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Appendix A: Free Energy Europe technology history 

Appendix A: FEE amorphous silicon technology history 

More than a decade ago, the first generation of innovative thin film amorphous silicon solar 

panels has been introduced on the market. Over the past decade, the quality of amorphous 

solar panels has been greatly improved. After several years of innovation and field testing, 

Free Energy Europe has now developed a fourth generation technology that ensures a high 

reliability solar panel, with an expected lifetime of 20 years. These fourth generation amor

phous silicon solar panels have a camparabie quality to crystalline solar panels . The price is 

more affordable , notably for systems smaller than 35 Watts. 

Affordable app/ication 

Thin film amorphous silicon solar panels presently find their application primarily in rural 

power supply in developing countries. Panels of 12Wp can be found in the shops in over 30 

countries. Because of the limited price (60 to 80 US$ in the shops), these panels can be 

bought on cash basis by the rural end-user. The end-users use the panels primarily for bat

tery charging, which allows them to have electric lighting, radio , or television. In addition, the 

amorphous silicon solar panels are particularly suitable as power souree in independent elec

trical equipment. The panels are currently sold for electric fencing, parking meters , etc. For 

these applications, solar power presents the most cost-effective solution. 

Quality issues important 

Thin film amorphous silicon solar panels consist of a very thin layer of silicon, deposited on, 

for instance, a glass substrate. The amorphous silicon layer stahilizes after the first months of 

use . In general , a stabilized solar cell behaves like a semi-conductor and has negligible ageing 

effects . 

The lifetime of amorphous silicon solar panels is therefore nat limited by the cell itself, but by 

its protection. The thin film of active material is very sensitive to the impact of corrosion. No

tably in areas with high air moisture content, this may cause rapid deterioration of the pan

els, if nat properly framed . 

The focus of quality impravement of amorphous silicon solar panels has therefore primarily 

been on finding a moisture proof framing. With the unique 4 th generation framing, Free En

ergy Europe now has the corrosion problem under controL The various framing technologies 

that have been used in the past and the salution that FEE has found to make amorphous 

silicon a reliable technology is described on the following pages. 

Al 
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Simple aluminiumframe 

(1985- 1990): 

The first process that was used to pro

teet thin film solar panels from moisture 

was a simple aluminium framing (Figure 

A. l). 

In these first generation amorphous 

panels, the backside of the front photo

voltaic glass plate was protected by a 

second glass, glued with resin. An adhe

sive tape was then applied around the 

resulting laminate . The final frame, made 

of aluminium profiles , was mounted by 

screws at the corners. An additional sili-

!!] Glass 
• Photovoltaïc 
EJil Resin 

111 Aliminium 
• Isolating tape 
D Silicon glue 

Figure A.1: Cross section of simple aluminium 

framing 

con glue was introduced in the aluminium profile just before mounting. 

With this simple aluminium framing technology, in hot and wet climates, moisture penetra

tion resulted in corrosion of the active layers, starting at the frame corners and expanding 

quickly to the rest of the module. Available statistics showed more than 10% failure rate at 

site. For Free Energy Europe (NAPS at the time), this was a good reason todrop this technol

ogy and look for a more suitable humidity harrier. 

Major quality problems: 

Simple "open" aluminium framing; 

Easy moisture penetration; 

Early corrosion and power degradation; 

Very high failure in the field (>10%). 

Figure A.2: Detailed picture of corrosion problems 

A2 



Polycarbonate frame 

(R&D level 1990) 

A first option that was investigated, was 

polycarbonate framing. In this option, 

the backside of the photovoltaic plate 

was protected by a back glass glued 

with resin. The adhesive tape was re

placed by a polycarbonate profile glued 

to the glass around the laminate. The 

internal part of the profile contained hy

drophobic material acting as a moisture 

harrier (Figure A.3) . 

Appendix A: Free Energy Europe technology history 

Q Gla.ss • Hydrophobic 

• Photovoltaïc • Polycarbonate 

6SI Re sin D Silicon glue 

Figure A.3: Cross section of polycarbonate 

framing 

The humidity harrier ability was good, but the polycarbonate profile could not sustain tem-

perature variations. When exposed to external temperature variations, the polycarbonate 

frame appeared to be breaking at the corners . Therefore, this solution has never been 

launched in production. 

Insuffïcient solution: 

Simple polycarbonate framing; 

Enhanced moisture harrier; 

Very weak in temperature variations; 

Never brought on the market. 

Figure A.4: Detailed picture of "lab only" solution 

A3 
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Polycarbonate with aluminiumframe 

(1991 - 1996) 

This solution has been brought into 

production in 1991 . The design combin

ed the advantages of the mechanica! 

strength of aluminium frame with the 

improved moisture harrier of the poly

carbonate frame. The cross sectien can 

beseen in Figure A.S. 

Still , there was a weak point to this 

framing design. Energy output was 

made through a connector. Two types of 

problems occurred with this connector: 

• Aluminium foils coming out from 

the laminate were truncated after 

some time; 

FRONT 

D Glass 
• Photovoltaïc 
D Resin 

• Hydrophobic 
• Polycarbonate 
D Silicon glue 
D Aluminium 

Figure A.S: Cross sectien of polycarbonate 

with aluminium framing 

• Water wentinto the connector junction box developing eerrosion of the contacts. 

The default failure rate has been estimated to reach 3-5% of production, often on locations 

near the seaside. This design has therefore been dropped, primarily because of the connector 

problems. 

Reduced quality problems: 

A4 

Hybrid polycarbonate-aluminium 

framing; 

Enhanced moisture harrier; 

Figure A. 6: Detailed picture of hybrid framing 

Corrosion sensitive connector; 

High failure rate in specific markets ( 5%). 



Fourth generation framing: 

Polymer injection (1996-up to now) 

Hence, Free Energy Europe embarked on 

the development of a break-through 

framing technology, to finally solve all 

on-going framing problems. 

In 1996, the fourth generation framing 

has been introduced into the market. 

The front photovoltaic plate is still pro

tected by a back glass glued with resin 

(Figure A.7). Cable wires are directly sol

Appendix A: Free Energy Europe technology history 

[ J 
D Glass D Re sin 

• Photovoltaic • Polymer 

Figure A. 7: Cross section of polymer injection 

framing 

dered to the corners of the laminate, without any connector. After appropriate adhesion 

treatment on glass, advanced polymer material is injected around the laminate. 

The results of having this framing technology four years in the market have been very posi

tive. The composition of the polymer has been fine-tuned. 

Now the reported failure rates have fallen below 1%. Also the end-users in the market have 

noticed the quality impravement and are specifically asking for "quality panels from France". 

Highest quality product: 

Advanced polymer injection framing; 

High moisture harrier; 

Close to IEC certification; 

Very low failure rate in the field (<1 %). 

Figure A.B: Detailed picture of polymer injection framing 

(van der Vleuten and Guillardeau, 2000). 

A5 
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Appendix B: Brazil history 

The enormous area that is nowadays known as Brazil was sparsely populated with indige

nous Indians at the time of its discovery by the Portuguese in the year 1500. At that time, 

there lived more than two million Indians in 'Brazil', divided in two different groups: the trapi

cal forest people and those of marginal cultures. 

8. 1 Colonial period 

The new settlers of the Brazilland area were mostly colonial governors, Jesuit priests and ad

venture-seekers of dubious merit. These settlers were expected to develop the land and trade 

exclusively with Portugal. The Jesuits did a good job with respect to the development, but it 

was at the expense of many West Africans. They educated the Indians and protected them 

from forced labour on the plantations. The colonists started to import West Africans as slaves. 

Some four million slaves were imported, making Brazil the country with the highest import of 

slaves in South America. 

Battles with the French and Dutch during the 16th century were common. The Portuguese 

drove the French out of the Rio de Janeiro area in 1565. The Dutch were drivenoutin 1654 

by the combined efforts of the colonists and the Portuguese army. 

Gold was discovered in the Southeastern state of Minas Gerais at the end of the 17th century. 

This led to an influx of new settlers in search for easy riches. As a response the Portuguese 

crown began demanding taxes in the form of gold. This led to the faunding of an independ

enee movement in 1789, but Brazil was to live under a monarchy foranother 100 years . (Bri

tannica, 1999) 

8.2 To militarv rule 

In 1840, at the age of 15, Don Pedro II became emperor. Most of the time, he was engaged in 

border wars at the cost of heavy human losses . The wars were the opening for the military to 

come to power. In 1888, under pressure from trading partners - especially the U.S. - , em

peror Dom Pedro IJ finally declared slavery illegal (25 years after Abraham Lincoln's Emanci

pation Proclamation went into effect) . Displeased landowners joined forces with the military 

and dethroned him. For the next hundred years - until Brazil's sixth constitution was drafted 

in 1988 - the military would be the most powerful institution in the country. (Britannica, . 

1999) 

A7 
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B. 3 The Vargas vears 

Getulio Vargas was installed as president by a military coup in 1930 and stayed at the centre 

of power for the next 25 years . Vargas liked- as Mussolini (Italy), Franco (Spain) and Peron 

(Argentina) - to portray himself as the father of the poor. And like Peron in Argentina, the 

shift from an agricultural society to an industrialized one was his main politica! focus. In 

1945 there was a take-over of power by the military, but Vargas got re-elected in 1950. In Au

gust 1954, after another military coup he saved his honour and committed suïcide. (Britan

nica, 1999) 

8.4 From Ditoduro to Democracv 

In 1955, Juscelino Kubitschek was elected president. He encouraged the widespread spirit of 

nationalism, appealing to the popular demand for economie development and to the belief 

that Brazil was destined to become a great power among the nations of the world. He trans

ferred the national's capita! from Rio de Janeiro to Brasilia, the country's geographic centre, 

in 1960. The world-renowned architect Oscar Niemeyer and landscape artist Burle Marx de

signed the city of Brasilia; a web of freeways and viaducts, no parks, no beach, no diversion 

and no way to get around without a car. Today, Brazilians joke that the best thing about 

Brasilia are its hourly flights to Rio and Säo Paulo. 

Kubitschek was succeeded by leftist President Joäo Goulart, whose CIA-sponsored overthrow 

in 1964 led to 21 years of military regime - known as the ditadura. In this period, repression, 

false arrests, rape, murder and torture were the order of the day. During the so-called Brazil

ian Miracle of the 1970s, the booming economy distracted Brazilians from the restrictive mili

tary regime . But in the 1980s the inflation went sky-high and recession formed the basis for 

opposition to the military regime. Little by little the controls were loosened and Brazil went on 

its way to democracy. 

Nowadays, Brazil is being in transition towards a First World country. The demoeratic gov

ernment - led by the in November 1994 elected president Fernando Cardoso - has resolved 

the debt crisis and brought inflation down to an acceptable level. The policies to do so did re

sult in the loss of two million jobs between 1989 and 1996 and there are still ongoing prob

lems with agrarian reform - being treated as a national security issue. According to a 1996 

United Nations report, Brazil has the world's most unequal distribution of wealth. Still, that 

didn't stop Cardoso from comfortably winning a second four-year term in October 1998. (Bri

tannica, 1999; Herrington, 1998) 

A8 
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Appendix B: Brazil history 

The election year 2002 resulted in an emotional economie climate, but this turbulent time 

doesnotseem to have a long-term impact. The new government, elected in October 2002 and 

led by the new left-wing president Lula, can foresee years of limited growth and it has to 

tackle a number of issues with respect to rural development, employment and IMF-loans. 

B. 5 Manaus historv 

The first European settiement on the site was a small fort (Säo José do Rio Negrinhol built in 

1669. The mission and village that grew up were called Villa da Barra, or Barra do Rio Negro 

(barra referring to the sandbar at the mouthof the Negro). The town became the capita! of the 

Amazonas province (later state) in 1850. lts name was then changed to Manáos (after an In

dian river tribe) and since 1939 it has been spelled Manaus. 

From 1890 to 1920 the production of natura! rubber resulted in a regional economie boom 

and brought prosperity to the city. Manaus' rnajestic buildings and homes - including the ca

thedra! and the opera house "Teatro Amazonas" - and the creation of the commercial river 

port date from that period. In 1902 a British corporation began improvements to the port fa

cilities, including a stone quay, storehouses, and floating wharves to allow for the annual rise 

and fall- up to 12 meters - of the river. 

Figure B.l: The rnajestic opera house 

Nowadays, most people - even Brazilians - know Manaus as a stopover for going on Amazon 

jungle eco-tours, heading to some of the many jungle lodges or going on a fishing trip in the 

Amazon basin. While the Amazon Rain Forest offers some fantastic eco-tourism, jungle lodges 

and unbeatable sport fishing for species such as tucunaré (peacock bass), the city of Manaus 

deserves more attention than an overnight stop on the way to these experiences. 

The reason for its relative anonymity is its isolation. Unreachable by raad a good part of the 

year- during the rainy season- from the southern part of Brazil, Manausis relatively expen

sive for Brazilians to visit. Airfare from Rio de Janeiro or Säo Paulo is aften as high or higher 
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than airfare to Miami. The newly completed Pan American Highway that links Manaus with 

Caracas, Venezuela, passes through long stretches of wilderness and some of its main river 

crossings are by ferries. The Pan-Am is now paved all of the way, but still you may find sec

tions nearly impassable during the rainy season. 

Manaus, itself, is a city of around 1,4 million people situated about 300 kilometres south of 

the equator and the only large city in the huge State of Amazonas. It is now a major inland 

port reached by ocean-going vessels from the Atlantic and is the chief collecting and distribu

tion centre for the river areas of the entire upper Amazon basin. The port's principal exports 

include electrical equipment, petroleum, chemicals, rubber, Brazil nuts, and a host of minor 

forest products . 

In the late 1970s the Brazilian government and private companies began extensive deforesta

tion to develop the mineral and agricultural wealth of the surrounding forested region. The 

government also installed a fishing terminal in Manaus. The city receives beef from the sa

vannas of the upper Branco River. Manaus' industries include brewing, shipbuilding, soap 

manufacturing, the production of chemicals, the manufacture of electranies equipment, and 

petroleum refining. Tourism has become a small but growing part of the economy, especially 

since 1967, when the city was declared a duty-free zone. More information on the Free Trade 

Zone Manaus (ZFM) can be found in Appendix P. 

The city has an international airport and in 1975 an antenna was installed in Manaus for 

satellite telephone connections. (Britannica, 1999; Herrington, 1998; Lonely planet, 1996) 
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Figure C.2: The flag of Brazil 

Official name 

Ca pi tal 

Area 

Population 

Major cities (population) 

Population density 

Type of government 

Independenee 

Constitution 

Voting rights 

A1 2 

Federative Republic of Brazil 

Brasilia 

8.456. 721 square kilometres 

169.590.693 inhabitants (2000) 

157.070.163 inhabitan ts (1996) 

146.825.480 inhabitants (1991) 

Säo Paulo 10 .405.867 inhabitants 

Rio de Janeiro 5.851.914 inhabitants 

Salvador 2.440 .828 inhabitants 

Belo Horizonte 2 .232 .747 inhabitants 

Brasilia 2 .043 . 169 inhabitants 

Curitiba 1. 586.848 inhabitants 

Recife 1.421.993 inhabitants 

Manaus 1.403 .796 inhabitants 

Porto Alegre 1.360.033 inhabitants 

Belém 1.279.861 inhabitants 

20 persons per square kilometre (2000) 

(Encarta World Atlas , 1999; World Bank, 1999 and 200 1) 

Federal republic 

7 September 1822 (from Portugal) 

5 October 1988 

Voluntary between ages 16 and 18 and over 70 



Languages 

Ethnic divisions 

Religions 
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Compulsory between ages 18 and 70 

(Encarta World Atlas, 1999; IBGE (2) , 2001) 

Portuguese (official), Spanish, English, French 

Caucasian (includes Portuguese, 

German, Italian, Spanish, Polish) 

Mixed Caucasian and African 

African 

Other 

Roman Catholic (nomina!) 

55 % 

32 % 

11 % 

2 % 

73 % 

Other Christian churches 20 % 

African Brazilian religions , such as 

Candomblé, Macumba and Umbanda 7 % 

(Encarta World Atlas , 1999) 

C. 1 Economie development 

Gross Damestic Product (GDP) is a measure for the value of all economie activity within a na

tion's borders . It is equal to the market value of all goeds and services that are exchanged for 

money or traded in a market system. Activities such as childcare by parents and househeld 

repairs carried out by residents are notgenerally included. When looking at the value of GDP 

for Brazil, the country is the world 's 8 th biggest economy. 
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< Table on the previous page > 

Footnotes: 
(a) 1991 data instead of 1990 
na = not available. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.l: GDP at market prices in time for various countries 

Per capita GDP is an indicator for the income per capita. But is does not account for the dis

tribution of income and consumption which is often very unequal in countries in development 

and also doesn't look at the annual outflow of dividends and profits out of the country. Fur

thermore, the level of national income is not directly related to the standard of living. 

Footnotes: 
Low income countries = Those countries in which 1997 GNP per capita was $785 or less; 
Middle-income countries = Those countries in which 1997 GNP per capita was between $786 and $9,655; 
na= not available . 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.2: GDP per capita at market prices in time 

However, the growth rate of the average income per head in a country does tell something. 

The average income per head indeveloping countries has been increasing every since the be

ginning of this century (Szirmai, 1997). 
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Figure C.3: GDP per capita at market prices 

The GDP per capita also has been increasing for Brazil, but in Figure C.2 you can see the im

pact of the 1980 energy crisis - also called the second oil crisis - and the impact of the mass 

intlation in 1989 and 1990 (being respectively 1.323 and 2.509 percent). However, Brazil

being a middle-income country- is doing much better than the average middle-income coun

try and also better than the aggregate for Latin America. 

The structure of GDP also tells us sarnething about the level of economie development a coun

try has reached, because it involves a structural transformation in which factors of produc

tion are transferred from the sector with the lowest productivity - agriculture - towards a sec

tor with a higher productivity. In the transformation process, the share of agriculture in the 

national economy declines and the share of industry increases (Szirmai, 1997) . 
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IB~l-m{f,~IMÏI II 19651 19701 19751 19801 19851 19901 1995 1 19971 

Agriculture 18,73 12,34 12,07 11 ,01 11 ,54 8 ,10 9,01 8 ,09 

Industry 33,58 38,22 40,25 43,73 45,31 38,69 36,67 35,23 

Services 47,69 49,44 47,68 45,26 43 ,15 53 ,21 54,32 56,68 

~ 

Agriculture 42,56 41,78 38,60 35,73 32,89 31,72 29,25 28,28 

Industry 20 ,39 20,78 22,71 25,35 25 ,89 27,41 28,31 28,39 

Services 37,05 37,44 38,69 38,92 41,22 40,68 42 ,44 43,49 

11 19651 19701 19751 19801 19851 19901 19951 19971 

Agriculture 24,03 20,76 18,57 16,10 15,52 14,42 11,97 11,09 

Industry 33,34 35,84 40,04 42,40 40,47 38,95 38,02 37,29 

Services 42,58 43,36 41,35 41,45 43,99 46,63 50 ,03 51,62 

",_,___., .," fL 11 19651 19701 19751 19801 19851 19901 1995 1 19971 

Agriculture 16,82 12,42 11,49 10,01 10,45 8 ,50 8,31 7,67 

Industry 34,11 36,17 38,75 40,10 40,60 35,90 33,46 32,46 

Services 48,96 51 ,28 49,66 49 ,76 48 ,88 55 ,59 58 ,27 59,87 

Footnotes: 
Low income countries = Those countries in which 1997 GNP per capita was $785 or less; 
Middle-income countries = Those countries in which 1997 GNP per capita was between $786 and $9,655; 
Agriculture refers to !SIC divisions 1-5 and camprises value added from forestry, hunting, and fishing as wellas cul
tivation of crops and livestock production; 
Industry is the u se of machine power to produce goods, or any la rge-scale business enterprise. The term industry is 
a lso used to indicate a type of craft or enterprise tha t is undertaken by numerous separate companies, such as the 
fishing industry; 
Services correspond to !SIC divisions 50-99. They include value added in wholesale and retail trade (including hotels 
and res taurants), transport , and govemment, financial , professional, a nd personal services such as education, health 
care, and real estate services. Also included are imputed bank service charges and import duties. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.3 : Distribution of GDP in time 

For Brazil, the share of agriculture in Gross Dornestic Product also declined over time, like for 

almast all countries in development. During the 1980s this decline in agriculture was in fa

vour of industry, but at this moment the influence of the service sector on economy is in

creasing. Another consequence of economie development is that also the share of agriculture 

in total labour declines and the share of industry and services increases . The corresponding 

data can he found in Table C.4. 
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Agriculture 

Industry 

Services 

Agriculture 

Industry 

Services 

Agriculture 

Industry 
Services 

Footnotes: 
Labour share = Percentage of employees in a specific sector towards the totallabour force; 
Employees = People who work for a public or private employer and receive remuneration in wages, salary, commission, 
tips, piece rates, or pay in kind; 
See Table C.3 for definition of other concepts. 

Source: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.4: Distribution of labour in time 

Looking at the low- and middle-income countries, agriculture is still the largest sector in 

terms of employment in developing countries. This situation is different for Brazil and the 

Latin American aggregate. 

lndustry always has been a sector with a big impact on employment as wellas GDP. The dif

ference between the path of development followed in the past by the nowadays-developed 

countries and the path followed by Brazil and Latin America is the importance of the service 

sector. Brazil and Latin American countries did not follow the classica! sequence of shifts 

from agriculture to industry, followed by shifts from industry to services. The service sector 

develops parallel to the industrial sector. High labour productivity in the modern industrial 

sector does not provide suffïcient employment, which results in a direct shift towards the 

more labour-intensive service sector. 
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Part of the rapid growth of the service sector in Brazil can be explained by the expansion of 

the government sector. Figure C.3 is presenting the general government consumption in time 

for Brazil, which- among other things - includes the wages and salaries of government em

ployees and is therefore accepted as an indicator for the size of the government apparatus . 

Footnotes: 
General govemment consumption includes all current spending for purchases of goods and services (including wages 
and salaries) by alllevels of govemment, excluding most govemment enterprises. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Figure C.4: Brazil general government consumption in time (constant 1995 billion US$) 

Because Brazil is the 8th biggest economy of the world, and basedon the course of Figure C.2 

and the data in Table C.3 and C.4, it can be stated that Brazil is of great influence on the eco

nomie performance of the entire Latin American continent. 

Despite its impact on the economie performance of the continent, the impact on welfare for 

the masses in Brazil is small. It has already been stated that GDP per capita doesnotaccount 

for the distribution of income and consumption. When looking at the distribution of income 

(Table C.5 and Figure C.6 on the following pages), Brazil has the most unequal distribution of 

income of the world! 

A comparison has been made with the 12 biggest economies of the world, which also have 

been used to draw a comparison in Table C.l. (World Bank, 2001) 
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Distributton of income 

Gini 

Country 
Su rvey Lowest Lowest Second Third Fourth Highest Highest Gini index 

year 10% 20% 20% 20% 20% 20% 10% Index ranking 
(b) 

United 
1997 1,8 5,2 10,5 15,6 22,4 46,4 30,5 40,8 

States 

Japan 1993 4,8 10,6 14,2 17,6 22,0 35,7 21,7 24,9 

Germany 1994 3,3 8,2 13,2 17,5 22,7 38,5 23,7 30 ,0 

France 1995 2,8 7,2 12,6 17,2 22,8 40 ,2 25,1 32,7 

United 
1991 2,6 6,6 11,5 16,3 22,7 43,0 27,3 36,1 

Kingdom 

Italy 1995 3,5 8,7 14,0 18,1 22,9 36,3 21,8 27,3 

China 1998 2,4 5,9 10,2 15,1 22,2 46,6 30,4 40,3 

Brazil 1997 1,0 2,6 5 ,7 10,3 18,5 63,0 46,7 59,1 

Canada 1994 2,8 7,5 12,9 17,2 23,0 39,3 23,8 31,5 

Spain 1990 2,8 7,5 12,6 17,0 22,6 40,3 25,2 32,5 

Korea, Rep. 
1993 2,9 7,5 12,9 17,4 22,9 39,3 24,3 31,6 

(a) 

Neth erlands 1994 2,8 7,3 12,7 17,2 22,8 40,1 25,1 32,6 

Footnotes: 
The Gini index measures the extent to which the dis tribution of income - or, in some cases, consumption expenditure 
- among individuals or households within an economy deviates from a perfectly equal distribution. 
A Lorentz curve plots the cumulative percentages of total income received against the cumulative number of recipi
ents, starting with the poorest individual or household. The Gini index measures the area between the Lorentz curve 
and a hypotheticalline of absolute equality, expressed as a percentage of the maximum area under the line . Thus a 
Gini index of zero represents perfect equality, while an index of 100 implies perfect inequality. 

(a) Refers to expenditures shares instead of income shares by percentHes of population; 
(b) This ranking refers to this table, not to the world Gini index ranking. 

Source: 
World Development Indicators on CD-ROM, World Bank, 2001. 

Table C.S: Dis tribution of income for various countries 
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Figure C.S: Income distribution for four countries 
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__ .....:.C.=-=2 Pooulat;on and develooment 

The relation between birth rates and death rates determines the growth of population. Popula

tion growth is caused by demographic transition. Before the demographic transition, both 

birth rates and death rates were high. After a while , the death rate declined, due to improved 

nutrition, increases in the overall standard of living and the improved hygienic circum

stances. As the birth rate did not decline along with the death rate , the excess of births over 

deaths increased. 

In due course, birth rates also started to decline, as is the case in Brazil for already more 

than 40 years. This decline of birth rates is due to the influence of urbanization, moderniza

tion and increased standard of living (Szirmai, 1997) . 

The crude birth and crude death rates for Brazil are presented in Table C.6. The demographic 

transition is presented in Figure C.S on the following page. 

\:l§ 
Death rate, crude 

""' 

Footnotes: 
Crude birth rate indicates the number of live births occurring during the year, per 1.000 midyear popula tion . 
Crude death ra te indica tes the number of deaths occurring during the year, per 1.000 midyear population. 

Source: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C. 6: Cru de birth and cru de death rates for Brazil in time 
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Footnotes: 
Crude birth rate indicates the number of live births occurring during the year, per 1.000 midyear population. 
Crude death rate indicates the number of deaths occurring during the year, per 1.000 midyear population. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Figure C.6: Demographic transition for Brazil 

1997 

In actdition to the 'crude birth rate' and 'crude death rate' the total fertility rate and the life 

expectation are important to understand the demographic development in Brazil. A lasting 

decrease in fertility rate is an indicator for sustainable decrease of the crude birth rate. When 

the crude birth rate keeps decreasing, a new equilibrium will he reached in the future be

tween births and deaths. At that point, the birth rate will remain constant and at that point 

you could talkabout sustainable population development. 

As for the middle-income aggregate and Latin America in Table C. 7 on the next page, the total 

fertility rate in Brazil is also going down steadily. The decline in the fertility rate results in the 

decline of population growth. 
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Middle in come 

Latin America & Caribbean 

Footnotes: 
Total fertility rate represents the number of children that would be bom to a woman if she were to live to the end of 
her childbearing years and bear children in accordance with prevailing age-specific fertility rates 

Source: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C. 7: Total fertility ra te in Brazil 

In 1997, the population growth rate for Brazil has been 1 ,34%. This is a bit higher than the 

aggregate for all middle-income countries, being 1,16% in 1997. The growth rate for the whole 

of Latin America has been 1,62% in the same year. 

3,50 

3,00 

2,50 

2,00 

1,50 

1,00 

Footnotes: 
Popuiatien growth rate measures a country's annual population increase or decrease. Expressed as a percentage, it 
represents the difference between total live births and total deaths for the year, divided by the existing mid-year 
population. 
Population is based on the de facto definition of population, which counts all residents regardless of legal status or 
citizenship except for refugees not permanently settled in the country of asylum, who are generally considered part of 
the popuiatien of the country of origin 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Figure C. 7: Population growth rate 

Just like the fertility rate, the growth rate has been decreasing steadily for the past 40 years. 
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Within the next 20 years, a new equilibrium between births and deaths can be expected for 

Brazil. 

The life expectancy has been increasing continually for the past 40 years. The life expectancy 

for Brazil is still a bit low when compared to the average for middle-income countries or com

pared totheLatin America aggregate. This lower totallife expectancy is on the account of the 

male population. In 1997, the life expectancy at birth for the female Brazilian was 71 years, 

while the male Brazilian had a life expectancy of 63,1 years. At first, this difference does not 

seem natural, but for the Netherlands there is also a difference of 6 years between the life ex

pectancy of rnales and females. 

Brazil "~~jj;~·~;·.lli!~, < 'k1' :C ;i:, "lil • "lfhill§§,,ij w&t~"· .s :r,9 ;~~:FS9,8 6'1~8 ~~1 63,2 64,8 6,!2.~9 ~~liJló7,o 
Low income 43,9 46,4 48,7 51,0 53,2 55,4 57,4 58,8 

Middle income 54,9 58,6 61,4 na 65,9 67,4 68,0 68,9 

Latin America & Caribbean 57,4 59,3 61,4 63,6 65,5 67,2 68,5 69,6 

Footnotes: 
Life expectancy at birth indicates the number of years a newbom infant would live if prevailing pattems of mortality 
a t the time of its birth were to stay the same throughout its life . 

Source: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.B: Life expectancy in Brazil 

Although the modern industrial sector cannot provide employment for the masses of the la

bour force and the service sector in the cities is not sufficient to compensate for this, people 

continue to migrate towards the cities in spite of insufficient employment opportunities. 

The attractiveness of a job in the modern sector is so great that people will migrate to the city, 

even though the chances of finding a job in the modern sector are slight. Further, increasing 

levels of education create unrealistically high expectations. Finally, government expenditures 

on health, education, welfare and development are disproportionately concentrated in urban 

areas. Urbanization therefore is a fragmented indicator of development. It indicates awareness 

and a level of education of migrating population, but it also indicates a one-sided approach of 

governments aimed at urban development - a development approach typical for developing 

countries. The level of urbanization in Brazil is quite high. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.9 : Urban population (as a percentage of total population) for Brazil in time 
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C. 3 Health care 

Health care and education are important aspects of development. They belang to the basic 

needs and improving the state of health and the level of education also contributes to eco

nomie growth and development in general. 

Indicators of health that will be discussed are demographic indicators such as mortality rates 

and health service indicators such as immunization percentages and access to safe water and 

sanitation. Health service indicators present the least reliable picture of the state of health. 

They refer to the quantity of health services only. They do nat provide any information on the 

functioning and effectiveness of systems of health care. The demographic indicators do not 

tell very much about the state of health of the surviving population. Even sa, demographic 

indicators are used most aften, because they are easy to use and reflect relatively important 

aspects of health care (Szirmai, 1997). 

The life expectancy in Table C.8 already has been discussed. The life expectancy is a bit low 

when compared to the average for middle-income countries or compared to the Latin America 

aggregate , due to the lower life expectancy of the male population. Moreover , in some La tin 

American countries the life expectancy is well above 70. For example the life expectancy in 

1997 has been 72 in Mexico, 73 in Argentina, 74 in Panama and Uruguay, 75 in Belize, Chile, 

Jamaica and Puerto Rico, 76 in Cuba and 77 in Costa Rica and on the Virgin islands. 

The decrease of infant and under-5 mortality (also known as child mortality) as presented in 

Table C.10 and C. 11 is the factor that influences the life expectancy the most. High mortality 

among infants and children under the age of 5 is considered as one of the important charac

teristics of the general state of health in developing countries (Szirmai, 1997) . When campar

ing the infant mortality of Brazil with other aggregates, it seems that Brazil isn't doing that 

bad. But the present level of infant mortality - as in almast all developing countries - is still 

unacceptably high. For example, the average infant and under-5 mortality in high-income 

OECD countries has been respectively 6 and 7 per 1.000 live births in 1997. 

Bràiil 

Middle income 

Latin America & Caribbean 

Footnote: 
Infant mortality rate = The number of infants who die befare reaching one year of age, per 1.000 live births in a given 
year. 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.l 0: Infant mortality ra te in time for selected countries or aggregates 
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Footnote: 
Under-5 mortality rate = The probability that a newborn baby wil! die befe re reaching age live, if subject to current 
age-specific mortality ra tes. The probability is expres sed as a rate per 1.000 . 

Sou ree: See Table C. l 0 . 

Table C.ll: Under-5 mortality rate in time for Brazil 

In relative terms the gap between developing and rich countries has even widened with re

spect to mortality rates (Szirmai, 1997) . 

Health service indicators should present the least reliable picture of the state of health, be

cause they refer to the quantity of health services only. Moreover, when looking at the data for 

Brazil, these indicators display a diffuse picture. The immunization rate for DTP (Diphteria, 

Poliomyelitis and Tetanus) shows a level of immunization belonging to low income or least de

veloped countries . The immunization rate for measles on the other hand is higher than the 

rate in most developed countries. For example, the immunization rate in the Netherlands was 

96% in 1997. The percentage of the total population that has access to safe water and sanita

tion is also quite high for Brazil. Because of the high urbanization rate and the concentratien 

of facilities in the cities, the high percentages for access to safe water and access to sanitation 

a re not that far-out. On the other hand, I find the figures with respect to the rural population 

hard to believe. Because of the diffuse nature of the figures presented below, I do not dare to 

draw conclusions basedon the figures in Table C. 12. 

Immunization, 
#l)\;l'f,tljP . . . 
Jl11illumzation, Access ·to safê -:ater " Access to'WSallit!uJh''' 

DPT(% of measles (% of 
children under childr~n under 12 (% oftotal (% ofrural (% oftotal (% ofrural 
'i ~~;~ 

population) population) population) population) 12 months) months) 
.10• ~"' 

Brazi1,, ,wifj ·f'*"~N<>Aii IJ!Iii.?' 79,0 *~';. •t~ "!~9,Q lm<m'·""'" ,~,~~~.9~?'ff ,., •. 68;o lii" i'67,0 lti' é1?4t"'.~3.~Q 
Low income 75,5 73 ,7 69,3 66,4 na 11 ,9 

Middle income 90 ,8 92,7 79,4 na na 29,2 

Latin America & 
82 ,2 92,7 80,6 57,1 68,2 40,2 

Caribbean 

IYear of survey I LI ___ .....;1;.;;9~9.:..7 1-I ____ ;.;19;.;;9..:.7.L.I __ ...;1;.;;9~9.;;;.3 .L-1 __ ..:1~9.;;.93;;JI.__ _ __;1.;;.99;;..;5;.al __ __;1 .;;.99;..;;.~51 
Footnotes: 
Child immunization mea sures the ra te of va ccination coverage of children under one year of age. A child is consid
ered a dequately immunized against diphtheria, pertussis (or whooping cough), and tetanus (DPT) after receiving two 
or three doses of vaccine, dependin g on the immunization scheme; 
A child is considered adequa tely immunized against measles after receiving one dose of vaccine . 

Sou ree: 
World Development Indica tors on CD-ROM, World Bank, 1999. 

Table C.l2: Health service indicators for Brazil and other aggregates 
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C.4 Education and development 

Like health, education can be both an end and a means for development. It is one of the basic 

human rights and a developmental goal in its own. At the same time, education can contrib

ute to the realization of other important developmental goals. Functions ascribed to education 

include promotion of economie growth and development, modernization of attitude and men

talities in society, increasing social mobility and contributing to personal growth. 

The gross enrolment ratio is the percentage relationship in a given year between the total en

rolment at each educationallevel- primary, secondary and tertiary- and the total estimated 

.:. population in the corresponding age bracket. lt is a rather inadequate criterion for educa

tional development and does nottake into account that the numerator includes children out

side the relevant age category and therefore it presents a too rosy picture of educational en

rolment. The net enrolment ratio is a better criterion for enrolment, which indicates what per

centage of each school age group is actually somewhere in the school system. The problem is 

that this ratio does not show where pupils actually are in the school system (Szirmai, 1997). 

The enrolment data is presented in Table C.13. For tertiary education, the netenrolment ratio 

was not available and therefore the gross enrolment data is presented. Like most Latin Ameri

can countries Brazil has a policy of primary education for all. Taking this into account, the 

enrolment ratios do not look well. With the policy 'education for all', still more than 10 per

cent of all pupils in primary education did not attend school in 1994. The enrolment ratios for 

secondary and tertiary education increase in time, but are still far too low, compared to the 

Latin American averages. 

Carribean 
28,7 29,2 

Footnotes: 
Net enrolment ratio = The ratio of the number of children of official school age (as defined by the national education 
system) who are enrolled in school to the population of the corresponding official school age; 
Primary education provides children with basic reading, writing, and rnathematics skilis along with an elementary 
understanding of such subjectsas history, geography, natural science, social science, art, and music; 
Secondary education completes the provision of basic education that began at the primary level, and aims at laying 
the foundations for lifelong leaming and human development, by offering more subject- ar skill-oriented instruction 
using more specialized teachers; 
Gross enrolment ratio = The ratio of total enrolment, regardless of age, to the population of the age group that offi
cially corresponds to the level of education shown. Estimates are based on the International Standard Classification 
of Education (ICSED); 
Tertiary education, whether ar nat to an advanced research qualification, normally requires, as a minimum condition 
of admission , the successful completion of education at the secondary level. 

17,2 
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< Table on previous page > 

Sou ree: 
World Development Indicators on CD-ROM, World Bank, 1999. 

Table C.13: Enrolment ratio in time for Brazil and Latin America 

This is especially surprising when camparing the UNESCO (World Bank, 1999) data on pu blic 

expenditures on education. Brazil spent 5,5% of GNP on education in 1995, com pared to 

3, 5% th a t was on average spent by all Latin American countries in 1995. When camparing 

cost and benefits it can be concluded that Brazil could spend its educational budget m u ch 

better. 

The enrolment ratios referred to educational inputs, but what is the result of the educational .:. 

process? One of the few indicators of educational outcomes is th e degree of literacy. The adult 

literacy rate - presenting the literacy rate for the population over age 15 - is presented in Ta-

ble C.14. Th e Latin American average literacy rateis 4 percen t higher than the Brazilian liter-

acy rate . The rate for Brazil is also a bit lower tha n the average for middle-income countries, 

but there is an equal share of rnales and females in literacy. 

Adult fe male 64,5 68 ,9 72 ,8 77,1 81,2 82 ,9 83 ,9 

Adult male 71,4 74,3 76,3 79,5 82 ,1 83 ,4 84,1 

Adu lt total 67,9 71 ,6 74,5 78 ,3 81,6 83 ,1 83 ,9 

._ILo_ w_in_c_om_ec. .... ·_co_u_n_tn_·e_s __ • ..,..y ll 19701 19751 19801 1985 1 19901 19951 19971 

Adult female 19,3 22 ,9 27,1 31 ,4 36,0 40 ,6 42,6 

Adult male 45 ,6 49,5 53 ,5 57,2 61 ,0 64 ,5 65 ,9 

Adult total 32,7 36,4 40,5 44,5 48,7 52,8 54,4 

Adult female 52 ,5 58,1 63,9 69 ,3 74,6 77,9 79,2 

Adult male 72,9 77 ,3 81 ,2 84 ,5 87 ,4 89 ,5 90,3 

Adult total 62,7 67,7 72 ,6 76,9 81,0 83 ,7 84,7 

ILatin America & Carribean ~ 11 19701 19751 19801 19851 19901 19951 19971 iW 

Adult female 70 ,4 73 ,9 77 ,5 80 ,6 83 ,7 85 ,5 86,2 

Adult m ale 77,4 79,9 82 ,0 84,4 86,5 87,8 88 ,4 

Adu lt total 73,8 76,9 79 ,7 82,5 85 ,0 86 ,6 87,3 
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< Table on previous page > 

Footnote: 
Adult literacy rate is the proportion of adults aged 15 and above who can, with understanding, read and write a 
short, simpte statement on their everyday life. 

Sou ree: 
World Development Indicators on CD-ROM , World Bank, 1999. 

Table C.14: Adult literacy rates fora number of aggregates in time 

Based on the literacy rates, the expenditures and especially the enrolment ratios of Brazil, it 

can be concluded that the development of education still has to go a long way before it 

reaches the level of developed countries. Moreover, these figures do not say anything about 

the unequal access to education between urban and rural areas. Other elements not taken 

into account are the quality of education, the lack of relevanee that can often be noted in de

veloping countries and the mismatch between education and the labour market. 
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C. 5 Brief overview of trade 

Unit of currency 1 real (R$), consisting of 100 centavos (3) 

Exports Iron ore, soy bean bran, orange juice, footwear, coffee, 

motor-vehicle parts 

Imports Crude oil, capital goods, chemica! products, foodstuffs, 

co al 

Major trading partners export European Union (EU) , Latin America, United States, Japan 

Major trading partners import United States, EU, Middle East, Latin America, Japan 

(Encarta World Atlas, 1999) 

Industries Textiles, shoes, chemicals, cement, timber , iron ore, tin, 

steel making, machine building - including aircraft, motor 

vehicles , motor vehicle parts and assemblies, other ma

chinery and equipment 

Agriculture 

Naturalresources 

World's largest producer and exporter of coffee and orange 

juice concentrate and second largest exporter of soy beans; 

other products - rice, corn, sugarcane, cocoa, bananas, 

beef; self-sufficient in food , except for wheat. 

Bauxite, gold, iron ore, manganese, nickel, phosphates, 

platinum, tin, uranium, petroleum, hydroelectric power, 

timber 

(Encarta World Atlas, 1999; IBGE (2), 2001; World Bank, 1999) 
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Appendix D: BraziJ and Amazon energy situation 

D. 1 Brazit energv situation 

Brazil has an installed electric capacity of 65,21 million Kilowatts - also called Gigawatts 

(Gwe or GW) (Table D.1), 87% ofwhich is hydrapower as of January 1999 (Table D.2). 

56,76 
0,66 
2,34 
5,46 

Footnotes: 

Electricity Installed Capacity = The maximum load that a generating unit, generating station, or other electrical ap

paratus can carry under specified conditions fora given period of time and not limited by existing service conditions; 

Hydroelectric Power Generation = Electricity generated by an electric power plant whose turbines are driven by falling 

water. It includes electric utility and industrial generation of hydroelectricity, unless otherwise specified; 

Nuclear Electric Power Generation = Electricity generated by nuclear reactors of various types such as heavy water, 

light water, and boiling water; 

Renewable Energy generation = Electricity generated by geothermal, solar, wind and biomass sources; 

Geothermal Electric Power Generation = Electricity derived from heat found under the earth's surface. Within the 

earth, there are vast amounts of molten rock and metal, covered by succeeding layers of cooler material , up to the 

crust of the earth's surface. Underground rivers generate steam that is liberated in the form of geysers through fis

sures in the earth's surface. 

Biomass = Organic non-fossil material of biologica! origin constituting a renewable energy resource; 

Conventional Thermal Electricity Generation = Electricity generated by an electric power plant using coal, petroleum, 

or gas as its souree of energy; 

Generation is reported on a net basis, i.e., on the amount of electric energy generated after the electric energy con

sumed by station auxiliaries and the losses in the transfarmers that are considered integral parts of the station are 

deducted. 

Sou rees: 

IEA, (2001) World Energy Outlook, International Energy Agency (IEA) , SDU, Den Haag; 

EIA, (2001) International Energy Outlook, Energy Information Administration (EIA), Office of Integrated Analysis and 

Forecasting, U.S. Department ofEnergy, Washington. 

Table D.l: Installed capacity in Brazil in million Kilowatts 
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Hydroelectric capacity 82,42 83,64 85,68 86,96 87,04 
Nuclear capacity 0,00 1,57 1,26 1' 13 1,01 
Renewable capacity 5,27 4,44 3,83 3,63 3,59 
Conventional therrnal capacity 12 31 10 35 9 23 8,28 8,37 

Footnotes: 

See table D.l for explanation of concepts. 

Sou rees: 

IEA, (2001) World Energy Outlook, International Energy Agency (IEA), SOU, Den Haag; 

EIA, (2001) International Energy Outlook, Energy lnformation Administration (EIA), Office of lntegrated Analysis and 

Forecasting, U.S. Department of Energy, Washington. 

Table D.2 : Dis tribution of installed capacity in Brazil in percentages 

70,00 
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Figure D.l : Installed ca pa city in Brazil in time (in miltion Kilowatts) 
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Brazil has huge hydroelectric resources with approximately 87% of the dornestic capacity in 

1999 was hydroelectric. About 80 percent of the electricity needs is being met by hydroelec

tric sources. In the literature the experts tend to talkabout 90% of the electricity needs being 

met by hydroelectric sources, but they do not take into account the increasing import of elec

tricity. Table D.3 is showing the distribution of dornestic electricity generation, as used by 

most experts. Table D.4 is showing the distribution of electricity generation for Brazil, includ

ing the imports and exports. More than 10 percent of all electricity needed in Brazil is nowa

days imported. 

0 00 1 52 0 87 
1 66 2 00 2 23 
5 36 3 82 3 65 

Table D.3: Distribution of Brazilian dornestic electric power generation 

91 60 90 50 83 19 
0,00 1 50 0,79 
1 66 1 97 2,01 

eneration 5,36 3 78 3,29 
-0 04 1 23 9 92 

Footnotes: 

The sum of percentages can differ slightly from one hundred percent, due to rounding-error. 

See table D. 5 for explanation of concepts. 

Sources: 

IEA, (2001) World Energy Outlook, International Energy Agency (IEA), SDU, Den Haag; 

0 87 111 
2 70 2 93 
3 89 5 24 

81 28 80 65 
0,77 1 00 
2 39 2 62 
3 44 4,69 

11 47 10 51 

EIA, (2001) International Energy Outlook, Energy Information Administration (EIA), Office of Integrated Analysis and 

Forecasting, U.S. Department ofEnergy, Washington. 

Table D.4: Distribution of the electric power generation for Brazil, including imports 

The percentages of Tables D.3 and D.4 are based on the electricity generation data in Table 

D.5, which shows the electricity generation for different means of power generation in million 

Kilowatthours. 
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19951 

Hydroelectric power generation 128.436,0 176.507,0 204 .641 ,0 251.366,0 305.919,0 
Nuclear power generation 0,0 2.921,0 1.936,0 2.394,7 3.778,0 
Renewable energy generation 2.332,0 3.846,0 4.949,0 7.382,0 9.940,0 
Conventional thermal generation 7.514 4 7.363,0 8.095,3 10.644,6 17.803,0 

. . 
140.262 ,41 192.622,01 221.611,3 1 273.782,2 1 339.439,0! 

0,0 
35.460 0 

Footnotes: 

Hydroelectric Power Generation = Electricity generated by an electric power plant whose turbines are driven by falling 

water. lt includes electric utility and industrial generation ofhydroelectricity, unless otherwise specified; 

Nuclear Electric Power Generation = Electricity generated by nuclear reactors of various types such as heavy water, 

light water, and boiling water; 

Renewable Energy generation = Electricity generated by geothermal, solar, wind and biomass sources; 

Geothermal Electric Power Generation = Electricity derived from heat found under the earth's surface. Within the 

earth, there are vast amounts of molten rock and metal , covered by succeeding layers of cooler material, up to the 

crust of the earth' s surface. Underground rivers generate steam that is liberated in the form of geysers through fis 

sures in the earth's surface. 

Biomass = Organic non-fossil material of biologica! crigin constituting a renewable energy resource; 

Conventienat Thermal Electricity Generation = Electricity generated by an electric power plant using coal, petroleum, 

or gas as its souree of energy; 

Generation is reported on a net basis, i. e., on the amount of electric energy generated after the electric energy con

sumed by station auxiliaries and the losses in the transfarmers that are considered integral parts of the station are 

deducted. 

Sou rees: 

IEA, (200 1) World Energy Outlook, International Energy Agency (IEA) , SOU, Den Haag; 

EIA, (2001) International Energy Outlook, Energy Information Administration (EIA), Office of Integrated Analysis and 

Forecasting, U.S. Department of Energy, Washington. 

Table D.S: Power generation for Brazil in million Kilowatthours 

In 1999, hydroelectric power sourees accounted for almost 306 billion Kilowatthours (bkWh) 

of electricity. Early that year, installed hydroelectric capacity was 56 GWe. Together with 

Paraguay, Brazil maintains the world's largest operational hydroelectric complex, the ltaipu 

facility on the Paraná River, with a capacity of 12.600 megawatts (MW) . All electricity pro

duced from hydroelectric sourees was consumed domestically. Brazil's remairring electricity 

generation capacity comes from coal and an ever-increasing amount from natura! gas. 

Brazil has enormous unexploited hydroelectric potenhal and 50% of the remairring hydroelec

tric potenhal still to be used is located in the Amazon area. According to the United States 
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Appendix D: Brazil and Amazon energy situation 

Department of Energy (US-DOE), Energy Information Administration's (EIA's) High Economie 

Growth Case, consumption of electricity in Brazil from hydroelectric and other renewable 

sourees is expected to increase at a rate of increase of 2,1 percent per year until 2020 (MCT, 

2000; EIA, June 2001). 

According to José Raimundo Pereira- head of operation at the hydra dam in Balbina- and 

Lûcio Fernandes da Silva - market development department of CEAM "Companhia Energética 

do Amazonas"- in Marchand April 2002, there aren't any plans what-so-ever to build new 

hydra plants in the Amazon region. The existing plant in Balbina already capes with too little 

rainfall, like many other hydroelectric facilities in the country in the past years. 

Brazil has other renewable energy production, in addition to hydropower. In 1999, Brazil pro

duced almast 10 billion kWh of electricity from renewable energy sourees other than hydroe

lectric, being geothermal, solar, wind and biomass. Early that year, Brazil's installed power 

generation capacity from renewable energy sourees was 5,46 Gwe, according to the Energy 

Information Administration of the U.S. Department of Energy (EIA, June 2001). 

There hasn't been a subdivision with respect to the type of renewable energy sources, but 

basedon a symposium of specialistsin expansion planning (Sepope (2) I (3), May 2000) the 

subdivision will be mostly biomass (energetic forest, sugarcane alcohol and scraps) and a very 

small part of wind renewables . In 2000, there was an installed wind power generation capac

ity of 21 MW. (Sepope (2) , May 2000) 

Next to this, the figures of the EIA are about renewable energy in general and not renewable 

electricity in particular. With respect to energy, sugar cane ethanol as automotive fuel and 

natural gas are both regarcled as being a renewable energy sources. 

Figure D.2: Growth of electric power generation and imparts in time 
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Brazil's small northern and larger southern electrical grids were joined in January 1999 into 

one grid. This grid serves 98% of the country when talking about net electricity consumption. 

The State of Amazonas is not connected to this grid and the same accounts for most of the 

neighboring states. The State of Roraima in the North is connected to the Venezuelan grid. 

This only affects the state capital of Boa Vista. There are no plans to extend this line towards 

Manaus. I assume this is because it would go right through at least two Natura! Reserves 

north of Manaus. 

To the South the states of Acre and Rondönia are also not connected to the Brazilian grid, but 

they are interconnected. 

The Eastern state of Pará is connected to the Brazilian grid. In the State of Pará, the proposed 

lines to Ruropolis and even to Itaituba are finished at the moment. There is an ongoing pro

ject to build a line between Itaituba and Manaus. At the moment they finished this line up to 

the border of the Amazon state. The total line is planned to be finished at the end of 2010. It 

only serves the city of Manaus and probably will replace the two conventional generators 

within Manaus . (GCPS, 1997) 

Brazil's dornestic supply is furthermore augmented by imports from neighbouring Argentina. 

In Figure D.2 you can see the growth in electricity imports in time, being the discrepancy be

tween dornestic electricity generation and total electric power available. 

As of 2001 , Brazil faces a critica! electricity shortage. The shortage can be explained by natu

ral causes - insufficient rainfall - and by underinvestment. Several years of below-average 

rainfall have left reservoirs 70% depleted, which puts a country that is over 90% reliant on 

hydrapower in dire straits. Underinvestment in the power sector is the other primary cause of 

the current shortage (EIA, June 2001). 

Electricity demand grew rapidly in the 1990s, with 1999 consumption about 55% higher than 

1990 consumption. Installed generation capacity, however, grew about 25% during the same 

period. Analysts had long predicted that this demand growth - if not supported by capacity 

growth- had the potenhal to lead to shortages. 

Dornestic electricity generation 140.262,4 192.622,0 221.611,3 273.782,2 339.439,0 
Total electric ower available 140.208,4 195.027,0 246.004,3 309.242,2 379.294,0 

!Net electricity consumption 128 548 61 , 179 697 41 , 228 640 si 
' 

288 222 1j , 353 674 21 , 

Discrepancy between dornestic 
11.713,8 12 .924,6 -7.029 ,5 -14.439,9 -14.235,2 

generation and consumption 
Grid losses (% ) 8,32 7,86 7,06 6,80 6,75 
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Footnotes: 

Grid Josses = The ditTerenee between total electric power available and net electricity consumption; 

Net Electricity Consumption = Consumption of electricity computed as generation, plus imports, minus exports, mi

nus transmission and distribution Josses; 

See Table D.14 and D.18 for explanation of other concepts. 

Sou rees: 

IEA, (200 1) World Energy Outlook, International Energy Agency (IEA), SDU, Den Haag; 

EIA, (2001) International Energy Outlook, Energy Information Administration (EIA), Office of Integrated Analysis and 

Forecasting, U.S. Department of Energy, Washington. 

Table D. 6: Discrepancy between dornestic generation and consumption 

The discrepancy between dornestic electricity generation and net energy consumption is visu

alized in Figure D.3 on the following page. 

A grid-loss of about 5 percent is regarcled to be normal in Europe. Taking into account the 

different climatological circumstances in Brazil, a loss of less than 8 percent is an indication 

of a very well functioning electricity grid with low losses. 
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Figure D.3: Discrepancy between dornestic electricity generation and consumption 

Aware of the need for new power generating capacity, the Brazilian government had stated 

that 49 new thermal power plants would come online after the opening of the Bolivia-to-Brazil 

gas pipeline. At the moment, only one gas-fired power plant has been completed, and a hand

ful more will be completed before the end of the year 2002 . Reguiatory difficulties are blamed 

for the delay; the imported gas to feed the plants must be paid in dollars, while the electricity 

is sold in Brazilian Reais (EIA, June 2001). 
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The Brazilian government has also taken drastic measures to reduce electricity consumption. 

In late May 2001, an electricity rationing plan was announced under which all industrial and 

residential power eensurners must reduce consumption by 20%, effective from June 1, 2001 

until November 30, 2001. Customers who fail to reduce their consumption by 20% face fines. 

As a further attempt to deal with the crisis, Brazil's National Development Bank has ear

marked $125 million for sugar mills that generate surplus electricity by burning sugar cane 

waste. Brazil has a very large sugar cane industry, with 350 sugar mills that are mostly self

sufficient in terms of electricity. The potential generation capacity from the sugar waste is es

timated between 400 and 700 MW in the short run. 

Also in response to the electricity shortage, Petrobrás has agreed to provide financial assis

tance to companies that build on-site natura! gas fired power sources. Petrobrás will supply 

the gas for the plants. Seventeen projects are under consideration, ranging from 2 to 30 MW 

in capacity. (EIA, June 2001) 
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0.2 Amazon electricitv situation 

Eletronorte is the electricity producing company in the Northern part of Brazil and is part of 

the Brazilian electricity producing company Eletrobrás . Eletronorte operates in the states of 

Acre, Amapá, Amazonas, Maranháo, Mato Grosso, Pará, Rondönia, Roraima and Tocantins. 

In these areas Eletronorte works with partnersbips for the production of electricity. For the 

state of Amazonas they cooperate with CEAM or "Companhia Energética do Amazonas" and 

with Manaus Energia. CEAM produces and distributes all electricity outside of Manaus. 

Manaus Energia exploits the Balbina hydro dam, the electricity line from Balbina to Manaus 

and the generation and distribution of electricity within the city of Manaus. The partnersbips 

were constituted in 1997 as aresult of the privatization of the electricity sector in Brazil. 

In 2001 CEAM and Manaus Energia merged to cut operational cost, but both kept their own 

name. 

letrobrás • Centnils f!.lélrlcu &raslleiras s.A. 

&I Eletronorte 
Centrais E'létricas do Norte do Brasil SA 

C:EAM 
COMPANHIA ENERGÉTICA DO AMAZONAS 

Figure D.4: Logos of Eletrobrás , Eletronorte and CEAM 

The installed capacity in the State of Amazonas is presented in Table D.7 and Figure D.5. The 

Amazon state consumes 1 % of Brazil's delivered energy, and accounts for less than 0,2 % of 

Brazil's GDP. 

Hydroelectric capacity 250 250 250 250 250 250 250 250 250 
Conventional thermal 444 440 440 465 465 465 452 560 855 capacity 
Total capacity 694 690 690 715 715 715 702 810 1.105 

IHydroelectnc capaclty (%) 11 36,021 36,231 36,231 34,971 34,971 34,971 35,61 1 30,861 22,621 
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< Table on the previous page > 

Sou rees: 

1990,1991 ,1992: Annuário Estatistico do Brasil, Fundaçäo IBGE, 1993 & WDI, World Bank, 1999 ; 

1993,1994,1995: Annuário Estatistico do Brasil, Fundaçäo IBGE, 1996; 

1996,1997,1998: Annuário Estatistico do Brasil, Fundaçäo IBGE, 1999. 

Table D. 7: Installed capacity in the State of Amazonas 
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Figure D.S: Installed capacity in the State of Amazonas in Megawatts 

D.2.1 The city of Manaus 

1997 1998 

The Balbina hydro-dam represents the 250 MW of installed hydrapower visible in Table 0.7 

and Figure 0.5, by means of 5 turbines of 50 MW. The city of Manaus gets a large share of 

electricity from the hydro-dam in Balbina, East of Presidente Figueiredo. The building of this 

dam started in 1980 and after 8,5 years the hydro-dam started to function. 

An interview with José Raimundo Pereira- head of operation at the hydro dam in Balbina-in 

March 2002 revealed that planning with respect to the growth of electricity consumption is 

minimal. The hydro-dam, for example, has no planned lifetime; "ft just works as long as it 

works all right and as long as there are no altematives." 

The hydro dam in Balbina is the only dam in the Amazon state and there are no plans to 

build more hydro-dams in this region. One of the reasons is a lack of rain in the past years. 

