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New Edition of the
TERNA Country Survey

Since the first edition of the TERNA country survey ap-
peared in 1999, there has been a distinct heightening of
public and political awareness of the consequences of cli-
mate change and of energy provision as a key factor in

sustainable development.

In Germany and other industrialised countries, a political
tailwind, effective promotion mechanisms and rising energy
prices have created the conditions for a dynamic market in
which renewable forms of energy are exhibiting high growth
rates within the energy mix. In 2008, renewable energy re-
sisted the credit crunch more successfully than many other
sectors for much of the year and new investment reached
$120 billion, up 16 percent over 2007. However, by the end

of the year, the impact of the crisis was beginning to show.

Economic development in many emerging countries has
triggered rapidly rising demand for energy and competi-
tion on the international oil market. Against the back-
ground of the volatile cost of fossil fuels, supply risks and
damage to the environment, the significance of renewable
energy as a means of generating electricity is growing —
also in developing and emerging countries. According
to information released by the Renewable Energy Policy
Network for the 21st Century (REN21), by early 2009,
policy targets existed in at least 73 countries and at least
64 countries had policies to promote renewable power
generation. Feed-in tariffs were adopted at the national
level in at least five countries in 2008/early 2009, includ-
ing Kenya, the Philippines and South Africa.

During 2008 the existing wind power capacity grew by 29
percent to reach 121 GW. The US and European market
acted as the driving force for the wind energy industry
and provide still an indispensable background of experi-
ence. However, growth in the industry is also increasingly
apparent in developing and emerging countries: China
doubled its wind power capacity for the fifth year in a
row, ending 2008 at 12 GW,, and breaching China’s 2010
development target of 10 GW two years earlier. It is the
successes in countries such as China, India and Egypt
which encourage commitment beyond the borders of
industrialised nations. In those countries there is a grow-
ing proportion of local content in the systems and equip-
ment they produce — and not only for supply to their own

domestic markets.

A number of other countries though, too, are erecting
their first wind farms, thereby establishing the basis for
gaining experience to be utilised in future markets. To
help interested players gain access to the new markets,
this survey provides detailed descriptions of the frame-
work conditions for electricity markets and renewable

energy in 16 developing and emerging countries.

This latest country survey and the previous editions are
available on our homepage: www.gtz.de/wind. The publi-
cation is also available on CD-ROM. For information on
how to obtain this, again, go to the homepage. Our grate-
ful thanks go to a large number of GTZ staft members
and other experts in the field for their help in putting this

information together.

Eschborn, November 2009
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Legal Information

1.

The data used in this study is based on both publicly ac-
cessible sources of information (publications, specialist
articles, internet sites, conference papers etc.) and non-
public papers (for example internal expert reports from
promoting institutions), as well as personal interviews
with experts (for example officials at energy ministries in
the investigated countries and project staff at promoting
institutions). Although all information has been checked
as far as possible, errors cannot be ruled out. Neither the
GTZ nor the authors can therefore provide any guaran-
tee of the accuracy of the data included in this study; no
liability can be accepted for any loss or damage resulting

from use of the data included in the study.

2.

The sole authorised user of this study for all forms of use
is the GTZ. Duplication or reproduction of all or part of
the study (including transfer to data storage media) and
distribution for non-commercial purposes is permitted,
provided the GTZ and the TERNA Wind Energy Pro-
gramme are named as the source. Other uses, including
duplication, reproduction or distribution of all or part
of the study for commercial purposes, require the prior

written consent of the GTZ.




The TERNA Wind Energy Programme

There is great potential for generating electricity from
renewable energy sources in many developing and emer-
ging countries. Obstacles to the exploitation of such
sources include a lack of knowledge of framework con-
ditions in the energy industry and insufficient transpar-
ency with regard to the prior experience and interests of

national actors.

The purpose of the TERNA (Technical Expertise for Re-
newable Energy Application) wind energy programme,
implemented by GTZ on behalf of the Federal German
Ministry for Economic Cooperation and Development
(BMZ), is to assist partners in developing and emer-
ging countries in planning and developing wind power
projects. Since 1988 the TERNA programme has pursued
the goals of laying the foundations for sound investment
decisions while at the same time enabling partners to as-
sess wind energy potentials, plan wind energy projects
and improve energy-policy frameworks for renewable

forms of energy.

The TERNA wind energy programme’s partners are in-
stitutions in developing and emerging countries that are
interested in commercial exploitation of wind power.
These include, for example, ministries or government
institutions which have the mandate to develop BOT/
BOO projects, state-owned or private energy supply
companies (utilities) and private enterprises (indepen-

dent power producers).

TERNA offers its partners expertise and experience. In
order to initiate wind power projects, favourable sites
must be identified and their wind energy potential as-
certained. To do this, wind measurements are normally
taken over a period of at least twelve months and wind
reports are drawn up. If promising wind potentials are

found, the next step is to conduct project studies inves-

tigating the technical design and economic feasibility.
TERNA also provides advice to partners on matters of
finance, thus closing the gap between potential investors
and funding sources from national and international do-
nors. If required, CDM baseline studies can be prepared.
In order to ensure as much transfer of know-how as possi-
ble, efforts are made to ensure cooperation between inter-
national and local experts, for example when preparing
the studies. In successful cases, TERNA initiates invest-
ment-ready wind farm projects by this method. TERNA

itself is not involved in financing.

In addition to the activities that are tied to specific loca-
tions, TERNA advises its partners on how to establish
suitable framework conditions for the promotion of re-
newable energy sources. Up until 2009, TERNA has been
active in over ten countries around the world. Further in-
formation on GTZ‘s TERNA wind energy programme

is available at www.gtz.de/wind or directly from:

Deutsche Gesellschaft fiir Technische
Zusammenarbeit (GTZ) GmbH
Postfach 5180

65726 Eschborn | Germany

Dr. Rolf Posorski

Tel.: +49 (0)6196 79-4205
Fax: +49 (0)6196 7980-4205
E-Mail: rolf.posorski@gtz.de

Daniel Werner

Tel.: +49 (0)6196 79-6203
Fax: +49 (0)6196 7980-6203
E-Mail: daniel.werner@gtz.de

Hans-Gerd Huehn

Tel.: +49 (0)6196 79-6243

Fax: +49 (0)6196 7980-6243
E-Mail: hans-gerd.huehn@gtz.de
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List of abbreviations

