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Estimated Solar Power over the Brazilian Territory

Total: 3,893,400 GW

Reflected back (30 %): 1,168,000 GW
Heat (47 %): 1,830,000 GW

Water cycle (23 %): 895,500 GW
Wind (0,2 %): 7,787 GW

Biological cycle (0,
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Potencial de geracao de energia elétrica através do Potencial de geracéo de energia eléfrica através do
aproveitamento de cana-tle-acticar (BWh/ano) aproveitamento de resicduos agricolas (GWh/ano)

mais de 5.000 1.400 a 1.800

1.000 a 5.000 500 a 1.400
200 a 1.000 50 a 500
menos de 200 menos de 50

Potencial de geracao de energia elétrica através do
aproveitamento de residuos de madeira (BWh/ano)

500 a 600 10a 100
— 200 a 500 2al0

50a 200 menos de 2
menos de 50

Potencial de geracao de energia elétrica através do
aproveitamento de dleos vegetais (GWh/ano)

Fonte: CENBIO, 2000,
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Hydroelectric Potential (MW)
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SWERA Project

Bangladesh, Brazil, China, Cuba, El Salvador, Ethiopia,
Ghana, Guatemala, Honduras, Kenya, Nepal, Nicaragua, Sri
Lanka

Its geospatial tools allow the combination of solar radiation
and wind maps with distribution grids and other information,
to supply data which support the development of energy
olanning politics, reducing the renewable energy risks and

S
N

—

NN\ |

%‘5 Grupo de Estudos e Desenvolvime

e
e Alternativas Energéticas - UFPA @

|



Governmental Programs

- PRODEEM (Initiated in 27/12/1994, with the goal of
supplying poor isolated communities — 9,000 systems; 37.2
million dollars; more than 5 MWp)

- PTU (Promoted three programs to supply isolated
communities with renewable sources - 1995, 1997, 2000)

- PROEOLICA (1,050 MW of wind power to be connected to
the grid until December 2003) — was not successful

- PROINFA (3,300 MW of grid-connected Wind, Smali
Hydro, and Biomass) - WWW. rob: as.gov.br/EM_Programas_Proinfa
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Governmental Programs

PROBIODIESEL (develop the production technologies and
the consumption market of bio-fuels; establish the
“National Bio-diesel Net”’; develop and unify the
specifications of the new fuel for Brazil; and prove the
technical, economic, social, and environmental feasibility
through laboratory and field tests)
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Bio-diesel Sources

Oil

Species Oil Origin | Content I;n%r:ﬁ‘s; O:Itlziae)ld
(%)

Dendé (Elaeis guineensis N.) Nut 26 12 3.0-6.0
Babacu (Attalea speciosa M.) Nut 66 12 0.4-0.8
Girassol (Helianthus annus) Seed 3 0.5-1.5
Colza (Brassica campestris) Seed 3 0.5-0.9
Mamona (Ricinus communis ) Seed 3 0.5-1.0
Amendoim (Arachis hipogaea) ﬁ\eed 3 0.6-0.8
Soja (Glycine max) Seed 3 0.2-0.6

Importance of regional

Source: Prof. Horta Nogueira
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Governmental Programs

PROCEL - http://www.procel.gov.br

(promotes the rational production and consumption of
electrical energy to eliminate waste and reduce costs and
investments)

- Lamp exchange project
- Procel in the School

- Energy efficient buildings

- Energy efficiency in pub |c

gildings

X MForesees a consumption re ﬂ Juction of 130 billions of k ‘ ‘

' #2015, avoiding the msta ation of 25 GW of elect §
RQwer
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Governmental Programs

CTENERG - R&D in the field of energy (specially electricity)
CTPETRO - R&D in the field of oil and natural gas

Regulations

Regulation of individual systems — Res. ANEEL 83/2004
Regulation of Mini-Grids — at
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Communities in the neighborhood of the Ferreira Penna Research Center
(Caxiuana National Forest)
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Consumo Médio Mensal
800
600

600 -
7))
£ 400
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0 [ ]
Antes Apos
Implantagao do sistema

’ Diesel consumption before

and after the hybrid system
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Pre-paid systems seems to match the local population
characteristics

Central de
Processamento
(Concessionaria)

