA Índex 
NE’s Income per capita NE’s per capita GDP (*) SUDENE R$/inhab. 
Source: Siqueira, Cordeiro Jr. and Castelar (2006). (*) Basis in December 2002 by the IGP-DI (FGV). 
Table 2 – Identification of the variables in the commercial model 
Variable Proxy Used Sources Unit 
Commercial Demand Commercial Consumption CHESF/IBGE Mwh 
 Commercial Tariff Average Commercial Tariff (*) IPEA/Eletrobrás R$/Mwh 
Price of  Electrical Equipment IPA- OG –Electric Material (*) FGV/IPA Índex 
Income of the commercial 
sector, NE 

NE’s GDP – Services (*) SUDENE/Boletim 
Conjuntural 

R$ million 

Source: Siqueira, Cordeiro Jr. and Castelar (2006). (*) Basis in December 2002 by the IGP-DI (FGV). 
Table 3 – Identification of the variables in the industrial model 
Variable Proxy Used Sources Unit 
Industrial Demand Industrial Consumption CHESF MWh 
Industrial Tariff  Average Industiral Tariff (*) IPEA/Eletrobrás R$/MWh 
Price of Machinery and 
Electrical Equipment 

IPA-OG – Machinery and Industrial 
Equipment 

 
FGV/IPA 

 
Índice 

Incomeof the Industrial 
Sector  

NE’s Industrial GDP (*) SUDENE/Bulletin 
Conjuntural 

R$ million 

Price of Substitute Goods IPA-OG – Fuels and Lubricants FGV/IPA Índice 
Source: Siqueira, Cordeiro Jr. and Castelar (2006). (*) Basis in December 2002 by the IGP-DI (FGV). 
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3.2.1 - Estimation of the relationship of long term equilibrium: DOLS 
 DOLS presents evidence, based on Monte Carlo simulations, that the estimators are 
more robust in small samples when compared to other alternative estimators. More than this, 
DOLS, is a technique for obtaining efficient estimators for the co-integrating vectors 
involving deterministic components and accommodates varying orders of integration and the 
possible simultaneity among variables [STOCK and WATSON (1993)]. 
 According to Stock and Watson (1993), the presence of leads and lags of different 
variables in the equation, which has a co-integrating vector, eliminates the bias of 
simultaneity, and the small sample bias. 
 The equation (4) below describes the demand for electric energy that will be estimated 
by DOLS, 
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Where C is consumption, T is the average tariff of the class, Y is income (or product), PE is 
the price of home appliances (residential class), or the price of machinery and electrical 
equipment (commercial and industrial classes), PC is the price of fuel, 

],,,,,[ λγβαcM = ],,,,1[ tttt PCPEYPX = , m, n, l and p are leads and (-m), (-
n) (-l) and (-p) are lags. 

3.2.2 - Long Term Regime Switching  
 This study also estimated the co-integrating vector with a change of regime; i.e., a 
model which will catch a change of intercept if it exists, as described by Gregory and Hansen 
(1996). 
 The period in which a change of regime happens is determined endogenously. 
Therefore, the period in which there was a significant change in the long term relationship 
among the variables is determined within the system. 

3.2.3 - Short term dynamics: the Errors Correction Model (VEC) 

 According to the procedure proposed by Engle and Granger (1987) to estimate the co-
integrating vector it is necessary to estimate the Error Correction Model (VEC), which has the 
following form, 
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Where tZ  is the n-th variable in the co-integrating vector, 1−tEC  is an error correction term, 
and the index k represents the residential, commercial and industrial sectors, thus k = r, c and 
i. 
 As part of equation (5), the short term dynamics is estimated by OLS, taking in 
consideration that the long term dynamics is captured by the introduction of the error 
correction term originated from the estimation of the co-integrating vectors by DOLS and 
Regime Switching. 

