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Preface 

Preface 

Having lived for almost a year in the Brazilian Amazon to conduct my final M. Sc. research 

has been a tremendous adventure and learning experience. Truly a dignified completion when 

studying at the department of Technological Development Studies (TDS) of the faculty Tech

nology Management (TM) at the Eindhoven University of Technology (TU/ e). 

It turned out to be true what they say about tropic years; they do count double. Living one 

year in Manaus - the capital city of the Amazon State - and doing research in the surround

ing areas taught me so much about people, cultures, about myself and about putting into 

practise the knowledge and skills I developed beforehand. 

There is an old saying in Latin America; 'La selva es su gloria, la selva sera su tumba ', which 

means 'the jungle is your glory, the jungle will be your grave'. In my case, it became my glory 

and who knows what the jungle has in store as for my future. I have eaten the inland fish 

called Tabacachi, which means that the jungle will never leave my heart again. 

It 's always easy to look back and forget about the less convenient parts of staying abroad 

when having returned to the city jungle of the Netherlands. But next to the natural inconven

iences of the rainforest, being the very high temperature and humidity and lots of bugs, there 

were also other man-made inconveniences. 

The main subject of my research has always been the possible use and dissemination of 

amorphous solar PV panels for rural households in the Manaus region. However, the original 

subject of my research was 'Training course development for potential users as a tool for sat

isfying basic electricity needs and enhancing rural development'. I would perform this re

search on the authority of a young and flexible solar panel distributor, called Soleco do Ama

zonas, operating from the heart of the Amazon. But in practice this one-man firm turned out 

to be immature and low on funds instead of young and flexible. When wanting to discuss this 

issue with the Dutch parent company of Soleco , communication turned out to be very diffi

cult. In consultation with my supervisors at the TU/ e, and after having lost valuable time, I 

discontinued my contact with Soleco and shifted the centre of attention of the research to

wards sustainable market development. 

The Dutch solar panel company Free Energy Europe was already partly involved in my re

search and they turned out to be interested in the new focus. They adopted the entire re

search and helped developing the new problem definition and they gave very valuable com

ments during the course of the research. 
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Ultimately, I spent 11 months in Brazil of which 9 months in Manaus and its surroundings . 

The field research itself in three rural areas surrounding Manaus took about 2 months. All 

together a true experience and I am grateful tha t I could share it with my girlfriend Audrey 

Swinkels , who stayed with me in Manaus for the entire 11 months. 

In this period, Audrey has been a voluntary English teacher at a secondary vocational school 

for underprivileged children with problems in the family situation and she supported me in 

my research. 

Dennis Bours Eindhoven, April 2003. 
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Executive summary 

The problem definition for this research has been formulated is as follows: 

Which areas in the vicinity of Manaus are most promising for the dissemination of solar PV pan

els for rural domestic use, which factors determine the technology choice for solar PV panels, 

made by rural households for their rural electricity services, and what kind of distribution struc

ture - taking into account the local business structure and culture and government incentives -

will be most appropriate to develop sustainable markets for PV-technology in the Manaus area? 

This research has been performed in the Central Amazon region and the capital city Manaus 

has been the home base for this research. The research involved document studies , field ob

servations, a number of interviews with energy specialists and the execution of two question

naires; a retail questionnaire amongst 57 retailers of complementary products like batteries 

and small 12 Volts appliances and a consumer questionnaire carried out amongst 272 rural 

households living in three research areas surrounding Manaus. 

These three research areas are the areas that turned out to be most promising for the dis

semination of solar PV panels for rural domestic use: 

Area 1, South of Manaus: districts Careiro da Varzea, (Vila do) Careiro or Castanho, 

Manaquiri and Autazes; 

Area 2, West of Manaus: districts Manacapuru and Iranduba; 

Area 3, Northeast of Manaus: districts Itacoatiara and Rio Preto da Eva. 

The areas have been selected on five criteria. Most important is that the areas are reachable 

within one day (8 hours) and that there are many rural households without grid electricity 

but with sufficient means to buy the product, i.e. 14 Wp amorphous FEE solar PV panels. 

The most important factors influencing the technology choice of rural households are: 

1. The geographical circumstances, influencing the applicability of a technology; 

2. The currently used off-grid electricity services and the current daily energy use (Wh) ; 

3. The financial means of the rural household; 

4. Future grid-expansion into the rural areas; 

5 . Simplicity of solar technology as for maintenance and spare-parts ; 

6 . Familiarity with solar PV technology. 

The market potential is sufficient to justify the development of a sustainable distribution 

structure. Cumulative sales of 14 Wp solar panels will develop between 12.900 and 22.650 

units over the next ten years, with average quarterly sales between 325 and 565 units . 

There are very good possibilities to cooperate with local entrepreneurs when looking at the 

retail sales of solar PV panels in the Manaus area. But cooperation in the field of the distribu-

v 
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tion and wholesale of solar panels can prove to be problematic. The locally available business 

structure at present is sufficient for the development of a distribution and wholesale struc

ture, but the fact that entrepreneurs might want to have the exclusive rights of selling FEE 

products can turn out to be a bottleneck. 

FEE can become actively involved in the establishment of a solar panel distribution structure 

in the Manaus region when the currently available business structure and entrepreneurs 

turn out to be unwilling to cooperate. Active involvement can be through the stimulation of 

Dutch or Brazilian initiatives or by establishing an own distribution structure, for which there 

are numerous financial possibilities and government incentives. The size of the market also 

justifies active local involvement of Free Energy Europe, when free market development 

through cooperation with existing wholesalers turns out to be impossible. 

I recommend a plain hands-on inquiry into the possible establishment of a solar panel pro

duction facility within the Mana us Free Trade Zone (ZFM). The Free Trade environment pro

vides valuable financial as well as infrastructural business conditions. These conditions cre

ate opportunities to develop a solar panel production facility within Manaus, aimed at the en

tire Latin American market. 

The research questions and the answers can be found in Paragraph 9.3 . The recommenda

tions are presented in Paragraph 9.4 as steps that have to be taken by Free Energy Europe to 

develop a sustainable market for the dissemination of solar PV panels in the Central Amazon 

region . 
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Chapter 1: Introduction 

Purpose of this report 

This research into the possible dissemination of amorphous solar PV panels in the Manaus 

region - Amazon State, Brazil - has been performed on the authority of Free Energy Europe 

(FEE) and the Eindhoven University of Technology. 

The company Free Energy Europe develops, manufactures and markets amorphous silicon 

solar panels and the marketing centre of FEE is situated in Eindhoven. Their products are 

nowadays mainly sold in Southern Africa, with a focus on Kenya and Tanzania. Frank van 

der Vleuten, chief executive officer of Free Energy Europe, was interested whether market de

velopment in Latin America can follow the same path as in Kenya. 

The purpose of this report is to assist Free Energy Europe (FEE) in the development of a sus

tainable solar panel market in the area surrounding the city of Manaus. This report does not 

aim to set out commercial company policy measures, but presents detailed recommendations 

that can be read as a guideline for the development of commercial company policy measures 

for the Manaus area, taking into account the needs of the potential customer as well as the 

local business environment. 

Last but not least, this report is the embodiment of my final M. Sc. research for the Eindho

ven University of Technology, department of Technological Development Studies (TDS). As 

such, this report reflects my academic and fieldwork capabilities. I personally experience it as 

an award on and the end result of my academic career as a student TDS and as the point of 

departure for my long-term professional ambitions. 

A note on terminology 

Renewable Energy (generating) Technologies (RETs) - like solar PV panels - are technologies 

that transform renewable natural resources into electric energy and the process enhances 

economic and social benefits for present and future generations without impairing ecological 

processes. Because the focus is on electric energy, the terms renewable energy technologies 

and renewable electricity technologies are equivalent. The renewable nature of solar PV pan

els is universally acknowledged and it will not be a subject for debate within this report. 

The terms 'distribution structure' and 'market development model' will be used as equiva

lents , because the purpose of the development of a distribution structure for solar PV panels 

is the development of a sustainable market for PY-technology in the Manaus area. The devel

oped distribution structure will be the practical implementation of the development model. 

An outline of all used concepts and terms and their definition can be found in Paragraph 3.2. 
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Who should read this report? 

This report is based on 4 months of desk research within the Netherlands and 8 months of 

field work in the Central Amazon region. It presents comprehensible answers on the research 

questions that have been determined in close co-operation with Frank van der Vleuten of FEE 

and with the final M. Sc. counsellors on the side of the Eindhoven University of Technology, 

being Herman Gaillard, Geert Verbong and Paul Lapperre. The prime beneficiary of the re

search results presented within this report is off course the solar PV panel company Free En

ergy Europe. The report can be used as a guideline to develop commercial company policy 

measures that focus on the Central Amazon Region. Next to this , it gives a clear view whether 

policy measures used by FEE in Southern Africa can also be used in the Amazon region. 

This report is the first one of its kind with a detailed focus on the Central Amazon region. Re

newable energy specialists therefore can use it as a reference and students focussing their 

future research on the same region will find it to be a useful source of information. 

Next to this, the report takes a more panoramic view on a number of issues, being local busi

ness structure and culture and government incentives. These topics are applicable to a 

broader range of businesses and can therefore be useful for business development in general 

in the Amazon region. 

Finally, maps available of the Amazon region are very outdated ( 1978) and new maps have 

been developed during the field research. The maps that have been developed and the de

tailed information on rural electricity needs might be of use for Amazon state government 

planners of SEAD (Secretaria de Estado da Administra~ao , Recursos Humanos e Previdencia), 

department of research and projects (Departamento de Estudos e Projetos). 

Scope 

The geographical scope for this report will be on rural areas in the vicinity of Manaus, com

prising an area almost 2,5 times bigger than the Netherlands . Manaus is the capital city of 

the State of Amazonas, situated in the Central-Amazonian region of Brazil and the city of 

Manaus has been the home base for this research. The selection of the rural research areas 

and the used geographical terms are explained in Chapter 4. 

When looking at the people concerned, the demographic scope for this report is on rural 

households that live in the selected research areas surrounding Manaus . Next to this, these 

households do not have access to grid-connected electricity services . 

The needs of the potential customers, being the rural households without electricity services , 

are only making up for one part of the research. The second part is the local business envi

ronment, taking into account the local business structure and culture and government incen

tives. The development of a commercial company policy measures guideline will be on this 

twofold basis. 
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How to read this report 

The structure of the report is explained in Paragraph 3.6. It will follow the same succession as 

the research questions written down in Paragraph 3.1 and the conceptual model following out 

of these questions. 

Three different types of text boxes are used throughout this report. Provisional conclusions 

can be found at the end of a paragraph or chapter. 

Provisional conclusions throughout the chapters are typed in italics within a yellow 

jzeld. These conclusions ref er to the content of the preceding paragraph. 

The second type of text boxes used is info-boxes. They can be found in between the regular 

text and they are used to present additional information. 

Info-boxes: 

The information is written in a closed yellow field with a header reflecting the con

tents. These text boxes do not have to be read to understand the contents of the re

port. They offer background information on subjects discussed in a paragraph or 

appendix. They are mostly used in the appendices. 

When all the elements of a research question are discussed, the outcome for this particular 

research question is presented in a fact box. The complete overview of the results can be 

found in Chapter 9. 

The research question was as follows: 

First of all, the research question stated once more and written down in italics. 

The outcome: 

After that, the outcome on the particular question is briefly presented. 

Feedback 

The world of renewable energy continues to change and evolve. Free Energy Europe is keen to 

receive feedback and suggestions on the topics that are discussed in this report. Please send 

them to: Free Energy Europe BV, PO Box 9564, 5602 LC Eindhoven, The Netherlands. 
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Chapter 2: Problem setting 

This chapter is intended to put the research framework of the following chapter into the right 

perspective . The history of Free Energy Europe and their activities in the field of the produc

tion and dissemination of PV-technology are described, to explain their interest in this re

search. At the same time, the boundaries of this research are roughly indicated within this 

chapter. The research framework in Chapter 3 presents the exact boundaries of this research. 

A brief description of Brazil's economy, the State of Amazonas and the city of Manaus and its 

surroundings - the target area of this research - is also part of the problem setting and can 

be found in paragraph 2.2. 

After an outline of possible solar PV panel market approaches in paragraph 2.3, this chapter 

ends with the problem definition and formulation of the research aims . 