Most of the time, only two of five turbines - 100 MW - are working, because otherwise the 

lake would be empty before the wet period from November till the end of April. 
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Consumption of approximately 87% of electricity in the State of Amazonas occurs in the city 

of Manaus. Most of Marrau s energy demand is met with production from an older oil refinery, 

one hydroelectric and three oil-fired thermal power plants . 

Growth of electricity consumption in the Amazon s tate is captured by a growth in installed 

conventional thermal plants, which is also visible in Figure D.5. 

Figures with respect to the maximum demand for the past two decades for the city of Marraus 

are presented in Table D.8. Severe power shortages have struck the city during the years 

1997 and 1998, due to increased demand, a lack of investments in supply expansion and en

ergy efficiency and a lack of rainfall. 

1981 147.000 1991 310.800 
1982 160.000 1992 312.500 
1983 160.000 1993 324.800 
1984 174.000 1994 363.800 
1985 186.300 1995 399.583 
1986 217 .000 1996 438 .655 
1987 240.000 1997 461.500 
1988 243 .000 1998 525 .999 
1989 290 .800 1999 540.000 

Sou rees: 

Anuário Estatistico do Amazonas1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do Planeja

mento, 1994 & 1996; 

Anuário Estatistico do Amazonas 1991-1994, Estado do Amazonas, Secretaria de Estado do Planejamento, 1996; 

Anuário Estatistico do Amazonas 1999 & 2000, Estado do Amazonas, Secretaria de Estado do Pla n ejamento, 2001. 

Table D.B: City of Manaus, maximum energy demand 

Table D.9 on the following page presents the energy generation and consumption figures for 

the city of Marraus over the past decades. The overall energy consumption in Marraus has 

been increasing at a higher rate than that for the country as a whole. (Gadgil et. al, 1999) 

The influence of the global energy crisis in the eighties and the very high inflation at the be

ginning of the nineties is visible when looking at the growth of consumption in Figure D.6 and 

D.7. These two figures arebasedon the data presented in Table D.9 . The very high growth in 

energy losses in the last decade is due to poor rnainterrance and growth in illegal connections . 

Because of privatization, the electricity companies Marraus Energia and CEAM cut expenses 

and therefore neglected maintenance. 

A41 



D. P. Bours, final M. Sc. thesis 

In 2001 CEAM and Manaus Energia also merged to cut opera tional cost. Conversations with 

Lûcio Fernandes da Silva- market development department of CEAM - in April 2002 revealed 

that the cutback in cost at Man au s Energia and CEAM continues . Maintenance still isn 't h igh 

on the agenda and therefore losses are expected to rise. 

~ Net ene~ ;;à 
f Énergy'

7
;6.sses ~Energy losses '· 

>l!en e ration (MWh} ·\\i. ~ ~~ti,f:&(% ) §1 
. 

~· ~ Ai ®> 

1980 680.537 592.30 1 88.236 12,97 
1981 717.948 616.987 100 .96 1 14,06 
1982 820.231 694.618 125.613 15,31 
1983 899.489 768 .926 130.563 14,52 
1984 892.418 757.830 134.588 15,08 
1985 993.426 831.490 161.936 16,30 
1986 1.166.388 994.650 171.738 14,72 
1987 1.322.108 1.124.315 197.793 14,96 
1988 1.399 .859 1.213.378 186.48 1 13,32 
1989 1.567.559 1.300 .839 266.720 17,01 
1990 1.739.214 1.433.078 306.136 17,60 
1991 1.842.486 1.483.880 358 .606 19,46 
1992 1.761.219 1.385 .162 376.057 21,35 
1993 1.833.681 1.370.193 463.488 25,28 
1994 2.025.161 1.481.804 543.357 26,83 
199 5 2.352.553 1.558.001 794.552 33 ,77 
1996 2.604.661 1.811.202 793.459 30,46 
1997 2.861.119 1.886.776 974 .343 34,05 
1998 3.171.296 1.995.2 19 1.176.077 37,09 
1999 3.211.853 2 .286.824 925.029 28 80 

Note: 

The energy losses for the year 1999 were estimates and are expected to have been too rosy. 

Sources: 

Anuário Estatistico do Amazonas1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do Planeja

mento, 1994 & 1996; 

Anuário Estatistico do Amazonas 1991-1994, Estado do Amazonas, Secretaria de Estado do Planejamento, 1996; 

Anuário Estatistico do Amazonas 1999 & 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2001. 

Table D.9 : City of Manaus, energy balance 
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Figure D.6: City of Manaus, energy balance graph 
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Figure D. 7: Manaus energy losses versus net energy consumption 
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0.2.2 Surrounding rural areas 

The data in this part is mainly with respect to the operation of generators outside of Manaus 

by CEAM, who produces and distributes all electricity outside of Manaus. Manaus Energia 

only administers then high-tension grid from Balbina towards Manausin the area surround

ing the city of Manaus. The picture of the high-tension grid outside of Manaus - Figure D.8 -

is based on own observations and discussions with CEAM employees in Manaus and in the 

field . There are very little maps in general about the rural areas surrounding Manaus . The 

newest geographical maps are made between 1978 and 1983 by the IBGE cartography de

partment. There are no maps at all about the high-tension and middle-tension grids. CEAM 

employees only know the number of kilometres of electricity line in each 'municipio'. 

Figure D.B: Manaus high-tension grid 

At this moment, the high-tension grid only serves the city of Manaus. In the near future -

most probably before the end of 2004 - there will be an extension from Balbina towards Ita

coatiara. This extension will also be part of the project to conneet the Amazon state to the 

Brazilian grid. The previously mentioned line between Itaituba and Manaus will make use of 

the Balbina-Itacoatiara extension and is planned to be finished at the end of 20 10. 
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The middle-tension electricity grid of Manaus also doesn't provide much rural householcts 

with electricity. Most rural householcts who are connected to an electricity grid are connected 

to a decentralized electricity grid that is part of an inland municipio. 

A picture of the middle-tension grid and the diesel generating units surrounding Manaus is 

presented in Figure D.9. The Balbina-Manaus grid only provides electricity for one municipio 

included in the research areas, being Rio Preto da Eva. 

Figure D.9: Middle-tension grid and diesel generating units 
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Electrifkation of rural municipios happens entirely with diesel generators . At the moment, 

CEAM operates 367 diesel generators throughout the entire State of Amazonas and they 

served 92 municipios. The first generator was installed in 1965 in Parintins, outside of the 

research area. In 1966 they installed the first generator in Itacoatiara, part of research area 3 . 

Research area 2 gat his first generator in 1967 in Manacapuru. Autazes - part of research 

area 1- got a generator in 1969. (CEAM (1), 2002) The energy balance for the total generator 

park of CEAM is presented in Table D.10. 

In the past 15 years, there has been a constant growth in electricity generating capacity, elec

tricity consumption- or energy sales-as wellas energy losses. 

B 
>~ 

Internal 

:~r 
A: '*"" a Total installed Ener~~ti Net ~~{ 

Net energy 
consumption generation e capacity (MW) (M}Vh) 

(MWh) 
losse Wh} 

(MWJi)l~ l:& p 

1985 79.138 117.496 471 23.906 141.402 16,9 

1986 83.162 152.099 837 30.654 182.753 16,8 

1987 86.927 170.367 1.282 34.902 205 .269 17,0 

1988 94.789 184.074 1.369 33.570 217.644 15,4 

1989 98.068 190.299 1.637 37.796 228.095 16,6 

1990 100.592 211.629 3 . 164 35.589 247.218 14,4 

1991 96.576 218 .571 4 .030 25.786 244 .357 10,6 

1992 101.290 216.387 4.413 42.476 258 .863 16,4 

1993 120.339 231.947 5 .556 34.668 266.615 13,0 

1994 142.274 240.315 6.837 57 .588 297.903 19,3 

1995 142.624 266.561 8 .600 70.813 337.374 21,0 

1996 141.597 300.638 11.431 54.611 355.249 15,4 

1997 144.087 320.833 18.591 61.82 1 382.654 16,2 

1998 185.602 334.336 33.104 94.802 429.138 22,1 

1999 177.330 305.664 36.069 141.956 447.620 31,7 

2000 199.586 314.387 39.613 184.725 499 .112 37,0 

2001 218 .580 298.610 55.104 253 .306 551.9 17 45,9 

Sources: 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Companhia Energética do 

Amazonas, Manaus; 

CEAM (1) , (2002) Configuraçäo do parque gerador por usina 2001 , Departamento de Operaçöes, CEAM, Companhia 

Energética do Amazonas , Manaus; 

CEAM (2) , (2002) Balanço energético e dados operadonais 2001-2002, Diretario Administrativa-Financeira, área de 

mercado , CEAM, Companhia Energética do Amazonas, Manaus. 

Table D.lO: Companhia Energética do Amazonas, energy balance 
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Figure D.l 0: Net energy consumption versus energy losses 

It's normal that energy losses rise in relative terms when the total capacity of the generator 

park increases. But also in absolute terms CEAM has to cope with a very high level of energy 

losses, especially in the past five years. The losses increase dramatically after the privatiza

tion of the Amazon electricity sector in 1997. 
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Figure D.ll: Net energy losses for the past 15 years 
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Figure D.12: Gross energy loss percentage 

I t's not clear whether energy losses rose because of the privatization of the electricity sector or 

whether the sector got privatized because of the poor state it was in. 

The artiele "The Brazilian electrical system reform" of Mendonça and Dahl ( 1999) states that 

the reform was triggered because a lack of investment in the sector, which could result in se

vere electricity shortages. The government has been quite successful in privatizing the distri

bution companies of the Brazilian high-tension grid, but has failed to attract private invest

ments to increase the electricity generating capacity. The growth of installed capacity has 

been significantly smaller since the privatization than expected by the Brazilian government. 

Due to the privatization and lagging behind of growth in electricity generating capacity, the 

risk of blackouts has increased. 

I believe that the electricity sector already started to deteriorate at the start of the privatiza

tion of the electricity sector in Brazil in 1993. In 1995, everybody at CEAM and Manaus En

ergy seemed to be optimistic about the partnerships that would commence in 1997 and elec

tricity losses dropped. But private investments didn't show up and in 2001 the two campa

nies merged to cut operational cost. Mister Lûcio Fernandes da Silva - market development 

department of CEAM - provided me with the latest data about the energy losses; gross energy 

loss percentages from January 2000 to March 2002 . The data is presented in figure D.11. Al

though the pace of the growth of energy losses seems to slow down at the end of 2001, there 

still is a distinct growth in energy losses. 
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I would like to conclude that the electricity sector in the Amazon State already started to dete

riorate at the beginning of the privatization of the electricity sector in 1993. But a lack of pri

vate investments from the moment of privatization accelerated the decay of the electricity sec

tor in the State of Amazonas, which resulted in bad planning, a cut-down in costin genera!, 

poor maintenance and a dramatic growth of energy losses . 

Discussions with rural inhabitants - in Manacapuru and Iranduba for example - support my 

condusion with respect to the poor state of the local grid: 

Iranduba has big problems with the city generator from March 2002 onwards. It 

bums all equipment, drops and then goes up again. Especially fridges and freez

ers get a bumout because afthese peaks is electricity services. 

There are also shortages in Manacapuru. During the second half of the world soc

cer .final (Brazil-Germany, 2-0) at the end of June 2002, the whole system 

dropped. Everybody ran through the streets looking for someone with a TV on a 

generator and people connected their TVs to their car's battery. The police had to 

proteet the technicians of CEAM, the electricity company. 

lnformation about the diesel generators and energy balance in the researchareasis presented 

below and discussed for each research area separately. The data presents information about 

the year 200 1, unless otherwise stated. The total installed ca pa city for all three areas tagether 

was 48.446 kW in 2001. Maps of the individual research areas can be found in Appendix M, 

the analysis of the consumer questionnaire results. 

0.2.3 Research area 1: Careiro region 

In research area 1 there was a total installed capacity of 8.012 kW in 2001. There are 23 gen

erators in research area 1 with an average capacity of almast 350 kW. 

The first generator in Careiro Vilagem (situated on the island in the Amazon River) was in

stalled in 1979. The island of Careiro Vilagem is almast totally electrified. The Northern part 

has a generator in Terra Nova and the Southern part has a generator in Careiro Vilagem. The 

grids of the two generator parks are not connected at the moment, but they are planned to get 

interconnected in the near future. In the official statistica! data the generator park of Careiro 

Vilagem (on the island) is called the Careiro da Varzea generator park. 

The first generator in Vila do Careiro, near the only paved raad that goes to the South, was 

installed in 1973. The town 'Vila do Careiro ' is called 'Castanho' in the statistics of CEAM . 

Rural people also tend to use the old name of Castanho, but nowadays the official name of 

the town is Vila do Careiro. 
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Careiro da Varzea, situated on the South bank of the Amazon River, doesn't have an own 

generator but gets its electricity from Vila do Careiro 1 Castanho, about 104 kilometres to the 

South. 

Despite the sametimes high energy losses, people are quite pleased with the energy services 

in Vila do Careiro and Careiro da Varzea. Sametimes there are blackouts, but not too often 

and people seem to be satisfied with the grid related energy services. Strange thing is that 

there are no electricity meters used in Careiro da Varzea on the South bank of the Amazon 

River. The bill depends on the electric devices you have in your home and this is checked 

every now and then. 

Manaquiri got electricity in 1984 and Autazes was the first town to get electricity in this re

search area in 1969. The latest generators have been installed in Terra Nova and Novo Cué in 

1998 and in Vila Urucuritiba in 1999. There is a tendency in this research area to install 

smaller generators in villages rather than to extend the grid from a bigger town towards a vil

lage. The generator park is presented below in Table D.11. 

Careiro da Varzea Careiro da Varzea x MWM 220 928 
1 x Cummins 184 
1 x Volvo 304 
1 x Scania 220 

Terra Nova/ 1 x Cummins 50 50 
Careiro da Varzea 

Careiro Castanho 1 x Cummins 320 2.308 
1 x Zichai 1.000 
1 x Scania 288 
2 x Cummins 350 

Manaquiri Manaquiri 1 x MWM 144 1.094 
2 x Cummins 350 
1 x Cummins 450 

Autazes Autazes 4 x Cummins 350 3.400 
2 x Zich ai 1.000 

Novo Céu x MWM 132 182 
x Cummins 50 

Vila Urucuritiba 1 x Cummins 50 

Sou ree: 

CEAM (1), (2002) Configuraçäo do parque gerador por usina 2001 , Departamento de Operaçöes , CEAM, Companhia 

Energética do Amazonas, Manaus. 

Table D.ll: Diesel generator park in research area 1 
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Same recent changes in the generator park came up when talking to the maintenance techni

cians of CEAM in the field. The Cummins on the island- called the Careiro da Varzea genera

tor park - broke down. In Vila do Careiro I Castanho the Zichai and the last two Cummins 

aren't used anymore because of problems with the availability of spare parts. CEAM Castanho 

hired a Caterpillar trailer-generator with a capacity of 1200 kW. 

The little community of Purupuru at the end of the Ramal da Cabeceira - KM.22 on the main 

road - doesn't have grid electricity, but uses an own generator that works four hours every 

evening. The community of Säo Sebastiäo also uses an own generator. 

The households on the raad towards Autazes at KM.28 of the main road get dectricity from 

the generator park of Castanho - as CEAM likes to call Vila do Careiro. A single-phase middle 

tension line goes down the raad for the first forty kilometres. Vila do Araça at KM.42 on the 

main raad also gets its dectricity from Vila do Careiro I Castanho. Vila do Samauma at a side 

road at KM.69 also gets electricity from Vila do Careiro. 

A bigger community without any dectricity is Mamuri at the end of a side road at KM.70 . 

The area below Vila do Careiro has no grid electricity at all. Therefore this area has been very 

important with respect to the field research - because the focus is on rural households with

out the possibility of grid related electricity services . The households living in the ramal (= 

unpaved raad) at KM.107 are promised for 4 years that they will get a grid extension, but they 

do nat believe in this promise. They seem to know about the promise to electrify the ramal 

towards Manaquiri that dates from a long time ago. The little village of Säo Francisco at 

KM.173 to the South has its own generator that works 4 hours in the evening. 

The households living in the ramal that goes to Manaquiri (above Vila do Careiro, at KM.95 of 

the main raad to the South) are already promised grid electricity and a paved road for 23 

years . 

The energy balance of research area 1 is presented in Table D. 12 on the following page. You 

cannot overlook the very high energy losses . The considerable energy losses in this area as 

well as the other areas are due to poor maintenance, bad planning of the growth of dectricity 

demand and some illegal connections. The number of illegal conneebons seems to be smaller 

in the rural areas than in the city. First of all, an illegal conneetion outside of Manaus is more 

visible and easier to track down, because there are fewer wires and fewer connections . You 

also need to have some basic skills in electrics to construct an illegal connection. Next to this , 

the rural extensions from rural towns to villages a re mostly middle-tension extensions up to 

the village, which cannot be used to make illegal connections . 
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Careiro da Varzea 1.156 2 1 936 44,72 2.092 
Terra Nova / Carreiro da 36 1 154 81,17 189 
Varzea 
Careiro - Castanho 2.821 79 4 .689 62,44 7.510 
Manaquiri 1.450 17 1.136 43,92 2 .586 
Autazes 4.136 98 2.798 40,35 6 .933 
Novo Céu 188 1 178 48,67 366 
Vila Urucuritiba 85 2 197 69 82 282 

Total'offtnree areas 85.934 1.554 89.3Öl l '*i~. 50,96 H75.235 
Total ofàrea 1'' ·'9.8n 21 9 10.087 50 54 • :;;;,1919.,5$), 
Share ofiàrea 1 (% ) •n:· 1;1. 49' 1410 11,30 ,m;%. ··~l 1i939 
Footnote: 

The energy balanceis measured between April2001 and March 2002. 

Sou rees: 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Companhia Energética do 

Amazonas, Manaus; 

CEAM (1), (2002) Configuraçäo do parque gerador por usina 2001 , Departamento de Operaçöes, CEAM, Companhia 

Energética do Amazonas, Manaus; 

CEAM (2), (2002) Balanço energético e dados operacionais 2001-2002 , Diretario Administrativa-Financeira, área de 

mercado, CEAM, Companhia Energética do Amazonas , Manaus. 

Table D. 12: Energy balance for research area 1 

The installed electricity generating capacity and electricity consumption for research a rea 1 in 

time are presented in Figure D.13 and Table D.l3 . There is a small decline of electr icity con

sumption since 1997. Not because of a lack of deman d, but because of a lack of supply. The 

growth in electricity generating capacity could n otkeep up with the growth in energy losses. 
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Sou rees: 

CEAM, (2001) Mapa de Controle da Distribuiçào, Departarnento de Operaçöes, CEAM, Companhia Energética do 

Amazonas, Manaus ; 

CEAM (1) , (2002) Configuraçào do parque gerador por u sina 2001 , Departarnento de Operaçöes , CEAM, Companhia 

Energética do Amazonas, Manaus ; 

CEAM (2), (2002) Balanço energético e dados operadonais 2001-2002, Diretorio Administra tiva-Financeira, àrea de 

mercado , CEAM, Companhia Energética do Amazonas, Manaus. 

Figure D.13: Research area 1, installed capacity and electricity consumption in time 
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Car e iro da Varzea 928 928 928 928 

T e rra Nova I Careiro da 
50 50 50 50 

Varzea (a) 

Careiro - Castanho 700 1.160 940 1 .1 20 1.120 1 .120 880 1.230 1.230 1 .580 1 .580 1 .820 1 .820 2 .340 2.020 2.308 2.308 

Manaquiri 288 288 288 288 288 288 288 508 844 844 844 844 844 844 844 844 844 

Autazes 720 720 720 880 880 880 880 640 1 .340 1.690 1.690 1.690 1.690 3.050 2.700 3.400 3 .400 

Novo Cé u (a) 182 182 182 182 

Vila Uru curit iba (b) 50 50 50 

Care ir o da Varze a 530 680 680 621 666 855 966 97 4 1 .045 1.015 1.1 28 1.156 

Terra Nova 1 Careiro da 
2 41 31 36 

Varzea (a ) 

Careiro - Ca stanho 2 .360 2.489 2.421 2.453 2.430 2.737 3 .062 3.315 3.318 3 .461 3.138 2.821 

Manaqu iri 544 704 721 716 8 13 1.051 1 .265 1 .418 1.422 1 .348 1.486 1.450 

Autazes 2 .230 2.35 6 2.426 2.800 3.204 3.801 4.143 4 .565 4.220 3.868 4.028 4 .136 

Novo Céu (a] 27 1 27 138 188 

Vi la Uruc u ritiba (b ) 0 29 79 85 
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< Table on the previous page > 

Footnotes: 

(a) In operation since 1999; 

(b) In operation since 2000. 

Sou rees: 

See Table 0 . 12 . 

Table D. l3: Research area 1, installed capacity and electricity consumption in time 

IPlace of generation 

Careiro da Varzea 
Terra Nova/ Careiro da 
Varzea 
Careiro - Castanho 
Mana uiri 
Autazes 
Novo Céu 
Vila Urucuritiba 

Sou ree: 

11 
Middle-tension Low-tension 

21,27 

3,00 

112,00 9,16 

8 ,00 
3 ,04 3,63 

144:31 : 
463 761 JllV,I 

15:79 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Companhia Energética do 

Amazonas , Manaus. 

Table D.l4: 2000 rural grid extensions in research area 1 

The only three phase middle tension line in this research area is going from Vila do Careiro -

at KM.104 on the main paved road to the South- towards Careiro da Varzea on the South 

bank of the Amazon River. At Careiro da Varzea, the line continues for about ten kilometres 

to the East near the Amazon River. The only other middle tension line is a single phase line 

that goes up the road to Autazes (at KM.27 of the main road) for forty kilometres. 

A rural middle-tension extension in research area 1 is not necessarily of use for rural house

holds. When a power line goes from one town or village to another and the line crosses a rural 

area, the extension is written down as a rural extension. To some part this is true, but rural 

households won't benefit from it most of the time. Rural households benefit most from low-

tension grid extensions . 
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D.2.4 Research area 2 : Manacapuru region 

In research area 2 there was a total installed capacity of 27.766 kW in 2001. The total in

stalled capacity in 2001 for all three research areas tagether was 48.446 kW. Research area 2 

has the biggest share in the total installed capacity of the three areas tagether and 

Manacapuru in particular has the highest installed capacity of all rural municipios taken into 

account. 

With respect the average capacity in research area 2, there are 28 generators with an average 

capacity of 990 kW - mainly due to a number of bigger generators in the municipios of 

Manacapuru and Iranduba. 

The first generator in research area 2 has been installed in Manacapuru in 1967. Irandu ba 

got electricity in 1983. The latest diesel generators have been installed in Tuiué and Jacaré in 

1998. Also here you can see a tendency towards smaller generators for villages instead of ex

tension of the existing local grid. 

I Research ar,~a 2 

Manacapuru Manacapuru 1 x MWM 2.320 16.020 
2 x Alco 1.250 
2 x GM 2.000 
1 x Alco 2.000 
2 x Ca terpillar 1.600 
2 x Zich ai 1.000 

Caviana 1 x Cummins 80 200 
2 x GM 60 

Campinas 1 x MWM 48 163 
1 x MG 115 

Sacambu 1 x MWM 72 172 
1 x Cummins 40 
1 x GM 60 

Tuiué 1 x MWM 144 144 
Jacaré 1 x MWM 67 67 

Iranduba Iranduba 2 x Al co 1.250 11.000 
1 x Cummins 2.000 
3 x GM 1.100 
2 x Ca terpillar 1.600 

Total of threel,areas (kW) . ·~ ~~j 48.44,6 
Totalifof area\i~((;kW) • 27:766 
Share 'of arêà72 (%) ' jjfi!. '•i lll~s7,aJ; 

Source: 
CEAM (1), (2002) Configuraçä o do parque gerador por usina 2001, Departamento de Operaçöes, CEAM, Companhia 

Energética do Amazonas, Manaus. 

Table D.lS: Diesel generator park in research area 2 
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During the field research in this area, it turned out that politicians make promises with re

spect to the extension of the grid into the rural areas . The promises date from about 8 years 

ago and are promised again every election year - like this year, 2002. But until now, most 

promises weren 't kept. It turned out that the further away a family is living from a city- Iran

duba or Manacapuru- the less they believe in the promises made by politicians. 

Because of this, families living more inland are more interested in the use of decentral elec

tricity-generating technologies. Within 3 kilometres of the main road there are more families 

that want to wait for the grid-related electricity to arrive . 

Rural people living around Iranduba are in general more scepticabout the promises made by 

the government. This has to do with the poor state of the grid-related electricity services in 

this area. Iranduba had problems with the city generator in 1999, 2000 and again from 

March 2002 onwards . It burns all equipment, drops and then goes up again. Especially 

fridges and freezers get a burnout because of these peaks is electricity s ervices . Rural people 

around Iranduba are aware about these problems and they assume that this will once more 

hamper the grid extension into rural areas. 

There are also shortages in Manacapuru. During the second half of the world soccer final 

(Brazil-Germany, 2-0) at the end of June 2002, the whole system dropped. Everybody ran 

through the streets looking for someone with a TV on a generator and people connected their 

TVs to their car's battery. The police had to guard the technicians of CEAM, the electricity 

company. 

The energy balance for research area 2 is presented below in Table D.16 and measured be

tween April 2001 and March 2002. 

Manacapuru 24.052 72 1 29.735 55,28 53.787 
Caviana 124 3 389 75 ,81 514 
Campinas 134 4 359 72,91 493 
Sacambû 73 2 283 79,43 356 
1'uiué 93 3 226 70,72 319 

54 3 176 76,48 230 
16.473 254 17.616 51 ,68 34.089 

Sou rees: 

See Table 0 .12 . 

Table D.l6: Energy balance for research area 2 
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It seems that the smaller the generator, the bigger the energy loss . Smaller generators are 

used in smaller towns and inhabitants of small towns live more dispersed than inhabitants in 

the bigger towns of Manacapuru and Iranduba. The local grid is smaller in a small town, but 

in absolute terms - when looking at the small number of eensurners and the relatively big 

area in which they live - the local grid is bigger. In other words, the average number of kilo

metres of electricity grid per consumer is bigger in smaller towns than in bigger towns. 

In the field, I've also seen that smaller wire sizes are used to reach small groups of eensurners 

that live further away from the place of generation. And especially around smaller towns peo

ple are living more dispersed. 

I suppose CEAM uses smaller wire sizes to cut down in cost. On itself it's logical to reason 

that using a big wire for a small number of eensurners is financially unattractive - especially 

,------------------------------------, when they are living far away from the place of genera-
: V =1 ·R =1 ·K·l: 
~ _ ~~D_?_ ____ -~~~~ ____ ~o~ _____ ~n_a~ ________ : ti on. But the smaller the wire you u se to transport 

electricity to consumers, the bigger the resistance factor K (ohms/meter) of the wire. This is 

not a problem for short distances, but when the distance (1) also gets high - see formula - you 

get a higher voltage drop (Vdrop) at the end of the line. So, you will need to generate more 

power to get a high enough voltage at the end of the line . To my opinion, the cut-down in cost 

by using a smaller wire size does not countervail against the cost of generating the extra en

ergy surplus. Next to this, you do not only use extra diesel and oil, but with energy losses be

tween 50 and 80 percent, you also need to instaU new capacity much sooner to meet the 

growth in consumption. 

Figure D.l4 presents the installed capacity and electricity consumption for research area 2 in 

time. The corresponding data can be found in Table D .17. The decline in consumption wasn't 

because of a lack of demand, but because of a lack of supply. A considerable amount of the 

n ewly installed electricity generating capacity disappeared directly into the energy losses. 
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Sou rees: 

CEAM, (200 1) Mapa de Controle da Distribuiçä o, Departamento de Operaçöes , CEAM, Companhia En ergética do 

Amawnas, Manaus; 

CEAM (1) , (2002) Configuraçäo do parque gerador por u sina 200 1, Departamento de Operaçöes, CEAM , Companhia 

Energética do Amazonas , Manaus; 

CEAM (2), (2002) Balanço energético e dados operadonais 2001-2002 , Diretario Administrativa-Financeira, área de 

mercado, CEAM, Companhia Energética do Amazonas , Manaus. 

Figure D.14: Research area 2, installed capacity and electricity consumption in time 

< Table on the following page > 

Sou rees : 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Companhia Energética do 

Amazonas, Manaus ; 

CEAM (1), (2002) Configuraçäo do parque gerador por usina 2001 , Departamento de Operaçöes, CEAM, Companhia 

Energé tica do Amazonas, Manaus ; 

CEAM (2), (2002) Balanço energético e dados operadonais 200 1-2002 , Diretario Administrativa-Financeira, área de 

mercado , CEAM, Companhia Energética do Amazonas , Manaus. 

Table D.17: Research area 2, installed capacity and electricity consumption in time 
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Sou ree: 
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2,90 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Companhia Energética do 

Amazonas, Manaus. 

Table D.18: 2000 rural grid extensions in research area 2 

There is a middle-tension grid along the whole road from Cacau-Pireira towards Manacapuru 

and also towards Iranduba at KM . 13. Most families along the road have electricity. When 

families don't have electricity, this is because they do nothave the financial means to buy a 

middle-to-low-tension transfarmer (between 1.200 and 2.000 R$) . lf these people would have 

enough money, they most probably wouldn't buy a generator or solar panel, but a trans

farmer to get a grid connection. Because of this, families along the two main roads without 

electricity are not taken into account during the field research. 

You can see the remains of a high-tension grid near the road between Iranduba and 

Manacapuru, but most power lines are missing or hang loose . Nobody in the area could tell 

me whether it ever worked. I assume they started building the line and stopped aftera while, 

because it looks unfinished insome parts . 

Along the road to Manacapuru and the road to Iranduba, you can find ramals (=unpaved 

roads) as wellas pisarras (=unpaved trails). The Ramals most of the time have an inland grid 

extension for the first kilometres , but further down these unpaved roads , the grid will stop. 

Trails most of the time do not have an inland extension of the grid. Electricity lines into rural 

areas are mostly single-phase middle-tension lines . 
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Extensions into rural areas aren't because CEAM thinks it's the best thing to do, but because 

of promises made by politicians. During the field research it turned out that politicians make 

the most foolish promises with respect to the provision of electricity services. Some of the 

strangest promises: 

A group of families that lived on jloating houses in the middle of the river we re p romised elec

tricity with a cable under water; 

Same people were assured they would get electricity even though there were some problems 

with the electricity generation in Iranduba. They would get an electricity line directly from the 

hydra-dam in Balbina. 

< Because there aren't many maps about the region, most people didn't know Balbina was 

situated at the other side of the Amazon River, 160 kilometres from Manaus. > 

Especially in the electoral year 2002, politicians promise plenty to gain confidence and votes 

amongst rural inhabitants. The further away people live from Manacapuru, the lesser they 

believe of all the promises made by the politicians . Most people already heard the same prom

ises in the electoral years 1994 and 1998. 

Manacapuru and Iranduba could better focus on the impravement of the existing grid instead 

of extension of it. During the discussion of the energy losses in rural areas it has already been 

stated that the grid in this area is highly unstable, resulting in the darnaging of electrical ap

pliances and unhappy citizens in Iranduba and Manacapuru. 

D.2.5 Research area 3 : Itacoatiara region 

In research area 3 there was a total installed capacity of 12.668 kW in 2001, being 26 percent 

of the total installed capacity of 48.446 kW for all three research areas together. 

Only 9 generators can be found in research area 3, but the average capacity is over 1.400 kW 

due to a number of bigger generators in Itacoatiara. Some part of this area also gets electricity 

by means of a middle tension line coming from the Balbina-Manaus grid. 

The first generator was installed in Itacoatiara in 1966, being the second generator - after 

Parintins and befare Manacapuru - to be installed by CEAM. The latest generator has been 

installed in Novo Remanso in 1998. 

The chief of CEAM Itacoatiara, Mr. Emmerson Carvalho França, didn't agree with the repre

sentation of the generator park as presented by the CEAM headquarters in Manau s. He said 

that the Turbina generator in Itacoatiara stopped functioning in 2001 and the two smaller 
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generators in Itacoatiara - the Caterpillar and the Cummins- stopped operatingat the begin

ning of 2002 . 

g 
Itacoatiara Itacoatiara 2 x MWM 2.320 11.840 
(incl. Amatari) 1 x Tu.rbina 2.500 

1 x GM 2.000 
1 x Ca terpillar 1.600 
1 x Cummins 1.100 

N ovo Remanso 2 x Volvo 304 828 
1 220 

Rio Preto da Eva Connected to the electricit 

Sou ree: 

CEAM (1) , (2002) Configuraçäo do parque gerador por usina 200 1, Departamento de Operaçöes, CEAM, Compa nhia 

Energé tica do Amazonas , Manaus . 

Table D.1 9 : Diesel generator park in research area 3 

CEAM Itacoatiara is building a high-tension grid that should go up to Silves and Itapiranga. 

Although the Itacoatiara grid passes KM.220 and goes up to KM .212 of the road towards 

Manaus, there is no grid electricity along the side road towards Silves and Itapiranga. 

Mr. Emmerson Carvalho França thought that the new high-tension line would be finished at 

the end of 2004. The generator park of Itacoatiara will nat generate the electricity, but it will 

be supplied by a grid extension from Balbina. In the long run, this extension should replace 

all generators in Vila de Lindoia, Novo Remanso, Itacoatiara, Silves and Itapiranga. 

At the moment, the already finished part of this high-tension line is going to be used to con

neet a newly build biomass plant to the Itacoatiara grid. Mr. Carvalho didn 't want to admit 

that this plant will also be used for the town of Itacoatiara, but the biomass plant has a huge 

overcapacity and Itacoatiara is the dosest town. to my opinion, the capacity of this plant 

should replenish the loss of energy because of the failing of three generators in Itacoatiara in 

2001 and 2002. 

The biomass plant is situated two kilometres up the raad to Silves and is a private initiative 

that will generate the energy needed for the drying process of a nearby sustainable sawmill . 

The wood residues of the sawmill are used to fuel the biomass unit. The overcapacity of the 

plant- being more than half of the maximum capacity of 6 MW- will be delivered to the Ita

coatiara grid. The strange thing is that this plant uses about 45 tons of wood residues every 
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hour. When calculating the yearly fuel supply of this biomass plant, this is almost equal to 

the total output of the nearby sustainable sawmill. 

The energy balance for research area 3 is presented in below Table D.20. 

Itacoatiara 
Novo Remanso 

Footnote: 

30.979 
298 

343 
1 

The energy balanceis measured between April 2001 and March 2002. 

Sou rees: 

See Table 0.12. 

Table D.20: Energy balance for research area 3 

24.946 
1.660 

44,61 
84,78 

55.925 
1.958 

The very high losses in the town of Novo Remanso could not be explained. The grid and the 

generator park in Novo Remanso are quite new and no illegal connections have been observed 

during the field research . 

Rio Preto da Eva gets its electricity from the Manaus-Balbina grid. The electricity grid coming 

from Manaus ends at KM.l28 and this situation has not been changed since they've put it 

there 20 years ago. Ramal do Cafezal- at KM.l33 of the road Manaus-Itacoatiara- has along 

the entire road a single-phase middle tension line. The same accounts for the ramal 

(=unpaved road) at KM.l36, but the middle tension lines in both Ramals are not connected to 

any grid. The not-connected power lines in both Ramals were built more than 4 years ago and 

people do not have the idea they will get grid-related electricity in the near future. Ramal do 

Cafezal at KM.l33 goes up to the river Rio Preto da Eva, where there is a non-electrifled com

munity called Manapolis. 
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Mr. Carvalho, the chief of CEAM ltacoatiara, also told that the installed electricity generating 

capacity in Itacoatiara has never been more than 14.520 kW. He questions whether the fig

ures for 1996 and 1998 in Table D.21 are correct. The data in Table D.21 is as presented by 

the CEAM headquarters in Manaus. In Figure D.15, the straight line presents the installed 

capacity as presented by the CEAM headquarters, and the dotted line indicates the installed 

capacity as presented by Mr. Carvalho- the chief of CEAM Itacoatiara. 

20 .000 50000 

19.000 
45000 

18.000 

40000 

17.000 

35000 
16.000 

15.000 30000 

14.000 
25000 

13.000 

20000 

12.000 

15000 
11.000 

10.000 10000 

Sourees and footnotes: 

See Table 0 .12. 

Figure D.l 5: Installed capacity and electricity consumption in time in research area 3 

< Table on the next page > 

Footnotes : 

(a) In operation since 1999; 

(b) No local generation. Connected to the Manaus-Balbina grid. 

Sou rees : 

See Ta ble 0 .12 . 

Table D.21: Installed capacity and electricity consumption in time in research area 3 
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Sou ree: 

CEAM, (2001) Mapa de Controle da Distribuiçäo, Departamento de Operaçöes, CEAM, Compa nhia Energética do 

Amazonas , Manaus . 

Table D.22: 2000 rural grid extensions in research area 3 

Table D.22 shows the number of kilometres of decentral grid extensions, divided into middle

tension and low-tension extensions in the year 2000. The number of low-tension grid exten

sions in the year 2000 is very limited. A rural middle-tension extension in research area 3 is 

not necessarily of use for rural households. In some sideroads you will find middle-tension 

grid extensions that go on for miles and miles, but that are not connected to any grid. The 

electricity company CEAM built these extensions years ago at the beginning of the privatiza

tion, but never connected them to the grid because of the cut-down in cost. 

The emphasis of CEAM in the Itacoatiara area is on high-tension extensions. At this time, the 

focus is on the interconnection towards the Manaus-Balbina grid and the possible conneetion 

of the Iracoatiara grid to a biomass plant located on the road towards Silves and Itapiranga. 

In the long run, Itacoatiara will be part of the project to conneet the Amazon state to the Bra

zilian grid. 
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Appendix E: Market development models 

This appendix reflects the contents of a paper on solar market development models, pre

sented by Mister Frank van der Vleuten - commercial director of FEE - during the 16th Euro

pean Photovoltaic Solar Energy Conference And Exhibition in Glasgow from 1 to 5 May 2000. 

The paper can be downloaded on the Internet site of Free Energy Europe (http:j jwww.free

energy.net) . 

In general, there are two market models for the development of the solar PV panel market: the 

project approach and the free market approach. 

The project approach is best characterized that project developers and project managers are 

the principal actors deciding what the products and prices in the market should look like. 

This is clearly illustrated by the "technology push" character of many donor funded projects 

to promate household PV systems. The use of strict technology standards dictated by techni

ca! experts and a focus on singular technological systems exemplify the technology push. 

Worldwide experience with this project type has shown that it has not created self-sustaining 

markets. Significant numbers of systems have been diffused in projects, but personal com

munications in former project areas time and again show that when a project has stopped, 

the artificially created market has generally largely stopped. 

Apart from the failure to create self-sustaining markets for household PV systems, there is 

much evidence that the implementation of the "best practice" projects meets with many diffi

culties. 

In the f ree market approach, demand and supply interact directly to let the end-users de

fine products and prices. In most cases, this definition takes place when a customer is in a 

shop and discusses with the salesperson which product components to include and what will 

be the price he is willing to pay. 

Outside the scope of donor-supported projectsas described previously, several countries have 

seen the development of 100% commercial markets for household PV systems. Most often, 

these markets have mainly developed to be basedon 10-12 Watt panels, traded by commer

cial traders on a "cash-over-the-counter" basis . The end-user price is in general affordable to 

a significant part of the population at 60-200 US$. 

In many cases these 12 Watt panels are connected directly to a car battery, by which a black 

and white television and one or two lights are powered. Distribution channels generally de

pend on the traditional trading infrastructure in the market, and mostly build on existing dis

tribution channels, micro-enterprises and the informal sector. 
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The market for solar PV panels using the free market approach is already self-sustaining and 

depends on investment by importers and re-traders in developing countries , and equipment 

suppliers , such as Free Energy Europe. 

I - ~;ee m'arttet'approach ~·":~11 Project approach 
;.o/1, ' 

Defined by Project developers End users 
Main products 30- 50 Wc-Si 10- 15 Wa-Si / c-Si 
Price level 400 - 1.000 US$ 50- 200 US$ 
Dis tribution Semi-utility Traders 
Estimated annual 30.000 - 40.000 150.000- 200.000 
installations 
Interventions Government and donor support No support 

Table E.l: Solar PV market approaches 

Based on the interviews and secondary information, three PV-market development models 

(business models) have been identified. These models form genuine business models for in

troducing PV to rural areas. In reality, several mixtures of these models will be found. The 

three solar PV panel market development models are: 

The project model; 

The system house model; 

The traders or retailers model. 

Interventions 

Project model 

Project developers 

Semi-utilit 
Government and 

donor su ort 

Table E.2: Solar PV market development models 

10-15Wa-Si c-Si 
50- 200 US$ 

ineer Traders 

No support 

The basic characteristics - Organization, application, market and technology - of the three 

market development models are explained separately on the following pages. 
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E. 1 The project model 

Organization 

In this type of development, a donor, a consultant or an NGO, defines a green-field project. 

Because of their different objectives, e.g. export promotion, proteetion of the environment, de

velopment aid and so forth, projects come in many shapes. The main purpose of most pro

jects however is the development of a new distribution infrastructure. The exposure of such 

projects is very large whereas the development process can be relatively slow (3-7 years). 

Technology & Application 

The main application 'sold' in household electrification projects is the solar home system 

(SHS including charge regulator) with a (multi- or mono-) crystalline silicon panel with a 

nomina! power of at least 40 Wp. In most cases, such (extensive-design) applications are of

fered in combination with credit structures in order to increase the affordability. 

Market 

Projects are aimed at the rural population living in pre-selected areas in developing countries. 

Groups of actars join farces to 'harvest' the available supporting measures and try to make 

the pre-selected applications affordable for the end-user. 

The development of PV projects of this kind reinforees the perceived need for projects, be

cause it causes the free market to develop very slowly and it can even damage existing free 

markets . The slow free market development is caused by the project focus on extensive

design and thus expensive products. The resulting need for credit I fee for service approaches 

again undermines product differentiation towards simpler and cheaper products . 

Nevertheless, project development can lead to sustainable development of the PV-market, but 

only if a 'free market' follows-upon these projects. 

Offering the end-usera larger variation of PV-products (via local distributors) can play a criti

cal role. Also in projects, the end-user should be able to make a choice from a variety of 

products. Increased competition within projects can lead to more product differentiation, a 

better match with end-user needs and local habits resulting in an increased level of commer

cial activities. In other words: free market development. 
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E. 2 The svstem house model 

Organization 

The central actors in this development model are the so-called 'systems engineering houses ' 

(SEHs): organizations or companies that have the knowledge and know-how to put together 

components and market a PV product like a solar home system. Most of the time solar energy 

is the main business activity of these companies. These actors perform an engineering as well 

as a small-scale wholesale function and are, in both cases, quite flexible in their activities. 

Market development depends primarily on expansion of the business of the system houses. 

Technology & Application 

The main applications are water pumping systems, solar home systems, telecommunication 

systems, cathoctic proteetion systems etc. SEH's use panels of different sizes, based on differ

ent PV-technologies (i .e. crystalline and amorphous silicon) . They have a strong focus on 

teehuical standards developed in projects. 

Market 

Based on the applications described above, SEH's often aim for niche markets, mainly busi

ness markets such as the telecommunications market. In the rural household electrification 

market however professional actors such as wholesalers interested in PV, can hardly be found 

yet. This causes a bias towards the project model. SEH's are also actually attracted by donors 

into their project model. The involvement of system houses and their focus on product engi

neering reinforees the development of PV projects and vice versa. 

SEH's have a temporary role in the market because in time free market distribution will be

come increasingly important, but their activities can also lead to sustainable PV-market de

velopment. Creative system engineering houses can give the PV-business the product

differentiation, which it so badly needs. 

There is however no incentive for SEHs to focus on product differentiation i.e. less extensive

design products, since project customers mainly ask for extensive-design - standardized -

products. Next to this , the small distribution capacity of system engineering houses withholds 

them from focusing on simple-design products because they can be easily 'copied' by existing 

free market distributors, that can operate with higher financial and distribution capacity and 

with lower margins. 

However, if system engineering houses combine their engineering function with a stronger 

focus on distribution, they can very well initiate and maintain sustainable PV-markets in less 

developed countries. 
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E. 3 The traders model 

Organization 

PV systems are imported and distributed by companies that have a well-developed commer

cial distribution network that reaches the target group of PV systems. When certain products 

(for example black and white televisions) in this network can complement the PV-application, 

the sales of both products can positively influence each other. 

Application 

A large variety of PV -applications can be defined in this development model. The main appli

cation stuclied in this research is a small household PV systems, basedon the existing use of 

lead-acid batteries for electricity supply. 

Technology 

Because this market development model is primarily focused on existing distribution net

works and the existing use of certain products, there is a strong focus on the end-user needs 

and technology becomes a less important factor. As long as those needs are properly identi

fied and fulfilled, IEC certified as well as not certified, crystalline as well as amorphous silicon 

PV technology can be used. 

Market 

The market for this development model depends on the existing (or future) market for com

plementary products, such as lead-acid batteries or the existing distribution network from 

which one tries to profit. Market development here is generally an increase in free market 

trade of standardized products. 

PV sales by traders or retailers of complementary products can have positive effects on the PV 

market development processin three ways: 

There is a combined use of products which makes both products more interesting; 

An existing infrastructure is used to sell and promote the product; 

And there is a high local involvement. 

But the use of an existing distribution infrastructure also makes quality assurance more dif

ficult. Along with a lack of commitment by complementary traders, this can slow down the 

market development process. 
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But in general, traders of complementary products such as batteries, radio's and televisions 

can open up a way for sustainable PV-market development. PV-market development can 

benefit from the combined use of PV and complementary products, the use of an existing dis

tribution infrastructure and a high level of local involvement. 

This way has proven hard to combine with the development of PV-projects. It has to be pre

vented that PV projects undermine the market development through traders . 

To assure best value for money for the end-user, easy to use products are to be offered in 

combination with very clear information and development of a certain level of teehuical capac

ity on the grass-rootjmarket outlet level. 

(van der Vleuten et. al., 2000) 
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Appendix F: Rural demographics, e/ectrification 

and income data 

F. 1 Rural demographic data 

Total Urban Rural Total 

l :tr.,.~:! -Anamä 6.024 1.331 4.693 6.809 

Anori 8.990 5.101 3.889 9.515 

Autazes 17.107 6.363 10.744 17.783 

Barreirinha 16.3 16 5 .623 10.693 16.899 

Beruri 7.436 2.852 4.584 9.132 

Boa Vista do Ramos 7.504 2.563 4.94 1 8.503 

Caapira nga 6.833 1.707 5. 126 7.638 

Careiro 31.816 4.328 27.488 37.726 

Careiro da Varzea 18.161 707 17.454 21.728 

Coari 38.678 21.08 1 17.597 38.747 

Codajá s 13.462 8 .388 5.074 13.288 

Irandub a 18.876 6. 403 12.473 21.004 

Itacoa tiara 58.757 37.380 21.377 62.962 

Itapiranga 5.137 3.468 1.669 5.800 

Manacapuru 57.173 36.019 21.154 62 .953 

Manaquiri 10.718 2 .391 8 .327 11.886 

Manaus 1.011.501 1.006.585 4.9 16 1.157.610 

Mau és 30.499 16.658 13.841 32.779 

Nhamundá 13.250 4.847 8 .403 13 .997 

Nova Olinda do Norte 12.949 6.298 6.65 1 12.924 

Novo Airäo 14.024 5.980 8 .044 20.524 

Parintins 58.783 4 1.591 17. 192 61.87 1 

Presiden te Figueirido 7.089 3.232 3.857 8.848 

Rio Preto da Eva 6.5 19 2.343 4. 176 8.209 

Säo Sebastiäo do Uatumä 4.539 3.410 1. 129 5.964 

Silves 5.703 2.241 3.462 5.994 

Urucará 11.328 6 . 143 5.185 13.301 

Urucu ritiba 17.673 5.971 11.702 19.178 

Table F. la: Population figures for mu nicipios surrou nding Manaus , part 1 

Urban Rural 

1.783 5.026 

5.713 3.802 

7.693 10.090 

6.605 10.294 

4.806 4.326 

3 .310 5. 193 

2.039 5.599 

5.725 32.001 

972 20.756 

23 . 186 15.561 

8 .830 4 .458 

8.329 12.675 

42 .075 20.887 

4.274 1.526 

42 .662 20.291 

4. 181 7.705 

1.153.008 4.602 

19.567 13.212 

6.285 7.712 

6.983 5.94 1 

9.320 11.204 

45.741 16.1 30 

3.832 5 .0 16 

2.778 5.431 

4 .932 1.032 

2.720 3.274 

7.726 5.575 

6 .923 12.255 
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Total 

I Municipios 
·~- . • -~ 

Anamä 6.662 

Anori 11.038 

Au tazes 23.535 

Barreirinha 21.851 

Beruri 10.760 

Boa Vista do Ramos 10.215 

Caapiranga 8.605 

Careiro 28.561 

Careiro d a Varzea 17.795 

Coari 64.062 

Codajás 16.978 

lranduba 31.096 

Itacoat iara 69.529 

Itap iranga 7 .135 

Manacapuru 70.970 

Manaquiri 12.449 

Manaus 1.308.445 

Mau és 38.675 

Nhamu nd á 14.998 

Nova Olinda do Norte 22.847 

Novo Airäo 10.009 

Parintin s 86.076 

Presidente Figueirido 16.781 

Rio Preto da Eva 16.950 

Säo Sebastiäo do Uatumä 6.998 

Silves 7.592 

Urucará 17.794 

Urucuritiba 12.677 

Urban Ru ral 

2.080 4.582 

7.011 4.027 

9.766 13.769 

8.894 12.957 

4.831 5.929 

4.835 5.381 

2.981 5.625 

6.089 22.472 

835 16.960 

37.515 26.547 

10.914 6.064 

9.542 21.554 

44.684 24.845 

5.157 1.978 

45.779 25. 192 

4.080 8.369 

1.299.655 8.790 

20.425 18.250 

6. 160 8.837 

9.845 13.002 

7.248 2.761 

55.336 30.739 

8 .062 8 .719 

5.970 10.981 

4 .613 2.386 

3.268 4.323 

7.838 9.956 

6.987 5.689 

% Rural 

68,78 

36,48 

58,50 

59,30 

55,10 

52,67 

65,36 

78,68 

95,31 

41,44 

35,72 

69,32 

35,73 

27,72 

35,50 

67,23 

0 ,67 

47,19 

58,92 

56,91 

27,58 

35,71 

51,96 

64,78 

34,09 

56,95 

55,95 

44,88 

Rural yearly 
growth (% ) (b) 

-4,38 

1,95 

4,17 

3,84 

3,37 

1,85 

0 ,91 

-7,25 

-6,20 

5,43 

3,38 

5,16 

4,24 

2,40 

4,47 

2,67 

4,30 

4,50 

3,08 

4,89 

-7,10 

5,81 

4,17 

4,61 

3,23 

3,02 

4,35 

-6,80 

r.WJ~6311~~~~?- ~ ~ ~~31.6q4 1 'it;~~il . . ~; . . ~lfij 
1~ 42î'l',s:mnl à m~IHsw~ :nb".f~;. . · · ' ·. · •: . fM . ~' 6:8;t 
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Anamä 

Anori 

Autazes 

Barreirinha 

Beruri 

Boa Vista do Ramos 

Caap ira nga 

Ca reiro 

Ca reiro da Varzea 

Coari 

Codajá s 

Iranduba 

ltacoa tiara 

Itapiranga 

Manacapuru 

Manaquiri 

Manaus 

Maués 

Nhamundá 

Nova Olinda do Norte 

Novo Airäo 

Parintins 

Presidente Figueirido 

Rio Preto da Eva 

Säo Sebastiäo do Uatumä 

Silves 

Urucará 

Urucuritiba 

Appendix F: Rural demographics, electrification and income data 

Total Rural 

6 .563 2.064 4.499 

11.320 7 .229 4.091 

24.345 10.150 14.195 

22.579 9.248 13.331 

11.038 4 .959 6.079 

10.482 5.017 5.465 

8.803 3 . 115 5.688 

27.554 5.877 21.677 

17.267 806 16.461 

67.096 39.504 27.592 

17.507 11.289 6 .218 

32.303 9.940 22.363 

72. 105 46.465 25 .640 

7.309 5 .295 2.014 

73.695 47.662 26.033 

12.711 4. 165 8.546 

1.405.835 1.396.768 9.067 

40.036 21. 179 18.857 

15.355 6.308 9.047 

23.725 10.262 13.463 

9.651 6.984 2.667 

90. 150 58.125 32.025 

17.394 8.407 8.987 

17.582 6.232 11.350 

7 .1 60 4.717 2.443 

7.785 3.363 4.422 

18.372 8.098 10.274 

12.264 6.759 5 .505 

% Rural 

68 ,55 

36, 14 

58,31 

59,04 

55,07 

52,14 

64,61 

78,67 

95,33 

41,12 

35,52 

69,23 

35,56 

27,56 

35,33 

67,23 

0,64 

47, 10 

58,92 

56,75 

27,63 

35,52 

51 ,67 

64,55 

34,12 

56,80 

55,92 

Total yearly 
growth (%) (c) 

-1,50 

2,49 

3,33 

3,22 

2,52 

2,54 

2,24 

-3,65 

-3,06 

4 ,52 

3,02 

3,74 

3,57 

2,39 

3,70 

2,06 

6,93 

3,40 

2,33 

3 ,70 

-3,71 

4,52 

3,52 

3,59 

2,26 

2,48 

3,14 

Rural yearly 
growth (%) (c) 

-1,84 

1,57 

3,00 

2,81 

2,47 

1,55 

1,11 

-3,67 

-3,03 

3,79 

2,47 

3,62 

3,10 

1,81 

3,23 

2,07 

3 ,06 

3,22 

2,32 

3,43 

-3,52 

4,01 

2 ,98 

3,25 

2,35 

2,24 

3 ,09 
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Footnotes: 

(a) The 1999 population figures have been calculated with the use of the urban and rural yearly growth rates between 

1994 and 2000; 

(b) The rural yearly growth represents the average yearly growth for the period 1994-1999; 

(c) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1994-2000; 

(d) First value including Manaus , Coari and Parintins , second value excluding Manaus and third value excluding 

Manaus , Coari and Parintins. 

Sou rees: 

1991: Anuário Estatistico do Amazonas1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do 

Planejamento, 1994 & 1996; 

1994: Anuário Estatistico do Amazonas 1991-1994, Estado do Amazonas, Secretaria de Estado do Planejamento, 1996; 

1999: Anuário Estatistico do Amazonas 1999 & 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 

2001 & 2002; 

2000: Anuário Estatistico do Amazonas 2000 , Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universa , Instituto 

Brasileiro de Geografia Estatistica- IBGE, 2000 . 

Tab le F.l c : Population figures for municipios surrounding Manaus, part 3 

< Table on previous page > 
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''""'"'"~' ··----------------------

1~1. c· 

An a mä 68,55 -1,50 -1,84 5,47 6 , 10 

Anori 36,14 2,49 1,57 5,01 6,21 

Autazes 58,31 3,33 3,00 5,13 5,43 

Barreirinha 59,04 3 ,22 2,8 1 6,04 5,75 

Beruri 55,07 2,52 2,47 6,13 6 ,27 

Boa Vista do Ramos 52,14 2 ,54 1,55 6,34 5,37 

Caap iranga 64,61 2,24 1,11 6,05 6 , 13 

Careiro 78,67 -3 ,65 -3,67 4,88 5,24 

Ca reiro da Varzea 95,33 -3,06 -3,03 4,22 4 ,65 

Coari 41,12 4 ,52 3,79 6,53 6,12 

Codajás 35,52 3,02 2,47 5,86 6 , 11 

Iranduba 69,23 3,74 3,62 4,91 5,98 

Itacoa t iara 35,56 3,57 3,10 5,00 5,05 

Itapiranga 27,56 2 ,39 1,81 5,76 5,33 

Ma n acapuru 35,33 3 ,70 3,23 5,39 5,76 

Manaquiri 67,23 2 ,06 2,07 4,75 4 ,93 

Ma naus 0,64 6,93 3,06 4,30 4,22 

Maués 47,10 3,40 3,22 5,53 5,65 

Nhamundá 58,92 2,33 2,32 6,20 6,00 

Nova Olinda do Norte 56,75 3,70 3,43 5,68 6,58 

Novo Airäo 27,63 -3,71 -3,52 5,13 5, 12 

Parint ins 35,52 4,52 4,0 1 5,38 6,22 

Presidente Figueirido 51,67 3,52 2,98 4,37 4,63 

Rio Preto da Eva 64,55 3,59 3 ,25 5,30 4,92 

Säo Sebastiäo do Uatu mä 34,12 2 ,26 2,35 6,04 6,84 

Silves 56,80 2,48 2 ,24 5,50 5,60 

Urucará 55,92 3,14 3,09 5,52 6,65 

Urucu ritiba 44,89 -3,36 -3,35 5,53 5,86 

Table F.2a: Popu lation size versus household size, part 1 
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Anamä 

Anori 

Autazes 

Barreirin ha 

Beruri 

Boa Vista do Ramos 

Caapiranga 

Careiro 

Careiro da Varzea 

Coari 

Codajás 

Iranduba 

Itacoatiara 
Itapiranga 

Manacapuru 

Manaquiri 

Manaus 

Maués 

Nhamundá 

Nova Olinda do Norte 

Novo Airäo 

Parintins 

Presidente Figueirido 

Rio Preto da Eva 

Säo Sebastiäo do Uatumä 

Silves 

Urucará 

Urucuritiba 

ABO 

5,47 6,10 1.114 377 737 

5,01 6 ,21 2.101 1.442 659 

5,13 5,43 4 .592 1.979 2.613 

6,04 5,75 3.851 1.532 2.319 
~------4-------~------~ 6,13 6,27 1.779 809 970 
~--------~------~~------~ 6,34 5,37 1.808 791 1.017 
~--------~------~~------~ 6,05 6,13 1.443 515 928 
~------4-------~------~ 4,88 5,24 5.339 1.204 4 .135 
~--------~------~~------~ 4,22 4,65 3.734 191 3 .543 
~--------~------~~------~ 6 ,53 6 ,12 10.563 6.054 4.509 
~--------~------~~------~ 5,86 6 ,11 2.945 1.927 1.018 

4,91 5,98 5.763 2.023 3.740 
~--------~------~~------~ 5,00 5,05 14.361 9.287 5.074 
~--------~------~~------~ 5,76 5,33 1.298 920 378 
~--------~------~~------~ 5,39 5,76 13.351 8.835 4.516 
~--------~------~~------~ 4,75 4 ,93 2.611 876 1.735 
~--------~------~~------~ 4,30 4,22 326.852 324.704 2.148 
~------+-------~------~ 5,53 5,65 7. 162 3.827 3 .335 
~------~~------~--------~ 6,20 6,00 2.526 1.017 1.509 
~--------~------~--------~ 5,68 6,58 3.854 1.808 2.046 
~------+-------~------~ 5,13 5,12 1.882 1.361 521 
~--------~--------~------~ 5,38 6,22 15.955 10.803 5 .152 

4 ,37 4,63 3.866 1.925 1.941 
~------4-------~------~ 5,30 4, 92 3.480 1.175 2 .305 

6,04 6 ,84 1.138 781 357 

5,50 5,60 1.402 612 790 

5 ,52 6,65 3.011 1.467 1.544 

5,53 5,86 2.163 1.223 940 



Appendix F: Rural demographics, electrification and income data 

Footnotes: 

(a) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1994-2000; 

(b) First value including Manaus, Coari and Parintins, second value excluding Manaus and third value exluding 

Manaus, Coari and Parintins. 

