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Brazil, South America’s largest country and leading energy consumer, faces the twofold challenge
of energy and environmental security. More than 80% of Brazil’s installed generating capacity of
about 70,000 MW is hydroelectric, generated by the nation’s 450 dams [BEN, 2005], which explains
why Brazilian power generation is cleaner with regard to local pollutants and greenhouse gas
emissions. On the other hand, such hydropower dependency not only has led to significant negative
impacts on Brazil’s rivers and river-based communities, but also makes the country vulnerable to
energy shortages from droughts, which are projected to increase due to climate change.
  Official estimates suggest that under a business-as-usual (BAU) scenario, Brazil’s electricity
demand will grow by about 5 % a year over the next 15 years, as energy-intensive industries develop
and consumer demand increases, meaning that the country will need to more than double its existing
capacity by 2020. At the last auction for new power plants, held in December 2005, Brazil started
to increase its consumption of fossil fuels. On that occasion, coal-, oil- and natural gas-fired plants
were contracted to supply 70 % of the 3,286 megawatts (MW) of the auctioned electric power.
  This study presents the view that with more aggressive policies for reducing power waste both
at the production and consumption level and promoting new renewable energy, Brazil could cut by
38 % the projected power demand growth by 2020 – equal to a saving of 293 TWh, avoiding 74.6
GW of installed capacity and saving of US$ 15 billion. In turn, this would create up to 8 million
new jobs and stabilise Brazil’s carbon dioxide (CO2) emissions to 2004 levels by 2020.
  The major challenge for policy-makers will be in designing and stimulating an effective market
and implementation programmes for energy efficiency and renewable energy technologies in order
to accomplish such ambitious results presented in the study. Therefore, the study proposes nine
broad public policies that are necessary to meet these targets.

1. Introduction
Brazil, South America’s largest country and leading en-
ergy consumer, faces the twofold challenge of energy and
environmental security. More than 80 % of Brazil’s power
generation, corresponding to an installed generating ca-
pacity of about 70 GW, is hydroelectric [BEN, 2005],
which is the key factor behind the low carbon intensity
of Brazil’s power supply. Meanwhile, such hydropower
dependency, distributed through Brazil’s 450 dams, not
only has led to significant negative impacts on Brazil’s
rivers and river-based communities, but also makes the
power sector vulnerable to droughts, which are projected
to worsen due to climate change. For instance, since 2001,
southern Brazil has been going through the worst drought
in 20, perhaps 50, years. This not only reduced South
America’s famous Iguaçu Falls to a trickle in March 2006,
but also threatened hydropower production in the south

of the country [NAE, 2005; Greenpeace, 2006].
The rest of Brazil’s installed power capacity mix comes

from natural gas (11 %), oil (6 %) coal (2 %) nuclear
power (3 %), and new renewables such as biomass, small
hydro and wind power (which combined account for less
than 4 %) [BEN, 2005]. Official estimates suggest that
under a business-as-usual scenario (BAU), Brazil’s elec-
trical energy demand will grow by about 5 % per year
over the next 15 years, as energy-intensive industries de-
velop and consumer demand increases, meaning that the
country will need to more than double its existing capacity
by 2020. At the last power auction held in December
2005, Brazil started to increase its consumption of fossil
fuels. On that occasion, coal-, oil- and natural gas-fired
electric plants were contracted to supply 70 % of the
3,286 megawatts (MW) of the auctioned electric power
[MME, 2006].
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Such a trend towards a growing share of fossil fuels
within the national power mix could prove risky from
both an economic and a security viewpoint, as it increases
the country’s dependency on foreign imported natural gas.
It could also jeopardise the country’s international lead-
ership on climate change, particularly in the context of
the international negotiations on the second phase of the
Kyoto Protocol. For instance, once built, the 2005 auc-
tioned power plants will emit about 11 millions tonnes
(Mt) of CO2 per year – which represent a 11 % growth
compared to the current energy-related emissions. This is
more than four times the emissions that a large-scale na-
tional programme called PROINFA plans to save, aiming
to install 3,300 MW of electricity generation capacity
from non-traditional renewable energy resources such as
wind, sustainable biomass and small hydro.