2. 1 Free Energv Europe historv and profile 

Free Energy Europe (FEE) develops, manufactures and markets amorphous silicon solar pan

els with high standards for quality, reliability and service. The company has invested primar

ily in manufacturing of amorphous silicon solar panels. It is increasingly understood that this 

technology is the most direct breakthrough-technology in PV-solar. The reasons for this are: 

• Relatively low production cost; 

• Very low active material content; 

• Possibilities for automation; 

• Short energy payback time, environmentally friendly; 

• 15 to 20% higher electrical efficiency (more kWh/kWp) than crystalline panels; 

• Attractive aesthetic appearance. 

During the summer of 2002, the company also added two crystalline panels to their product 

range, to be able to offer distributors and retailers the full range of nowadays competitively 

available solar panel technologies. 

The marketing office of Free Energy Europe is located in Eindhoven, The Netherlands . The 

manufacturing plant is located in Lens, France. The factory in Lens started about 15 years 

ago with an innovative single junction amorphous silicon cell concept and a very basic lami

nating line and production set-up. Over the past decade, the cell production and especially 

the lamination process (making a reliable panel out of a single glass plate with the deposited 

cells) have been drastically improved. The production process now includes a fully automated 

laminating line that gives a high throughput at constant quality and competitive cost. The 

development of the panel technology within FEE is described in Appendix A. 
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The panels produced nowadays by FEE are called 4th generation amorphous panels and these 

panels are moisture proof and therefore very reliable under tropical conditions. They can now 

be guaranteed for 10 years, with a lifetime of 20 years . The crystalline panels are guaranteed 

for a period of 20 years. 

Presently, Free Energy Europe has a production capacity of over 50.000 amorphous panels 

per year. In the very near future, the yearly capacity will be expanded to more than 100.000 

panels. This is equivalent to 1,2 megawatts of solar electricity. 

The products are mainly sold in Southern Africa. For years, the focus has been on Kenya, 

where FEE is market leader with respect to amorphous solar PV-panels. Nowadays, the com

pany is also concentrating on Tanzania. Frank van der Vleuten, chief executive officer of Free 

Energy Europe, was interested whether market development in Latin America can follow the 

same path as in Kenya, where traders and retailers operate in a free market environment and 

sell PV-panels together with complementary products like lead-acid batteries, light, radios 

and televisions. Through cooperation with a small Dutch-Brazilian distributor of solar PV

systems there already was some awareness about this part of Latin America. Chosen is to fo

cus on the Amazon region and to take Manaus - the capital city of the State of Amazonas - as 

a home base. The reason for this is fourfold: 

6 

1. The delicate ecosystem of the Amazon rainforest is of global environmental impor

tance . Renewable electricity generation with solar PV-panels can - to some extent -

help to slow the pace of destruction and pollution of this valuable ecosystem; 

2 . Because of the vast density of the rainforest and because the rural population is living 

very scattered within this region, it is not feasible to build up an electricity grid that 

provides all of these people with electricity. Bigger rural communities more and more 

use diesel generators or get connected to the electricity grid, but there are numerous 

rural households without any electricity. Decentral electricity generation with the use 

of amorphous solar PV-panels can be an affordable solution for these people to provide 

in their electricity needs; 

3 . The Brazilian government is getting more and more conscious with respect to the de

velopment of rural areas and the provision of (renewable) electricity to these areas. 

The government is implementing projects like "Luz no campo", i.e. "Light on country

side", to raise rural productivity and to avert migration of the rural population towards 

the cities. The new left-wing president Lula, who has been inaugurated the 1 s t of 

January 2003, is very conscious about the importance of rural development and the 

role of renewable energy within this development; 

4 . The centre and industrial zone of the city of Manaus is a Free Trade Zone. There are 

various government incentives for international companies to produce products within 

the Free Trade Zone and distribute them within Brazil. Consequently, Manaus became 

a centre of technological importance in the past 20 years and can be a good point of 

departure when wanting to focus on the entire Brazilian market in the near future. 
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Especially with respect to rural electricity supply, the Northern region of Brazil - in which the 

Amazon state is situated - is very backward. A 1997 CEPEL-report with respect to renewable 

electricity reveals that less than 2 percent of the rural population is having grid-related elec

tricity in the Northern part of Brazil. (CEPEL, 1997) 

Brazilian Rural Electrification Situation 
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0 1000 2000 3000 4000 5000 6000 
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Figure 2.1: Brazil rural electrification situation 

source: CEPEL (Centro de Pesquisas de Energia Eletrica), 1997. 

2.2 Sodal-economic context 

The social-economic situation will be discussed first for the entire Brazil. After that, the focus 

will be on the Amazon state and the Manaus area. The history of the country is discussed 

concisely in Appendix B. The national characteristics and a map of Brazil can be found in 

Appendix C. 

2.2.1 The country Brazil 

The modern history of Brazil starts in 1500 with its discovery by the Portuguese (see Appen

dix B) . The enormous area that is nowadays known as Brazil was sparsely populated with in

digenous Indians at the time. As of that moment, Brazil has been colonized for a period of al

most 400 years. 

In 1888 - under pressure from trading partners, especially the U.S. - emperor Dom Pedro II 

finally declared slavery illegal. Displeased landowners joined forces with the military and de

throned 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. 
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Nowadays, Brazil is the 8th biggest economy of the world in terms of GDP (Appendix C, Table 

C.1) with a population of 170 million inhabitants and with 8,5 million square kilometres the 

size of Europe. The democratic government led by president Fernando Cardoso, elected the 

first time in November 1994, has been in charge up to J anuary 2003. This government has 

resolved the debt crisis and brought inflation down to an acceptable level. Inflation figures for 

the period 1995-2004 are presented below in Figure 2.2. (see Appendix C for the national 

characteristics and economic indicators) 

The yea r 2002 can be characterized by a lot of political emotions due to the presidential elec

tions in October that year and the victory of the left-wing president Lula on the 27th of that 

month. (The Economist, October 28th 2002) These emotions had their influence on the entire 

economy that year, but interest rate and inflation figures will most likely stabilize in the years 

to come. Henrique Meirelles , the president of Brazil's Central Bank, declared on January the 

21 •t of 2003 that inflation in Brazil for 2003 should drop to 8 ,5 % from 12 ,5 % in 2002. 

(Reuters, January 22th 2003; The Guardian, January 13th 2003) 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Source: World Development Indicators, World Bank, 2003; 

Footnote: The values for 2003 and 2004 are es tima tes ma de by the Brazilian Central Bank. 

Figure 2.2: Brazil annual inflation percentages (GDP deflator) 

The country is being in transition towards a First World country. Brazil has a high Gross 

Domestic Product (GDP) per capita, relative to Latin America, and is doing much better than 

other middle-income countries (Appendix C, Table C.2). When looking at the structure of the 

economy (Appendix C, Table C.3) , the country is shifting from industry-minded towards the 

service sector, which contributes most towards GDP these days. The service sector is also the 

sector that contributes most towards employment (Appendix C, Table C.4). Another conse

quence of the Brazilian economic development is that the share of agriculture in total labour 

has been declining in the past 40 years. 
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With its economic size, growth and transformation, Brazil became an economic world player 

and the country is of great influence on the economic performance of the entire Latin Ameri

can continent. 

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

the masses in Brazil is small. GDP per capita does not account for the distribution of income 

and consumption. When looking at the distribution of income (Appendix C, Table C.5 and 

Figure 2 .3 below), Brazil has the most unequal distribution of income of the world. 

o\O o\O o\O 0\0 o\O o\O o\" ;J 
~ ~ ~ ~ ~ ~ ~ ~ 

"" /;' ~ .Q ,::,f /;' "" 
...,.r::: 

~ ~ ·~ ~ fr(j 8 t$' ~ ~ 

~ ~ rJi ~o $tie $tie 0 

Figure 2.3: Brazil 1997 income distribution 

When looking at the life expectancy, it has been increasing for the past 40 years, but a life 

expectancy of 67 years (1997) is still a bit low when compared to the Latin American aggre

gate (Appendix C, Table C.8). The relatively low life expectancy correlates with a high under-5 

mortality (Appendix C, Table C.11), which is considered as one of the important characteris

tics of the general state of health in developing countries (Szirmai, 1997) . 

Like health, education can be both an end and a means for development. The net enrolment 

ratio for primary, secondary and tertiary education is still far too low for Brazil, when compar

ing it with the Latin American aggregates (Appendix C, Table C.13). Based on all educational 

indicators together (Appendix C, Paragraph C.4), it can be concluded that the development of 

education still has a long way to go before it reaches the level of developed countries. 

The country is being in transition towards a Fi.rst World country, but even now 

Brazil has the world's most unequal distribution of wealth, a relatively high under

.5 mortality rate and low educational performances (Appendix C and Figure 2.3) 
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Still, that didn't stop Cardoso from comfortably winning a second four-year term in 1998. 

Presidents are allowed to be eligible for election for two periods of four years. During the 

presidential election in 2002, the candidate supported by president Cardoso lost the elections 

in the second election round. 

Since the inflation in Brazil is fairly under control (Figure 2.2) and the turbulent election year 

2002 does not seem to have a long-term impact, the climate for investments is favourable . 

The new left-wing president Lula sees the importance of sustainable development and this 

will have a positive impact when wanting to invest in renewable energy in Brazil. 

The managing director of the International Monetary Fund (IMF), Horst Kohler, shares this 

economic optimism with regard to Brazil. Mister Kohler had a meeting with the n ew presi

dent, Lula da Silva, on January 28th 2003 and after the meeting he stated: " ... there is every 

reason for optimism that a basis for sustained economic growth and social progress is being 

established in Brazil." (IMF (1) , 2003) 

When looking at the new government program on infrastructural and sustainable develop

ment, issue 32 of the electricity sector program is formulated as follows : 

A politica energetica do nova govemo, alem de garantir a continuidade do 

abastecimento, sem os sobressaltos de racionamentos, visar6. ao desenvolvimento 

sustent6.vel. Tambem estar6. em harmonia com o meio ambiente, considerando a 

diversidade na otimizac;ao do aproveitamento das f ontes de energia disponiveis 

localmente. (http://www.lula.org.br/obrasil/home_obrasil.asp) 

The en ergy politics of the new government has to guarantee the continuity of the en

ergy supply without the trembles of rationings . It has to be aimed at sustainable de

velopment in harmony with the environment and the diversity of the locally available 

energy sources has to be taken into consideration when optimizing the energy supply. 

When focussing on the division of energy sources in Brazil, the share of large-scale hydro

power in total domestic grid-based electricity production is 90 percent (EIA, 2001 ; IEA, 2001 ; 

World Bank, 2001). A full coverage of grid-based electricity capacity, generation potential and 

grid-based energy consumption can be found in Appendix D: Brazil energy situation. 

In addition to its large hydropower capacity, Brazil is one of the richest countries in terms of 

other renewable energy resources. Sufficient solar intensity throughout Brazil supports ex

tensive photovoltaic options in rural applications . (EIA, 2001) 

With more than 5,7 million rural households without grid-related electricity services - about 

75 percent of the total rural population - there is a significant demand for (market-driven) 

10 



Chapter 2: Problem setting 

rural energy services (CEPEL, 1997). Non-grid individuals or households, small businesses, 

cottage industries, farms and social end-users like clinics, schools and community centres 

provide a solid base of consumers with a considerable range of electricity requirements suit

able for renewable energy stand-alone systems. (Appendix G and SMSE, 1998) 

Studies also show that critical numbers of these potential end-users have the ability to pay 

for solutions to satisfy their electricity need. A question is why they would choose for solar 

PV-panels instead of other locally available alternatives. 

First of all, when looking at rural income levels, there is a considerable part of the rural popu

lation that has enough money to buy an electricity generating technology. Moreover, they also 

satisfy their basic energy needs by purchasing candles, kerosene, diesel and by charging bat

teries for individual or community uses of electrical equipment such as lighting, radio and 

television. (Appendix G and Gouvello et. al., 1997) 

2.2.2 Amazon state and Manaus 

When focusing on the state of Amazonas , being the largest state of Brazil and covering about 

1,5 million square kilometres - about 40 times the size of the Netherlands - the possibilities 

for solar PV systems for rural electrification seem to be even better. Grid-electricity only 

serves a small part of all rural households, because of geographical boundaries nature raises 

in the form of dense jungle and the vast Amazon River basin, which limits infrastructural de

velopment in general. Next to this, rural households live scattered over a large area, which 

makes the financial feasibility and environmental desirability of grid-electricity low. 