Sou rees: 

Anuário Estatîstico do Amazonas 1991-1994, Estado do Amazonas , Secretaria de Estado do Planejamento, 1996; 

Anuário Estatîstico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000 , Caracteristicas da populaçäo e dos domicilios, Resultados do universa, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table F.2b: Population size versus household size, part 2 

< Table on previous page > 
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F.2 Rural electrification data 

grid conneetion 

1*1 

l!m; ~ ' . ;,;;;;;,;;;;"" - ~ 

Anamä 737 3 0 3 734 99,59 

Anori 659 15 0 15 644 97,72 

Autazes 2.613 21 7 28 2 .585 98,93 

Barreirin ha 2 .319 14 0 14 2.305 99,40 

Beruri 970 8 0 8 962 99,18 

Boa Vista do Ramos 1.017 6 0 6 1.011 99,41 

Caapiranga 928 19 2 21 907 97,74 

Careiro 4.135 303 195 498 3.637 87,96 

Careiro da Varzea 3 .543 303 2 305 3 .238 91,39 

Coari 4.509 56 3 59 4.450 98,69 

Codajäs 1.018 20 1 21 997 97,94 

Iranduba 3.740 717 394 1111 2.629 70,29 

Itacoatiara 5.074 98 56 154 4 .920 96,96 

Itapiranga 378 10 0 10 368 97,35 

Manacapuru 4 .516 93 368 461 4.055 89,79 

Manaquiri 1.735 9 0 9 1.726 99,48 

Manau s 2. 148 890 305 1195 953 44,37 

Maués 3.335 43 5 48 3.287 98,56 

Nhamu ndá 1.509 11 0 11 1.498 99,27 

Nova Olin da do Norte 2.046 19 0 19 2.027 99,07 

Novo Airäo 521 13 0 13 508 97,50 

Parintins 5.152 0 3 3 5.149 99,94 

Presidente Figueirido 1.941 16 245 261 1.680 86,55 

Rio Preto da Eva 2.305 11 360 371 1.934 83,90 

Säo Se bastiäo do 
357 8 0 

Uatumä 
8 349 97,76 

Silves 790 6 0 6 784 99,24 

Urucará 1.544 17 0 17 1.527 98,90 

Urucuritiba 940 12 0 12 928 98,72 

I>"' .llîi 60.479 ~ 2.74i ·n. 1.946 llf:!r~. '.i'\t~687 I !1~ ~' 75~792 11ll:R !ililr92,25 

Tota& :~.~~ "··'' "' 
58.33;! ~ ~~ 'Wii&il :A 1.851, ' " * 1H.641 1111 <3.492 54.839 ..•• $. ~1Jl.+ 

""•,•, l iill 48.670 l;j~J; i ,., .. 1.79S 1.635 l ~tlr ~l30 45.240 .,,~.. <92,95 
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Footnotes: 

(a) A dornestic rural con neetion is a residentlal grid connection, meaning the electricity is not used for commercial, 

industrial or farm purposes; 

(b) Dornestic rural connections are calculated out of the total dornestic grid conneetion figures. The boundaries for 

this calculation are as follows : There cannot be more urban dornestic connections than urban householcis and there 

cannot be more rural dornestic connections than rural householcis less farm connections; 

(c) The average percentage of urban dornestic connections for the state of Amazonas, being 98 ,8 %, is used to calcu

late the number of urban connections in other municipios , keeping in mind the boundaries given in footnote (b). Ille

gal connections are not taken into account; 

(d) A farm conneetion is a rural conneetion whereby at least one purpose of the electricity is related to agriculture; 

(e) First value including Manaus , Coari and Parintins, second value excluding Manaus and third value exluding 

Manaus, Coari and Parintins. 

Sou rees: 

Pesquisa Nacional por Amostra de Domicilios 1999, Instituto Brasileiro de Geografia e Estatistica, 2001; 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçào e dos domicilios, Resultados do universo, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table F.3 : 2000 Grid conneetion figures for municipios surrounding Manaus 

< Table on previous page > 
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F.3 Rural income data 

income 

Anarnä 1.114 102 

Anori 2.101 240 

Autazes 4.592 712 

Barreirinha 3.851 1.459 

Beruri 1.779 159 

Boa Vista do Rarnos 1.808 109 

Caapiranga 1.443 101 

Carreiro 5.339 1.414 

Carreiro da Varzea 3.734 374 

Coari 10.563 1.046 

Codajás 2.945 665 

I rand u ba 5.763 750 

Itacoatiara 14.361 821 

Itapiranga 1.298 270 

Manacapuru 13.351 2.141 

Manaquiri 2.611 861 

Manaus 326.852 50.026 

Maués 7.162 1.283 

Nharnundá 2.526 380 

Nova Olinda do Norte 3.854 1.114 

Novo Airäo 1.882 378 

Parintins 15.955 1.986 

Presidente Figueirido 3.866 416 

Rio Preto da Eva 3.480 568 

Säo Sebastiäo do 
1.138 147 

Uatumä 

Silves 1.402 19 

Urucará 3.01 1 138 

Urucuritiba 2.163 474 

~ift ·~~ 
~~· '·':!#1'<f,i!~9i4 ,.~ 68.153 

~.~.Jl92 l :.,g"l~Fl3,7 
';fl .,J~".:,. t i!StdJIIJI!I!lilftls74 

'"' "" 1'5.09!1 

< 37,50 R$ 37,50- 75 75-
R$ 112,50 R$ 

20 58 98 

58 123 198 

82 252 419 

63 190 192 

76 163 256 

15 151 359 

25 67 173 

23 79 394 

56 320 539 

301 675 1.197 

38 263 360 

23 94 262 

177 681 1.159 

23 84 103 

185 389 930 

36 137 167 

589 2.98 1 5.922 

132 404 545 

53 175 205 

45 105 26 1 

14 67 111 

123 665 1.376 

16 63 156 

1 27 200 

21 66 122 

82 138 182 

83 256 386 

34 142 167 

2.39~1~ .. ~{~~ lï)l:'f' i l6.1~? 

112,50 -
150 R$ 

304 

615 

1.300 

1.030 

489 

582 

343 

1.213 

943 

2.563 

704 

1.344 

4.424 

335 

3.515 

578 

44.147 

2.112 

798 

1.039 

484 

5.135 

719 

834 

290 

376 

831 

673 

l ~'v 'jt1î,tlf:no 
... lfJ;;;~~ 1~5:834 10.5!_~ ' .. ~573 
~!tt\ 1.~81 1Aa~•1111 ~~4 i: ;rJ',I;\;~ ~7. 9~~ l.~ll!lî7.S 

Table F .4a: Income distribution for all householcts in municipios around Manaus, part 1 
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j?Mmtr~--~"*~'~"·. ··~ . . it . ~ 

Anamä 261 74 84 74 39 349,96 

Anori 406 137 172 102 50 294,13 

Autazes 976 239 295 207 110 277,60 

Barreirinha 506 122 151 89 49 172,00 

Beruri 349 90 97 70 30 246,21 

Boa Vista do Ramos 390 59 67 49 27 224,01 

Caapiranga 454 89 108 60 23 278,79 

Carreiro 1.287 307 346 172 104 247,02 

Carreiro da Varzea 962 173 206 115 46 231,83 

Coari 2.764 834 606 383 194 265,39 

Codajás 506 113 126 119 51 224,23 

I rand u ba 1.627 620 535 349 159 346,33 

I taco a tiara 3.665 1.072 1.069 847 446 340,49 

ltapiranga 256 88 68 50 21 238,39 

Manacapuru 3.101 925 1.035 759 371 315,06 

Manaqu iri 463 118 121 92 38 206,21 

Manaus 69.847 38.374 44.568 41.241 29.157 603,46 

Mau és 1.498 395 341 270 182 264,31 

Nhamundá 547 128 115 83 42 235,25 

Nova Olinda do Norte 763 172 168 114 73 221,02 

Novo Airäo 463 138 109 83 35 264,43 

Parin tins 3.462 984 974 786 464 304,06 

Presidente Figueirido 915 389 521 455 216 501,05 

Rio Preto da Eva 1.187 256 207 127 73 281 ,29 

Säo Se bastiäo do 
243 63 

Uatu mä 
101 58 27 297,68 

Silves 357 102 71 52 23 259,91 

Urucará 708 200 191 137 81 301,31 

372 115 85 213,68 
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Footnotes: 

(a) The classes of income distribution for rural householcts in the municipios are calculated using the urban-rural 

percentages for each class of income distri bution for the entire state of Amazonas. A correction factor is used for each 

municipio to correct for the difference between the urban-rural percentage for the state of Amazonas and the urban

rural percentage for the municipio. The correction factor is based on the relationship between the number of rural 

householcts you would get when you use the Amazonas rural percentages for each class of distribution, and the ac

tual percentage of rural householcts for each municipio; 

(b) The average income is based on the average income of each income group, multiplied by the number of household 

in the corresponding group. For the first group with income (< 37,50 R$). the average between 0 and 37,50 R$ has 

been taken. For the last group (> 1.500 R$). an average income of 3.000 R$ has been taken. The householcts without 

income are also taken into account with respect to the average income. 

(c) First value including Manaus , Coari and Parintins, second value excluding Manaus and third value exluding 

Manaus, Coari and Parintins. 

Source: 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universa, lnstituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table F.4b: Income distribution for all householcts in municipios around Manaus, part 2 

< Table on previous page > 
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Anamä 737 90 30 80 133 202 

Anori 659 94 39 76 121 183 

Autazes 2.613 502 98 277 457 692 

Barreirinha 2.3 19 1.004 74 204 204 535 

Beruri 970 97 79 155 24 1 224 

Boa Vista do Ramos 1.017 65 15 141 333 263 

Caapiranga 928 82 34 84 216 209 

Carreiro 4.135 1.395 39 122 60 1 904 

Carreiro da Varzea 3.543 40 1 102 535 893 763 

Coari 4.509 540 264 544 956 999 

Codajás 1.018 253 25 157 212 203 

Iranduba 3. 740 734 38 144 397 993 

Itacoatiara 5.074 396 145 513 865 1.611 

ltapiranga 378 95 14 46 56 89 

Manacapuru 4.5 16 980 144 278 659 1.215 

Manaquiri 1.735 675 48 168 203 342 

Manaus 2. 148 619 12 58 113 413 

Maués 3.335 727 127 358 478 904 

Nhamundá 1.509 27 1 64 195 226 430 

Nova Olinda do Norte 2.046 713 49 105 259 502 

Novo Airáo 52 1 137 9 38 62 133 

Parintins 5.152 837 88 438 897 1. 634 

Presidente Figueirido 1.941 360 24 85 209 470 

Rio Preto da Eva 2.305 520 2 39 283 577 

Säo Sebastiäo do 357 58 14 4 1 74 86 
Uatumä 

Silves 790 12 89 138 180 182 

Urucará 1. 544 85 87 245 366 385 

Urucuritiba 940 24 1 29 113 132 

Table F.Sa: Income distribution for all rural householcts 

in th e municipios surroun ding Manaus, part 1 
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150- 300 300-450 450- 750 
R$ R$ R$ 

750-
1.500 R$ > 1.500 R$ 

I Municiaios 
~/.2:::0tió:>!tll:l 

.. 

Anamä 152 20 17 10 3 

Anori 106 17 16 6 2 

Autazes 458 52 48 22 8 

Barreirinha 235 26 24 9 3 

Beruri 136 17 14 7 2 

Boa Vista do Ramos 173 11 9 4 I 

Caapiranga 251 22 20 7 2 

Carreiro 866 93 79 26 11 

Carreiro da Varzea 717 57 51 19 5 

Coari 962 132 72 30 10 

Codajás 135 13 11 7 2 

I rand u ba 1.059 187 121 52 16 

Itacoatiara 1.181 159 119 63 22 

Itapiranga 61 9 5 3 I 

Manacapuru 930 130 109 53 17 

Manaquiri 234 28 22 11 3 

Manaus 546 146 127 78 35 

Maués 593 69 45 23 10 

Nhamundá 263 28 19 9 3 

Nova Olinda do Norte 344 34 25 11 5 

Novo Airäo 112 IS 9 5 I 

Parintins 967 128 95 51 19 

Presidente Figueirido 506 104 104 60 18 

Rio Preto da Eva 744 72 44 18 7 

Säo Se bastiäo do 
62 8 9 3 I 

Uatumä 

Silves 152 20 10 5 2 

Urucará 294 38 27 13 5 

Urucuritiba 131 18 10 5 2 

TOtä~ "' ''"ii!P*ti'2.'66l:i l1~~.!!1l* 1.654 1.260 
b -~~~ ~~~~-,ii! 2 ~5 

~ 11.8241 ,. . .,k1.5081,. ":~. 1.133 -··534 · 180 

;;v .&IW~t~ •m~l, ''· :1,; 9 .8941 ''' ~·~1.248 . 966 l iïi!' ··1:,45~ I!•"'{J~t. ' 1,51 

Table F.Sb: Income distribution for all rural households 

in the municipios surrounding Manaus, part 2 
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ëfi&~ 
Average rurÎû 

t· 

income (!i$) {b) 

159,50 

140,61 

134,28 

86,08 

124,09 

129,64 

155,35 

125,94 

131,58 

139,47 

109,63 

177,30 

168,96 

120,35 

149, 12 

99,09 

239,76 

128,60 

126,08 

111,62 

136,19 

147,69 

218,80 

158,72 

141 ,39 

137,36 

146,19 

113,27 
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Anarnä 737 199 99,59 198 

Anori 659 145 97,72 141 

Autazes 2 .613 580 98,93 573 

Barreirinha 2 .319 294 99,40 292 

Beruri 970 173 99,18 171 

Boa Vista do Ramos 1.017 198 99,41 196 

Caapiranga 928 301 97,74 293 

Carreiro 4 . 135 1.064 87,96 935 

Carreiro da Varzea 3.543 844 91,39 771 

Coari 4.509 1.196 98,69 1.180 

Codajás 1.018 166 97,94 162 

I rand u ba 3.740 1.419 70,29 997 

Itacoatiara 5.074 1.521 96,96 1.474 

Itapiranga 378 79 97,35 76 

Manacapuru 4.516 1.222 89,79 1.097 

Manaquiri 1.735 295 99 ,48 293 

Manaus 2.148 897 44,37 398 

Maués 3.335 730 98,56 719 

Nharnundá 1.509 319 99,27 316 

Nova Olinda do Norte 2.046 413 99,07 409 

Novo Airäo 521 141 97,50 137 

Parintins 5.152 1.240 99,94 1.239 

Presidente Figueirido 1.941 774 86,55 669 

Rio Preto da Eva 2.305 877 83,90 736 

Säo Sebastiäo do 
357 83 97,76 80 

Uatumä 

Silves 790 187 99,24 185 

Urucará 1.544 371 98,90 367 

Urucuritiba 940 164 98,72 162 
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Footnotes: 

(a) The classes of income distribution for rural householcts in the municipios are calculated using the urban-rural 

percentages for each class of income dis tribution for the entire state of Amazonas. A correction factor is used for each 

municipio to correct for the difference between the urban-rural percentage for the state of Amazonas and the urban

rural percentage for the municipio. The correction factor is based on the relationship between the number of rural 

householcts you would get when you use the Amazonas rural percentages for each class of distribution, and the ac

tual percentage of rural householcts for each municipio; 

(b) The average income is based on the average income of each income group, multiplied by the number of household 

in the corresponding group. For the frrst group with income (< 37,50 R$), the average between 0 and 37,50 R$ has 

been taken. Forthelast group (> 1.500 R$), an average income of 3.000 R$ has been taken. The householcts without 

income are also taken into account with respect to the average income. 

(c) First value including Manaus, Coari and Parintins , second value excluding Manaus and third value excluding 

Manaus, Coari and Parintins. 

(d) Based on the purchase cost of a battery and appliances, people without a grid-connection that use a battery to 

provide in their dectricity needs spend between 15 to 25 percent of their income on electricity. On average - they 

spend 20 percent on electricity -, their income mustbeat least 150 R$ per month (See Appendix J for the financing 

possibilities of solar panels) . People that earn more than 1.500 R$ per month wil! most likely spend their money on a 

Diesel generator and therefore have a different level of dectricity need that cannot be satisfied by low-cost solar pan

els ; 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçào e dos domicilios , Resultados do universa , Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table F .Sc: Income distribution for all rural households 

in the municipios surrounding Manau s, part 3 

< Table on previous page > 
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Appendix G: Ru ral indicators for entire BraziJ 

G. 1 Rural demograohic data 

G.1.1 State level 

Table G.la: Popuiatien figures for meso- and micro regionsin the State of Amazonas, part 1 
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·, 

Total I Urban 

1999 Populátion (a) '!r w;,l,® 

I Rural I % Rural (c) I Rural yearly 
growth (% ) (c) 

Table G.lb: Population figures for meso- and micro regions in the State of Amazonas, part 2 
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Footnotes: 

(a) The 1999 population figures have been calculated with the u se of the urban and rural yearly growth rates between 

1994 and 2000; 

(b) Refers to regions and not municipios . Narnes of regions can be the sarne as narnes of municipios in other tables; 

(c) The rural yearly growth represents the average yearly growth for the period 1994-1999; 

(d) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1994-2000. 

Sources: 

1991: Anuário Estatistico do Amazonas 1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do 

Planejarnento, 1994 & 1996; 

1994: Anuário Estatistico do Amazonas 1991-1994, Estado do Amazonas , Secretaria de Estado do Planejarnento, 

1996; 

1999: Anuário Estatistico do Amazonas 1999 & 2000, Estado do Amazonas, Secretaria de Estado do Planejarnento , 

2001 & 2002; 

2000: Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejarnento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçào e dos domicilios , Resultados do universa, Instituto 

Brasileiro de Geografia Estatistica- IBGE, 2000. 

Table G. l c: Population figures for meso- and micro regions in the State of Amazonas, part 3 
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" 2000 Population ~ Aver~e fami~izt1_ 

Total l Urban I Rural Urban I Rural 

Table G.2a: Household size for meso- and micro regions , part 1 
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"''~< Aver;;(ge familY' size 

Urban l Rural Total I Urban I Rural 

Footnote: 

(a) Data refers to regions and not to municipios , Narnes of regions can be the sarne as narnes of municipios in other 

tables , 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios , Resultados do universo, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 200L 

Table G.2b: Household size for meso- and micro regions , part 2 
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G.1.2 Country level 

"'w, }; 
·t;: 1991 Population 

Total Urban Ru ral 

Table G.3a: Population figures for grand regions and statesof Brazil, part 1 
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Ru ral 
Total yearly Rural yearly 

growth (% ) (b) growth (% ) (b) 
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Footnotes: 

(a) Data refers to grand regions and states , and not to meso-regions, micro-regions or municipios. Narnes of states 

can be the sarne as narnes of meso-regions, micro-regions or municipios in other tab les; 

(b) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1991-2000. 

Sources: 

1991: Anuário Estatistico do Amazonas1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do 

Planejarnento, 1994 & 1996; 

Anuário Estatistico do Brasil - volume 56 - 1996, Instituto Brasileiro de Geografia e Estatistica, 1997; 

2000: Annuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejarnento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universo, Instituto 

Brasileiro de Geografia Estatistica - IBGE, 2000. 

Table G.3b: Population figures for grand regions and statesof Brazil, part 2 

< Table on previous page > 
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Table G.4a: Househeld size for grand regions and states of Brazil, part 1 
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Average fafuily size 2000 Householcts tt:%®11*'4!. !<( ,;) 

Urban I Ru ral Total I Urban I Ru ral 
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Footnotes: 

(a) Data refers to grand regions and states , and nat to meso-regions, micro-regions or municipios. Narnes of states 

can be the sarne as narnes of meso-regions, micro-regions or municipios in other tables; 

(b) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1991-2000. 

Sou rees: 

1991: Anuário Estatistico do Amazonas 1988-1990 & 1991-1994, Estado do Amazonas, Secretaria de Estado do 

Planejamento, 1994 & 1996; 

Anuário Estatistico do Bras i! - volume 56 - 1996, Instituto Brasileiro de Geografia e Estatistica, 1997; 

2000: Annuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejarnento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universo, Instituto 

Brasileiro de Geografia Estatistica- IBGE, 2000 . 

Table G.4b: Household size for grand regions and states of Brazil, part 2 

< Table on previous page > 

G.2 Rural electrjfkat;on data 

G.2.1 State level 

< Table G.5 can be found on the following page > 

Footnotes: 

(a) A dornestic rural conneetion is a residentlal grid connection, meaning the electricity is nat used for commercial, 

industrial or farm purposes; 

(b) Dornestic rural connections are calculated out of the total dornestic grid conneetion figures. The boundaries for 

this calculation are as follows: There cannot be more urban dornestic connections than urban householcts and there 

cannot be more rural dornestic connections than rural householcts less farm connections; 

(c) The average percentage of urban dornestic connections for the state of Amazonas , being 98,8 %, is used to calcu

late the number of urban connections in other municipios, keeping in mind the boundaries given in footnote (d). Ille

gal connections are nat taken into account; 

(d) A farm conneetion is a rural conneetion whereby at least one purpose of the electricity is related to agriculture; 

(e) Data refers to regions and not to municipios. Narnes of regions can be the sarne as narnes of municipios in other 

tab les. 

Sou rees: 

Pesquisa Nacional por Amostra de Domicilios 1999, Instituto Brasileiro de Geografia e Estatistica, 2001; 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas , Secretaria de Estado do Planejarnento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universa, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 
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Table G.S: 2000 Grid conneetion figures for meso- and micro regionsin the State of Amazonas 
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G.2.2 Country level 

770.812,00 27,43 -2,93 728.365 94,49 

3 .259 .305,00 28,59 -4,00 2.050.073 62,90 

1.744.868,00 8,63 -3,43 1.551.784 88,93 

1.279. 742,00 17,76 -3,61 1.184.191 92,53 

Footnotes: 

(a) Data refers to grand regions and states, and nat to meso-regions, micro-regions or municipios. Narnes of states can be 

the sarne as narnes of meso-regions, micro-regions or municipios in other tables; 

(b) The total yearly growth and the rural yearly growth represent the average yearly growth for the period 1991-2000; 

(c) Only data for the state of Amazonas was available. The percentage of rural households without a grid conneetion has 

been aggregated to the grand region. 

Sou rees: 

1991: Anuário Estatistico do Amazonas1988-1990 & 1991-1994, Estado do Amazonas , Secretaria de Estado do 

Planejarnento, 1994 & 1996; 

Anuário Estatistico do Brasil -volume 56 - 1996, Instituto Brasileiro de Geografia e Estatistica, 1997; 

2000: Annuário Estatistico do Amazonas 2000 , Estado do Amazonas, Secretaria de Estado do Planejarnento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçào e dos domicîlios , Resultados do universa , Instituto 

Brasileiro de Geografia Estatistica- IBGE, 2000. 

Table G.6: 2000 Grid conneetion figures for grand regionsof Brazil 
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G.J Rural ;ncome data 

G.3.1 State level 

Table G. 7a: Income distribution for all rural households in the Amazon regions, part 1 
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Footnotes: 

(a) The classes of income distribution for rural householcts in Amazon regions are calculated using the urban-rural 

percentages for each class of income distribution for the entire state of Amazonas. A correction factor is used for each 

region to correct for the difference between the urban-rural percentage for the state of Amazonas and the urban-rural 

percentage for the region. The correction factor is based on the relationship between the number of rural householcts 

you would get when you use the Amazonas rural percentages for each class of distribution, and the actual percent

age of rural householcts for each region; 

(b) Based on the purchase cost of a battery and appliances, people without a grid-connection that use a battery to 

provide in their electricity needs spend between 15 to 25 percent of their income on electricity. On average - they 

spend 20 percent on electricity -, their income must be a t least 150 R$ per month (See Appendix J for the financing 

possibilities of solar panels). People that eam more than 1.500 R$ per month will most likely spend their money on a 

Diesel generatorand therefore have a different level of electricity need that cannot be satisfied by low-cost solar pan

els; 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universo, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table G. 7b: Income distribution for all rural householcts in the Amazon regions, part 2 
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G.3.2 Country level 

Table G.Ba: Income distribution for all rural households in grand regions , part 1 
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Footnotes: 

(a) The classes of income distribution for rural householcts in Amazon regions are calculated using the urban-rural 

percentages for each class of income dis tribution for the entire state of Amazonas. A correction factor is used for each 

region to correct for the difference between the urban-rural percentage for the state of Amazonas and the urban-rural 

percentage for the region. The correction factor is based on the relationship between the number of rural householcts 

you would get when you use the Amazonas rural percentages for each class of distribution, and the actual percent

age of rural householcts for each region; 

(b) Based on the purchase cost of a battery and appliances, people without a grid-connection that use a battery to 

provide in their electricity needs spend between 15 to 25 percent of their income on electricity. On average - they 

spend 20 percent on electricity -, their income mustbeat least 150 R$ per month (See Appendix J for the financing 

possibilities of solar panels) . People that earn more than 1.500 R$ per month wil! most likely spend their money on a 

Diesel generator and therefore have a different level of electricity need that cannot be satisfied by low-cost solar pan

els; 

(c) Only data for the state of Amazonas was available . The percentage of rural householcts without a grid conneetion 

has been aggregated to the grand region. 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento , 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios , Resultados do universo , Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001. 

Table G.Bb: Income distribution for rural householcts in grand regions, part 2 

< Table on previous page > 
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Appendix H: Selection criteria 

Criterion l it:w::;, Crit~rion 2,w;;x, 

Travel time 
% rural 

to municipio Ranking 
householcts 

Ranking 
(hours) 

0,5 11 0,66 

Autazes 4,2 9 56,90 6 

(Vila do) Careiro 3,6 6 77,45 2 

Careiro da Varzea 1,5 2 94,88 1 

Iranduba 2,5 4 64,90 5 

Itacoatiara 
3,7 7 35,33 11 

(incl. Amatari) 

Itapiranga 7 13 29,12 14 

Manacapuru 3,5 5 33,83 12 

Manaquiri 4 8 66,45 3 

Maués 8 15 46,57 10 

Nova Olinda do Norte 5,8 11 53,09 8 

Novo Airäo 6,8 12 27,68 15 

Presidente Figueirido 2 3 50,21 9 

Rio Preto da Eva 1,2 1 66,24 4 

Säo Sebastiäo do 
7,8 14 31,37 13 

Uatumä 

Silves 5,5 10 56,35 7 

Anamä nr 66,16 

Anori nr 31 ,37 

Barreirinha nr 60,22 

Beruri nr 54,53 

Boa Vista do Ramos nr 56,25 

Caapiranga nr 64,31 

Coari nr 42,69 

Codajás nr 34,57 

Nhamundá nr 59,74 

Parintins nr 32,29 

Urucará nr 51 ,28 

Urucuritiba nr 43,46 

Table H.la: Selection criteria for the selection of research areas , part 1 
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Criterio~--'~W?1i~w c,~} .':' : - > :;g. ·~· lW .. Criterioddtl'f',a.! * l;:t 
# not grid-

% not grid-
connected 

rural 
Ranking connected rural Ranking 

householcts 
h ouseholcts 

l "!~nicif~.o~ _ I 
IManaus 11 953 11 44,37 

I 

Au tazes 2 .585 7 98,93 4 

(Vila do) Careiro 3 .637 3 87,96 12 

Careiro da Varzea 3.238 5 91,39 10 

I rand u ba 2.629 6 70 ,29 15 

Itacoatiara 
4.920 1 96,96 9 

(incl. Amatari) 

Itapiranga 368 14 97,35 8 

Manacapuru 4 .055 2 89,79 11 

Manaquiri 1.726 10 99,48 1 

Maués 3.287 4 98,56 5 

Nova Olinda do Norte 2 .027 8 99,07 3 

Novo Airäo 508 13 97,50 7 

Presidente Figueirido 1.680 11 86,55 13 

Rio Preto da Eva 1.934 9 83,90 14 

Säo Se bastiäo do 
349 15 97,76 6 

Uatumä 

Silves 784 12 99 ,24 2 

Anamä 734 99 ,59 

Anori 644 97,72 

Barreirinh a 2 .305 99,40 

Beruri 962 99,18 

Boa Vista do Ramos 1.011 99,41 

Caapiranga 907 97,74 

Coari 4.450 98,69 

Codajás 997 97,94 

Nhamundá 1.498 99,27 

Parintins 5.149 99,94 

Urucará 1.527 98,90 

Urucuritiba 928 98,72 

Table H. lb: Selection criteria for th e selection of research areas, part 2 
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# not grid-connected 
rural householcts with 

suftkient financial 
means 

IManaus llr-------~3~98~--.., 

Autazes 573 9 

(Vila do) Careiro 935 4 

Careiro da Varzea 771 5 

I rand u ba 997 3 

Itacoatiara 
1.474 1 

(incl. Amatari) 

Itapiranga 76 15 

Manacapuru 1.097 2 
Manaquiri 293 11 

Maués 719 7 

Nova Olinda do Norte 409 10 

Novo Airäo 137 13 

Presidente Figueirido 669 8 

Rio Preto da Eva 736 6 

Säo Sebastiäo do 
80 14 

Uatumä 

Silves 185 12 

Anamä 198 

Anori 141 

Barreirinha 292 

Beruri 171 

Boa Vista do Ramos 196 

Caapiranga 293 

Coari 1.180 

Codajás 162 

Nhamundá 316 

Parintins 1.239 

Urucará 367 

Urucuritiba 162 

Footnote: 
nr = not reacha ble within 8 hours 

Sou rees: 
Based on Ta bles F 1, F2 , F3 and FS in Appendix F. 

Appendix H: Selection criteria 

35 8 

27 2 
23 1 

33 5,5 

29 3 

64 15 

32 4 

33 5,5 

41 10 

40 9 

60 13 

44 12 

34 7 

62 14 

43 11 

Table H.lc: Selection criteria for the selection of research areas , part 3 
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Careiro da Varzea 1 2.643,0 1,5 -- 5,12 --
Careiro 2 6 .124,3 3,6 0 22 ,55 -

Itacoatiara 
3 8 .949,2 3 ,7 0 64,67 

(incl. Amatari) 
+ 

Manacapu ru 4 7 .367,9 3,5 - 66,17 + 
I rand u ba 5 ,5 2.213,6 2,5 - 35,10 -
Manaquiri 5 ,5 3 .985,1 4 0 33,55 -
Rio Preto da Eva 7 5.839,0 1,2 -- 33 ,76 -
Autazes 8 7 .632,1 4,2 0 43 ,10 0 

Nova Olinda do Norte 9 5.633,0 5 ,8 + 46 ,91 0 

Maués 10 40.163,8 8 ++ 53,43 0 

Silves 11 3.747,2 5,5 + 43,65 0 

Presidente Figueirido 12 25.534,5 2 -- 49,79 0 

Novo Airäo 13 5.633,0 6 ,8 ++ 72,32 + 

Säo Se bastiäo 
14 10.788,7 7,8 68,63 

do Uatumä 
++ + 

Itapiranga 15 4.249,6 7 ++ 70,88 + 

Table H .2a: Top fifteen ranking municipios according to ranking, part 1 
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Careiro da Varzea 1 131,58 0 91 ,39 + -3,06 

Careiro 2 125,94 - 87,96 0 -3,65 

Itacoatiara 
3 168,96 96,96 3,57 + ++ 

(incl. Amatari) 

Man acapu ru 4 149, 12 0 89,79 0 3,70 

Iranduba 5,5 177,30 ++ 70,29 -- 3,74 

Manaquiri 5 ,5 99,09 -- 99 ,48 ++ 2 ,06 

Rio Preto da Eva 7 158,72 + 83,90 - 3,59 

Au tazes 8 134,28 0 98 ,93 ++ 3,33 

Nova Olinda do Norte 9 111,62 - 99,07 ++ 3 ,70 

Mau és 10 128,60 - 98,56 ++ 3 ,40 

Silves 11 137,36 0 99,24 ++ 2 ,48 

Presidente Figueirido 12 218,80 ++ 86,55 0 3,52 

Novo Airäo 13 136,19 0 97,50 ++ -3 ,71 

Säo Se bastiäo 
14 141,39 0 97,76 2,26 

do Uatumä 
++ 

ltapiranga 15 120,35 - 97,35 ++ 2,39 

Footnotes 

(a)--= very short ( 0 to 2 hours),- =short (2 ,1 to 3,5 hours), 0 = n eutral (3 ,6 to 4 ,5 hours) , +=long (4,6 to 6 hours), 

++ = very long (6,1 to 8 hours) ; 

(b) -- = very smal! % (0 to 20 %), - =smal! % (21 to 40 %), 0 = neutral % (41 to 60 %), + =high % (61 to 80 %), ++ = 

very high % (8 1 to 100 %); 

(c) -- = very low ( below 110 R$), - = low (110 to 130 R$) , 0 = n eutral (130 R$ to 150 R$) , + (150 to 170 R$) , ++ = very 

high (above 170 R$) ; 

(d) -- = very low (below 80%), - = low (80 to 85%), 0 = neutral (85 to 90 %), + = high (90 to 95 %), ++ = very high 

(a bove 95%) . 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Esta do do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da popula çäo e dos domicilies , Resultados do universo , lnstituto Brasileiro 

de Geografia Estatis tica - IBGE, 2001 ; 

And basedon Tables F1, F2 , F3 and F5 in Appendix F. 

Table H.2b: Top fifteen ranking municipios according to ranking, part 2 
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1Municipios 4 

Resear~,~~ q~~.fà, 1 (e) ·: 
·~··· 

20.384,5 

Careiro da Varzea 1 2.643 ,0 1,5 -- 5,12 - -

(Vila do) Careiro 2 6.124,3 3,6 0 22,55 -
Manaquiri 5,5 3 .985,1 4 0 33,55 -
Autazes 8 7.632,1 4 ,2 0 43,10 0 

1 !Xe~.~~rGk!l<t:reak:2, (f) 'ik 
n 

"'~ 1i 9.581 ,5 
;~· ,,~' 

Manacapuru 4 7 .367 ,9 

I 
3,51 

:11 
66,!71 ~I Iranduba 5,5 2.213 ,6 2 ,5 35,10 

Reseq,;~SOJJ~ea 3 . (g) +. '$~ ·.;irei;$0 14.788,2 

Itacoatiara (incl . Amatari) 3 8 .949,2 I 3 ,7 1 -~11 64,671 ~I Rio Preto da Eva 7 5.839 ,0 1,2 33,76 

Nqt .talt,ft!11ii~]> äccount in field res~rcffa 

Nova Olinda do Norte 9 5 .633 ,0 I 5,: 1 +:11 
46,911 ~I Maués 10 40.163,8 53,43 

Table H.3a: Top ten ranking municipios according to research area, part 1 
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I Municipios 
N:'!"il - ~~ .!.. 

~<'o~t"r<;,tç a.r~~ 1 (~) +• ~ 
!Careiro da Varzea 1 131,58 0 91,39 + -3,06 -
!(Vila do) Careiro 2 125,94 - 87,96 0 -3,65 -
!Manaqu iri 5,5 99,09 -- 99,48 ++ 2,06 + 
IAutazes 8 134,28 0 98,93 ++ 3,33 + 

Research,ar;ea ~~Jf) /"' ·at:<lli~ · 'M 40)MJ[«'> MiwvJà <ywN ., 

Manacapuru 4 149,12 0 I 89,791 -~ 1 3,70 + 
Iranduba 5,5 177,30 ++ 3,74 + 70,29 

Researah(~r;~a;i1(g) "' ;"' +rs~$ ·~(J,\:·1, 
Itacoatiara (incl. Amatari) 3 168,96 + I 96,961 +~ I 3,57 + 
Rio Preto da Eva 7 158,72 + 3,59 + 83,90 

Notl~äk'el!lîQ:tól~ed~;~:lt in field 'resea1f; ê1:~ 

Nova Olinda do Norte 9 111,62 - 99,07 ++ 3,70 + 
Maués 10 128,60 - 98,56 ++ 3,40 + 

Footnotes: 

(a)--= very short ( 0 to 2 hours),- =short (2 ,1 to 3 ,5 hours), 0 = n eutral (3,6 to 4,5 hours), +=long (4,6 to 6 hours), 

++ = very long (6 ,1 to 8 hours); 

(b) -- = very smal!% (0 to 20 %), -=smal!% (21 to 40 %), 0 = neutral% (41 to 60 %), +=high% (61 to 80 %), ++ = 

very high% (81 to 100 %); 

(c) -- = very low ( below 110 R$),- = low (110 to 130 R$), 0 = neutral (130 R$ to 150 R$), + (150 to 170 R$), ++ = very 

high (above 170 R$) ; 

(d) -- = very low (below 80%), - = low (80 to 85%), 0 = neutral (85 to 90 %), + = high (90 to 95 %), ++ = very high 

(above 95%) ; 

(e) Research area 1 consists of the municipios (Vila do) Careiro, Careiro do Varzea, Manaquiri and Autazes; 

(f) Research area 2 consists of the municipios Manacapuru and lranduba; 

(g) Research area 3 consists of the municipios ltacoatiara and Rio Preto da Eva. 

Sou rees: 

Anuário Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

Censo Demográfico 2000, Caracteristicas da populaçäo e dos domicilios, Resultados do universa, Instituto Brasileiro 

de Geografia Estatistica- IBGE, 2001; 

And basedon Tables F1, F2, F3 and F5 in Appendix F. 

Table H .3b: Top ten ranking municipios according to research area, part 2 
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Figure H.l: Number of rural households per micro-region without grid-based electricity but with 

enough financial means - monthly wage 150 to 1.500 R$- to buy asolar PV-system 
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Figure H.2: Research area 1, South of Manaus 
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Figure H.3: Research area 2, West of Manaus 
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Figure H.4: Research area 3, Northeast of Manaus 
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Appendix 1: Checklists for technology choice 

I. 1 Explanation of checklists 

The technology choice is difficult to operationalize. To get an accurate answer on a question 

about a choice for a certain technology, the respondent must know the technologies in ques

tion. It is not expected that rural households have full knowledge of all available possibilities 

with regard to electricity generating technologies. 

Therefore , the rural househeld is presented with an overview of advantages and disadvan

tages of several electricity generating technologies. Taken into account are the following three 

technologies : A Diesel generator, asolar PV-system and micro hydropower. 

Biomass is not taken into account because there is not one biomass generator within the 

State of Amazonas and because there also is no company in Manaus where you can buy a 

biomass electricity generator. Residues of Soya, Corn and Cajû nut are regarded as good 

sourees for biomass electricity generation (Sepope (2), 2000; Sepope (3), 2000), but these 

crops are mostly produced in the Southern partsof Brazil. 

Wind electricity generators are not taken into account because the technology cannot be 

bought locally. Moreover, there is no wind-data available for the State of Amazonas . Wind is 

regardedas an important renewable souree of energy in Brazil (Sepope (2), 2000), but only for 

the Northeast and North coast regions. 

It 's not certain that micro hydro generators can be bought locally, but conversations with 

Lûcio Fernandes da Silva - market development department of CEAM - in April 2002 and 

with José Raimundo Pereira - head of operatien at the hydro dam in Balbina - earlier in 

March 2002 revealed that there must be a number of operational micro hydro generators 

used by rural households . These hydro generators should be situated south of Manaus, in 

the research area Vila do Careiro and Autazes . 

A first set of questions is with regard to the geographical circumstances. These questions are 

answered by the interviewer himself and are based on direct observation of the area sur

rounding the home of the rural household. It's clear that you need a river or stream with 

enough head to be able to generate electricity with a micro hydro generator. And this river 

must be in the vicinity of the home of the rural household. 

If you want to use solar panels, you need su n and therefore you need an open space. As a re

sult, people who are living deep within the rainforest and who do not have an open spot near 

their home cannot use solar PV-panels to generate electricity. 
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Geographical questions: 

River in the vicinity of the rural home: 

Ifyes: 

The river has enough head to use micro hydro 

Ifyes: 

Distance from a proper spot at the river to set up 

micro hydro towards the rural home 

yes I no 

yes I no 

distance : 

The minimum head needed to generate electricity is open for debate. Not only the head (H) is 

influencing the possibility to use a micro hydro generator; also the amount of water flowing 

per second - or flow rate Q - and the kind of generator used will influence the electrical power 

output. The velocity of the water influences the amount of water flowing per second. (Penche, 

1998) 

,---------------- - ------, 
I I 

: P=HxQxgxe : 
I I 
------------------- - ---J 

Where 

Pis power measured in Watts (W) 

H is the head measured in meters (m) 

Q is the flow rate measured in (m3ls) or litersfora small site 

gis the gravitational constant (-9.8 mls2) 

e is the efficiency factor (usually 0,3 to 0,5, i.e. 30 to 50% forsmalland micro hydro) 

As minimum head I have taken a head of 3 to 5 meters . I took a range with respect to the 

head-value and not a fixed value because of the influence of the flow rate. You can have a 

head of 3 meters, but when the amount of water flowing persecondis very low, you can have 

problems with using micro hydro. 

If the distance > 100 meters , the spot is not suitable for micro hydro generation, because you 

would need a wire size that is too large and too expensive for rural households. 

With a distance of 100 meters and a wire size of 6 mm2, voltage drop with a load of 3 Amperes 

will beat least 2 Volts. With a system of 12 Volts, you would have a voltage drop of more than 

15%. 

The biggest wire available is 16 mm2 , but this wireis too expensive for rural households. With 

a wire size of 10 mm2 , voltage drop would be just below 10% fora distance of 100 meters. A 

voltage drop between 5 and 10 percent is still acceptable and therefore the distance of 100 

meters is chosen as the length for which micro hydro generation is still an option (Hankins, 

1995; SEI, 1998) . 
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Location of the home: 

Near a paved road 

Near an unpaved road 

Near a trail 

Near the forest 

Within open forest 

Within closed forest 

Appendix I: Checklists for technology choice 

Within an open spot 

Partially covered by shade 

Fully covered by shade 

If the location is not suitable for micro hydrapower and not for solar PV-panels as well, the 

only choice left will be the use of a diesel generator. This will then automatically be the first 

choice. 

Otherwise two or three cards are shown with on each card an electricity generating technol

ogy. If- basedon the geographical circumstances- hydro-power and solar electricity are both 

possible, three cards are shown: 

One yellow card with advantages and disadvantages of diesel generation; 

One yellow card with advantages and disadvantages of solar PV-panels, and; 

One yellow card with advantages and disadvantages of micro hydropower. 

On the back of each card, the orange side, are a number of questions to check if the choice 

for a specific technology is correct. 

First is asked to listen to the information on all three cards; the interviewer reads the cards. 

When the information on the cards about advantages and disadvantages of each generating 

technology is understood, asked is which would be the technology choice for the household. 

After that, this card is turned around to the orange side and a number of control questions is 

discussed. The questions are used to see whether the househeld has made the right choice. 6 

Out of 8 questions must be answered affirmative. Otherwise, asked is whether the technology 

choice was a good choice, or if they would make another choice after having answered the 

questions on the back of the card. 

If a Diesel generator is the only option - due to geographical circumstances, the control ques

tions are posed as well. If less than 6 questions are answered affirmatively, noted down is 

that less than 6 questions are answered affirmatively, but that there is no other choice possi

ble. 

The yellow cards with the advantages and disadvantages of each technology are displayed on 

the following pages, together with the orange backside of each card. The answers are written 

on a form that can be found in Appendix K. This form is not only used for the questions re

garding the technology choice, but for all questions that are asked to the potential customers 

of solar PV panels. In Appendix K you can also find the codehook of the fill-in form. 
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The advantages and d isadvantages: 

Diesel generator 

Advantages 

For sale in a lot of places around here, also second hand; 

High level of electricity services. 

Bigger Diesel generators can also be used to power a freezer; 

A low initial investment when purchasing, especially second hand; 

A technology that is familiar and already in use for decades . 

Disactvan tag es : 

The need for diesel fuel and thus dependenee on supply of this; 

You need to maintain a Diesel generator with care. 

This technology has a lot of moving parts; 

Noisy and with polluting exhaust gasses. 

Solar ?V-panels 

Advantages 

Very little maintenance needed and with a lifetime of about 20 years; 

Clean, no exhaust gasses and without noise ; 

No dependenee on supply of diesel fuel, this system uses the free energy of the sun; 

Very safe, no moving parts and no flammable fuel needed. 

Disadvantages: 

The system uses batteries and these need to be maintained; 

Not suitable for loads like refrigerators . 

Only smaller appliances like light, radio , telephone and TV; 

Only appliances on 12 Voltscan be used. 

Micro hydro 

Advantages 

Clean, no exhaust gasses and without noise; 

Little maintenance needed; 

No dependenee on supply of diesel fuel, 

this system uses the free energy of the water flow; 

Safe technology, no flammable fuel needed. 

Disadvantages: 
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The system uses batteries and has some moving parts, 

and these need to be maintained; 

Used mostly for small appliances like light, radio, telephone and TV; 

Only appliances on a low voltage, 48 Volts and lower, can be used. 



Appendix I: Checklists for technology choice 

The control questions: 

Diesel generator 

1. Is it easy to get Diesel fuel around here? 

2 . Is there someone near who can repair Diesel generators? 

3. Is there someone near who can repair the dynamo, 

the electrical part of a Diesel generator? 

4. Can you get spareparts fora Diesel generator around here? 

5. Do you knowhow to maintain a Diesel generator, or an engine in general? 

6. Do you consicter a Diesel generator to be safe? 

7. Do you consicter a Diesel generator to be clean? 

8. Do you consicter a Diesel generator to be reliable? 

Solar ?V-panels 

1. Do you consicter safety to be an important aspect? 

2. Is it important for you that the electricity service is clean? 

3. Is it important for you that the electricity service is quiet? 

4 . Do you consicter reliability to be an important aspect? 

5. Can you get a battery around here? 

6 . Is a long lifetime of the electricity generating equipment an important aspect for you? 

7 . Is it important for you that the electricity service is easy to maintain? 

8 . Is it important for you to have no dependenee on the availability of fuel? 

Micro hydra 

1. Do you consicter safety to be an important aspect? 

2. Is it important for you that the electricity service is clean? 

3. Is it important for you that the electricity service is quiet? 

4 . Do you consicter reliability to be an important aspect? 

5 . Can you get a battery around here? 

6 . Is there someone near who can repair the dynamo, 

the electrical part of a micro hydra unit? 

7. Is it important for you that the electricity service is easy to maintain? 

8. Is it important for you to have nodependenee on the availability of fuel? 
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1.2 The cue-cards 

Geradores Diesel 
GYE 

0 gerador Diesel usa óleo Diesel para gerar eletricidade 

Vantagens: 
• À venda em muitos lugares, também segunda mäo; 

• Urn alto nivel de fornecimento de eletricidade. Maiores geradores Diesel podem 
também serusados para alimentar urn freezer (por exemplo); 

• Urn baixo investimento inicial na hor a da compra, sobretudo os de segunda mao; 
• Uma tecnologia familia- e que já é usada durante decadas. 

Desvantagens: 

• Você tem que pagar para o reabastecimento periódico do motor; 
• Você precisa manter o gerador Diesel com cuidado, 

esta tecnologia tem muitas peças em movimento; 
• Barulhento e com gases de escapamento que causam poluiçäo. 

GY U 

1. É fácil conseguir Diesel por aqui? 

2. Há alguém aqui perto que concerta geradores Diesel? 

3. Há alguém aqui perto que concerta dinamos, 

aparte elétrica dos geradores? 

4. Você pode comprar peças de reposiçäo aqui por perto? 

5. Você sabe fazer a manutençäo de urn gerador Diesel, 

ou urn motor em geral? 

6. Você considera urn gerador Diesel seguro? 

7. Você considera urn gerador Diesellimpo? 

8. Você considera urn gerador Diesel confiável? 

Figure 1.1: Diesel generator que-cards 
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Paineis solares 
""~· 

FR ENE GY EU 

0 painel solar usa a luz do sol para gerar eletricidade 

Vantagens: 
• Muita pouca manutençäo e urn tempo de vida de maïs ou menos 20 anos; 

• Limpo, sem gases poluentes e sem barulho; 
• Näo há dependência de fornecimento de óleo Diesel, 

este sistema usa a luz do sol para gera- eletricidade g-atuita; 
• Muito seguro, näo tem peças em movimento e näo precisa de combustivel 

imflamável. 

Desvantagens: 
• 0 sistema usa baterias e estas devem ser conservadas; 
• 0 sistema näo deve ser usadopara geladelras e fi-eezers. 

Somente pequenos eletrodomésticos, como luz, radio, telefone e televisäo; 
• Somente aparelhos de 12 Volts podem ser usados. 

Paineis solares 
RGY U 

1. A durabilidade do equipamento gerador de eletricidade sim I nao 

é urn aspecto importante para você? 

2. É importante que o fornecimento de eletricidade sim I nao 

seja sem barulho? 

3. É importante para você ter independência sim I nao 

na disponibilidade de combustivel? 

4. Você pode comprar uma bateria aqui por perto? 

s. É importante para você que o fornecimento de eletricidade sim I nao 

seja fácil de manutençäo? 

6. Você considera a segurança urn aspecto importante? sim I nao 

7. É importante que o fornecimento de eletricidade seja limpo? sim I nao 

8. Você considera a confiabilidade urn aspecto importante? sim I nao 

Figure 1.2: Solar PV panel que-cards 
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Pequenas centra is 
hidrelétricas GYEU 

0 central hidrelétrica usa o fluxode água para gerar eletricidade 

Vantagens: 
• Limpo, sem gases poluentes e sem barulho; 

• Pouca manutençäo necessária; 
• Näo há dependência de fornecimento de óleo Diesel, 

este sistema usa o fluxode água para gera- eletricidade gratuita; 
• Muito seguro, näo precisa de combustivel imflamável. 

Desvantagens: 
• 0 sistema usa baterias e algumas peças em movimento 

e estas devem ser conservadas; 
• Mais usadopara pequenos eletrodomésticos, como luz, radio, telefone e televisao; 
• Somente aparelhos com uma voltagem baixa, 48 Voltsou menos, 

podem ser usados. 

Pequenas centrais 
hidrelétricas RE RGYEU 

1. Há alguém aqui perto que concerta dinamos 

das pequenas centrais hidrelétricas? 

2. É importante que o fornecimento de eletricidade 

seja sem barulho? 

3. É importante para você ter independência 

na disponibilidade de combustivel? 

4. Você pode comprar uma bateria aqui por perto? 

5. É importante para você que o fornecimento de eletricidade 

seja fácil de manutençäo? 

6. Você considera a segurança urn aspecto importante? 

7. É importante que o fornecimento de eletricidade seja limpo? 

8. Você considera a confiabilidade urn aspecto importante? 

Figure 1.3: Micro hydro power que-cards 
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Appendix J: Checklists for rural electricity need 

J. 1 Explanation of checklists 

The ru ral electricity need is operationalized with the use of 8 checklists, which can be found 

in paragraph J .2 . The checklistscan be divided into two parts: 

4 Yellow checklists with respect to the rural electricity need; 

4 Orange checklists regarding financing the rural electricity need in question. 

Every yellow checklist with respect to the rural electricity need associates with one orange 

checklist regarding the financial consequences of the rural electricity need. Financial conse

quences are the cost for the rural household when buying a solar home system to provide in 

their electricity needs. The four yellow checklists intensify in electric energy, and thus the or

ange financial checklists also intensify in financial consequences. 

The first checklist is with respect to one 14 Wp PV-panel, or a daily electricity needof 50 Wh. 

The second checklist is regarding two 14 Wp PV-panels, or a daily electricity needof 100 Wh. 

The third checklist is relating to three 14 Wp PV-panels, or a daily electricity needof 150 Wh. 

And the fourth checklist is about four 14 Wp PV-panels, or a daily electricity needof 200 Wh. 

These daily energy services are rather low, but it has to be kept in mind that these checklists 

are used for rural families who don't have any electricity at all or who use only a car battery 

to provide in their electricity needs. Moreover, the generating capacity of the solar panel - as 

well as the advised battery capacity on the yellow pages - is kept on the safe side. Calcula

tions of the daily energy services for different system sizes and the conesponding battery ca

pacity can be found on the following pages . 

Befare using one of the checklists, verified is whether the rural household already uses elec

tricity. lf the household uses batteries, the capacity and the number of reeharges each week 

are written down to calculate the daily energy demand. The definition of 'rural electricity need' 

in Chapter 3 assumed that the user reeharges the battery three times a week. This was based 

on energy use figures of rural battery-users in the Northeastern Brazil region (Gouvello et. 

al.,1997). The number of reeharges each week is also asked during the fieldwork to verify this 

assumption. 
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Calculation of daily energy services: 

Asolar panel of 14 Wp c.an generatea maximum of 14 Watts in one hour on a clear 

and sunny day. The number of clear and sunny hours per day is therefore of impor

tance. The hours that have the most intense solar radiation are called the peak sun 

hours. 

For Manaus and Itacoatiara, the number of peak sun hours was available at the 

Internet site of the Brazilian solar and wind energy reference centre CRESESB 

(http:/ jwww.cresesb.cepel.br/sundatn.htm) . For Manaus, the yearly average num

ber of 4,92 daily peak sun hours was given and Itacoatiara had 4,26 hours of peak 

sun each day. Ta be on the safe side, a number of 4,5 daily peak sun hours has 

been used for the calculation of the daily energy services: 

Numberof 
Average number of Daily panel 

panels 
Wp per panel daily peak sun energy output 

hours (h) (Wh) 

1 14 4 ,5 63 

2 14 4 ,5 126 

3 14 4,5 189 
4 14 4 ,5 252 

The daily panel energy output is the energy output you would measure at the out

going connectors of the solar panel(s). But there are more components next to the 

solar panel in asolar home system (see Appendix M for more information on solar 

panel theory). 

Energy is always lost due to inefficiencies in wires, batterles and laad controllers. If 

the system components are new and properly sized, the estimate losses are 15%. If 

there are a number of long wire runs (over 10 meters) , and the equipment is new, 

estimate energy losses are 20%. If the battery is second hand, the energy losses are 

at least 25%. The minimaland maximal daily energy services are presented below. 

The average values farm the daily energy services that are presented on the previ

ous page for each system. (Hankins, 1995; Vervaartand Nieuwenhout, 2000) 

Daily panel Energy losses (Wh) Daily energy services (Wh) 
energy output 

15% 25% Min. Max. (Wh) 

63 9 ,5 15,8 47,3 53,6 

126 18,9 31,5 94,5 107,1 

189 28,4 47 ,3 141 ,8 160,7 

252 37,8 63,0 189,0 214 ,2 
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Calculation of batterg capacities: 

The needed battery depends on daily capacity that is generated by the solar home 

system and therefore on the system size. The advised battery capacities for each 

system size are as follows: 

System size 
Daily energy Needed battery 
services (Wh) capacity (Ah) 

1x14Wp=14Wp 50 30 

2 x 14 Wp = 28 Wp 100 60 

3x14Wp=42Wp 150 90 
4 x 14 Wp = 56 Wp 200 135 

Batterles are calculated in Ampere-hours and not in Watt-hours. A system of 50 

Watt-hours corresponds to 4 , 17 Ampere-hours - batterles and solar panels are 

most ofthe time 12 Volts. 

But a battery can never be discharged for the full 100 %. A normal car battery has 

a depth of discharge of 20 to 30 percent, but in practice batterles will be discharged 

deeper. Therefore a depth of discharge of 40% is taken into account, because below 

40 percent lights will fade and appliances like a television will stop working. When 

you can only use 40 % of the battery's capacity, you have to multiply the needed 

ampere-hours by 1/0,4 = 2,5. (Hankins, 1995; SEI, 1998) 

Next to this , when you have a solar home system, you will not consume exactly 50 

Watt-hours every day. There are days you will consume nothing and there are days 

that you want to consume up to 50 Wp, but there is no sun. For these circum

stances, the battery has been overcalculated by 3 days. This is called the auton

omy-factor; how many days could you use the system without sun? 1 

(Vervaart and Nieuwenhout, 2000) 

Daily energy services 
Depth Of Discharge Three cloudy 

(Wh) (Ah = Wh/12) 0 ,4 days 

50 4 ,17 10,42 31,25 

100 8 ,33 20,83 62 ,5 

150 12,50 31,25 93,75 

200 16,67 4 1,67 125 

1 Overcalculation of the battery only makes sense if you have spare generating capacity. If you have a 50 

Wh system and you use it up entirely every day, there is nospare capacity to charge the battery with. In 

this case, you would need an extra solar PV panel or you could have bought a smaller battery. 
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People using a solar panel to recharge their battery are also regarded as battery users. The 

rural use of solar panels or micro hydrapower is expected to be so small that separate classi

fications for these technologies are not desirable . 

If someone uses a micro hydro generator, this householdis regardedas a battery user when it 

uses the hydro unit to recharge a battery. If the household directly uses the energy, the hydro 

unit is written down like a (diesel) generator, but a special footnote is made that this is in fact 

a hydro unit. 