The electric energy choices Brazil makes over the next
15 years are critical for its energy security, economic de-
velopment and global and local environmental protection.
With this background, WWF (the Worldwide Fund for Na-
ture) Brazil commissioned the University of Campinas
and the International Energy Initiative to investigate a sce-
nario – called PowerSwitch (PSW) – for meeting Brazil’s
electric energy needs by 2020 in a sustainable way. The
PSW scenario aims to minimise economic costs and so-
cio-environmental impacts, while strengthening the coun-
try’s economic competitiveness and promoting job
creation. To contrast what is likely to happen in the ab-
sence of new low-carbon energy policy initiatives, the
study also developed a BAU scenario.

With more aggressive policies for reducing power
waste at both the production and the consumption level
and promoting new renewable energy sources, Brazil
could cut by 38 % the projected power generation growth
by 2020 – equal to a saving of 293 TWh, avoidance of
74.6 GW of installed capacity and a saving of US$ 15
billion. In turn, this would create up to 8 million new
jobs and stabilise Brazil’s carbon dioxide (CO2) emissions
that contribute to global warming to 2004 levels by 2020.

This paper summarises the full study (which is avail-
able in Portuguese at www.wwf.org.br). It describes the
methodology used (Section 2), presents the BAU and
PSW scenarios (Section 3), identifies the key energy ef-
ficiency and renewable energy options (Section 4), com-
pares the two different scenarios (Section 5), discusses
the costs of market transformation (Section 6), draws a
number of conclusions (Section 7), and identifies the poli-
cies for realising the PSW scenario (Section 8).

2. Methodology
The methodology used for this study is based on the prin-
ciples of the integrated resource planning (IRP)[2], and
adopts a “bottom-up” approach which essentially looks at
the opportunities to reduce power demand by improving
energy efficiency on both the supply and demand sides.
It then investigates the feasibility of meeting the projected
electricity demand through the maximum share of non-
conventional renewable energy, such as biomass, wind
power, and small hydropower. It builds upon extensive

data broken down into end-use sectors such as house-
holds, industry and services. Box 1 summarizes the main
options assessed.

A host of studies have also shown that the technical
potential for energy efficiency improvements on the sup-
ply and demand sides and the potential for developing
renewable energy is very large [Jannuzzi, 2004; World
Bank, 2006]. We live in an imperfect world, however, and
not all of the technical or economic options for energy
conservation will necessarily be adopted[3]. Hence the
study makes a number of assumptions to produce what is
termed a “realistic” technical potential. While this is a
subjective term, in this study it was assumed that:
• power plants, appliances and other technologies would

not be replaced before the end of their economic life-
time;

• the rate of introduction of more energy-efficient appli-
ances was based on “real-life” past experiences in pro-
gressive countries where a strong policy effort to
stimulate the market for these appliances was made;
and

• the rate of introduction of renewable energy sources
was based again mainly on “real-life” experience in
countries where progressive policies to stimulate the
renewable energy market were used.

Overall, the assumptions of the study are challenging, but
credible and realistic mainly by assuming the widespread
adoption of rates of energy efficiency and renewable en-
ergy already achieved in the past and in a number of other
countries.

3. Building energy scenarios
The study presents two alternative scenarios of electricity

Box 1. Key clean energy options analyzed

   Supply-side reductions
• Efficiency increases of existing power plants (both

hydropower and thermal)
• Increase in the amount of distributed generation,

particularly sugar-bagasse combined heat and elec-
tricity production

• Reduction of losses in the electricity transmission
and distribution system

• Increased use of wind, small hydropower and
biomass for electricity production

   Demand-side options
• Introduction of energy-efficient motors in industry
• Best-practice appliances and cooling equipment in