3.4 - Forecasting Scenarios   
 In the first quarter of 2002, Eletrobrás coordinated a study to discuss the future of the 
electric energy market in Brazil and sought to map the uncertainties on the future evolution of 
the Brazilian economy. Topics for the medium and long term were addressed as economic 
growth, rationalization, replacement of electric energy by another source of energy and the 
behavior of tariffs. 
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 From this analysis, three macroeconomic scenarios were constructed (high, medium 
and low) for the Brazilian economy, that formed the basis for the prediction of electric energy 
consumption. Table 4 presents, in summary form, the characterization of these scenarios. 
Table 4 - Characterization of Macroeconomics Scenarios 

Scenario Variables 
High (A) Middle (B) Reduced (C) 

Dynamics of the world 
economy 

Recovery and strong 
momentum 

Growth moderate Recovery 

Insertion to foreign 
markets 

Broad integration 
competitive 

Widespread and intense 
integration 

Integration moderate 

Distribution of income Relative improvement Take improvement Improvement significant 
Privatisation of the 
generation of electric 
energy 

Broad, but gradual. Only new generation Minimum 

Economic Growth High Middle Reduced 
Source: Executive Summary of Eletrobrás Decennial Plan, 2003-2012. 

 Based on these assumptions it was established the following figures for GDP growth 
in the Northeast region, on the forecasting horizon of 2005-2010, as seen in Table 5. 
Table 5 - Annual GDP Growth of the Northeast, in % 

Scenario 2005-2007 2007-2010 
A 5.0 6.7 
B 4.4 5.3 
C 1.4 2.7 

Source: Executive Summary of Eletrobrás Decennial Plan, 2003-2012. 

 In relation to population growth, the PDE 2003-2012 made use of the rates of 
population growth recorded in the 2000 Population Census of IBGE. Therefore, it was 
considered a single demographic scenario for the Northeast, as seen in Table 6. 
 As for the other variables, it was adopted here the same values established by Schmidt 
and Lima (2004) for the case of tariffs and prices of medium intensive electricity goods (real 
recovery of 5% per annum), as well as maintaining the 1999 level of real prices intensive 
electricity goods and fuels. 
Table 6 - Annual Population Growth of the Northeast, in % 

 Scenario 2005-2007 2007-2010 
Unic  1.17 1.12 

Source: Executive Summary of Eletrobrás’ Decennial Plan, 2003-2012. 

4 - Empirical Analysis 

4.1 - Unit Root and Co-integration Tests 

 First, it is necessary to examine whether there is an equilibrium between the variables 
that make up equation (3). For this, it was used the unit root test known as Dickey-Fuller 
GLS, developed by Elliot, Rothenberg, and Stock (1996). Monte Carlo experiments indicated 
that this modified test performs satisfactorily in small samples, which justifies its use in this 
work, which has only 34 observations. 
 The results suggest that the null hypothesis of unit root can not be rejected for all 
variables at a 5% significance level. However, the null hypothesis is rejected in first 
difference for all of them. Thus, the variables are integrated of order 1. So it is possible that 
there is a long term relationship among them. 
 According to the co-integration test proposed by Johansen (1988 and 1991), it was 
detected for the three classes (residential, commercial and industrial) the existence of co-
integrating vectors, then the null hypothesis that there is no co-integration is rejected at a 5% 
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level of significance. Therefore, the co-integrating vectors were obtained by DOLS, and by 
the procedure described by Gregory and Hansen (1996). 
4.2 - Estimation of the Co-integrating vectors by DOLS and Regime Switching  
 Tables 7 to 9 show the co-integrating vectors for the residential, commercial and 
industrial classes, respectively.  
Table 7 - Co-integrating Vector, Residential Demand for Electricity 

DOLS* Regime Switching ** Variables 
Coefficients Statistic – t Coefficients Statistic – t 

C1 5.6406 2.1896 1.8409 0.7047 
C2 - - 2.0538 28.7245 
Ltr -0.6872 7.9537 -0.5043 4.7352 
Lyp 0.6840 3.8362 0.8767 5.5138 
Lper -0.8393 11.9388 -0.7049 -5.4390 

Source: Results obtained using the software Gauss.  
Note: (*) AIC, k= 2. (**) AIC, k= 1. Date of break 1988, t=19. Teste Zt. 

