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Abstract:  Despite the fact that, in accordance with the principle of common but
differentiated responsibilities of countries, Brazil, being a development country, does
not have commitments to reduce or limit its anthropogenic emissions of greenhouse
gases, there are many programs in Brazil that result in a considerable reduction of
greenhouse gas emissions and contribute to the ultimate objective of the UNFCCC.
Some of these initiatives have contributed to the fact that Brazil has a relatively “clean”
energy matrix, and were undertaken because of the increasing dependency on foreign
exchange resulting from the oil price shocks or in order to delay investments in new
electrical generation facilities or oil refineries. Several other initiatives that are being
implemented have also contributed to changing the curve of greenhouse gas emissions
in Brazil.

Among the most successful programs is the National Ethanol Program. The carbon
emissions due to the combustion process are offset by the uptaking of carbon during the
growing season of the sugar plant in the next harvest in a sustainable manner; thus the
5.5 million Brazilian cars fueled with pure ethanol instead of gasoline, do not
contribute to global warming. The Program also supplied 22% (until 98, today provides
24%) of the fuel consumed by a fleet of over 17 million gasoline fueled vehicles, thus
avoiding carbon emissions of the order of 70 to 90 million tons of carbon (contained in
CO2), the importation of approximately 600 million barrels of petroleum or savings of
the order of 14 to 16 billion dollars in the period. A recent estimate is that, since its
inception in  1974, the PROALCOHOL program of Brazil has resulted in avoiding
carbon emissions for a total of over 9MtC/year, a number which should be compared to
the Brazilian emissions from fossil fuels of 60MtC/y. In addition, sugarcane industry
sector provides 1.5 million direct and indirect jobs.

Other important programs refer to the combat of energy waste, which indirectly
contribute to avoiding additional emissions. Among such programs, we can mention
PROCEL – National Program to Combat Electrical Energy Waste – a governmental
program that since 1985 has been developing a series of activities to combat electrical
energy waste and CONPET, which was created with the purpose of developing and
integrating actions aimed at the rational use of oil and natural gas derivatives. Such
programs view to reduce losses and eliminate wastes in the production and use of
energy and the development and adoption of more energy efficient technologies.
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Brazil has a relatively “clean” energy matrix. In 1997 the Brazilian electrical energy
sector supplied 330 TWh (including 41 TWh of the Paraguayan quota of Itaipu, a
Brazilian-Paraguayan hydroelectric power plant). Of this total, 95%, or 315 TWh, was
of hydroelectric origin. If, starting in 1960, 75% of existing hydroelectric generation
would have been replaced by thermal energy, the additional emission level of CO2 from
the energy sector in 1997 would have been 213 MtC, 19 times higher than it actually
was. As a result, the Brazilian electrical sector has some unique and special
characteristics, not only as one of the world’s largest producers of hydroelectric energy,
but also because of the high proportion of hydroelectricity in its mix of energy sources
for electricity generation.

In spite of this and despite the fact that, in accordance with the principle of common but
differentiated responsibilities of countries, Brazil, being a development country, does
not have commitments to reduce or limit its anthropogenic emissions of greenhouse
gases, there are many programs in Brazil that result in a considerable reduction of
greenhouse gas emissions and contribute to the ultimate objective of the UNFCCC.

Some of these initiatives have been undertaken because of the increasing dependency on
foreign exchange resulting from the oil price shocks or in order to delay investments in
new electrical generation facilities or oil refineries. Several other initiatives that are
being implemented have also contributed to changing the curve of greenhouse gas
emissions in Brazil.

Brazil’s CO2 emissions related to energy production and use at present are among the
lowest in the world in relation to the population and the size of the economy.  This
situation, however, is changing and emissions have been growing in the last years, with
a tendency to accelerate in the future, mainly because of the projected increase in
thermal generation expected to happen in the next years.

At the same time, there is great potential for energy savings in end-uses: either directly
using more efficient technologies in cars, motors, home appliances, lighting, etc.; or
indirectly, through actions like improving transportation systems.  There is also
significant potential to reduce energy waste in the energy supply industries, in the
process of transforming primary energy into the forms used by consumers.  By applying
measures to effectively exploit these potentials, the rising trend in emissions can be
mitigated and even reverted.

The use of energy is one of the main causes of anthropogenic emissions of CO2 to the
atmosphere.  To reduce these emissions without diminishing welfare, the main
strategies are: 1) to replace fossil fuels by other sources emitting less or no greenhouse
gases (renewable) such as hydroelectricity, solar and sustainable biomass; and 2) to
conserve or to use more efficiently all forms of energy.