the household sector
• Replacement of electric water heaters with solar

water heaters
• Energy-efficient office equipment, lighting and

cooling
• Appliances with low stand-by losses (<1 W) in the

household sector.
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demand by 2020. To contrast what is likely to happen in
the absence of new policy initiatives, the study first de-
veloped a BAU scenario. This utilized results from official
estimates [MME, 2006; Petrobras, 2005; MME, 2002].
These studies suggest that under a BAU scenario, Brazil’s
power demand will grow by 4.8 % a year over the next
15 years. In the absence of aggressive policies to over-
come the wider adoption of efficient energy-use technolo-
gies, many opportunities go unrealized and power
consumption increases from 330.8 TWh in 2004 up to 702.7
TWh in 2020 (see Table 1). This will require a total installed
capacity of 193 GW, up from the current 92 GW (Table 2).

These estimates are based on a continuation of the cur-
rent patterns of energy use in Brazil, where energy-inten-
sive industries, principally companies that process
aluminium, metal alloys and cement, consumed more than
50 % of the total electricity production in 2004. The re-
maining power demand is roughly equally divided be-
tween the commercial and public service sectors and the

residential sector, accounting respectively for 80.2 TWh
and 78.6 TWh. From this BAU scenario, realistic electric-
ity reduction potentials were then assessed for the year
2020, the so-called “Power Switch” scenario.

4. Key energy efficiency and renewables options
The PSW scenario (see Figure 1) includes the following
measures to increase energy efficiency on both the supply
and demand sides (see Figure 2) and meet projected elec-
tricity demand with new and sustainable renewable energy
sources (see Figure 3).
4.1. Supply-side options
• Retrofitting power plants. It was assumed that retrofit-

ting larger hydro plants could improve the supply by
10 GW – roughly equal to the capacity of one Itaipu
hydropower plant – even though studies indicate a po-
tential of up to 32 GW for a cost of Brazilian reals
(R$) 250-600 per additional kW (R$ 2.13 = US$ 1).

• More efficient new thermal electric power plants. New
combined-cycle natural gas (CCNG) plant could reach
efficiencies of 60-65 %, compared to the current 35 %
efficiency rates of open-cycle power plants. The PSW
scenario assumes an average efficiency of 45 % by 2020.

• Reduction of power losses. It is estimated that about
16 % of the generated power is lost through the trans-
mission and distribution system, compared with an in-
ternational standard of about 6 %. Through the
introduction of more efficient power tranformers, the
PSW scenario assumes the reduction of losses to 7 %
by 2020 – equal to the average loss rate of the United
States in 2004.

• Network management. Efficiency gains achieved
through new dispatch criteria for hydropower output,
in coordination with thermal electric power production,
and better power line management are assumed to re-
sult in a 1 % power generation increase.

• Cogeneration and distributed generation. Significant
energy savings can be obtained through distributed
generation, such as by natural gas-fired micro-turbines,
and cogeneration – the combined production of heat
and electricity. It was assumed that these energy sys-
tems would supply 4 % of the 2020 generation, even
though studies indicate a 10-15 % potential.

• Bioenergy. Although a range of technologies including
gasification and anaerobic digestion could be used in
Brazil, bagasse cogeneration is currently the most at-
tractive option. Bioenergy production is complemen-
tary to hydropower in the southern and south-eastern
regions, as the biomass feedstock harvest, such as
sugar cane and rice waste, takes place during the dry
season. With an assumed 20 % cost reduction by 2020,
installed capacity will increase by about 6 GW.

• Wind power. The PSW scenario assumes wind power
will supply 6 % of the total electrical generation ca-
pacity by 2020, requiring an installed capacity of 8.2
GW,.compared to a technical potential estimated at 143
GW – double the country’s current installed hydro-
power capacity. That is only 11 % of the technical
power generation potential (273 TWh/year). A 15 %

Table 1. Total power demand in 2004 and 
BAU projections for 2020 (TWh)

Current
year

BAU

Sectors/ consumption 2004
(TWh)

2020
(TWh)

Annual 
growth rate (%)

(2004-2020)

Residential 78.6 172.3 5.0

Commercial and 
public services 

80.2 176.4 5.1

Industrial 172.1 354.0 4.6

Total power consumption 330.8 702.7 4.8

Required power generation[1] 383.7 794.1 4.6

Note

1. Includes transmission and distribution losses of 13 % by 2020; in 2004, losses were
estimated at 16 %. Losses include technical and commercial losses in 2004, but it is
assumed that all commercial losses will be phased out by 2020.