Despite its size , the Amazon state only contributes to a very small extent to the national 

economy: its share in GDP was less than 2 percent in 1998 (Table 2 .1) . The same accounts 

for the size of the population. Although the state of Amazonas covers more than 1 7 percent of 

Brazil, it only comprises 1,65 percent of the total population of Brazil. (IBGE, 2001) 

Amazonas 

Table 2.1 : Gross Domestic Product in million current R$ 
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I Total Percentage Urban Percentage Population density 
popuation of total population urban (inhab/km2l 

Bruil 169.590.693 137.755.550 81,23 19,92 

Amazon as 2.813.085 1,66 2 . 104.290 74,80 1,79 

Manaus 1.403.796 0,83 1.394.724 99,35 123,06 

Table 2 .2: Population and population density in 2000 

When comparing the population figures for the state of Amazonas with the whole of Brazil, 

you see that the state of Amazonas has a lower percentage of urban population and the popu

lation density is very low outside the city of Mana us. 

In the state of Amazonas, more than 705.335 people live in rural areas and 94,5 percent of 

them has no access to grid-based electricity. (Appendix G, Table G. l and G.5) It would be an 

unfeasible task to approach these people if they were dispersed over the entire area of the 

state, but 329.409 of these people live in the vicinity of the city of Manaus, which corresponds 

with 60.479 households. (Appendix F, Table F.1 and F.2) 

When looki.ng at households, there are more than 60.000 rural households living 

in the vicinity of Manaus and approximately 92 percent of these households -

55. 792 households - does not have access to grid-based electricity. 

(Appendix F, Table F.2 and F.3). 

The focus of this research is on the rural areas surrounding Manaus in an area of 100.000 

square kilometres - more than 2,5 times the size of the Netherlands - where there is no ac

cess to grid-based electricity services. Rural areas are all areas surrounding the city of 

Manaus, with the exception of communities within this area that are registered by GEAM 

(Governomento do Estado do Amazonas) as a "distrito" or "bairro". This registration indicates 

that the community is recognized as a (little) town. The most commonly used geographical 

characterizations in Brazil and in this report are discussed at the beginning of Chapter 4. 

Information about the history of Manaus can be found in appendix B. Information about 

demographics and rural electrification about the Manaus region can be found in Appendix F. 

The same statistics for the State of Amazonas and the entire Brazil can be found in Appendix 

G, used to study generalization of research findings to other regions. 
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2.3 Market development models 

Point of interest for Free Energy is whether market development models previously used in 

other countries can also be applied to the Manaus a rea. The two market approaches that can 

be distinguished are the project approach and the free market approach. Market approaches 

and sustainable market - that is business - development models are explained in Appendix E. 

Free Energy Europe aims at free market development, through local distributors , traders and 

retailers , taking into account the local business structure and culture - which is discussed in 

Chapter 7 . 

Interesting is also which incentives can be expected with respect to the Manaus Free Trade 

Zone . The incentives with respect to the free trade zone are listed in Appendix 0 . Part of the 

development of a sustainable market for solar PY-technology is also the existence of energy 

programs and the availability of incentives with respect to renewable energy. An inventarisa

tion of financial incentives with respect to renewable energy can be found in Appendix P. 

2.4 Research aims 

The problem definition and research aims arise from the problem setting. 

Problem definition: 

Which areas in the vicinity of Manaus are most promising for the dissemination of solar PY 

panels for rural domestic use, which factors determine the technology choice for solar PY 

panels, made by rural households for their rural electricity services, and what kind of distri

bution structure - taking into account the local business structure and culture and govern

ment incentives - will be most appropriate to develop sustainable markets for PY-technology 

in the Manaus area? 

Research aims: 

The primary objective is to deliver a guideline for the development of a sustainable PY-market 

in the Manaus area, taking into account the needs of the potential customer as well as the 

local business environment. 

The prime beneficiary of the research results presented within this report is off course the so

lar PY panel company Free Energy Europe. The report can be used as a guideline to develop 

commercial company policy measures that focus on the Central Amazon Region. Next to this , 

it gives a clear view whether policy measures used by FEE in Southern Africa ca n also be 

used in the Amazon region. 
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The maps available of the Amazon region are very outdated (1978) and new maps have been 

developed during the field research. The maps that have been developed and the detailed in

formation on rural electricity needs might be of use for Amazon state government planners of 

SEAD (Secretaria de Estado da Administrac;ao, Recursos Humanos e Previdencia), department 

of research and projects (Departamento de Estudos e Projetos) . 

The results with regard to local business structure and culture and government incentives 

are applicable to a broader range of businesses than only the PY-technology business and 

therefore can be useful for business development in general in the Manaus area. 

With respect to social relevance, the author of this research wants to emphasize that the sus

tainable nature of the technology in question contributes to environmentally sound electricity 

generation. Renewable electricity generation is especially of importance in the Amazon area, 

taking into account the delicate ecosystem of the Amazon rainforest and the global environ

mental importance of this part of the world. 

This is one of the main reasons to focus on this specific part of the world and part of Brazil. 

Moreover, the supply of electricity is regarded as one of the basic needs and renewable elec

tricity in particular is known to enhance the life standard of households in remote - rural -

areas. (Farooq, 1988; Willoughby, 1990; Rybczynski, 1991; Hazeltine & Bull, 1999) 

14 

"While the myth that higher levels of economic growth always require 

higher levels of energy use has now been debunked, it does not follow 

that growth in energy use is not required by many poor communities as a 

means of enhancing their situation." 

K. W. Willoughby, 1990 

"A small amount of electric power can often make a significant difference 

in a remote application and PV-technology can produce this small amount 

of power." 

B. Hazeltine and C. Bull, 1999 
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Chapter 3: Research framework 

In Chapter 2, the problem setting and the boundaries of this research have been indicated 

and the research aim is given. In this chapter the problem definition will be translated into 

practically applicable research questions. After that, the research framework is presented and 

the work method is explained. The translation of the problem definition into research ques

tions can be found in the first paragraph. The definitions of concepts, needed to make the re

search questions more tangible, are given in the following paragraph. The whole of research 

questions and the coherence between the concepts of these questions is moulded into a prac

tical framework that is presented in Paragraph 3.3. Before the work method, the operationali

zation of concepts can also be found in this paragraph. 

The work method, that is the research methodology, consists of the following parts: Methods 

of data collection, population and sampling method, reliability and validity and last the statis

tical analysis. Chapter 3 ends with an outline of the structure of this report in Paragraph 3.5. 

3.1 Research questions 

The problem definition can be cut into three parts, which constitute the conceptual frame

work. First part: "Which areas in the vicinity of Manaus are most promising for the dissemi

nation of solar PV panels for rural domestic use?" 

Application: Rural domestic use 

Tecmology: 14 ""amorphous solar panels 

Selection criteria 
influencing the Selection of 

dissemination of (research) areas 
solar PV panels 

Figure 3.1 : Part 1 of the conceptual framework 

Second part: "Which factors determine the technology choice for solar PV panels, made by 

rural households for their rural electricity services?" 
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Most important 
factors influencing 
technology choice 

Technology choice 
for solar panels 

' ' ' ' ' ' ' ' ' ' ------·----.. --------- ... --------------- ......... ---------- ........... -- ....... -------- -- .. -------- .. -- ----------- ........ 
Figure 3.2: Part 2 of the conceptual framework 

The third part of the problem definition was: "What kind of distribution structure - taking 

into account the local business s t ructure and culture and government incentives - will be 

most appropriate to develop sustainable markets for PV-technology in the Manaus area?" 

Tfldnology. 14 Wp ~solar pansls 

I 
: 

Local business structure 

Sustainable solar 

I Local business culture II Distribution panel market • structure 
development 

I Government incentives l-

Figure 3.3: Part 3 of the conceptual framework 

The three parts of the conceptual framework are subdivided into five research questions. The 

research starts with the identification of areas surrounding Manaus and the choice for selec

tion indicators to do so. The third question elaborates on the choice for solar PV panels in

stead of other alternatives. The fourth research question deals with the need for electricity of 

rural households. The fifth research question treats the part of market development, taking 

into consideration the local business environment. 

Research question l: Selection criteria 

Which should be the selection criteria to select areas around Manaus that are most in

teresting with respect to the dissemination of solar PV panels for rural domestic use? 

Research question 2: Research area 

Which areas surrounding Manaus are most interesting with respect to the dissemina

tion of solar PV panels for rural domestic use? 
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Research question 3: Technology choice 

Which are the most important factors that determine the choice for solar PV panels for 

rural domestic electricity generation, made by rural households, instead of other alter

natives available on the local market? 

ReseaTCh question 4: Electricity need 

(To what extent) will solar PV technology better accommodate with the electricity need of 

rural households than current rural off-grid electricity services used? 

ReseaTCh question 5: Sustainable market dmlelopment 

What kind of distribution structure will be most appropriate to develop sustainable 

markets for PY-technology in the Manaus area, considering local business structure 

and culture and government incentives? 

The coherence between the five research questions is visible in Figure 3.4 on the following 

page; the arrows are not used to indicate causal relationships. 

Research questions 

~ l and2 

Selection criteria 
influencing the Research questions 

~ dissemination of 3 and4 
solar PV panels 

Most important 
factors influencing Research question 5 
technology choice 

r • I Current rural 
Technology choice 

I 
electricity 

services used 
for solar panels 

1, • f:cal-~~~in::- Selection of Satisfaction of the 
l structure "'" (research) areas --electricity need of 

rural households 

rz,~al ~usines:- Distribution 
I culture .. structure ! - -
!~ov:::-:-n~-

, , 

"'" Sustainable solar ! incentives - panel market - development 

IExternlll fllcton 

Figure 3.4: Coherence between research questions 
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3.2 DefiniUon of concepts 

Operational definitions concretize the intended meaning of concepts within this particular 

study and provide some criteria for measuring the empirical existence of the concepts. 

In this research, dissemination of solar PY-technology will be regarded as the sales and distribution 

of solar PY-systems. 

Dissemination is most interesting in areas that 1) are easy to reach, 2) have a high percentage of ru

ral households, 3) have a high number of these households without a grid-connection in relative as 

well as absolute terms and 4) have a high number of not grid-connected rural households with suffi

cient financial means to buy solar PY-panels. The selection of the criteria is explained in Chapter 4. 

Solar PY technology is a technology that converts sunlight directly to electricity and because it 

makes use of a renewable energy source, it is known as a renewable energy generating technology 

(RET). For this research, the focus will be on low-cost solar PY-systems for rural domestic use, based 

on the amorphous 14 Wp panels of Free Energy Europe. The technology history of this type of PY 

panel produced by Free Energy Europe can be found in Appendix A. An explanation of solar photo

voltaic technology theory in general can be found in Appendix N. The Brazilian data sheets of FEE 

products can be found in Appendix T. These Brazilian data sheets have been developed for the intro

duction of FEE solar panels in the Manaus region . 

Renewable energy generating technologies (RET) are technologies that transform renewable natural 

resources into electric energy and the process enhances economic and social benefits for present and 

future generations without impairing ecological processes. Because the focus is on electric energy, 

the terms renewable energy technologies and renewable electricity technologies are equivalent. 

The focus is on selected rural areas surrounding Manaus in an area of roughly 100.000 square kilo

metres - 2,5 times the size of the Netherlands - where there is no access to grid-related electricity 

services. Rural areas are all areas surrounding the city of Manaus , with the exception of communi

ties - within this area - that are registered by GEAM (Governomento do Estado do Amazonas) as a 

"distrito" or "bairro", which indicates that the community is recognized as a town. 

The choice for the selection criteria to choose research areas is explained in Chapter 4 . The data of 

the indicators themselves can be found in Appendix H 'Selection criteria'. 
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old 

For this research, rural households are those households that are living in the rural areas surround

ing Manaus and that do not have access to grid-connected electricity services . These households are 

disaggregated into three groups: (1) "Households that do have off-grid electricity with the use of a 

battery, charged elsewhere (or with a solar panel or micro hydro unit)", (2) "Households that do have 

off-grid electricity and possess their own generator (diesel, gasoline or small scale hydro without a 

battery)" and (3) "Households that don't have electricity at all- only use candles and/or oil lamps". 