If the rural household uses a diesel generator, the number and size - in Watts - of all appli

ances is written down and asked is how many hours they are on average used each day. With 

these figures, the daily energy demand is calculated. 

The number, size of appliances and average daily use in hours is also written down for the 

battery users to check earlier findings with respect to their daily energy demand. 

If the rural household doesn't have electricity services at all, no questions are asked at this 

point about the electricity need, but the questions with respect to the technology choice are 

posed. The questions and checklists with respect to the technology choice can be found in 

Appendix I. The fill-in form for all questions can be found in Appendix K. 

The questions with respect to the choice of technology in Appendix I are treated before show

ing the four checklists with respect to the rural electricity need . 

A pre test revealed that some rural householcts got a bias towards Diesel generators when 

discussing the electricity need checklists before the technology choice checklists, because 

they found the cash price too high for the electricity services affered with PV-panels. Some 

people got a bias towards solar PV-panels during the technology choice, because the check

lists of the rural electricity need are based on solar PV system sizes. 

When the rural household made a technology choice for solar PV panels, the four yellow 

pages with examples about differing electricity needs are discussed. Asked is which electricity 

supply would suit the rural household best, taking into account their financial position. At 

this point, the cost of electricity services is not discussed. 

Second, the rural household has made a choice with respect to their possible electricity need 

when using solar panels and the corresponding cost on the orange checklist is shown. The 

price is discussed and asked is whether they could pay one of the financing possibilities con

cerning this electricity need. If they can pay one of the financing options, asked is whether 

they would pay this amount of money for this solar PV system / electricity service if they had 

the chance to buy this system right now in Manaus with the chosen financing option. The in

teraction between being able to pay and being inclined to spend this amount of money on the 

solar PV technology is called the willingness to pay. 
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If the respondent cannot pay one of the corresponding financing options of their first system 

size choice, the orange sheets with financing options of smaller system sizes are turned 

around and asked is which smaller system size they would like to choose, based on the fi

nancing options. It is written down if they were able make a choice for a smaller system size 

and financing option. After this, the households are asked whether they would spend this 

amount of money on this technology I electricity service if they were given the possibility to 

buy this system right now in Manaus with this fmancing possibility. 

The price setting on the orange sheets is explained below. 

Price setting: 

The price setting is based on the price setting of Soleco do Brasil in Rio Grande do 

Sul. The difference between wholesale and retail prices in Rio Grande do Sul is 20 

percent. 

lsoleco do Brasil wholesaler price setting 

lExchange rate 11 1 €; 2 R$1 1 €; 2 15 R$1 1 €; 3 R$1 

R$ 310 R$ 388 R$ 465 
R$ 150 R$ 188 R$ 225 
R$ 400 R$ 500 R$ 600 
R$ 720 R$ 900 R$ 1.080 
R$ 1.296 R$ 1.620 R$ 1.944 
R$ 1.480 R$ 1.850 R$ 2.220 

lso Wp panel 11 R$ 1.1771 R$ 1.471 I R$ 1.7661 

Footnote: 
(a ) The price has been calculated using the average R$ /Wp price of the 14 and 36 Wp systems 

During the construction of the field research checklists and the calculation of the 

product prices, the exchange rate of the Brazilian Real already was increasing. 

Therefore an exchange rate of 1 € ; 2,5 R$ has been the point of departure for this 

research. 

Based on the sales prices of Free Energy Europe, the wholesale and retail prices of 

the LCC Mini regulator and complete lighting kits have been set too high in Rio 

Grande do Sul. With the following price setting and full tax exemption (Free Trade 

Zone), retail profit margins range between 65 and 130 percent. Without tax exemp

tion, the profit margins range from 25 to 60 percent. This price setting is presenting 

an equilibrium between profit margins and retail price attractiveness. 

Calculated retail prices for the Manaus area 

Re ais Euro 

R$ 450 € 180 
la tor R$ 550 € 220 

R$ 700 € 280 
R$ 1.050 € 420 
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The previously discussed procedure seems to be a difficult way to ask for the intended realis

tic investment they would be able to put in electricity services, but it is the only way to get the 

most truthful answer. With tests in the field it turned out that people do not like to talk about 

their accupation and income. When asked about their accupation- and it was clear they were 

farmer- , they answered: ''I'm my own boss" or ''I'm a merchant. I trade things". Which is of

ten true when you are a farmer, but it is not the appropriate answer. 

When asked about their income, most people didn't want to talk about it, answers were unre

alistic or more like "I have enough", "My wife works in .... " or "When I produce a lot of 

farinha ... ". Discussed is also whether long-term payment of a small amount of money is more 

important than lower interest rates . 

The interest percentages used on the orange pages correspond with the nowadays permitted 

and used percentages for retail financing services. lt might seem strange for people who not 

have been in Brazil to offer such a choice of financing possibilities, but it is normal in Brazil 

to do so. Even shoes, trousers or a blender of less than 15 US$ can be bought here with a fi

nancing period of 3 to 9 months . 

The answers are not written on the 4 double-sided yellow and orange pages. The answers are 

written on a form that can be found in Appendix K. This form is not only used for the ques

tions regarding the rural electricity need, but for all questions asked to the rural households . 

In Appendix K you will also find the codebook. 

In paragraph J.3 you can find a solar technology explanation sheet that is used during the 

fieldwork. The Portuguese translabons of Free Energy Europe commercial material in Appen

dix T are not used during the field research. This material only has been used to explain the 

product and technology towards retailers . 

During the field research, it has always been stated that the outcomes of the field research 

would never result in personal visits of sales persons . The results of the field research and 

consumer questionnaire are solely used to create a profile of the region with respect to tech

nology choice and electricity needs. 
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J.2 The checklists 

Sistemà.~ S,olar 1 

Potência de ene~gia disponivel: 

I+ 

I+ 

~. '-!l 

OU 

OU 

Appendix J: Checklists for rural electricity need 

!E E 

4 horas para 2 lampadas 
fluorescentes 

(de 30 cm, 12 Volts e 6 Watts) 

4 horas para 1 lampada 
fluorescente 
(de 30 cm, 12 Volts e 6 Watts) 

e 

3 a 4 horas para 1 radio portátil 

(12 Volts, 6 Watts) 

3 a 4 horas de televisao 12" P / B 
(12 Volts, 12 - 14 Watts) 

Figure J.l: 50 Wp electricity need checklist - front 
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1. 

2. 

3. 

Um painel solar (14 Wp) SEM controlador de carga : 

R$ 4SO à vista 

OU 3 X 1S8 R$ 

OU 6 X 83 R$ 

OU 9 X S8 R$ 

OU 

OU 

12 x 4S R$ 

18 x 33 R$ 

OU 24 X 26 R$ 

D 
(R$473=R$450+596) D 
(R$495 = R$450 + 1096) D 
(R$ 518 = R$ 450 + 1596) D 
(R$ 540 = R$ 450 + 2096) D 
(R$ 585 = R$ 450 + 3096) D 
(R$ 630 = R$ 450 + 4096) D 

Um painel solar (14 Wp) COM controlador de carga: 

R$ SSO à vista D 
OU 3 x 193 R$ (R$ 578 = R$ 550 + 596) D 
OU 6 x 101 R$ (R$ 605 = R$ 550+ 1096} D 
OU 9 x 70 R$ (R$ 633 = R$ 550 + 1596) D 
OU 12 x SS R$ (R$ 660 = R$ 550 + 2096) D 
OU 18 x 40 R$ (R$ 715 = R$ 550 +3096) D 
OU 24 x 32 R$ (R$ 770 = R$ 550 + 4096} D 

Um painel solar (14 Wp) COM controlador de carga, 

fio elétrico e COM 2 lampadas fluorescentes : 

R$ 700 à vista D 
OU 3 x 24S R$ (R$ 735 = R$ lOO + 596) D 
OU 6 x 128 R$ (R$ 770 = R$ lOO + 1096} D 
OU 9 x 89 R$ (R$ 805 = R$?00 .+ 1596) D 
OU 12 x 70 R$ (R$ 840 = R$ lOO + 2096) D 
OU 18 x S1 R$ (R$ 910 = R$ lOO + 3096) D 
OU 24 x 41 R$ (R$ 980 = R$ lOO + 4096) D 

Figure J.2: 50 Wp electricity n eed checklist - back 
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Sistema Solar 2 
-. 

Potência de ene~gia disponfvel: 

+ 

+ 

Appendix J: Checklists for rural electricity need 

F' E E GY 

OU 

OU 

4 horas para 41ämpadas 

fluorescent es 

OU 

8 horas para 21ämpadas 

fluorescent es 
(de 30 cm, 12 Volts e 6 Watts) 

4 horas para 2 lämpadas 
fluorescentes 
(de 30 cm, 12 Volts e 6 Wa tts) 

e 

3 a 4 horas de televisao 12" P / B 
(12 Volts, 12 - 14 Watts) 

4 horas para 1 lämpada 
fluorescente 
(de 30 cm, 12 Volts e 6 Wa tts) 

e 
3 a 4 horas para 1 radio portátil 
(12 Volts, 6 Watts) 

e 

3 a 4 horas de televisao 12" P / B 
(12 Volts, 12 - 14 Watts) 

Figure J.3: 100 Wp electricity need checklist - fron t 
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1. 

3. 

Dois painéis solares (28 Wp) COM controlador de carga: 

R$ 900 à vista 

OU 3 x 315 R$ (R$ 945 = R$ 9JO + 5%) 

OU 6 x 165 R$ (R$990 = R$ 9JO + 10%) 

OU 9 x 115 R$ (R$1035 =R$900+ 15%) 

OU 12 x 90 R$ (R$ 108J = R$900 + 20%) 

OU 18 x 65 R$ (R$11iD = R$900 + 30%) 

OU 24x 53 R$ (R$1260 =R$900+ 40%) 

Do is painéis solares (28 Wp) COM controlador de carga, 

fio elétrico e COM 2 lampadas fluorescentes: 

D 
D 
D 
D 
D 
D 
D 

R$ 1050 à vista D 
OU 3 x 368 R$ (R$1103 =R$105] + 5%) D 
OU 6 x 193 R$ (R$1155 =R$105] + 10%) D 
OU 9 x 134 R$ (R$ 1208 = R$10:n + 15%) D 
OU 12 x 105 R$ (R$ 1260 = R$ 105] + LO%) D 
OU 18 x 76 R$ (R$ 1365 = R$ 10:n + 3J%) D 
OU 24 x 61 R$ (R$ 14iD = R$ 105] + 40%) D 

Do is painéis sol ar es (28 Wp) COM controlador de carga, 

fio elétrico e COM 41ampadas fluorescentes : 

R$ 1200 à vista D 
OU 3 x 420 R$ (R$ 1260 = R$ 120.) + 5%) D 
OU 6 x 220 R$ (R$ 132] = R$120.J + 10%) D 
OU 9 x 153 R$ (R$ 138) = R$120.J + 15%) D 
OU 12 x 120 R$ (R$ 1440 = R$ 120.) + LO%) D 
OU 18 x 87 R$ (R$ 15tXJ = R$ 120.) + 3J%) D 
OU 24 x 70 R$ (R$ 168) = R$120.J + 40%) D 

Figure J.4: 100 Wp electricity need checklist- back 
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Appendix J: Checklists for rural electricity need 

Sistema Solàr 3 -' . . 
"' 

Potência de enetgia disponfvel: 

+ 

+ 

I 
+ 

OU 

OU 

Figure J.S: 150 Wp electricity need checklist- front 

E GY 

4 horas para 41ämpadas 

fluorescent es 

(de 30 cm, 12 Volts e 6 Watts) 

e 

3 a 4 horas de televisao 12" P /B 
(12 Volts, 12 - 14 Watts) 

4 horas para 2 lämpadas 

fluorescentes 
(de 30 cm, 12 Volts e 6 Watts) 

e 

7 a 8 horas para 1 radio portátil 
(12 Volts, 6 Watts) 

e 

3 a 4 horas de televisao 12" P /B 
(12 Volts, 12 - 14 Watts) 

4 horas para 2 lämpadas 

fluorescent es 
(de 30 cm, 12 Volts e 6 Watts) 

e 

4 horas para 1 radio portátil 
(12 Volts, 10- 12 Watts ) 

e 

3 a 4 horas de televisao 12" P /B 
(12 Volts, 12 - 14 Watts) 
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2. 

3. 

Três painéis solares (42 Wp) COM controlader de carga: 

R$ 1300 à vista D 
OU 3 x 455 R$ (R$ 1365 = R$ 13CO + 596) D 
OU 6 x 238 R$ (R$ 143J = R$ 13CO + 1096) D 
OU 9 x 166 R$ (R$ 1495 = R$ 13CO + 1596) D 
OU 12 x 130 R$ (R$ 1560 = R$13CO + 2J96) D 
OU 18 x 94 R$ (R$ 169J = R$13CO + 3J96) D 
OU 24 x 76 R$ (R$ 182] = R$ 13CO + 4096) D 

Três painéis solares (42 Wp) COM controlader de carga, 

fio elétrico e COM 2 lampadas fluorescentes : 

R$ 1450 à vista D 
OU 3 x 508 R$ (R$ 1523 = R$ 145] + 596) D 
OU 6 x 266 R$ (R$ 1595 = R$145J + 1096) D 
OU 9 x 185 R$ (R$ 1668 = R$145] + 1596) D 
OU 12 x 145 R$ (R$1740 = R$145] + 2J96) D 
OU 18 x 105 R$ (R$ 1885 = R$ 145] + 3J96) D 
OU 24 x 85 R$ (R$ 203] = R$145] + 4096) D 

Três painéis solares (42 Wp) COM controlader de carga, 

fi o elétrico e COM 4 1ampadas fluorescentes: 

R$ 1600 à vista D 
OU 3 x 560 R$ (R$ 168] = R$16()] + 596) D 
OU 6 x 293 R$ (R$ 17éiJ = R$ 16()] + 1096) D 
OU 9 x 204 R$ (R$ 1840 = R$ 16()] + 1596) D 
OU 12 x 160 R$ (R$ 192] = R$ 16()] + ZJ96) D 
OU 18 x 116 R$ (R$ 208] = R$ 16()] + 3J96) D 
ou 24 x 93 R$ (R$ 2240 = R$ 16()] + 4096) 0 

Figure J.6: 150 Wp electricity n eed ch ecklist - back 
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Sistema So/ar 4 

Potência de energia disponivel: 

+ 

OU 

+ 

OU 

+ 

Appendix J : Checklists for rural electricity need 

GY 

4 horas para 4 lampadas 

fluorescent es 
(de 30 cm, 12 Vo lts e 6 Watts) 

e 
7 a 8 horas para 1 radio portátil 
(12 Vo lts, 6 Watts) 

e 

3 a 4 horas de televisoo 12" P / B 
(12 Volts, 12 - 14 Watts) 

4 hor as para 2 lampadas 
fluorescentes 
(de 30 cm, 12 Vo lts e 6 Watts) 

e 

4 horas para 1 radio portátil (12 W)+ 

4 horas para 1 radio portátil (6 W) 

e 

3 a 4 horas de televisoo 12" P /B 
(12 Volts, 12 - 14 Watts) 

6 horas para 2 lampadas 

fluorescent es 
(de 30 cm, 12 Vo lts e 6 Watts) 

e 

4 horas de televisoo 14"P/B 
(12 Volts, 30 Watts) 

Figure J. 7: 200 Wp electricity need checklist - front 
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1. 

2. 

3. 

Quatra painéis solares (56 Wp) COM controlader de carga: 

R$ 1700 à vista 0 
ou 3x595R$ (R$1785=R$17W+5%) 0 
ou 6 x 312 R$ (R$1870 = R$17aJ + 10%) 0 
ou 9x217R$ (R$1955=R$17W+15%) 0 
ou 12x 170R$ (R$2040=R$17W+LO%) 0 
ou 18 x 123 R$ (R$ 2210 = R$ 17W + 3J%) 0 
ou 24 x 99 R$ (R$ 238J = R$17W + 40%) 0 

Quatra painéis solares (56 Wp) COM controlader de carga, 

fio elétrico e COM 2 lampadas fluorescentes: 

R$ 1850 à vista 0 
ou 3 x 648 R$ (R$ 1943 = R$18!JJ + 5%) 0 
ou 6 x 339 R$ (R$ 2035 = R$ 18!JJ + 10%) 0 
ou 9 x 236 R$ (R$ 2128 =R$18!JJ + 15%) 0 
ou 12 x 185 R$ (R$ 22LO = R$ 18!JJ + LO%) 0 
ou 18x 134R$ (R$2405=R$18!JJ+3J%) 0 
OU 24 x 108 R$ (R$ 25g) = R$ 18!JJ + 40%) 0 

Quatro painéis solares (56Wp) COM controlader de carga, 

fio elétrico e COM 41ampadas fluorescentes: 

R$ 2000 à vista 0 
OU 3 x 700 R$ (R$ 21W = R$ 20ClJ + 5%) 0 
OU 6 x 367 R$ (R$ 22aJ = R$ 20ClJ + 10%) 0 
ou 9 x 256 R$ (R$ 23(1] = R$ 20ClJ + 15%) 0 
ou 12 x 200 R$ (R$ 24W = R$ 20ClJ + LO%) 0 
ou 18 x 144 R$ (R$ 26aJ = R$ 20ClJ + 3J%) 0 
ou 24 x 117 R$ (R$ 28W = R$ 20ClJ + 40%} 0 

Figure J.B: 200 Wp electricity need checklist- back 
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Appendix J : Checklists for rural electricity need 

System 
Solar panel 

Controller 

Battery 

Television 

Lights 

1 amorphous solar panel of 14 Wp 

"' 50 Wh daily energy services 

1 x FEE-14-12 (14 Watt-peak), 4th generation a-Si technobgy 

1 x LCC Mini (4 Amp) 

1 x Lead acid (deep-cycle) battery 12 Volts, 30 Ah (suggested) 

1 x DC 12 Volts black and white, 12-14 Watts (suggested) 

2 x DC 12 Volts PL or TL lig hts, 5-7 Watts (suggested) 

Examples of daily energy setvices available 
1 x 12-14 Watts television for 3 to 4 hours; 36to56Wh 

or 

2x 5-7WattsTLiights for 4 hours. 40 to 56 Wh 

Figure J.ll: System with one panel, 50 Wp 
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2 amorphous solar panels of 14 Wp = 28 Wp == 100 Wh daily 

System 
Solar panels 

Controller 

Battery 

Te levision 

Lights 

2 x FEE-14-12 (14 Watt-peak), 4 th generation a-Si technology 

1 x LCC Mini (4 Amp) 

1 x Lead acid (deep-cycle) battery 12 Volts, 60 Ah (suggested) 

1 x DC 12 Volts black and white, 12-14 Watts (suggested) 

2 x DC 12 Volts PL or TL lig hts, 5-7 Watts (suggested) 

Example of daily energy services avai/able 
1 x 12-14 Watts televis ion for 3 to 4 hours; 

and 

2 x 5-7 Watts TL lights for 4 hours . 

Figure J .12: System with two panels , 100 Wp 
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Appendix J: Checklists for rural electricity need 

3 amorphous solar panels of 14 Wp = 42 Wp == 150 Wh daily 

System 
Solar panels 

Controller 

Battery 

Radio 

Television 

3 x FEE-14-12 (14 Watt-peak), 4th generation a-Si technobgy 

1 x LCC Mini (4 Amp) 

Lights 

1 x Lead acid (deep-cycle) battery 12 Volts, 90 Ah (suggested) 

1 x DC 12 Volts, 6 Watts radio (suggested) 

1 x DC 12 Volts black and white, 12-14 Watts (suggested) 

2 x DC 12 Volts PL or TL lig hts, 5-7 Watts (suggested) 

Example of dai/y energy services available 

} 1 x 6 Watts radio for 8 hours; 48Wh 
124 to 

1 x 12-14 Watts television for 3 to 4 hours; 36 to 56 Wh 
160 Wh 

2 x 5-7 Watts TL lights for 4 hours. 40 to 56 Wh 

Figure J.13: System with three panels, 150 Wp 
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4 amorphous solar panels of 14 Wp = 56 Wp "' 200 Wh daily 

~ ~-N"'1k :.o-- -. _ r::: 

System 
Solar panels 

Controller 

Battery 

Radio 

Television 

Lights 

4 x FEE-14-12 (14 Watt-peak), 4th generation a-Si technology 

1 x LCC Mini (4 Amp) 

1 x Lead acid (deep cycle) battery 12 Volts, 135 Ah (suggested) 

1 x DC 12 Volts, 6 Watts radio (suggested) 

1 x DC 12 Volts black and white, 12-14 Watts (suggested) 

4 x DC 12 Volts PL or TL lig hts, 5-7 Watts (suggested) 

Example of dai/y energy services available 
1 x 

1 x 

4x 

6 Watts radio 

12-14 Watts television 

5-7 Watts TL lights 

for 8 hours; 

for 3 to 4 hours; 

for 4 hours. 

Figure J.14: System with four panels , 200 Wp 
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Appendix K: Consumer questionnaire codebaak and fîll-in farm 

Appendix K: Consumer questionnaire 

codebook and fiJI-in form 

K. 1 Explanation of codebook and fi ll-in form 

Most questions will be clear when having read Appendix I about choice of technology and Ap

pendix J about electricity need. A number of questions will be discussed in more detail below. 

Questions are numbered in the sourcebook, but are not numbered in the fill-in form. At first, 

questions in the fill-in form were also numbered, but this made the fill-in form more difficult 

to use because of all the information on it. 

Questions 2a, 2b and 2c will be used to indicate whether smali-scale hydro is possible . To 

make smali-scale hydro possible , there must be a r iver in the vicinity, there must be enough 

head - a minimum of 3 meters - and the distance from the river to the home cannot be more 

than 100 meters. 

Question 2f is used to indicate whether solar PV-panels can be applied. If the home and its 

surroundings are fully covered by shade, solar PV-panels cannot be used. Questions 4a and 

4b- the two questions on the fill-in form below the header "Choice oftechnology (1/2)", follow 

automatically out of the answers. These two questions answer the appropriateness for solar 

PV-panels and smali-scale hydro with a "YES" or a "NO". 

Questions 3d to 3f deal with the daily energy demand regarding rural householcts that use 

batteries. The first question gives the daily energy demand based on the capacity of the bat

tery that is used. The second question doesn't use the assumption that the battery is re

charged 3 times a week, but uses the real number of reeharges each week. In question 3f, the 

third question, the daily energy demand is calculated, using the number of appliances - and 

the hours per day they are used- as point of departure. 

In question 3g, the appliances are divided into 4 groups: lighting, radio, TV and other appli

ances, because otherwise the processing and analysis of the data would become too difficult. 
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A pre test has been performed, in which 30 householcts were used to test the questionnaire. 

After the field test the following changes have been made: 

The technology choice questions are asked befere the electricity need questions; befere 

showing the rural electricity need checklists. Some rural householcts got a bias to

wards Diesel generators when discussing the electricity need checklists befere the 

technology choice checklists, because they found the cash price too high for the elec

tricity services effered with PV-panels . Some people got a bias towards solar PV-panels 

during the technology choice, because the checklists of the rural electricity need are 

basedon solar PV system sizes; 

During the pre-test not only the householcts that indicated to have the financial means 

to purchase solar panels were asked about their willingness to pay. Householcts with

out the financial means were asked if they would purchase asolar panel if they would 

have the money in the future. 

The answers of these householcts proved to be unreliable. People gave 'politically cor

rect' answers to please me, because of their previous negative reply as for their current 

financial circumstances. The question with respect to the willingness to pay is there

fore only asked to householcts that indicate to have enough financial means to pur

chase solar PV panels; 

In Excel, the three research areas are divided into three separate input worksheets. 

This way, it's easier to cernpare the results for the three research areas; 

The coding of question lb and lc has been changed. Before, the narnes of the cities 

were used instead of codes. It turned out that it was difficult to recognize typing errors 

in Excel when typing text. An input error in a number is easier to recognize; 

A new question, question 5e, has been added about the place where people buy their 

househeld appliances (if they have any) or where they will go for future purchases of 

househeld appliances. 

This helped to construct the retail questionnaire that is presented in Appendix Q and 

also helps to interpret the results of the retail questionnaire in Appendix R. When a lot 

of people indicate that they buy their householcts appliances in regional municipios 

instead of Manaus, the results for Manaus with respect to the retail questionnaire are 

less interesting. 

The codebock is used in Microsoft Excel 2000. Somevalues arealso used in Statgraphics 4.0. 

This codebock differs from a codebock in SPSS, because codes can be bigger than 1 digit and 

codes can be text format . 

The actual execution of the questionnaire is visualized in a flowchart on the following pages. 
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Appendix K: Consumer questionnaire codehook and fill-in form 

1. Date and research area information 

2. Observation of geographical circumstances 

The results are used in part 4 

3. Eledricity need, part 1/2 

1. Write down the capacity of the battery; 
2. Write down the number of reeharges each week. 

Write down the use of appliances: 
- write down the power of the appliance; 
- write down the hours it is used daily. 

(Aiso as a checkup tor the answers of the battery user) 

N 

Go tD chokle C1l technologles 

Figure K.la: Consumer questionnaire flowchart, part 1 of 2 

HYDROISA 
GOODOPTION 

HYDROISNO 
OPTION 

SOlARISNO 
OPTION 

SOlARCAN BE 
AGOOD 
OPTION 

SOlARISA 
GOODOPTION 
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4. Choire of tec:hno/ogy 

N 

1. Discuss advantages 
and disadvantages of 

each technology 

5. Electricity need, part 2/2 

Discuss the 
electricity need 

checklists 

Choice of rural 
electri city n eed 

V 

Figure K.lb: Consumer questionnaire flowchart, part 2 of 2 
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Show all three canls 

Show hydro and 
diesel generator card 

Show solar and 
diesel generator card 

No second 
te:hnology choice 

needeel 

Second choice 
needeel (if passible) 



Question 

number 

la 

lb 

lc 

Appendix K: Consumer questionnaire codehook andfill-inform 
.. _," ___ " ---------------------

K. 2 Codebaak 

Question description Variabie Column Code 

Date B Date 

Area 1 c 11 Careiro da Varzea 

12 (Vila do) Carreiro 

13 Manaquiri 

14 Autazes 

21 Iranduba 

22 Manacapuru 

31 Rio Preto da Eva 

32 Amatari 

33 Itacoatiara 

Road 2 D 11 Carreiro daV. - (Vila do) Car. 

12 (Vila do) Car. - the South 

13 KM.28 - Autazes 

14 Autazes - Nova Olinda 

15 KM.95- Manaquiri 

2 1 Cacau Pireira - Iranduba 

22 Iranduba- Manacapuru 

31 Rio P. da E. - Itacoatiara 

3 2 KM. l70 - Novo Remanso 

- -- --- ---- - ---------- - - -------- --- - --- - - - ----- - -- ----------- - --- -- ----------~~------~~:~~~- -=-- ?-~':'~_s_ /__1!~!?~~~~~---- - -
ld Distance from M 3 F Distance in kilometers 

le Travel time from M 4 G Travel time in hours 

1f Road side from M 5 H L Left 

-------- -- ------- ----------------------- ---- --- --------- --- ----------- --- ---~---- ----~~?_t ___ ------------------------------
lg Distance to paved 6 Distance in kilometers 

-- ---- ----- -------- -- --------- --- ------------ ---- --------- ---- ----- ---------?_1?:_'!1?. if_ ~q~ !~.l~_v_<"!-~t- - - - ---- - --- ------------- -
lh Travel time to paved 7 J Travel time in minutes 

Blanc if nat re levant 

2a River nearby 10 L y Yes 

N No 

2b Enough head 11 M y Yes 

N No 
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Question 

number 

Cont. 2 

2c 

2d 

2e 

2f 

3a 

Question description 

Distance river - home 

Road quality 

Forest 

Shade 

Energy use 

Variable 

12 

13 

14 

15 

18 

Column Code 

N Distance in meters 

0 1 Paved road 

2 Unpaved road 

3 Trail 

p 1 Near a forest 

2 Within open forest 

3 Within closed forest 

Q Within open spot 

2 Partially shaded 

3 Fully shaded 

s 8 Battery 

D Diesel generator 

N None at all 

.~? ____________ _l?~~t-~ry_<:~.P-~~j!.}' ___________ ___ ~~----- ------ ~------------l?~~~~ry_<:~J~~~j!.}'_~Il-~--------- --------------

-~~------------ -~_e_c:J:l!-:I:~~:>------ ---- --------- - - ~-~--------- -- ~----------- -~-~~~J:l-~~_e:>_ P-C::-~<:<:~-- ---- ---------- - ------
-~~- ____________ I?_~lz _e_f1_e_r~ -~_e~-~I1_c! _ ~ ______ ~-~ ___________ '!! ___________ -~ _l?_~!~c:ry_ ~~-~~_c_i~y_ ~- ~,_q? _____ __________ ____ _ 

= ( Battery capacity x 0,4 x number of 
3e Daily energy demand 2 23 X 
---- ---- ---- ---- ------ ------ ------ ---- --------- --------- ---- ------- ------- --~c:~!:~g_e_~ _I__?_)_?<_-~~----- --- ------ ---- ----- ---

3f Daily energy demand 3 24 y 
= Daily energy demand, based on appli-

ances . 

3g Appliances-light 26-28 AA Number of lights 

AB Total power in Watts 

AC Daily energy use in Watt-hours 

Appliances-radio 29-31 AD Number of radios 

AE Total power in Watts 

AF Daily energy use in Watt-hours 

Appliances-TV 32-34 AG Number of televisions 

AH Total power in Watts 

AI Daily energy use in Watt-hours 

Appliances-other 35-38 AJ Number of other appliances 

AK text Description of appliances 

AL Total power in Watts 

AM Daily energy use in Watt-hours 
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Question 

number 

4a 

4b 

Sa 

Sb 

Sc 

Appendix K: Consumer questionnaire codebaak and fill-in farm 

Question description Variable Column 

Location suitable for so

lar 

Location suitable for hy

dro 

First technology choice 

41 

42 

4S 

Second technology choice 46 

Control question 1 48 

Control question 2 49 

Control question 3 so 

Control question 4 S1 

Control question S S2 

Control question 6 S3 

Control question 7 S4 

Control question 8 ss 

AO 

AP 

AR 

AS 

AU 

AV 

AW 

AX 

AY 

AZ 

BA 

BB 

Code 

N 

y 

y 

No if Q is 3 

Yes otherwise 

Yes ifL =yes, M =yes and N < 

100 

N No otherwise 

1 1 = Diesel generator 

2 2 = Solar PV -panels 

3 3 = small scale hydro 

N N = no choice made 

1 = Diesel generator 

2 2 = Solar PV-panels 

3 3 = small scale hydro 

N N = no choice made 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 

y Yes 

N No 
-· ~ ------- -- --------------------------------------------- --------------- --- -- --- ----- -- --- -- -- -------- ---------- ------------
Sd Second choice possible S7 BD 1 = 6 or more out of 8 affirma

tive. No second choice 

2 2 = less than 6 affirmative, sec

ond choice possible 

3 
3 = less than 6 affrrmative, but 

no other choice possible 
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Question 

number 
Question description Variable Column Code 

I _S:?.r:~: -~- ------- ---- ------------------------ --- ------ -------- -- ---- ----------------- --- ------ ----------- ------ ----- --------
Se Town for purchases 59 BF Same codes used as in question 1 b 

6a 

6b 

6c 

A156 

Inquired electricity need 62 

Inquired need after cast 63 

discussion 

Financing - first time 65 

choice, could pay 

66 

67 

BH 

BI 

BK 

BL 

BM 

50 50Wh 

100 100 Wh 

150 150 Wh 

200 200 Wh 

N None 

50 

100 

50Wh 

100 Wh 

150 150 Wh 

200 200 Wh 

N None 

Solar system 

1 = 50 in AO 

2 2 = 100 in AO 

3 3 = 150 in AO 

4 4 = 200 in AO 

N N = N in AO 

Financing choice 

1 = frrst possibility 

2 2 = second possibility 

3 3 = third possibility 

N N = oot possible 

Financing period 

3 3 = 3 months 

6 6 = 6 months 

9 9 = 9 months 

12 12 = 12 months 

18 18 = 18 months 

24 24 = 24 months 

N N = nooption 



Qu estion 

number 

Cont. 6 

6d 

Appendix K: Consumer questionnaire codebook and jill-in form 
'"" """''''""''"'"'"'' __________________ _ 

Question description Variable Column Code 

Financing - first time 69 BN Solar system 

choice, would pay 1 = 50 in AO 

2 2 = 100 in AO 

3 3 = 150 in AO 

4 4 = 200 in AO 

N N = N in AO 

70 BO Financing choice 

1 = frrst possibility 

2 2 = second possibility 

3 3 = third possibility 

N N = not possible 

71 BP Financing period 

3 3 = 3 months 

6 6 = 6 months 

9 9 = 9 months 

12 12 = 12 months 

18 18 = 18 months 

24 24 = 24 months 

------------- ------- ---------- --------------- ----------- -- -- -------- ------- -~-- ------ !':!_":'-~-~ -~!?~!??: --- ---- -------- ------- -
6e Smaller system - could 73 BR Solar system 

pay 1 1 = 50 in AO 

2 2 = 100 in AO 

3 3 = 150 in AO 

4 4 = 200 in AO 

N N = N in AO 

74 BS Financing choice 

1 = frrst possibility 

2 2 = second possibility 

3 3 = third possibility 

N N = not possible 
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Question 

number 

Cont. 6 

6f 

Question description 

Smaller system - would 

pay 

Variabie Column 

77 BU 

78 BV 

79 BW 

Code 

Solar system 

1 = 50 in AO 

2 2 = 100 in AO 

3 3 = 150 in AO 

4 4 = 200 in AO 

N N = N in AO 

Financing choice 

1 = frrst possibility 

2 2 = second possibility 

3 3 = third possibility 

N N = not possible 

Financing period 

3 3 = 3 months 

6 6 = 6 months 

9 9 = 9 months 

12 12 = 12 months 

18 18 = 18 months 

24 24 = 24 months 

--------------------------------------------------------------------------- -~-- ---- --~ _":'_~-~-~p~()~-- - - ------ --- ---- ----- -
1 = low interest 

6g Most important 58 BY 
2 2 =long-term payment 
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K.3 The fill-in farm 

Research area: 

Area 1: 1. Carreiro da Varzea 

2. Carreiro 

Area 2: 1 . Iranduba 
2 . Manacapuru 

Area3: 1 . Rio Preto da Eva 
2. Amatari 

Road: 

Date: 

D 3 . Manaquiri 

D 4. Autazes 

D 
D 

D 3 . ltacoatiara 

D 

- 2002 

D 
D 

D 

Km (from Manaus] : Raad si de (from Manaus] (LI R): 

Travel time (from Manaus): 

Km (to nearest paved road) : 

T ravel time (to nearest paved raad) : 

Geographica/ circumstances 

Riverin vicinity (< 100 meters] 

River with enough head for hydra power 

yes 1 no 

yes 1 no } 
Distance from river to home (if < 100 meters]: ............ ... ... . 

1. Near a paved raad 

2. Near an unpaved raad 

1 . Near the forest 

2. Wit hin open forest 

1 . Within an open spot 

2. Partially covered by shade 

D 
D 

D 
D 

D 
D 

3. Near a trail 

3. Within closed forest 

3. Fully covered by shade 

Figure K .2 : Consumer questionnaire fill-in form, page 1 

D 

D 

D 
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Household using batteries: D 

Battery capacity: .......... .. ... .. . Ah (x 2,06): Daily energy demand: ,, .. ,, """ ", Wh 

Number of reeharges each week: """ " ,""" .. times . (Rech. x 0,69 x Capac.): .. .... ... ... " .. Wh 

Daily energy de mand calculated with the u s e ofthe appliances table below: """"' ", "" Wh 

Household using a Diesel generator: 

App/iance Power Dailyuse 
(Watts) (hrs.) 

Daily energy demand calculated 

with the use ofthe appliances table: ... ", ", ",",,Wh 

Household having no electricity services at all: 

Choice of techno/ogy (1/2): 
Location suitable for solar PV-panels: 

Location suitable for smal! se ale hydro : 

yes I no 

yes I no 

Figure K.3: Consumer questionnaire fill-in form, page 2 

Al60 

D 

Daily energy use (Wh) 



----------------

Appendix K: Consumer questionnaire codebaak and jill-in farm 

Choice of techno/ogy {2/2): 

Diesel generator 

Solar FV-panels 

Small scale hydro 

Question 1 : 

Question 2: 

Question 3: 

Questi on 4 : 

First choice 

D 
0 
0 

yes I no 

yes I no 

yes I no 

yes I no 

Control questions Second choice 

0>= 618YES -1 D 
0 < 6/8 YES , secend 0 

choice is possible 0 

0 < 618 YES, butno 

other cho ice possible 

Question 5: yes/ no 

Question 6: yes I no 

Question 7: yes I no 

Question 8: yes J no 

Wh ere do you purchase your househeld appliances: 

Manaus 0 

Electricity need {2/2): 

Inquired electricity need: 

Financing possibil it ies 

First system choice , 

what could you pay? 

Would you also pay this? 

If not possible, choose financing 
of smaller system 

Would you also pay t his? 

Inquired electricity need: 

(after cost discussion) 

Most important: 1. low interest 

Other municipio, namely: ...... 

50 Wh I 100 Wh I 150 Wh I 200 Wh 

Solar system Financ . Financing period 

(1121314) Choice (316191 12118 

(11 2/3) 1241not possible) 

50 Wh I 100 Wh I 150 Wh I 200 Wh 

2 .long-term payment 
0 
0 

Figure K.4: Consumer questionnaire fïll-in form, page 3 
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Appendix L: Consumer questionnaire data 

The data obtained during the execution of the questionnaire is presented in this appendix. 

The questionnaire itself can be found in Appendix K. The analysis of the data can be found in 

Appendix M. 

Presentation of the raw data is necessary to make the statistica! analysis more transparent. 

In this way, future researchers also have the possibility to verify the findings themselves and 

verification is one of the preconditions when speaking about 'scientific research'. 

The data is presented for each research area separately. The table indication corresponds 

with the table indication of the soureehook in Appendix K. Because of the size of the data file, 

the tables are divided into several parts that should be read as follows : 

In this example, the table is divided into 3 tables in width and 2 tables in height. The tables 

with the data for the consumer questionnaires for each research area are divided into 4 tables 

in width and 3 tables in height. 
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L. 1 Research area 1: Care i ro 
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A X AA AB AC AD AE AF AG AH AI AJ AK 

1 0,00 ! w'~* 0, 
2 0 ,00 0 ,00 
3 o.,oo 0 ,00 
4 1 0 ,00 !; :m 0,00 

5 12,00 iê 12,00 1 12 12 

6I1Jitv'6;oo: t,;,HL .. .o.oo 
7 '\mO,QQ' • "' 11 ''ÓiOO 
8 l ~;l$to,Qo,la w1'!pwo 
91 4: o;oo :a·~~~tç 

10 ·37,Q3 il. 42,00 

11 O,Ó~ !I:,'""' 0,00 
12 O,OÓ' *'· :o,OO 
13 O,QQ 396,00 
14 o;ob '1 ·o,oo 
15 0,00 0 ,00 

16 '!!: Ó;Q.O #t*-w~'* Q;I 
17 . ,,.o;q() ;j~;'Ü~OO 

18 AHt ofi ~~ ó ,oo 

19 o;otn~. •' o ;oo 
20 "'0 ,00 w;~, 0,00 

2 1 ' o:oo Jl 0,00 
22 0 ,00 .·' "' 0 ,00 
23 0,00 °iii 0,00 

24 0,00 •'~' 0,00 
25 0 ,00 ~!w o,oo 

~~ w~~:~~· i:wr~i~~ 
28 I·P~6;1 '4 %! 12 
29 o,öo. ~~~ 4 Q;oo 
30 0;00 Ö,OO 
3 1 0,00 ., 0 ,00 
32 0,00 '( N · 0 ,00 

33 0,00 0 ,00. 
34 O,OJJ 0 ,00 

35 o;oo ·•'' wco:Qo 
36 ,ü O;QO ~ dq( 0 ,00 

37 o.;qo '11~*~ 
38 ilAu:;·i A&î!t1. 4'> oo 

39 w1s :1 .r .1a 32·;oo 
40 24,ÖO .0 'WûftE 24, 
4 1 0 , 00 .,q f>QO 00 

42 ''o ,oo 'f{% o,oo 
43 0 ,00 0 ,00 
44 0 ,00 1%11 0,00 
45 o,oo .,B7 o ,öo 
46 •-1 2 ,00 tJA* 12,00 
47 2 1 ~> nniD'Wtm.., 3,2,00 

1 6 42 

2 80 160 1 30 60 1 Fl c c ;oc• 

1 5 10 
1 6 12 

1 14 42 
1 8 32 

1 6 24 
6 140 420 1 40 120 3 "'' pump 

1 12 12 
1 8 32 
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L.2 Research area 2: Manacaouru 
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A x YZ AA AB AC AD AE AF AG AH AI AJ AK 

1 0 ,00 !'Rif"" 0,00 

2 22,29 ""'42,00 1 6 42 
3 O,OÓ 1,100,00 3 60 720 1 45 180 2 TL lights of 25 W each 
4 o:oo K -~~· 0 ,00 

5 30,86 •'!l!l· 36,00 1 12 36 
6 ,+i ~0',86 ~-'7,50 1 15 38 
7 * ojoo ~Mo,oo· 
8 <•0%fXI'l (){) JaMO,od 12 720 2 .520 1 120 420 1 Blender 
9 15,43 ·•3o~ao 1 20 30 

10 .15,43 11• 22,50 1 15 23 
11 30,86 ;'f$ 50,00 1 20 50 
12 0 ,00 w o·;oo 
13 0,00 A'' 0 ,00 
14 0 ,00 0\00 
15 0 ,00 lOOO;oo 5 300 750 1 100 250 
16 _rf 0,00. i$ Weil& 0';00 

17 0,00 ·~t~ Q400 

18 :r. o;oo _ 1*'\:;;lif*Cl;OO 
19 0;00 'I.OtOO 
20 0 ,00 ;1~1 0,00 

~,1 ·.•ww Fan, freezer, washing 
21 9500,00 4 250 1.250 1 60 300 1 80 400 3 0,00 '*' wy' machine 

22 0 ,00 0,00 
23 ···o,oo %Wf 0,00 

24 0,00 !fi 0 ,00 

25 ;;: 2fl-.,69 1'30,00 1 10 5 1 10 20 1 10 5 

26 44,57 Wj ~'&' 4,00 1 12 4 

27 ;;o,oo I f*i o,oo 
28 1l%''ö,OO 'li r~o~,oo 
29 0,00 :n'&l 0 ,00 

30 0 ,00 · t~;v 0 ,00 

31 27,43 T{iif{i: 37,50 1 15 38 

32 0 ,00 0 ,00 

33 0 ,00 Xl l70,00 3 240 720 1 30 90 3 TL Light 
34 0,00 . 780,00 5 300 600 1 10 20 1 80 160 

35 0 ,00 w 640,00 2 80 320 1 80 320 

36 o,oo· *M4Q!öo 15 900 2 .700 1 80 240 

37 O,OQ ? .. ·-i''t "''ê'C ~.oo 
38 "Q"OO &JI~Jio,oo 
39 0 ,00 N ' 0 ,00 
40 0,00 900,00 2 120 480 1 25 100 2 TL Light 
41 0;<>0 f 1800,00 6 360 1.080 2 Pump and ventilator 

42 0 ,00 
""' 

0 ,00 

43 O,OQ ,.,:g. O,OO 
44 0 ,00 -~ 0,00 
45 12,34 h\t' ' 20,00 1 20 20 

46 t;;tro,oo 1$M;O,QO 
47 '' O,Oó w1A· o;oo 
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60 240 15 60 80 320 9 

26 1.440 4.320 65 260 280 5 
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L.3 Research area 3: ltacoatiara 
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Appendix M: Consumer questionnaire analysis 

The raw data of the consumer questionnaire - that can be found in Appendix L - is explored 

in this appendix. The data is analyzed per topic, starting with the geographical data in para

graph M.l . Part of the discussion of the geographical data is a fi.rst description of the area 

based on observations on the spot and conversations with the inhabitants. 

The following topics are discussed after the geographical data: first of all , the currently used 

electricity services and the magnitude of the current daily electricity use are discussed in 

paragraph M.2. Their attitude concerning the possible extension of the electricity grid is also 

briefly discussed in this paragraph- an in depth discussion can be found in Appendix D. 

The technology choice is analyzed in paragraph M.3 . The technology choice itself is presented 

and links with other indicators are made. The relationship between the current electricity ser

vices used and technology choice and the relationship between the current daily energy use 

and the choice of technology are calculated. The strength of the relationships is calculated 

and also graphically represented. 

The electricity demand of rural householcts when using solar panels in the future is discussed 

in paragraph M.4. The electricity use in paragraph M.2 concerns the current electricity use. 

The electricity demand in paragraph M. 4 focuses on the needs of the rural householcts that 

make a technology choice for solar PV panels. The electricity demand also refers to the num

ber of panels a household wants to use. Next to this, the relationship between solar PV sys

tem sizes - the number of panels - and the kind of package chosen by the household is dis

cussed. It is for example possible to only buy panels with a charge controller, but householcts 

can also buy a complete package with panels, charge controller, wiring and fluorescent lights. 

Paragraph M.5 deals with the financial means of those rural householcts that made a technol

ogy choice for solar panels . This paragraph not only answers the question whether house

holcts do or do-not have the financial means when they make a technology choice for solar PV 

panels during the field research. The willingness to pay and the preferenee with respect to 

payment period is also discussed in this paragraph. 

The final paragraph - paragraph M.6 - discusses a number of indicators that are relevant 

with regard to the market introduetion of solar PV panels in the Marraus region. Which are 

the most important advantages of a solar panel, as perceived by the householcts that made a 

technology choice for solar panels? But also, which are the most important advantages and 

disadvantages of a diesel or gasoline generator, as perceived by those householcts that made a 

technology choice for the generator. 
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A last question in this paragraph is regarding the market size and the towns that are of im

portance with respect to the sales of solar panels in this region. 

Each paragraph first discusses the whole picture and after that a division is made into the 

three research areas in sub-paragraphs. The subdivision into research areas is used when it 

benefits the analysis of the results or when results for the separate areas differ a lot. 

A number of general Brazilian expressions needs to be explained a bit more: 

Difference between 'ramal' and 'pisarra': 

Some side roads are called 'ramal', meaning they are unpaved side roads and they go most of 

the time towards a small community. Other side roads are called 'pisarra', meaning unpaved 

path or trail. Pissaras are trails and always smaller and in a worse state than a ramal, and a 

pissara doesn't have to go to a community. Some ramals have official narnes (for example: 

'Ramal do Cafezal' in the ltacoatiara area). 

You will also find ramals that are connected to the dectricity grid. There are almost no pisar

ras that have grid-related electricity. 

Difference between 'balsa ', 'barco '. 'canoa ' and 'voltado ': 

Research areas 1 and 2 are s ituated at the other side of the Rio Amazonas. To get there, you 

can take a 'balsa' or a 'barco'. A balsa is like a ferryboat on which you can embark with your 

car, leaving on more or less fiXed hours , from a fixed point of departure with a fiXed destina

tion. The point of departure for the Careiro area is in the Zona Industrial, at the CEASA and 

is reachable with city bus 213 . The point of departure for the Manacapuru area is in the 

neighborhood Säo Raimundo, close to the Saint Helena cemetery. 

A barco is a boat with two to three decks that has a fiXed course and stops at villages close to 

the water to (un)load freight and passengers . Most barcos leave from the floating harbour in 

the centre of town. 

A canoa is a small wooden boat with room for up to 15 people . The will leave whenever they 

are full or you can discuss price, destination and time of departure with the owner - like a 

taxi. Canoas leave from the departure points of the balsas and also from the harbour in the 

centre of town. Both barcos and canoas are most of the time severely overloaded, but with a 

small canoa this is more dangerous. 

A Voltado is a steel or aluminium water-taxi. The older steel ones can hold up to 40 people. 

The newer aluminium ones can hold up to 80 people. They only leave from the two departure 

points of the balsas. These boats most of the time cost the same as a canoa, but they are 

saferand much faster. voltados have fixed courses, but departure and arrival times vary. 
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Explanation of 'iqarapé' and 'iqapó ': 

An igarapé is a branch of a bigger river. Most igarapés come into existence at the end during 

the rainy season when the level of the rivers starts to rise . At the end of the dry season, the 

water is at its lowest level again and most igarapés have disappeared or transformed into tiny 

streams, impassable even with canoas. The difference in the water level between the end of 

the rainy season and the end of the dry season in the Amazon River is 9 meters or sametimes 

even more . 

The word igapó is closely related to the igarapé. An igapó is translated as being 'Floating jun

gle ', but strictly spoken it is flooded jungle. When the water rises 9 meters , large parts of jun

gle are flooded when the igarapés come into existence. When the banks of an igarapé only 

consist of treetops of flooded jungle, the surrounding jungle is called igapó. 
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M. 1 Geographical data 

The sample size and the number of interviewed householcts are no geographical indicators

maybe demographical, but nevertheless they are discussed within this paragraph. The calcu

lation of the sample size can be found in Chapter 3, paragraph 3.5.2: Population and sam

pling method. The number of interviewed householcts is discussed for each research area 

separately. 

Distances are always measured from Manaus towards another town. If you drive towards 

Manaus, the kilometres count down. Travel time is estimated and asked to the respondent. 

When the estimate and the reply of the respondent differ a lot, the average is taken. This way, 

it is possible that the travel time differs for two respondents living next to each other. The 

perception of the travel time can differ between respondents, because their means of trans

portation can differ too. 

The geographical circumstances are discussed for each research area separately. A picture of 

the whole area is presented below in Figure M. l . 

Figure M.l: The entire research area 
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The first research area can be found South of Manaus: Careiro da Varzea, Manaquiri, Autazes 

and Vila do Careiro - also called Castanho. The second research area can be found West of 

Manaus: Manacapuru and Iranduba. Research area 3 is situated to the Northeast of Manaus: 

Rio Preto da Eva and Itacoatiara. Novo Remanso is part of the Rio Preto da Eva area. 

When looking at the locations of the homes of interviewed rural households (Table M. l) , most 

of them are living near an unpaved road. This is not so strange, because there are only three 

main paved roads. In research area 1, this is the road from Careiro da Varzea towards Vila do 

Careiro. The main paved road in research area 2 is the road from Cacau-Pireira towards 

Manacapuru and in research area 3, the main paved road goes from Rio Preto da Eva towards 

Itacoatiara. There are two paved side roads of importance, being the road towards Iranduba 

in area 2 and the road towards Novo Remanso in research area 3 . 

near a trail on the water 

Research area 1: Careiro 15,05 76,34 8,60 0 ,00 

Research area 2: Manacapuru 17,02 43,62 28,72 10,64 

Research area 3: Itacoatiara 48,24 47,06 4,71 0 ,00 

Table M.l: Locations of the homes towards a road 

In the first two areas, there is a middle tension grid along the entire road and therefore fewer 

interviewed households in these areas live near the paved road - because rural households 

are by definition households that have no (possible) access to grid-based electricity. In the 

research area of Itacoatiara only some parts of the main paved road have access to an elec

tricity grid. Therefore, more interviewed households are living near the paved road in this re

search area. 

Research area 2 is the only area where respondents were reachable that are living in the wa

ter. In real-life, there are also households that live on the water in the other two research ar

eas. But during the field research in the Manacapuru area, the water was at its highestand 

this made it possible to visit people by boat that live in 'floating houses '. During the field re

search in the other two areas, the level of the water was much lower or there was no water 

anymore. Households in floating houses were no langer reachable by boat or are not classified 

as on the water, because the floating house was now situated on the land. (The water level of 

the Amazon River can differ up to 12 meters in a year) 
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Table M.2 shows the locations of rural homes towards the forest . Before the field research , I 

expected tha t a large number of people would be living in closed forest. But it turned out that 

when people start settling somewh ere, the closed forest quickly is being transformed into 

open forest or the forest is cut down completely. 

In total, less than 7,5 percent of the respondents was still living in closed forest. Research 

area 2 is the area that is the most cultivated and therefore has the least closed fores t left. 

This area is most cultivated because it is dosest to Manaus and th ere is always a river close 

by to fish, which makes this area attractive for 'settlers'. 

çifix ~ations of the hOmes "' 
towards the foresf: (%} i!(;;,;;, 

near the within open within closed 
forest forest forest 

Research area 1: Careiro 66,67 23,66 9,68 
Research area 2: Manacapuru 74,47 24,47 1,06 

Research area 3: ltacoatiara 63 ,53 24,71 11,76 

Table M.2: Locations of the homes towards the forest 

Research area 1 is the most original area, becau se of a lack of infrastru ctural investments. 

There is only one paved road and the electricity near this road rarely is extended into the un

paved side roads . Only the unpaved road towards Autazes has an electricity line for the first 

40 kilometres. Next to this , big parts of the Careiro area are flooded for more than half the 

year and most roads are impassable during the rainy season - or when it rains in generaL 

Research area 3 has a lot of original forest as well , but not because it floods every year. Area 

3 is a bit hillier than the other areas and this makes some parts less appropriate for agricu l

ture . Some of the hilly parts in the Itacoatiara area are used for cattle, because these areas do 

not flood. 

A194 



Appendix M: Consumer questionnaire analysis 

M.1.1 Geographical circumstances research area 1: Careiro 

The householcts in research area 1 are the most diffïcult to reach of all three areas. There are 

very limited public transportation services and the unpaved roads have a poor quality and are 

impassable when it has rained. Next to this, there are very little places to stay when doing 

research in this area. 

When going into this area, please do not mix up the three Careiros: 

First of all, you have Careiro da Varzea, situated on the mainland at the Southern side of the 

Amazon River, opposite to Manaus at the point where the balsas (=ferry) arrive and where the 

road leaves southward towards Vila do Careiro. 

Careiro Vilagem is situated on the island between Manaus and Careiro da Varzea. When you 

take a voltado towards Careiro Vilagem, you will make a first stop at Careiro da Varzea. 

The last Careiro is Vila do Careiro. Vila do Careiro is situated southward at KM.104 on the 

road that used to go to Porto Velho. From Vila do Careiro the road continues southward, but 

it is not clear for how far the road is accessible - the first 50 kilometres after Vila do Careiro 

are accessible and most rural householcts without a grid conneetion live here. In the CEAM 

statistics, Vila do Careiro is also called Castanho, and most locals use this name too. 

Figure M.2: Research area 1 
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A description of the road Careiro da Varzea- Vila do Careiro (or Castanho) and further South 

is presented below. The road from the balsa from Manaus up to Vila do Careiro is the only 

paved road in this research area. The road is paved up to Tupana at KM.270 . 

KM .OO 

KM .22 

KM .27 

KM.28 

KM.42 

KM.48 

KM.50 

KM .58 

KM.65 

KM.69 

KM .70 

KM .95 

KM.104 

KM .107 

KM.173 

Left 

Right 

Left 

Left 

Right 

Right 

Right 

Left 

Right 

Right 

Village Careiro da Varzea at the point where the balsa embarks 

Unpaved road 'Ramal da Cabeceira' goes 12 kilometres up to the 

community of Purupuru 

Unpaved road towards community Säo Sebastiäo 

Unpaved road towards Autazes 

Vila do Araça, situated at the roadside 

! Unpaved road 'Ramal do Timbo', towards the little community of 
1 Timbo. A very bad road 

The end of the area of Careiro da Varzea and the beginning of the Vila 

do Careiro area 

Unpaved road 'Ramal do Säo Jose' goes 9 kilometresto Säo Jose 

Unpaved road 'Ramal do Capiranga'. Very bad road 

Unpaved road, 8 kilometresto Vila do Samaûma 

Unpaved road 'Ramal do Mamurî' goes to Mamurî, a big community. 

Very bad road 

Unpaved road to Manaquiri 

The town of Vila do Careiro I Castanho. 

You have to take a balsa to travel further South 

Unpaved road that goes inland for 35 kilometres. This ramal has a lot 

of unpaved side roads and pisarras, with a lot of rural inhabintants 

The village of Säo Francisco. End of the Vila do Careiro I Castanho 

area. You have to take a balsa to go further South 

When you want to go further South from Vila do Careiro you need to take another balsa, but 

the area South of Vila do Careiro is important because there is no grid based electricity in 

this area. The road to the South towards Porto Velho is paved foranother 166 kilometres, up 

to the town of Tupana. When having taken the balsa in Vila do Careiro to go south, you can 

drive 69 kilometres to the town of Säo Francisco. There you have to take another balsa to 

continue south to Tupana and Porto Velho. The road after Tupana is unpaved and in a very 

poor state . 
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Up to KM .50 the road is considered to be part of the area of Careiro da Varzea. The communi

ties of Purupuru, Monte Sinaï and Vila do Araça are part of the Careiro da Varzea area. 

The area of Vila do Careiro starts at KM.50 and continues up to Säo Francisco at KM .173. 

The interviewed households for the municipio of Vila do Careiro I Castanho alllive South of 

the town, next to the road towards Tupana I Porto Velho or in the first ramalto the right of 

that road. The ramals north of Vila do Careiro are not taken into account because they were 

in a very bad state, or because all the households lived in the community at the end of the 

ramal and there they had an own generator. 

The area of Manaquiri starts at kilometre 20 of the ramal towards Manaquiri- at KM .95 on 

the main road Careiro da Varzea- Vila do Careiro. 

The area of Autazes starts at KM.70 of the ramal towards Autazes that has a totallength of 

100 kilometres . Chosen is to let the Autazes area start at kilometre 70 , because the first 40 

kilometres of this ramal are electrified. Therefore only the last 60 kilometres are of interest for 

this research and this part is split in half; the first 30 kilometres are part of the Careiro da 

Varzea area and the secoud 30 kilometres are part of the Autazes area. 

The area after Autazes is regarcled as being part of Autazes up to the community of Sampaio. 

The ramal from KM.28 of the main road towards Autazes is explained below. 