Abrace
Abradee
Abrage
Abrate

Aneel
ANP

BEN
BIG

BNDES
CCEE

CEEE GT

CEMIG
CESP
CHESF

CMSE
CNPE
COPEL
CPFL
CRESESB

Brazilian Association of Major Power
Consumers and Free Consumers
Brazilian Association

of Electricity Distributor

Brazilian Association

of Electricity Producers

Brazilian Association of Major
Electricity Transmission Companies
Brazilian Electricity Regulatory Agency
National Agency of Oil,

Natural Gas and Biofuels

National Energy Balance

Generation Information

Data Base of Aneel

Brazilian Development Bank

Electric Power Commercialization
Chamber

Generation and Transmission Company
of Rio Grande do Sul

Energy Company of Minas Gerais
Energy Company of Sao Paulo

Hydro Electric Company

of Sao Francisco River

Power Sector Monitoring Committee
National Council of Energetic Policy
Energy Company of Parana

Power and Light Company of Sao Paulo
Reference Center for Solar

and Wind Energy

CTEEP

ECLAC

EPE
GW
GWh
km
kv

Electricity Transmission
Company of Sao Paulo
Economic Commission for

Latin America and the Caribbean
Energy Research Company
Gigawatt

Gigawatt hour

Kilometre

Kilovolt

LABSOLAR Solar Energy Laboratory

MME
ONS

Petrobras

P]
PNPB

PNE 2030
Procel
PROINFA

SI
SIN
UNFCCC

WTO

of the Federal University of Santa Catarina
Ministry of Mines and Energy
National Power System Operator
Petréleo Brasileiro S.A.

(Brazilian oil company)

Petajoule

National Program for Production

and Use of Biodiesel

National Energy Plan for 2030
National Program of Energy Efficiency
Programme for Promotion

of Alternative Electricity Sources
Isolated Systems

Interconnected National System
United Nations Framework
Convention on Climate Change

World Trade Organization
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2.1 Introduction

FIGURE 1:
MAIN CITIES AND TOPOGRAPHY
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Brazil is the fifth largest country in the world and is
lo-cated in South America. Brazil is on the equator, al-
though most of the country is in the Southern hemi-
sphere. Neighbouring countries are: Argentina, Bolivia,
Colombia, French Guiana (France), Guiana, Paraguay,
Peru, Suriname, Uruguay and Venezuela. The official lan-
guage of Brazil is Portuguese, as it was a colony of Por-
tugal from the 16th century to 1822, when it became
independent. According to the Economic Commission
for Latin America and the Caribbean (ECLAC!), 85%
of the population will be living in urban areas by 2010.

In the Northeast the climate is semi-arid, and equatorial
in the North. The Mid-West and parts of the Southeast
have tropical climate characteristics, while in the South
it is subtropical. In the north-eastern region the sun and
wind are prevalent annually.

M. Luiz Indcio Lula da Silva is the country’s president un-
til 2011, holding the position since 2002. Brazil is mem-
ber of Mercosur?, Unasur?, G-20 and WTO. It is the larg-

est national economy in Latin America and according to

the World Bank it is the world’s eighth largest economy
with large and developed agricultural, mining, manufac-
turing and service sectors. The main commercial partners
of Brazil are the USA, Argentina, China, Germany, Japan
and the Netherlands. The development of the GDP and

other key figures can be seen in table 1 on the next page.

In 2008 the unemployment rate was 7.9 %>, the lowest
rate since 2002. In 2007, 30 % of the people were living

in poverty and 8.5 % were living in extreme poverty‘6

2.2 Energy market

Overview Energy Market

The latest analysis” published by the Brazilian Ministry
of Mines and Energy (MME) shows that the primary en-
ergy supply was 10 531 PJ in 2008, which is 5.3 % higher
than in 2007.

This growth in energy demand was met with non-renew-
able energy sources, with a production increase of 6.4 %.

In 2008 the external energy dependence increased to

FIGURE 2:

PRIMARY ENERGY SUPPLY.
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ECLAC 2008

Mercosur is a Regional Trade Agreement among Argentina, Brazil, Paraguay

and Uruguay founded in 1991. Its purpose is to promote free trade and the free
movement of goods, people and currency. Bolivia, Chile, Colombia, Ecuador
and Peru currently have associate member status. Venezuela signed a membership
agreement on 17 June 2006, but before becoming a full member its entry has to
be ratified by the Paraguayan and the Brazilian parliaments.

Unasur (Union of South American Nations) is an intergovernmental union

)

w

integrating two existing customs unions: Mercosur and the Andean Community of
Nations, as part of a continuing process of South American integration.

4 htep: // siteresources.worldbank.org/ DATASTATISTICS / Resources / GDP.pdf
5 IBGEb

Poverty is defined as the percentage of population having incomes amounting

to less than twice the cost of a basic food basket; extreme poverty is defined as
the percentage of population having incomes amounting to less than the cost of
a basic food basket. Source: Eclac, 2008.

MME, Energy Review 2008

N

“
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TABLE 1:
GDP, POPULATION AND COUNTRY AREA.

(at 2008 value)

Year 2000 2002 2004 2006 2008
in Billion €

GDP (at 2008 value) 438 344 451 729 1132

Population (Millions) 171 280 176 391 181586 186 771 191 870

GDP per capita ne 2558 1949 2 485 3904 5899

Country Area: 8 514 877 km?

Exchange rate used: 1€ = US$ 1.4708 (Deutsche Bundesbank, 1st Oct 2009)

Source: IMF unless otherwise specified.

10.4% (8% in 2007), due to imports of natural gas from
Bolivia and electricity from Paraguay (coming from the
Paraguayan share of the Itaipu® hydro electric plant).
Natural gas is the energy source that has been showing
the highest growth rates in the Brazilian energy mix, par-
ticularly in 2008 the use of natural gas for electricity gen-
eration increased by 81 %.

The growth in renewable energy from 2007 to 2008 was
only 4.1 % and so its contribution in the Brazilian Energy
Matrix has decreased. Details of the contribution of the
different sources can be found in figure 2. on the pre-
vious page.

The amount of electricity produced by hydro power plants
has decreased and the energy produced by firewood re-
mained stable. The contribution of sugar-cane derivatives

continued its growth trend.

Figure 3 shows the different energy consumption levels
of each sector in 2008. More than one third of all energy
is consumed by the industry and almost another third by

the transport sector.