Technology choice is the possibility for the rural households to decide which generating technology 

will be bought of a range of alternatives available on the local market. Requirements can be with re

spect to the reliability of the technology, knowledge needed to maintain the technology, the durability 

of the technology or geographical circumstances . 

An overview of advantages and disadvantages of several electricity generating technologies will be re

viewed with the local household. A choice of technology will be derived out of the answers. The tech

nology choice "cue-cards" can be found in Appendix I. A fill-in form for all the answers and codebook 

can be found in Appendix K. 

The rural electricity need is divided into two parts: (1) the current electricity use of rural households 

that already have off-grid electricity services - also called current daily energy demand - and (2) the 

future electricity demand of rural households that made a technology choice for solar PV panels. En

ergy and electricity are regarded as being equal concepts within this report. 

If the household currently uses a battery the energy demand is calculated as follows: 

------------------------------------------------------------, 
I 
I 

, Daily energy demand= (Battery capacity* 0 ,4 / 2,35) * 12 : 
I I 

L-----------------------------------------------------------~ 

0,4 is the maximum allowable Depth Of Discharge (DOD) . A normal car battery has a DOD of 20 to 

30 percent, but it can be expected that batteries will be discharged deeper. Therefore a Depth Of Dis

charge of 40% is taken into account, because below 40 percent lights will fade and appliances like a 

television will stop working. See Appendix N for more explanation on PV and battery technology. 

2,35 = 7 /3. Assumed is that the user will recharge the battery three times a week - based on energy 

use figures of rural battery-users in the Northeastern Brazil region (Gouvello et. al., 1997). The num

ber of recharges each week is also asked during the fieldwork to verify this assumption. 

Because the battery capacity is in Ampere-hours (Ah) it has to be multiplied by 12 Volts to get the 

daily energy demand in Watt-hours (Wh) . In the field, the power needed by the appliances will also be 

written down and asked is how many hours these appliances are used. This way you can also calcu

late the daily energy demand and check whether the above formula is correct to use. 
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When the household uses a diesel or gasoline generator, the daily energy demand is also calculated 

by writing down the number of appliances , the power consumption and the duration of the daily use. 

If the daily electricity need of the household is below 200 Wh and they made a technology choice for 

solar PY-panels, the future energy demand with the use of solar PY panels will be inquired with the 

use of 4 checklists. The checklists intensify in electric energy, from 50 Wh daily up to 200 Wh. The 

checklists also intensify with regard to the price of the product. Asked is whether they could and also 

would pay one of the corresponding financing options for solar PY panels. 

The daily energy demand checklists as well as the financing possibilities are presented in Appendix 

J. The fill-in form for the answers and the codebook can be found in Appendix K. The rural electricity 

need itself is discussed in Chapter 6 'Technology choice and electricity need'. 

The daily energy demand is the daily off-grid load in Watt-hours used to provide a rural household in 

their electricity need. The daily energy demand is equal to the daily system energy requirement (an 

indicator that is often used to size a PY-system), because it looks at the electricity services of the sys

tem and therefore it takes into account system losses, due to inefficiencies in wires, batteries and for 

example controllers . All are measured in Wh (Watt-hours). In the report, the daily energy demand, 

the daily off-grid electricity use and the daily system energy requirement are the same concepts . 

Electricity services will be defined as the generation of electric energy by means of transformation of 

energy resources into electric energy and the distribution of it, being the process of delivering elec

tricity from the point of generation to customers . 

With respect to solar PY-technology, electricity services is the generation of electric energy by means 

of PY-panels and the distribution of the electric energy from the point of generation to the battery. 

Measured is whether rural households "do" or "do not" have electricity services. If they do have elec

tricity services, the kind of electricity service they have (Diesel, PY-system, small scale hydro or re

chargeable batteries loaded elsewhere) is determined. In this case, rechargeable batteries are re

garded as an electricity service, despite the fact that they do not generate electricity by themselves. 

The used subdivision of the different electricity generating technologies for electricity services is dis

cussed in depth in Appendix I 'Checklists for technology choice'. 

The terms 'distribution structure' and 'market development model' will be used as equivalents, be

cause the purpose of the development of a distribution structure for solar PY panels is the develop

ment of a sustainable market for PY-technology in the Manaus area. The developed distribution 

structure is the practical implementation of the development model. The development of a sustain

able market for solar PY panels in the Manaus area is discussed in Chapter 8. Explanation about 

market development models can be found in Appendix E. The characteristics of the term 'market de

velopment model' are the Organization, Application, Market and Solar PY Technology. 
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The organization can be a donor, a consultant, an (inter)national Non-Governmental Organization 

(NGO) , 'systems engineering houses' (SEHs) - being organizations or companies that have the knowl

edge and know-how to put together components and market a PV product - or local traders or dis

tributors. 

The main application studied in this research is small rural household PV systems, based on the (ex

isting) use of lead-acid batteries for rural off-grid electricity supply. Two basic configurations are 

taken into account. First of all, the self-regulated DC system with one panel and secondly the regu

lated DC system with one to four panels . More explanation about solar PV panel and battery tech

nology can be found in Appendix N. 

The primary market is "rural households living in areas without grid-related electricity services". The 

most interesting areas are those areas surrounding Manaus that have been chosen as research ar

eas . The choice of the research areas is explained in Chapter 4 . 

In this case, 'sustainable' is not used to indicate the sustainable nature of the product. Sustainable 

markets are markets that can develop on their own with no other international inputs than the 

product - the technology - itself. After transfer of the knowledge and skills to sell, operate and main

tain the product, the market must be able to function on its own. In other words, the market must 

be able to become economically sustainable. 
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3.3 OoeraUonaUzation 

The total picture of research questions in Paragraph 3 .1, their succession and the coherence 

between the concepts of these questions is presented in the following practical framework: 

The research area 

Research question 1 

Choice of selection criteria 

Demand side: 

Research question 3 

Rural household 
technology choice 

,-------- - - - ------
! Geographical 

circumstances 

Supply side: 

Research question 2 

Identification of research areas 

Consumer preferences 

Research question 4 

Rural household electricity need 

Market development 

Research question 5 

Sustainable market development 

.__ __ o_rg_an_iz_a_ti_o_n __ _,I I Application 

.__ ___ M_ar_k_e_t ___ _,I I Solar PV technology 

r--------~-----------1 J e 
I Government incentives I .,I j 
, _______ -------- -· - -·---' 

f" -
! Local business culture 

Figure 3.5: Practical framework 
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Within this framework, a division has been made between demand and supply. This distinc

tion is most of the time seen in economic studies. It has to be stated very clearly that this 

study is by no means a mere economic market analysis as performed by experts in economic 

sciences. The distinction has been made to improve the readability and arises out of the cho

sen succession of research questions. 

The selection criteria to select the research areas are based on expert opinions, field observa

tions and the local geographical circumstances. The data that corresponds to the selection 

criteria is mostly based on statistical information of the Brazilian statistics office IBGE, being 

the "Instituto Brasileiro de Geografia e Estatistica". The statistical information with respect to 

rural demographics, electrification and income can be found in Appendix F. 

The geographical circumstances - being an external factor - are of influence on the applicabil

ity of a technology and the types of technologies to choose from with respect to the technology 

choice. 

Following out of this, the geographical circumstances are also of influence on the nowadays 

used off-grid energy generating technologies. The influence of the geographical circumstances 

towards the current electricity services used is not indicated in the conceptual models or in 

the coherence between research questions, because this would be a relation between two ex

ternal factors. How geographical circumstances can be of influence is further explained in 

Chapter 5, Paragraph 5.2. Questions with respect to the geographical circumstances are op

erationalized by means of direct observation at the home of the rural household and filled in 

on a fill-in form that can be found in Appendix K. Details about the operationalization can be 

found in Appendix I 'Checklists for technology choice'. 

The current (off-grid) electricity services used depends on the geographical circumstances and 

on a technology choice that took place in the past. If the rural household uses batteries to 

provide in their electricity needs or uses a generator, the current electricity services used is 

operationalized by means of direct observation at the home of the rural household and by 

means of a checklist used in a small personal interview. The current electricity use is further 

operationalized in Appendix J: Checklists for rural electricity need. 
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The choice of technology is influenced by the current electricity services used and results 

from a decision made by the rural household. The decision is based on advantages and dis

advantages of possible electricity generating technologies. This information is presented to the 

rural household on "cue-cards'', which can be found in Appendix I. The fill-in form can be 

found in Appendix K. 

Next, the choice of technology needs to be validated and this is done in a personal interview 

with the use of 8 questions on the back of each cue-card. Further information of the opera

tionalization can be found in Appendix I. The analysis of the questionnaire results can be 

found in Appendix M. 

If the electricity need of the rural household is below 200 Wh and they have chosen for solar 

PV technology, the rural electricity need with the use of solar PV panels is operationalized by 

means of checklists, which can be found in Appendix J and which will be used in a personal 

interview. The same checklists are used in a personal interview to check whether the house

hold could and would pay for these electricity services. 

The term 'sustainable market development' is less tangible in figures than previous variables. 

Sustainable market development is based on the development of a distribution structure that 

needs to become economically self-sustaining when it reaches a 'certain state of maturity'. 

The characteristics of the development of this distribution structure are the Organization, 

Application, Market and Solar PV Technology. Except for the market size, most of these char

acteristics can only be captured in qualitative analysis, based on the definitions of concepts 

given in Paragraph 3.2. 

The most important part of the 'sustainability' of the market is that it needs to be able to 

achieve a certain state of maturity after which the market will develop on his own with no 

other international inputs than the product itself, i.e. economic sustainability. The goal of this 

research is not to present a break-even analysis about the fixed length of time in which the 

market should be able to become sustainable. This study will identify whether it is possible or 

not for this market to become mature. Next to this, recommendations will be given with re

spect to the desirability to invest in this market and, if so, how to develop the market up to a 

sustainable level. 
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3.4 Research methodologv 

The research methodology consists of five parts, being: the methods of data collection, the 

population and method of sampling used to identify the target group for a number of data col

lection methods, the methods used to increase the reliability and validity of this research and 

the basic types of statistical analysis used to analyze and interpret the data. 

But first of all it has to be clear which research type is chosen: 'qualitative' or 'quantitative'. 

There is no clear distinction between 'qualitative research' and 'quantitative research', be

cause the two approaches are not mutually exclusive ; researchers rarely rely on one approach 

to the exclusion of the other. Next to this, the distinction between 'qualitative' and 'quantita

tive' relates to the treatment of data rather than the research methods used. (Strauss and 

Corbin, 1990) 

From a research-method point of view, this research is not strictly qualitative or quantitative. 

This research is quantitative in the sense that the parts that need statistical analysis are us

ing mostly numbers as the unit of analysis and not words. This research is qualitative in the 

sense that it works with rather small sample sizes and it doesn't isolate the subject of re

search - the rural household without grid-electricity - from its social reality. Moreover, there 

are no hypotheses that determine exactly the nature of the research questions. 

The emphasis of this research is on 'discovery', not on 'proof. This already may have become 

clear when looking at the characterization of this study, being a socio-economical market sur

vey about a technological product. 

(Denscombe, 1999; Mikkelsen, 1995) 

3 .4.1 Methods of data collection 

For each concept, the methods of data collection are indicated in Table 3.1 and subsequently 

the choice for a method of data collection is explained. 

Most concepts are identified by means of a document study, to get insight in concepts, defini

tions and names . The document study also helps to define the direction of the methods of 

data collection used later. Depending on the concept and the other methods of data collection 

used for a concept, this document study is performed in-depth or more broadly oriented. 

Two questionnaires have been carried out during this research. One questionnaire with a fo

cus towards the rural households - the rural market for solar panels - and a smaller ques

tionnaire that concentrated on the interest of retailers and entrepreneurs to sell solar panels 

in the Manaus region. The first questionnaire is called the consumer questionnaire during 

this research. The smaller questionnaire is called the retail questionnaire. 
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Selection criteria for 

the selection of 

research areas 

Geographical 

circumstances 

Choice of technology 

Choice of technology -

validation 

Current electricity use 

- rural household using 

a battery 

Current electricity use 

- rural household using 

a generator 

Future energy demand 

using solar panels 

Distribution structure -

organization 

Distribution structure -

market 

Business culture 

Business structure ~ 

Government incentives ~ 

Chapter 3: Research framework 

observation interview questionnaire cards opinion 

Selection criteria 

Choice of technology 

Geographical 
circum
stances 

Rural electricity need 

Distribution structure 

Table 3.1: Methods of data collection for all concepts 
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The selection of the research areas and the choice of selection criteria to do so is mostly 

based on document study. Direct observation and expert opinions helped to focus the 

document study on a specific number of selection criteria. 