KM .O 

KM .22 Left 

KM.29 Right 

KM.33 Right 

KM.36 Right 

KM.41 

KM.47 Left 

KM.53 Left 

KM.57 Right 

KM.70 

KM.74 Left 

KM.85 Left 

KM .99 

Beginning of the ramal towards Autazes 

Unpaved road that goes 28 kilometres to the community of Purupuru 

Unpaved road with unknown destiny 

Unpaved road with unknown destiny. Very bad road 

Unpaved road with unknown destiny 

End of the electricity grid 

Unpaved road with unknown destiny. Very bad road 

Unpaved road 'Ramal Rio Munica- Lago Aturiá' goes 14 kilometresto 

the community Monte Sinai 

Ramal that goes for 4,5 kilometresto Lago Cururû 

End of the area of Careiro da Varzea and the start of the Autazes area 

Very bad and impassable ramal 

Unpaved road 'Ramal do Novo Ceû' that goes on for 19 kilometres to

wards the community of Nova Ceû 

Point where you have to take a balsa or voltado towards Autazes . 

With a balsa, the trip takes an hour and this is a bout 10 kilometres 
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The geographical indicators for this research area are among other things the travel time and 

travel distances can be found below in Table M.3. 

(Vila do ) Careiro -
35 152 

to south 

KM .28 - Autazes 28 112 

Autazes -
18 184 

Nova Olinda do Norte 

KM .95- Manaquiri 12 138 

14,3 

3,39 89,3 10,7 59 77,82 

5,89 27,8 72,2 132 208,94 

3,00 0,0 100,0 18 27,25 

Footnote: 
(a ) The averages are weighted according to the respondents in each mun icipio. 

Sou rees: 
See Appendix G: Rural demographics, electrification and income da ta, fo r the data with respect to grid connection. 

Table M.3: Geographical data for research area 1 
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There are more householcts interviewed than strictly needed, looking at the sample size. In 

two areas- Vila do Careiro and Autazes- there are more householcts interviewed and in the 

two other areas- Careiro da Varzea and Manaquiri -less. This has been done with a purpose. 

When more householcts would have been interviewed in Careiro da Verzea and Manaquiri, 

there would have been an overrepresentation of a certain type of household. There are more 

householcts interviewed in the other two areas to make sure that enough householcts are in

terviewed to found the statements for the entire research area. 

The table also shows that there are more householcts interviewed living right of the main road 

from Careiro da Varzea towards the South. The Manaquiri area is situated completely to the 

right of this road and most of the householcts after Vila do Careiro also live at the right side of 

the road. The right side of the road is closer to side rivers of the Rio Solimöes . 

Most of the people near the road to Autazes live North of this road, because this is also closer 

to side rivers of a main river; the Rio Amazonas . When a river is further away from the main 

river, it will dry up during the dry period; then it is called an igarapé. There are more igarapés 

South of the road towards Autazes then to the North side. 

One of the selection criteria for the research areas is the travel time towards the municipios . 

(see Chapter 4 and Appendix H) The determined travel time towards Vila do Careiro was 3,6 

hours and towards Autazes 4,2 hours . 

The travel time seemed to be right for Vila do Careiro, when cernparing with the average time 

it took to reach the respondents in the area of Vila do Careiro. But for the Autazes area it 

turned out to be much more difficult to reach the rural respondents. The main ramalto Au

tazes is in a bad state, the balsa towards Autazes takes time and the ramals and pisarras af

ter Autazes also take time to traveL This is visible in Table M.3 in the travel time towards the 

nearest paved road, being the road Careiro da Varzea- Vila do Careiro . 

Figures with respect to the locations of the homescan be found in Table M.4 and Table M.5. 

Table M.4: Locations towards the road in research area 1 
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Careiro da Varzea 18 3 0 

(Vila do) Careiro 26 6 3 

Manaquiri 9 3 0 

Autazes 9 10 6 

Table M .S: Locations towards the forest in research area 1 

Also Table M.4 and M.S display that Autazes in the most difficult to reach. Most people that 

have a home near a trail live in this area and most people that live in open forest or closed 

forest live in the area of Autazes. 

All interviewed rural householcts that lived near the only paved road, lived in the area of Vila 

do Careiro. There is also paved road in the area of Careiro da Varea, but all householcts near 

this road have the possibility to get an electricity grid connection. 

A200 



Appendix M: Consumer questionnaire analysis 

M.1.2 Geographical circumstances research area 2: Manacapuru 

Research area 2 is divided into two main parts : The area of Iranduba and the area of the 

Manacapuru municipio. The Iranduba area starts where the balsa (ferry) from Manaus ar

rives at Cacau-Pireira and ends at KM.35 on the road to Manacapuru. A map of this research 

area is given below. 

Figure M.3: Research area 2 

Most side roads go to the left when driving from Cacau-Pireira towards Manacapuru. 

Manacapuru and Iranduba are also situated to the South of this road, on the bank of the Rio 

Solimöes. There is a clear reason why towns seem to develop more easily to the left side of the 

road. 

The Rio Negro in the North is a black river. The water is more acid than the water of the Rio 

Solimöes, which results in the presence of very little insects near the Rio Negro . Therefore it 

would seem to be the most favorable area to live in. But because of the acidity of the water 

and a lack of insects, there are not many nutriments in the water of the Rio Negro, which 

leads to the absence of big shoals of fish in this river . 
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The Rio Solimoes is muddy, has a lot of nutriments and therefore a lot of fish. This attracted 

much more people downstream this river and turned the towns next to this river into trade 

towns . Even when not fishing, but being a farmer it is easier to sell your products in commu

nities on the banks of the Rio Solimoes. 

A description of the road Cacau-Pireira - Manacapuru is presented below. Most side roads to 

the left continue up to the banks of the Rio Solimoes or a branch of the Rio Solimoes. Side 

roads with a very short distance - less than 5 kilometres - are not taken into account. The 

unpaved side roads in the other two research areas most of the time have names, but this is 

not the case in research area 2 . 

KM .OO 

KM.l3 

KM.20 

KM.25 

KM.32 

KM.36 

KM.50 

KM.60 

KM.72 

KM .81 

Left 

Left 

Left 

Left 

Right 

Left 

Left 

Right 

Village Cacau Pireira at the point where the balsa embarks 

Paved road towards Iranduba 

Paved road to community Bella Vista and Lago Caldeiräo 

Unpaved road towards Lago Grande 

Paved road to Lago de Limäo 

Vila Ariau, situated at the roadside. 

The end of the Iranduba area and the start of the Manacapuru area 

A ramal (inland side road) with unknown direction 

Unpaved road to Terra Verde with a side street towards Acajatuba 

Unpaved road to community Colonia Boa Vista 

Unpaved road towards the town Novo Airäo 

In Table M.6 on the following page it can be seen that there are slightly more questionnaires 

executed in this area than needed with respect to the sample size. The sample sizes for the 

individual municipios are rounded and therefore the sum differs slightly from the value that 

is shown for the entire research area. 

The table also displays that there are more householcts interviewed living left of the main road 

from Cacau-Pireira towards Manacapuru. This is done, because in real-life it turned out that 

most people were living South of this road. 

The first selection criterion (see Chapter 4 and Appendix H) for the research areas has been 

the travel time towards the municipios. The determined travel time towards Iranduba was 2,5 

hours and towards Manacapuru 3,5 hours. 

For Manacapuru this seemed to be right. It took longer to reach the rural respondents of the 

lranduba region, because the side roads were in a worse state and people were most of the 

time living at the end of these side roads . The average unpaved distance was 8 kilometres, 
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but it almost took 45 minutes to travel these 8 kilometres - with an average speed of 10 

kmjhr. 

In the Manacapuru area, people not only live at the end of the side roads, but along the entire 

unpaved road, which results in a shorter time to reach a paved road when being on an un

paved sideroad. 

It also must be mentioned that selection criterion 1 is about the travel time towards the town 

itself and it is not an average travel time towards individual rural householcts throughout the 

entire area. 

~~~.::.._-----11----__.;_-tt------'-+-----'--1 ~ 1----~ 
~~~~~~~-----~~--~--~~~--~~ 
Footnote,· 
(a) The averages are weighted according to the respondents in each municipio. 

Sou rees: 
See Appendix G: Rural demographics, electrification and income data, for the data with respect to grid connection. 

Table M.6: Geographical data for research area 2 

Table M.7 and Table M.8 on the following page present figures about the locations of the 

homes of the interviewed rural householcts in research area 2. 
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on the water 

10 
Manacapuru 16 22 17 0 

Iranduba 0 19 10 10 

Table M. 7: Locations towards the road in research area 2 

Locattons ofthe ·homes 
towards thefo~~.~t (Jlw. " 

near the I within open I within closed 
fure~ fure~ fure~ 

Table M.B: Locations towards the forest in research area 2 

Although a substantial part of the interviewed households is living near unpaved roads or 

worse, they are not living deep into the forest. This area is most cultivated because it is dos

est to Manaus and there is always a river close by to fish, which makes this area attractive to 

settie here . 

There is not much primary forest left in research area 2. Most forest that is left is secondary 

forest, forest that has regenerated to some part on places where the original forest has been 

cut in the past, and this kind of forest most of the time has an open structure. The rural 

households in this research area already live here for some time and in the past they were not 

so conscious about cutting down trees. In other areas, newer cultivated areas where people 

are settling at the moment, you can sametimes see selective tree cut of the forest. 

It already has been said that the water was at its highest during the field research in the 

Manacapuru area, which made it possible to visit rural households by boat that live on 'float

ing houses'. This has been done for the area of Iranduba. 
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M.1.3 Geographical circumstances research area 3: Itacoatiara 

Research area 3 is subdivided into two main parts: The area of Rio Preto da Eva and the area 

of the municipio Itacoatiara. The Rio Preto da Eva area starts at KM.40 from Manaus and 

ends at KM .155 from Manaus. There are different opinions about the starting point of the 

municipio Itacoatiara. When looking at themapin Figure M.4, Vila de Lindoia and Novo Re

manso are within the ltacoatiara micro-region. This is certainly true when taking into account 

that Itacoatiara is a much bigger city than Rio Preto da Eva, with much more influence on the 

surrounding areas. 

But even some people at KM.133 say they are part of the Itacoatiara area. I have put the bor

der at KM .154 for the following reason: 

The electricity grid of Rio Preto da Evagoes up to KM.l28 . The electricity grid of Itacoatiara 

goes down to KM.212, but Vila de Lindoia at KM .180 has its own generator and is therefore 

the dosest point towards Manaus that has grid related electricity within the micro-region of 

Itacoatiara. Because of this , I've puttheborder between the two research areas at KM.154, 

exactly in between the end of the electricity grid coming from Rio Preto da Eva and the first 

point with grid-related electricity within the Itacoatiara micro-region. 

Figure M.4: Research area 3 

A205 



D. P. Bours, final M. Sc. thesis 

A description of the road Manaus - Itacoatiara is presented below. The roads are in general 

much better in this research area when compared to the other two areas . Even the unpaved 

side roads have a good quality and this leads to faster travelling speeds in total. 

When looking at Table M.9 , it took on average about 14 minutestoreach a paved road. The 

average distance to the nearest paved road was 7 kilometres, which leads to an average speed 

of about 30 km/hr on unpaved roads. 

KM.40 

KM .86 

KM.l28 

KM . l33 

KM.136 

KM.l46 

KM . l54 

KM . l64 

KM . l70 

KM.180 

KM.180 

KM.200 

KM .212 

KM.220 

KM.270 

Right 

Right 

Right 

Right 

Right 

Right 

Right 

Left 

Start of the Rio Preto da Eva municipio 

Town of Rio Preto da Eva 

The end of grid-related electricity from Rio Preto da Eva 

Unpaved road 'Ramal do Cafezal' towards community Manapolis 

Unpaved road 

Unpaved road towards community Bom Jesus 

The end of the municipio Rio Preto da Eva and the start of the micro

region ltacoatiara 

Ramal towards a small community 

Paved road towards the town of Novo Remanso 

Vila de Lindoia, at the roadside 

First street when entering Vila de Lindoia is 'Ramal Ajulicaba'. 

Ramal towards community Nova Vida 

The start of the Itacoatiara electricity grid 

Unpaved road towards the towns Silves and Itapiranga 

The city of Itacoatiara 

The road towards Novo Remanso at KM.170 is described separately, because the whole road 

is within the micro-region of Itacoatiara and covered by the field research. In Novo Remanso 

you can take a boat towards Amatari . Amatari has notbeen visited during the field research, 

because the town itself has an own generator. The description of the road KM.170-Novo Re

manso is presented below. 

KM.OO 

KM.08 

KM . l8 

KM .32 

KM.45 
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Right 

Left 

Left 

Start of the road towards Novo Remanso 

Unpaved road towards a small community 

'Ramal das Pedras' towards a small community at the Rio Urubu 

Ramal towards the Rio Urubu 

! The town of Novo Remanso 
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At KM.220 of the road Manaus-Itacoatiara, there is an unpaved side road to the left towards 

Silves and Itapiranga. It will take 80 kilometres to get to Silves and 130 kilometres to get to 

Itapiranga. Both towns are not within the Itacoatiara micro-region, but the road towards 

them is assumed to be within the Itacoatiara area up to kilometre 40. 

It takes about 30 kilometres up to the road to Silves before seeing the first households . The 

whole area is protected forest area and it is prohibited to hunt and to fish in the woods 

around this road. This area is not a reserve, but not fishing and hunting makes it difficult to 

live here and for this reason there are notliving much people near this road. At KM.34 there 

is a small community with the name 'Nossa Senhora Parecida'. There are more people living 

near the road when passed this community, but the Itacoatiara region ends at KM.40. 

Like in research area 2, people live more to the South of the main road- in this case the right 

hand side - because it is dosest to the water. When going south from the road Manaus

Itacoatiara, you can subsequently reach the river 'Rio Preto da Eva', the Amazon River and 

the Rio Urubu. Because of the importance of the rivers for fishing and trade, most people are 

living at the right side - the South side - of the main road from Manaus. This is also visible in 

Table M.9. 
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Footnote: 
(a) The averages are weighted according to the respondents in each municipio. 

Sou rees: 
See Appendix G: Rural demographics, electrification and income da ta, for the data with respect to grid connection. 

< Table on the previous page > 

Table M . 9 : Geographical data for research area 3 

Table M.9 shows that the needed sample size in this research area is covered. Two house

holcts lesser than needed are interviewed in the Itacoatiara area, but three householcts more 

than necessary are visited in the area of Rio Preto da Eva. Also in this area the sample sizes 

for the individual municipios are rounded and therefore the sum differs slightly from the 

value that is displayed for the entire research area. 

The first selection criterion (see Chapter 4 and Appendix H) for the research areas has been 

the travel time towards the municipios. The determined travel time towards Rio Preto da Eva 

was 1,2 hours and towards Itacoatiara it was 3 , 7 hours. 

The determined travel time towards Itacoatiara corresponds with the average travel time to

wards the interviewed rural households, being 3 ,48 hours. The average travel time towards 

the interviewed for Rio Preto da Eva differs substantially from the determined value . The rea

son for this is that the respondents of the questionnaire are living after the city of Rio Preto 

da Eva, on the road towards Itacoatiara. The area in between Manaus and Rio Preto da Eva is 

almost totally electrifled and therefore not interesting with respect to this research. 

Table M. l 0 and Table M.ll present data concerning the locations of the homes of interviewed 

householcts towards a road and towards the forest. 

Locations of th.è hOmes towards a road (#} 

near unpaved 
road 

Table M . l 0 : Locations towards the road in research area 3 

t>~<f\x 

In relative terms , there are more people living near a paved road in the micro-region of Rio 

Preto da Eva than in the area of ltacoatiara. This is because the biggest part of the paved road 

does not have grid electricity in this area and therefore people near the road in Rio Preto da 

Eva are more often classified as being rural householcts - by definition without the possibility 

to be connected or to get connected to an electricity grid. 
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Table M.ll: Locations towards the forest in research area 3 

The areas near paved roads are often more deforested than areas further away from the for

est. The fact that more households live near paved roads thus results in the fact that more 

households live near the forest instead of within open or closed forest. In an artiele of NRC 

Handelsblad ('En nog is de Amazone niet verloren', Science and education segment, 21 Sep

tember 2002) they state that a paved road influences the forest up to 100 kilometres within 

the forest. The influence of an unpaved road is visible in the forest up to 40 kilometres away 

from that road. 
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M.2 Current electricitv services used 

The current electricity services used by the interviewed householcts are discussed in this 

paragraph. The interviewed householcts are by definition rural householcts that do not have 

access to grid-based electricity. The grid electrification situation for each research area is dis

cussed separately in Appendix D - paragraph 0.2 . This is done to identify the areas where 

rural householcts do have and do not have access to the electricity grid, i.e. the areas where 

respondents of this questionnaire do not and do live. 

People have three possibilities with respect to their current electricity services used: 

1. They have electricity with the use of a battery, charged elsewhere; 

2. The househeld has electricity and possesses its own generator; 

3 . The househeld doesn 't have any electricity services at all. 

If people use a solar panel, they are regarded as a battery user that reeharges its battery with 

the use of a solar panel. 

If a househeld uses a micro hydro unit, it is regarded as a battery user when the househeld 

uses the hydro unit to recharge a battery. The househeld is written down as possessing its 

own generator when it directly uses the electricity of the micro hydro unit- without the use of 

a battery. 

The current use of micro hydro units was taken into account after conversabons with Lûcio 

Fernandes da Silva and José Raimundo Pereira of CEAM - see Appendix I. These hydro gen

erators should be situated South of Manaus, in the research area Vila do Careiro and Au

tazes. But when visiting research area 1 at the beginning of October 2002 the water level was 

at its lowest, which made it impossible to find any werking micro hydro units. A number of 

interviewed householcts knew householcts that were using micro hydro units during the high 

water period, but these people where only reachable by boat when there was enough water in 

the igarapés. Therefore there are no micro hydro users among the interviewed households. 

Beferehand the field research, rural householcts that are using a battery or nothing at all 

seem to be the most promising with regard to the buying of a solar panel. Householcts that 

use a diesel or gasoline generator have a higher electricity need and they use appliances of 

110 Volts. Asolar PV-panel generates 12 Volts and therefore you will need to buy appliances 

of 12 Volts . 

The current electricity services used in the three research areas can be found in Table M.12 

on the following page. The different micro-regions - i.e . smaller areas within the research ar

eas that are part of a municipio , like Autazes or Rio Preto da Eva- are discussed separately 

for each research area in the subsequent subparagraphs. 
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Th e header 'Diesel' is u sed to make su re that people are aware about the type of generator, 

i.e . a generator working on a fuel like diesel or gasoline . In Brazil, everything that generates 

electricity is called a generator; a solar panel or a micro hydro unit is also called 'gerador' by 

rural inhabitants. 

The header 'Diesel' camprises the following two types of generators: 

Diesel generator: 'Gerador diesel ', also called 'urn motor de luz que uza óleo diesel'; 

Gasoline generator: 'Gerador com gasolina', also called 'urn motor de luz que uza gaso

lina'. 

It doesn't matter whether the engine-part and generator-part form a unit or not. Some house

holcts use modern Yahama generator units . Others use a separate engine with a belt-driven 

generator I dynamo of 110 Volts . 

•q.) ,, ,~ 

Current e'!ctri~jt~'~!rvtces use~ 

Battery Diesel None Battery Diesel None 
(#) (#) (#) (%) (% ) (% ) 

Research area 1: Careiro 20 10 63 21,5 10,8 67,7 

Research area 2: Manacapuru 26 17 51 27,7 18, 1 54,3 

Research area 3: Itacoatiara 6 21 58 7,1 24,7 68,2 

Table M.12: Current electricity services used in the three research areas 

In Chapter 2 - Figure 2 .1 - it was stated that less than 2 percent of the rural population is 

having electricity in the Northern part of Brazil; more than 98 percent of the rural population 

is not having electricity. 

A drawback of these figures of CEPEL is that they do not tell whether they are consictering the 

access to grid-based electricity or the access to electricity services in generaL Based on the 

lack of previous researches in the field of rural non-grid electricity services, I have to conclude 

that CEPEL is talking about the access to grid-based electricity services. This makes com

parison with the field research figures pointless. Comparison would also be difficult because 

the figures of CEPEL deal with the entire Northern region and the Amazon State is one of the 

many states that is part of this region. 

I was surprised that more than 35 percent of the interviewed rural householcts without access 

to grid electricity found a salution to provide oneself with electricity. 

Almost 20 percent of all interviewed householcts used a battery to listen to the radio or look 

television in the evening. The use of a car battery depends on the possibility to recharge it . In 

research area 3 it was difficult to recharge a battery and this is visible in the number of bat

tery users. 
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More than 15 percent uses a diesel or gasoline generator. Part of them uses a (diesel) genera

tor, because they already had the engine to mill agricultural products. Another part uses a 

generator, because they can still use the appliances of 110 Volts when they are going to get 

grid electricity in the near future. 

When looking at the three research areas, it catches the eye that the area that turned out the 

most cultivated in the previous paragraph - the research area of Manacapuru - is also the 

area with the fewest people without any electricity. Another explanation for the relatively low 

number of people without electricity is the small size of the research area and the accessibil

ity. It is quite easy to reach Iranduba or Manacapuru to recharge your battery or to buy fuel 

for your generator. 

Table M.13 shows the number of respondents with their current daily energy use. The defini

tion of concepts in Chapter 3 already showed that energy and electricity are equal concepts . 

The current daily energy use therefore deals with the current daily electricity use and not 

with the braad concept of energy - which would also camprise the energy that is used when 

burning charcoal or wood for cooking and the use of for example oil lamps and candles. The 

focus is on electricity. 

People with a daily energy I electricity use of more than 250 Wh are not interesting with re

gard to the future use of solar panels . Their daily energy need is too high to satisfy with 

amorphous solar panels . The fact that they use more than 250 Wh on a daily basis also re

veals that they most likely use a diesel or gasoline generator (see Appendix J) . 

Research area 1: Careiro 
Research area 2: Manacapuru 

Research area 3: Itacoatiara ~I ~~I il 
Table M.l3: Current daily energy use in the three research areas (#/Wh category) 
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A picture of the current daily energy use in the three research areas is presented in Figure 

M.5. The x-axis of the graph has no value but stands for the number of respondents per re

search area. 

Daily energy use (Wh/day) 
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Figure M .S: Current daily energy use 
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There is a clear distinction between the lower energy users and the higher energy users. 

Householcts that currently have a daily energy use of more than 250 Wh are most likely to be 

diesel or gasoline generator users and not interesting with regard to the future use of solar 

panels (see Appendix J). People that use below 250 Wh on a daily basis are most probably 

battery users. Figure M.6 is presenting the daily energy use of the interviewed families that 

currently have some form of electricity services and use less than 250 Wh per day. 

Table M. 12 showed that 19,1 percent of all respondents use a battery. The average battery 

capacity for the three research areas was 46 Ah. The 20 battery users in research area 1 have 

an average battery capacity of 44,8 Ah. The 26 householcts that use batteries in the other two 

research areas had an average battery capacity of 46 ,7 Ah. When using a battery of 46 Ah 

and reeharging the battery three times a week - as assumed - the rural household can have a 

daily energy use of 94,6 Wh. 

Daily energy use = (Battery capacity * 0,4 I 2,35) * 12 

= (46 * 0,4 I 2,35) *12 = 94,6 Wh 
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There are 49 respondents that have a daily energy use between 0 and 100 Wh and this corre

sponds with 18 percent of all interviewed rural households. This indicates that only a few bat

tery users have a daily energy use higher than 100 Wh. When looking at Figure M.6, it be

comes clear that most of the battery users have a daily energy use that is much lower than 

the calculated 94,6 Wh. 

This means that the assumption is wrong that rural householcts recharge their batteries three 

times a week. On average, the interviewed rural battery users recharge their battery 1 ,28 

times every week. This corresponds with an average daily energy use of 40,4 Wh. This is also 

visible in Figure M.6. 

Figure M. 7 is showing the dispersion of the number of reeharges for the three research areas. 

Again, the x-axis of the graph has no value but stands for the number of respondentsper re

search area. Two householcts recharge daily with the use of their own solar panel. Two 

householcts recharge their battery every other day with the use of their manioc milling engine 

in combination with a 12 Volts car dynamo. 

Daily energy use = (Battery capacity * 0,4 I 2,35) * 12 

= (46 * 0,4 I (7 /1,28)) *12 = 40,4 Wh 

Daily energy use - low energy users (Wh/day) 
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Figure M.6: Current daily energy use of low energy users 
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This is very useful to know. Of the householcis that use energy, the battery users is the group 

that is the most interesting with regard to the future sales of solar panels in the Manaus re

gion. This is because the rural householcis that use batterles have the approprlate daily en

ergy demand for the application of solar panels. Next to this, a solar panel is a complemen

tary product towards a battery and the used 12 Volts appliances. 

6 +-------------------------------------------------------------------------------~ 

5 +-------------------------------------------------------------------------------~ 

4 +---------------------------------------------------------------------------~ 

• • 
3 +-------------------------------------------------------------------------------~ 

• 

0 10 20 30 40 50 60 70 80 90 

e Research Area 1 - Reeharges & Research Area 2 - Reeharges + Research Area 3 - Reeharges 

Figure M. 7: Weekly number of reeharges when using batterles 

172 householcis indicate that they do not have energy at all. This corresponds with 63,24 

percent of all interviewed households. This group is interesting with regard to the future sales 

of solar panels, because the stakes are high that their future energy demand will be not too 

high as for use of solar panels. But next to a low daily energy demand, these householcis 

must make a technology choice for solar panels, they must have enough financial means to 

purchase a solar panel and they must be willing to pay for the product. 

The relationship between the current electrlcity services used and the choice of technology is 

further discussed in the following paragraph: the technology choice. Also the relationship be

tween the current daily energy use and the technology choice will be discussed in the follow

ing paragraph. 
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M.2.1 E/ectricity services used research area 1: Careiro 

During the field research in this area and other areas, it turned out that politicians make a 

lot of promises as for the extension of the grid into the rural areas . The householcts near the 

road towards Manaquiri and living near the ramal towards Autazes were promised a long time 

ago that they would get grid electricity. Most promises concerning grid electricity and the pav

ing of the ramals date from more than 20 years ago. 

The old promises or newer promises do not longer influence the current dectricity services 

used. Householcts are not waiting anymore for the realization of new promises, because prom

ises weren't kept in the past either. 

Table M.14: Current electricity services used in research area 1 

The area of Manaquiri is the area where relatively the most householcts are using batteries . 

The householcts are interviewed on the ramal towards Manaquiri. The people that live here 

have the possibility to recharge their batteries in Vila do Careiro as well as Manaquiri. Also 

people that live near the water have these possibility; Manaquiri as well as Autazes are also 

reachable over water the entire year. 

In the other micro-region and research areas, householcts (like to) use a diesel or gasoline 

generator because they can use the engine of the generator to mill manioc to make farinha or 

for other agricultural purposes . This application of the engine of the generator seemed to be 

especially attractive in the Manacapuru research area and is discussed when looking at the 

technology choice within this research area. 

The main form of agriculture in the Manaquiri area is not fruit or vegetable growing, but it is 

an area with livestock in the form of cows and goats . This also makes the alternative use of a 

diesel or gasoline engine less attractive . 

Diesel or gasoline generator users can be found in the areas of Careiro da Varzea and Au

tazes . In these two micro-regions they also produce manioc to make Jarinha - which is used 

on almost every dish - and the fruit Cupuacû. The pulp of this fruit is used in the soft drink 
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industry. When the 'pulpa de Cupuacu' is stored in a freezer it doesn't turn brown and you 

will get a much higher price for it. 

Some generatorusers use their generator to mill manioc and some householcts have a genera

tor so they can use a freezer to store their Cupuacu harvest and get a better price for it. 

Most householcts without electricity were found in the area of Vila do Careiro. The reason for 

this is that the householcts in this area are relatively new here . On average, people lived here 

forabout three years and in these first years they had other worries than energy. Their agri

cultural production at this moment is for subsistence. The householcts also didn't (or don't) 

have the financial means to buy a battery, not to mention a generator. Despite their lack of 

money and electricity these householcts are hopeful regarding their future and not expectant 

that the government will improve their conditions. 

The current daily energy use can be found in Table M.15. This table reveals the same picture 

as Table M.14. Most people without energy live in the micro-region of Vila do Careiro. Autazes 

also has a high percentage of people without electricity and some battery and generator us

ers . Most battery users can be found in Manaquiri. In Careiro da Varzea you will find the 

most generator users, but also battery users- that recharge their batteries with the use of the 

generators of neighbors . 

Table M.lS: Current daily energy use in research area 1 
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M.2.2 Electricity services used research area 2: Manacapuru 

Politica! promises with respect to electricity grid extension date from about 8 years ago in this 

research area. The promises are promised again every election year- like this year, 2002. But 

until now, most promises weren 't kept. It turned out that the further away a family is living 

from a city- Iranduba or Manacapuru- the less they believe in the promises made by politi

cians. 

Because of this, families living more inland are more interested in this research and in the 

use of decentral electricity-generating technologies. Within 3 kilometres of the main road 

there are more families that want to wait for the grid-related electricity to arrive and therefore 

don't use any electricity services at this moment. Within this range there are also more fami

lies choosing for a diesel generator during the technology choice, because they can still use 

the appliances when the grid electricity will be constructed near their home. A generator on 

diesel or petrol generates 110 Volts, like the electricity grid does. A solar PV-panel generates 

12 Volts and therefore you will need to buy appliances than make use of 12 Volts. 

Rural people living around Iranduba are in general more skeptic about the promises made by 

the government. This has to do with the poor state of the grid-related electricity services in 

this area. Iranduba had problems with the city generator in 1999 , 2000 and again from 

March 2002 onwards and there are also shortages in Manacapuru. (See Appendix D for more 

information about the grid electricity situation) 

Table M.16: Current electricity services used in research area 2 

When looking at the rural householcts that have no conneetion to an inland grid, it turns out 

that almost half of them has some form of electricity- battery or (diesel) generator. Compared 

to the other two research areas, the percentage of householcts with some form of electricity 

services is quite high in this area. 
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When looking at householcts without any electricity services at all, there are more householcts 

without electricity on the road towards Iranduba, because there is no reeharging station for 

batteries in the town of Iranduba. 

About 28% of the interviewed householcts use batteries. The batteries are reloaded in 

Manacapuru or at neighbors with a generator or with a car. People that own a car often have 

a second battery conneetion in the car to charge the batteries of friends and relatives. The 

people close to Iranduba that are using batteries recharge this battery with the help of 

neighbors that own a car or generator. Batteries are used in combination with radios as well 

as small black and white televisions. 

The diesel generators in this area are most of the time only used as a generator for electricity. 

In other areas the engines of the generators are also used for agricultural purposes , such as 

milling, grinding or the mechanica! pumping of water. 

The current daily energy use in Watt-hours is presented below in Table M. l7 for this research 

area. There is a clear distinction between battery users and generator users in this research 

area. all of the 17 interviewed generator users have a current daily energy demand that is 

higher than 500 Wh. 

Ta b le M.l7: Current daily energy use in research a rea 2 
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M.2.3 Electricity services used research area 3: Itacoatiara 

As in the other two research areas, only areas without grid electricity are taken into account. 

Vila de Lindoia and the town of Novo Remanso have their own generators, but the grid is not 

extended into the surrounding rural areas. The generator of Vila de Lindoia works at night 

from 18:00 to 24:00 . The generating-unit with three generators in Novo Remanso works all 

day. 

Most non-electrified communities are found inland between KM.130 and KM.210 of the road 

Manaus- Itacoatiara and next to the road towards Novo Remanso from KM.170 onwards and 

up the road towards Silves at KM.220 . 

The householcts in this research area seem to be less dependent on promises made by politi

cians in the past - like in research area 1. Most promises in this area - like the promise to 

extend the grid from Rio Preto da Eva- also date back for 20 years. Therefore most rural in

habitants stopped to believe in promises made a long time ago. They do not have the impres

sion that promises made will ever be carried out. 

There are very little battery users in this area. This is partly because there are no possibilities 

- at least no shops - to recharge a battery and because the distances are longer to reach the 

next town to buy a battery than in research area 2 - where much more householcts used bat

teries. Besides this, rural householcts rather like to save the money to buy a generator, solar 

panels or a transfarmer for grid conneetion in the future. 

There are more householcts without electricity in this area (68,2%) than in research area 2 

(54,3%), because there are not many householcts using batteries (which is a cheap solution to 

have electricity when you do nothave much financial conditions). But people without electric

ity in this area seem to be happier with their life than people in the same situation in re

search area 2. 

Most of the battery users use the battery for a radio, because it is difficult to recharge the 

battery. They would like to use their battery with a small black and white television, but then 

they would have to recharge the battery more often. 

The current electricity services used in this research area are displayed in Table M.18 on the 

following page and the daily energy demand can be found in Table M.19. The percentage of 

householcts without any electricity at all is comparable with research area 1, but the reasons 

for this are different. In research area 1, people did not have the money and therefore they 

didn't have the electricity service. In research area 3 it is not easy to recharge a battery and 

for this reason there aren 't many battery users. The percentage of diesel or gasoline generator 

users is also higher in the ltacoatiara research area (24,7%), than in the research area of 

Careiro (10 ,8%). 
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The percentage of generator users in this research area is also the highest of all of the three 

research areas, going from a daily energy use of 100 Wh to over 2.500 Wh daily. 

This could indicate that householcts in this area have more financial means than in the other 

two areas . If this is true in genera!, this means that the householcts without any dectricity in 

this area are also the householcts that are the most important with respect to the sales of so

lar panels in the Manaus region. Asolar panel would evade the problem of the reeharging of 

the batteries in this area and the householcts in this area would also be able to pay for this 

generating technology. Next to this, they have a strong (and maybe healthy) disbelief in gov

ernment-related electricity services, i.e. electricity grid extension. 

Table M.lB: Current electricity services used research area 3 

Table M.19: Current daily energy use in research area 3 
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M.3 Technologv choke 

The technology choice was meant to be a choice between three technologies: 

The diesel or gasoline generator; 

The solar panel; 

The micro hydro unit. 

More information about the selection of these three technologies can be found in Appendix I 

'Checklists for technology choice '. 

During the field research it soon became clear that the hydro unit was practically inapplicable 

during the time of the field research. This option was expected to be of use mostly in the first 

research area, the research area of Careiro. But during the field research in this area, the wa

ter was at its lowest level. As a result this technology has not been used as an option for any 

of the 272 interviewed households. 

All of the respondents were geographically suitable for solar PV panels. In all cases it was 

possible to find a spot without shade near the home, even for the householcts living in closed 

forest. When there is a road and there are people, the forest isn't so closed anymore . An arti

ele of NRC Handelsblad ('En nog is de Amazone niet verloren', Science and education seg

ment, 21 September 2002) is already quoted in the first paragraph of this appendix. It says 

that a paved road influences the forest up to 100 kilometres within the forest. The influence 

of an unpaved road is visible in the forest up to 40 kilometres away from that road. 

As it turns out, there is not a choice between three technologies , but between two technolo

gies: The diesel or gasoline generatorand the solar PV panel. When looking at the technology 

choice, some tables only discuss 'households choosing solar PV panels'. The rest of the 

householcts - that are not mentioned in these tables - have made a choice for the generator. 

This paragraph will first deal with the technology choice itself. After that, the link will be 

made with the current electricity services used and the current daily energy demand. This 

also accounts for the subparagraphs with respect to the three separate research areas. 

It has already been said that people using batteries and people without any electricity are ex

pected to be the two most important groups to focus on when selling solar PV panels. There

fore, the technology choice of these two groups of householcts will be looked at first. Figures 

can be found in Table M.20 on the following page . 

When looking at the battery users, it directly catches the eye that all battery users in the re

search area of Itacoatiara have made a technology choice with respect to solar PV panels. This 

is because there are no possibilities - at least no shops - to recharge your battery in this area. 

The small number of battery users in this area doesn't really influence the relative figures of 

people in these two groups together that make a technology choice for solar PV panels . 
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Making a technology choice for 
panels 

Research area 1: Careiro § 11 55 0 

~R~e~s~e~ar~ch~a~r~e~a~2~:~M~a~n~a~c~a~p~u~ru--~ 
6
6 ~----------~1~8+----------6~9~2 

_Research area 3: Itacoatiara 6 100,0 

Tot al 

# 

Making a technology choice for PV 
panels 

Research area 1: Careiro rn 38 60 3 

~R~e~s~e~a~r~c~h~a~r~e~a~2~:~M~a~n~a•c•a•p~u~ru--~ 
8
1 ~-----------33_47T-_________ 6_6~7 

_Research area 3: Itacoatiara 63,8 

Total 

(#) 

Households with batterles 
or without elec!~city ... i;i! 

Making a technology choice for PV 
panels 

(#) j o/<l)_ 

Table M.20: Technology choice of householcts using batteries or without electricity 

The technology choice is surprisingly alike in the three areas, when looking at the total of 

both groups . Between 59 and 67,5 percent- on average 64,3 percent- of these rural house

holcts make a technology choice for solar PV panels. 

Table M.21 presents the data of the group 'households with batteries or without electricity', 

but now towards all the respondents. Interviewed householcts that use batteries or without 

electricity at all account for 82 ,4 percent of all households. The technology choice of all re

spondents - including the householcts that nowadays use a generator - can be found in Table 

M.22 on the next page. 
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lJ~tr(' ,M .. iiiti,\%® b Ho;i!iSehol~, with battenèi'•"ifi\~wfl 
*'>~&~~ .~tho~t electricity 

All respondents 

Total Making a technology choice 
~ph I for PV panels 

(#) (#) (%) (#) 

Research area 1: Careiro 

I 
93 

I 
83 89 2 49 

Research area 2: Manacapuru 94 77 81 9 52 
Research area 3: Itacoatiara 85 64 75,3 43 

Table M.21 : Householcts with batteries or without electricity towards all respondents 

Total 

(#) 

Research area 1: Careiro 93 

All responden 

Making a technology choice 
for PV panels 

Table M.22: Technology choice of all respondents 

(%) 

52 7 
55 3 
50,6 

The homogeneity between the three research areas as for the technology choice is also vis ible 

when looking at all the respondents . Between 52,7 and 57,4 percent- 55,1 percent on aver

age - of all the respondents makes a technology choice for solar PV panels. 

Some householcts that currently use a generator also use their generator to charge batteries 

fortheir own. During daytime they pump waterwithit and charge the battery. This way, they 

do not have the noise and smell of the generator when they watch TV at night. 

Some of these generator users want to buy solar panels to charge their batteries . This way, 

they do not have to conneet their generator to the batteries every day and they save fuel. The 

generator or engine will then be used for high power activities like - electric or mechanica! -

water pumping and milling of agricultural products . There are only 6 respondents that cur

rently use a generator and that make a technology choice for solar panels. 

The relationship between the current electricity services used and the choice of technology 

will now be discussed. The relationship itself will be tested with the use of the Pearson's Chi

Square test, also called the test of independenee between two variables or cross tabs . 
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The Chi-Square test (x2) nonparametrie inferential statistical technique used to test for sig

nificant relationships by camparing observed frequency distributions to frequencies you 

would expect if there were no patterns or relationships in the data. 

There is statistical independenee when there is an absence of a relationship between the two 

variables in a crosstabulation table. The null hypothesis (Ho) is always that there is no rela

tionship (or contingency) between the two variables, that is, they are independent. The other 

hypothesis (Hl) is about dependence; the observed distribution doesnotfit the expected. 

One important aspect is the minimal frequency thresholds that should be obeyed. In other 

words, what may be the minimum cell frequency in a crosstabulation table when using the 

Pearson's Chi-Square test? People are normally using the minimum cell frequency of 5, but 

this depends on the degrees of freedom . A minimum cell frequency of 5 is correct for a 2x2 

table . In genera!, the greater the degrees of freedom (i.e ., the more categories on the vari

ables) , the more lenient the minimum expected frequencies threshold . The minimum cell fre

quency for a 2x3 table may be 2 . 

A value of x2 cannot be evaluated unless the number of degrees of freedom associated with it 

is known. A table's degrees of freedom (df) can be expressed by the following formula: 

df = (row- 1) x (column- 1) 

A table 's degrees of freedom equals the number of rows in the table minus one multiplied by 

the number of columns in the table minus one. Fora 2x3 table , the degrees of freedom is 2. 

The computational equation for the Pearson's Chi-Square looks as follows: 

2 " ( Observed frequencies - Expected frequencies )2 

x=L.. 
Expected frequencies 

= L (Fo-Fe)
2 

Fe 

The expected frequencies (Fe) for each cell are determined by the following formula: 

Fe = Row Subtotal x Column Subtata I 

Tata/ 

But before starting to calculate the value of x2 , you have to state the null hypothesis and de

cide on the critica! value of the Chi-Square . The critica! value depends on the chosen a-level 

of significance, also called the p-value. The p-value represents the probability of error that is 

involved in accepting the observed result as valid, that is , as "representative of the popula-
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tion." A p-valu e of 0,05 has been chosen, which indicates that there is a 5% probability that 

the relation between the variables found in our sample is a 'fluke'. A p-value of 0,05 to 0,1 is 

normal in this type of research in countries in development with these scales of measure

ment. The table value of x20 ,05 with 2 degrees of freedom (a 2x3 tablel is 5,991. If x2obs >= 

5,991 the null hypothesis will be rejected. 

The use of the a-level of significanee makes it not only possible to say sarnething about the 

relationship of the chosen variables towards the questionnaire results, but it gives the possi

bility to tell sarnething about the population. A sample has been taken of the three research 

areas in order to know sarnething about the larger populations from which the samples were 

drawn. A test of statistkal significanee tells us how confidently we can generalize to a larger 

(unmeasured) population from the (measured) sample of that population. 

The crosstabulation table to analyze the relationship the current electricity services used and 

the technology choice is shown below in Table M.23 . 

W_, 
Cûrrerit 

electriqty séT:vices 
i% 
uséd 

Generator Sol ar 

Battery (#) 17 

T ot(%} 6,25 

Row(%) 32,69 

Col(%) 13,93 

Generator (#) 42 
T ot(%} 15,44 

Row(%) 8 7,50 

Col(%) 34,43 

Nothing (#) 63 
Tot (%} 23,16 

Row (%) 36,63 

Col(%) 

Total 
T ot (%} 

Row(%) 

Col(%) 

Table M.23: Relationship between current electricity use and technology choice 

When calculating the expected frequencies and the observed Chi-Square , it turns out that 

there is a relationship between the current electricity services used and the choice of technol

ogy. Because x2obs >= x2o,os (df=2) : 43 ,10755 > 5,991 and the null hypothesis about no rela

bonship can be rejected. 
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Observed frequency Expected frequency 
Generator Sol ar Generator Solar 

Battery 17 35 52 Battery 23 29 52 

Generator 42 6 48 Generator 22 26 48 

Nothing 63 109 172 Nothing 77 95 172 

122 150 272 122 150 272 

2 (17 - 23) 2 (35-29)2 (42-22)2 (6 - 26)2 
+ (63 -77)2 + (109- 95)2 = 43 10755 x = + + + 

23 29 22 26 77 95 ' 

lt became clear that there is a relationship, but is this relationship also true for the separate 

research areas? This will be discussed in the subparagraphs that deal with the different re 

search areas. 

The p-value of x2abs is no indicator for the strength of the relationship. The value of x2abs itself 

does say something; the higher the observed Chi-Square, the strenger the relationship. But 

how strong is strong, when de value of Chi-square can be between zero and the crosstab ta

tal? The strengthof the relationship is calculated with the use of Cramer's V. The Cramer's V 

is a measure which corrects the Chi-Square statistic for table and sample size . It has no ab

solute interpretation, but a value near 1 indicates a very strong association and a value of 0 

indicates no association between the variables. 

Cramer's V is calculated as follows: 

V= 
n · (min(row,column) -1) 

n is the number of cases, being the total sample size of 272 in this case 

min(row,column) indicates that the lowest value is taken, which is 2 when having a 2x3 table. 

The Cramer's V is 0,3981. The relationship and strength of the relationship is visible on the 

following page in Figure M.8. Battery users and people without dectricity more aften make a 

choice for solar panels. Current generator users choose in favor of the diesel or gasoline gen

erator. 

The direction of the relationship isn't visible in Figure M.8 and also can't be calculated when 

dealing with nomina! variables . But fortunately the direction of the relationship appears to be 

logica!. The current electricity services used precedes the technology choice in time, which is 

a choice for future electricity services to be used. Because of this , the current electricity ser

vices used are of influence on the technology choice, and notvice versa. 

The same calculation will be performed to analyze the relationship between the current daily 

energy demand and the technology choice. Table M.24 on the following page presents the 

crosstabulation table for current daily energy demand and technology choice. 
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Current electrlcity use Nothing 

Technology 
choice 

Figure M.B: The relationship between current electricity use and technology choice 

Total of the three areas 
Current daily 
energy use The technology choice 

Generator I Solar I Total 

< 50Wh (#) 77 139 ' 216 
Tot(%} 28,31 51,10 . 79,41 

Row(%) 35,65 64,35 100,00 

Col(%) 63, 11 92,6 7 ., 79,41 

50 - 200 (#) 3 6 9 

Wh Tot(%} 1,10 2,21 3,31 

Row(%) 33,33 66,6 7 100;00 

Col(%) 2,46 4,00 3,31 

> 200 Wh (#) 42 5 
l 47 

Tot(%} 15,44 1,84 17,28 

Row (%) 89,36 10,64 100,00 

Col(%) 34,43 3,33 ' 17,28: 

Total (#) 122 150 272 
Tot(%} 44,85 ' '55,15 100,00. > 

Row(%) 44,85' 55,15 I 100,00 

Col(%) 100,0(J ., 100,00 100,00 

Table M.24: Relationship between current daily energy demand and technology choice 
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Observed frequency Expected frequency 

Generator Solar Generator Solar 

< 50 Wh 77 139 216 < 50Wh 97 119 216 

50 - 200 3 6 9 50 - 200 4 5 9 
> 200 Wh 42 5 47 > 200 Wh 21 26 47 

122 150 272 122 150 272 

2 (77- 97)2 (139 - 119)2 (3- 4)2 (6 - 5)2 ( 42- 21)2 
+ (5 -

26
)
2 

= 45 524016 x = + + + + 
26 ' 97 119 4 5 21 

x2obs >= x2o,os (df=2): 45,524016 > 5,991 and the null hypothesis about no relationship can be 

rejected. There is a relationship between the current daily energy use and the technology 

choice . 

The Cramer's V is 0 ,40911. The relationship and strength of the relationship is visible in Fig

ure M.9. People with a low daily energy use choose in favor of solar panels and householcts 

with a high daily energy use choose in favor of the generator. 

Current daily energy use > 200 Wh 

Technology 
choice 

Figure M.9: The relationship between current daily energy use and technology choice 

The relationships of the current daily energy use and the current electricity services used are 

almost equal. This is not so strange, because battery users and people without electricity 

have a low energy use. And people that use a diesel or gasoline generator nowadays have a 

higher daily energy use. Because of this, only the relationship between the currently used 
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electricity services and the technology choice will be discussed in the subparagraphs of the 

subsequent research areas . 

Figures about the technology choice for the three research areas are presented in the follow

ing subparagraphs. The Chi-Square and Cramer's V values for the relationship between the 

current daily energy use and the choice of technology are presented below for the three re

search areas: 

Research area 1: x2obs >= x20 ,os (df=2): 13,30297 > 5,991: there is a relationship 

Cramer's V: 0,37821 

Research area 2: x2obs >= x2o,os (df=2) : 17,81284 > 5,991: there is a relationship 

Cramer's V: 0,43531 

Research area 3: x2obs >= x2o,os (df=2): 18,04941 > 5,991: there is a relationship 

Cramer's V: 0,46081 

In the previous paragraph it has been said that householcts with no electricity at all and 

householcts that use a battery are the two most important groups with respect to the future 

sales of solar panels in the Manaus region. As it turns out, these householcts are also very 

interested in solar panels. 59 to 67,5 percent of these rural householcts make a technology 

choice for solar PV panels. 

But having a low energy demand and making a technology choice in favor of solar panels is 

one thing. These householcts must also have enough financial means to purchase a solar 

panel and they must be willing to pay for the product. The financial picture will be discussed 

in paragraph M.5. After the technology choice discussion for the three research areas sepa

rately, paragraph M.4 will deal with the future electricity demand of the householcts that 

made a technology choice for solar PV panels. 
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M.3.1 Technology choice research area 1: Careiro 

Research a rea 1 has most householcts that use a battery or nothing at all: 89,2 percent of all 

responctents (Table M.26). When looking at the figures with respect to battery users anct peo

ple without any electricity in Table M.25, there is an apparent ctifference between the house

holcts that live in Manaquiri anct those that are living in the other three micro-regions. 

I Research area '1. 
k: <lti 

Munici.êfii~1ilit-~ ,~, 

Careiro da V arzea 
Vila do) Careiro 
Manaquiri 
Autazes 

i: i< 20 

7 

4 

5 
4 

Total 

iil .,Ji;; ~~%~:. ·~~',.,, l!k 55,0 

3 42 9 

2 50 0 

4 80 0 
2 50,0 

Making a technology choice for PV 
panels 

Hous~holds with battenes or: wjthout electricity 

Total 

34 

11 

22 

Making a technology choice for PV 
panels 

Table M.25: Technology choice of householcts using batteries or without electricity in area 1 

The main form of agriculture in the Manaquiri area is livestock in the form of cows anct goa ts. 

People that use batteries in this area are happy with it. When they also have a generator, they 

only use it for pumping water. People without electricity in the Manaquiri-area like to think 
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big and ch oose for the generator. Not because th ey need a freezer for their agricu ltu ral pro

duction, but just for the luxury of caoled beverages. 

Battery users in the other three areas also like the generator. But technology choice is a bit 

50 / 50. They don't like the generator because they want to cool beverages, but they want to 

use a generatorfortheir work; to store fruit pulp in a freezer, to use the engine to mill manioc 

and to pump water. 

Particularly households without any form of electricity in the areas of Careiro da Varzea, Vila 

do Careiro and Autazes choose in favor of solar panel technology in this research a rea. They 

know the advantages of the generator with respect to the cooling and milling, but neverthe

less choose for solar panels. These households already spend money on energy. They buy 

candles and diesel for the oillamps and they buy small batteries for their radio to listen to the 

news. When they buy a solar panel, they do not have to buy candles, oil and small batteries 

anymore and in the long run they will save money. This money they can use to buy a genera

tor in the future, to use for high capacity tasks like cooling, milling and pumping. 

_...._ t 

Municipios .n . :l;l#!a ,;s' m;, Jlw 93 <e ~~ 83 89,2 .i-~. .. )~IJi;; 4 9 IJ~)<fifii+!N\11!\ffifu r::, ')' 1 

Careiro da Varzea 21 16 76 2 9 42,9 

IVila do) Careiro 35 34 97 1 20 57,1 

Manaquiri 12 11 91 7 5 41,7 

Autazes 25 22 88,0 15 60,0 

Table M.26: Households with batteries or withou t electricity towards all respondents in area 1 

Tot al 

(#) 

Researêlf~àféd"l 
lil ia 

",."·~, 

Municipi'Os''""' · ·:~;,.li'*W 93 

Careiro da Varzea 21 

I!Vila do) Careiro 35 
Manaquiri 12 
Autazes 25 

Making a technology choice 
for PV panels 

'~'f;f:'li.4i"' w4J! ,.~; Jf; 52,7 

9 42 9 

20 57 1 

5 41 7 
15 60,0 

Table M.27: Technology choice of all respondents in research area 1 
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The relationsh ip between the current electricity services used and the choice of technology in 

this research area is discussed below. The crosstabulation table to analyze the relationship 

the current electricity services used and the technology choice is shown in Table M.28. 

Tot ("A>) 9, 68 

Row(%) 45,00 

Col(%) 20,45 

Generator (#) 10 

Tot ("A>) 10,75 

Row (%) 100,00 

Col(%) 22,73 

Nothing (#) 25 
Tot ("A>) 2 6 ,88 

Row(%) 39,68 

Total 

Table M .28: Relationship between current electricity use and technology choice in area 1 

Observed frequency Expected frequency 

Generator So1ar Generator So1ar 
Battery 9 11 20 Battery 9 11 20 

Generator 10 0 10 Generator 5 5 10 

Nothing 25 38 63 Nothing 30 33 63 
44 49 93 44 49 93 

2 (9- 9) 2 (11 -11)2 (I 0- 5)2 (0- 5)2 (25- 30)2 (38-33)2 
= 12,65029 x = + + + + + 

9 1 1 5 5 30 33 

x 2obs >= x 2o,os (df=2): 12,65029 > 5 ,991 and the null hypothesis about no relationship can be 

rejected. There is a relationship between the current electricity services used and the technol

ogy choice. The Cramer's V is 0,368815. 

These values do not differ much from the values that were calculated for the relationship be

tween the current daily energy demand and they technology choice: x2obs >= x 20,05 (df=2): 

13,302968 > 5,991. Cramer's V was 0,37821. 
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M.3.2 Techno/ogy choice research area 2: Manacapuru 

Because politicians promised electric energy from the electricity grid, people hesitate to make 

a technology choice. They want to choose solar panels, but are afraid that grid electricity will 

arrive soon and then they bought solar panels and have 12 Volt appliances they cannot use 

anymore . With a generator, you can still use the appliances when you get grid electricity be

cause a generator produces 110 Volts like the electricity grid, insteadof 12 Volts . 

Future generatorusers can be divided into two groups: People with some money that have a 

high electricity need that can only be satisfied by using a generator and people than do not 

have any electricity services at all but despite of this they do want to buy a generator. 

Householcts that have no electricity and want to buy a generator mostly want to do this be

cause a generator can provide electricity for a freezer. Most of these householcts do not seem 

to have the money to buy a generator, not to mention appliances like a freezer. Those people 

like to say: "There has to be a way!" and they also have a clear idea about this way. A genera

tor is expected to create rural business opportunities that will not come into existence when 

buying solar panels. 

The Diesel engine of the generator will for example be used to pump water with a mechanica! 

pump, to charge batteries of neighbours, to mill manioc (mandioca) or tapioca to make 

farinha - which is served with all rice and pasta dishes - and to mill sugar cane (cana-de

açugary to make sugar honey (mel ou doce de açUgary . Getting money for reeharges of batter

ies and of sales of rural products on the local market will generate the money to buy a freezer 

and other bigger appliances or even a bigger generator. 

Another reason to buy a generator is because it is a known technology. 

People that already use a battery like the comfort of it and make a technology choice for solar 

PV panels because it is a simple solution to charge their battery and save some money in the 

long run. 

When looking at Table M.29 on the following page, it is astonishing that stillso many house

holcts without electricity make a technology choice for solar panels, despite their hunger for a 

generator. During the technology choice , the advantages and disadvantages of the generator 

are discussed first to minimize a bias towards solar panels. Even people that were boasting 

about the diesel or gasoline generator of the neighbours sometimes made a sudden turnover 

when discussing solar panels during the technology choice. 

The interviewed householcts in the two micro-regions - the area of Iranduba and the area of 

Itacoatiara- were surprisingly homogeneous is their answers . 
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Total 

I Research area 2 -.......... ............... - II'!Ull 

Municipio$,~1;,: 

Manacapu ru 
Iranduba 

IResearc~area 2 
' ~;la .. 

Mzinicipi![!SlliM ,, !~!""liJ!? ' _,. 

I 
•. ",w'r71·~ w ç 

Manacapuru 46 
Iranduba 31 I 
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Making a technology choice for PV 
panels 

Making a technology choice for PV 
panels 

Making a technology choice for 
panels 

~ •• w-;i;SS2 ~~- q. 07,5 

31 67 4 
21 67,7 

Table M.29: Technology choice of households using batteries or without electricity in area 2 

Total 
Making a technology 
choice for PV panels 

21 53,8 

Table M .30: Households with batteries or without electricity towards allrespondentsin area 2 

Research area 2 also has the highest percentage of all respondents that make a technology 

choice in favour of solar PV panels- 57,4 percent- compared to the other two research areas . 

This is visible in Table M.3L 
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Two people that use a generator at the moment made a technology choice for solar panels . 

This is visible when camparing the people that made a technology choice for solar panels in 

Table M.30 and Table M.31. 

They are now using the generator for high-eapacity tasks and to charge a battery that they 

use at night. They want to use the solar panel for the light and television at night. The gen

erator will be used for electrical water pumping and the engine of the generator will be used 

for milling manioc during the day 

Total 
Making a technology 
choice for PV panels 

Table M .31: Technology choice of allrespondentsin research area 2 

The relationship between the current electricity services used and the choice of technology in 

this research area is discussed below. The crosstabulation table to analyze the relationship 

the current electricity services used and the technology choice is shown in Table M.32. 

T ot(%) 

Row(%) 

Col(%) 20,00 

Generator (#) 15 

T ot(%) 15,96 

Row(%) 88,24 

Col(%) 37,50 

Nothing (#) 17 

T ot(%) 18,09 

Row (%) 33,33 

Total 

Table M.32: Relationship between current electricity use and technology choice in area 2 
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Observed frequency Expected frequency 

Generator Sol ar Generator Sol ar 
Battery 8 18 26 Battery 11 15 26 
Generator 15 2 17 Generator 7 10 17 
Nothing 17 34 51 Nothing 22 29 51 

40 54 94 40 54 94 

2 =(8-11)
2 

+(18-15)
2 

+(15-7)
2 

+(2-10)
2 

+(17-22)
2 

+(34-29)
2 

=1776291 
x 11 15 7 10 22 29 ' 

x2obs >= x20,05 (df=2): 17,76291 > 5, 991 and the null hypothesis a bout no re1ationship can be 

rejected. Also in research area 2 there is a relationship between the current e1ectricity ser

vices used and the technology choice. When looking at the value of de observed Chi-Square , 

the relationship can be expected to be a bit stronger than in research area 1. It is difficult to 

compare the strength when you only have the Chi-Square, because the value is dependent of 

the number of cases in a crosstabulation table. In area 1 the sample size has been 93 and in 

area 2 the sample size is 94. With this negligible difference, Chi-Square can be used to state 

that the strengthof the relationship will be strenger in research area 2. 

This also emerges when calculating the Cramer's V. The Cramer's V for research area 2 is 

0,43470. The Cramer's V for research area 1 was 0,37845. 