The Electricity Grid

The system formed by the power plants, transmission and
distribution lines is called »Interconnected National Sys-
tem (SIN)«, whose transmission component can be seen
at figure 4 on the next page. The SIN spreads across almost
the whole country and was created by connecting formerly
separated regional systems (South, Southeast, Mid-West,
Northeast and part of the North). Apart from the SIN,

FIGURE 3:

ENERGY CONSUMPTION BY SECTOR IN 2008 (IN PJ)
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Source: MME Energy Review 2008.

Isolated Systems (SI) serve local demand in the Amazon
that is not connected to the SIN due to the geographical
characteristics of the region, such as rainforest and tributar-
ies of the Amazon River that complicate the construction
of transmission lines.

The transmission system has more than 90 thousand
kilometres of lines and is operated by 64 companies that
have obtained permits through public auctions pro-
moted by the Brazilian Electricity Regulatory Agency
(Aneel). They are responsible for the construction and

operation of the grid. The permits are valid for 30 years

8 Ttaipt is the largest hydro electric plant in the world.
For more information visit: http: // www.itaipu.gov.br
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FIGURE 4:
INTERCONNECTED SYSTEM, SIMPLIFIED REPRESENTATION.

Venezuela \ . ! ;
Colombia < \ ) Siunnarqe Franch Guiana
o' Guysna. ../
L A BoaVista \. .~
Mécoed & Belem
Manaus

Ji-Parand

Peru =

Legend

% Capital

® Cilies
Transmission lines
— 145 kY

138 KV

— 230 kV
— 240 kY
— 500 kV
— 750 kY
----- 600 kV HVDC

ECOFYS

Source: CGIAR 2004

via

Paragua}_

Argentina

1,000 2,004

and can be extended for another 30 years. The main
companies involved are: Companhia Energética de
Minas Gerais (CEMIG), Company de Transmissao de
Energia Elétrica Paulista (CTEEP), Companhia Hidro
Elétrica do Sao Francisco (CHESF), Companhia Para-
naense de Energia (COPEL), Eletronorte, Furnas Cen-
trais Elétricas, Companhia Estadual de Geragao e Trans-
missao de Energia Elétrica (CEEE GT) and Eletrosul
Centrais Elétricas.

The ST’s are mostly supplied by thermal plants that use

diesel and fuel oil. Some small hydro plants and thermal

plants using biomass are also found.

In 2007 a new expansion of approximately 11 500 kilo-

metres of transmission lines was planned. (see figure 4)

The electricity distribution market consists of 63 com-
panies, responsible for distributing energy to more than
61 million consumers. The top five companies in terms
of electricity sold are’: Eletropaulo, CEMIG, CPFL,
COPEL and Light. Together they are responsible for
more than 40 % of the electricity sold in the country. The
shareholders of these companies can be both public and
private. In the first case, the major sharcholders are the
federal government, states and / or municipal administra-
tions. Private companies have national as well as inter-
national investors (e.g. AES Corporation, Endesa and
EDP). Ancel regulates their activities with the main is-

sues being tariffs and the quality of the service.

Installed Capacity

According to Aneel Generation Database!®, in August
2009 Brazil had 2 101 power plants in operation, with an
installed capacity of 107 GW (excluding the Paraguayan
share of the Itaipu plant). In total there are 1 263 thermal
plants, 90 of them are using natural gas, 334 biomass, 799
diesel and fuel oil and 44 using other fossil fuels. Table 2

shows the number of plants for each source.

Table 3 on the next page shows the development of the in-
stalled capacity for electricity generation since 2000 for the
main energy sources. Between 2000 and 2008 the installed
capacity of thermal plants has more than doubled, jumping

L?JBNII_IIBEEZR OF POWER PLANTS AND INSTALLED CAPACITY IN BRAZIL. STATUS AUGUST 2009.
Number of Plants Authorized Power (MW)

Hydro 802 38% 77 969 73 %
Wind 33 2% 417 0.4%
Solar 1 0% 0.02 0%
Thermal 1263 60% 26 826 25%
Nuclear 2 0% 2007 2%
Total 2101 100 % 107 219 100 %
Source: Aneel, BIG

9 Source: list of companies that are member of the Abradee
10" Source: Aneel, BIG
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TABLE 3:
INSTALLED CAPACITY OF ELECTRIC GENERATION (VALUES IN MW).

2000 2001 2002 2003 2004 2005 2006 2007 2008 (2)"
Hydro 61063 62523 65311 67793 68999 70858 73 434 76 871 77 694
Thermal 10 642 11725 15140 16 705 19 727 20 264 20 957 21324 22550
Wind (1) 29 237 247 322
Nuclear 2007 2007 2007 2007 2007 2007 2007 2007 2007
Total 73712 76 255 82 458 86 505 90733 93158 96 634 100 449 102 573
(1) Considers data from 2005 on.
(2) Information source for 2008: MME, Energy Review 2008
Source: MME BEN 2008

from a contribution to the total capacity of 14 % to 22 %,
while the capacity of hydro plants increased 27 % in the
same period, falling from a participation of 83 % to 76 %.

Power Generation

Accordingto the Brazilian Electricity Regulatory Agen-
cy (Aneel)!? the top five companies producing electri-
city are: Companhia Hidro Elétrica do Sao Francisco
(CHESEF), Furnas Centrais Elétricas, Eletronorte, Cia
Energética de Sao Paulo (CESP) and Itaipu Binacional.
In 2007 more than 440 000 GWh of electricity were
produced mainly from hydro power plants (84 %). The
importance of sugar cane bagasse for electricity pro-

duction is increasing, with sugar cane mills using their

own residues to produce electricity. Its contribution
to power generation has increased 2.5 times between
2000 and 2007. In the last five years the contribution
of wind turbines has increased six times, reaching 559

GWh in 2007.

Table 4 shows the electricity generation from the differ-

ent sources for the same period.

Electricity consumption in 2008 is dominated by the
industrial sector with 46 %. Since 2000 electricity con-
sumption increased by more than 45% in this sector.
Table 5 on the next page shows the electricity consump-
tion by sectors from 2000 to 2008.

TABLE 4:
ELECTRICITY PRODUCTION (VALUES IN GWH).