The selection criteria can be found in Appendix H. The choice of selection criteria and the 

selection of research areas itself is discussed in Chapter 4. 

Techno!ogy; choice 

Geographical circumstances are identified through direct observation and with the use of a 

fill-in form. The fill-in form is based on direct observation of the research areas and on a 

small document study. 

The choice of technology is partly based on the outcome of the geographical circum

stances . When there is no river with enough head nearby, it will not be useful to present 

'micro hydro-power' as a possible technology to choose from. Depending on the geographi

cal circumstances, a different number of cue-cards are used in a personal interview. A 

document study and expert opinions form the basis for these cue-cards. The cue-cards can 

be found in Appendix I. 

The technology choice is validated in a personal interview with the use of 8 questions that 

can be found on the back of the cue-cards presented in Appendix I. The fill-in form and 

codebook for the cue-cards as well as the validation questions can be found in Appendix K. 

The data retrieved is qualitative of nature, being of nominal data level. A higher measurement 

scale results in more possibilities with respect to the statistical analysis, but it also makes the 

harvesting, processing and analyzing of data more complex. A high measurement level must 

also have a purpose with respect to the research question, and in this case it hasn't. Refine

ment of data is not a goal in itself. When a household chooses a certain electricity generating 

technology than this technology is not necessarily better or worse than other technologies 

that could have been chosen. 

The technology choice cue-cards are part of the consumer questionnaire . The analysis of the 

consumer questionnaire results can be found in Appendix M. The raw data can be found in 

Appendix L. The aspect of technology choice is further discussed in Chapter 6 'Technology 

choice and electricity need'. 
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The rural electricity need can be divided into two parts: First of all, the daily electricity use 

of households that already make use of an off-grid electricity generating technology at the 

moment. The second rural electricity need is the electricity demand of rural households 

when using solar panels in the future . The second electricity need is only elaborated if the 

interviewed household made a technology choice for solar panels and if their current daily 

energy demand is below 200 Wh. 

When rural households already use a battery to provide in their electricity need, the cur

rent electricity need can be observed easily by looking at the size of the battery. The out

come is checked by means of a checklist that is used in a personal interview. The used ap

pliances, their power consumption and the number of hours they are daily used are writ

ten down. When the rural household uses a diesel (or gasoline) generator, the same check

list is used in a personal interview. 

When the rural household doesn't have electricity at all this is also written down in the 

same checklist. This electricity need checklist can be found in Appendix J. The fill-in form 

and codebook can be found in Appendix K. A document study has been assessed to set up 

the checklist. 

If the daily electricity need of the household is below 200 Wh and the household made a 

technology choice for solar PV-panels, their future energy demand with the use of solar PV 

panels will be inquired with the use of 4 checklists. These checklists base the electricity 

need on the inquired daily rural energy demand and the intended realistic investment in 

electricity services, measured in R$ (Brazilian Real) to spend on electricity services. The 

checklists intensify in electric energy, up to 200 Wh. Asked is whether they could pay one 

of the corresponding financing options for solar PV panels . If they can pay one of the fi

nancing options, asked is whether they would pay this amount of money for this electricity 

service. 

The retrieved data with respect to the daily electricity use as well as the household's future 

electricity demand when using solar panels is of quantitative nature and of interval data level. 

Not only can we say that an electricity need of 200 Wh is higher than an electricity need of 

100 Wh, but we can also state that 200 Wh is twice as high. 

The electricity need checklists are part of the consumer questionnaire. The analysis of the 

consumer questionnaire results can be found in Appendix M. The aspect of electricity need is 

further discussed in Chapter 6 'Technology choice and electricity need '. 
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The distribution structure is mostly based on document study and own experiences - in

terviews and observations - within the field . 

The distribution structure is obviously dependent on the local business structure and is 

therefore partly based on the direct interviews and a small questionnaire performed within 

Manaus and within the bigger rural municipios. A small questionnaire is carried out 

amongst retailers to get an idea about the interest of local retailers in selling solar PV

panels in the near future. A number of bigger entrepreneurs with a chain of shops are 

asked about their interest to sell solar PV-panels in a personal interview. The retail ques

tionnaire can be found in Appendix Q and the analysis of the results can be found in Ap

pendix S . The raw data of the retail questionnaire can be found in Appendix R. 

The market part of the distribution structure is partly based on the consumer question

naire. At first , the market size is based on the statistical data about the region - document 

study. Later on, the market size is based on the results of the consumer questionnaire 

during the field research. 

Business culture is based on own experiences in combination with expert opinions . Veri

fied is whether the findings of a document study are comparable with the situation within 

Manaus. Most studies on business etiquette are based on the Sao Paulo - Rio de Janeiro 

area and thus can be typical for that part of Brazil. 

Next to the personal interviews and the small questionnaire, information about business 

structure and government incentives is collected with the use of a document study. The in

formation is mostly gathered at local governmental institutes, research institutes and on 

the Internet. An overview of financing possibilities to finance renewable energy businesses 

can be found in Appendix 0 . An outline of Manaus Free Trade Zone tax incentives can be 

found in Appendix P. Both aspects - government incentives and financing possibilities -

a re discussed in Chapter 7 . Chapter 8 deals with the development of a sustainable market 

for solar PV panels in the Manaus area. 
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3.4.2 Population and sampling method 

The population for this research will be the rural households without a grid connection in th e 

10 most promising 'municipios ' (i.e. municipalities) within the total research area as defined 

in Paragraph 3.2. For the field research, the 10 most promising municipios are divided into 

three research areas. The first area is South of Manaus, the second area is West of Manaus 

and the third area is Northeast of Manaus. The last two municipios of the top 10 are taken 

into account with respect to the statistical analysis , but they are not part of the field research 

because of their remote location. 

Because of the absence of reliable maps (the newest map available dated back from 1978), all 

the used maps have been developed during this research. Maps of the three research areas 

can be found in Appendix H. A map of the entire area is displayed in Chapter 4. Also informa

tion regarding the choice for these 10 most promising municipios and the selection criteria, 

on which this choice is based, are presented in the following chapter. 

The size of the population for the statistical 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 households. 

Of the 24. 724 not grid connected households that are taken into account for the 

field research, 6.876 households have sufficient financial means - earning be

tween R$ 150 and R$ 1.500 per month - to purchase a solar PV-system. This is 

almost 30 percent of the field research population. 

(Information with respect to rural demographics, electrification and income can be found in 

Appendix F for the Manaus area and in Appendix G for other states and entire Brazil. Infor

mation with respect to the selection criteria can be found in Appendix H.) 

The sampling method will be three-stage clustered convenience sampling. Convenience sam

pling - also called haphazard sampling - is a form of non-probability sampling. It's always 

better to perform probability sampling, because you will not get sample bias when properly 

performed. But probability sampling is not possible here, because the units of the sample 

cannot be selected in a random procedure. The chosen procedure for sampling is as follows : 

First of all, the population will be divided into subgroups according to the three selected areas 

in which the research will take place. You cannot talk about stratification, because the three 

research areas are not typical. Within these three areas you can find municipios that differ 

from each other with respect to number of grid connections and income. You can talk about 

clustering, because the people within the cluster have something in common; they live in the 

same geographical area, being rural. 
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To enhance the representativeness of the samples you should, in theory, divide every research 

area into strata according to the municipios. The choice of selection criteria to choose mu

nicipios and the division into three research areas is explained in Chapter 4: Selection of re

search areas). Practically, the sample size is becoming too big to be able to perform the field 

research within time and with the financial means available for this research. Therefore cho

sen is to calculate a sample size for each research area and then assure that all municipios 

within this area are represented according to their equal share (Table 3.2) . The first set of 

clusters will be the research areas and the second set will be the chosen municipios within 

each area. 

After clustering into research areas and municipios, the respondents within the respective 

areas are chosen by convenience. The respondents need to be representative with respect to 

the characteristic 'Rural household ', which is by definition for this research a household 

without grid connection. Table 3.2 presents the sample sizes if probability sampling is used. 

Careiro da Varzea 

(Vila do) Careiro 

Manaquiri 
Autazes 

Itacoatiara 
(incl. Amatari) 

Footnote: 

Total 
ranking 

1 

2 

5,5 
8 

5,5 

3 

16.276 

3 .734 

5 .339 

2. 611 

4 .592 

5 .763 

'17.841 

14.361 

SamQle s ize 
* (#) 
n =0,5 (a) 

12.026 11.186 84 

3.543 3.238 25 

4 .135 3 .637 28 

1.735 1.726 13 

2.613 2 .585 20 

2 .629 

6.854 83 

4.920 60 

24 

Th e sum of sample sizes for the municipios can be bigger than the sample s ize for the research area, becau se the 
sample s izes for the municipios are rounded u p. 

Sources: 
See Appendix F: Rural demographics, electrification and income da ta and Appendix H: Selection criteria . 

Table 3 .2: Sample sizes for research areas and the share of municipios 
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Chosen is a maximum error of 10%, being the a-level or significance level of the test (some

times also written as B or E). Under the assumption of probability sampling, a 90% confi

dence interval is taken as point of departure (z= 1,645). The simplified formula to calculate the 

sample size for probability sampling is: n = [ z"2 * n*(l- n) ] / B"2. 

The sample sizes were calculated with the use of the software program "Sample Size Calcula

tor", developed by AbOrigineMundi (http:/ /www.aboriginemundi.com/ssc/?ssc). Using a cor

rection factor for the small sample size and a correction factor for the small population size 

enhances representativeness. 

Using non-probability sampling, the sample sizes of Table 3.2 will be used in field research. 

Convenience sampling - and especially something like three-stage clustered convenience 

sampling - is not used that often, because it is difficult to generalize towards the entire popu

lation. But sampling in general is not an ideal situation, because you will always use a SUB

SET of the entire population. Imperfections in the chosen sample are called the sample error 

and error in sampling threatens the validity of generalizations. There are two types of error in 

sampling; the sampling error and sample bias. 

Sampling error 

The sampling error is a random error produced by the sampling procedure itself and is a form 

of noise. If there is enough sampling error, it will not be possible to make valid conclusions 

about the population. 

The random error is taken into account when performing a test of statistical inference, for ex

ample a Pearson Chi Square or test of crosstabular independence. The probability statement 

resulting from the test of inference can be interpreted as the probability that the sample rela

tionship was a random event. But when there is a lot of random error, the p-value will be 

high which makes it difficult to reject the null hypothesis of not having a relationship. It 's 

therefore smart to take the sampling error already into account before arriving at the point of 

statistical analysis. 

A good technique to reduce the sampling error is simply to increase the sample. Polling or

ganizations tend to use about 1500 to 2500 units as a sample of the entire population of a 

country with the size of the Netherlands. In this research, more than 250 households are in

terviewed and they form the sample of the population of 24.724 households in the research 

area. 

Sample bias 

The sample bias is a special case of constant error produced by the sampling procedure. This 

type of error is no form of noise and thus it cannot be eliminated by tests of inference. Sample 

bias means that the sample does not adequately represent the target population. There can 
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be for example an overrepresentation of a certain group within the sample. When this is true, 

any generalization from the sample towards the population may be invalid. By making sure 

that all municipios are represented to their equal share within the research areas and by do

ing a test of representativeness with respect to the respondents, the sample bias is minimized 

and the generalizability enhanced. (Agresti and Finlay, 1997; Herzog, 1996) 

Non-response 

During the execution of the field research more households are interviewed than strictly nec

essary as regard for the calculated sample size (see Table 3.3). The non-response has been 

very low and was easy to control. With convenience sampling you visit households by conven

ience. When a household is unwilling to cooperate during the field research, you leave imme

diately. In practice, this only occurred 5 times with people who thought I would get paid for 

the results and they wanted me to pay them for answering the questions. I explained to them 

that I would not get paid for the results and left their home. At that point, it was likely they 

were biased after my explanation. A total of 272 households have been interviewed and the 

non-response of the three areas together was below 2% . 