 According to Table 7, in the residential model, the elasticities are all statistically 
significant and their signs are in line with the expected, for the vector estimated by DOLS; 
i.e., the tariff of electricity and the price of residential home appliances are negatively 
correlated with the demand for electricity, while family income is positively correlated. An 
increase of 1%, for example, in family income makes the demand for electricity to increase by 
0,684%. For the vector with change of regime, only the coefficient of C1, is statistically 
insignificant. 
Table 8 – Co-integrating Vector, Commercial Demand for Electrical Energy 

DOLS* Regime Switching ** Variables 
Coefficients Statistic – t Coefficients Statistic – t 

C1 5.2677 1.0766 -0.3440 0.1756 
C2 - - 0.6309 8.4798 
Ltc -0.9752 -2.0419 -1.2017 -5.8505 
Lyc 1.1028 4.7048 1.4288 15.0242 
Lpec - - 0.5151 2.4646 

Source: Results obtained using the software Gauss. 
Note: *AIC, k=1. ** AIC, k=0. Date of break 1984, t=15. Teste Zt. 

 Table 8 shows the coefficients of the co-integrating vector for the commercial class. 
The signs are in line with expectations, except for the model with Change of Regime. In the 
estimation of the co-integrating vector by DOLS, the variable that measures the price-
elasticity of machinery and electrical equipment for the commercial class presented a result 
statistically insignificant. Therefore, the demand is explained by the consumption of 
subsistence, the average tariff and the product of commerce. 
Table 9 – Co-integrating Vector, Industrial Demand for Electrical Energy 

DOLS* Regime Switching ** Variables 
Coefficient Statistic – t Coefficient Statistic – t 

C1 8.0293 3.4778 7.7630 5.5308 
C2 - - 8.0954 111.2005 
Lti -3.7064 -4.2359 -1.0708 -3.1606 
Lyi 1.2071 5.7867 1.2040 9.7727 
Lpei 0.9650 2.5747 -0.5818 2.8202 
Lpc 0.5079 3.5567 0.5656 6.3408 

Source: Results obtained using the software Gauss. 
Note: *AIC, k=2. **AIC, k=1. Date of break 1985, t=16. 

 In table 9, referring to the industrial sector, the elasticities are all statically significant. 
All signs are in accordance with the expected, except for the price of machinery and electrical 
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equipment using DOLS, which is expected to be negative. This result may be due to the 
structural break occurred in 1985. The fact is that when the equation is estimated, taking into 
account the change of regime, the coefficient of the price of machinery and equipment shows 
the expected sign. 
4.3 - Errors Correction Model for the Demand for Electric Energy 
 Tables 10, 11 and 12 report the results of the VEC for the residential, commercial and 
industrial classes, respectively. The lags are chosen by minimizing the AIC, and the 
maximum number of lags was k = 3. 
Table 10 - Results of Estimation of ECM: Residential 

DOLS* Regime Switching ** Variables 
Coefficients Statistic – t Coefficients Statistic – t 

Intercept 0.0369 3.2601 0.0390 3.4302 
∆lcp(-1) 0.0707 0.3634 0.2249 1.4248 
∆ltr -0.2078 -2.9837 -0.2696 -3.6083 
∆lyp 0.0127 0.1325 0.0426 0.4462 
∆lpec -0.2349 -1.9278 -0.1429 -1.4251 
EC(-1) -0.2267 -2.4015 -0.2273 -2.4706 
Source: Results obtained using the software Gauss. 
(*) AIC = -2.3871, R2 = 0.4628; (**) AIC =-2.3909, R2 = 0.4675. 
Note: The value in parentheses in the first column refers to the variable lagged one period. 