The objective of this work is to analyze the application of the these strategies in the
Brazilian economy although, in the Brazilian context, the two themes are often strongly
interrelated.
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In response to the oil crises of 73/74 and 79/81, Brazil, which imported about 40% of its
primary energy, developed a strategy focused on reformulating the supply policy:
intensification of petroleum prospecting, shale oil, increase in the hydroelectric base,
domestic coal and the substitution of ethanol for gasoline in transportation.

Action outside crisis periods has been small. The major barriers for efficient energy use
are: institutional, technological, subsidies, economic instability, lack of technical
information, consumption behavior, initial cost, etc. Strategies to overcome these
barriers should be implemented.

Since the use of fossil fuels will be present in the countries’ energy matrix in the next
decades, their efficient use and the reduction of energy losses are probably the most
attractive way to reduce CO2 emissions.  The rational use of energy is a good example
of a “no regrets” policy.  Given the economic and social benefits, it is justifiable even if
CO2 emissions should in the future not be considered a problem.  The attractiveness is
reinforced by the fact that maintaining or increasing the use of non-emitting biomass
fuels in substitution for fossil fuels in Brazil will partly depend on improvements in
their transformation efficiency. Energy conservation is also essential to avoid the risk of
rationing and the increase in interest rates that affect the capital-intensive electricity
generation system.

Thus, this work aims at focusing on two of the most successful programs in Brazil that
reduce the use of energy: the ethanol program and two major energy conservation
programs: PROCEL and CONPET.

Ethanol National Program

In the 1970’s, the Government of Brazil took a major initiative by implementing a
national program to promote, through subsidies and technological development, the use
of hydrated ethanol from sugar cane as an automotive fuel and foster the use of
anhydrous ethanol mixed in the gasoline (“gasohol”).  The basic rationale of increasing
fuel supply security, then threatened by the first oil shock, was soon complemented by
the realization of the additional environmental benefits of reducing urban pollution and
later by the realization that the program is a major demonstration of the use of biomass
fuel as a means of avoiding carbon emissions.

Ethanol production rose from about 0.5 million m3/year, in the late seventies, to about
13 million m3/year in ten years, after which it stabilized.  This was the only successful
large-scale program in the world to replace fossil fuel in transport by renewable energy.
In the late 80’s, ethanol vehicles accounted for 90% of total sales, even though the
threat of rationing no longer existed, and a fleet of 5 million ethanol vehicles circulated
in Brazil.
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The ethanol program - PROALCOHOL - suffered major problems in 1990, when there
was period of ethanol shortages1.  From this time, considering that the factors that
originated the program no longer existed, a great debate started about its future2.  Sales
of ethanol vehicles dropped sharply and today represent less than 0.5% of new car sales.
Even anhydrous ethanol (the cost of which is competitive with other octane enhancers)
has been threatened with the construction of MTBE factories in Brazil to produce an
additive of fossil origin.  The new fleet of light vehicle is based on gasoline, and an
estimated 300-400 thousand ethanol vehicles are being scrapped each year.

In spite of these problems, the results of the program have been extremely successful.
The carbon emissions due to the combustion process are offset by the uptaking of
carbon during the growing season of the sugar plant in the next harvest in a sustainable
manner; thus the 5.5 million Brazilian cars fueled with pure ethanol instead of gasoline,
do not contribute to global warming. The Program also supplied 22% (until 98, today
provides 24%) of the fuel consumed by a fleet of over 17 million gasoline fueled
vehicles, thus avoiding carbon emissions of the order of 70 to 90 million tons of carbon
(contained in CO2), the importation of approximately 600 million barrels of petroleum
or savings of the order of 14 to 16 billion dollars in the period. A recent estimate is that,
since its inception in 1974, the PROALCOHOL program of Brazil has resulted in
avoiding carbon emissions for a total of over 9MtC/year, a number which should be
compared to the Brazilian emissions from fossil fuels of 60MtC/y. In addition, the
sugarcane industry sector provides 1.5 million direct and indirect jobs.

More than 60% of the sugarcane produced in Brazil is used to produce ethanol fuel.  Of
this total, 60% is sold in the hydrated form that completely replaces gasoline in vehicles
and the remaining 40% is sold in an anhydrous form that is used as an octane enhancing
additive to gasoline (in a proportion of 22% until June 1998, when it was increased to
24%).

