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institutions have not taken effective measures to increase the energy efficiency of the most impactful
energy-consuming appliances, which would reduce the need for energy investments. Through econo-
metric models, Brazil's residential electricity consumption was projected up to 2030 and it is predicted

KQVWQ”?S" that results can be achieved if through tax exemption, the government can promote the use of more
Electricity energy-efficient technologies. Through an economic and financial evaluation, our study analyzes the
Energy Efﬁ.aency potential effects of a decrease in tax revenues for the State in light of lower investment needs in energy
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generation and distribution.
© 2015 Elsevier Ltd. All rights reserved.
Contents

B OO oo o LE T (o o PPt 837
Brazil's residential @nergy CONSUMPTION. . . . .. vt vttt et et ettt e et e e et e e e e e e et et e e e e e e et et e e ettt et 837
2.1. RefTigerators and fTEEZETS . . . . ... oottt et et e e e e e e e e 837
2.2, AN CONAILIONETS . . o . ottt et et e e e e e e e e e e e e e e e e e e e e e e e e 837
2.3.  Electric showers and Solar Water NEaterS. . . . .. .ottt ittt et e e e e e e e e e e e e e e 839
3. The econometric MOEL. . . . . ...ttt et et e e e e e e e e e e e e e e 839
o2 PO 1< 4 ¥t ()3 W 1 = 839
3.2, Future projection UP t0 2030 . . ..ottt ittt e e e e e e e e e e e e e e e e e 839
4. Government actions to increase energy effiCIenCY. . . . .. ...ttt e e 840
4.1. Increased efficiency of refrigerators, freezers and air conditioners produced in Brazil ............. ... .. ... .. .. . ... 840
4.2. Gradual replacement of electric showers with solar Beaters. . . .. ... ...ttt e et et ettt e 841
5. The projection by 2030 considering the NEW SCENATIO . . . .. ...ttt ittt et e et et ettt et et et et ettt eaenns 841
5.1.  The new electric power consumption of the residential SECtOT .. ... ... ... ittt et et et ettt e eaanas 841
5.2, SeNSIIVIEY ANalySiS. . . v vttt et e e e e e e e e e e e e e 841
5.3.  The decrease iN taX TEVEIMUL . . . ..« . vttt ittt ettt et e e et e e e et e e e e e e e e e e e e e e e e e e e e e ettt 841
6. Socio-financial evaluation of the NeW SCENATIO . . . . .. ..ottt et e e e e e e e e e e e ettt e 842
7. Impacts regarding COo @IMiSSIONS . . . . oottt ettt et e et et e e e et e e e e e e e e e e 842
8. COMCIUSION . . o ettt ettt e e e e e e e e 842
Appendix A. Documented data and data obtained by regression ProjeCtions . . ... ... ...t ettt n et et et ettt ettt 843
Appendix B. Additional econometric tests for the regression model by OLS . . . ... ... it e it e e 843
B.1 The variance inflation factor (vif) for analyzing multicollinearity. . . .. ...ttt et ettt et e e e eans 843

* Corresponding author. Tel.: +55 16 33716613.
E-mail addresses: mariohfo@hotmail.com (M.H.d.F. Oliveira),
daisy@sc.usp.br (D.A.d.N. Rebelatto).
! Tel.: +55 16 33739381.

http://dx.doi.org/10.1016/j.rser.2015.04.069
1364-0321/© 2015 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2015.04.069
http://dx.doi.org/10.1016/j.rser.2015.04.069
http://dx.doi.org/10.1016/j.rser.2015.04.069
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.04.069&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.04.069&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.04.069&domain=pdf
mailto:mariohfo@hotmail.com
mailto:daisy@sc.usp.br
http://dx.doi.org/10.1016/j.rser.2015.04.069

M.H.d.E. Oliveira, D.A.d.N. Rebelatto / Renewable and Sustainable Energy Reviews 49 (2015) 836-844 837

B.2 The Breusch-Pagan-Godfrey test for the heteroscedasticity analysis. . . .. .. ...ttt et e ettt e e e eeeen 843
B.3 The Durbin-Watson test for the auto-correlation analysis between the residues. ... ........ ...t 843
B.4 The Engle-Grander test to verify the spurious regression ISSUE. . . . .. vt vttt ittt e e e e e e et et et ettt e aees 843
ROIOTIICES . . . ettt e e e e e e e e e 843

1. Introduction

Over the last 20 years, Brazil has been going through an
economic developing process, which contributes to increase the
social inclusion and the purchasing power for the population. This
situation is significantly increasing the electricity demand in the
country.