Table 2. Installed capacity and fuel mix in 2004 and 2020
under the BAU and PSW scenarios (GW)

2004 BAU 2020 PSW 2020

Hydropower 69.2 122.0 74.7

Natural gas 10.1 30.2 9.5

Petroleum 5.2 11.8 5.0

Coal 1.4 6.0 1.9

Nuclear 2.0 3.6 1.9

Biomass 3.1 7.6 9.0

Wind power 0.0 6.5 8.2

Small hydro 1.2 5.4 6.9

Photovoltaic - - 1.6

Total 92.1 193.2 118.6
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reduction in wind power costs by 2020 is estimated.
• Hydropower. With about 70 GW installed in 2004, Bra-

zil is the third largest hydropower producer, following
Canada and China. An additional increase of about 5.5
GW was estimated. For small-scale hydropower
growth rates of 2-3 % were assumed, resulting in an
installed capacity of 6.9 GW by 2020, compared to an
estimated potential of 2000 GW.

• Solar photovoltaics. High growth rates can be sus-
tained for PV, but starting from a small base the tech-
nology will likely only make a significant impact by
2020 by supplying 1.6 GW. Given the prohibitively
high cost of extending the grid to rural communities,
solar energy can play an important role in promoting
rural development.

• Coal. Coal-fired generation will represent 1 % of
power generation by 2020. Improved coal-burning
technologies that are currently coming onto the mar-
ket, such as supercritical boilers and integrated gasifi-
cation combined-cycle systems, do not on their own
reduce CO2 emissions sufficiently. Capturing the CO2
from fossil-fuelled power stations and storing it un-
derground – geosequestration – is neither a mature

technology nor commercially available at this point
and as a result has not been included in this study.

• Nuclear power. No new nuclear power capacity is as-
sumed, though the scenario contains existing nuclear
capacity over the period to 2020, assuming a gradual
phase-out, reaching 1.9 GW in 2020.

4.2. Demand-side options
Figures 3 and 4 provide an overview of the potential for
electricity generation, including the following options.
• Efficient electric motor-driven systems. These use the

largest amount of electricity in industry (about 60 %
of the total power consumed) and their energy per-
formance can be increased through more efficient elec-
tric motors – which were assumed to be 20 % more
efficient by 2020 – and the use of variable-speed
drives. This could result in a power saving of over
55,000 GWh by 2020.

• Appliances, consumer electronics and office equip-
ment. These devices account for a growing fraction of
total electricity use in both households and work-
places. Energy-saving options include more efficient
appliances, efficient cooling (refrigerators, freezers
and air-conditioning equipment) and efficient lighting.

Figure 1. Electricity demand and fuel mix in 2004, and in 2020 under the BAU and PSW scenarios (TWh)
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For instance, through the deployment of the best avail-
able technology, energy consumption of refrigerators
– accounting for 30 % of typical household consump-
tion – could be cut by 40 % on average, with a total
power saving of 6,178 GWh by 2020. Stand-by and
low-power-mode use by consumer electronics is re-
sponsible for about 10 % of residential and service
power demand in Brazil. Current regulation to reduce
stand-by option energy use on appliances to 1 W is
lacking implementation.

• Electric shower heaters. These systems consume 8 %
of all Brazil’s electricity production and around 18 %
of the peak demand. Electrical shower-heads are in
themselves extremely cheap, costing US$ 10 or less.
However, given their high life-cycle electrical con-
sumption, each shower-head requires an investment of
more than US$ 1000 in new electricity generation ca-
pacity to guarantee the peak power needed to fuel
them. They can be replaced by domestic solar water
heater systems, especially when it comes to new

Figure 2. Total saving potential for electricity generation in 2011 and 2020 (TWh)

Figure 3. Installed capacity and fuel mix in 2004 and 2020 under the BAU and PSW scenarios (GW)
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buildings or those with central heating systems that
allow adaptations for solar thermal energy. The PSW
scenario assumes a power-saving of over 27,000 GWh
by 2020.