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 (1)

Hydro 304403 267876 286092 305616 320797 337457 348805 374015 363800

Wind 1 35 61 61 61 93 237 559 559
Hlomase 10 896 12276 13736 15 459 16 348 18 274 18 687 22 499 24000

rTnhaelr- nggggg}”des 8 250 8218 6020 5900 7034 6802 7188 6771 7 200

e 19312 25 824 25926 23 945 31604 30 549 30 666 28 851 4 0[02(;

Nuclear 6046 14 279 13836 13358 11611 9 855 13 754 12 350 13 900

Total Renewable 33608 48321 45782 43203 50 249 47 207 51608 47972 66 100

TOTAL 348908 328508 345671 364339 387455 403030 419336 444583 454459

(1) Preliminary data from MME, BEN 2009.

(2) The electricity production from natural gas almost doubled between 2007 and 2008 (from 15 500 GWh to 29 900 GWh).

Source: MME, BEN 2008

1 data of 2008, more recent figure given in table 2
12 Source: Aneel, BIG.
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TABLE 5:
ELECTRICITY CONSUMPTION BY SECTOR (GWH)

2000 2001 2002 2003 2004 2005 2006 2007 2008 (1)
Energy Sector 10 479 11 154 11635 12 009 13199 13 534 14 572 17 269 18 561
Residential 83613 73 770 72 752 76 143 78 577 83193 85810 90 881 94 680
ﬁgmmerc'al“’“b' 76 710 71 804 73 465 78 082 80 174 86 223 88 271 92 253 96 843
Agriculture 12 856 12395 12922 14 283 14 895 15 685 16 417 17 536 18 422
Transportation 1250 1200 940 980 1039 1188 1462 1575 1605
Industrial 146730 139406 152651 160716 172061 175370 183418 192616 198 675
Final Energy 331638 309729 324365 342213 359945 375193 389950 412130 428786
Consumption
(1) Preliminary data from MME, BEN 2009.
Source: MME, BEN 2008

Growth Prognosis

In order to make a prognosis for the electricity market in
Brazil, the Ministry of Mines and Energy has developed
several possible scenarios (National Energy Plan 2030 -
PNE 2030). Different development routes at the global
level as well as at the national level were taken into ac-
count. A growth prognosis for the electricity market was
developed for each scenario; the following table shows

the values for the intermediate scenario:

pacity of 169 MW. The capacities of 352 hydro plants
between 1 MW and 30 MW amount to 2 874 MW in
total. The remaining 74 926 MW capacity are related to
162 hydro power plants with capacities higher than 30
MW.13 The Brazilian share of Itaipu (50 %) corresponds
to a capacity of 7 000 MW.

Biomass, mainly sugar cane bagasse but also black liquor
and other biomass, has a share of 5 %. Many sugar mills

(producers of sugar and / or ethanol) use bagasse to gen-

TABLE 6:
ELECTRICITY GROWTH PROGNOSIS (VALUES IN GWH).

Sector 2005 2010 2020 2030 YearlyA(‘;’f;:Vgtﬁ
Industrial 175 400 237 000 338 500 460 300 3.9%
Agriculture 15 700 17 900 24 600 36 600 3.5%
Residential 83 200 105 300 169 600 285 500 5.1%
Commercial/Public 86 200 107 300 158 200 262700 4.6%
Transport 1200 1100 1400 1700 1.3%
Source: MME, PNE 2030

Renewable Energies

Forhistorical and geographical reasons, the contribution
of hydro power plants is very large, representing 84 %
of total produced electricity in 2008 (77 694 MW ). In
September 2009 a total of 300 hydro plants smaller than

1 MW have been erected, representing an installed ca-

erate electricity and heat for their own consumption.
Thanks to its position close to the equator, Brazil has
good solar conditions in all parts of the country. In vari-
ous regions of the country several experimental projects
are being developed including the Araras village in the

State of Roraima that corresponds to the solar plant

13 Source: Aneel, BIG.
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mentioned in table 2. It is a 20.5 kW solar-diesel sys-
tem that has been working since 2001. This project has
been built in cooperation between Aneel, Labsolar!4
and Guascor.

However, the government doesn 't seem to count on so-
lar energy as a means of diversifying the energy mix. In
the studies carried out by the Energy Research Company
(EPE), the National Energy Plan 2030 and the Ten Year
Energy Extension Plan, the use of photovoltaic or other
solar energy power plants is not foreseen as a mid-term
or long-term alternative for the grid connected power
supply. The use of wind to generate electricity is still at
initial stages in Brazil. By the end of 2008 the installed
capacity reached 359 MW. In November 2009 the first
wind energy auction will take place with more than
13 000 MW registered. However, the actual amount of
wind power for November’s auction remains to be de-
termined. The regions with major wind potential are the
North-East and the South.

Electricity Prices

In the last decade electricity prices have increased for
every sector. Between January 2003 and June 2009, the
average prices for the residential sector increased by 30 %,
prices have doubled for the industry sector and increased
by 38 % in the service and commerce sector. The prices

are shown in table 7.

Liberalisation

Since the 1990’s the energy sector in Brazil has seen two
important political reforms. The first occurred in 1996 as
a consequence of the law 9 427. Until then the whole en-
ergy sector was controlled by vertically integrated state-
owned companies. The focus of the power sector reform
was the demerger of the business segments power com-
mercialization, generation, transmission and distribution.
With Law 9 427 the National Agency of Electric Energy
(ANEEL) was created in 1996. Under ANEEL’s control
the Operator of the National Electricity System (ONS)
was established in 1998. As a consequence of these de-
velopments a new structure of the power sector has been
designed. ONS is responsible for the coordination and
control of the generation and transmission installations
in the SIN.

The second reform occurred in 2004, after the country
passed through a tough energy rationing in 2001 and
2002. The privatization and liberalization process was
completed, leading to an energy sector with public and
private companies. The laws 1 0847 and 1 0848 created
the Energy Research Company — (EPE) which is respon-
sible for studies of the country’s energy mix and expan-
sion of the sector.

The power utilities were split into generation, trans-
mission and distribution companies and two systems

of selling electricity were established: electricity can be

TABLE 7:
ELECTRICITY GROWTH PROGNOSIS (VALUES IN GWH).