Usuario

Medidor
Eletronico

Gerenciador -
Leitor de cartiao
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Guarantee the access
and use of electrical

_ energy to all Brazilians

para todos until the end of 2008

» Grid extension, with low cost technology

» Decentralized generation systems,
preferably with local renewable sources




TOTAL: 12,023,703

84% 16% URBAN
RURAL

[otal people:

10,091,409

RURAL Scenario
Central-Western Region 4%
Northern Region 25%
Northeastern Region 58%
Southern Region 5%

Southeastern Region 8%

EE Grupo de Estudos e Desenvolvimento

Total people:
1,932,294
URBAN Scenario

Central-Western Region 6%
Northern Region 13%
Northeastern Region 42%
Southern Region 9%
Southeastern Region 30%
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Financing Sources
Total Estimated Budget: R$ 7.5 billions (9.5 billions)

Utilities
14%

States and
Municipalities
14%

Subvention

Federal
Government
72%

—
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Destination of Subvention Funds

South Southeast
30/0 5%
Central-West 59,

Northeast
43%

I '/
sible impact on the tariff — !
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Objective: reduce the

www.mme.gov.br/luzparatodo$
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Amazon Region
= ~ 60% of the Brazilian territory
= ~ 10% of the Brazilian population
=> occupation model:

- few big cities
- thousands of small villages

=» difficult access conditions

2 lack of electricity supply to satisfy the basic
needs of health, sanltlon production,
education, communi ! tion, entertainment, e
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Problems

Demographic:

- Big distances and isolation

- Dispersed population

Economic:

- Low income

- Seasonal income

- Lack of income generation

Educational:

- Low instruction level

- Lack of qualified people

Technical:

ctural:

- Mentality of tbe population
of nat onal equipment
atfon difficulties
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Generation Possibilities
» Diesel
» Natural gas
» Hydro (large and small scales, hydrokinetic)
» Solar (photovoltaic and thermal)
> Wind (large and small scales)

> Biomass (combustion, gasification, oils, residues)

> Fuel cell (Hydrogen)
» Tidal (?)
» Geothermal (??)

N > Nuclear (???)
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Hybrid Systems
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Hybrid Systems

Evolugio da poténcla nominal Ingtalada
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* Expanded to 8 kWp
until the end of 2005
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Ferreira Penna
Research Center
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PV Water pumping
systems

Santo Antonio Bay
(Mosqueiro Island)

Pedra Branca
(Cotijuba Island)

05/00
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Sucuriju/AP
(PV-Wind-Diesel)
CBEE/UFPE
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Cardoso Island/ Cananéia/SP !
(PV-Wind-Diesel)
IEE/USP
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OPERATIONAL STRATEGIES

Case 1: The diesel generator supplies the load and the win
generator is responsible by the power injection into the battery bank

The inverter is not in operation.
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OPERATIONAL STRATEGIES

Case 2: The diesel generator supplies the load and injects powe
into the battery bank through a rectifier in parallel with the winc

generator. The inverter is still not in operation.

WIHD
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OPERATIONAL STRATEGIES

Case 3: The wind generator injects power into the battery banl
and supplies the load through the inverter connected to the grid. I

this case, the diesel generator is completelly inoperant.
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NEURAL NETWORK

Validation for a countryside location (Sao Tome) of the
state of Para-Brazil

September/03 October/03

Measured (blue) X predicted(red) values Measured {(blue) ¥ predicted(red) values
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Tela Inicial - Programa AVES-H

Recurso

C AVES-F

AVES' H Andlise de Yiabilidade Técnico-Econdémica de
Sistemas Hibridos parg Geragéio de Eletricidade
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1 Sobre o programa... |

Programa para Analise
de ¥iabilidade
Técnico-Econdmica de
Sistemas Hibridos para
Geracéo de Eletricidad:
Yerzao 1.0 - Margo/2005

Desenvolvido por:
Luiz C M Blazques_ Eng.

Sob a Onentagao de:

Jodo Tavares Pinho, Prof. Dr_-lng.

Grupo de Eztudoz e Dezenvolvimento de Alternativas Energétic:

Universidade Federal do Para
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Economic Analysis of Technologies for Electrification of Small
Isolated Villages in the Amazon
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