5. The study’s research findings
5.1. Business-as-usual scenario
The main results for electricity demand under the BAU
scenario are shown in Figure 1 and Figure 2. These esti-
mates are based on a continuation of the current patterns
of energy use in Brazil, where energy-intensive industries
still consume about half of the total electricity production
in 2020. Highlights include the following.
• Under the BAU scenario, power consumption is pro-

jected to increase by 4.8 % annually, from 330.8 TWh
in 2004 up to 702.7 TWh in 2020, requiring a total
installed generating capacity of 193.0 GW, up from
the current 92.1 GW (Table 2).

• Generating capacity and output remains dominated by
large-scale hydropower, though relatively decreasing,
with an increasing share of fossil fuels, particularly
natural gas (Figure 3). Also, 63 % of the generating
capacity will be based on hydropower in 2020, while
fossil fuels and nuclear power will cover 27 %, fol-
lowed by new renewables with 10 %.

• Natural gas-based electricity will grow from roughly
19.0 TWh in 2004 to just below 80.0 TWh by 2020,
equal to a 321 % increase, which will make the coun-
try more dependent on unstable foreign supplies.

5.2. The “Power Switch” scenario
• Energy savings are the key difference with the BAU

scenario. The PSW scenario projects total electricity
demand at roughly 500 TWh by 2020, with savings
totaling 290 TWh (Figure 2 and Table 3) – equivalent
to 75 % of the electricity consumption in 2004, bring-
ing demand down by 38 % by 2020.

• The need for expensive investments in new power in-
frastructure could be avoided, providing a net eco-
nomic and social benefit to the Brazilian people.
Specifically, the need to construct 74.6 GW of new
electricity generation plant by 2020 could be avoided
(Figure 3, Table 2) – equivalent to the capacity of 6
large hydropower plants of the Itaipu-type or 57 nu-
clear power facilities of the Angra III type.

• On the supply side, the share of renewable energy, in-
cluding large hydropower, in the fuel mix increases up
to 85 % of the installed capacity by 2020 (Figure 3).
New renewable energy options such as biomass (par-
ticularly sugar bagasse-fired cogeneration), wind
power, and small hydropower deliver the major supply
increase, totaling about 26.0 GW of installed capacity.

• Under the PSW, there will be no need to build new
fossil fuel power plants. Natural gas consumption will
stabilize at 2004 levels, reducing the country’s depend-
ency on unstable foreign energy resources.

• Under the high levels of energy efficiency and main
renewable energy measures assumed, CO2 emissions
are stabilized at about 2004 levels (Figure 5). This is

Figure 4. Energy efficiency potential for major end-uses by 2020 (TWh)
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a 200 % fall by 2020 compared to the BAU scenario.
This will keep Brazil’s leadership on low-carbon elec-
tric energy.

• Under the PSW scenario, inundated land will be re-
duced by a factor of seven compared to the BAU case,
that is, 142 km2, down from 955 km2, leading to much
lower socio-environmental impacts. Indeed, almost
two-thirds of the country’s hydro potential is in the
rivers of the Amazon, meaning that under a BAU sce-
nario the number of rain-forest, indigenous and river-
bank communities affected by new dam infrastructure
could rise significantly.

• The PSW scenario will create 10 million new and bet-
ter jobs in the renewable energy sector – that is, 3.5
million more than the BAU scenario. In reality, em-
ployment creation is likely to be higher because the
study does not account for the jobs created within the
energy efficiency sector, for which there is a lack of data.

6. Costs of market transformation
The study has calculated the costs for implementing the
BAU and PSW scenarios. The cost of the PSW scenario
includes the costs of investment, transmission and distri-
bution of the increased generated power, as well as the
costs associated with implementing energy efficiency pro-
grams and deploying new renewable energy sources.