Residential

Industrial Commerce and Services

Price (€E/MWh) 106.09

85.57 103.77

Source: Aneel Energy Prices

The electricity prices in Brazil vary according to the re-
gions. The average price (for all sectors) in the North was
105.81 €/ MWHh, in the Southeast 98.69 €/ MWHh, in the
Northeast 96.05 € / MWh, in the Midwest 92.20€ / MWh
and in the South 86.20 €/ MWh.

sold in the free market with bilateral contracts between
seller and buyer or it can be sold in the regulated market
(from a »pool«) via auctions where distribution com-
panies may buy and generation companies may sell elec-
tricity. This regulated form is the only way for distribu-
tors to purchase high volumes of electricity with long
term contracts. In the auctions there are two ways that

energy can be sold, cither on the spot market (delivery

14 Labsolar is the solar energy laboratory of the Federal University of Santa
Catarina (http: // www.lepten.ufsc.br / english / home / solar.heml)
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within one year) or through forward contracts (delivery
within 3 or 5 years). The former Power Wholesale Mar-
ket was substituted by the Electric Power Commerciali-
zation Chamber (CCEE).

Aneel and the
Chamber (CCEE) are responsible for the auctions. This
new model established in 2004 restricted the free mar-

Electric Power Commercialization

ket with only 30 % of the electricity being negotiated in
the free market in 2008.

Furthermore, the Power Sector Monitoring Committee
(CMSE) was created which follows and evaluates the
continuity and security of electricity supply in the entire

Brazilian territory.

Rural Electrification

In the end of 2003 the government launched a national
program called »Luz para Todos« (Light for all'®) with
the aim to supply electricity to 10 million people by 2008
which is about 2 million households, mainly in the rural
regions. As the goal was not achieved, the program was
extended until 2010. The 2 million connections were
reached in June 2009'¢ and the expectations are to reach
5 million more houscholds by the end of 2010.
Accordingto ECLAC!7,in 2007 97.9 % of the Brazilian
households were electrified. However, in rural regions
this value is lower (89.1%).

In regions where grid extension is technically difficult or
impossible, Solar Home Systems are used to provide ba-
sic electricity services. The main programmes are carried
out in the states of Bahia and Minas Gerais. Some pilot
projects for off-grid electrification have been implement-
ed in the Amazon region, which could lead to a broader

application of these solutions in the next few years.

2.3 Market actors

Ministry of Mines and Energy (MME)
The MME is responsible for the formulation and imple-

mentation of policies in the energy sector, as set out in the

guidelines of the National Council of Energetic Policy
(CNPE). The MME plays a central role in the develop-
ment of the electricity sector, and coordinates supply and
demand within the framework of the regulated electri-
city market according to the model presented by EPE.
The MME is also responsible for preventive actions to
guarantee energy supply when there is an imbalance be-

tween supply and demand.

National Council of Energetic Policy (CNPE)

The CNPE (Conselho Nacional de Politica Energética)
is an advisory body which is responsible for supporting
the President in all matters relating to energy policy. It
is composed of different ministries (being the Ministry
of Energy it’s president), one representative of the fed-
eral states and the federal district (a State Secretary des-
ignated by the Ministry of Energy), one Brazilian citizen
expert in energy matters and one representative of the
Brazilian universities also expert on energy matters (the
last two are also designated by the Ministry of Energy).
The presidents of Petrobras, Eletrobrés and of the Brazil-
ian Development Bank (BNDES) may also participate in

meetings, but without voting rights.

The CNPE is responsible for providing energy policies
and guidelines for a rational use of energy resources, to
secure the energy supply of the remote areas of Brazil
and periodically monitor the energy matrix of the four
regions, defining guidelines for special programs for
the use of natural gas, coal, nuclear energy, biofuels,
solar energy, wind power and other alternative energy

sources.

Brazilian Electricity

Regulatory Agency (ANEEL)

ANEEL mediates, regulates and controls the operation
of the electrical system. ANEEL tasks are to draw up pro-
posals for the issuing of concessions for electricity genera-
tion and distribution, also to set tariffs for end customers

and to issue permits for access to the grid.

15 For more information see:
http: //luzparatodos.mme.gov.br / luzparatodos / asp / default.asp?id=1
16 See informative release: http: // luzparatodos.mme.gov.br /
luzparatodos / downloads / Informativo_19_CDR.pdf
17 ECLAC, 2008.
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National Power System Operator (ONS)

The ONS ensures non-discriminatory access of market
participants to the national interconnected grid (Sistema
Interligado Nacional — SIN) and controls the generation,
transmission and distribution system. The electricity gen-
erators, distributors, traders, bulk consumers and repre-
sentatives of the other consumer groups hold shares in the

ONS, which is a private sector company.

Energy Research Company (EPE)

The EPE carries out studies and researches to support
policy development by MME. The main focus of EPE is
strategy development for the energy sector, such as the
prognosis of the Brazilian energy mix, research to sup-
port the integrated design of energy resources as well as
studies that support generation and transmission expan-
sion plans for the short, medium and long term future. It
may propose the construction of new plants to address
future demands. Much of the public information on the

Brazilian energy market has been published by EPE.

Electric Power

Commercialization Chamber (CCEE)

In 2004, the Law 10 848 implemented the New Model
for the Power Sector and authorized the creation of the
Electric Power Commercialization Chamber - CCEE -
which is regulated by Decree 5 177, dated August 12th,
2004. CCEE is a non-profit, private, civil organization
company in which agents are gathered in three Cat-
egories: Generation, Distribution, and Commercializa-
tion.

The purpose of CCEE is to carry out the wholesale trans-
actions and commercialization of electric power within
the National Interconnected System, for both regulated
and free contracting environments and for the spot mar-
ket. In addition, CCEE is in charge of financial settlement
for the spot market transactions. These activities form the
Energy Accounting and Financial Settlement Process.
The Commercialization Rules and Procedures that gov-
ern the activities performed by CCEE are defined and ap-
proved by ANEEL.

Power Sector Monitoring Committee (CMSE)

The CMSE was created as part of the MME in response
to an earlier power crisis. Its primary purpose is to ensure
that demand and supply in the power sector are ensured
in the short term (up to five years) as a result of a planned
and economically efficient development of the generation,
transmission and distribution system. If supply shortages
are foreseeable, the Committee can for example decide to
introduce particular price incentives in order to bringad-

ditional generating units into the market.

National Agency of Oil,

Natural Gas and Biofuels (ANP)

ANTP is linked to MME and is the regulatory body for the
activities in the oil, natural gas and biofuels industries. It
is responsible for the implementation of the national en-
ergy policy for the aforementioned fuels. ANP regulates

and controls the activities of the industry.