In 1990 electricity consumption in the residential sector was of
48,666 Giga x Watts x hour (GWh), and in 2012 the amount
consumed was of 117,646 GWh, representing a relative change of
142% [1]. An increase that is considerably higher than the 34%
population growth for the same period [2]. Most of the electricity
consumed in Brazil is generated by hydroelectric plants, however
the excessive demand, high temperatures and periods of pro-
longed drought in late 2012 and early 2013 put at risk the national
supply, adding extra pressure to the thermoelectric plants to
generate additional energy, bringing up discussions about possible
rationing and increased generation costs and pollution [3-5].

Furthermore, the future expansions of the power generation
system by building hydroelectric plants using the water capacity of
the Amazon river watershed has been the subject of considerable
discussion among environmentalists, the federal government,
research bodies and non-governmental organizations [6,7].

Another key factor in this scenario is that the energy efficiency
policy of Brazilian household appliances is outdated. The required
efficiency indexes fall behind the technologies that emerge worldwide.

Therefore, the main objective of this article is to assess the
economic and financial impact of government measures to reduce
the energy consumption of refrigerators, freezers, air conditioners
and electric showers through more efficient technologies.

This evaluation required constructing a time series econometric
model able to relate, with good statistical reliability, household
electricity consumption in terms of socio-economic and the
production of high-impact electric appliances in the country, thus
enabling to compare future realities, where the state could apply a
more active energy efficiency policy. Fig. 1 shows a road map about
the central discussion broached in this study.

2. Brazil's residential energy consumption

In Brazil electricity is generated predominantly by hydroelec-
tricity, a widely used concept due to the diversity of river basins in
the country. Electricity was introduced in the country in the late
19th century. But to this day, despite the substantial expansion in
energy generation and distribution in the country, there are still
areas that lack this resource [8,9].

In 2001 and 2002 for the first time the country felt the effects
of the energy consumption increase over the years, the energy
crisis known as the blackout forced an immediate 20% rationing of
the national energy consumption [10,11].

In light of the crisis, efficiency indexes were determined for the
most impacting electric appliances through the PBE Brazilian
Labeling Program, conducted through a partnership between the
National Institute of Metrology (Inmetro) and Procel, following the
Brazilian Electric Power Company (Eletrobras) [12].

Although investments have been made in energy infrastructure
over the years, the national government and Brazilian research

centers have hardly acted on the issue of energy efficiency in the
residential sector, much discussed in other countries. In 2001 the
University of Berkeley investigated the technological trends of
energy efficiency for air conditioners in partnership with the
Chinese government [13]. In Europe, Almeida et al. [14] conducted
a study in 12 different countries of the European Union observing
which type of technology used by people in general has the
highest residential electricity consumption impact. Davids et al.
[15] together with the United Nations, evaluated the Mexican
subsidy program for replacing household refrigerators and air
conditioners with more energy-efficient models.

According to Eletrobras [16] and Ghisi et al. [17], it is estimated
that refrigerators, freezers, air conditioners and electric showers
account for nearly 60% to 70% of the Brazilian's current residential
energy consumption, which makes their energy efficiency funda-
mentally important.

At present the country's situation with regards to electric
power consumption is critical: given the constant droughts and
energy consumption increase, the hydroelectric plants have not
been able to meet the growing demand, thereby increasing the
presence of thermoelectric power plants for electricity generation
at a continuously growing rate [18].

2.1. Refrigerators and freezers

With regard to the type of refrigerators and freezers used in
Brazil, the energy efficiency index has not been updated since
2006 [19], thereby, even though the country's top selling appli-
ances are labeled as high-efficiency products, they are relatively
high-consumption products.

The different variable cooling capacity technology, widely used
in Europe and Japan, adapts the compressor according to the
cooling needs of the fridge or freezer, enabling efficiency gains
higher than 30%, as opposed to products in Brazil currently
classified as the most efficient [20,21].

Table 1 presents a comparison between products with similar
concepts, differing primarily in the variable cooling capacity
concept, in order to evaluate the average cost increase of this
technology. The conversion rate used in this work was R$ 2.30=US
$ 1.00.

The average difference to implement this technology in
national products is of US$ 106.83. Although the variable cooling
capacity is rarely used in Brazil, two major manufacturers that use
this concept, Embraco and Tecumseh, have research and manu-
facturing centers in the country [22,23] which could contribute to
its scale use.

Besides the variable cooling capacity, over the years other
concepts have been studied, such as linear compressors and the
cooling concept by magnetocaloric effect which can substantially
increase the efficiency of domestic refrigeration products in the
medium and long term [24,25].

2.2. Air conditioners

The last update of mandatory indexes related to energy
efficiency of air conditioners was in 2002. A new update is
expected for 2014, however the increase will probably not exceed
1% for the volume of high-sale products in the country [26,27].
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