.Resear:c~'itre't.:·~1 ,:'"'"'""""<rr' w}M '¥· ;i""""'""'q' 
i--~------~~~~~~~--1 

" ::>::; 
Careiro da Varzea 1 25 21 

(Vila do) Careiro 2 28 35 

Manaquiri 5,5 13 12 
Autazes 8 20 25 

<>C.,l<<.m ,, '" 94 ;)!)• ~ 

55 

39 
1-~-,:-~-~-~-cr:_~'-.~-Jlf-:a_re_a_•ti_2· _" ____ -l 5E a 
Reseq,sft~'f,~'! a *" ..... ,,,,d!!ffi1ii!!W 

ltacoatiara (incl. Amatari) 

Rio Preto da Eva 
: ~ r ,~ ~m -~ ~;1 

Table 3.3: Calculated sample size versus number of respondents 
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3.4.3 Reliability and validity 

The following elements will be discussed in this paragraph: reliability, internal validity, exter

nal validity and causality. 

Reliability 

A high reliability means you don't have much random error - or noise - in your measures . 

The more noise, the bigger the difference between the measured score and the true score can 

be. To enhance reliability in personal interviews with checklists or interview schedules, ques

tions - which could be suspected to result in diffuse answers - are asked several times in 

time. This is called test-retest reliability and this technique is used especially with regard to 

the current and future electricity need of potential solar PY-panel users. 

Next to this, there is strived for clarity in the phrasing of the questionnaire and tried is to 

avoid complex words when possible. If there are more interpretations for a word or a phrase 

in the questionnaire, respondents will use different interpretations, which creates noise in the 

responses. The entire questionnaire has been pre-tested on clarity, further explained at the 

following topic 'Internal validity'. (Denscombe , 1999; Herzog, 1996) 

Internal validity 

A low reliability means that you also have a low internal validity, but the other way around is 

not true . Internal validity deals with the question whether you measure what you want to 

measure. The issue here is not noise , but bias. Establishing the internal validity of measure

ments is not easy, because internal validity itself can have different meanings and therefore 

the assessment of the internal validity can be done by different approaches. 

A first form of internal validity is the face validity. A measurement has face validity if it ap

pears to measure the intended construct. This is off course a matter of judgment. 

Another form of internal validity is content validity. Content validity refers to whether the 

measurement adequately measures the construct one is trying to measure. This is similar to 

face validity if all measurements consist of a single item, like in this research. If multi-item 

measurements would have been used, face validity would measure the validity of each item 

and content validity would measure the validity of the set of items . 

A more empirical approach to internal validity is the construct validity. Construct validity 

deals with the question whether the results of the measuring are consistent with (theoretical) 

predictions about the construct being measured. To be able to test the construct validity, you 

thus need to have some basic (theoretical) knowledge applicable to the findings of this re

search. The same accounts for the statistical analysis : "Is there some basic knowledge about 

35 



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

the distribution of variables beforehand?" The presence of useful knowledge in previous re

searches to base predictions on is further discussed in the following paragraph 'Statistical 

analysis'. It became clear that there is no basic knowledge about the results of the measure

ments and therefore the method of construct validity is useless for this research. 

Despite the fact that face and content validity present a judgmental assessment of the inter

nal validity, it still is worth trying to enhance it. To enhance the internal validity, definitions 

of concepts and meanings of items on the questionnaire are reviewed in the field to improve 

their practical applicability. To test the questionnaire for clarity (reliability) and bias (internal 

validity), a pre-test has been performed. The cue-cards with respect to the technology choice 

and the checklists for the electricity need were pre-tested in the field at 30 rural households 

within the Rio Preto da Eva area. These questionnaire results were off course not used after 

this pre-test. The questionnaire results in Appendix L result from survey interviews with other 

households in this region and the other research areas. 

Secondly, the most sensitive material - the question whether the rural household can afford a 

solar panel, resulting in a price they could pay per month - has been placed at the end of the 

questionnaire after less sensitive questions. 

Third, the same researcher performed all field survey interviews - 272 interviews in total. This 

has been done to avoid the problem of inter-observer reliability and because good research 

assistants turned out to be scarce and expensive in the Manaus region. 

Before starting with new interviews in another area, all previously executed survey interviews 

were reviewed to be sure that the administering of the measurements would be the same. The 

way to avoid low internal validity in observations - due to reactive behaviour of the observed -

is unobtrusive measurement. (Denscombe, 1999; Herzog, 1996) 

The geographical circumstances were observed before talking to the household. The current 

electricity use was observed after the small personal survey interview. In this way, the obser

vation of the current electricity use did not interfere with the execution of the personal inter

view. Next to this, it ended the (sometimes painful) silence after having answered the last and 

most sensitive question of the survey interview on being able to afford a solar panel. 

External v alidity 

If results can be generalized to conditions other than those sampled by this research, then 

the research has a high external validity. There are two levels of external validity. First of all 

you have the generalization of the sample data towards the entire research population. Sec

ondly, you have the generalization of research findings towards conditions that exceed the 

scope of this research; are the findings of this research also usable in other geographical ar

eas or other business sectors in Manaus? 
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The first type of generalization to be discussed is the sample-population generalization. The 

first rule for this generalization is that a study must contain an adequate and representative 

sample of the population. 

A sample is adequate and representative when relevant characteristics of the objects in the 

sample are present in the sample in exactly the same way as they are in the population. A 

characteristic is relevant if it affects responses to the survey items. But a sample is a SUBSET 

of the population and therefore by nature imperfect! The types of error, the way to reduce 

them and to enhance generalizability are discussed in the previous paragraph 'Population and 

sampling method'. 

Another commonly used type of generalization is the setting generalization. One type of setting 

is the geographical setting. Despite the fact that this research is carried out in a real-life set

ting, this does not mean it has real-world relevance. The reason for this is twofold: 

It turned out to be NOT possible to generalize findings of existing studies towards the 

Amazon region (see the next paragraph) ; 

Next to this, the micro level of measurement 'household' makes it difficult to generalize 

findings of this research towards other areas . In other words, it will be difficult to find 

households in the exact same setting in other areas, which is a prerequisite when you 

would like to generalize the settings of this research towards another area. 

Some parts of this research though can be very useful for other areas of business that would 

like to start developing in Manaus. For example, the detailed statistics about the population, 

the information about Free Trade Zone advantages and information about the business cul

ture and structure within Manaus. The external validity is high with respect to the business 

setting generalization in Manaus. 

Another type of external validity has to do with the generalization of the results across exist

ing studies. Can the results of this study be used in future conceptual replications, or can 

one extract valid generalizations from a collection of studies when this study is part of the col

lection? 

When using the traditional approach of a literature review, the answer is YES. An extensive 

research framework supports the findings of this research, which makes it easy to put the 

research results in a research review framework. 

A modern method of generalizing data across studies is the meta-analysis. In meta-analysis 

the results of a number of studies are combined statistically to provide an estimate of the 

strength of relationships across all of the studies reviewed. When using meta-analysis, the 

use of this study for future conceptual replications depends on the information used in the 

meta-analysis . At this point the usefulness of this study with respect to meta-analysis de

pends on the meta-analysis itself and not on this research. (Denscombe, 1999; Herzog, 1996) 
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Causality 

One thing a relationship between variables in real-life can never pinpoint is cause. If this 

study would find a positive relationship between the current use of batteries and the technol

ogy choice for solar panels , that alone tells nothing that could explain the relationship. There 

is for sure an explanation why for example battery-using-households choose solar panels, but 

just the relationship itself doesn't identify the causality. 

To use a solar panel, you need to buy a battery. Households that already use batteries do not 

have to bu y a battery to use a solar panel. Moreover, when th ey wou ld use a solar pan el, the 

lifetime of their battery would be prolonged. The idea of not having to pay for a battery may be 

the cause to choose for solar technology. Or maybe they want to extend the lifetime of their 

battery and is this the true cause to choose for solar technology. There might even be a third 

variable, religious belief in Ogum Orixa (the deity of war) with the power of the sun, which is 

the real cause . The idolization of Ogum Orixa may cause both the current use of batteries and 

the choice for solar panels. 

The moral is that a relationship by itself proves nothing about cause. Next to a relationship 

between the presumed cause and the presumed effect, you need to meet two other conditions: 

A change in presumed effect must follow in time on a change in the presumed cause; 

It must be possible to rule out all other causes in the situation under investigation. 

These two conditions are only possible to achieve when executing an experiment and not 

when performing a real-life survey. (Herzog, 1996) 

3 .4.4 Statistical analysis 

It already has been stated that data with respect to 'technology choice' will be qualitative -

nominal data - and data with respect to 'rural energy need' will be quantitative of nature -

interval data. 

The quantitative nature of the rural energy need data is only of importance when making 

comparisons with other data that is of quantitative nature. In this case, the relationship be

tween technology choice and rural energy need will be of interest. When analyzing this rela

tionship, the rural energy need data will need to be treated as being of qualitative nature. 

Next to the type of data and the measurement scale, it is important to know whether there is 

any basic knowledge about the underlying distribution of the variables before performing the 

questionnaire. Have there been previous researches in this area about technology choice? Is 

there statistical data with respect to the energy need of rural households that are not con

nected to the electricity grid? And if there are previous researches, can the findings of those 

researches be generalized towards the surroundings of Manaus? 

A Number of reports discuss the renewable energy situation in Brazil (CEPEL, 1997; Gadgil 

et . al., 1999; Gouvello et. al., 1997; MCT, 2001; Sepope (1/2/3), 2000; SMSE, 1998). One of 
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these reports discusses strategies for renewable energy in Manaus (Gadgil et. al., 1999), but 

only focuses on the city of Manaus and not on the surrounding rural areas. Another report 

gives a precise picture about rural electricity need and the possible use of solar panels in the 

Northeast of Brazil (Gouvello et. al., 1997), but huge differences in rural electricity need be

tween Northeastern states make generalization towards the Northeastern grand region impos

sible . Consequently, it will be impossible to generalize the findings from the Northeastern 

grand region to other regions , because the results with respect to the rural electricity need are 

fragmentized. The State of Amazonas is part of the North grand region. 

Based on previous researches at my disposal, I have to conclude that there is no basic knowl

edge about the underlying distribution of variables. In other words, it cannot be assumed that 

rural energy need is normally distributed. I could assume that the sampling distribution is 

normal even when I am not sure that the distribution of the variable in the population is 

normal. However, to test whether the variable 'rural electricity need' is normally distributed, I 

would need a sample size of at least 100 households for every municipio. 

The technology choice in itself cannot be normally distributed because the scale of the meas

urement is too low. Most common statistical techniques such as analysis of variance, t-tests 

and regression analysis assume that the underlying measurements are at least of interval 

level, meaning that equally spaced intervals on the scale can be compared in a meaningful 

manner. 

Because of this, statistical procedures have to be used that allow to process data of "low qual

ity'', from small samples, on variables about which nothing is known (concerning their distri

bution) . These procedures are called nonparametric or distribution-free methods, because 

they do not rely on the estimation of parameters (such as the mean or the standard deviation) 

describing the distribution of the variable of interest in the population. Fortunately, there is 

at least one nonparametric equivalent for each parametric type of test. 

At first, the geographical data, data for technology choice, current electricity services used 

and future energy demand when using solar panels will be presented in frequency tables and 

crosstabulation tables. Frequency or one-way tables represent the simplest method for ana

lyzing categorical (nominal) data. Frequency tables give a first "look" of the data. Frequency 

tables for example can present the number of respondents for each area, or the current elec

tricity use for a specific group of respondents . 

A crosstabulation table is a combination of two or more frequency tables arranged such that 

each cell in the resulting table represents a unique combination of specific values of 

crosstabulated variables. Crosstabulation allows examining frequencies of observations that 

belong to specific categories on more than one variable. By examining these frequencies, rela

tions can be identified between crosstabulated variables . 
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Appropriate nonparametric statistics for testing the relationship between two categorical vari

ables - being measurements for two-way tables, like "passed" vs. "failed" - are the Pearson's 

Chi-square test and the Fisher exact test. The technology choice was meant to be a choice 

between three technologies, but it has become a choice between two technologies (see Appen

dix M). When analyzing the relationship between the technology choice and the current elec

tricity services used, the current services used is representing three different options . There

fore, the analysis will be of a relationship in a 2x3-table. This only leaves the Pearson's Chi

square test to be used. No Yates correction for small frequencies is used, because this is only 

appropriate when using the Pearson Chi-square test in 2x2 tables. 