In comparing the cost-effectiveness of energy efficiency
vs. supply-side options, the study aims at minimizing con-
sumers’ costs of meeting a specific end-use service. For

this, it assumes higher discount rates for investments com-
pared to those applied by the power sector. The cost of
supplying electric energy is assumed to correspond to the
end-use power tariff, so that it is possible to compare it
with the cost of energy-saving measures. In 2004, the av-
erage electric tariff was R$ 197.25/MWh and this is as-
sumed to increase to R$ 350/MWh by 2020.

While a fully detailed economic assessment has not
been carried out, some initial conclusions on the costs
have been made. These show the following.
• The PSW scenario will be 12 % less costly than the

BAU scenario (see Figure 6). This is equivalent to US$
33 billion of savings by 2020, resources that can be
used to meet urgent socioeconomic development needs
in the areas of health and education.

• As shown in Table 4, around half of the considered
demand-side energy efficiency options can be imple-
mented at a cost that is less than a third of the retail
cost of electricity by 2020 and about half the current
electricity tariffs.

• An important synergistic effect is that strong efforts to
improve energy efficiency on the demand side will have
a downward pressure on the electricity prices in Brazil.

7. Conclusions
The study shows that with an effective electricity de-
mand reduction program and the aggressive adoption of
policies stimulating renewable energy investment and
efficient and retrofitted power facilities, Brazil will

Table 3. Avoided generation and installed capacity in 2020 under the PSW scenario

Measures Avoided power generation (TWh) Avoided installed capacity (GW)

Supply-side options

Retrofitting hydropower plants 39.8 10.131

More efficient new power plants - -

Reduction of power losses 49.2 12.511

Network management 5.7 1.447

Cogeneration and distributed generation 22.8 5.789

Subtotal 117.5 29.878

Demand-side options

Efficient industrial motor technologies 55.2 14.033

Direct heating + others 30.5 = 13.4 (heating) + 17.1 7.766

Efficient domestic appliances 23.7 = 8.6 (lighting) + 6.2
(refrigerator) + 2.7 (freezer) + 1.8

(air-conditioning) + 4.3 (others)

6.023

Efficient commercial and public lighting and cooling + other 39.3 = 30.0 (lighting) + 6.3
(cooling) + 2.9 (refrigerators)

9.983

Solar water heating 27.1 6.894

Subtotal 175.8 44.699

Total (supply + demand side options) 293.3 74.577

Note

Calculations on avoided installed capacity are based on an equivalent power plant with an average capacity factor of 45 %.
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meet its 2020 electricity needs at low cost and in a low-
impact way.

Only once supply-side and demand energy efficiency
and conservation efforts have been fully implemented, and
if proven to be less successful than projected, would ad-
ditional generation measures such as more hydropower
capacity need to be considered, assuming that the out-
standing issues regarding its socio-environmental impacts
and acceptance have been adequately addressed, through
for instance, the full and effective implementation of the
Commission on Dams Guidelines.

The major challenge for policy-makers will be in de-
signing and stimulating an effective market and imple-
mentation programs for energy efficiency and renewable
energy technologies. Brazil has the potential for being one
of the first countries to have a low-carbon power sector
beyond 2020.

8. Policy recommendations
What then needs to be done for Brazil to realize its po-
tential and make the transition to a more efficient, secure
and sustainable power sector? As things now stand, Bra-
zil’s energy plans focus mainly on expanding power gen-
eration facilities, principally large dams and fossil-fuel
power plants. In order to realise the PowerSwitch scenario
by 2020, the government must approve and deploy a stra-

tegic plan to foster effective implementation of energy
efficiency measures, as well as expanded use of renewable
energy sources. This plan should include the following
nine measures.
1. Energy efficiency auctions. Energy efficiency should

be fully integrated into the energy planning process,
through energy efficiency auctions, where a specific
amount of energy consumption is saved through en-
ergy conservation measures. This is an alternative way
of enabling implementation of energy-saving measures

Figure 5. CO2 and NOx emissions from 2004 to 2020 under the BAU and PSW scenarios

Figure 6. Total costs of the BAU and PSW scenarios (billion R$)
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on the supply and demand sides through market
agents. As far as end-use is concerned, this will make
it possible to establish energy-efficient service compa-
nies (ESCOs) and, with regard to the supply side, it
will boost the refurbishment of old large hydroelectric
plants. These efficiency measures could deliver a po-
tential of about 290 TWh by 2020 at a lower cost than
would prevail in the relevant year.