Although sugarcane represents the equivalent to 23 million toe of primary energy, the
derived ethanol supplies only 7 million toe to final use.  The historical reason for this
low transformation efficiency is that PROALCOHOL sought exclusively to replace
gasoline, instead of the integral development of the energy potential of sugarcane.  The
distilleries were inhibited from generating power, a logical step since the ethanol
represents only 1/3 of the total chemical energy stored in the sugarcane. The remaining
2/3 are stored in biomass that, with existing technologies, could produce about
20 TWh/year.  This production could triple, turning power generation into the main
activity of the sugarcane industry.  A technology for this purpose is being developed in
the Northeast of Brazil with the support of the IBRD and the GEF.

                                                       
1 The ethanol shortage was avoidable.  The problem originated with flaws in the planning of the harvest,
increase of sugar exportation and in the maintenance of tax incentives for ethanol vehicle.
2 On the one hand there is the subsidy for ethanol and ethanol vehicles, as well as the question of
competition with other agricultural products.  On the other hand, besides the low CO2 emission, it is the
form of energy that is most labor-intensive, produces low local pollution, saves imports and has
decreasing marginal costs.  It also is demonstrating decreasing marginal costs.
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Energy Conservation

PROCEL

PROCEL’s objective is to promote the rationalization of electric power production and
use and provide the same product or service with greater efficiency and lower
consumption, eliminating waste and ensuring the overall reduction of costs and
investments for the country.

The program has gone through two distinct phases since its inception in December
1985. The first phase was during 1986-1992.  During this period PROCEL invested
approximately US$ 24 million in electricity end-use conservation programs.  It is
estimated that by the end of this period this investment had resulted in savings of about
1200 GWh per year3. This was equivalent to the electricity typically supplied by about
200 MW of hydroelectric capacity, with an avoided investment of US$ 400 million
(based on an average cost of US$ 2000 per kW for generation, transmission and
distribution).

Despite these favorable results, PROCEL suffered a serious discontinuity in the early
nineties.  Senior management gave low priority to the program.  Funding for PROCEL
was deeply cut in the prevailing context of financial and institutional crisis. In 1993
PROCEL started to be revived through increased funding and new committed
leadership. The major milestones in the revitalization of PROCEL were the allocation of
specific resources for energy conservation investment and implementation of a
Cooperation Agreement with the UNDP of US$ 3.6 million for three years, aimed at
defining and following PROCEL’s targets through the implementation of priority pilot
projects, the restructuring of administrative processes and procedures, skills upgrading,
and training of human resources.

PROCEL, together with State and local utilities and other partners, have developed a
range of lines of action to complement the realistic pricing of electricity.  These are
discussed under the following categories, summarizing their rationale and experience.

• Technology Development: help develop new and improved electricity
consuming products (more efficient motors and lamps) as well as supply side
loss reduction technologies in a wide range of areas (improving power plant
cooling system performance and a low-cost residential amp-hour meter).

• Testing, Labeling and Standards: minimum efficiency levels for
refrigerators, electromagnetic ballast for fluorescent lamps, major induction
motors and window air conditioners.

                                                       
3 The rough breakdown of savings was: lighting programs for the residential and commercial sectors (465
GWh); efficiency labels for refrigerators (380 GWh); energy auditing in the commercial and industrial
sectors (215 GWh); public lighting (100 GWh); measures in public buildings (40 GWh).
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• Legislation: The Federal government, with encouragement from PROCEL,
has taken several important steps to change this regulatory context, as, for
instance, the incorporation of energy efficiency investments and expenses in
the utilities’ cost of services (i.e. tariffs).

• Financing: the Brazilian Development Bank (BNDES) has recently
developed a new program for small loans, which while not specifically
dedicated to energy efficiency, is suitable for this kind of project; private
financing is growing fairly rapidly.

• Marketing and Information: PROCEL has sponsored a number of
information projects in the motor systems area and has established a “stamp
of approval" to the most efficient standard motors sold starting in 1995.
PROCEL has begun to recognize and provide annual awards to the most
efficient products produced in Brazil in a variety of categories including
refrigerators, air conditioners and motors.  Also, PROCEL is recognizing
outstanding companies who have improved efficiency in their plants and
buildings.