The coefficients of 1−tEC  in the three models (residential, commercial and industrial) 
are statistically significant, suggesting that after a certain shock, the system comes back to 
long run equilibrium. Therefore, in the model for the residential sectors, the estimated value 
of (-0.2267), using DOLS, means that approximately 23% of the short term imbalance is 
adjusted annually; i.e., short term imbalances will be corrected in little more than four years. 
 For the commercial model, with Change of Regime, the correction of imbalances is 
33% a year, implying that for the correction of short term imbalances are needed about three 
years for the consumption of energy to go back to its track, as can be seen in Table 11. While 
for the VEC – DOLS it is required approximately five years for the short term imbalances to 
be corrected.  
Table 11 - Results of Estimation of ECM: Commercial 

DOLS* Regime Switching ** Variables 
Coefficients Statistic – t Coefficients Statistic – t 

Intercept 0.0169 0.8366 0.0577 4.0881 
∆lcc(-1) -0.1605 -0.7187 0.0176 0.1104 
∆lcc(-2) 0.2282 1.2203 - - 
∆lcc(-3) 0.4012 1.7969 - - 
∆ltc -0.5241 -3.6472 -0.5385 -3.2630 
∆ltc(-1) -0.1242 -0.7833 -0.3272 -2.3542 
∆lyc 0.1591 1.4715 0.2382 2.1757 
∆lpec - - -0.0745 -0.6328 
EC(-1) -0.1952 -2.0247 -0.3272 -2.3542 
Source: Results obtained using the software Gauss.  
(*) AIC = -2.1965, R2 = 0.4071; (**) AIC= -2.3407, R2 = 0.4469. 
Note: The value in parentheses in the first column refers to the variable lagged one period. 

 Finally, the industrial model indicates that 61.21% of the short term imbalances are 
adjusted annually. Therefore, imbalances are fully corrected in a range of a little less than two 
years, for the model with Regime Switching. For the VEC – DOLS, the correction happens in 
a little less than five years. 
 These corrections of short term imbalances suggest that the residential sector comes 
back more rapidly to its long run path than the commercial and the industrial sectors in the 
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VEC – DOLS; but for the Regime Switching, the adjustment is faster for industry, 61.21% per 
annum.  
 It is worth emphasizing that the coefficients of the variables in the difference 
equations of the VEC provide direct short term income and price elasticities, [ETTESTOL 
(2002)]. 
Table 12 - Results of Estimation of ECM: Industrial 

DOLS* Regime Switching ** Variables  
Coefficients Statistic – t Coefficients Statistic – t 

Intercept 0.0357 2.9340 0.0332 2.5121 
∆lci(-1) -0.2874 -1.6920 0.1965 1.6909 
∆lti -0.4222 -2.1728 -0.4273 -2.8222 
∆lyi 0.5746 4.3218 0.6293 4.9547 
∆lyi(-1) 0.1293 1.0114 - - 
∆lyi(-2) 0.4168 3.7075 - - 
∆lyi(-3) 0.3579 2.5491 - - 
∆lpei -0.0003 -0.0021 -0.2979 -2.4372 
∆lpc 0.1868 2.9150 0.2286 3.1772 
∆lpc(-1) 0.1695 2.1008 - - 
EC(-1) -0.2124 -2.69 -0.6121 -4.9364 
Source: Results obtained using the software Gauss. 
(*) AIC= -1.9117, R2 = 0.5802; (**) AIC= -2.1491, R2 = 0.6451. 
5 – Forecasting 
 This section presents an exercise in forecasting for the demand for electric energy for 
residential, commercial and industrial classes, from 2004 to 2010. 
 Although the actual consumption for the period 2004 to 2006 is available, the forecast 
was designed so that it could test the forecasting ability of DOLS and Change of Regime 
models through a comparison between the predicted and observed values. This is known as 
ex-post forecasting. Yet in relation to the 2007/2010 period, as there is no knowledge of the 
demand, that is called ex-ante forecasting. 
 Each class of consumption presents certain peculiarities, so the forecasting of demand 
will be targeted for each type of class, seeking to represent the behavior of the trend over the 
period foreseen. The residential class, for example, does not have an alternative source of 
energy to replace electric energy. However, the industrial class has available some fuels that 
can be considered as alternative sources to electric energy. 
 Moreover, the demand for this utility can evolve in different ways, depending on the 
tariff policy, the level of income of the residential class, the GDP for commercial and 
industrial classes, of the prices of appliances, machinery and electrical equipment and fuel. 
Thus, the estimates were taken from three alternative macroeconomic scenarios, described in 
section 3.4, using the VEC.  