Centrais Elétricas

Brasileiras S.A. - ELETROBRAS

Eletrobras is the holding of the state-owned electric-
ity companies at the national level. It is responsible for
the commercialization of the electricity produced at the
Itaipu plant. The commercialization of renewable energy
under the renewable energy programme Proinfa is also
under responsibility of the company. The generating ca-
pacity of Eletrobras, including the 50 % of the power of
Itaipu that belongs to Brazil, reaches almost 40 000 MW,
corresponding to 39 % of the total installed capacity na-
tionwide. The transmission lines belonging to Eletrobras

have approximately 59 856 km of extension.

The following companies are part of Eletrobras: Itaipu
(South; generation), Eletronorte (North; generation
and transmission), CHESF (Northeast; generation and
transmission), Furnas (all regions except Northeast; gen-
eration and transmission), Eletronuclear (Southeast; nu-
clear generation), CGTEE (South; generation), Eletro-
sul (South and Midwest; transmission and distribution),

CERON (North; generation, transmission and distribu-




BRAZIL | 39

tion), Eletroacre (North; distribution), Manaus Energia
(North; generation), CEAL (Northeast; distribution)
and Boa Vista Energia (North; distribution).

Brazilian Wind Energy Association (ABEEdlica)
The ABEEOlica is a non-profit association that brings to-
gether companies in the wind energy sector. Its purpose
is to promote the production of electricity from wind en-
ergy as an additional source to the national energy matrix
and stand up for the consolidation and competitiveness
of the wind energy sector, mainly through a long term

government program. In total there are 47 companies af-
filiated to ABEEOlica.

Brazilian Association of Electricity

Producers (Abrage)

Abrage is an association of large electricity generation
companies, although mainly hydro power. The total pro-
duction of all members corresponds to 70% of all elec-

tricity produced by the SIN, including 50 % of Itaipu.

Brazilian Association of Large Electricity
Transmission Companies (Abrate)

Abrate has 8 members that together own 87 024 km
of transmission lines, corresponding to almost 50% of
the country’s total transmission grid. Abrate’s mem-
bers own 80% of the transmission lines with voltage
higher than 230 kV. The members are: CEMIG (6 %),
CTEEP (10%), CHESF (20%), COPEL (2%), ELET-
RONORTE (8%), Furnas Centrais Elétricas (19%),
CEEE GT (6%) and ELETROSUL (19%).18

Brazilian Association of Electricity

Distributors (Abradee)

Abradee is an association of 48 distribution companies
both private and state owned being responsible for 99 %

of the national energy market.

Brazilian Association of Great Industrial
Energy Consumers and Free Market
Consumers (Abrace)

Abrace is an association that jointly consume 45 % of the
electricity and 40 % of thermal energy in the Brazilian in-

dustry sector.

Brazilian Wind Energy Centre (CBEE)

The Brazilian Wind Energy Centre was created in March
1996, with the support of the Ministry of Science and
Technology, the Ministry of Environment, Water Re-
sources and Legal Amazon, the Secretary of Science,
Technology and Environment of Pernambuco and the
Bank of Northeast of Brazil. It is managed by the staff of
the Wind Energy Group of the Federal University of Per-
nambuco, Brazil, a recognized reference research group
in wind energy.

The centre possesses a test area for wind turbines at the
coast, close by the city of Olinda. The CBEE develops
projects in the following areas: determination of wind
energy potential (using computerized anemographs);
design of wind energy systems; design of hybrid systems
(wind, solar, diesel); design of wind parks; simulations of

power generation and economical analysis.

2.4 Political Framework Conditions in
the Energy Sector

The Energy Research Company (EPE) has developed a
series of studies that highlighted the need for the Min-
istry of Mines and Energy to develop an energy strategy
for the country. One of these documents is the Ten Year
Energy Expansion Plan (Plano Decenal de Expansio de
Energia) that is published every year; the latest version
covers the period from 2008 to 2017.

The plan takes into account socio-economic and environ-
mental factors, and translates them into energy demands,
expansion requirements for generation, transmission and
distribution. In addition to a macro approach of the en-

ergy market in Brazil, the plan also goes into detail of the

18 Percentages correspond to the share of the transmission lines > 230kV,
compared to the country’s total
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development of each energy source. The other document
relevant for the national energy development strategies
is the National Energy Plan 2030 that indicates how the
use of different energy sources should develop until 2030.
It states that the market share of the energy sources will
change little until 2030, including the proportion of hy-
droelectric power (change of less than 2%).!? In conclu-
sion, the National Energy Plan 2030 (PNE, 2030) gives
the decision-makers little motivation for a structural

change of Brazilian power generation.

2.5 Framework conditions for renew-
able energies

Strategy and objectives for renewable
energies

Currently there is no general renewable energy frame-
work. The Programme for Promotion of Alternative
Electricity Sources (Proinfa, see below) was the last pro-
gramme of this type; now there are only some resource
specific rules, but no general framework.

Proinfa will end with the installation of the subscribed
projects. With regard to wind energy, the government’s
choice now is specific wind energy auctions; the first is
planned for November 2009. It has not been determined
how many MW will be auctioned; however more than 13

GW have been registered.

Legal Conditions and Support

Schemes for renewable energies

The goal of the Proinfa?® programme is to achieve the
installation of 3 300 MW capacity connected to the na-
tional grid. One third of this capacity should come from
wind energy, another third from small hydro plants and
the last third from biomass plants. The energy generated
will be bought by the Public Utility Eletrobrés, and the
contracts will have a duration of 20 years from the begin-
ning of operation.

In 2002, when the Proinfa was created by Law 10438 / 02,
the deadline for achieving these targets was 2006. But as

the number of projects presented by the public and the
private sector did not reach the expected values, the dead-
line was postponed until 30th of December 2010.
According to Law 10438 /2002 and Law 10762 /2003
(which partially modified the Law 10438), the Govern-
ment shall allot reference prices to renewable energy to
be acquired by Eletrobrds under the PROINFA. These
reference prices are set by the MME with respect to each
particular technology and energy source. For wind en-
ergy the reference price is about 105 EUR/ MW.

The Aneel Resolution 77 of 18 of August 2004 mandates
a reduction the grid tariffs of at least 50 % for renewable
energy plants (based on solar power, wind, biomass or co-
generation) up to 30 MW. It is believed to be the most

important incentive for renewable energies at present.