• Education and Training: PROCEL is implementing a new and expanded
strategy for action in the area of education, designed to reach students from
primary school to universities throughout the country, introducing energy
efficiency education as part of environmental courses at all levels. PROCEL
is also disseminating educational materials to architecture schools and to
electrical engineering courses and sponsoring a number of courses for energy
efficiency professionals.

The results of the program could be assessed in the following tables:

Table 1 - Results in the period 1994/97

1994 1995 1996 1997

Approved Investment (millions of R$) * 9.5 30 50 122
Energy saved / avoided additional generation
(GWh/year) 344 572 1970 1758

Reduction of peak demand (MW) 70 103 293 976

Equivalent installed capacity (MW) ** 80 135 430 415

Avoided Investment (millions of R$) 160 270 860 830
* Not including expenses with Eletrobrás/Procel personnel and including RGR resources.
** Obtained from the energy saved and the additional generation, considering a typical capacity
factor of 56% for hydroelectric plants and including 15% of average losses in the Transmission
and Distribution for the share of energy conservation.
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Table 2 - Cumulative Procel Results

1986-97

Approved Investment (millions of R$) 235.5

Saved Energy / avoided additional generation (GWh/year) *** 4,885

Reduction of peak demand (MW) 1,522

Equivalent installed capacity (MW) 1,133

Avoided Investment (billions of R$) 2.27
*** The energy saved and the cumulative additional generation are calculated according to the
persistence of the implemented measures

Table 3 – Contribution of each segment (1997)

Segment Saved Energy
(GWh/year)

Reduction of demand or increase
in generation (MW)

Refrigerators and freezers 333.2 47.5

Motors 216.0 37.9

Air Conditioners 49.4 10.8

Lighting 592.7 135.2

Evaluations and studies 19.0 2.3

Public Buildings 6.3 1.9

Education 26.6 7.6

Efficiency of industries 19.9 0.3

Management of demand - 0.2

Installation of meters 228.1 83.3

Generation and Distribution 194.3 30.8

Procel Award at Utilities 72.3 17.8

Advertising Campaign in the Media - 600.0

TOTAL 1,757.8 975.6

CONPET

After oil prices declined at the beginning of the 80’s - governmental actions to restrict
oil derivatives consumption ceased.  Major concern at that time was to increase national
oil production (using off-shore technologies) and to reduce gasoline and fuel oil
consumption through a shift to ethanol (pure and blended with gasoline) and to
fuelwood, coal, charcoal and bagasse. It is interesting to notice that the situation was
different in the electric sector.  Since 1985 PROCEL had been created, with the purpose
to encourage electricity savings and efficiency.
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Only in 1991 the National Program for the rational use of oil derivatives and natural gas
was established - CONPET.  CONPET board was composed by members of the
National Department of Energy Development (DNDE) and the National Department of
Fuels (DNC) both under the Ministry of Mines and Energy, the Ministry of
Transportation, the Secretary of Science and Technology, the Ministry of Industry and
Commerce, and the private sector.  The chairman is the director of DNDE and the
executive-secretary is one director of PETROBRAS, where the organization is based.

CONPET’s goal is to improve energy efficiency by 25% in the use of oil derivatives
and natural gas in 20 years. Major targets are:

1. identification of critical areas for the delivery of oil derivatives and natural gas;

2. development of new and efficient technologies for the use of fuels;

3. monitoring energy use in energy intensive industries;

4. handle possible impacts due to actions implemented for achieving the goal; and

5. increase public awareness regarding the rational use of oil derivatives and natural
gas.

Short-term measures, which are considered simple and low cost, should be able to save
US$ 1 billion / year in energy expenditures when fully implemented. Studies showed
that only through better management, diesel oil consumption can be reduced by 13% in
5 years, compared with the business as usual scenario; this is equivalent to
50,000 barrels / day, yielding savings of US$ 0.5 billion / year.

Efforts to induce efficient energy use are based on actions in the educational sector,
technical norms, regulation on production and use of hydrocarbons, and economic and
financial incentives for the transportation sector.  The main projects developed by
CONPET are discussed below:

• Transportation Sector: Establishment of energy efficiency standard in bus and
truck fleets.  Demonstration and diffusion of processes to monitor fuels use, vehicles
maintenance, drivers training, implementation of new technologies designed to
increase fuel efficiency, development of methodology allowing proper management
of the use of diesel oil in city public transportation, and in intercity cargo
transportation with the installation of gas station fuel saving services specially
designed for truck drivers.