Table 13 provides a comparison between the forecast values produced by this study 
and those presented by Eletrobrás and SCC (2006) for the years 2004/2006. It is clear that the 
estimates made by this study show more satisfactory results for the year of 2004, since the 
percentage differences {[(estimated value /observed value)-1]*100} are lower in absolute 
value than those generated by SCC (2006) and Eletrobrás, using as reference scenario A. 
 The model with Regime Switching showed the smallest percentage difference for the 
residential class in the period 2004 to 2006, which means more accuracy in forecasting in 
relation to other models. 
 For the commercial class, the lowest percentage difference is also observed for the 
model with Regime Switching for the period 2004 to 2006. Again, the DOLS forecast was 
closer than those presented by Eletrobrás and SCC (2006). 
 According to the above table, for the industrial class, in 2004, the best predictor was 
the one with Change of Regime, followed by DOLS, SCC (2006) and Eletrobrás, 
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respectively. For the year 2005, SCC (2006) presented the best prediction. Meanwhile, in 
2006, the best predictor was the one by Eletrobrás. 
 In short, according to Table 13, the forecasts generated by this study are, in general, 
more accurate than SCC (2006) and Eletrobrás’ forecasts. 

6 – Concluding Remarks  
 This study aimed to estimate the demand for electric energy for residential, 
commercial and industrial classes in the Northeast region of Brazil, during the period of 1970 
to 2003, using the methodology developed by Stock and Watson (1993), known as DOLS. 
This methodology provides more robust estimates by incorporating lags and leads to the co-
integrating vector when applied in small samples. Besides DOLS, it was also used a technique 
that allows to estimate long term relationships with change of regime, developed by Gregory 
and Hansen (1996). 
 For the residential class, all estimated coefficients were statistically significant, and 
their signs were in accordance with the expected. 
 The commercial class, too, displays signs in agreement with the expected, although for 
the price-elasticity of machinery and electrical equipment, the coefficient was statistically 
insignificant; therefore it does not compose the co-integrating vector. 
 For the industrial sector, the price and income-elasticities were all significant. Only the 
sign of the coefficient of the price of machinery and equipment displays a sign contrary to the 
expected. In turn, the estimates of the co-integrating vector by the methodology proposed by 
Gregory and Hansen (1996) for the residential class are in line with the expected and the 
elasticities obtained are statistically significant. 
 From the estimates of the co-integrating vectors generated by DOLS and by Regime 
Switching, a VEC was estimated. The industrial sector showed the highest annual correction, 
in the estimation made by Regime Switching, in which 61.21% of the short term imbalances 
are corrected annually. By its turn, the residential sector presented the largest correction, 
22.67% annually, when using VEC – DOLS. 
 After obtaining these results, this study made comparisons with some major works of 
the national literature, as Modiano (1984), Andrade and Lobão (1997), Braga (2001), Schmidt 
and Lima (2004) and SCC (2006). However, only the results by SCC (2006) are directly 
compared for being in agreement with the region studied, the assumptions, the database, and 
the sample period used in this article. 
 One important conclusion of these comparisons is that the results are in line with the 
national literature and were relatively close to those obtained by SCC (2006). It is important 
to note that these authors used a non-binary dummy variable that shows a geometric decay to 
capture the effect of post-rationing. On the other hand, this study estimates the demand for 
electricity for the Northeast region through DOLS, which incorporates leads and lags in the 
co-integrating vector, and also through the methodology proposed by Gregory and Hansen 
(1996), which allows to incorporated co-integrating vector Regime Switching. 
 As for the forecasts using the VEC, generated by DOLS and by Regime Switching, it 
was found that the results showed a smaller percentage difference in relation to the ones 
presented by SCC (2006), for the years 2004 to 2006. For the commercial class, the model 
with Regime Switching appears more effective in terms of forecast for the 2004/06 period. 
The forecast by Eletrobrás was closer to the observed value for the year of 2005 when 
compared with those of DOLS. However, in 2006, the forecast of DOLS surpasses those by 
Eletrobrás in terms of efficiency (lowest percentage difference). For the industrial sector, in 
turn, the forecasts produced by Regime Switching were closer to the observed value for the 
year of 2004. For 2005, the result by SCC (2006) was the most accurate while in 2006 the 
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result by Eletrobrás showed the smallest percentage difference, followed by DOLS, SCC 
(2006) and Regime Switching, respectively. 
 The main conclusion to be drawn from these results is that, in general, the forecasts 
generated by this study have shown to be more accurate than those generated by Eletrobrás 
and SCC (2006). 
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Table 13 - Forecast for the years 2004 to 2006 
Value referred (TWh) Percent Difference Class of  