2. Energy efficiency standards. Implementation of the en-
ergy efficiency law must become a priority by quickly
approving more aggressive energy performance stand-
ards for appliances and motors[4]. To complement this,
it is also necessary to foster more efficient technolo-
gies and processes throughout the supply chain. Hence,
the government should approve high energy efficiency
standards for industrial processes, focusing on energy-
intensive sectors and starting with the most inefficient
segments with the largest potential for reductions. The
implementation of such process standards must include
financial and regulatory incentives, but also fines or
penalties if the standard is not achieved in a given
time. In addition, mandatory technical standards and
use of research and development (R&D) funds must
be part of policies to reduce technical transmission and
distribution costs.

3. Technological bids. The public sector accounts for ap-
proximately 10 % of the total electricity consumption.
Government agencies may set performance standards
that will encourage manufacturers to develop and sup-
ply a given product to satisfy this demand. This sort
of initiative is particularly important when associated
to new technologies that have not yet been introduced

on a significant scale into the market[5].
4. Efficiency investment targets. Mandatory investments

of electricity companies in their energy efficiency and
R&D programs, in addition to the Sectoral Energy
Fund (CTEnerg) that is estimated at about R$ 400 mil-
lion/year, must be better managed so as to ensure
maximization of their effectiveness[6]. Therefore, it is
necessary to quantify the saving targets for such in-
vestment programs, improve capabilities for monitor-
ing, checking and evaluating the outcomes in terms of
saved MWh and avoided MW that are obtained from
these resources.

5. National distributed generation program (PROGEDIS).
The government should implement at national level a
distributed generation program that includes stable and
transparent incentives that make it possible to tap into
the potential provided by these technologies, such as
gas- and biomass-fired combined heat and power
(CHP) and localised renewables[7]. Considering the
large cogeneration potential from sugar cane bagasse
use, valuation criteria and methods for auctions of new
energy sources must be part of preliminary public
hearing processes.

6. Incentive Program for Alternative Electric Energy
Sources - Phase Two (PROINFA II). The government
should announce a Phase Two of the PROINFA
scheme, with the goal of increasing the share of re-
newable electricity to 10 % by 2010, and 20 % by
2020. A more transparent program that involves less
red tape and is adjusted to the needs of renewable en-
ergy producers would be a substantial gain during the
second phase.

Table 4. Saving potentials and costs of energy efficiency measures

Cost
(R$/MWh)

Saving potential
(TWh)

Total cost of energy efficiency
program and policy (million R$)