• Residential and Commercial Sectors: Review of norms dealing with the
performance of equipment that burns LPG and piped gas (cooking stoves and gas
water heaters).  A labeling program was prepared with the help of equipment
manufacturing industries (voluntary agreements).  Estimates claim 10% savings in
relation to the business as usual scenario, when also operating equipment will be
replaced by the labeled ones - that is equivalent to 17,000 barrels / day (one million
cubic meter of LPG per year).  An efficiency label was created to be placed in
cooking stoves and gas water heaters and an annual context to select the most
efficient ones was made operational.
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• Industrial Sector: Diffusion of energy conservation ideas and actions in the
industrial sector is expected to occur with appropriate training of teachers and
distribution of didactic material in the well established training courses for industrial
workers provided by the National Service of Industrial Qualification (SENAI).

• Generation of electric energy: Increase in thermal efficiency of thermoelectric
plants located in the Amazonas region and replacement of oil derivatives by natural
gas from the Urucu basin is the main project.  It is expected an annual saving of
240,000 t / year of fuel oil and 185,000 t / year of diesel oil, respectively.

CONPET once fully active, together with PROCEL, in national efforts to conserve
energy is the single most important national program to intervene in the volume of
pollutant emissions with local and global impacts.  With this in mind CONPET
managed projects in: exploitation, storage and use of oil derivatives, mainly gasoline
and diesel. In particular, it has been involved with few states initiatives that are related
with programs to limit emission from vehicle’s engine and from thermoelectric plants.
Furthermore, the diffusion of the synergism between energy-environment is regularly
encouraged through information disseminated in technical courses and elementary
schools.

Acting directly over the transport sector - which is responsible for more than half of
total oil derivatives consumption in the country - CONPET has the potential to
significantly curb gas emission in public and cargo transportation sectors.  Nevertheless,
CONPET activities are not yet well diffused throughout the country, except in the cargo
transportation sector as a result of service stations offering in-road energy efficiency
service.

Future Steps

Since the end of 1997 major changes can be observed in the utility behavior due to
privatization.  It appears that some of the recommended lines of action are likely to be
implemented in some form.  For example, various policy measures to promote end-use
efficiency are being implemented by PROCEL and some State administrations as
consequences of growing expectation of electricity shortage and availability of financial
resources from the PROCEL / WORLD BANK project.  A bill on energy conservation
bearing the actual president's name as co-sponsor has been before the Congress since
1990.  The low inflation creates favorable conditions for greater impact.

Another important political fact is that major institutional changes are already
happening in the energy sector, after years of impasse, and will continue.  The tendency
is towards more competition and participation of private capital in energy supply.
Exactly how far, how fast, and in which ways this trend will go is uncertain and
polemical.  It is beyond the objectives of this work to discuss the pros and cons of these
questions.  However, given the overriding importance of these reforms, a few
observations are relevant for those who are interested in energy efficiency.
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The opening of competition and private investment in power generation, introducing the
Independent Power Producer (IPP), is a necessary structural change to unlock the large
potential for cogeneration with the improvement in efficiency it represents. At the same
time, it is recognized that the general "deverticalization" of power supply and the
introduction of competition in the commercialization of electricity to final consumers
may undermine incentives for utilities to develop DSM programs.

The future of the national ethanol program depends on the long-term economic
sustainabilility of the ethanol program. The ethanol program is now going through
important changes.  The percentage of anhydrous ethanol mixed with gasoline has now
been increased to 24%, while the use of ethanol vehicles is obligatory in the Federal
government's fleets (“green fleet”) and in vehicles sold with tax exemptions (basically
taxis).  The government is studying the possibility of adding anhydrous ethanol to diesel
oil.4 These new measures should barely keep the demand for ethanol at today’s level.
Technological progress that reduces the costs of production of ethanol can be the key
for the expansion of this sector, reducing its need for subsidies.  The possibility of
electricity production using sugarcane bagasse in ethanol distilleries is an important
option opened by the recent reforms of the power sector that can contribute to a lower
production cost for ethanol.

Note:  This paper is based on the texts “Energy Conservation in Brazil” by José Roberto
Moreira and José Guilherme Moreira de Souza; and “Energy Conservation and Greenhouse Gas
Emission in Brazil” by Jayme Buarque de Hollanda and Alan Douglas Poole; prepared for the
Brazilian National Communication on Greenhouse Gases Emissions.

                                                       
4 Tests in Brazil show excellent results in reducing particulate emissions, a major problem with diesel,
with mixtures of 10%.