Consumption 
 

Years Real Value 
 (TWh) DOLS Regime 

Switching 
SCC 

(2006) 
Eletrobrás DOLS Regime 

Switching 
SCC 

(2006) 
Eletrobrás 

 2004 11.580 11.95 11.95 12.78 12.02 3,2 3,20 10,36 3,80 
Residential 2005 12.264 12.67 12.60 13.97 12.84 3,31 2,74 13,91 4,70 

 2006 12.776 13.67 13.03 15.19 13.73 7,00 1,99 18,89 7,47 
           
 2004 6.589 6.36 6.47 6.94 6.77 -3,48 -1,81 5,33 2,75 

Commercial 2005 7.033 6.68 6.79 7.50 7.28 -5,02 -3,46 6,64 3,51 
 2006 7.283 7.01 7.13 8.01 7.83 -3,75 -2,10 9,98 7,51 
           
 2004 25.707 25.50 25.77 24.88 24.14l -0,81 0,25 -3,22 -6,10 

Industrial 2005 26.290 26.78 27.06 26.65 25.48 1,86 2,93 1,37 -3,08 
 2006 27.154 28.12 28.42 28.28 26.88 3,56 4,66 4,15 -1,01 

Source: Elaborated by the authors. 
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ANNEX I 
Table 14 - Co-integrant Vector Estimated by DOLS, Residential Demand for Electricity 
Variables Coefficients Statistic - t 
 Co-integrant Vector  
C1 5.6406 2.1896 
Ltr -0.6872 -7.9537 
Lyp 0.684 3.8362 
Lper -0.8393 -11.9388 
  Leads  
Ltr (+1) 0.0854 0.8831 
Lyp (+1) -0.0376 -0.2665 
Lper (+1) 0.1506 1.4101 
Ltr (+2) 0.193 1.7372 
Lyp (+2) 0.0227 0.1420 
Lper (+2) -0.3374 -3.5109 
  Lag  
Ltr (-1) 0.3381 3.5515 
Lyp (-1) -0.6785 -5.3721 
Lper (-1) 0.3183 2.4077 
Ltr (-2) 0.2424 2.7023 
Lyp (-2) -0.5994 -4.3403 
Lper (-2) -0.068 -0.5094 
Source: Results obtained using the software Gauss. 
Note: Akaike = -1.9886, K = 2. 
 