Electric heating head (residential) 100 27.1 2,711

Lighting (commercial + public) 100 30.0 2,998

Other uses (industrial) 100 17.1 1,710

Lighting (residential) 110 8.6 947

Air-conditioning (residential) 120 1.8 222

Air-conditioning (commercial + public) 120 6.3 761

Direct heating (industrial) 120 13.4 1,613

Refrigerators (residential) 130 6.2 803

Freezers (residential) 130 2.7 353

Refrigeration (commercial + public) 130 2.9 381

Replacement of inefficient industrial motors (industrial) 130 55.2 7,174

Total 19,672

Notes

Average national power tariff in 2004: R$ 197.35/MWh [ANEEL, 2005]. Forecasted average supply cost by 2020: R$ 350/MWh. The costs were estimated from the substitution of conventional
technologies by commercially available and more energy-efficient ones. Annual investment costs amortized over the equipment lifetime were considered at rates of return ranging from
15 % to 80 %, depending on the end-use and consumer.
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7. National Solar Thermal Energy Program
(PROSOLTER). In order to effectively tap into the
huge potential of solar thermal energy in Brazil, a na-
tional program for this clean and cheap source of en-
ergy is required. This program must include
development targets, financing incentives for consum-
ers, and tax breaks, such as reduced taxes. Low-in-
come populations may receive substantial benefits
from such measures. It is fundamental to emphasize
the need to mandate that proper devices be installed
in new buildings. About 9 % of total energy savings
under the PSW scenario derive from implementation
of a national program for the coverage of nearly a
third of households across the country by 2020.

8. Reduction of subsidies to conventional energy sources.
Subsidies to fossil fuels spur wastage of electricity and
make it difficult to introduce renewable sources of en-
ergy into the country’s electricity generation mix. A
reduction and eventual phase-out of such subsidies is
necessary, such as the Fuel Consumption Account
(CCC in Portuguese), which introduces biases into the
market favoring fossil fuels such as coal and diesel.
However, there must be differentiated treatment re-
garding use of CCC funds for the interconnected and
the isolated electrical systems. For 2006, over R$ 4.5
billion will be spent from the CCC, i.e., 10 times more
than the amount of mandatory investments to be made
by electricity distribution companies under energy ef-
ficiency programs.

9. Awareness and education. The country has developed
energy conservation awareness programs, be it through
the National Electricity Conservation Program (PRO-
CEL), the National Program to Rationalise the Use of
Oil Products and Natural Gas (CONPET), or the en-
ergy companies themselves. Nevertheless, it is con-
stantly necessary to follow up on the dissemination of
up-to-date information on energy technologies and the
most efficient ways of using the technologies and con-
serving energy. Significant barriers still exist, espe-
cially in terms of dissemination of technologies for
thermal uses of solar energy in the household, indus-
trial and office building sectors.

Notes

1. Gilberto Jannuzzi is also with International Energy Initiative – Latin American Regional
Office, Caixa Postal 6163, Campinas - SP, CEP 13083-970, Brazil.

2. For more information, see [Swisher et al., 1997; Jannuzzi and Swisher, 1997; D’Sa,
2005; Reddy et al., 1995a; 1995b].

3. Several authors have analyzed the existing barriers to energy efficiency and renewable
energy and several proposals have been tried out to foster the development and dif-
fusion of technologies and practices related to energy-efficient generation and use and
renewables. Examples include [Reddy, 1991; Howarth and Anderson, 1993; USAID,
1997; Jannuzzi, 2000; Geller, 2003; Wiser et al., 2003; Goldemberg et al., 2003; Lewis
and Wiser, 2005]. 

4. Mandatory standards are one of the instruments governments have utilized to eliminate
inefficient equipment from the market and to stimulate the development of new energy-
efficient products [Birner and Martinot, 2005]. Some studies show dramatic energy con-
sumption reductions for several appliances [Boardman et al., 1997]. There are important
procedures and methodologies to be followed to guarantee rigorous analyses and cost
evaluations, benefits to consumers, equipment manufacturers and society as a whole
[Wiel and Mcmahon, 2001; Jannuzzi et al., 2002; Queiroz et al., 2003; Vendrusculo et
al., 2003].

5. Developed countries have been using such mechanisms to stimulate the creation and

expansion of technology-based companies and increase their competitiveness in the
international market [Cate et al., 1998; Juma and Yee-Cheong, 2005].

6. Similar funds to support energy efficiency activities are an existing practice in several
countries and there are several ways of governance, planning and evaluation of the
funded activities [Cowart, 1997; Eto et al., 1998; Kozloff et al., 2000; Harrington and
Murray, 2003; Wiser et al., 2003].

7. Some mechanisms have been important to the creation of a more competitive market
for renewables, such as the Non-Fossil Fuel Obligation in the UK [Brower et al., 1996]
and the Renewable Portfolio Standard in the US [Wiser et al., 1996; Langniss and
Wiser, 2003; Wiser et al., 2003].
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