Luz Para Todos

An important national programme is »Luz para Todos«.
The main goal of the project is to bring electricity to ap-
proximately 10 million people living in rural areas by
2010. Part of the project is supported by a cooperation
project between Eletrobras and GTZ, promoting and fa-
cilitating the use of renewable energies, including wind
energy, through rural electrification in the North and
Northeast regions.

Especially in regions where the connection to the SIN is
problematic due to the geographical characteristics (like
rainforest and tributaries of the Amazon River that com-
plicate the construction of transmission lines), »Luz para
Todos« also incentivises the development of new power
plants using renewable sources: water (small hydro and
hydrokinetic systems), biofuels, solar and wind. Subsi-
dies are available to cover 85 % of the direct costs of the
projects. A »Manual for Special Projects « was developed

and sets the conditions for these types of projects.?!

National Program for Production and Use
of Biodiesel
Since 2005, the country has started to develop its bio-

diesel market with the National Program for Production
and Use of Biodiesel (PNPB). Since July 2009 all diesel

19 Source: Kissel, 2009
20" More details: http: // www.mme.gov.br / programas / proinfa

21 'The manual is available at the webpage of the MME. It is called »Manual de
Projetos Especiais«: http: // www.mme.gov.br / mme / galerias / arquivos / legis-
lacao / portaria / Portaria_n_060-2009.pdf
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sold in the country must contain at least 4 % of biodiesel.
The target is that by 2013 this share rises to 5 %. Biodiesel
producers receive several tax incentives, different financ-
ing options, especially when using the »Social Stamp«.
To obtain the stamp the producer must procure a mini-
mum share of raw materials from family farmers, depend-
ing on the region: North: 50 %, South and Southeast:
30 %, North and Mid-west: 10 %. In Brazil, the biofu-
els industry expanded significantly between 2006 and
2007, the biodiesel production jumped from 69 002 m’

According to the UNFCCC webpage there is a port-
folio of 190 CDM projects, of which 21 were rejected,
2 withdrawn, 3 are requesting registration, 4 are under
review and 160 have successfully been registered. Bra-
zil accounts for 44 % of all CER’s generated by CDM
projects in Latin America.

The following table shows the wind energy projects that
are registered. Apart from that, 6 projects have the sta-
tus »At Validation« and one project has its validation

terminated.

TABLE 8:
REGISTERED CDM WIND PROJECTS 2009

. . . Annual
Project Location Size (MW) Savings (tC02) Reg. Year
PrOJ_ect 0843_: Petrob_ras Wind Power Macau, Brazil 1.8 1277 2007
Project for Oil Pumping
Project 0575 : Agua Doce Wind Power Santa Catarina 9.0 13 704 2006
Generation Project
Pro!ect 0603 : Osorio Wind Power Plant R. Grde Sul 150 148 325 2006
Project
Project (_]486 : }-!orlzonte Wind Power Santa Catarina 48 6227 2006
Generation Project
Source: UNFCCC 2009

to 402 154 m’ and the ethanol production increased
by 27 % in the same period, with a production of 388.7
bbl / day in 2007.

Clean Development Mechanism

Brazil ratified the Framework Convention on Climate
Change in February 1994 and the Kyoto Protocol in
August 2002. An initial national climate change report
was not submitted until November 2004, several years
later than planned. Since July 1999 an inter-ministerial
commission coordinated by the Ministry of Science and
Technology (Comissio Interministerial de Mudanga
Global do Clima) has been responsible for climate
change mitigation, and therefore for CDM projects as

well. This commission has also been given the status of

the Designated National Authority (DNA) for Brazil.

International donor activities

GTZ

GTZ’s ofhicial cooperation on behalf of the German
Government with Brazil takes largely place in two areas
of development policy: Tropical Rain Forest Renewable
Energies and Energy Efficiency The TA-program »Re-
newable Energies and Energy Efficiency« supports the
implementation of Brazilian policies. Core activities (in
collaboration with Eletrobrds and EPE) are capacity de-
velopment measures for governmental institutions and
technical experts, assistance in the implementation of na-
tional programs and support for demonstration projects.
This programme is part of the German-Brazilian Energy
Agreement, signed during Chancellor Angela Merkel s
visit in May 2008.
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Kfw

The German development bank Kf W is currently imple-
menting on behalf of the German Government a rehabili-
tation project for small hydro plants and supports in co-
operation with the Brazilian development bank BNDES
the construction of wind farms with a total installed ca-

pacity of 80 MW and a volume of 200 Mio US$.

2.6 Market potential for wind energy

Wind energy potential

Brazil's wind potential is estimated to be 143 GW.?
1.4 GW have already been contracted under PROINFA.
However, by August 2009 only 414 MW had actually
been installed.?* The Brazilian Wind Energy Centre pub-
lished in 2001 a Brazilian Wind Atlas. It was used by the
PNE 2030 in its studies on wind energy (http://www.
cresesb.cepel.br). The atlas provides information on the
wind energy conditions at 50 m height. It covers all areas
with wind speeds above 7 m /5. These values are theoreti-
cal. For example, the North-castern potential estimated
at 75 GW in the PNE 2030 could be as low as 12 GW

according to other credible studies.

Framework Conditions for Wind Energy

The PROINFA is the main programme promoting the
use of wind energy (together with biomass and small hy-
dro). With PROINFA ending end of 2009, government
has chosen to follow a different path in the future and
promote wind energy via dedicated auctions that will be
held once or twice a year.

Starting this process, for the first time wind energy will
be sold under the regulated system in an auction to take
place in November 2009. According to the Brazilian
Wind Energy Association, in July 2009 a total of 441
projects were registered to participate in the auction, rep-
resenting 13 341 MW. It is a huge amount if the actual in-
stalled capacity of 359 MW is considered. These projects
are located in the South, Southeast and Northeast, the re-

gions with the greatest wind potential in the country. The

energy sold in the auction will have to be delivered from
July 2012 on, with a duration of up to 20 years.

One strong barrier for a better development of the wind
energy market under the PROINFA incentives is that
60% of the equipment used should come from national
industry. It was intended to be an incentive to the indus-
try, but many project developers see it as an obstacle. This
question is under discussion and it is expected that for the
auction in November 2009 developers will be allowed to
import wind energy converters with a rated power larger
than 1500 kW. For smaller turbines, the import limit will
still be in place (formerly, the limit was 2 000 kW) which
means the tax for imported industrialised products (IPI)

of 14 % is applied.