It has to be mentioned that the level of significance of the test of relationship itself doesn't tell 

anything about the strength of the relationship. The value of the Chi-Square test itself does 

say something; the higher the observed Chi-Square, the stronger the relationship. But how 

strong is strong, when the value of Chi-square can be between zero and the total of the 

crosstabulation table? 

There are a number of methods to test the strength of a relationship, for example the odds 

ratio, the relative risk, the Phi coefficient, the contingency coefficient and the Cramer's V. The 

Cramer's V will be used, because it has the best readability of all of these tests - the value is 

between 0 and 1; 0 being a weak and 1 being a strong relationship. The strength of the rela

tionship will also be visualized in a 3D graph. 

Next to strength, there is the direction of the relationship. Spearman R, Kendall Tau and the 

coefficient Gamma are non-parametric tests to identify a relationship and the direction of the 

relationship for ordinal variables. In this case the data is of nominal level, which makes these 

tests useless. It is not possible to calculate the direction of a relationship when having nomi

nal data. When looking at the relationship between technology choice and current electricity 

services used, there is only one possibility with respect to the direction of the relationship. 

The current electricity services used precedes the technology choice in time, which is a choice 

for future electricity services to be used. 

Another relationship that will be analyzed with the use of 2x3 crosstabulation table, Pearson's 

Chi-Square test and Cramer's V is the relationship between the current daily electricity use 

and the technology choice. 

The same techniques of analysis have been used to look at the relationship between the solar 

panel system size choice and the solar system package choice. The system size choice is a 

choice for one, two, three or four solar panels of 14 Wp and therefore also a choice for the fu

ture electricity need. A solar home system with a solar panel of 14 Wp generates 50 Wh daily, 

two solar panels generate 100 Wh and so on. 
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The package choice is a choice between only buying solar panels with or without a charge 

controller or buying a complete package with panels, charge controller, wiring and fluorescent 

lights . The relationship between solar system size choice and package choice is presented in a 

2x4 crosstabulation table. 

Another relationship analyzed with the use of a 2x4 crosstabulation table, Pearson's Chi

Square test and Cramer's V is the relationship between system size choice and current daily 

energy use. 

Further explanation of the analysis techniques and the statistical analysis itself can be found 

in Appendix M. (Agresti and Finlay, 1997; Denscombe, 1999; Herzog, 1996; 

http:/ /www.statsoft.com/textbook/stathome.html; http:/ /www.public.asu.edu/-pythagor/ 

onlinetextbook.htm) 

3.5 Structure of the report 

The structure of the report will follow the similar succession as the research questions and 

the practical framework following out of these questions. 

The foundations for this research have been presented in Chapter 2 and 3 . Chapter 2 dis

cusses the problem setting. The chapter starts with an introduction to the company Free En

ergy Europe, the country Brazil and the possible market development models. The research 

aims are presented at the end of Chapter 2. Chapter 3 takes the problem setting as a point of 

departure and discusses the conceptual models and the research questions, definitions of 

concepts, the practical framework and all the other elements that may not lack in the re

search framework. 

Chapter 4 will deal with the choice of selec

tion criteria and the identification of re-

search areas . An important element with 

respect to the identification of research ar

eas is that these areas must be the most promising with respect to the dissemination of solar 

PV panels for rural domestic use. This prerequisite marks the choice of selection criteria. 

At the beginning of this chapter, you can find a description of the geographically used charac

terizations in Brazil and in this report . 

Geographical 
circumstances 

Current rural 
electricity services u sed 

Before discussing the following research 

questions , the external factors and their 

expected influence are explained in Chapter 

5. This chapter starts with an analysis of 

the current state of grid electricity in the three chosen research areas. The current state of 
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grid electricity and future rural grid extension can influence the current rural electricity ser

vices used. The current state of grid electricity is not presented as an external factor in the 

conceptual model or in the practical framework; a choice has to be made with respect to the 

number and importance of external factors, because in real life one will find an infinite num

ber of external factors . 

partly influenced by the same external factors . 

Research questions . 3 and 4 are treated in 

Chapter 6 . Chosen is to discuss both re

search questions within the same chapter, 

because they are closely related and are 

The financial part of the rural electricity 

need is not discussed in Chapter 6 , but in Chapter 8 because the financial possibilities are 

important with respect to the market development . 

Local business Local business 
structure culture 

Government 
incentives 

In Chapter 7 'Local business environment ' 

you will find the external factors with re

spect to the sustainable market develop

ment. In the case of Manaus, the govern

ment incentives deserve extra attention because Manaus is a free trade zone . The wide range 

of incentives from the local, state-level as well as federal government results in an indistinct 

web of laws , legal rules, directives and regulations that demands a careful clarification. In the 

same chapter you will also find a discussion about the possible sources of finance when set

ting up a solar panel in Manaus. The business structure and culture will also focus on the 

Manaus situation. 

The development of a sustainable market 

for solar PV panels in the Manaus area is 

dealt with in Chapter 8. Some elements of 

sustainable market development already 

crossed our path in previous chapters, but 

to enhance clarity all elements are reca

pitulated within this chapter and combined 

into an outline about the possibilities and 

desirability to develop a sustainable market for solar PV panels in the Manaus area. 

Chapter 9 provides the overall conclusions and recommendations and the answers on the re

search questions. The influence of the presidential elections on the Brazilian economic cli

mate and the role of the IMF are also discussed within this chapter. 
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Chapter 4: Selection of research areas 

First of all, the geographical borders of the research area need to be clarified. Manaus is the 

capital city of the State of Amazonas, situated in the Central-Amazonian region and the city of 

Manaus has been the home base for this research. Geographically, the used characterizations 

in Brazil and in this report are as follows: 

Grand regions For example the North-region, with the states Rond6nia, Acre, 

Amazonas, Roraima, Para, Amapa, Tocantins 

States, or Federal units For example the State of Amazonas 

Meso-regions Like the Northern Amazon, Southeast Amazon, Central Amazon 

and South Amazon in the State of Amazonas 

Micro-regions Micro-regions within the Central Amazon region are Tefe, Coari, 

Manaus, Rio Preto da Eva, ltacoatiara, Parintins 

Municipios or cities 

Bairro or district 

For example Amatari and ltacoatiara in the ltacoatiara micro

region 

Like the districts Araujo Costa, Canacari, Centro, Col6nia, Do 

!racy, Florestal, Jauary, Pedreiras, Prainha, Santa Luzia, Santo 

Antonio, Sao Crist6vao, Sao Francisco, Sao Jorge and Tiradentes 

in the municipio of ltacoatiara 

A map of the Amazon State is presented below in Figure 4.1. A map of the entire Brazil can be 

found in Appendix C 'National characteristics of Brazil'. 

- - - lntematlonal boundary 

- • - State boundary 

* National capital 

• State capital 

__.,__....,...._ Railroad 

--- Road 

0 200 400 Kllometets 

0 200 

F igure 4 .1: The Amazon State 

43 



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

The operational definition of the research area was as follows : 

The focus is on selected rural areas surrounding Manaus in an area of roughly 100.000 

square kilometres - marked with a blue rectangle in Figure 4.1 on the previous page - where 

there is no access to grid-connected electricity services. Rural areas are all areas surrounding 

the city of Manaus, with the exception of communities - within this area - that are registered 

by GEAM (Governomento do Estado do Amazonas) as a "bairro" or "distrito", which indicates 

that the community is recognized as a town. 

A municipio is an area that can be urban as well as rural. The districts within a municipio 

are urban. Within a micro-region you therefore have a number of municipios that are part 

urban and part rural. The urban part of the municipio is divided into districts. Everything left 

within this municipio is identified as rural. 

Most districts are to some extent electrified by means of diesel generators and a local grid. A 

small part of the grid is extended into the nearby rural areas. The rural households who get 

electricity from these electricity grid extensions are identified as rural households with an 

electricity grid connection. 

The choice of selection criteria and the answer on the first research is presented in Paragraph 

4.1. A brief explanation about the selected research areas can be found in Paragraph 4.2. 

These areas are the most promising areas with respect to the dissemination of solar PV pan

els for rural domestic use in the areas surrounding Manaus and therefore these research ar

eas embody the answer on research question 2. The areas are discussed in depth within the 

following chapters. 

In Chapter 5, the current electricity situation for these areas is discussed. Detailed informa

tion about the grid electricity situation in these areas is presented in Appendix D. The tech

nology choice and electricity need of rural households in these areas is discussed in Chapter 

6. The extensive analysis can be found in Appendix M: Consumer questionnaire analysis. 

A picture of the Manaus area is presented in Figure 4.2 on the following page. The Manaus 

area - in practice called the Central Amazon region - stretches from Tefe in the West up to 

Parintins in the East. Both cities are not on the map, but can be found respectively about 500 

to 600 kilometres upstream and downstream of Manaus. 

The area of interest for this research stretches from Itacoatiara (East) to Manacapuru (West), 

and from Balbina and Presidente Figueiredo (North) to Careiro, Novo Olinda do Norte (South) 

and a bit further Southeast to Maues (not on the map) . This area is more or less accessible 

and passable and therefore interesting when setting up a solar panel distribution structure 

with a home base in Manaus. 
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Figure 4.2: The entire research area 

4. 1 Selection criteria 

The area of interest surrounding Manaus is almost 2,5 times bigger than the Netherlands, 

but without the excellent infrastructure. The area is cut in two by the Amazon River and a 

whole system of watercourses around it, which makes transportation even more difficult. 

Therefore a selection has to be made with respect to the areas on which the focus will be for 

this research. The chosen criteria are explained on the next page and introduced below: 

Criterion 1 : Travel time to the municipio : Hours (Hrs.) 

Criterion 2 Relative number of rural households Percentage (%) 

Criterion 3 

Criterion 4 

Criterion 5 

Absolute number of not grid connected Number(#) 

rural households 

Relative number of not grid connected Percentage (%) 

rural households 

Absolute number of not grid connected Number(#) 

rural households with sufficient financial 

means 
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When starting up a business in Manaus, it is easiest to have the target areas in the vicinity of 

the city. Transportation limits the potential market, because the transportation costs add to 

the cost of products (Perreault et. al., 2000). When focussing first on areas close to Manaus, 

the transportation cost from Manaus to the retailer or customer is kept low and communica

tion will be easier. 

Next to transportation, guarantee support can also influence the price of the product and 

good support sends out a signal to potential buyers. Giving a guarantee of 10 years on an 

amorphous solar panel is nice , but the buyer must also have a shop close by where he can go 

to when the product malfunctions. It will be easier to give good support from Manaus when 

the buyer is situated close to the point where he has bought the solar PV panel. 

When looking at transportation, the cost of transportation goes up when the distance between 

distributor and retailer increases. In the case of the Amazon region the distance itself is not 

the most important indicator, because it doesn't tell anything about the accessibility. 

For example, Itacoatiara (East) is situated 260 kilometres from Manaus and Novo Olinda do 

Norte (Southeast) is about 240 kilometres from Manaus . Itacoatiara is reachable within 4 

hours and Novo Olinda do Norte takes at least 6 hours if you are lucky with respect to the 

ferry connections. To get to Novo Olinda, you need to take three ferries and one of them only 

goes twice a week. 

The first criterion will therefore be travel time and a research area must be reachable within 8 

hours, being one workday. The travel time and travel distances are noted down at the "Inter

bairros" (Between districts) bus terminals and at the ferry points. For each municipio, at least 

three drivers were asked about the travel time and distances and these findings were com

pared with the timetables . This seems a bit complex, but timetables and even road signs with 

distances cannot be trusted and do need to be verified. 

ercentage of rural nouseholds'' 

When looking at the rural areas you can focus on the rural population in general or on rural 

households. Chosen is to focus on households for two reasons: 

46 

A solar PV-system or Solar Home System (SHS) is most of the time used by house

holds and not by individuals. All the people within a rural household benefit from the 

electricity services and you can assume that most people within a rural household are 

involved in the decision to buy a SHS; 



Chapter 4: Selection of research areas 
..•........... ,"'-""·'·~------------------------

One could focus on the rural population in general and then later on make a conver

sion towards rural households with the use of the average family size. But when fo

cusing on individuals you need to be sure that the interviewed are all part of different 

households, because otherwise the conversion towards households later on is am

biguous. 

Second issue is whether you should look at rural households in absolute or relative terms. 