Table 15 - Co-integrant Vector Estimated by DOLS, Commercial Demand for Electricity 
Variables Coefficients Statistic - t 
 Co-integrant Vector 
C1 5.2677 1.076645 
Ltc -0.9752 -2.04188 
Lyc 1.1028 4.704778 
 Lead 
Ltc (+1) -0.4018 -1.0198 
Lyc (+1) 0.2677 0.678237 
 Lag 
Ltc (-1) 0.0148 0.027888 
Lyc (-1) -0.6656 -1.9704 
Source: Results obtained using the software Gauss.  
Note: Akaike = -2.2465, K = 1. 
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Table 16 - Co-integrant Vector Estimated by DOLS, Industrial Demand for Electricity 
Variables Coefficients Statistic - t 
 Co-integrant Vector 
C1 8.0293 3.477845 
Lti -3.7064 -4.23589 
Lyi 1.2071 5.786673 
Lpei 0.965 2.574707 
Lpc 0.5079 3.556723 
 Lead 
Lti (+1) -0.6405 -1.93271 
Lyi (+1) 0.4913 3.997559 
Lpei (+1) 0.3208 1.890395 
Lpc (+1) 0.0986 1.550314 
Lti (+2) -1.1704 -2.24645 
Lyi (+2) 0.442 2.801014 
Lpei (+2) 0.4566 2.161932 
Lpc (+2) 0.3487 2.696829 
 Lag 
Lti (-1) 1.4822 4.877262 
Lyi (-1) -0.2646 -1.29199 
Lpei (-1) 0.0268 0.160096 
Lpc (-1) -0.0183 -0.18466 
Lti (-2) 0.7407 4.513711 
Lyi (-2) -0.2156 -1.03754 
Lpei (-2) -0.1228 -0.89898 
Lpc (-2) 0.0765 0.992218 
Source: Results obtained using the software Gauss. 
Note: Akaike = -1.9886, K = 2. 
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ANNEX II 
Table 17 - Forecast of Residential Consumption, 2004-2010 

DOLS Regime Switching  
Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C 

Years 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

2004 11.95 11.95 11.90 11.95 11.16 10.61 
2005 12.67 12.07 11.99 12.60 11.95 11.40 
2006 13.67 12.63 12.38 13.03 13.02 12.14 
2007 15.40 13.54 13.50 14.25 14.31 13.36 
2008 17.20 14.42 13.80 15.99 15.67 14.49 
2009 19.13 15.29 14.84 18.17 16.84 15.91 
2010 21.21 16.14 15.36 20.79 18.19 17.17 
Source: Results of the survey. 
Table 18 - Forecast of Commercial Consumption, 2004-2010 

DOLS Regime Switching  
Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C 

Years 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

2004 6.36 6.28 5.91 6.47 6.35 5.91 
2005 6.68 6.60 6.20 6.79 6.66 6.20 
2006 7.01 6.93 6.51 7.13 7.00 6.51 
2007 7.37 7.27 6.84 7.49 7.35 6.84 
2008 7.73 7.64 7.18 7.86 7.72 7.18 
2009 8.12 8.02 7.54 8.25 8.10 7.54 
2010 8.53 8.42 7.91 8.67 8.51 7.91 
Source: Results of the survey. 
Table 19 - Forecast of Industrial Consumption, 2004-2010 

DOLS Regime Switching  
Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C 

Years 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

Consumption 
planned 
(TWh) 

2004 25.50 24.51 23.93 25.77 24.78 24.00 
2005 26.78 25.74 25.12 27.06 26.01 25.20 
2006 28.12 27.03 26.38 28.42 27.31 26.46 
2007 29.52 28.38 27.70 29.84 28.67 27.79 
2008 30.99 29.80 29.10 31.33 30.11 29.17 
2009 32.55 31.90 30.54 32.90 31.61 30.63 
2010 34.18 32.85 32.07 34.54 33.19 32.17 
Source: Results of the survey. 
 
 
 