Also for research area 2 the values of Chi-Square and Cramer's V do not differ much from the 

values that were calculated for the relationship between the current daily energy demand and 

they technology choice: x2obs >= x2o,os (df=2): 17,81284 > 5,991. Cramer's V was 0,43531. 
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M.3.3 Techno/ogy choice research area 3: Itacoatiara 

People in the Rio Preto da Eva area and around the road towards Novo Remanso know about 

solar panels because one family and a rural school use them. At KM.l40 there is a rural 

school with two Siemens solar panels. At KM.l64 there is householdat the start of a ramalto 

the right that uses one Siemens solar panel. At KM.l80 - in Vila de Lindoia - there is a tele

phone station that makes use of a big Kyocera solar panel array. 

Particularly people who live in the Rio Preto da Eva area seem to know about these systems 

and they love them. The people in this area think highly of solar panel technology and the ex

istence of some panels in this area obviously influences the technology choice of a large num

ber of households. Especially the rural school at KM . l40 has a clear demonstration function. 

Total 
Making a technology choice for 

PV panels 

Table M.33: Technology choice of householcts using batteries or without electricity in area 3 
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It already has been mentioned that there are no commercial battery reeharging points in this 

research area. This is directly visible when looking at the technology choice that is made by 

the householcts that use batteries. 

There aren't so many householcts that use batteries in this area, because it is difficult to re

charge them. But the householcts that are using batteries to provide in their electricity ser

vices, all make a technology choice for solar PV panels. A solar panel evades the problem of 

the reeharging of the batteries in this area. 

Table M.34: Householcts with batteries or without electricity towards allrespondentsin area 3 

There are also 4 generatorusers in this area that made a technology choice for solar panels. 

They want to separate the high-eapacity and low-capacity tasks of the generator. The solar 

panel(s) will supply the energy for the low-capacity tasks like light and television at night. The 

generator will only be used for pumping and milling. Some householcts in area 2 also made 

this choice . 

Total 
Making a technology 
choice for PV panels 

Table M.35: Technology choice of allrespondentsin research area 3 

The relationship between the current electricity services used and the choice of technology in 

research area 3 is discussed on the following page. The crosstabulation table to analyze the 

relationship the current electricity services used and the technology choice is shown in Table 

M .36. 
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Generator Solar 

(#) 0 

Tot(%) 0,00 

Row(%) 0,00 

Col(%) 0,00 

Generator (#) 17 

Tot(%) 20,00 

Row(%) 80,95 

Col(%) 44,74 

Nothing (#) 21 

Tot(%) 24,71 

Row(%) 36,21 

55,26 

Total 

Table M.36: Relationship between current electricity use and technology choice in area 3 

One important aspect was the minimal frequency threshold that should be obeyed. The 

minimum cell frequency fora 2x3 table may be 2 , but one of the cells of the above table has 

the value of 0 . 

One possibility to cope with this problem is to convert this table in a 2x2 table by packing to

gether the battery users and the householcts without electricity. The minimum cell frequency 

for a 2x2 table may be 5. But then there would be a problem with the generator users, be

cause only 4 make a technology choice for solar panels. 

Chosen is to use the crosstabulation table as it is, being a 2x3 table. The error will not be 

enormous, but comparison with the Chi-Square of the other two areas has not been per

formed. 

Observed frequency Expected frequency 

Generator Solar Generator Sol ar 

Battery 0 6 6 Battery 3 3 6 

Generator 17 4 21 Generator 9 12 21 
Nothing 21 37 58 Nothing 26 32 58 

38 47 85 38 47 85 

2 =(0 - 3)
2 

+(6-3)
2 

+(17-9)
2 

+(4-12)
2 

+(21-26)
2 

+(37-32)
2 

=1770698 
x 3 3 9 12 26 32 ' 

x2obs >= x20,05 (df=2): 17,70698 > 5,991 and the null hypothesis about no relationship can be 

rejected. There is a relationship between the current electricity services used and the technol

ogy choice. The Cramer's V is 0,45641. 
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MA Electricitv demand when choosing solar panels 

The electricity demand of rural householcts when using solar panels in the future is discussed 

in this paragraph. Of the 272 interviewed households, 150 householcts made a technology 

choice for solar PV panels. This is 55,1 percent of all interviewed rural households. 

Of these households, 127 householcts had sufficient financial means toalso purchase the sa

lar panels . This is 84,7 percent of the householcts that made a technology choice for solar 

panels and 46,7 percent of all households. The focus in this paragraph will be on the 127 

householcts that made a technology choice for solar panels and also have enough financial 

means to pay for them. The financial means of the interviewed householcts and the preferred 

payment possibilities will be discussed in the following paragraph M.5. 

The electricity demand when using solar panels in the future was asked with the use of 

checklists that can be found in Appendix J 'Checklists for rural electricity need'. These check

lists intensify in electric energy and present the daily electricity generation capacity of a solar 

home system with one, two, three or four solar panels of 14 Wp. The electricity demand or the 

preferenee with respect to the number of panels, the choice of the system size, is presented in 

Table M.37. 

Total (#) 

(Vila do) Careiro 

Manaquiri 

Autazes 

I Research 0:".*:~ 2 

~-~-:-:-:-:"""'~P.._au_ru _____ --t ~ •~ ~ :rt''~ ;t·~~ ~ 'T 2o;o @l§i\'1!•::~ '!'!!îii~ 6;'Z 

16,7 2 6,7 

26,7 1 6,7 

I Research a'~èa 3 I 
Municipios ;W ~ 
Itacoatiara 

1--------t 86 
(incl. Amatari) 

Rio Preto da Eva 

, •• ,,~21 ., 47,7 1'4 1®~,31,8 '7 ·w~,15 ;9 ,1(··.,·!2 &i!T!~.s 

13 46,4 10 35,7 5 17,9 0 0 ,0 

8 50,0 4 25,0 2 12,5 2 12,5 

Table M.37: Choice of system size 
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A solar home system with asolar panel of 14 Wp generates 50 Wh daily, two solar panels 

generate 100 Wh and so on. The dectricity demand thus refers to the number of panels a 

household wants to use. 

49 percent of the householcis made a choice for one panel, about 32 percent made a choice 

for two solar panels and almost 19 percent of all householcis had the preferenee to use more 

than two solar panels. 

In research area 1 - and especially the areasof Careiro da Varzea and Vila do Careiro- peo

ple more often made a choice for the smaller system sizes, i.e. one or two panels . The house

holcis in the other two research areas also chose more than two panels. This is also visible in 

Figure M. lO. 

1 panel 2 panels 3 panels 4 panels 

Research area 1 • Research area 2 • Research area 3 

Figure M.lO: Choice of system size 

It is expected that the choice for more panels corresponds with the need for more dectricity 

and also with a better financial position of these households. This relationship between the 

number of panels chosen and the financial position cannot be analyzed. 

People were not asked about their financial situation, they were asked whether they could pay 

fora technology choice, after making this choice. But before making this choice, people were 

notified that the more panels they would chose, the higher the capacity of the system and the 

energy supply they can use daily, but also the higher the price. It is likely that people made 

an educated guess about the price before making the choice for a certain system size. Then 
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they made a choice with regard to the system size and afterwards they were asked whether 

they could pay the corresponding price. 

There is another reason why it is not so interesting to analyze any further whether poor 

households more often make a choice for only one panel. The future sellers of the solar panels 

in the Manaus region are not expected to be willing to make special arrangements for poorer 

households. The other way around is sernething else; entrepreneurs are not expected to be 

reluctant to make financial arrangements with households that have money. But if people 

make a system choice for two or more panels and they have the financial means, it is not ex

pected they will have any difficulties with the payment of the purchase of their choice. 

The choice of system size in Table M.37, M.38, M.39 and M.40 is the ultimate choice . If peo

ple made a choice, but they couldn't pay for it, they made a second choice for a smaller sys

tem. 

Interesting is to see whether there is a relationship between the solar PV system sizes - the 

number of panels - and the kind of package that is chosen by the household. It is for example 

possible to only buy panelswithor without a charge controller, but households can also buy 

a complete package with panels, charge controller, wiring and fluorescent lights. 

But first , the package choice- only panel(s) or a complete package- is shown in Table M.38. 

Table M.38: Package choice 
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I personally ctictn't expect that so many householcts would make a choice for a complete pack

age. There are more householcts that make a choice fora complete package- with charge con

troller, wiring and fluorescent lights - than householcts that make a choice for only panels. 

The category 'only panel(s)' consists of householcts that make a choice for panels with or with

out charge controller. 

When people made a system choice for one panel, they had a package choice as fellows: 

1. Buying a solar panel without a charge controller; 

2. Buying asolar panels with a charge controller; 

3. A complete package of asolar panel, charge controller, wiring and fluorescent lamps. 

It was explained that the use of a charge controller prolonged the lifetime of the battery. When 

looking at the householcts that made a system choice for one panel and that didn't piek the 

complete package, it catches the eye that especially in research area 2 householcts made a 

choice for one panel without a charge controller (Table M.39) 

Most battery users in this research area choose this package and the logic was as fellows: 

"We cton't have a good battery, so why spend money on a charge controller when the battery 

is alreacty damaged?" When they would buy a new batteryin the future, they would consicter 

buying a charge controller at that moment. 

Table M.39: Package choice- withor without charge controller 
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The relationship between the solar PV system sizes - the number of panels - and the kind of 

package that is chosen by the householdis presented in Table M.40. 

One important aspect was the minimum cell frequency in a crosstabulation table when using 

the Pearson's Chi-Square test. It has also been said that the greater the degrees of freedom, 

the more lenient the minimum expected frequencies threshold. The crosstabulation table in 

Table M.40 is a 2x4 table and thus has more degrees of freedom than a 2x3 table: 

df = (row - 1) x (column- 1) = (2- 1) x (4- 1) : Fora 2x4 table the degrees of freedom is 3 . 

The table value of x2o,os with 3 degrees of freedom (a 2x4 table) is 7,8147. If x2obs >= 7,8147 

the null hypothesis of no relationship between the variables will be rejected. 

1 Panel (#) 39 

Tot(%) 30,71 

Row(%) 62,90 

Col(%) 63,93 

2 Panels (#) 14 

Tot(%) 11,02 

Row(%) 34, 15 

Col(%) 22,95 

3 Panels (#) 7 
Tot(%) 5,51 

Row(%) 36,84 

Col(%) 11,48 

4 Panels (#) 1 

Tot(%) 0,79 

Row(%) 20,00 

Col(%) 

Total 
Tot(%) 

Row (%) 

Table M .40: Relationship between system size choice and package choice 
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Observed frequency Expected frequency 

Only Complete Only Complete 
panels package panels package 

1 panel 39 23 62 1 panel 30 32 62 
2 panels 14 27 41 2 panels 20 21 41 

3 panels 7 12 19 3 panels 9 10 19 

4 panels 1 4 5 4 panels 2 3 5 

61 66 127 61 66 127 

2 (39-30) 2 (23-32) 2 (14-20) 2 (27-21) 2 (7-9) 2 (12 - 10) 2 (1-2) 2 (4-3)2 1118726 x= + + + + + + + = 
30 32 20 21 9 10 2 3 ' 

x 2obs >= x 20,os (ctf=2) : 11 ,18726 > 7 ,8147 anct the null hypothesis about no relationship can be 

rejectect. There is a relationship between the system size choice anct the package choice. The 

Cramer's V is 0,2968 incticating that the relationship is nat very strong. The relationship itself 

is visualizect in Figure M. ll . 

3 

1 panel 
2 panels 

3 panels 

4 panels 

• Only panels • Complete package 

Figure M.ll: Relationship between system size choice anct package choice 

As it turns out, the householcts choosing the bigger system sizes more aften make a choice for 

a complete package. Householcts that are choosing only one panel, more aften make a choice 

to only buy a panel or a panel with a charge controller. 
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Another relationship that is very interesting to look at is the relationship between the current 

electricity use and the number of panels that has been chosen by the househeld- when they 

made a technology choice for solar panels and have enough financial means to pay for them. 

During the discussion of the current electricity services used, it is mentioned that the average 

battery capacity used by the rural householcis is 40,4 Wh. Because of this, the threshold of 

the current electricity use has been set at 40 Wh. The question is whether people that have a 

daily energy use above 40 Wh also choose fora bigger system size. In other words, do people 

choose a number of solar panels that corresponds with their current electricity use, or is 

there no relationship? Table M.41 is the crosstabulation table between the current electricity 

use of householcis that made a technology choice for solar panels and the solar panel system 

size choice they chose. 

The current electricity use is divided into two parts: below 40 Wh and above 40 Wh. Only 

householcis with an energy use up to 200 Wh are taken into account, because this is the 

maximum system size that can be chosen. 

1 Panel (#) 

Tot(%) 

Row (%) 

Col(%) 

2 Panels (#) 

Tot(%) 

Row (%) 

Col(%) 

3 Panels (#) 

Tot(%) 

Row (%) 

Col(%) 

4 Panels (#) 

Tot(%) 

Row(%) 

Col(%) 

Total 
Tot(%} 

Row (%) 

Col(%) 

<: 40 Wh/day 

43,31 

88,71 

49,11 

37 

29,13 

90,24 

33,04 

18 

14,17 

94, 74 

40- 200 
Whfday 

Table M.41: Relationship between system size choice and current daily energy use 
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The cross tabulation table M .41 is also a 2x4 table and therefore the degrees of freedom is 3. 

The table value of x2o,os with 3 degrees of freedom (a 2x4 table) is 7,814 7. If x2obs >= 7,814 7 

the null hypothesis of no relationship between the variables will be rejected. 

The Chi-Square is 12,11158. x2obs >= x20,05 (df=2): 12 ,11158 > 7,8147 and the null hypothesis 

about no relationship can be rejected. There is a relationship between current daily electricity 

use and the system size choice. The Cramer's V is 0,30882 indicating that the relationship is 

nat very strong. 

The relationship is a bit diffuse. When looking at the householcts that nowadays have a daily 

energy u se below 40 Wh, 82, 15 percent of these householcts make a choice for one or two 

panels . Asolar system with one or two panels is supplying respectively 50 Wh and 100 Wh on 

a daily basis. More explanation about system sizes can be found in Appendix J 'Checklists for 

rural electricity need'. 

Only 1, 79 percent of these householcts with a daily use below 40 Wh choose a solar system 

with a size of 4 panels. When looking at the householcts that have a daily energy use above 40 

Wh, 20 percent of these householcts made a choice fora system with 4 panels. The difficulty 

is that a figure of 5 householcts in total that picked the system with 4 panels is toa small to 

perfarm a good statistica! analysis. The sameaccounts for the size of the group of householcts 

with a daily electricity use above 40 Wh. Of the 127 interviewed householcts that made a 

technology choice for solar panels and have enough financial means to buy them, only 15 

householcts have a daily electricity use above 40 Wh. It is expected that this division will be 

also true for the entire population, but the figure of 15 householcts is toa low to construct a 

decent analysis. Strange issue is also that the solar system with 3 panels is almast entirely 

picked by householcts with a daily energy use below 40 Wh. 

lt can be conduded that there is a rather weak relationship between the current electricity 

use and the number of panels picked, and the shape of the relationship is undear. The only 

tangible condusion is that householcts with a daily energy use below 40 Wh almast never 

make a choice fora system size of 4 panels- providing 200 Wh on a daily basis . Another con

dusion is that householcts with a higher energy use not necessarily make a choice for a bigger 

system. 

But 51 percent of the householcts with a low energy need (< 40 Wh) chooses a system size 

that is substantially bigger than their current use of electricity (> 1 panel: > 50 Wh) . This 

could imply that householcts choose a system that supplies more electricity than needed to 

meet the current use of electricity. 

As it turns out, 92,13 percent of the 127 householcts in Table M.41 makes a choice fora sys

tem that is bigger than their current use of electricity. The figures for the individual research 

areas are as follows: Research area 1: 97,37 percent, Research area 2: 91,11 percent and 

88,64 percent of the householcts in Research area 3 is choosing a system size bigger than 

their current electricity use . 
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M.5 F;nancial okture 

This paragraph deals with the financial means of those rural householcts that made a tech

nology choice for solar panels. When looking at the householcts that nowadays use batteries 

and the householcts that have no electricity services at the moment, 54 percent of these 

householcts hakes a technology choice for solar PV panels and also has enough financial 

means to buy them. Of the householcts that make the technology choice in favor of solar PV 

panels, 84,03 percent- being 121 of 144 householcts - has enough money to also buy the 

product. 

Total 

Research area 1: Careiro 

Making a technology 
choice for PV panels 

Having enough 
financial means 

Table M.42: Financial means of householcts with ba tteries or without electricity 

When looking at all the households, 127 of the interviewed householcts made a technology 

choice for solar panels and have enough financial means to pay for them. This is 84,66 per

cent of all the householcts that chose solar PV panels. Table M.43 cernprises the 6 generator 

users that made a technology choice in favor of solar panels. 

Total 

Research area 1: Careiro 

Making a technology 
choice forPV panels 

Table M.43: Financial means of all the interviewed householcts 

Having enough 
financial means 

As it turns out, the people with the least financial means also live in the least cultivated area; 

research area 1 of Careiro. In the most cultivated of the three research areas - research area 

2 of Manacapuru - the relatively low tigure with respect to the financial means is mostly on 
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the accou nt of Iranduba (see Table M.44). In research area 3, the householcts near the main 

road Rio Preto da Eva - Vila de Lindoia seem to have slightly more financial means than the 

other interviewed householcts in this research area. 

'"' k & 
All respond:l'tf ' '!]; 

Total 
Making a technology Having enough 
choice for PV paaels financial means 

(#) (#) I (% ) (#) I (% ) 

Iranduba 39 

Table M.44: Financial means of all the interviewed householcts in research area 2 

During the execution of the field research, householcts were also offered the - hypothetical -

option to pay cash or in installments. When they made a choice to pay in installments, it was 

explained that the longer the period of repayment, the higher the interest that would be 

charged. The choice with respect to the payment possibilities is visible in Table M.45 and 

M.46 and Figure M. l2 . 

3 6 

(Vila do) Careiro 
Manaquiri 

Autazes 

Municipw$~; .~~"' "', ·~ i!il1~1î.i\•• - }'_ 1 "',u "t- :a 2 13 mlii-r. ... 

Itacoatiara 
(incl. Amatari) - - - - 1 9 17 

Rio Preto da Eva - - 1 - 1 4 10 

Table M .45 : Choice of payment possibilities in numbers 
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Preferred financing period in months ("!6) 

Total (#) I Cash 3 6 9 12 18 24 

Research area 1 a 2,6 2,6 2,6 2,6 7,9 21,1 60,5 
Research area 2 9,8 - - 12,2 12,2 22,0 43,9 

Research area 3 - - 2,3 - 4,7 30,2 62,8 

Table M.46: Choice of payment possibilities in percentages 

Table M.43 showed that 127 of the interviewed householcts made a technology choice for solar 

panels and indicate to have enough financial means to pay for them. Of these 127 house

holds, 122 householcts could pay and would also pay the indicated price for the panels if they 

were forsale in Manaus. In other words, 122 householcts made a technology choice for solar 

panels, they pointed out to have enough financial means and that they arealso willing to pay. 

The willingness to pay is explained at the end ofparagraph M.5, with the use ofTable M.51 to 

M.53. 

Cash 3 months 6 months 9 months 12 months 18 months 24 months 

• Research area 1 • Research area 2 • Research area 3 

Figure M.12: Preferred payment possibilities for the three research areas 

Most people indicate that they want to pay in more installments. But when they are asked 

what they think is the most important 'low interest' or 'long payment period', 55 percent of all 

the householcts choose 'low interest'. Especially the householcts in the area where most people 
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want to pay in 18 or 24 months - research area 3 - say that low interest is the most impor

tant. This is not so strange. When you don't have the possibility of paying in a shorter period 

of time, you know the burden of the interest you have to pay. You could say that 55 percent 

of the interviewed households indicates the importance of a low interest rate, because the in

terest rateis a heavy burden when buying asolar PV-panel. 

The results of this question are given below in Table M.47. The total of this table equals the 

150 households that made a technology choice in favor of solar panels, as displayed in Table 

M.43. 

Research area 1 

Research area 2 

Table M.47: Low interest versus long-term payment 

Another interesting question is whether the dis tribution of payment periods is the same for all 

system sizes? The preferred financing period in months versus the system size is presented in 

Tables M.48 and M.49 and Figure M. 13. 
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Table M.48: Choice of payment possibilities in numbers versus system sizes 

Table M.48 consists of two parts; the first part- on the previous page- is divided into the 

three research areas and the second part is presenting the overall numbers for the entire re

search area. Figure M.l3 is the representation of the figures in numbers as presented in the 

second part ofTable M.48. 

Cash 3 months 6 months 9 months 12 months 18 months 24 months 

• 1 panel 2 panels 8 3 panels 8 4 panels 

Figure M.l3: Preferred payment possibilities for the different system sizes 

24 

~ 
1,7 1,7 1,7 5 ,2 8 ,6 27,6 53,4 
4,9 2,4 7 ,3 7 ,3 22,0 56,1 

11 ,1 5 ,6 22 ,2 61 ,1 

Table M.49: Relative choice of payment possibilities for each system size 
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The percentages for the different system sizes in Table M.49 refer to the totals for each system 

size, displayed in the left column. Table M.49 displays that for the langer payment periods -

18 and 24 months - there is no real difference in relative terms when looking at the different 

system sizes. 24,6 percent of all householcts makes a choice for 18 months. For the different 

system sizes, this percentage lays between 20 and 27,6 percent. 55,7 percent of the inter

viewed householcts chooses for the payment period of 24 months. When looking at the differ

ent system sizes, this percentage is between 53,4 and 61,1. 

In general, there is no unambiguous pattern when looking at the figures presented in the pre

vious tables and figure . You cannot say that the bigger the system, the langer the payment 

period. In absolute terms, you can say that householcts choosing the smaller systems of 1 or 

2 panels also make use of the smaller payment periods of 12 months or less. The combined 

choice of system size and payment period for all householcts is presented in Figure M.14. 

35 

30 

1 panel 

2 panels 

• 1 panel 2 panels • 3 panels •4 panels 

Figure M.l4: Relationship between preferred payment possibilities and different system sizes 

It is not possible to confirma statistica! relationship between the preferred payment possibili

ties and the system sizes. To be able to calculate the alleged statistica! relationship, the above 

figures need to be converted into a 4x7 crosstabulation table. But a 4x7 table results in 12 

degrees of freedom and various cells of this table will have a value of 0. With such a high 
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number of degrees of freedom and with empty cells, it is not possible to calculate the Chi

Square or Cramer's V. 

Table M.50 portrays the percentages in relation to all the system sizes and therefore in rela

tion to the 122 households that made a technology choice in favor of solar panels, that indi

cated to have enough financial means and who are willing to pay the indicated price for the 

technology. Table M.50 is showinga variation that matches the variation in Figure M.l4, but 

this figure is giving the variation of choices in absolute terms. 

The end condusion can be - without statistical foundation - that most people do choose a 

langer payment period, independent of their choice for a certain system size. This doesn't 

mean that households do not want to pay in a shorter period of time. The fact that 55 percent 

of the households emphasizes the importance of low interest rate (see Table M.4 7) points to

wards their interest in short-term payment. But they do not have the financial possibility to 

choose sa. 

1 panel, 14 Wp 0,8 0,8 0,8 2,5 4,1 13,1 25,4 
1,6 0,0 0,8 2,5 2,5 7,4 18,9 
1,6 0,0 0,0 0,0 0,8 3,3 9,0 
0 ,0 0,0 0,0 0,0 0,8 0,8 2,5 

Table M. 50: Relative choice of payment possibilities for all system sizes 

Next to having the financial means to buy solar panel, the question is whether people are will

ing to spend their money on this technology. Do people think that these prices are good value 

for money? 

A first question was whether they could pay the solar panels they have chosen. A second 

question is whether they would also pay this price for this technology, when it would be pos

sibie to buy FEE solar PV panels in Manaus. This is called the willingness to pay and this is 

visible in Table M.51 to M.53. If people made a choice with respect to the preferred system 

size and they could pay one of the payment possibilities, they were asked whether they would 

buy the chosen solar PV system right now if they could buy the chosen system in Manaus in 

combination with the chosen payment possibility. 
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Munic;ipio~~~,illü'' 0 
. ;•r 

Careiro da Varzea 

(Vila do) Careiro 

Manaquiri 

Autazes 

~"!.. ~~;u~ 

Iranduba 

ltacoatiara (incl. Amatari) 

Rio Preto da Eva 

J 

Table M.Sl: Willingness to pay 

100,00 

100,00 

100,00 

100,00 

100,00 

97,73 

96,43 

100,00 

Table M.52 presents the willingness to pay, for householcts that currently use batteries or 

have no electricity at all, made a choice for solar panels and indicated to have sufficient fi

nancial means to purchase them. Table M.53 presents the willingness to pay for a ll the inter

viewed househ olcts that chose solar PV panels and indicated to have enough financial m eans. 

";,
11 
Households with battenes or ~thout 

electriç.ity ," 

Having enou gh Can buy and would also 
fmancial means buy 

(#) (#) (% ) 

Research area 1: Careiro 

I 
38 

I 
38 100,0 

Research area 2: Manacapuru 43 39 90,7 

Research area 3: Itacoatiara 40 39 97,5 

Table M.S2: Willingness to pay of battery users and householcts without electricity 
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Research area 1: Careiro 
Research area 2: Manacapuru 
Research area 3: Itacoatiara 

Having enough 
financial means 

38 
45 
44 

Table M. 53: Willingness to pay of all householcts 

Appendix M: Consumer questionnaire analysis 

Can buy and would also 
buy 

91,1 
97,7 

The interviewed householcts that chose solar panels and have enough finances seem to be 

very willing to pay for solar panels. In total, 96,1 percent of all householcts that make a tech

nology choice for solar panels and have enough financial means indicates that they also 

would buy the product if there is the possibility to buy this type of solar panels in Manaus . 

They understand that amorphous solar panels present an affordable solution to their electric

ity problem. 

I could also have asked householcts without the financial means whether they would pur

chase the product if they would have the money in the future. I tried this line of questioning 

during the pre-test and the answers than turned out to be unreliable. People appeared to give 

'politically correct' answers to please me, because of their previous negative reply as for their 

current financial circumstances. 
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M.6 Market introduetion 

This final paragraph deals with a number of indicators that are relevant with regard to the 

market introduetion of solar PV panels in the Manaus regi.on. 

During the technology choice, eight control questions were presented to the respondent with 

respect to the chosen technology. These questions were meant to see whether the technology 

choice has been a good choice. When looking at Table M.54, it turns out that especially the 

need for batteries is the biggest disadvantage of the use of solar panels. Not because of the 

use of the batteries itself, but because it is sometimes difficult to buy batteries. For some 

people, it will take a long time and also money for public transportation to reach a point 

where they can buy batteries. 

It will be difficult to resolve this problem when going to sell solar panels. One option is to sell 

the panels directly with batteries. This way, the householcis don't have to visit another shop 

to buy the batte:ry. Selling solar panels with complementa:ry products like batteries, small 

black and white televisions, radios, wiring or lights has the preferenee in generaL 

Control 
Acfwuatage• I di.MUblantage• of •lar tac:htaology 

questions Long Without No fuel Easy to buy Easy Safe Clean Reliable 
lifetim.e noise needed a battery maintenance technology technology technology 

y (#) 148 147 146 89 147 147 147 148 

N (#) 0 1 2 59 1 1 1 0 

Total 148 148 148 148 148 148 148 148 

I~ i~~ u 100,00 99,32 98,65 60,14 99,32 99,32 99,32 100,00 

0,00 0,68 1,35 39,86 0,68 0,68 0,68 0,00 

IImportance 11~------~----~------~------~--------L-----~~----~-------J 
20- 30% 

30 - 40% 

40 - 60% 

60-80% 

80-100% 

Table M.54: Control question as for solar panel technology choice 

It is also interesting tolook at the perceived advantages and disadvantages of generator tech

nology. Knowing the advantages and disadvantages as perceived by the rural householcis 

makes it easy to focus the promotion of solar panels on the discontent with respect to the (fu

ture) use of diesel and gasoline generators. 

The answers on the control questions when having made a technology choice for generator 

technology are presented in Table M.SS on the following page. 
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Control 
Aduantages I disaduantages of generator technology 

questions Easy to Mech. repair Elec. repair Easy to buy Knows about Safe Clean Reliable 
buy diesel man nearby mannearby spareparts mamtenance technology technology technology 

y (#) 95 66 52 15 71 95 69 94 

N (#) 29 58 72 109 53 29 55 30 

Total 124 124 124 124 124 124 124 124 

Y(% ) 

N(% ) 

IImportance I 
20-30 % 

30-40 % 

40-60 % 

60-80 % 

80 - 100 % 

76,61 53,23 

23,39 46,77 

41 ,94 12, 10 57,26 

58,06 87,90 42,74 

~ 

Table M.SS: Control question as for generator technology choice 

76,61 55,65 75,81 

23,39 44,35 24,19 

One important advantage of the solar panel is that it is a clean technology. In 44,35 percent 

of all cases, the noise and smoke of the generator is perceived as being a drawback of the 

technology. 

The other drawbacks of the generator have to do with the technology content. When a genera

tor breaks down, it is difficult to buy spare parts. Marraus is the only place where you can 

buy spare parts, but for the older generators it can take a long time to find a shop that has 

the spare part or that can order it. And having the spare parts doesn't mean that the genera

tor is fiXed immediately. It turned out to be also difficult to find someone who could repair the 

generator. Especially a repairman for the electrical part, the dynamo part, is difficult to find. 

Another difficulty has to do with the maintenance. Even householcts with a generator do not 

knowhow to maintain it. The generators that I have seen in the field alllook very clean. Bra

zilians seem to know a lot about polishing and they are proud when the generator looks nice 

and shining. But don't ask anything about the rnainterrance with respect to the oil, the filters 

and a yearly checkup. 

One very big advantage of the solar panel is the ease of maintenance. Brazilians seem to love 

things that you buy and you don't have to take care of after buying. They liked to hear that 

you only have to rinse a solar panel with some water and a sponge every now and then. 

Quite some people were surprised that a solar panel doesn't need any spare parts. They 

thought that aftersome time, you had to replace sarnething of the panel - like with a genera

tor. 

The ease of rnainterrance and the fact that you will never need spare parts for a solar panel 

are very important aspects of the panels that need to be emphasized during the introduetion 

and sales of solar panels in the Marraus region. 
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A last question in this paragraph is regarding the market size and the towns that are of im

portance with respect to the sales of solar panels in this region. 

First , the market size will be discussed. In Chapter 3 it has been stated that the size of the 

population for the statistica! analysis is 30.038 households. The size of the population for the 

field research - not taking into account the 2 more remote municipios - is 24.724 house

holds. Of these 24.724 not grid connected households, 6.876 householcis have suffïcient fi

nancial means- earning between R$ 150 and R$ 1.500 per month- to purchase a solar PV

system. This is almost 30 percent of the field research population. These 6.876 householcis 

form the raw statistica! market potential. They have the money and the lack of grid -b ased 

electricity, but it is not clear whether they would make a technology choice for solar panels 

and whether they are willing to pay for the product. 

Table M.56 presents the raw market potential according to the technology choice made by the 

interviewed households. The percentages of interviewed householcis that made a technology 

choice for each micro-region and research area are projected on the total amount of rural 

householcis without a grid connection. 

This market potential is the market potential of rural householcis that do nothave access to 

grid electricity and make a technology choice for solar panels . Now it is clear that they make a 

choice for solar panels , but it isn't clear whether they have enough money for it and are will

ing to pay. 

(Vila do) Careiro 3 .637 2 .078 57, 1 935 

Manaquiri 5,5 1.726 719 41 ,7 293 

! 6.854 {, tf 3fZ90o l§f;~ 55,3 i.~,~?'#Z ... · ~.~~€! 
4.920 2 .545 51 ,7 1.474 

1.934 1.218 63 ,0 736 

Table M.56: Raw market potential according to technology choice 

A260 



Appendix M: Consumer questionnaire analysis 
~ .. ,.~-~·-------------------

Table M.57 p resents the raw market potential according to h aving sufficient financial means 

to buy asolar panel. The totals for each research area in Table M.56 and M.57 can differ from 

the sum of the municipios, because it is basedon the overall percentages of the area and nat 

on the sum of individual municipio values. 

Careiro da Varzea 3.238 771 
(Vila do) Careiro 2 3.637 1.247 34,3 935 
Manaquiri 5 ,5 1.726 575 33,3 293 
Autazes 8 2.585 1.551 60,0 573 

~~~E..::....----~ ,, 5:5 "11-------n-----+--........;.--11----"'"i 

J 

Rio Preto da Eva 

Table M.57: Raw market potential according to 'sufficient financial means' 

Table M.57 is showing the market potential of rural households that do nat have access to 

grid electricity, make a technology choice for solar panels and have enough financial means to 

buy solar panels. But it isn't clear whether these households are willing to pay for the solar 

panels. Because of this, these market potentials are called 'raw' market potentials . 

The real market potential is presented in Table M.58. This is the market potential for house

holds that do nat have access to grid based electricity, that make a technology choice for solar 

panels, that have the financial means to buy them and that are willing to pay the price. In 

Table M.59 these figures are projected onto the raw statistica! market potential. The statisti

cal market potential has been d iscussed in Chapter 3, subparagraph 3.5.2, when discussing 

the population and sample size for the research. Information with respect to rural demo

graphics, electrification and income can be found in Appendix F for the Manaus area. 
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Table M.SB: The real market potential 

l~liïmltal .. l 

~~~~~~~~--~~------~~--~~ 

Table M.59: Real market potential versus statistica! raw market potential 
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Table M.59 reveals that the real marketpotentialis much higher (61,28 percent higher) than 

the previously calculated statistica! market potential. 

One of the assumptions of the statistica! market potential is that people do not want or are 

not able to spend more on electricity services than 20 percent of their monthly income. (see 

Appendix F for statistica! tables on financial means) 

As it turns out, the interviewed households want to spend more on electricity than 20 percent 

of their income. It is difficult to give a precise percentage about how much they would like to 

spend on electricity every month. 

One of the reasons for this is that the respondents indicate that they can or cannot pay a cer

tain price. They do not tell how much they earn each month or which percentage of their in

come they are able to spend on electricity. 

Another reason is the informal income. A large number of households has an income that is 

higher than the official income, written down in the official statistics. This also explains the 

large group of households without any income. If a househeld is registered as not having any 

income in the official statistics, it means they do not have an official job with a registered in

come. Most of the time, they do have an informal income because they grow fruits , sell eggs, 

make farinha, rent out an engine or have a rural taxi. 

The difference between the statistica! market potential and the real potential doesn't mean 

that the statistica! figures are worthless . It means that the statistica! figures can be used as 

being very conservative figures with respect to the market potential. 
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A last question has to do with the place where the householcts buy their small electric appli

ances, or where they think they will buy their small electric appliances in the future. These 

places are interesting as for the future sales of solar panels. 

Table M. 6 0 : Places of purchase 

Almost 70 percent of all the householcts in Table M.60 indicates that they go to Manaus to 

buy their small electrical appliances. Next to Manaus, it is interesting to have sales point for 

solar panels in the following towns: 

Autazes; ltacoatiara. 

Manacapuru; 

The problem with Autazes is the accessibility. The first selection criterion for the research ar

eas has been the travel time to the municipios. (see Appendix H) It must be possible to reach 

a municipio within 8 hours . It is also possible to reach Autazes by car within one day, but all 

the products go over water to Autazes by barco. A barco almost takes two days to reach Au

tazes . Because of this, Autazes is not taken into account as being interesting as a sales point 

for solar panels . 

Iranduba is a town in research area 2. This town seems to be interesting with respect to the 

sales of solar panels, because a number of the respondents hesitated long before making a 

choice for Manaus in this area. Next to this, Iranduba is close to Manaus, can be supplied 

over the road and over water and has a number of shops that sell complementary products. 
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Appendix N: Solar PV techno/ogy theory 

Solar energy - as well as other renewable energy technologies - is a comparatively clean and 

economical energy alternative that is not dependent on a foreign souree of fuel. Many develop

ing countries are located near the equator and have high levels of sunshine year-round, pro

vidingthem withafree and abundant energy supply that is locally available. 

Using photovoltaics to generate electricity from sunlight is simple, requires no rnaving parts, 

and has been proven reliable in tens of thousands of installations worldwide. Photovoltaics 

may also be the most cost-effective means of supplying basic services when its life-cycle casts 

are compared against typical alternatives, such as the use of kerosene and candles for light

ing, or the expansion of existing power distribution networks. 

Photovoltaic systems are especially well suited for use in rural areas where large populations 

remain isolated from existing power distribution networks. The use of photovoltaic systems in 

rural areas may help stem migration to already overcrowded urban centers. In many cases, 

the lack of access to basic services and meager economie opportunities in the countryside en

courage people to move to the cities in search of a better life. Photovoltaics can provide the 

power necessary for electric lighting, health clinics, television, and water pumping and can 

supply power for businesses and other productive uses in rural areas. When these things are 

available locally, the desire or necessity of rnaving to a city may be diminished. However, it 

must be noted that some cases demonstrate the reverse: in areas of the Pacific Islands, for 

example, the advent of electricity has led some family memhers to migrate to cities in search 

of jobs and cash in order to purchase these new electric services and appliances. (Shepperd & 

Richards , 1993) 

N. 1 Solar energv fundamentals 

The energy supply from the sun is enormous: on average, the earth's surface receives about 

1,74 x 1014 kW of solar power, being 342 Wfm2. This means that in less than one hour 

enough energy is supplied to the earth to satisfy the entire energy demand of the human 

population over the whole year. 

The solar radiation striking the surface at a parbeular time and place is called insolation. 

When insolation is described as power, it is expressedas a number of Watts per square meter 

(W /m2 or kW /m2). On a very sunny day, the total insolation striking an area will be 1000 

Watts per square meter. This time during the day is called the peak sun hours. Many factors 

determine how much sunlight will be available at a given site: atmospheric conditions, the 

earth's position in relation to the sun and nearby obstructions that cause shading. 
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Solar electricity is electric power generated from sunlight using devices called solar cell mod

ules. This occurs according to a principle called photo-electric effect. (Hankins, 1995; 

Markvart, 2000) 

N.2 Solar eelt technofogv 

Figure N. 1 illustrates the operatien of a basic solar cell, also called a photovoltaic (PV) cell 

(Hankins, 1995). 

solarcall 

Figure N.l: Basic photovoltaic concept 

Solar cells are made of the same semiconductor materials (usually silicon) used in the mieroe

leetronies industry. For solar cells, a thin semiconductor wafer is specially treated to form an 

electric field, positive on one side and negative on the other. When light energy strikes the sa

lar cell, electrans are knocked loose from the atoms in the semiconductor material . 

If electrical conductors are attached to the positive and negative sides, forming an electrical 

circuit, the electrans can be captured in the form of an electric current- that is, electricity. 

This electricity canthen be used to power a load, such as a light bulb or a water pump. 

Although silicon is abundant - it is the basic material in beach sand - the process used to 

turn it into the high-purity semiconductor material required for solar cells is expensive . There 

are three main types of solar cells: (1) mono-crystalline silicon (also known as single-crystal 

silicon), (2) poly-crystalline silicon (also known as multi-crystalline silicon), and (3) thin-film 

(mostly amorphous silicon) materials. The different cell technologies represent different ap

proaches to trying to reduce the cost of photovoltaic-generated electricity. (Hankins, 1995; 

Markvart, 2000; Shepperd & Richards, 1993) 
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In crystalline-silicon technologies, individual PV cells are cut from large single crystals or 

from ingots of crystalline silicon. In thin-film PV technologies, the PV material is deposited on 

glass or thin metal that mechanically supports the cell or module. Solar panels based on 

thin-film cells are produced in sheets that are sized for specified electrical outputs . The mar

ket share in 1998 for each technology is as follows (Markvart, 2000) : 

Amorphous 
silicon 

13% 

Polycrystalline 
silicon 
44% 

,-----Other 
4% 

Monocrystalline 
silicon 
39% 

Figure N.2: Market share of the main photovoltaic technologies ( 1998) 

The wafers for mono-crystalline cells are sliced from a single crystal of pure silicon to a 

thickness similar to fingernail. Photovoltaic cells made from this material have the highest 

efficiencies (the ratio of electricity produced per amount of sunlight), but are also expensive to 

manufacture. The efficiency is about 12 to 18 percent, meaning that with an intensity of 1000 

W fm2, 120 to 180 Watts per m 2 of solar cellis converted to electricity. 

Mono-crystalline cells were the first to be developed for commercial purposes . 

Poly-crystalline - also called multi-crystalline - cell wafers are made from a cast block of 

silicon that has multiple crystals in it. Though they have some manufacturing advantages 

these cells are not as efficient as single-crystal cells. The efficiency ranges from 9 to 14 %. 

Since poly-crystalline cells are slightly less efficient than single-crystal cells, poly-crystalline 

modules tend to be somewhat larger than mono-crystalline modules for a given power rating. 

Thin-film solar cells are made in a vacuum chamber by depositing thin layers of semiconduc

tor materials (usually amorphous silicon) onto a substrate, which ultimately becomes the 

front or back face of a module. Because thin films require very little semi-conductor material 

they have the potential for low-cost manufacturing. 

Thin-film modules made on glasslook similar to crystalline modules. However since thin-film 

cells have much lower efficiencies- 2 to 6 % - than the other two module types, they require 

substantially more area to produce a given amount of power. 

Commercially available modules typically range in power output from 1 to 110 Watts, with 

thin-films comprising the majority of the lower wattage modules - less than 15 Watts. The 

reliability and durability of both mono- and poly-crystalline modules are well established, and 

most manufacturers offer at least a ten-year warranty. The reliability of thin-film modules is 
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not as well established as that of crystalline modules, although improvements to the technol

ogy continue to be achieved. (Markvart, 2000; Shepperd & Richards, 1993) 

N.3 Photovoltaic panels 

A crystalline photovoltaic module consists of a number of solar cells electrically connected to 

each other and mounted in a support structure or frame with a glass plate in front. Modules 

are designed to supply electricity at a certain voltage (commonly 12 volts); the current pro

duced is directly dependent on how much light strikes the module. The module structure pro

tects the solar cells from the environment, and photovoltaic modules have proven to be very 

durable and reliable. They typically have ten-year manufacturer's warranties and much 

langer expected lifetimes in the field . 

Thin-film amorphous silicon solar panels consist of a very thin layer of silicon, deposited on, 

for instance, a glass substrate that also functions as the front of the panel. The support frame 

in this case is used to keep the silicon from corroding. 

The amorphous silicon layer stahilizes after the first months of use. In general, a stabilized 

solar cell behaves like a semi-conductor and has negligible ageing effects. The lifetime of 

amorphous silicon solar panels is therefore not limited by the cell itself, but by its protection. 

The thin film of active material is very sensitive to the impact of corrosion. Notably in areas 

with high air moisture content, this may cause rapid deterioration of the panels, if not prop

erly framed. 

The focus of quality impravement of amorphous silicon solar panels has therefore primarily 

been on finding a moisture proof framing. With the unique fourth generation framing, Free 

Energy Europe now has the corrosion problem under controL 

In 1996, the fourth generation framing has been introduced into the market. The front photo

voltaic plate is still protected by a back glass glued with resin. Cable wires are directly sol

dered to the corners of the laminate, without any connector. After appropriate acthesion 

treatment on glass, actvaneed polymer material is injected around the laminate . The results of 

having this framing technology two years in the market have been very positive. The composi

tion of the polymer has been fine-tuned. Now the reported failure rates have fallen below 1%. 

0 Glass 

• Photovoltaïc 

FRONT 

0 Resin 

• Polymer 

Figure N.3: Cross section of polymer injection framing 
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Although one module is often sufficient for many power needs, two or more modules can be 

wired tagether to form an array. In genera!, the larger the area of a module or array, the more 

electricity that will be produced. Photovoltaic modules and arrays produce direct-eurrent (DC) 

electricity. They can be connected in both series and parallel electrical a rrangements to pro

duce any required voltage and current combination. (AEC, 1991 ; Shepperd & Richards, 1993; 

van der Vleuten & Guillardeau, 2000) 

N.4 Panel performance 

The output of a solar panel depends on the number of cells in a module, the type of cells and 

the total surface area of the solar panel. Each panel has its own particular set of operating 

characteristics that are described by the performance curve, called the 1-V curve. 1-V curves 

are used to campare the performance of different types of solar panels, for example at various 

levels of insolation and temperatures. 

Figure N.4 shows the I-V curve fora 42 Wp module . The shaded portion of the figure shows 

the voltage boundaries within which a lead-acid battery is charged . 

-Cl) 

CL 

! 

Volts 
(at oell temperatwe of 2S0C) 

Figure N.4: The I-V curvefora 42 Wp panel 

At each point along the line, it is possible to determine the power of the module by multiply

ing the current times the voltage. If a battery is charged by the module and it reached 12 
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Volts (point A), the current from the module is 3,2 amps and the power output at point A will 

be 38,4 Watts. 

The short circuit current (Isc) is the current measured in full sunlight, visible at point B 

where the curve crosses the 0 Volts. This is the maximum current that the module is capable 

of producing. 

The open circuit voltage (Uoc) is the voltage measured under full sunlight, when no current 

is being drawn from the module. It is the point where the curve crosses 0 amps (Point C). 

The maximum power point (Pm) is the point on the I-V curve where the module produces 

the greatest power, in this case Pm = 42 Wp. The point is always found at the place where the 

curve begins to bend steeply downwarcis (Point D). The current and voltage at this point are 

indicated by Imp and Ump. It is advisable to operate the panel as near to the maximum 

power point as possible . For example, the power output further away at point E is much 

lower, being 36 Watts . 

The output of any PV panel is affected greatly by the intensity of the sunlight and the tem

perature in which the panel has to operate. The solar-cell characteristics under different lev

els of insolation are shown in figure N.S: 

1 w,. 
J 3 

750Wiffl. ·- 2 
500W""' 

I 1 

Figure N. 5: Insolation or irradiance dependenee of a solar PV panel 

The output is proportionally affected by the intensity of solar radiation or insolation to which 

it is exposed. More intense sunlight will result in a greater module output. While the shape of 

the I-V curve remains the same, it shifts downwardat lower sunlight levels. Figure N.S shows 

that lower insolation results in lower current output. The voltage level dos notchange consid

erable by variations of the intensity of the sunlight. 

The effect of temperature on the I-V curve is the other way around. The shape of the I-V curve 

remains the same, but it shifts to the left. The current doesnotchange when the temperature 

increases, but the voltage does. This is presented in Figure N.6 on the following page. 
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Figure N.6 : Temperature dependenee of asolar PV panel 

The temperature effect has an important influence on the efficiency of the panel, because it 

moves the maximum power point to a lower point, even lower than the operating voltage of 

the load. It is important to allow air flow under and over the modules to remove heat and 

avoid high cell temperatures. 

Another important effect on module output can be expected from shading. Obviously, when a 

shadow falls across a part of the PV panel, its electric output will be reduced. When part of 

the panel is shaded, it stops producing current and instead consumes current, converting it 

to heat. Thin-film amorphous panels are less affected by small shadows than crystalline type 

modules. (Hankins, 1995; Markvart, 2000; SEI, 1998) 

N.5 Basic svstem contigurotions 

Solar PV systems can be divided according to the kind of current the applications have; direct 

current, alternating current or hybrid systems. You can also make the distinction between 

direct systems without a battery and systems with a battery. I will only discuss the system 

configurations with direct current application s, because they are the most commonly used 

with thin-film amorphous solar PV panels. 

Direct Coupled DC System: The simplest photovoltaic system is made up of an array con

nected directly to a load. If the array includes more than one module, bypass diodes are used. 

A271 



D. P. Bours, .final M. Sc. thesis 

Applications requiring the most power during the sunniest part of the day are ideal for this 

type of system. Pumping water for irrigation or to a storage tank or running a fan for ventila

bon are examples of appropriate applications . Lighting and other loads which are rarely used 

during the daylight hours would probably never be supplied with power by a system of this 

type (Figure N. 7). 

PHOTOVOLTAIC ARRAY 

FigureN. 7: Direct coupled DC system 

The load must run on DC electricity. This normally means a DC motor is used to run a pump, 

fan, or other device. As the sunlight gets more intense, the motor runs faster. Thus, the more 

sunlight, the more water or air that is moved. 

Power Point Tracking DC System: The performance of a direct DC system can be increased 

by actding a power point tracker between the PV panel or array and the load. The power point 

tracker constantly monitors the system performance and makes electrical adjustments to 

keep the system operating as close as possible to its maximum output. 

Self-Regulated DC System: If battery storage is added to the system, some means must be 

used to prevent overcharging the batteries . The simplest way to do this is to use self

regulating modules, like the 14 Wp Battery Charger panel of Free Energy Europe (FEE). These 

PV panels are designed to deliver a voltage that is too low to overcharge the battery. (Figure 

N.8) Careful matching of component sizes and loads is desired. 

FLUORESCENT UGHnNG 

PHOTOVOL TAIC ARRA V BATIERY 

Figure N.B: Self-Regulated DC System 
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Again, the loads are DC only. If adequate battery storage is provided, and the loads are used 

consistently, this can be a reliable system. Because electricity is stored, lighting and other 

devices can be used after dark or during cloudy weather. 

Regulated DC System: Most systems do not have self-regulated modules. Furthermore, 

many systems require some way to prevent darnaging the batteries from charge levels which 

are too high or too low. A charge controller, sametimes called a charge regulator, is used to 

keep the batteries from being overcharged (Figure N.9) . 

FLUORESCENT UGH11NG 

PHOTOVOLTAIC ARRAY BATTERY 

Figure N.9: Regulated DC System 

The charge controller extends the battery life , but adds to the complexity of the system, draws 

additional power, and can reduce overall reliability. (AEC, 1991 ; SEI , 1998) 

N. 6 Battedes 

Most applications require storage of electricity in order to match the generation and demand 

of it. The panel generates electric power during the daytime and some applications are used 

at night, so the battery is often indispensable. Note that it is impossible to remove more en

ergy from the battery than is put in by charging (Figure N.10) . 

-----
). . 

--
Figure N.lO: Energy input must balance output and vice versa 
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When using batteries in combination with solar PV panels, you have to keep the following in 

mind: 

• Good batteries are expensive, but worth the investment if you have the money; 

• Batteries eventually wear out and need to be replaced. Keep the life-time into mind; 

• Batteries need to be maintained. Keep them clean and - especially when you have a 

small sized PV panel - take the battery for boosting to a reeharging station of it has 

been deeply discharged; 

• Moreover, the level of electrolyte should be checked regularly and the plates of the bat

tery should always be covered; 

• Do not mix different types of batteries if you conneet more than one battery. 

There are many different types of batteries available and each type has got its own character

istics and specific application. The most important characteristics - described by the manu

facturer- are its cycle lifetime, rated starage capacity, depth of discharge, self-discharge rate, 

charge rate, temperature and maintenance. 

The cycle life indicates the number of times a battery can be discharged and re-charged. The 

cycle lifetime should be high, because a battery in a solar PV setting is almost continuously 

charging and discharging. 

The rated storage capacity is expressed in Ampere-hours, which means that a battery of 

100 Ah which is discharged by 2 Ampere, will theoretically operate for 50 hours - also in 

practice depending on the depth of discharge, the self-discharge rate and the temperature in 

which it is operating. 

The Depth of Discharge (DOD) is the extend to which a battery should be allowed to dis

charge in normal operation. The DOD is given in a percentage of the rated capacity and varies 

from 20 to 100 % . Operation beyoud the maximum depth of discharge will reduce the cycle 

life of the battery. 

The self-discharge rate indicates the extend to which a battery loses its charge when not in 

use. Temperature affects the performance of the battery to a great extend. For example , the 

charging of a battery with a high current causes excessive heat to build up and this can dam

age the battery. A higher temperature causes a higher self-discharge rate and a reduced cycle 

lifetime. 

The three general types of batteries that are commonly used in PV systems are: 

Liquid vented lead-acid batteries: Although vented lead-acid batteries like automotive bat

teries are not appropriate for photovoltaic applications, deep cycle lead acid batteries similar 

to automotive types are used more often. These batteries are often referred to as marine type 

batteries and are true deep cycle units. They can be discharged as much as 80 %, although 

less discharge depth will result in more charge cycles and thus a longer battery life. 
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As the battery nears full charge, hydrogen gas is produced and vented out of the battery. Wa

ter is lost when the battery gasses and therefore it must be refilled periodically. Like an 

automobile battery, less power is available when the battery is cold and battery life is short

ened with higher temperatures. Most batteries sold in the Manaus area are not liquid vented 

batteries, but sealed batteries. 

Sealed lead-acid batteries: Sealed lead-acid batter ies have no caps or access to the electro

lyte. They are not totally sealed, since they still need to allow gas to vent during charging. 

However, the use of less antimony, or using calcium, cadmium, or strontium in place of an

timony, results in less gassing and lower water consumption. 

The temperature range sealed batteries can accommodate is about the same as unsealed bat

teries. The charging characteristics of sealed lead acid batteries also change with the tem

perature. Sealed lead-acid batteries are normally more expensive than unsealed or vented 

lead-acid batteries. They are also more susceptible to overcharging, especially in very warm 

climates. Moreover, standard types of these batteries should not be discharged more than 15 

to 25 %, or the life of the battery will be dramatically shortened. These batteries can best be 

used with a charge controller to prevent overcharging as wellas discharging. 

In the Manaus area, most battery sellers do sell sealed batteries. There are sealed deep-cycle 

batteries, and sealed stationary solar batteries for sale in Manaus. The sealed deep-cycle bat

teries have a depth of discharge of 40 to 50 % and can be used in solar applications. The 

brands Moura and Titania are the only sellers of special solar or stationary batteries. This 

type of battery is very expensive. 

Nickel Cadmium (Ni cad) batteries: Ni cad batteries have a physical structure similar to 

lead-acid batteries. Instead of lead plates, they use nickel hydroxide for the positive plates 

and cadmium oxide for the negative plates. 

Ni cad batteries can survive freezing and thawing without any effect on performance. High 

temperatures havelessof an effect than they have on lead acid batteries. They are sometimes 

used in remote or dangerous areas because of their lower maintenance costs and longer life

time . 

Self-discharge rates range from 3 to 6 % per month. Ni cad batteries are less affected by over

charging. They can be totally discharged without damage. Their ability to accept charging is 

independent of temperature . (AEC, 1991 ; Derrick et . al. , 1989; Hankins , 1995; SEI , 1998) 

But they are much more expensive and not for sale in the Manaus area. 

The different battery brands that are sold in the Manaus area are discussed in Appendix S . 
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N. 7 Advantages and disadvantages of PV svstems 

Advantages: 

• Reliability: Often, photovoltaic panels are chosen for systems that must remain opera

tional all the time and thus require a consistent, predictabie energy supply, such as 

for health care . military communications and emergency power applications. The 

technology is well established, with tens of thousands of installations in both develop

ing and industrialized countries; 

• Durability: Most PV modules today have proven that they will function without degra

dation for more than 10 years . PV panels nowadays have a lifetime of 15 to 25 years; 

• Low maintenance cast: Photovoltaic panels require only periodic inspeetion and occa

sional maintenance. These costs are usually less than with conventionally fuelled 

equipment alternatives or alternatives with moving mechanica! parts like wind tur

bines and mini-hydro schemes; 

• Cast effective: In many instances, life-cycle costs for photovoltaic systems are lower 

than for non-renewable alternatives, including power grid extensions; 

• No fuel cast: The energy souree is the sun, so costs associated with purchasing, stor

ing and transporting fuel are not found with photovoltaic systems; 

• Photovoltaic modularity: Small PV systems are available and cost effective while the 

smallest energy generating alternative may be oversized and costly. Modules can al

ways be added afterwards toa PV systems to increase the available power, as finances 

allow and needs demand; 

• Transportability: As photovoltaic systems are modular in nature, they can be trans

ported in pieces. In actdition to simplifying the logistics of transport to remote areas, 

this feature allows for relatively easy relocation and proteetion from severe weather 

conditions ; 

• Safety: These systems do not require the use of combustible fuels and are safe, when 

properly installed. Moreover , these systems also reduce the dangers of transporting 

acid-filled batteries to reeharging stations; 

• Independence: As a residential user you are not dependent on the grid. As a rural user 

you are independent from reeharging station where you normally would need to 

charge your battery and independent from fuel if you would use a diesel or petrol gen

erator; 

• Environmentally sound: Photovoltaics produces no gaseous emissions during operation 

and offers an environmentally sound alternative to fossil and nuclear sourees of en

ergy. Plus, the technology operates silently and may offer a visually pleasing alterna

tive to miles of power conduits strung across the landscape; 
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• Electrical grid decentralization: The use of decentralized small-scale power stations re

duce the vulnerability of the existing grid to failures; 

• Good high altitude performance: The increased solar intensity at high altitudes will in

crease the power output of PV systems. In contrast, a diesel generator will lose effi

ciency as well as power output at high altitudes because of the thinness of the air. 

Disadvantages: 

• Initial cost: The cost of purchase of a PV panel is still quite high. The purchase cost of 

an amorphous panel is much lower than the price of a crystalline panel, but it appli

cability depends on the energy demand; 

• Sun dependent: An engine generator won't run without fuel, and photovoltaic systems 

won't run without sunlight. Sunlight is a diffuse fuel source, therefore photovoltaic 

systems are energy limited, and probably are not the best choice for applications with 

high power requirements, such as air conditioning or resistance heating- especially 

if they are needed at night. Applications which use power at night require batteries, 

increasing the system cost and complexity. Cloucts blocking the sun or shadows cast 

by vegetation and structures will diminish the system's output; 

• Variability of available solar radiation: The weather can greatly affect the power output 

of any solar system. Variations in elimate or site conditions require variations in sys

tem design; 

• Energy storage: Some photovoltaic systems use batteries for storing energy which will 

be used at later time. The battery makes the system more complex and expensive. 