In this respect, also the programme »Luz para Todos«
(see chapter 1.5 for details) needs to be mentioned, pro-
viding subsidies of up to 85 % of direct project cost.
Power plants, including wind energy plants, are included
in the category of enterprises that have to undergo an envi-
ronmental licensing process. Law No. 6938 / 1981, which
provides the National Policy on Environment (AMPP),
establishes standards and sets criteria for the licensing of
actual or potentially polluting activities.

With regard to grid connection, the concessionaire or the
ONS has to offer an entry point to the distribution or
transmission network at a convenient knot for the wind
park; the wind park owner has to pay for the cable from

the park to the entry point (shallow connection costs).

Current Use of Wind

Energy and Project Pipeline

The North-castern and the Southern regions have the
highest potential in the country and most of the projects
that are already implemented are located in these two re-
gions. Annex I presents a list of all existing wind farms
with a total installed capacity of 414 MW. Almost 250
MW are installed in the Northeast, where 25 wind parks
are located. 7 wind farms, totalling 167 MW, are located
in the South and one 1 MW is installed in the Southeast.

According to Aneel?4, at the time of writing 13 new wind

22 Source: Brazilian Wind Energy Centre (CBEE)).
Conditions: 50 m height, average wind speed of at least 7m /s
23 Source: Aneel, BIG

24 Source: Aneel, BIG
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plants are being constructed. An overview is included in
table 11 of Annex I. Twelve of them are situated in the
North-castern region (Eight in the State of Ceard and 4
in Pernambuco) and one in the State of Rio de Janeiro.
Together they have a capacity of 442 MW. Another 45
plants, totalling 2 300 MW/, have already been granted ap-

proval but their construction has not started yet.

Table 9 shows the companies who own existing wind
farms, indicating their share of the total installed capacity

of 414 GW:

TABLE 9: WIND FARM OPERATORS AND SHARE IN

THE TOTAL INSTALLED CAPACITY (414 GW).

STATUS AUGUST 20089.

Owner Share
Enerfin Enervento/Wobben Wind Power Enercon 36.2%
Pacific Hydro 13.3%
Enerbrasil/lberdrola 11.9%

SIIF 11.7%

Tractebel Energia/GDF Suez 10.5%
Wobben Wind Power Enercon 4.3%
Servtec 4.0%
EDP/CENAEEL 3.3%
Martifer 3.3%
COPEL 0.6%
Petrobras 0.4%
CEMIG 0.2%
Centro Brasileiro de Energia Eélica - FADE/UFPE 0.1%
Foum El Oued 2011

Source: Aneel, BIG.

Business Climate

The Wind energy industry is already established in the
country. The company Wobben Windpower produces,
installs and maintains high quality wind turbines. Wob-
ben Windpower is a subsidiary of Enercon GmbH, a
world leader in wind energy technology. Therefore, many
experts have stated that there is actually no need for im-
porting equipment; however, importation would certain-
ly increase competition.

On the other hand, technical experts and skilled workers
are still scarce and it is foreseen that the need for main-
tenance experts will increase with the last execution of
PROINFA installations. In this context, the GTZ En-
ergy Programme for Brazil is about to set up an operation
and maintenance education and training programme.
The Brazilian Development Bank (BNDES) has spe-
cific financing programmes for the development of wind
farms and has already financed some of them, like those
situated in Osério-RS. Except the well-known interna-
tional financing organizations, there is no real alternative

to BNDES.
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2.7 Addresses and Contacts

Ministry of Mines and Energy (MME)
Address: Esplanada dos Ministérios Bloco »U«
CEP 70065-900 Brasilia — DF

Tel.: +55 61 3319-5555

Internet: www.mme.gov.br

Brazilian Electricity
Regulatory Agency (Ancel)
Address SGAN 603 médulo J
CEP 70830-030 Brasilia DF
Tel.: +55 61 2192 8600

Internet: www.aneel.gov.br

National Power System Operator (ONYS)
Rua da Quitanda 196 — Centro

CEP 20091-005 - Rio de Janeiro — R]
Tel.: +55 21 2203-9400

Internet: WWW.OI]S.OI‘g.bI‘

Eletrobras

Address: Avenida Presidente Vargas, 409 / 13°
CEP 20071-003 - Rio de Janeiro, R]

Tel.: +55212514-5151

Internet: www.eletrobras.com

Energy Research Company (EPE)

Av. Rio Branco, 1 - 11° andar, Centro
CEP 20.090-003 Rio de Janeiro — R]
Tel.: +55 21 3512-3100

www.epe.gov.br

Brazilian Association of Electricity Producers (Abrage)
Address: Rua Alvarenga Peixoto, 1408 - Room 906
CEP 30180 121 Belo Horizonte - MG

Tel.: +55 31 3292-4805

Internet: www.abrage.com.br

Brazilian Association of Major Electricity Transmission
Companies (Abrate)

Address: Rua Deputado Antonio Edu Vieira, 999
CEP: 88040-901 Florian6polis / SC — Brasil

Tel.: +55 48 3231-7215

Internet: www.abrate.org.br

Brazilian Association

of Electricity Distributor (Abradee)

Rua da Assembléia N° 10 - Grupo 3201 - Ed.
Candido Mendes

CEP:20011-901- Rio de Janeiro — R]

Tel.: +55212531-2053

E-mail: abradee@abradee.org.br

Internet: www.abradee.org.br

Brazilian Association of Major Power Consumers and
Free Consumers (Abrace)

Rua Gomes de Carvalho, 1510 - ¢j. 41 — 4° andar
CEP 04547-005 - Sio Paulo — SP

Internet: www.abrace.org.br

Tel.: +55 11 2139-7550

Banco do Brasil

Tel.: +55 800 729 0722

Internet: www.bb.com.br

Electric Power Commercialization Chamber (CCEE)
Address: Alameda Santos, 745/ 9°

CEP 01419-001 Sao Paulo - SP

Tel.: +55 800 10 00 08

E-mail: atendimento@ccee.org.br

Internet: WWW.CCCC.OI‘g.bl‘

National Agency of Oil,

Natural Gas and Biofuels (ANP)
Address: Av. Rio Branco, 65/ 12°to 22 °
CEP: 20.090-004 Rio de Janeiro /R]
Tel.: +55212112-8100

Internet: WWW.Q.Ilp.gOV.bI'