Moreover, a battery has an average lifetime of 3 years and neects maintenance; 

• System maintenance: Although photovoltaics requires relatively little upkeep, batteries 

need regular maintenance and eventual replacement. Some training is useful to safely 

maintain and operate a complete photovoltaic system; 

• Disposal: Ultimately, photovoltaic systems will become someone's trash - although 

most commercial photovoltaic materials pose no toxic threat to humans or our envi

ronment, most batteries do contain hazardous materials; 

• Power type: Photovoltaic modules produce direct current (DC) dectricity only. An in

verter must be added to the system to run alternating current (AC) devices; 

• Vulnerability: The same modular and portable characteristics that allow easy expan

sion of photovoltaic systems leave them vulnerable to theft and vandalism. Some sys

tems are constructed so that the photovoltaic panels can be brought inside at night, 

while others are situated so that they are barely visible to would-be thieves; 

• Efficiency improvements: To benefit the most from your PV system, you should replace 

all ordinary appliances by energy efficient ones; 

• Education: Many people are unfamiliar with PV technology and few people understand 

its applicability. This lack of information slows market and technologkal growth. 
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Appendix 0: Manaus Free Trade Zone, tax incentives 

Since 28th of February 1967, Manausis accommodating aFreeTrade Zone that has become 

one of the biggest zones in the entire Latin America. The ZFM model has three main 

objectives: 

1. To promote regional development; 

2 . To guarantee a sovereign nation without (economie) frontiers ; 

3. Toproteet the environment. 

The FreeTrade Zone is presenting itself as a model for sustainable development, but there are 

no special incentives aimed at renewable energy. The sustainable nature appears from the 

main objective of SUFRAMA- the ZFM superintendent: "Economie development in harmony 

with the environment". The model aims at internalization of the development with 

investments in the economie infrastructure in the entire region. 

There are at the moment about 400 companies within the Free Trade Zone, with an annual 

sales volume of 10 billion US Dollars. The ZFM directly creates 65 thousand jobs within the 

400 free trade companies of the industrial zone . There are 350 thousand indirect jobs in the 

city of Manaus and another 20 thousand jobs in the other states of the Northern region. The 

400 free trade companies in the industrial zone financially account for 55 percent of all 

business within the zone. 

The principle products of the ZFM are color televisions, mobile phones , motorcycles, audio 

equipment, air-condition equipment, video players, satellite tuners, CD production, bikes and 

computers - in this order of importance. 

Next to this there is chemica! production, thermoplastics , refrigerators, microwaves , lenses 

and optical materials , toys, agro-industry and bio-industry. (1 a Feira Internacional da 

Amazönia, 10 to 13 September 2002 Manaus - SUFRAMA). 

The most important actors are SUFRAMA, SIC, ADA, SEFAZ and FIEAM. 

SUFRAMA is the superintendent of the fee trade zone . SIC is the State Secretary of Industry 

and Commerce. These two actors approve most of the tax incentives that are presented on the 

following pages . 

Some incentives are approved by ADA, the Amazon Development Agent- previously known as 

SUDAM (Amazon Development Superintendent) . One incentive on inter-state purchases is 

under the responsibility of SEFAZ, the State Secretary ofTrade and Treasury. 

FIEAM helps to develop business initiatives that are sustainable of nature. they can help in 

the communication with the unions, the public powers and the government contacts. They 

also help to develop the human resource part of the business and the education of the em

ployed. 
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The Free Trade Zone status and thus the incentives are valid until the end of 2013. In the 

meanwhile it is possible that new governments will extend the status of the Manaus Free 

Trade Zone up to a later point in time. During the elections of October 2002, almost all of the 

candidates for governor, senator and federal and state representatives were in favor of 

expansion of the Free Trade Zone status. 

0. 1 Value Added or Sales tax OCMS) 

ICMS = Imposto Sobre Circulaçäo de Mercadorais (e Serviçios) 

0.1.1 With regard to restitution of ICMS 

Organization in charge: State Secretary of Industry and Commerce (SIC) 

Secretaria Estadual da Industria e Comércio 

With respect to the raised ICMS, the government can allow: 

• A refund of 45% for the production of consumer goods; 

• A refund between 55 and 100% for the production of cap i tal goods and consumer 

goods with respect to food, clothing, footwear and cars; 

• A refund up to 100% for the production of intermediate goods (on raw materials, 

parts, components and packaging materials) and agricultural goods (on local 

agricultural inputs); 

• Arefund up to 100% for the production of medicines, basedon local medicinal plants, 

fishery products and products that are fabricated State-inland (indigenous products); 

• Arefund between 85 and 100% for the production of computer goods 

The value of the restituted ICMS is paid back to some extend. The remainder is put aside on 

an account of the fund for small enterprises (Fundo de Micro e Pequenas Empresas, FMPE); 

• ICMS percentage to be paid on sales: 

Inside the Free Trade Zone Manaus (ZFM, Zona Franca de Manaus) = 17 % 

Outside the ZFM = 12% 

Form of access: Only with a project approval of the SIC. 

0.1.2 With regard to ICMS on inter-state purchases 

Organization in charge: State Secretary ofTrade and Treasury (SEFAZ) 

Secretaria Estadual da Fazenda 

• Tax cancellation: For the acquisition of goods produced outside the ZFM. 
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In that case, the purchases of raw materials andlor components coming from other 

Brazilian regions result in a credit, based on the value of the ICMS percentage of the 

region of origin of the purchase, being: North I North-East: 12% 

South I Southeast: 7% 

Farm of access: Automatically, without a project approval. 

0 .1 .3 With regard to ICMS on imported materials 

• Collection in advance of the 17% ICMS of the FOB value of the imported materials: 

The resulting value, after restitution of ICMS, will generate a credit that is of an equal 

amount. The credit is based on the downcasting of the ICMS amount that has been 

collected in advance . 

When the enterprise gets a 100% restitution of ICMS, this will result in a credit that 

will be saved by the SEFAZ in favor of the industry the enterprise is in; 

• For intermediate goods and computer goods there is a reduction of 64,5% on the value 

of the percentage of ICMS, given in advance of the import; 

• Total tax exemption on imported assets, including parts and pieces; 

• A credit of 50% of ICMS on foreign products that do not fit the ZFM-rules (for example, 

because of import harriers), but which are intended for acquisition in the State of 

Amazonas or between Amazonas and other Brazilian states. 

I CMS f orm with incentives: 

Example of a computer good with 85% of restitution of ICMS. 

Items 
Values of Percen-
sales and tages of 
purchases ICMS 

Sales 4.000 -
SuliSudeste 3.000 12% 

Manaus 1.000 17% 

Purebases 1.90 0 . 

SuliSudeste 700 7% 

Manaus 200 17% 

lmportaçäo 1.000 17% 

Total . . 

(*) Total valu e = JCMS Sales - ICMS Purchases 

(**) FMPES = 6% ofthe restitution = 14,127 

Value of 
Value of the 

the ICMS 
restitution 

percentages 
(*) -JAP-

- IRE-

530 -
360 -

170 -

253 . 

49 -

34 -

170 -

277 235,45 

Tot al 
Subtotal FMPES 

- IRCO - IDE- (**) -

- - -
- - -

- - -
. . . 

- - -

- - -

- - -

41,55 14,13 55,68 
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Example of an intermediate good with 100% of restitution of ICMS. 

Items 
Values of Percen-

Value of 
Value of the 

sales and tages of 
the ICMS 

restitution 
Subtotal FMPES 

percentages - IDE- (**) purchases ICMS 
(*) -lAP-

- IRE-

Vendas 4.000 - 530 - - -
Sul/ Sudeste 3.000 12% 360 - - -

Manaus 1.000 17% 170 - - -

Compras 1.900 - 253 - - -
Sul/ Sudeste 700 7% 49 - - -

Manaus 200 17% 34 - - -

Importaçäo 1.000 17% 170 - - -

Tot al - - 277 277,45 00,00 16,62 

(*) Tota l value = JCMS Sales - JCMS Purebases 

(**) FMPES = 6% of tbe restitution = 16,62 

Example of a n intermediate good with 45% of restitution of ICMS. 

Items 
Values of Percen-
sales and tages of 
purchases ICMS 

Vendas 4.000 -
Sul/Sudeste 3 .000 12% 

Manaus 1.000 17% 

Compras 1.900 -
Sul/ Sudeste 700 7% 

Manaus 200 17% 

Importaçäo 1.000 17% 

Tot al - -
(*) Total value = ICMS Sales - ICMS Purebases 

(**) FMPES = 6% of tbe restitution = 7,48 
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Value of 
Value of the 

the ICMS 
percentages 

restitution 

(*) -lAP-
- IRE-

530 -
360 -

170 -

253 -
49 -

34 -

170 -

277 123,65 

Subtotal FMPES 
- IDE - (**) 

- -
- -

- -

- -
- -

- -

- -

152,35 7,48 

Tot al 
- IRCO-

-
-

-

-
-

-

-

16,62 

Total 
- IRCO-

-
-

-

-
-

-

-

159,83 
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Appendix 0 : Manaus Free Trade Zone, tax incentives 

0.2 Taxon manufactured products OPJ) 

IPI = Imposto sobre Produtos Industrializados 

Organization in charge: SUFRAMA 

• Total tax exemption: For the manufacturing of products within the ZFM, intended for 

the acquisition on the national market as wellas on foreign markets ; 

• Total tax exemption: On commodity goods (including capita! goods) of foreign origin, 

destined for the ZFM-market; 

• Total tax exemption: On commodity goods of foreign origin that are destined for the 

Western Amazon and are on the ministerial decree n o 300/96 (Portaria 

Interministerial n ° 300/96) . The Western Amazon or Amazönia Oeidental is the 

upstream part of the Amazon River, including the states Amazonas, Roraima, Acre 

• ~thRndóei:amption : On commodity goods of national origin, destined for the ZFM and 

the Western Amazon region; 

• Total tax exemption: On goods containing local agricultural products, destined for the 

Western Amazon region; 

• IPI Credit: You can get an IPI credit on all of above goods, if they contain raw 

materials, parts and components, intermediate goods and package material of 

national origin and if they do not get the total tax exemption. 

Form of access: Only of approved by SUFRAMA. This tax exemption also demands the use of 

not-imported raw materials . 

0.3 Import Tax (IJ) 

IJ = Imposto sobre Importaçào 

Organization in charge: SUFRAMA 

• Total tax exemption: For imported consumer goods there is a total exemption of the 

import tax if the product is marketed within the city of Manaus . This is the case for 

import companies in the city; 

To acquire this tax exemption you are not allowed to produce end-products for the 

Manaus market that include imported parts or components . If you produce products , 

these must be totally free of imported parts , according to the declarations of the ports 

and airports ; 
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• Special case for total tax exemption: You can also get total tax exemption for the im

port tax if you buy intermediate goods that are based on imported components from a 

local company that produces intermediate goods. The intermediate goods that you use 

for your end-product need to be assembied within Manaus. The project needs to be 

specially approved by SUFRAMA. 

The end-product will regarded to be of ZFM origin, the components will be considered 

to be of a national origin and the IJ will be zero; 

• Partial tax exemption: An automatic reduction of 88% on imported raw materials, 

parts, components and package materials that are destined for the manufacturing or 

assembly industry within the ZFM. 

The end-product must be destined for the national Brazilian market, the project must 

be approved by SUFRAMA and the production process must match the PPB-criteria 

(Processo Productivo Básica, being a description of the minimal number of process 

steps characterizing an industrial process); 

• An exception is made for the computer industry and related industries, for which a 

special calculation of the reduction is made with the use of the following formula: 

CRA = Coeficiente de Reduçäo de Allquota do Imposto de Importaçäo 

= Reduction coefficient of the import tax percentage 

(Material nacional + Mäo-de-obra direta) 
CRA 

(Ma teriais totais + Mäo-de-obra direta) 

(Na tional materials + direct labor) 

(Total materials + direct labor) 

L-- -------- -- ----------------------------------------------------------
• The automotive in industry a lso has a special reduction coefficient, being the 

reduction coefficient for computer products plus 5%. 

Farm of access: Only if approved by SUFRAMA. 
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0.4 Exoort Tax OE) 

IE = Imposto sobre Exportaçäo 

Organization in charge: SUFRAMA 

• Total tax exemption: On all products produced in the ZFM. 

0.5 PEXPAM Western Amazon export program 

PEXPAM = Programa Especial de Exportaçäo da Amazönia Oeidental 

The Western Amazon or Amazönia Oeidental is the upstream part of the Amazon River, in

cluding the states Amazonas, Roraima, Acre and Rodönia. 

PEXPAM is a mechanism of incentives which permit the import of raw-materials, parts, com

ponents and packaging material for the manufacturing of products destined exclusively for 

the export and which helps with the following incentives: 

Tax exemption of ICMS and IPI; 

Tax exemption of 11 and IE; 

Exemption of taxes and costs of government administrative institutions; 

Screening of the PPB-rules (Processo Productivo Básica) ; 

Authorization of extra import quota; 

Permission of price-quotas; 

Price credit to level to local prices . 

0.6 /ncome tax ORPJ) 

IRPJ = Imposto de Renda Fessoa Juridica 

Organization in charge: ADA I SUDAM 

A reduction of 75% of the income tax for a period of 10 years, regarding operational profits 

that result from the production of the quantity that has been approved in a SUDAM-project 

approval. 

Farm of access: Only with an ADA I SUDAM project approval. 
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0. 7 Basic Production Processes fPPB) 

PPB = Processo Produtivo Básico 

• SUFRAMA and ADA I SUDAM can only approve projects that fit the PPB-standards 

and that are PPB-approved by the Federal Government; 

• The PPB is officially institutionalized in two decrees: 

LEI 8.387/91 Collor de Melo DECRETO 783/93 Itamar Franco 

• To set up an industrial production process in the ZFM, it has to fit the PPB-rules, 

meaning that the production process must consist of a minimal number of process 

steps that characterize the actual manufacturing of the particular product; 

• Industries within the ZFM are obligated to implement a quality system based on the 

ABNT 19 .000 series of standards or the ISO 9.000; 

• The following industrial operations are part of the PPB-standard: 

Industrial transformation processes or manufacturing industries; 

Development processes; 

Assembly processes; 

Reconditioning or recycling processes. 

0.8 Other taxes 

1. CO FINS: A total of 2% has to be paid over all operational revenues. 

2. PIS: A total of 0,65% has to be paid over all operational revenues. 

3. SUFRAMA: A tax emission has to be paid on import orders: 

• Normal products: 1,96%; • Intermediate goods: 0,4% 

• Computer goods: 0,5%; 

4 . When importing capital goods, the value of the administration and handling cost is re

stricted on R$ 10,00, to be paid on the moment of arrival of the good. This only accounts for 

products destined for production processes. 

5. State Government: A tax of 2% on the FOB-value, to be paid on the moment of arrival of 

the good on the mar ket. The money will go to the Fund of Tourism and Internalization (FTI). 

6. DECAX: A fixed tax of US$ 90 ,00. 
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0. 9 Munkipal advantages 

1. Property tax: Total tax exemption of property tax (IPTU) fora period of 10 year. IPTU = lm

posto sobre a Propriedade Predial, Territoria! Urbana; 

2. Public cleaning service tax: Total tax exemption of the public cleaning service tax for a pe

riod of 10 years ; 

3. Working permit: Total exemption of the costof working permitsfora period of 10 years. 

0 . 10 Other advantages 

1. Import quota: SUFRAMA can authorize an import-quota within your project approval that 

differs from the normal situation; 

2. Land price : With permission of SUFRAMA you can get a subsidy on the land price within 

the lndustrial District of Manaus; 

3. Official credit facilities : Banco do Amazönia (BASA) 

= Fundo Constitucional do Norte (FNO) ; 

4 . ADA I SUDAM: Amazon investment fund (FINAM = Fundode lnvestimento da Amazönia); 

5 . BNDES: Programa Amazönia lntegrada (PAl) and FINAME (FINAM Especial). 

0 . 11 Hannan Law 

State law no 2 .390 of08/05/1996 

The Hanna State Law presents the benefit of total tax exemption of ICMS for: 

• Projects for innovator or pioneering products within the ZFM; 

• Projects of enlargement and diversity, with inter-industriallinkages, as long as : 

Producing above average of 'zone' industrial; 

Maintaining the same collection standards of ICMS; 

Notdismissing employees , even if there is a need for; 

Paying a 2% import tax on your inputs that will go to the Fund of Tourism and 

lnternalization (Fundo de Turismo e lnteriorizaçäo, FTI). 

Contributing 1% of the value of profits of the pioneering industries for the FTI. 
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0. 12 ObUgatorv ;nvestment 

There is an obligatory investment of 5% of the net profit on training, research and quality 

controL This only accounts for computer goods. 

Main sources: 

FIEAM, (2002) Incentivos .fi.scais da zona franca de manaus, FIEAM (Federaçäo das Ind

ûstriais doEstadodo Amazonas), Manaus; 

SUFRAMA, (2002) Incentivos federais, estaduais e municipais, SUFRAMA (Super

intendência da Zona Franca de Manaus), Distrito Industrial, Manaus; 

Ia Feira Internacional da Amazönia, 10 to 13 September 2002 Marraus- SUFRAMA; 

Superintendência da Zona Franca de Marraus (SUFRAMA) online: 

http:/ /www.suframa.gov.br/ 

Agência de Desenvolvimento da Amazönia (ADA) online, previously called SUDAM: 

http:/ jwww.sudam.gov.br/ 
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Appendix P: Financing renewable energy businesses 

This appendix covers the financing of renewable energy businesses within Brazil, but with 

attention for the international financial institutions. The appendix is subdivided into the na

tional, multilateral and external funds available for setting up renewable energy businesses 

within Brazil. (CEPEL, 1997; MCT, 2001 ; http:/ jwww.cepel.br/ 1/ 1_5per/ 1_5per.htm) 

P. 1 National organizations 

Banco Nacional de Desenvolvimento Econömico e Social (BNDESI 

BNDES is a public company, fully-owned by the Federal Government, and the country's 

most important souree for long-term financing. 

The public sector has been permitted to provide funding to foreign-owned companies since 

1961 . The terms for this funding were set forth in Law 4 . 131 , which made this support con

tingent on the use of external funding. The approval of Decree 2 .233/97 also allowed the 

granting of dornestic funds to various areas of infrastructure (energy, telecommunications , 

portsjtransportation, and water and sewerage systems), and of industry (chemi

calsjpetrochemicals , vehicles and components, agroindustry, capital goods and electron

ics) . 

The funding of foreign-owned companies by the BNDES is an additional factor in attracting 

foreign investment to the country. Examples are the large automotive groups, such as Peu

geot and Volkswagen that have established operations in Rio de Janeiro state. In these in

stances, the BNDES finances 40% of the total investment. 

BNDES operates in every sector of the economy and its strategy focuses on industrial re

structuring, infrastructure expansion and revamping, rnanaging the Brazilian Privatization 

Program, supporting foreign trade, conservating environment, accomplishing and improving 

competitiveness of agriculture and services . 

BNDES is the principal souree of dornestic financing within Brazil, with an annual financ

ing volume that exceeds 11 Billion Reais (R$) . BNDES is also the principal inland investor 

for half of the ENDESPAR subsidiary. 

It must be mentioned that BNDES funding offers differentiated conditions according to the 

economie sectors, company size and geographical location. Direct loans have a limit of 13 

Million R$ for the Northeast region and 1 Million R$ for the North region. Loans less depend 

on the participation of the financing agents (like regional development banks, State banks 
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or commercial banks). Same credit institutions opera te with certain credit lines, like "Fundo 

de Amparo ao Trabalhadof' (supporting fund for the worker) or "Fundo Solidariedade" (soli

darity fund) , with relative creditlimitsof respectively 15 and 3 Million R$ . 

There is no special credit line for renewable energy, but several projects related to energy 

are financed (including energy conservation, renewable souree and cogeneration) . There is a 

special credit line for rural electrification, looking at the conneetion of productive rural ar

eas to the electricity grid. 

The BNDES interest rate charged on laan operabons is calculated as follows : 

Total Interest Rate = Financial Cast + Basic Spread + Risk Spread or Agent 's Spread (ac

credited financial institution) . 

Financial Cast reflects the BNDES's cast of raising funds and most of the time the TJLP is 

used. The "Taxa de juros no longo prazo {TJLPf', or long term interest rate is defined by the 

Brazilian Central Bank and incorporates the anticipated inflation over the following 12 

months and the real international interest rate plus the medium to long term assessment of 

the country risk. 

The Basic Spread remunerates the BNDES's operational activities. The standard rate, set at 

2,5% per year, is applied to financing operabons in general, while a special value of 1% per 

year is used for export financing, international competitive bids, technological and envi

ronmental improvements, operabons for companies located in areas supported by regional 

programs, operations for companies qualifying as micro or small-sized, and social projects. 

Credit Risk Spread is the remuneration for the credit risk. In operabons handled directly 

with the BNDES, this rate varies to 2,5% per year, while for on-lending operabons con

ducted through accredited financial institutions, the rate is determined by the financial in

termediary. (MCT, 2001; http:/ fwww .bndes.gov.brfenglish/) 

Eletrobrás 

Eletrobrás (http:f fwww.eletrobras.gov. br /) is the Brazilian electricity producing company 

and it maintains a capital fund for necessary contributions to their concessionaires / part

nerships for the production of electricity. This fund has two names, being "Reserva global 

de Reversäo (RGRf' and "Fundo de Financiamento de Eletrobrás (FNEL}", of which the last is 

used most. 50% of the resources of this fund is reserved for the North, Northeast and Cen

tral-West of Brazil. 

The goal of this fund is the expansion of the best public electricity services, including: 

Rural electrification; 

Energy efficiency, and; 

Special programs for law-ineome communities. 
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The interest rate for loans is periodically defined and ftxed for the duration of the credit 

agreement. In 1999 this interest rate was set at 5,5% with a 2% administrative tax. The 

maximum duration of financing varies per project. (MCT, 2001) 

Luz no Campo 

Recently, the Brazilian government launched the "Luz no Campo" (Sepope (1), 2000; 

http:/ jwww.eletrobras.gov.brjprogramasjluz_no_campo/) program for rural electrification. 

At the beginning, the resources of RGR I FNEL and the capacity of the regional contractors 

were used. At the moment, it is possible to use these resources for the provision of renew

able energy if you reach an agreement with the State Government and regional con tractors. 

The national program of rural electrification "Luz no Campo" is part of a larger context of 

the farm sector planning. Electric energy is considered to be a basic requirement for the 

Brazilian rural areas, fundamental to the rural development and able to transferm life in 

the interior and to promote: 

• The fixatien of man in his hometown; 

• The rescue of family agriculture, by allowing access to resources and technological solu-

tions; 

• The increase of food production; 

• The expansion of the dornestic market of industrialized products; 

• lncrease of job offerings not only in the rural areas but also indirectly in urban areas; 

• The transference for rural areasof the industries of goods and services; 

• The reduction of fossil fuel consumption; and 

• The national welfare and development. 

lts main objective is to offer electrical energy at accessible prices, cooperating to the social 

and economical development of the rural areas. 

Fundo de Desenvolvimento Tecnológico de Eletrobrás (FDTEL) 

FDTEL or technologkal development fund is another form of finance for renewable energy. 

Research and development, the development of prototypes, certification, dissemination and 

infrastructural development by universities, technica! schools, community associations 

electricity companies and research institutes form the basic applicants for this fund. (MCT, 

2001) 
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Programa de Desenvolvimento Energético dos Estados e Municipios (PRODEEM) 

or the Energy Development Program for States and Towns. PRODEEM was established in 

1994 and principally aims at the implementation of communal energy systems. The objec

tive of the PRODEEM is to promate the supply of energy to communities that are far away 

from conventional systems, using renewable and technically feasible energy sourees that 

are economically viable, commercially possible, politically acceptable and environmentally 

sound. 

The focus is on the supply of energy for health posts , schools, community associations and 

churches, which have a local social function. Sirree 1994, the budget of PRODEEM has in

creased from 13,5 Million R$ each year for the period 1995-1998 to 17,2 Million R$ in 1999 

and a budget of 30 Million R$ in 2000. Most systems implemented are photovoltaic solar 

systems. 

The PRODEEM's decision to use renewable energy sourees was based on the conviction 

that the use of these sourees of power generation constitutes an important factor for the 

social development of isolated communities and pockets of poverty in several regions, re

sulting in the creation of jobs and the impravement of the population's quality of life. 

The PRODEEM is coordinated by the National Energy Development Department (DNDE), an 

agency of the Energy Department, which in turn forms part of the Ministry of Mines and 

Energy, with the voluntary involvement of other Federal, State, Federal District and Mu

nicipal agencies, as well as public and private organizations from Brazil and other coun

tries . (Cepel , 1997; MCT, 2001) 

Conta de Consumo de Combustiveis ICCC) 

The fuel consumption fund (CCC), is based on an obligatory contribution by the electricity 

production partners - based on their market size . This fund subsidizes programs for 

thermo-electric electricity generation, in particular remote systems of Diesel in the Amazon 

region. Their yearly budget is approximately 600 Million R$. 

The fund is divided into three parts: CCC-S/SE/CO for the South, Southeast and Central

West regions, CCC-NjNO for the North and Northwest region and CCC-ISOL for isolated re

gions all over Brazil. 

Law 9648/98, approved by Decree 245/99 permits this fund to be used for renewable 

sourees of energy contributing to the remote generation of electricity. When using this fund 

for renewable energy initiatives, it must be proven that the renewable electricity system to 

be implemented replaces an existing diesel generating unit totally or partially. If not, it 

must be proven that the new renewable electricity system prevents future expansion of the 

current diesel system. 
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Financing or subsidizing of renewable energy is guided by a subdivision of the CCC-ISOL 

and is possible up to May 2013. For solar PV-panel projects you can get a subsidy of 

237,50 R$ per MWh. ANEEL (2001) expects that from now on up to 2013 about 8% of the 

total fund will be used for isolated renewable energy systems. (ANEEL, 2001; MCT, 2001) 

Banco do Nordeste do Brasil 

The Northeastern Brazil Bank has two pioneering financial mechanisms to promote the dis

tribution of electricity generating systems in remote regions. The first program "Luz do Sof' 

supports - in cooperation with Fundaçäo Teotónio Vilela - the generation of electricity by 

means of solar panels in small Northeast communities and finances small reeharging sta

tions for loading batteries. The other program is the Programa de Energia Renovável para o 

Nordeste (PROERNE) - or renewable energy program for the Northeast - finances productive 

applications of renewable energy systems if they contribute to the production process. The 

focus is on agricultural and tauristic applications of renewable energy systems in North

eastern Brazil. The Amazon region is part of North-Brazil and therefore these programs are 

not interesting for the dissemination of solar systems in the Amazon region. (MCT, 2001) 

Desenvolvimento de Empresas de Energia Rural no Brasil (DEERB) 

or Brazil Rural Energy Enterprise Development Program was initiated in the Northeastern 

Brazilian region by a partnership of the United Nations Environment Program (UNEP) with 

its Collaborating Centre on Energy and Environment (UCCEE) and E+Co. DEERB, seeks to 

develop new sustainable energy enterprises that use clean, efficient and renewable energy 

technologies to meet the energy needs of under-served populations, thereby reducing the 

environmental and health consequences of existing energy use patterns. The DEERB ap

proach will offer rural energy entrepreneurs a combination of enterprise development ser

vices and start-up financing. This enables them to plan and structure their companies in a 

manner that prepares them for growth and makes eventual investments by mainstream fi

nancial partners less risky. DEERB will provide this assistance by helping build successful 

businesses that supply clean energy technologies and services to rural Brazilian customers. 

DEERB's services will include training, hands-on business development assistance and -

for promising businesses - early-stage investment and assistance in securing financing. 

DEERB will work with Brazilian entities on clean energy enterprise development. The objec

tive is to help prepare Brazilian organizations to identify potential energy projects and to 

provide follow-up business support services to entrepreneurs. 

DEERB will also work with financial institutions to assess the rural energy business sector 

and integrate it into their portfolios. This will be accomplished through workshops and spe

cific hands-on tools centered on rural energy markets and clean energy technology enter

prises, appropriate project finance models, financial analysis and risk management issues. 

(http: I fwww.energyhouse .com/) 
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P. 2 Multilateral organizations 

Banco Mundial de Reconstruçäo e Desenvolvimento (BIRD) 

or World Bank (http:j jwww.worldbank.org/) gives long-term loans (for periods of 15 to 20 

years) , credits for development, technica! assistance and technica! advise. Typically, the 

World Bank finances up to 40% of the total cost of a project. For energy, the World Bank 

works with the Sector Board Energy & Mining and cooperates with theESMAP and the IFC. 

Energy Sector Management Program (ESMAP) 

ESMAP (http:j jwww.worldbank.orgjesmap; http:/ jwww.worldbank.org/html/fpdjesmap) 

is a global technica! assistance program which helps build consensus and provides policy 

advice on sustainable energy development to governments of developing countries and 

economies in transition. ESMAP also contributes to the transfer of technology and knowl

edge in energy sector management. 

Established in 1983 under the joint sponsorship of the World Bank and UNDP as a part

nership with UNDP in response to global energy crises, ESMAP's mandate has evolved over 

time to meet the changing needs of its clients. ESMAP suggests innovative and strategie 

"cutting edge" solutions to governments, in the areas of in both traditional and non

traditional energy use , complementing and facilitating the work of other development insti

tutions and the private sector. ESMAP focuses on pre-investment, issues that have clear 

potential for key policy formulation and energy investment. 

Recently, ESMAP's focus has been expanded to include targeted technica! studies, strategie 

advice, best practice dissemination, and pre-investment work. 

A Consultative Group (CG) , comprising representatives of donors to ESMAP- mostly World 

Bank energy specialists - manages the activities. A Technica! Advisory Group (TAG) - a 

panel of independent energy experts from around the world - provides technica! guidance 

and support to the program. 

ESMAP is supported by its donors: International institutions, including the UNDP and the 

World Bank, governments and private sector organizations. The organization is currently 

supported by 13 donors- 11 bilateral donor agencies, plus the World Bank and the UNDP. 

The World Bank contributes about 20% of total program disbursements in any given year. 

The UNDP supports the activities of the TAG. Annual contributions to ESMAP have aver

aged around 8,5 Million US$ over the past three years. (MCT, 2001) 
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International Finance Corporation (IFC) 

The IFC (http:/ fwww.ifc .org/) is part of the World Bank group and promotes sustainahle 

private sector investment in developing countries as a way to reduce poverty and imprave 

people's lives. IFC is the largest multilateral souree of laan and equity financing for private 

sector projects in the developing world. They finance up to 25% of the cast of a project in 

several farms , depending on the needs. 

It promotes sustainahle private sector development primarily hy: 

• Financing private sector projects located in the developing world; 

• Helping private companies in the developing world mohilize financing in international 

financial markets; 

• Providing advice and technica! assistance to husinesses and governments. 

The Power Department's specialized team of experienced professionals provides a wide 

range of advisory and financial services to IFC's clients. Currently, the Power Department 

wants to expand their portfolio in the area of renewahle energy development. 

IFC also supports the development of REEF, the Renewahle Energy and Efficiency Fund -

which is discussed helow. (MCT, 2001) 

Global Environment Facility (GEF) 

The United Nations Development Program (UNDP) is the world's largest provider of multilat

eral assistance for sustainahle human development. The mission of the GEF 

(http:/ fwww.undp.org/gef)- that operates within UNDP- is to support projects that simul

taneously proteet the glohal environment and promate the economie well heing of local 

stakeholders. The GEF is a partnership of the World Bank, the UNDP and the United Na

tions Environment Program (UNEP) who give donations to investment projects, technica! 

assistance and research if it results in glohal environmental henefits . In their efforts to re

duce greenhouse gasses (GHGs) , they especially focus on projects that reduce the imple

mentation casts of commercial and semi-commercial renewahle energy technologies. 

THE GEF has 10 operational programs, in which a project must fit . The main groups are : 

'Biodiversity', 'Climate Change ' and 'International Waters'. The Climate Change-program 

has the following suhdivision: 

Removing harriers to energy conservation and energy efficiency; 

Promoting the adeption of renewahle energy hy removing harriers and reducing imple

mentation casts ; 

Reducing the long-term casts of low greenhouse gas emitting energy technologies. 
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The UNDP-GEF Group manages three financing programs: 

• The GEF Small Grants Programme (SGP) has provided grants of up to 50.000 US$ to over 

1.100 community-based projects that represent local contributions to preservation of 

the global environment. Project selection occurs at the national level and does not re

quire GEF Council approval. The SGP is managed solely by UNDP; 

• Full-size Projects. The implementation period for full-size projects is open-ended, but it 

usually runs from 3-6 years, with GEF funding typically accounting for between 3 to 8 

Million US$ of the total budget; 

• Medium-size Projects. Funding from the GEF for such projects can total up to 1 Million 

US$. Medium-sized projects are particularly useful for NGO's, and for funding demon

stration initiatives or pilot projects. Full and medium-sized projects must target the root 

causes of global environmental degradation; 

Banco lnteramericano de Desenvolvimento (BID) 

or Inter-American Development Bank (IDB) (http:/ fwww.iadb .org/) is the oldest and largest 

multilateral development institution for the Latin American and Caribbean region. The IDB 

was created in response to a longstanding desire on the part of the Latin American nations 

for a development institution that would focus on the pressing problems of the region. The 

Bank's original memhership included 19 Latin American and Caribbean countries and the 

United States. Subsequently, eight other Western Hemisphere nations, including Canada, 

joined the Bank. Today, memhership totals 46 nations. 

Annuallending has grown dramatically from the 294 Million US$ in loans approved in 1961 

to almost 5,3 Billion US$ in 2000, after peaking at almost 10,1 Billion US$ in 1998. They 

finance 50% up to 90% of the project cost, with down-payment periods from 15 to 25 years. 

The IDB's new energy sector strategy- approved by the Board of Directars in March 2000-

is intended to guide the efforts to support the restructuring and reform of the energy sector 

among its borrowing memher countries. 

Sustainable Markets for Sustainable Energy ISMSE) Program 

SMSE is a program within the Sustainable Development Department (SDS) of the lnter

American Development Bank with the purpose of expediting the development of long-term 

markets for sustainable energy and urban transportation services in Latin America and the 

Caribbean. 

The SMSE Program works with the operating departments of the IDB to develop and inte

grate feasible sustainable energy and urban transportation projects into their pipeline ac

tivities . SMSE's activities include providing technica! support in the development of such 

projects and working with donors to provide the funds necessary to define and develop such 

projects . 
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The energy services and technologies targeted by the SMSE program are recognized in the 

IDB energy sector strategy as critical elements to support the restructuring and reform of 

the energy sector. The activities carried out by the SMSE program are identified in the 

strategy as one of the available tools within the lOB to support its memher countries in sec

tor reforms. (MCT, 2001; SMSE, 1998) 

The Hemispheric Sustainable Energy and Transportation (HSETI Funds 

The HSET Funds- administered by the IDB - consists of a family of funds to support the 

preparation of Sustainable Energy and Urban Transportation Projects in Latin America and 

the Caribbean (LAC). 

The types of projects that the HSET Funds can fund fall into three program areas: 

• Energy efficiency (especially in the end-use of energy) ; 

• Non-conventional renewable energy applications (e.g. , wind, photovoltaic, biomass); 

• Clean and efficient urban transportation (e.g. , clean fuels , efficient modes of travel and 

land-use, efficient vehicles) . 

To get HSET funding , a project must first of all be sited in a borrowing memher country of 

the IDB . The country must be well developed in structure and in location and there is a 

strong emphasis on a role for the private sector that is consistent with the policies of IDB: 

To develop long-term markets. There also has to be a clear support from relevant private 

and public sector partners . 

At the moment, the HSET Funds are ready to receive proposals. A contribution of 1,25 Mil

lion US$ has been received from the United States Department of energy (DOE) to initiate 

the HSET Funds. Active fundraising efforts are underway for contributions for other donor 

governments. The technica! management is by the SMSE Program, within the SOS. 

(http : / fwww.iadb .org/ sds/hset/hset_e.htm) 

Triodos Bank 

Triodos Bank (http:/ /www.triodos.com) is a social bank lending only to organizations and 

businesses with social and environmental objectives. Triodos Bank is well known for its in

novative and transparent approach to banking. 

The focus is on four main sectors: charity, community, the environment and social busi

ness . Triodos tries to tailor the terms of a loan to the specific needs of the borrower, but the 

generallaan terms are presented below: 

• Long term loans: Repayment period up to 25 years; 

• Short to medium term loans: Generally for periods of 1 to 10 years; 

• Target loans: For projects withstrong support groups who wish to invest into the project 

through a special savings account targeted to the project; 

• Borrowing community loans: Usually a 4-year loan to groups who want to make a joint 

capital gift to a charity; 
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• Bank guarantees: Generally only available for existing customers, guarantees are given 

to support grant applications and similar requirements . 

Today, Triodos Bank has offices in Belgium, the Netherlands and the United Kingdom. 

Triodos Bank belongs toa widespread networkof national and international financial insti

tubons active in the social economy. Triodos Bank is a founding member of INAISE (the In

ternational Association of Investors in the Social Economy) and the Social Venture Network 

Europe (SVNE). 

Dutch development bank (FMO) 

The FMO is a bank that provides companies - located in emerging I developing markets -

with financing. There are two means in which the FMO can provide financing: 

The FMO issues loans to companies in emerging markets in Euros or US Dollars. The 

minimum loan is some 2 Million Euros, the average is around 5 Million Euros. The mini

mum term is three years with or without grace period. Loans are issued at normal market 

interest rates . 

In response to the growing need for larger investments in business in developing countries, 

the FMO plays an active role in syndicated loans. Forthese loans they act as loan provider, 

while other financial institutions participate under their supervision. One of their policy 

principles is that the financing must have a catalysing effect, thus activating or mobilizing 

capital from third parties . At least 25% of a total syndicated loan is for the FMO's account. 

The special status of the FMO as international bilateral financing institution offers partici

pating banks both fiscal advantages and advantages pertaining to the restrietion of country 

risks. 

The FMO can also decide to participate in the share capital of companies in emerging mar

kets. In this case the FMO never takes more than a minority interestand is never the big

gest shareholder. In general the participation covers a n average term of five years . The av

erage amount of participation is some 1,4 Million Euros . As participations involve a greater 

risk than (syndicated) loans, the FMO guides the investment intensively with company 

monitoring and management support. Financial return objectives are set in accordance 

with the market. 

A separate group of participations are those in the 'private equity funds' . Here the FMO par

ticipates in local funds , which in their turn participate in the capital of companies not 

quoted on the stock exchange. In combination with management with local expertise, the 

FMO not only provides financial resources, but also management support to these funds . 

(http:/ fwww.fmo .nl/index_e .htm) 
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Small Scale Enterprise Fund: 

The Smali-scale Enterprise Fund of the FMO is intended for small companies indeveloping 

countries . The FMO reaches these companies exclusively via local financial institutions , 

which receive FMO financing. The finances are long term, and are mostly supplied in local 

currencies. The money may only be lent to small companies with no more than 30 employ

ees and a maximum of 100.000 US$ of total assets (excluding land and buildings) . For this 

fund the FMO receives an annual contribution from the Ministry of Foreign Affairs (Devel

opment Co-operation) . (http:/ fwww.fmo.nl/index_e .htm) 

P. 3 External funds 

Environmental Enterprises Assistance Fund (EEAF) 

EEAF is a fund for renewable energy projects that wants to develop sustainable growth in 

emerging markets by investing in smaller, private sector businesses. It Was established in 

1990 as a non-profit organization and now consists of over $85 million invested in entre

preneurs from over eleven countries. EEAF wants to bring hands-on venture capita! experi

ence to the sustainable development movement. 

The EEAF offers loans from 100.000 to 2.000.000 US$ and they prefer the money to be in

vested in a traineeship or in expansion of the business . The Environmental Enterprises As

sistance Fund manages and co-manages approximately $85 million in investment capita! to 

include equity, debt or a mixture . (MCT, 2001) 

EEAF invests in all stages of development but focuses on later stage companies. They do 

consider start-up investing but look for entrepreneurs who have their own capital at risk, a 

proven track record and near term profitability. Companies must be privately owned and 

have a positive environmental impact. 

The EEAF has the following funds under management (http:/ /www.eeaf.org/) : 

• Corporación Financiera Ambiental (CFA): CFA, a US$10 million environmental fund for 

Central America established in June 1996, has invested its capita! in enterprises 

throughout the region. The fund is fully placed and no longer consictering new in

vestments; 

• Terra Capital Investors: EEAF and A2R in Säo Paulo, Brazil co-manage this US$15 

million fund to support biodiversity-linked businesses in Latin America. The fund in

vests in organic agriculture, sustainable aquaculture and forestry , nature tourism, 

and non-timber forest products; 

• Renewable Energy and Efficiency Fund (REEF): Energy Investors Funds , EEAF, and 

E&Co co-manage this 65 Million US$ fund for renewable energy and energy efficiency 
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projects in emerging markets. EEAF focuses on projects that generate less than 7MW 

of power or companies that offer energy efficiency services; 

• Solar Development Group (SDG): SDG, a 50 Million US$ joint business development 

and investment program, camprises two entities - Solar Development Foundation and 

Solar Development Capital. SDG provides business development support and invests 

in companies with high growth and profit potential that provide photovoltaic and 

other renewable energy services to off-grid rural areas in developing countries. 

Corporación Financiera Ambiental (CFA): 

CFA is the first environmental venture capital fund to invest in small and medium sized 

private enterprises that undertake environmental projects in Central America. The capitali

zation of the fund , 10 Million US$ in total, was made possible by European and North 

American investors whopromate the financing of sustainable development through venture 

ca pi tal. 

CFA equity Investments range from 100.000 to 800.000 US$ per project, and have an aver

age size of 500.000 US$. In exceptional cases, larger capital requests can be syndicated 

with other established regional funds that CFA coordinates with. All CFA equity invest

ments are structured so that the entrepreneur retains management controL These shares 

can be repurchased later by the invested company or sold to other strategie investors 

(http: / jwww.cfa-fund.com). 

A2R Fundos Ambientais (A2R) 

A2R was founded as a strategie alliance between one of the largest US Fund Management 

firms and a leading Latin American Group of Investment Bankers focused on Environ

mental and Socially Responsible investment business. lts principle aim is helping the de

velopment of companies, which respond to the demand for a new class of clean and effi

cient, socially responsible and renewable products. A2R offers a number of financial op

tions , access to Multilateral and Bilateral funding, production technologies, market infor

mation, hands-on operational support, specialized consultancy services, product certifica

tion guidance and project specific management training. 

The Clean technology fund is A2R's response to supporting the new demand for clean pro

duction mechanisms . It was established by A2R and partners and includes a package of 

debt, equity and grant funding conceived by MIF. The MIF is the lead investor in this Fund, 

which has a target size of 35 Million US$ for equity investments , 20 Million US$ in Debts 

facilities and 3 - 5 Million US$ in grant. The main sectors addressed by the CleanTech 

Fund are 'energy efficiency', 'renewable energy', 'pollution control' and 'recycling'. 

(http:j jwww.a2r.com) 

A300 



Appendix P: Financing renewable energy businesses 
~''"'-"""'""""""~'-------------------

Renewable Energy and Efficiency Fund (REEF): 

Launched in February 2000, the Renewable Energy and Energy Efficiency Fund for Emerg

ing Markets , Ltd. (REEF) (http:/ /www.ifc.org/enviro/EPU/Renewable/REEF/reef.htm) is 

the first global fund organized to tap the sizable opportunities to invest in emerging mar

kets renewable energy and efficiency. The 65 Million US$ fund is an investment fund tar

geting renewable energy and energy efficiency projects in developing countries. The fund 

can also draw upon Global Environment Facility (GEF) co-financing where appropriate. 

REEF actively seeks to make minority equity and quasi-equity investments in profitable, 

commercially viabie private companies and projects in sectors that include: on or off-grid 

electricity generation primarily fueled by renewable energy sources, energy efficiency and 

conservation, and renewable energy /efficiency product manufacturing and financing. 

REEF will consicter investment in projects with total capitalization requirements of between 

1 to a 100 Million US$. The investments may take a variety of forms in cl u ding common and 

preferred stock, partnership and limited liability company interests, and convertible or sub

ordinated debt with equity warrants/options . REEFmayalso make loans to projects or pro

ject sponsors on a bridge or permanent basis . Equity transachons are typically structured 

so that the entrepreneur retains the majority of sha res and/ or management of the com

pany. 

E+Co - Energy Through Enterprise 

Building on earlier experience within the programs of the Rockefeller Foundation, E+Co 

(http:/ fwww.energyhouse.com/) was established in 1994 as an independent company of 

entrepreneurs, investors, strategists and mediators focused on one mission: 

"Bringing tagether technology, people and Junding to create viable local en-

terprises that deliver affordable and clean energy to those in need." 

With a preserree in Latin America, Africa and Asia, E+Co provides business development 

services and modest loans or equity investments to fulfill this mission. 

E+Co combines enterprise development services with early stage risk capita!. Together these 

allow new enterprises the opportunity to launch their plans and present their business 

strategy in a manner that will attract second stage investors. 

The services for energy enterprises are of 4 types: 

• Smallloans for promising projects; 

• Technica! assistance in form of financial analyses and studies; 

• Intermediate services to identify other forms of funding; 

• Direct investment in enterprises and special projects where risk capita! is needed to 

attract the attention of financers in a later phase. 
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Enterprise Development: E+Co provides enterprise development services to assist the entre

preneur to develop or refine the proposed business approach and to ensure the right issues 

are being addressed from the human, financial and technica! capacity points of view. While 

E+Co has in-house capacity to provide a large part of this support, it also will consider the 

provision of an early stage loan to allow sponsors to engage specific technica!, legal or fi

nancial advice necessary to move the project forward. Where appropriate , E+Co provides 

significant assistance in identifying co-financiers and/ or later stage funders and works with 

the sponsor in preparing and presenting submissions tothese organizations. 

Direct Investment: E+Co provides early stage investment (25.000- 250.000 US$) in the form 

of debt or equity to enable an entrepreneur to further develop its approach or begin imple

mentation or construction of a project. These investments typically reflect near market 

terms and conditions, with the exception that E+Co will tolerate a relatively high level of 

risk without seeking classic venture capita! returns. 

In Brazil, E+Co helped to set up the "Brazil Rural Energy Enterprise Development Program" 

or "Desenvolvimento de Empresas de Energia Rural no Brasil" (DEERB) . 

Solar Development Group (SDG) 

Solar Development Group (SDG) (http:/ jwww.solardevelopment.org/) provides business de

velopment support and investment to companies with high growth and profit potential that 

provide photovoltaic (PV) and other energy sourees to off grid rural areas in developing 

countries. 

SDG aims to accelerate the growth of off-grid renewable energy, with a focus on PV tech

nologies. To achieve this mandate, SDG joins with the industry's local pioneering entrepre

neurs to position their companies for expansion and profitability. 

The Solar Development Group camprises two entities: Solar Development Foundation, 

which focuses on business development services and Solar Development Capita! that pro

vides debt and equity investments. 

Solar Development Foundation offers technica! and business assistance to enterprises in 

preparatien for larger-seale private investment, and can provide 'seed' finance for business 

development activities on flexible terms. 

Solar Development Capita! invests in PV businesses in developing countries. SDC aims to 

achieve capita! appreciation for its shareholders and to create model businesses able to at

tract outside financing for future expansion. SDC provides debt and equity to companies 

involved in distribution, consumer financing, leasing, manufacturing, or other aspects re

lated to accelerated PV use in rural areas. (MCT, 2001) 

A302 



----------- --- ------------------------

Appendix P: Financing renewable energy businesses 

Small Enterprise Investment Fund (SEAFI 

SEAF (http:j /www.seafweb.org/) invests in SMEs through limited liability partnerships 

("Funds"). These may be joint ventures, wholly- or partially-owned subsidiaries, managed 

funds or any other type of entity for which SEAF has primary responsibility. 

Sourees of capita! for the Funds include both official international financial institutions and 

private investors. SEAF Funds provide direct financing to locally established SMEs in 

amounts typically ranging between $200.000 and $1.500.000 per business. Investments 

are made primarily through minority equity participations , often combined with quasi

equity financial instruments and subordinated debt. Through local offices, SEAF's head

quarters in Washington, and Stichting-SEAF in the Netherlands, SEAF staff work in close 

partnership with investee enterprises, both directly and in cooperation with publicly-funded 

business support programs and volunteer technica! advisors, to help build the SMEs busi

ness, achieve capita! growth, and achieve exits that provide investors participating in the 

Funds with commercially attractive returns. 

Sustainable Energy Initiative (SEI) 

The Sustainable Energy lnitiative is a program developed by the Anglo-Dutch oil company 

Shell to be invested in programs to cut the environmental impact of fossil fuel use and to 

increase access to sustainable energy sources . 

The company will invest 3 Million US$ from 1999 onwards in the program, and expects this 

figure to rise to an annual 25 Million US$ investment within 10 years. The initiative is 

Shell's first global social investment program and pulls together existing projects as well as 

initiating new ones . 

Projects will focus on technologkal development, energy policy and education, and will em

phasize efforts to reduce carbon emissions due to fossil fuel use. They will also support tra

ditional renewable energy sourees in developing countries , such as using rice stalks as a 

bio-fuel. 

Solar Development Corporation (SDC) 

SDC is being founded at the moment as an autonomous company to supply business de

velopment and financer of solar photovoltaic development in rural areas . The focus will be 

on companies in the pre-commercial or commercial phase of development. 

The corporation will start with an initia! capita! of 50 Million US$, of which 15 Million US$ 

are to be used for the development of the renewable energy business market and 35 Million 

US$ to be used for direct finance . 

There already exist mechanisms to support dornestic funds, including the Dutch develop

ment bank (FMO) and the Smalland Medium Scale Enterprise Program (SME) , which can 

lend funds of the GEF up to 250 Million US$ per program and with a total of 100 expected 

programs. 
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Small and Medium Scale Enterprise Program (SME): 

The Small and Medium Scale Enterprise Program (SME Program) is a joint initiative of IFC 

and the Global Environment Facility (GEF). The objective of the SME Program is to stimu

late greater involvement of private sector SMEs in addressing two specific objectives of the 

Global Environment Facility (GEF) - The conservation and sustainable use of biologica! di

versity (referred to as biodiversity) and the reduction of greenhouse gases (or elimate 

change). Whereas the SME Program provides financing at less than commercial rates to eli

gible projects and businesses the approach is typical of IFC in terms of private sector focus, 

financial and risk analysis and a belief in non grant financing - the combination of wh ich 

results in an innovative approach compared to most other non-IFC managed activities 

funded by the GEF. 

The SME program focuses on renewable energy and energy efficiency initiatives (elimate 

change benefit) or, sustainable agriculture, sustainable forestry and eco-tourism (biodiver

sity benefit). 

The SME Program began operations in late 1995 and has a total of 20,8 Million US$ in 

funding from the GEF; 15,8 Million US$ for lending to intermediary institutions and 5,0 

Million US$ for eperating expenses and technica! assistance over a ten year eperating pe

riod. 

To encourage intermediaries to finance eligible elimate change or biodiversity projects the 

Program provides a long-term loan of 500.000 to 1.000.000 US$ at alowinterest rate (up to 

ten years at a rate as low as 2,5 %per annum). With the loan proceeds the Intermediaries 

provide financing (either debt or equity) to SMEs or SME projects, which address th e GEF 

objectives. 

Although the SMEs or SME projects will vary in size, total asset value should not exceed 

5.000.000 US$. The maximum amount of Program funding available to any one projector 

SME is 250.000 US$. 
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Appendix Q: Retail questionnaire codebook and fi/1-in form 

0. 1 Explanation of codebook and Oll-in form 

The codehook is used in Microsoft Excel 2000. This codehook differs from a codehook in 

SPSS, because codes can be bigger than 1 digit and codes can be text format. 

This retail questionnaire is partly based on a questionnaire presented to me in June 2002 by 

Leonie Brouwers of Free Energy Europe, which has been used in Tanzania. The structure of 

the questionnaire used in Manaus mostly remairred the same to make comparisons with 

questionnaire results from Tanzania possible . Free Energy Europe is actively involved in the 

development of a sustainable market for solar panels in Kenya and Tanzania. 

The fill-in form is used in a walk-around. First of all, shops are evaluated on their appear

ance . This is done with the use of the first page of the fill-in form . The kind of shop and the 

focus of the shop are looked at and their appearance towards customers is taken into ac

count. 

lf the shop is suitable to sell solar panels and the appearance is regarded as being positive, a 

small semi-structured interview is carried out. Page 2 of the fill-in form is used in the inter

view. A number of indicators used during the observation and the interview need some expla

nation: 

Kind of retailer 

With respect to the kind of retailer, a small description of the product line is given. The loca

tion of the retailers is only discussed for the city of Manaus. 

1. Trader, selling (electrical) naval and farming hardware: These are mainly situated in 

the centre of town, around the harbour and market "Mercado" in the older district. 

They sell naval products, like small outboard engines , 12 Volt appliances and batter

ies. Next to this, you find there small farming equipment, like machetes , buckets, 

shovels and diesel generators; 

2. Trader, selling small electrical household appliances and entertainment electronics: In 

the center, also near the "Praça Heliodoro Balbi" and in the "Rua J. Paranagua", "Rua 

Marcillo Dias" and the "Rua Guilherme Moreira". 

These shops are most of the time owned by Indians (being people from India) and fo

cus on small household appliances and cheaper entertainment electronics . 

They sell 'import products', like sunglasses, watches, calculators, walkmans, radios, 

electric shavers, hairdryers, small stereos and electronic gadgets. This kind of shops is 
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called "lmportadores" or "Distribuidores", but they are retailers and no distributors in 

the European sense; 

3. Trader in genera/, including consumer electronics: Situated in the centre, "Praça Helio

doro Balbi", "Avenida Floriano Peixoto", "Rua Dr. Moreira" and side streets. 

These retailers are selling the bigger import products like stereos, bigger household 

appliances, gas stoves, microwaves and sametimes furniture, mountain bikes, small 

motorcycles and outboard boat engines; 

Although the name "Importador", they are retailers and no wholesalers, but they are 

bigger than the shops in group 2; 

4. Construction materials, including electro-technical materials: Situated throughout the 

city, but in the centre you can find a number in the "Rua Silva Ramos" and side 

streets. They sell construction materials, switches, lamps, fuses, wires and sametimes 

electric tools; 

5. Electro-technical matenals only: Shops specialized in electro-technical materials. Some 

shops only sell electro-technical construction materials, others only sell multi-meters, 

supplies and other measuring devices; 

6. Automotive products, including automotive electrics: Situated throughout town, but 

some concentrated in the districts "Cachoeirinha" (east of the centre) and "Säo 

Raimundo" and "Santo Antönio" (both west of the centre). Most shops have a broad 

product range, but some focus on starter engines, dynamos or batteries . There is no 

focus on the rural market. 

Shops selling batteries in the harbour-district are grouped under "1. Trader, (electrical) naval 

and farming hardware", because they have a strong focus on the rural mar ket. 

Product line 

Diverse: More than 10 different products, not just different product types but really different 

products with a different usability; 

Narrow: Some shops sell over 100 products, but these products only change in model, like 

different radios or different diesel generators. Those shops have a narrow product line, de

spite the range in product types . 

Focus on the rural market 

A shop has a focus on the rural market if they sell products that are often used in rural ar

eas. Products like outboard engines, diesel generators, machetes and farmer equipment. 

Looks of the storefront adverts 

Storefront adverts are the banners above and besides the entrance of the shop. Storefront ad

verts are well designed if they are visually attractive, well readable and well maintained. 
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Looks of the window display 

Most of the smaller shops do not have a window display like we know it in European coun

tries. When entering a smaller shop, you first have two glass displays at both sides. These will 

also be regarded as window displays. Window displays are organized when the products are 

well arranged, not dusty and with readable price tags. 

Looks inside 

The looks inside indicate the first feeling you get when you enter the store, you are used to 

the light and look around. A store is duttered when you have to step over boxes or trip over 

wires and have a constant feeling that you will knock down products or product displays. A 

store is neatly arranged if you can quickly find a product you're looking for. 
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Question 

number 

la 

lb 

2 

3a 

0 . 2 Codebaak 

Question description 

Date 

Area 

Kind of shop 

Product line 

Variabie Column 

B 

1 c 

4 E 

7 G 

Code 

Date 

10 Manaus 

21 !rand u ba 

22 Manacapuru 

31 ltacoatiara 

Trader, electrical naval and 

farming hardware 

2 Trader, including smal! house-

hold appliances and enter-

tainment electranies 

Trader in genera!, including 
3 consumer electranies 

Construction materials, in-
4 cluding electra-technica! mate-

rials 

5 Electra-technica! mater ials 

only 

6 Automotive products, includ-

ing automotive electrics 

Diverse 

2 Narrow ---- -------------------- ---------- -- -- -- --- ---------- -- -- ---------------------- ---------- --- ------- --------------------- ----- -· 
3b Rural focus 8 

4a Looks storefront adv 11 

4b Looks window display 12 

H 

J 

K 

y 

N 

2 

Yes 

No 

Weil designed 

Foor 

Organized 

------------------------------------------------------------------------- -~--- - --- ------- .1?~~?-~&~~i-~e:~----------------------. 
4c Looks inside 13 
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Question 

number 
Question description Variabie Column Code 

5a Shop size 16 N Shop sur-

-- ------------------------ -- ---- ----------------- --------------- ---- ----- !~<:~ _l~~-----
5b # Sales people 17 0 Number of 

sales peo-

---------------- -------------------- ----- ------------------------------- -J?~<: _(!*_)_------------------------------------------ --- -
5c Shoplocation 18 p 

6a Credit advertised 21 R 

6b Credit facilities 22 s 

7 Sales-12 V Lamps 25-27 u 

V 

w 
Sales-BW TVs 28-30 x 

y 

z 
Sales-color TVs 31-33 M 

AB 

AC 

Sales-batterles 34-36 AD 

50Ah 

AE 

AF 

2 

3 

4 

y 

N 

Description 

of credit 

facilities 

y 

N 

Average 

price (R$) 

text 

y 

N 

Average 

price (R$) 

text 

y 

N 

Average 

price (R$) 

text 

y 

N 

Average 

price (R$) 

text 

Main street in center of town 

Main street outside center 

Side street in center of town 

Side street outside the center 

Yes 

No 

Yes 

No 

Description of brands 

Yes 

No 

Description of brands 

Yes 

No 

De scription of brands 

Yes 

No 

Description of brands 
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Question 
Question description 

number 
Variabie Column Code 

Cont. 7 Sales-batteries 37-39 AG y Yes 

80 Ah N No 

AH Average 

price (R$) 

AI text Description of brands 

Sales-batteries 40-42 AJ y Yes 

100 Ah N No 

AK Average 

price (R$) 

AL text Description of brands 

Sales-Diesel generators 43-45 AM y Yes 

N No 

AN Average 

price (R$) 

AO text De scription of brands 

Sales-radios 46-48 AP y Yes 

N No 

AQ Average 

price (R$) 

AR text De scription of brands 

Sales-fridges 49-51 AS y Yes 

N No 

AT Average 

price (R$) 

AU text Description of brands 

Sales-water pumps 52-54 AV y Yes 

N No 

AW Average 

price (R$) 

AX text Description of brands 

8a Distributor 1 57 AZ Buys own products 

2 Has 1 distributor 

3 Has more distributors 
------------------------------------------------------------------------------------------------------------------------------
8b Distributor 2 58 BA text De scription 
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Question 
Question description Variabie Column Code 

number 

9a Other Amazon stores 61-62 BC y Yes 

N 
No 

BD text Places ----------------------------- -- -------- --------------------- ------- ------------------ ---------------------------------- ------- -
9b Other BraziJ stores 63-64 BE y Yes 

N No 

BF text Places 

10 Most sold 67 BH 1 Startrain season (N/D/J) 

2 End rain season (F /M/ A) 

3 Begin dry season (M/J/J) 

4 End dry season (A/S/0) 

5 All the same 

11 Payment possibility 70-71 BJ 1 Cash 

2 Credit 

3 Combination of both 

BK text Credit description 

12 Interest in selling PV 74 BM y Yes 

N No 
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0.3 The fill-in farm 

, , 
Retail questionnaire 
fiJI-in form, page 1 

e 1 
FREE ENERGY EU ~E 

Date: 

Pi a ce: 

Kind of retailer 
1. Trader, selling [electrical) naval and farming hardware 
2. Trader, selling small electrical household appliances and 

entertainment electronics 
3. 

4 . 
5. 

6. 

Trader in general, including consumer electronics 
Cons truction materials, including ele ctrotechnica l materials 
Ele ctrotechnical materials only 
Autom otive products, including automotive ele ctrics 

Product line 
1. Diverse 0 

Focus on the rural market 
1. Yes 0 

Looks of storefront adverts 
1. Weil designed 0 

Looks of the window display 
1. Organized 0 

Looks inside 
1. Neatly arranged 0 

Estimated shop si ze (m2 ): ........ 

Number of counter I sa les people: ......... 

Location of the shop 
1. Main s treet in center of town 
2. Main s treet outside the center 
3. Side s treet in center of town 
4 . Side street outside the center 

Is there credit advertised? 
1. Yes 0 

Which credit facilities?: .......... 

0 
0 
0 
D 

2. 

2. 

2. 

2 . 

2. 

2. 

Figure Q. l: Retailer questionnaire fïll-in form - front 

A3 12 

Narrow 

No 

Poor 

Disorganized 

Cluttered 

No 

-
- 2002 

0 
0 

0 
0 
0 
0 

0 

D 

0 

0 

0 

0 



Appendix Q Retail questionnaire codebaak and fill-in farm 

Retail questionnaire 
fi/1-in form, page 2 FREE ENE.RGY EU . 

Quais produtos eaparelhoso senhor vende? 

Laropadas de 12 Volts 

Televisoes preto e bmnco 

Televisoes a cores 

Baterias 50Ah 
80 Ah 
100 Ah 

Geradores diesel 

Rádios 

Refrigeradores 

Bombas de água 

0 senhor compra todos os produtos mesmo, ou o senhor coopera com urn 
distribuidor nacional, regional ou so urn distribui dor aqui em Manaus? 

0 senhor tem também otras lojas no estado do Amazonas? 
1. Sim D 2. Nao 
Sendo assim, onde sao asotras lojas: ..... 

0 senhor tem também otras lojas em Brasil? 
1. Sim 0 2. 
Sendo assim, onde sao asotras lojas: ..... 

Qua I é o periodo que o senhor vende maïs? 
1.0 começo de tempo de chuva [Nov. I Dec. I Jan.] 
2.A secundapartede tempo de chuva [ F'ev.l Mar. I Abr. ] 
3. 0 começo do tempo se co [ Mai. I Jun. I Jul. ] 
4. 0 secunda parte do tempo seco [ Ago. I Set. I Out. ] 

Como os clientes podem pagar? 
1. Pagamento em dinheiro, à vista 0 
2.Pagamento com crédito, .àprazo 0 
Breve explicaçao de condicöes de pagamento (juros/ entrada I ... ): 

D 

0 

0 
0 
0 
0 

No futuro, o senhor estaria interessado em tambem vender os painéis solares? 
1. Sim 0 2. Nao 0 

Figure Q.2: Retailer questionnaire fill-in form - back 
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Appendix R: Retail questionnaire data 

Only the data obtained during the execution of the retail questionnaire is presented in this 

appendix. The questionnaire itself can be found in Appendix Q. The analysis of the data can 

be found in Appendix S. 

In Chapter 7 - paragraph 7.1 - it has been said that the retail questionnaire is partly based 

on a questionnaire that is previously used in Kenya by Free Energy Europe. With the use of 

the raw questionnaire data in this appendix, Free Energy Europe can make comparisons be

tween the questionnaire results from Kenya and Manaus. 

Besides this, presentation of the raw data is necessary to make the analysis in the following 

appendix more transparent. In this manner, future researchers also have the possibility to 

verify the findings themselves and verification is one of the preconditions when speaking 

about 'scientific research'. 

The table indication corresponds with the table indication of the soureehook in Appendix Q. 

Because of the size of the data file, the tables are divided into several parts that should be 

read as follows : 

In this example, the table is divided into 3 tables in width and 2 tables in height. The tables 

with the data for the retail questionnaires are divided into 6 tables in width and 3 tables in 

height. 
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N 0 

2 1 900 8 

2 50 3 

2 2 300 3 

1 1 2500 12 

1 1 1800 20 

1 2 330 8 y 

250 5 y 

2 200 2 y 

2 150 7 N 

2 2 2 50 3 y VISA, Rede 

2 150 3 y 

2 2 2 150 3 y 

16 18-06-2002 2 100 3 y 

17 18-06-2002 150 3 VISA,M 

18 25-06-2002 1 1 8 0 4 

19 25-06-2002 2 

20 25-06-2002 500 VISA, Diners card 
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A T U V w x y z AA AB AC AD AE 
~ 

1 N y 110,00 N N 

~ y 2 ,50 N N y 50,00 

~ N N N y 

Between 400 and 
N N y 2 .000,00 5000 R$. This is the N 

average price 

N y 80,00 5 Inch TV y 380,00 14 Inch TV N 

N N N N 

The 
Between 380 and 

N y 80,00 y 2.500 ,00 7000 R$. This is th e N 
smallest 

average price 

Between Between 400 and 
N y 105,00 90 and y 2 .200,00 6000 R$. This is the N 

120 R$ average price 

y 12,00 30-40 Watts y 150,00 y 400 ,00 N 

y 5,00 y 90,00 y 320,00 y 90,00 

N N y 1.100,00 
Between 350 and 

N 
2000 R$ 

N N y 440,00 N 

N y 90,00 y 450,00 N 

N N N N 

N N N y 100,00 

N N N N 

N N N y 85,00 

N N N y 95 ,00 

N N N N 

20 N N N N 
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A AF AG AH Al AJ AK AL AM AN 

1 N N N 

2 Moura y 100,00 Moura y 125,00 Moura N 

3 Italux y Italux y l talux N 

4 N N N 

5 N N N 

6 N N N 

7 N N N 

8 N N N 

9 N N N 

10 y 136,00 y 189,00 y 4.000,00 

11 N N y 2.500,00 

12 N N N 

13 N N N 

14 N N N 

15 
45 Ah is 95 R$, 55 Ah y 130,00 y 190,00 

150 Ah is 
N 

is 110 R$ 380 R$ 

16 N N y 6.650,00 

17 
45 Ah is 75 R$, 55 Ah y No price y No price y 8.750,00 

is 95 R$ 

18 
85 R$ voor Moura en y 130,00 Moura y 155,00 

Voor Moura 
N 

106 R$ voor Bosch en Bosch 

19 N N y 5.100,00 

20 N N y 6.500,00 
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A AO AP AQ AR AS AT AU AV AW 

1 y 500,00 
Price between 49 and y 369,00 N 

1000 R$ 
-

2 N N N 

3 N N N 

y 200 ,00 
With CD about 500 

N N 4 
R$ 

5 y 160,00 
Between 15 and 300 

N N 
R$ 

6 y 70 ,00 
Between 3 5 and 100 

N N 
R$ 

7 y 220,00 
Between 190 and 250 y 500 ,00 N 

R$ 

8 y 200,00 
Between 15 and 1200 

N N 
R$ 

y 30 ,00 
Between 25 - 3 5 R$ y 700,00 

Between 400 and 
N 9 for sma11 radios 1400 R$ 

10 N N N 

Gasoline generators 
Radios about 140 , 

11 between 2000 and y 140 ,00 
s tereos up to 1260 R$ 

N N 
3000 R$ 

12 N N N 

13 y 4 5,00 N N 

14 y 80 ,00 
Between 15 and 150 

N N 
R$ 

15 N N N 

16 7,5kW N N N 

17 5 kW, 3 phase N N y 3.000,00 

18 N N N 

19 
Between 4400 and 

N N y 390 ,00 
5800 R$ fo r 4 to 10 hp 

750 R$for gasoline , 3 
20 pk diesel for 2 .000 R$, N N y 165,00 

12 hp for 12 .000 R$ 
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2 

2 

4410 R$ on di e sel 
3 

1468 R$ on gas (3,5 Hp) 

3 

Only pump, not 

A320 

Own distributor and has 

a lso more others 

koopt h ij het zelf in 

Direct import from 

2xManaus 

N 

2x Manaus N 

8xManaus 

4x Manaus N 

N N 

y N 

N N 

N N 

N 

1 x Be 
y 

2 x Manaus N 

9x Manaus y 

N N 

1x Boa Vista, 1 
N 

Manaus 



BJ 

3 

3 

3 

3 

3 

3 

3 

3x without interest. Longer terms withintere 

possible 

3x without interest. 

3x without interest. 

3x without interest. 

8x without interest. 

3x without interest. Other possibilities 

de pending on the kind of Creditcard. Bij grote 

bedragen niet mogelijk om in termijnen te 

3x without interest, up to 12x with interest. 

(11 % per year) . Most pay cash 

3x without interest. More people buy with ere 
3 . 

than Wl th cash 

3 x without interest. Most 

3 x without interest 

3 3 x without interest, but most cash 

Appendix R: Retail questionnaire data 
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J K 

2 400 9 

2 2 225 5 

200 4 

29 09-07-200 2 500 

30 09-07-2002 800 3 

31 09-07-2002 2500 15 

2600 15 

2 2 2 300 4 

2 200 4 

1 250 7 

100 3 N 

250 4 N 

2 100 5 VISA, VISA 
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AT u V w x y ZAA AB AC AD AE 
f-

Between 5 
21 y 15,00 

and25 R$ 
y y y 70,00 

f--

22 y 2,50 N N y 95,00 

-
23 y 1,70 N N y 77,00 

24 N N N N -
25 N N N y 75,00 

>----

26 N N N y 70,00 

tz7 y 3,00 N N y 75,00 
r-
28 y 2,00 N N y 80,00 

f--

29 N N N N 

f--

30 N N N N 

r-
3 1 y 4 ,32 N N N 

r-
40 W, 12 V, 

32 y 1,62 N N y 103,00 
Philips 

f--

33 N N N y 116,00 

~ y 1,70 GE N N N 
r-

35 N N N y 69,00 

f--

36 N N N y 8 5 ,00 

-
37 y 3,00 y 150,00 y 400,00 y 80 ,00 

-
38 y 2,50 N N y 75,00 

-
39 N N N N 

r-

25 Watts of 
40 y 1,50 N N y 60 ,00 

GE 

-
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A AF AG AH AI AJ AK AL AM AN 

21 56Ah N N y 4.500 ,00 

22 y 105 ,00 N N 

23 
75 R$ for 40 Ah, 79 ,50 y 120,00 For 63 Ah N N 

for 55 Ah 

24 N N y 2 .800,00 

25 
For 55 Ah. 50 R$ for 40 

N N N 
Ah 

45 Ah is 73 R$ , 55 Ah 
26 is 73 R$ , 63 Ah is 102 N N N 

R$ , Delphi and Bosch 

27 y 120,00 N N 

28 Moura, Italux, Delphi y 120,00 y 160,00 
105 Ah, 

N 
Italux 

29 N N y 10.000,00 

30 N N N 

3 1 N N N 

32 Moura y 174,00 Moura y 209,50 Moura N 

33 Moura y 174,00 Moura y 209 ,00 Moura y 6 .370,00 

34 N N N 

55 Ah, Magnet Marelli, 
65Ah, 

3 5 
nieuw merk, alleen y 84,00 Magnet N N 
verkocht voor auto-

gebruik 
Marelli 

3 6 
45 Ah is 75 R$ , 55 Ah y No price y No price y 8.750,00 

is 95 R$ 

37 N N N 

38 Italux, Heliar, Delphi y 110 ,00 
Price of75 

N N 
Ah 

39 N N N 

Is one of 150 

40 
Aj ax, Moura, Delphi, y 85,00 Of75 Ah y 195,00 

Ah, the 
N 

Italux biggest they 
have 
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A AO AP AQ AR AS AT AU AV AW 

21 
Between 4000 and 

N N y 325,00 
5000 R$, 4 to 8 hp 

22 N N y 275,00 

23 N N N 

24 N N y 1.500,00 

25 N N N 

26 N N N 

27 N N N 

28 N N N 

Dollars, the smallest. 
29 For rural rich , fazenda N N N 

owners and factories 

30 N N y 3.450,00 

31 N N y 1.000,00 

32 N N N 

33 Turmontini N N y 1.349,00 

34 N N N 

35 N N N 

36 5 kW, 3 phase N N y 3 .000,00 

37 N N y 120,00 

38 N N y 90,00 

39 N N N 

40 N N y 65,00 
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3 N 

3 N N 

3 N 

3 N 

Directly from Manaus 
3 Ajax baterias has N 

best price for batterie 
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3 
50 /50. With juros, de pending on the price 

3 

2 

2 

2 

3 

30 or 60 days without intere 

3 x without interest. Otherwise with the inte 
ofthe creditcard, being normally about 10%. 

3 
80 % pays cash. Promissorias are like a cheque . 2 

x 1 month or 2 x 15 

3 
75 % pays with credit. Own card ofthe shop 

VISA. 6 x max with 4,5 % per 

Appendix R: Retail questionnaire data 
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1 2 

1 2 2 

2 2 

2 1 

2 2 

2 2 

A328 

300 4 

300 2 

150 3 

200 2 

100 3 

40 

300 6 

N 

N 

y 

N 

N 

N 

VISA, VISA 
electron, 

Mastercard, 
Mastercard 

electronic, Maestro 



Appendix R: Retail questionnaire data 

~u V w x y z AA AB AC IAD AE 

N 14" 41 N y 4SO,OO N 

~ N 
1-

N y 480,00 14" N 

43 y O,SO S fatts N N y 88,00 
1-

3SO to 397 R$, also 
44 N N y 370,00 bigger: 492 to 11SO y S3 ,00 

R$ 
1-

4S N y 180,00 Philco y 400,00 Philco y 70 ,00 

1-

46 N y 120,00 y soo,oo N 

1-

47 N N N N 
1-

2S and 40 
48 y 2,30 Watts N N y 6S,OO 

Philips 
1-

For 40 

49 y 2, SO 
Watts. 30 R$ 

N N y 88,00 
for 12 V/ 20 

W TL-light 

1-

so N N N y 6S,OO 

~ N N 
1-

N N 

S2 N N N N 

rs3 N y 180,00 y 4SO,OO N 

"54 N N N y 70 ,00 

ss N N y 4SO,OO 14" N 

S6 N N y 480,00 14" N 

S' N N N y 7S,OO 
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A AF AG AH AI AJ AK AL AM AN 

41 N N N 

42 N N N 

43 Moura y 124,00 Moura y 160,00 Ajax N 

44 40 Ah, Moura y 91,00 Moura y 196,00 
1SO Ah, 

N 
Moura 

4S Ajax, Titania N N N 

46 N N N 

47 N N N 

48 Ajax y 9S,OO Ajax y 110,00 Ajax N 

49 Moura y 118,00 
Moura, 63 y 160,00 Moura N 

Ah 

so Bosch N N y 2.9S7, SO 

S1 N N y 3.100,00 

S2 N N N 

S3 N N N 

S4 Ajax and Titania y 9S,OO Ajax N N 

ss N N N 

S6 N N N 

S7 Italux and Heliar y 110,00 Heliar N y 3.100,00 
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A AO AP AQ AR AS AT AU AV AW 

70 R$ for a smal! 
600 R$ fora 

41 y 210,00 radio. 300 to 500 R$ N N 
for a stereo 

smal! freezer 

42 y 50,00 y 800,00 N 

43 N N N 

44 y 109,00 81 to 137 R$ y 525,00 
Between 400 and 

N 
650 R$ 

45 y 35,00 30 to 40 R$ y 800,00 
Between 400 and y 300,00 

1200 R$ 

46 y 60,00 50 to 70 R$ N N 

47 N N y 102,50 

48 N N N 

49 N N N 

50 
Honda, producedin 

N N N 
Manaus 

51 N N N 

52 N N N 

53 y 25,00 N N 

54 N N N 

55 y 80,00 
Smal! portable radio-

N N 
cassette 

56 y 50,00 Smal! radio y 800,00 N 

57 
Honda, produced in 

N N N 
Manaus 
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Norte, Delphi , 

R$, e lectric 

2 

2 

49 3 Moura, the rest 

50 2 x Manacapuru 

52 

57 
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80 % pays with credit. Opwn credit system wi 
max5x/6 

Most with credit. 5x is max, 10% for 5 meses, 7% 
per mes for electra, VISA and own 

Most credit. VISA, Mastercard, American "-XJJit::s:s 

and own 

50% cash I 50% 

Appendix R: Retail questionnaire data 

y 
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Appendix S: Retail questionnaire analysis 

Appendix S: Retail questionnaire analysis 

The retail questionnaire has been carried out amongst 57 retailers: 37 Manaus and 20 ques

tionnaires in three surrounding commercial towns- Iranduba, Manacapuru and Itacoatiara. 

S. 1 The respondents 

Table S. l: Respondents by place 

The number of respondents for the rural towns of commercial interest is toa small to tell 

sarnething about the individual towns. Therefore the analysis will make the division between 

retailers in Manaus and rural- or regional- retailers in the three surrounding Municipios. 

1. Trader, (electncal) naval and farming 
16 28,07 

equipment 

2. Trader, small household appliances 
14 24,56 

and entertainment electronics, 

3. Trader, consumer electranies 4 7,02 

4 . Construction matenals, including 
11 19,30 

electra-technica! matenals 

5. Electrotechnical matenals only 4 7,02 

6. Automotive electnes 8 14,04 

ITotal 11 571 100,ool 

Table S.2 : Respondents by retail shop category 
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The number of respondentsin group 3 'Trader in consumer electronics' and in group 5 'Elec

trotechnical materials only' are regarded too small to use for an analysis about the interest in 

selling PV panels for all retailers that would fit in this group. 

A subdivision into retailers by category in Manaus and surrounding areasis presented below 

in Table S .3. During the execution of the questionnaire, it is tried to not make an overrepre

sentation of one category with respect to their real number in the corresponding places. A low 

number of interviewed shop owners in a specific category corresponds with a small number of 

shops that exist in real-life in this category. 

Shop category 

1. Trader, (electrical) naval and farming 
12 32,43 4 20,00 

equipment 

2 . Trader, small househeld appliances 
6 16,22 8 40,00 

and entertainment electronics , 

3. Trader, consumer electranies 4 10,81 0 0,00 

4 . Construction materials , including 
4 10,81 7 35,00 

electro-technical materials 

5. Electrotechnical materials only 4 10,81 0 0,00 

6. Automotive electrics 7 18,92 1 5,00 

ITotal 11 371 1oo,ool 201 100,ool 

Table S.3 : Respondents by retail shop category and area 

Before discussing the separate categories, the interest in selling solar PV panels will be re

viewed. It would be pointless to discuss a certain category if there is not one retailer in this 

category interested in selling solar PV panels. 

The interest in selling solar PV panels is separated into the interest by area and by category of 

retail shops. 
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5.2 Interest in selling solar PV vanels 

First of all, the interest in selling solar panels is presented by area- Manaus, or rural 1 local. 

After this , the interest is given by retail shop category. 

Interested 13 35,14 

lnterested, but no rural focus 2 5,41 

Not interested 22 59,46 

Total number of Manaus shops 
371 100,001 asked 

Table S.4: Interest Manaus retailers in selling solar panels 

Interested 
Not interested 

Total number of rural shops 
asked 

Table S .S: Interest rural retailers in selling solar panels 

85,00 

100,001 

The interest displayed by rural shop owners was very low. Those three shop owners that were 

interested in selling solar PV panels were not interested in further information. They only 

wanted to sell solar panels if their suppliers in Manaus would do so and would be successful 

in it. Almast all rural shops buy their products in Manaus. None of them imported their 

products or got them directly from Säo Paulo or Rio de Janeiro . Their suppliers aren 't dis

tributars as we know them in Europe or America, but bigger retail shops that also have a 

wholesale function . 

Interested 16 28,07 
Interested, but no rural focus 2 3,51 
Not interested 39 68,42 

ITotal number of shops asked IIL.-____ ...;5_7 .... 1 ___ .;.1 O.;..O;..:.' .;..oo.;..jl 

Table S. 6: Interest all retailers in selling solar panels 

A337 



D. P. Bours, final M. Sc. thesis 

It might be interesting to view which rural shops were interested in selling solar PV panels. In 

Table S.3 it was already shown that most rural shops were traders of small household appli

ances (category 2) or retailers selling construction materials, including electro-technical mate

rials (category 4). 

Shop category 

1. Trader, (electrical) naval and farming 
1 33,33 3 17,65 equipment 

2. Trader, small household appliances 
1 33,33 7 41,18 and entertainment electronics, 

3. Trader, consumer electranies 0 0,00 0 0,00 

4 . Construction materials, including 
1 33,33 6 35,29 electro-technical materials 

5. Electrotechnical materials only 0 0,00 0 0,00 

6. Automotive electrics 0 0,00 1 5,88 

ITotal 11 3 1 100,oo l 171 100,001 

Table S. 7: Interest of rural retailers in selling solar panels by retail shop category 

As it turns ou t, the three interested shop owners are distributed over three of the four catego

ries and thus, one interested retailer per category doesn't say much about the interests of the 

entire categories. 

When looking at the retail shops that are not interested in selling solar panels, it is clear that 

retailers is category 2 and 4 - being respectively the traders of small electrical household ap

pliances and the sellers of (electro-technical) construction materials- are least interested . 

Although it is based on a small number, you can say that the traders of (electrical) naval 

equipment and farming equipments seem rurally to be the most interested in sellin g solar 

panels - with one interested shop owner out of four. 

Iranduba, Manacapuru and Itacoatiara are all three situated near a river and th ese shops can 

most of the time be found near the small harhor or Mercado, that is all of the time close to the 

harbor. In Iranduba, no retailers of the first category were interviewed. Due to its small size, 

the construction or do-it-yourself-shops in Iranduba also sold the naval and farming material. 

In general, it is expected that Iranduba is the least important of a ll three mentioned ru ral 

municipios with respect to the sales of solar panels. 

A338 



Appendix S: Retail questionnaire analysis 

The batterg market: 

When looking at complementary products, the rural traders of naval and farming 

equipment sell batterles of the following brands: Italux, Hellar and Aja.x. The do-it

yourself shops with a rural focus also sell batterles of Delphi and Moura. Only one 

rural shop sells Titania batterles. 

Italux and Heliar are two brands that already exist for some time on the battery 

market in Manaus. In price setting they follow Delphi, another battery brand that 

is a bit cheaper than Moura. 

Moura is the brand that is sold for the longest time in Manaus. They seem to have 

the most developed sales infrastructure and reputation and it is also one of the 

more expensive battery brands. One retailer in Manacapuru told me that Norte Dis

tribuidor - the distrlbutor of Moura batterles in Marraus - already affered solar 

panel workshops to their retailers. When calling Norte, they derried giving work

shops and they said they didn't sell any solar panels what so ever. 

Ajax is a newcomer on the market. They have the cheapest prlces and because of 

their attractive prlce setting they seem to be noted by the rural inhabitants at the 

moment. Titania also has a low prlce setting, but a bit higher than Aja.x. The brand 

seems not to be very well known. 

The following table presents the number of times a battery brand was for sale at 

one of the 57 respondents of the retail questionnaire: 

Number of times a battetie brand was for sale 

Brand I (#) (% ) Camment 

Moura 9 29,03 
Well-known, high quality, high priced battery with good 
retail infrastructure 

Bosh 3 9 ,68 
Very high quality, high price setting equal or higher 
than Moura 

Delphi 4 12,90 Price below Moura, but still expensive 

Magnet 
1 3 ,23 

Very high-end car battery, price equal to or higher than 
Marelli Bosh 

ltalux 5 16,13 Both brands are good value for money, follow Delphi in 

Heli ar 2 6 ,45 price setting or just below 

Titania 2 6 ,45 
Low priced, just little more expensive than Ajax, but not 
well known 

Ajax 5 16,13 
Newcomer on the market, low priced, very good value 
for money, becoming a favorite ofrural inhabitants 
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The interest of retailers in Manaus for selling solar PV panels was considerable higher than 

the rural interest. 35 percent of all questioned retailers in Manaus was interested in selling 

solar panels and also had a focus towards the rural market. (see Table 8.4 for data) 

5% 
60% \ 

'----Manaus shops that are not interested 
in selling solar PV-panels 

Figure S.l: Manaus retailer interest in selling solar panels 

Below, the division by retail category is presented for Manaus with respect to the interest of 

retailers in selling solar panels. 

Manaus interest by retail shop category 

Interested Not interested 
Shop category 

(#) (% ) (#) (% ) 

1. Trader, (electrical) naval and farming 
9 60,00 3 17,65 

equipment 

2 . Trader, small household appliances 
1 6 ,67 5 29,41 

and entertainment electronics, 

3 . Trader, consumer electranies 1 6,67 3 17,65 

4 . Construction materials, including 
1 6,67 3 17,65 

electra-teehuical materials 

5. Electrotechnical materials only 2 13,33 2 11 ,76 

6. Automotive electrics 1 6,67 6 35,29 

~IT_ot_al ____________________ ~l~l _______ 1_s~l ____ 1_o_o~,o_ol~ ______ 2_21~ ___ 1_2_9~,4~11 

Table S.B: Interest of retailers in Manausin selling solar panels by retail shop category 

Most interviewed shops are traders of electrical naval and farming equipment (category 1), 

automotive electranies (category 6) and traders of small electrical household appliances and 

entertainment electranies (category 2) . Tried is to interview a number of shops in each cate-
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gory that corresponds with the real number of shops for each category. Therefore it is inter

esting to see whether the categories that are most represented in this questionnaire are also 

the categories that are most interested in selling solar panels. Table S .8 shows that this is not 

entirely the case. 

Traders that sell electrical naval and farming equipment are very interested in selling solar 

panels - 9 out of 12, being 75 percent of the category. They will he discussed in the subse

quent paragraph S.3. The other two majorcategoriesof retailers aren 't that interested. 

Just one out of six traders in small electrical household appliances and entertainment elec

tranies is interested in selling solar panels. This type of retailers is most of the time Indian 

(i .e . being from India) and the complementary products they sell are most of the time radios 

and small televisions that are remakes of brands like Panasonic (becoming Ponosonic), Sony 

(becoming Sqny) and Philips (becoming Philco). To my personal opinion, it is not so bad that 

these retailers are not willing to sell solar panels , because their representativeness with re

spect to selling Free Energy solar panels is low. The general opinion is also that because the 

products in these shops are cheap, they have a low quality and do not last longer than one 

year. This opinion turned out to be true in my case. I bought a ventilator in such a shop and 

it broke down after 4 months. The response I got in the store: "Well, what did you expect for 

29 Reais?". I also bought a radio in another store of the same category and I had to go back 

two times, because the radio would starttoburn aftera while. 

Shops in automotive electrics aren't that interested, because they do nothave a (strong) focus 

on the rural market. They sell complementary products like batteries and 12 Volts lights, but 

most of the time these shops are not visited by rural people. Most of these shops are also lo

cated in three bairros (i.e . quarters) that are located a bit away from the harbor. The districts 

are "Cachoeirinha" (east of the center) and "Säo Raimundo" and "Santo Antönio" (both west of 

the center) . 

Shops selling car batteries in the harhor-district are grouped under "1. Trader, (electrical) na

val and farming hardware", because they have a strong focus on the rural mar ket. Besides 

this , these batteries are most of the time not used in cars, but in rural homes to provide elec

tricity or they are used in boats. The first category is explained separately in the following 

paragraph. 
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5.3 Trader, (electrica[) naval and farming eguipment 

The focus will be on retail shops of category 1 that are situated in Manaus as well as in the 

three surrounding rural towns, because these traders also seem to be rurally the most inter

ested in selling solar panels. 

When looking at the first category, trader in electrical naval and farming equipment, the 

shops can be divided into three parts: 

Shops that focus mainly on boat owners and have a small product line of boating 

equipment, batteries and 12 Volts lights and sametimes appliances ; 

Shops that focus on the entire rural population and sell all kinds of naval and farming 

equipment, but also some batteries and 12 Volts lights; 

Shops that focus on the more 'affluent' rural inhabitant and sell chainsaws, water 

pumps, generators and other electric or mechanical tools. 

No distinction has been made between these three types of shops during the carrying out of 

the questionnaire, because they are all three as important with respect to the sales of solar 

PV panels. Next to this, it is not always possible to classify shops into just one of these cate

gories. One big difference between shops is that the retailers with a focus on the richer rural 

inhabitant buy their products most of the time directly from the factory or buy them from one 

distributor in the United States or Säo Paulo. The other retailers have more distributors, most 

of the time one is Säo Paulo and some shops in Manaus. 

Product range 
8 80,00 2 20,00 

(diverse or narrow) 

Storefront looks 
6 60,00 4 40,00 

(well designed or poor) 

Looks of window displays 
6 60,00 4 40,00 

(organized or disorganized) 

Looks inside 
8 80,00 2 20,00 

(neatly arranged or cluttered) 

Table S. 9: Representativeness of category 1 willing to sell PV panels 

The shops most of the time were a lot tidier than you would expect, based on their product 

range and clientele. At a first glance, stores of this type that aim at the average rural inhabi

tant seem to be one big pile of products that are stacked up at random and fill the store from 

the floor up to the bottom. 
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For this reason, the storefront looks and looks of window displays are most of the time judged 

reasonable (being still positive) or poor (being negative), but it seems to be adequate. When 

being in these stores, it turns out that the products are fairly organized and easy to find. 

Although these stores are already filled up to the last square meter, I have a strong feeling 

that solar panels fit in there somehow. They not only can fit in there with respect to the 

space, but also with respect to the kind of store, product line and target market. These stores 

have a close tie with the rural inhabitants and their needs. They are aware of their wishes 

and the big product range they have seems to be consciously chosen. 

They also sell a number of complementary products that could be used in combination with 

solar panels . The products range from batteries and lights to wiring and a small supply of 

switches. 

The average store size is about 200 square meters (197, 81). The average number of sales 

people in these stores is 4 (4 ,36). Most of these stores aren't situated in the main street, but 

in a side street of the centre, near the harbour district. Just one store was situated in a main 

street, 75 percent (12 of all 16) was situated in a side street of the centre. The remainder 

three stores were situated in a main street outside the centre. (Table 8 .10) 

Main street in center 1 6,25 

Main street outside the center 3 18,75 

Side street in center 12 75,00 

Side street outside the center 0 0,00 

Table S.l 0: Location of shops of category 1 

Only 9 out of 16 shops had credit advertised, being 56,25 percent of all shops in category 1. 

In the following paragraph, the possibility to use different brands of credit cards will be dis

cussed. When looking at the credit cards that can be used in these stores, it ranges from 

VISA (8 times), Maestro (3 times) and Diners Card (3 times) to Mastercard (3 times), Redeshop 

(2 times) and American Express (2 times). Most of the stores in category 1 offer services for 

three different types of cards. 

When asking about the payment possibilities, it turns out that there are 12 shops that offer 

credit possibilities (Table 8.11 on the following page). When people say that you can only pay 

with credit, this means that there is almost nobody paying with cash. This is for example the 

case when the shop has a focus onto the wealthier rural inhabitant and sells chainsaws and 

generators - products that few people can pay at once with cash. 
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3 18,75 
9 56,25 

Table S.ll: Payment possibilities at shops of category 1 

In most shops of this type, the payment possibilities - credit card, pre-dated cheques, own 

credit system, type of lease sales - are open for de bate when buying a product and depend on 

the relation between the customer and the dient. 

Almest all shops offer credit card payment in three payment periods without interest. The 

first payment is mostly at the end of the month and not at the moment of purchasing. Langer 

payment periods are possible, but will result in interest. Sometimes, an initial downpayment 

is asked at the moment of purchasing. 

Sales and financing for all reviewed shops will be discussed in the following paragraph. 

5.4 Sales and financing 

It has to be said that the answer on one question in particular proved to be too haphazardly 

to be useful. One of the last questions on the questionnaire- question 10 in the soureebock 

in Appendix P - is about the period in which the shops sell most. This could be the s tart or 

end of the rain season, the start or end of the dry season or all seasons the same. For all ex

amined shops, the answer is presented in Table S. l2. 

A 

When doe~,;.~he retailer sell t= ,: ost? 

Period I (#) (%) 

Begin rainy season 
22 38,60 

(Nov I Dec I Jan) 

End rainy season 
2 3,51 

(Febr I Mar I Apr) 

Begin dry season 
5 8,77 

(May I Jun I Jul) 

End dry season 
8 14,04 

(Aug I Sep I Oct) 

All seasons the same 20 35,09 

~IT_ot_al ______________ ~l~l _____ 5_7~1 ___ 1o_o~, o~o l 

Table S. 12 : When does the retailer sell most? 
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lt seemed that most retailers that indicate a specific period sell most at the beginning of the 

rainy season. But most shop owners seem to hesitate a long time before answering this ques

tion. 

More informal discussions after finishing the questionnaire revealed that the answers on this 

question should not be trusted, because it had nothing to do with the season itself. It can be 

said that most is sold in December, but not only because of Christmas. There is sold more 

because of the 131h payment in December. People see it as a kind of bonus and not as a nor

mal payment, so they do not use it on food but on luxury goods. Mostly the money is invested 

in the home. Painting the walls, frxing a gate, buying a television or other appliance. 

When this is true, this should be visible in a tablewhen looking at the sales of shops that sell 

luxury goods for at home and do-it-yourself equipment. The three categories in which it 

should be visible are : Category 2, small electrical household appliances and entertainment 

electronics, Category 3 , consumer electranies and Category 4, construction materials includ

ing electro-technical materials. 

category 
Number of 

respondents 

1. Trader, (electrical) naval and farming 
equipment 3 18,75 8 50,00 16 

2. Trader, small household appliances 
and entertainment electronics , 8 57,14 5 35,71 14 

3. Trader, consumer electranies 
4 100,00 0 0,00 4 

4 . Construction matenals, including 
electra-teehuical matenals 5 45,45 3 27,27 11 

5. Electrotechnical matenals only 
1 25,00 2 50,00 4 

6. Automotive electnes 
1 12,50 2 25,00 8 

I Totals 11 221 201 571 

Footnote: 

(a) The percentages are towards the whole nurnber of respondents 

Table S.13: Two periods when sold most by retail shop category 

When looking at Table S.l3, this is exactly the case. Shops in categories 2,3 and 4 clearly in

dicated that they sell more at the start of the rainy season. Sarnething not visible in the data 

is that most of them explicitly indicated the month of December. 
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A last point to treat is financing the purchase. A reasonably number of stores uses an own 

credit system. This can be with pre-dated cheques or with a purchase and downpayment con

tract . These own credit systems will not be discussed, because they differ for each store. An

other point that will not be discussed is the percentage of interest and the periods of down

payment when using creditcards . 

Almost all shops offer payment with the credit card the use in three times without interest. 

The first payment is mostly at the end of the month and not at the moment of purchasing. 

Besides this , all stores use a variety of downpayment periods and interest rates, depending on 

the conditions of each type of credit card and the cost of using these conditions. This variety 

of payment possibilities will not be discussed. 

But which type of credit card can be used most? VISA Card can be used in most shops when 

looking at Table S. l4. In 35 of the 57 examined shops, being more than 60 percent of all 

shops, you could pay with VISA Card. After that, Mastercard, Maestro Card and American 

Express are used most. This possible usage of credit cards is hard to believe, but even in the 

shops that sell naval products and farming equipment this happens (discussed in the previ

ous paragraph). 

VISA I VISA Electron 35 61 ,40 

Mastercard I Mastercard Electronic 13 22,81 
Maestro Card 12 21,05 
American Express 8 14,04 

Redeshop I Redecard 8 14,04 

Diners Club I Diners Card 4 7,02 

Credicard 4 7,02 

Table S.14: Creditcards that can be used 

At first, I was thinking that this was a joke, but there are really rural inhabitants that man

age to get a VISA Card or another type of credit card. 

A situation that can also be seen quite often is that a son or daughter works in the city. The 

father , mother and the smaller children stayed back home in the rural area and when a big 

purchase has to be made, they use the creditcard of their child who works in Manaus . 
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Appendix T: Brazilian commercial material 

The Brazilian commercial material is constructed during the research and translated from the 

English commercial material. The material has n ot been used du ring the field research, but 

only to explain the product and the technology towards retailers. 

It has to be noted that this material can best not be used for th e solar panel market in other 

Portuguese speaking countries, becau se the language on the material is Brazilian Portuguese 

and differs strongly from other forms of Portuguese. 

This commercial material can however be used throughout the entire country of Brazil, be

cause it does not present a local Amazonian variatien on the Brazilian Portuguese that is 

spoken throughout the country. 

The following parts can be distinguished: 

Sobre nós: A small introduetion of Free Energy Europe; 

Folha de dados FEE-14-12: Data sheets ofthe 14 Wp panel ofFree Energy Europe; 

Folha de dados FEE-20-12: Data sheets of the 20 Wp panel of Free Energy Europe; 

Módulos solarde 5- 20 Watts: Free Energy Europa product line of amorphous panels; 

Carregador de Bateria Residencial: The home battery charger, the most basic and af

fordable solar PV solution; 

Kit Solar Residencial: Complete FEE solar home kit of 14 or 28 Wp. 

A347 



FREE ENERGY EU 

Sobre nós 

Free Energy Europe desenvolve, produz e comercializa módulos solares de silfcio. 0 ponto de partida 

para nós é nosso alto nivel de qualidade, confiabilidade e serviço. 

0 escritório do marketing de Free Energy Europe está situado em Eindhoven (os Paises Baixos). A 

unidade de produçäo é situado em Lens (França). 

A fábrica em Lens començou aproximadamente há 15 anos com uma inovaçäo de tecnologia silicio 

amorfo e uma linha da laminaçäo e orginazaçäo de produçäo muito básica. 

Durante a década pasada, a produçäo e especialmente o processo da laminaçäo das células solares de 

amorfo silicio foram melhorados drasticamente. Agora, o processo da produçäo inclui uma linha da 

produçäo totalmente automadizado que forneça uma grande quantidade com uma constante qualidade 

a um preço baixo. 

Nossa 4a geracäo dos painéis solares säo protegidos contra a umidade e corrosäo e garantidos para 10 

anos. 

Atualmente, Free Energy Europe está produzindo mais de 50.000 painéis por ano. Num futuro mais 

próximo, a capacidade anual será mais de 100.000 painéis. Isto é igual a 1.2 MegaWatts de energia 

solar. 

Free Energy Europe é parte de Free Energy International, um grupo de companhias que se dedicam ao 

desenho, distribuiçäo, produçäo e instalacäo dos sistemas solares fotovoltaicos. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 
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Folha de dados FEE-14-12 
4° geracäo do painel solara-Si 

Tecnologia de confiança 

Free Energy Europe produz módulos solares de silicio amorfe de 

confiança e estabilidade. Depcis da estabilizaçäo inicial, durante 

os primeiros dois meses de uso ao ar livre, o módulo de silfcio 

amorfe permaneça estabilizado para décadas. 

A vida util estimável dos módulos de silfcio amorfe de tecnologia 

avançada é mais de 20 anos. 

Mais energia 

As células solares de amorfe silfcio produzido por Free Energy 

Europe funcionam meihor que as de silfcio cristalino em 

condiçöes de luz indireta ou parcial. Testes têm demonstrado que 

o rendimento anual de energia é aproximadamente 15% mais 

alto por cada Watts-pico da potência nominal. 

Rendimento exterior 

0 funcionamento exterior dos painéis solares de silfcio amorfe 

depende principalmente de sua proteçäo contra a corrosao. 

Nossa 4" geracao dos painéis solares utilize um marco de 

polfmero injetado, com uma potente barreira contra a umidade. 

Esta tecnologia unica foi desenvoivide por nosso departamento 

de pesquisa e desenvolvimento. 

Esta tecnologia avançada da montagem faz a confiabilidade e 

rendimento dos nossos produtos para o uso exterior. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 



I FREE ENERGY EU , 

Caracteristicas principais do módulo 

Tecnologia da célula Uniäo simples de silfcio amorfe 

Tecnologia do painel Marco de 4a geracäo 

1··.····•··. Encop;"laçäo Vida util estimável 

Encapsulaçäo cristal-cristal com marco de polfmero injetado 

Mfnimo 20 anos 

Condieces de funcionamento -40 oe até a +85 oe 

Parametros elétricos - em condiçöes padröes de teste* 

Máxima potência Estabilizado 

Ti po FEE-14-12 FEE-14-12 

Potência máxima 14 Watts-picos 12 Watts-picos 

Corrente máxima a 16 Volts 0,87 Ampères 0,75 Ampères 

eerrente de curto-circuito 1,05 Ampères 0,90 Ampères 

Tensäo de circuito aberto 22,0 Volts 22,0 Volts 

* Os dados se referem em condiçöes padröes de teste, uma aproximaçäo de funcionamento no luz do sol forte (ETC: 1000 W/m2 de irradiaçäo, 
temperatura da célula de 25 °C, espectro AM 1,5). Os parametros elétricos podem variar ± 10%. 

Parametros elétricos - em condiçöes média de funcionamento* 

Estabi/izado 

Ti po FEE-14-12 

Potência pico equivalente 14 Watts-picos 

* Os dados se referem na irradiaçäo solar anual média em Holanda, normalizado à média de funcionamento da tecnologia silicio cristalino. 
Os parametros elétricos podem variar ± 10%. 

Coeficientes de temperatura 

Tensäo - 0,29% I oe 

eerrente + 0,08% I oe 

Dimensöes · t ~ 
Dimensöes 930 mm x 317 mm 

Grossura 12,5 mm 

Peso 4,1 kg 

Conexöes 

Fio elétrico 1 metro de fio de duplo 

isolamento ( 2 x 0,75 mm2) 

Polaridade Marram = +, azul =-

Instalaçäo Instalaçäo fácil usando 4 clips 

317.5 

2 

1 

J ~ 
J..-c-

12.5 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 
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Folha de dados FEE-20-12 
~ geracäo do pa i nel sol ar a-Si 

Tecnologia de confiança 
Free Energy Europe produz módulos solares de silfcio amorfode 

conftança e estabilidade. Depois da estabilizaçäo inicial, durante 

os primeiros dois meses de uso ao ar livre, o módulo de silfdo 

amorfo permaneça estabilizado para décadas. 

A vida util estimável dos módulos de silfcio amorfo de tecnologia 

avançada é mais de 20 anos. 

Maïs energia 
As células solares de amorfo silfdo produzido por Free Energy 

Europe funcionam meihor que as de silfdo cristalino em 

condiçöes de luz indireta ou parcial. Testes têm demonstrado que 

o rendimento anual de energia é aproximadamente 15% mais 

alto por cada Watts-pico da potência nomina!. 

Rendimento exterior 
0 funcionamento exterior dos painéis solares de silfcio amorfo 

depende principalmente de sua proteçäo contra a corrosäo. 

Nossa s• geracäo dos painéis solares utilize urn marco de 

polfmero injetado, com uma potente barreira contra a umidade. A 

s• geracäo dos painéis compre com os requisitos de IEC61646. 

Esta tecnologia unica foi desenvolvido por nosso departamento 

de pesquisa e desenvolvimento. 

Esta tecno/ogia avançada da montagem faz a connabilidade e 

rendimento dos nossas produtos para o uso extertor. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: lnfo@free-energy.net, Internet: http://www.free-energy.net 
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FREE ENERGY EUI'~E -
Caracteristicas principais do módulo 

Tecnologia da célula Uniao dupla de silfcio amorfo 

Tecnologia do painel Marcode 5• geracao (compre com os requisitos de IEe61646) 

I Encapsulaçao Encapsulaçao cristal-cristal com marco de polfmero injetado 

Vida ûtil estimável Mfnimo 20 anos 

eondicöes de funcionamento -40 oe até a +85 oe 

Parametros elétricos - em condiçóes padröes de teste* 

Máxima potência Estabi/izado 

Ti po FEE-20-12 FEE-20-12 

Potência máxima 19 Watts-picos 16 Watts-picos 

eorrente máxima a 16 Volts 1,18 Ampères 0,99 Ampères 

eorrente de curto-circuito 1,45 Ampères 1,22 Ampères 

Tensao de circuito aberto 22,8 Volts 22,8 Volts 
. - - - -I * Os dados se referem em cond1çoes padroes de teste, uma aprox1maçao de func1onamento no luz do sol forte (ETC: 1000 W/m> de 1rrad1açao, 

temperatura da célula de 25 oe espectro AM 1 5) Os paràmetros elétricos podem variar ± 10% ' ' 

Parametros elétricos - em condiçóes média de funcionamento* 

Estabilizado 

Ti po FEE-20-12 

Potência pico equivalente 18 Watts-picos 
- . . . . .. . I ' 0. """ " '"'"m oo ""'""" ooO• oo~l ~d• em Hclood•, ~m•h~do • méd• de fuoooo~ffiiD d• """'"'" ol~ =""""· 

I 
Os paràmetros elétricos podem variar ± 10%. 

Coeficientes de temperatura 

Tensao - 0,29% I oe 

eorrente + 0,08% I oe 

Dimensóes 

Dimensöes 1015 x 312 mm 

Grossura 13,9 mm 

Peso 4,6 kg 

Conexöes 
'«'> 

Fio elétrico 1 metro de fio de duplo isolamento 

( 2 x 0,75 mm 2) 

Polaridade Marrom = +, azul = -

Instalaçao Instalaçao fácil usando 4 clips 

""" 
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Módulos solar de 5 - 20 Watts 
Tecnologia avançada de silicio amorfo 

Tecnologia de confiança 

Free Energy Europe produz módulos solares de silfdo 

amorfo de confiança e estabilidade. Depcis da 

estabilizaçäo inicial, durante os primeiros dois meses de 

uso ao ar livre, o módulo de silfcio amorfo permaneça 

estabilizado para décadas. 

A vida util estimável dos módulos de silfcio amorfo de 

tecnologia avançada é mais de 20 anos. 

Mais energia 

As células solares de amorfo silfcio produzido por Free 

Energy Europe funcionam meihor que as de silfcio 

cristalino em condiçöes de luz indireta ou parcial. Testes 

têm demonstrado que o rendimento anual de energia é 

aproximadamente 15% mais alto por cada Watts-pico da 

potênda nominal. 

Rendimento exterior 

0 funcionamento exterior dos painéis solares de silfdo 

amorfo depende principalmente de sua proteçäo contra a 

corrosäo. 

Nossa 4a geracäo dos painéis solares utilize urn marco de 

polfmero injetado, com uma potente barreira contra a 

umidade. Esta tecnologia unica foi desenvoivide por nosso 

departamento de pesquisa e desenvolvimento. 

Esta tEcnologia avançada da montagem faz a 

conffabilidade e rendimento dos nossas produtos para o 

uso exterior. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 
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"""" - · 
Caracteristicas principais do módulo 

Ti po FEE-20-12 FEE-14-12 FEE-7-12 

Tecnologia da célula Uniäo dupla de Uniäo simples de Uniäo simples de 

silfcio amorfo silfcio amorfo silfcio amorfo 

Tecnologia de painel sa geracäo 4a geracäo 4a geracäo 

Encapsulaçäo Encapsulaçäo cristal-cristal com marco de polfmero injetado 

Vida util estimável Mfnimo 20 anos 

FEE-5-12 

Uniäo simples de 

silfcio amorfo 

4a geracäo 

eondicöes de funcionamento -40 oe até a +85 oe 

I Parametros elétricos a máxima potência - em condiçöes padröes de teste• 
Ti po FEE-20-12 FEE-14-12 FEE-7-12 FEE-5-12 

Potência máxima 19 Watts-picos 14 Watts-picos 7 Watts-picos 5 Watts-picos 

eorrente máxima a 16 V 1,18 Ampères 0,87 Ampères 0,43 Ampères 0,29 Ampères 

eorrente de curto-circuito 1,45 Ampères 1,05 Ampères 0,52 Ampères 0,35 Ampères 

Tensäo de circuito aberto 22,8 Volts 22,0 Volts 22,0 Volts 22,0 Volts 

* Os dados se referem em condiçöes padröes de teste, uma aproximaçäo de funcionamento no luz do sol forte (ETC: 1000 W/m 2 de irradiaçä 
temperatura da célula de 25 oe, espectro AM 1,5). Os parametros elétricos podem variar ± 10%. 

Parametros elétricos em situaçao estabilizado - em condiçöes padröes de teste* 

Ti po FEE-20-12 FEE-14-12 FEE-7-12 FEE-5-12 

Potência máxima 16 Watts-picos 12 Watts-picos 6 Watts-picos 4 Watts-picos 

eorrente máxima a 16 V 0,99 Ampères 0,75 Ampères 0,38 Ampères 0,25 Ampères 

eorrente de curto-circuito 1,22 Ampères 0,90 Ampères 0,45 Ampères 0,30 Ampères 

Tensäo de circuito aberto 22,8 Volts 22,0 Volts 22,0 Volts 22,0 Volts 

* Os dados se referem em condiçöes padröes de teste, uma aproximaçäo de funcionamento no luz do sol forte (ETC: 1000 W/m 2 de irradiaçä 
temperatura da célula de 25 °C, espectro AM 1,5). Os parametros elétricos podem variar ± 10%. 

Parametros elétricos em situaçao estabilizado - em condiçöes média de funcionamento* 

Ti po FEE-20-12 FEE-14-12 FEE-7-12 FEE-5-12 

Potência pico equivalente 18 Watts-picos 14 Watts-picos 6, 9 Watts-picos 4,6 Watts-picos 

* Os dados se referem na irradiaçäo solar anual média em Holanda, normalizado à média de funcionamento da tecnologia silicio cristal in 
Os parametros elétricos podem variar ± 10%. 

Coeficientes de temperatura 

Tensäo - 0,29% 1 oe 

eorrente + 0,08% I oe 

Temperatura de funcionamento da célula 45 oe (a 800 Wlm2, temperatura exterior de 21 °C) I Dimensöes 
Ti po FEE-20-12 FEE-14-12 FEE-7-12 FEE-5-12 

Dimensöes 1015 x 312 mm 930 x 317 mm 495 x 317 mm 343 x 317 mm 

Grossura 13,9 mm 12,5 mm 12,5 mm 12,5 mm 

Peso 4,6 kg 4,1 kg 2,1 kg 1,5 kg 

I 
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Carregador de Bateria Residencial 
Dejxa o sol carregar sua bateria na sua própria casa 

0 sistema de energia solar mais básica 

0 Carregador de Bateria Residencial é a mais básica e portanto o 

mais acesslvel sistema de energia solar para familias. 

0 sistema é desenvolvido para carregar diretamente a bateria. 

Este fornecimento de energia é para eletrodomésticos como luz, 

rádio, televisao 14" P/B, etc. 

Como o Carregador de Bateria Residencial, o usuário näo 

efetuará mais as enfadonhas viagens semanais que exigem muito 

tempo à oficina de carregar baterias. 

Simplesmente: 'Eie pode deixar o sol carregar sua bateria na sua 

própria casa'. 

Urn kit completo 
Todos os acessórios do Carregador de Bateria Residencial sao 

embalados em um só pacote: painel solar de 14 Watts-pico, 

proteçäo contra retorno da corrente, fuslvel e 5 metros de fio 

elétrico com ganchos para a bateria. 

Para começar a utilizar o Carregador de Bateria Residencial, 

basta somente que o usuário instale o painel sobre seu telhado e 

connecte o fio na bateria. 

Tecnologia de confiança 
0 Carregador de Bateria Residencial é baseado em a 4a geracäo 

da tecnologia solar de silicio amorfo. 

Esta tecnologia resulte em painéis solares de confiança e 

estabilidade, que têm a meihor proteçäo contra a corrosao e a 

vida util é estimado em mais de 20 anos. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax: +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 
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Componentes 

Componente Carregador de Bateria Residencial 

Painel solar 1 x FEE-14-12 (14 Watts-picos*), 4a geracäo da tecnologia a-Si 

Proteçäo Diode de bloco 1N4007 

Fusfvel 10 Ampères 

Fio elétrico do painel solar 5 metros de fio de duplo isolamento 2x0,75 mm 2 

com ganchos para a bateria 

Outros Manual de usuário 

• Os dados elétricos se referem em condiçoes padroes de teste. Os parametros elétricos podem variar ± 10%. 

Para ser acrescentado por o usuário (nao incluido) 

Componente 

Bateria convencional 12 Volts, 30 Ah (aconselhada) 

12 Volts, 50 Ah (possfvel) 

Lampadas Lampadas fluorescentes de 12 Volts, 6 Watts (aconselhada) 

Televisäo Televisäo 14" preto-e-branee de 12 Volts, 12- 16 Watts (aconselhada) 

Potência de energia disponivel 

Em um dia ensolarado, o painel forneça suficiente energia para*: 

~ Lampada fluorescente L§mpada fluorescente Televisao 

6 Watts 10 Watts 12 Watts 

Somente uma lampada de 6 Watts 8 horas 

Somente uma lampada de 10 Watts 5 horas 

Somente televisäo 4 horas 

Uso combinado 4 horas 2 horas 

* 6 horas de luz do sol forte, isto é 600 kWh/m2 de irradiaçäo, assumindo 66% razäo de desempenho. 

Free Energy Europe bv., Fone: +31 (0)40 290 1245, Fax : +31 (0)40 290 1249, E-mail: info@free-energy.net, Internet: http://www.free-energy.net 
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Kit Solar Residencial 
Uma soluçiio acesstvel 
de eletricidade solar 

Acessivel 

0 Kit Solar Residencial é uma soluçäo inicial, desenvolvido 

para fornecer as necessidades mais básicas para 

fornecimento de eletricidade. 

Você pode començar usar urn sistema compreendido de urn 

ou dois painéis de Free Energy Europe e posterior aumentar o 

sistema até que 4 painéis de 14 Watts-picos. 

Urn sistema completo 

0 Kit Solar Residencial é urn sistema completo de 

energia solar que forneça energia para luz e outros 

eletrodomésticos de 12 Volts como rádio ou uma 

televisäo 14" P/8. 

Este kit inclui urn o dois painéis, uma controlader 

de carga, duas lampadas fluorescentes de 30 cm, 

uma luz noturna, fio elétrico, material de instalaçäo 

e urn manual. 0 usuário deve somente completar o 

kit com u ma bateria de 12 Volts. 

Tecnologia de confiança 

0 Kit Solar Residencial é baseado em a 4a geracäo 

da tecnologia solar de silfcio amorfo. 

Esta tecnologia resulte em painéis solares de 

confiança e estabilidade, que têm a meihor 

proteçäo contra a corrosäo e a vida util é estimado 

em mais de 20 anos. 

,. 
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Componentes 

Componente Kit Solar Residencia/ 14 Kit Solar Residencial 28 

Painel solar 1 x FEE-14-12 (14 Watts-picos*), 2 x FEE-14-12 (14 Watts-picos*), 

4• geracäo da tecnologia a-Si 4• geracäo da tecnologia a-Si 

Conholador de carga 1 x LCC Mini (4 Amp.) 

Proteçäo contra descarga total 11,4 V as 25 °C 

Proteçäo contra sobrecarga 14,9 V as 25 °C 

Lampadas 2 x 30 cm lampadas fluorescentes, 6 Watts 

Fio elétrico para a bateria 1 x 1,5 metros de fio de duplo isolamento (2 x 2,5 mm2 ) com fusfvel de 10 A 

Fio elétrico do painel solar 1 x 5 metros de fio de duplo 2 x 5 metros de fio de duplo 

isolamento (2 x 1,5 mm 2) isolamento (2 x 1,5 mm 2) 

Fio elétrico para as lampadas 2 x 7,5 metros de fio de duplo isolamento (2 x 0,75 mm 2 ) 

Outros 1 x Material de instalaçäo 

1 x Manual de usuário 

* Os dados elétricos se referem em condiçöes padröes de teste. Os parametros elétricos podem variar ± 10%. 

Para .ser acrescentado por o usuário (näo incluido) 

Componente Kit Solar Residencial 14 Kit Solar Residencial 28 

Bateria convencional 12 Volts, 30 Ah (aconse!hada) 12 Volts, 50 Ah (aconselhada) 

12 Volts, 50 Ah (possfvel) 

Potência d e energia disponivel 

Em uma .dia ensolarada, o painel forneça suficiente energia para*: 

Sistema Painéis Lampada fluorescente 1 Lampada fluorescente 2 Televisao, 12 Volts 

solares 6 Watts 6 Watts 
14" P/B 

12 Watts (näo inclufdo) 

Kit Solar 14Wp 4 horas e 4 horas -
Residencial 14 (1 painel) 

Kit Solar 28 Wp · 4 horas e 2 horas e 4 horas 

Residencial 28 (2 painéis) 

·• 6 horas pleno luz do sol, isto é 600 kWhfm2 de irradiaçäo, assumindo 66% rarazäo de desempenho. 

~ 
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