Absolute numbers are important with respect to the size of the market, but relative numbers 

are important when trying to find these households. For example, in Manaus there are 2.148 

rural households, but they only make up 0,64 percent of the entire population and therefore 

will be difficult to find in practice. This is a quite extreme example, but the first four mu

nicipios sorted by number all have a low number of households in relative terms, i.e. in per

centages. 

When looking at the municipios sorted by percentage, chances are higher that someone is 

rural when doing field research in for example Careiro da Varzea or Vila do Careiro, then 

when you are doing field research in the Parintins area. 

Moreover, absolute numbers are important with respect to the market size, but rural house

holds in general do not shape the market for solar PV-panels. The market for solar PV-panels 

within this research is "rural households without a grid connection" and the focus will be on 

these households who have enough financial means to buy electricity services in the future. 

Consequently, the focus will be on the percentage or relative number of rural households in 

the municipios surrounding Manaus. 

Figures with respect to numbers and percentages of rural households can be found in Ap

pendix F: Rural demographics, electrification and income data and Appendix H: Selection cri

teria. A top-15 of municipios with the most rural households in absolute and relative num

bers is presented in Table 4 .1 on the following page. 
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Municipios 
sorted by number 

Parintins 

Itacoatiara 

Manacapuru 

Coari 

Careiro 

Iranduba 
Careiro da Varzea 

Maw~s 

Autazes 

5.152 35,52 
5 .074 35,56 
4.5 16 35,33 

4.509 41,12 

4 .135 78,67 

3.740 69,23 
3 .543 95 ,33 

3 .335 47,10 
2.613 58 ,31 

Municipios 
sorted by perc! ntage 

Careiro da Varzea 3 .543 95,33 

Careiro 4 .135 78 ,67 

Iranduba 3 .740 69,23 
An am a 737 68,55 

Manaquiri 1.735 67,23 

Caapiranga 928 64 ,61 
Rio Preto da Eva 2 .305 64 ,55 

Barreirinha 2.319 59 ,04 
Nhamunda 1.509 58 ,92 

10 Barreirinha 2.319 59,04 Autazes 2 .613 58,31 

11 Rio Preto da Eva 2 .305 64,55 Silves 790 

12 Mana us 2 .148 0,64 Nova Olinda do Norte 2.046 

13 Nova Olinda do Norte 2 .046 56,75 Urucara 1.544 

14 Presidente Figueirido 1.941 51 ,67 Beruri 970 

15 Manaquiri 1.735 67,23 Boa Vista do Ramos 1.017 

Footnotes: See Table F. l in Appendix F. 

Source: 

Anuario Es tatistico do Amazonas 2000, Estado do Amazona s , Secretaria de Estado do Planejamento, 2002 ; 

Cen so Demografico 2000, Caracteristicas da popula1;iio e dos domicilios, Resultados do universo , Instituto 

Brasileiro de Geografia Es ta tistica - IBGE, 2000 . 

56,80 
56,75 

55,92 

55,07 

52 ,14 

Table 4 .1: Top 15 municipios according to the number and percentages of rural households 

Rural households without a grid connection are those households who are most important for 

this research and who can benefit most from solar PV-panels. 

The absolute number of households is interesting with respect to the size of the market and 

relative numbers of households are important with respect to the field research and commer

cialization afterwards. First of all, a higher density of not grid-connected households makes it 

easier to find them during the field research. Secondly, when going to distribute solar panels 

in this region it will be easier to concentrate commercial activities to areas with a high density 

of not grid-connected households. 
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Becau se of th e importance of both, chosen is to use both criteria: the absolute number of ru

ral househ olds without a grid connection and the percentage or relative number of rural 

househ old s with out a grid conn ection. 

Table 4.2 presents the absolute and relat ive number of rural households without a grid con

nection. 

Parintins 5. 149 99,94 Parintins 5.149 99,94 

Itacoatiara 4.920 96,96 Anama 734 99,59 

Coari 4.450 98,69 Manaquiri 1.726 99,48 

Manacapuru 4 .055 89,79 Boa Vista do Ramos 1.011 99,41 

Careiro 3.637 87,96 Barreirinha 2.305 99,40 

Maues 3.287 98,56 Nhamunda 1.498 99 ,27 

Careiro da Varzea 3 .238 91,39 Silves 784 99,24 

Iranduba 2 .629 70,29 Beruri 962 99,18 

Autazes 2 .585 98,93 Nova Olinda do Norte 2 .027 99,07 

10 Barreirinha 2.305 99,40 Autazes 2.585 98,93 

11 Nova Olinda do Norte 2.027 99,07 Urucara 1.527 

12 Rio Preto da Eva 1.934 83,90 Urucuritiba 928 

13 Manaquiri 1.726 99,48 Coari 4.450 

14 Presidente Figueirido 1.680 86,55 Maues 3.287 

15 Urucara 1.527 98,90 Codajas 997 

~l2_o~l~M_a_n_au_s ________ ___.ll~ ___ 9_5~31~ __ 44~,_37~1 

Footnotes: See Table F.l in Appendix F. 

Source: 

Anufui.o Estatistico do Amazonas 2000, Esta do do Amazonas, Secretaria de Estado do Planejamento, 2002 ; 

Cen so Demografico 2000 , Caracteristicas da popula9iio e dos domicilios, Resultados do universo, Instituto 

Brasileiro de Geografia Es ta tistica - IBGE, 2000. 

98,90 

98,72 

98,69 

98,56 

97,94 

Table 4.2: Top 15 municipios according to the number and percentages of rural households 

without a grid connection 
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with sufficient finanpial~means 
• , /Ly-.; 

Being in need for electricity services is one thing, having the ability to pay for them another. 

Therefore the fifth and last criterion is about the ability to pay for a solar PV-system. In Chap

ter 2 was asserted, "Critical numbers of potential end-users have the ability to pay for solu

tions to satisfy their electricity need". First of all, how much money do you need to be able to 

buy a solar panel? And secondly, how big are these 'critical numbers of potential end-users'? 

The minimum wage from March 2002 onwards is 200 R$ per month. The minimum wage in 

2000 - the year of the statistical data - was 150 R$. The income figures for the year 2000 are 

taken as point of departure for this criterion, and these figures can be found in Appendix F, 

Table F.5. The minimum wage is adjusted every year between February and May. 

Based on the purchase cost of a battery and appliances and the cost of recharging the bat

tery, 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. When they spend 20 percent on 

electricity, their income must be at least 150 R$ per month to have enough money to pay for 

batteries, recharges and appliances. 1 

People that earn more than 1.500 R$ per month will most likely spend their money on a die

sel or gasoline generator and therefore have a different level of electricity need that cannot be 

satisfied by low-efficiency solar panels. 

Therefore the ability to pay is defined as 'having an income between 150 and 1. 500 R$ per 

month'. It has to be noted that in practice most people spend more than 20 percent of their 

income on electricity. But to be on the safe side, 20 percent has been taken as point of depar

ture. 

One may argue that 30 R$ - being 20 percent of a monthly income of 150 R$ - is very little 

money to buy a solar PV-panel. But financing is very common in Brazil, ranging from periods 

of 3 to 48 months. For comparable equipment, like televisions and other home appliances, 

the financing possibilities normally range from 3 to 24 months with interest rates from 5 to 

40 percent. It 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 financing period of 3 to 9 months. 

1 A battery costs about 60 R$ and lasts a year when recharged with a generator: this is 5 R$ per month. 

The recharges cost about 2 to 5 R$ per recharge and people will recharge a battery at least twice a 

month. Next to this, people will buy candles for light and appliances for the battery. A monthly expendi

ture of 30 R$ on electricity is therefore considered to be a low but realistic estimate. 
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When a solar panel would cost 450 R$ (retail), the monthly downpayment for a period of 24 

months - with an interest rate of 40 percent over this period - would be 26 R$ without a 

charge controller and 33 R$ with a charge controller. 

More information about financing the rural electricity need and the way to ask about the in

tended realistic investment in electricity services can be found in Appendix J . 

The first research question was as follows: 

Which should be the selection criteria to select areas around Manaus that are most 

interesting with respect to the dissemination of solar PV panels for rural domestic use? 

The chosen selection criteria are: 

Criterion 1 

Criterion 2 

Criterion 3 

Criterion 4 

Criterion 5 

Travel time to the municipio Hours(< 8 Hrs.) 

Relative number of rural households Percentage(%) 

Absolute number of not grid connected rural households (#) 

Relative number of not grid connected rural households (%) 

Absolute number of not grid connected rural households with suffi

cient financial means(#) 
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4. 2 Selected areas 

All municipios get a ranking for every one of these five criteria. Afterwards the rankings are 

summed up and a total ranking for each municipio is derived. The whole procedure can be 

found in Appendix H: Selection criteria. Based on th e total ranking, a top- 10 is derived of 

most interesting municipios for the dissemination of solar PV panels for rural domestic use. 

Eight of the ten most promising municipios are subdivided into three research areas . The first 

area is the Careiro-area south of Manaus. The second area is the Manacapuru-area west of 

Manaus and the third area is the Itacoatiara-area northeast of Manaus. 

The last two municipios of the top 10 are taken into account with respect to the statistical 

analysis , but they are not part of the field research because of their remote location 

The top-10 of selected municipios and the subdivision into the three research areas are pre

sented in Table 4.3 below. A picture of the division into research areas can be found on the 

following page in Figure 4 .3 . During the field research the focus will be on the micro-regions 

in which these municipios are situated. 

Careiro da Varzea 1 

(Vila do) Careiro 2 Careiro da Varzea 1 

ltacoatiara (incl. Amatari) 3 (Vila do) Careiro 2 

Manacapuru 4 Manaquiri 5 ,5 
lranduba 5 ,5 Autaze s 8 

Manaquiri 5,5 

Rio Preto da Eva 7 

Autazes 8 

Maw~s 9 lranduba 

Nova Olinda do Norte 10 

Rio Preto da Eva 

Maues 

Nova Olinda do Norte 10 

Sources: Based on Ta bles Fl , F2 , F3 and F5 in Appendix F and Appendix H. 

Table 4 .3 : Selected municipios and research areas 
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Source: 

The map is based on the figures for selection criterion 5 that can be found in Appendix H, Table H.1 

Figure 4.3: Selected micro-regions and research areas 

The colours indicate the number of rural households in an area without grid-based electricity 

but with enough financial means to buy a solar PV-system. It has to be mentioned once more 

that the definition of 'enough financial means ' is based on the careful assumption that people 

only spend 20 percent of their income on electricity. In practice, I expect to find more house

holds that indicate they are able to pay for electricity services, than I would expect based on 

the statistical data. 

When looking at the information in Appendix H (Table H.3) the research area 1 - the Careiro 

research area South of Manaus - clearly is the biggest area (20.385 km2) and also the area 

that will take the most time to travel to and through. But travelling to this area seems to be 

worthwhile; this area also has the highest percentages of rural inhabitants in general and of 

rural households without a grid connection. The fact that a lot of people are living in the rural 

areas might indicate the absence of local commercial centres of importance. The very low av-
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erage rural wages in this research area and a population decline in two of the four rural mu

nicipios also points into this direction. 

To prevent misunderstanding, Careiro to the South is most of the time called Vila do Careiro 

or Castanho (being the old name when the town generators were installed in 1973). Careiro 

da Varzea is sometimes called Careiro Villagem, but this only accounts to the part on the isle 

in the middle of the Rio Amazonas. The mainland part is always called 'da Varzea'. 

Research area 2 - the Manacapuru area to the West - is the smallest of the three research 

areas with 9 .582 square kilometres. The area is easy to reach from Manaus and has a rela

tively high percentage of urban inhabitants. The average rural income for research area 2 and 

research area 3 are high and almost the same. 

Table H.3 in Appendix H further shows that research area 3 is quite similar to research area 

2 . The Itacoatiara area is situated to the Northeast and covers a surface of 14.788 km2 • This 

area is also easy to reach and has a relatively high percentage of urban inhabitants as well. 

Just like in research area 2, there is a high average rural income. The difference is a higher 

percentage of rural households that are not connected to the electricity grid surrounding the 

municipio of Itacoatiara. 

The second research question was as follows: 

Which areas surrounding Manaus are most interesting with respect to the dissemina

tion of solar PV panels for rural domestic use? 

The most interesting areas are: 

Area 1, South of Manaus: 

Area 2, West of Manaus: 

Area 3, Northeast of Manaus: 

Careiro da Varzea, (Vila do) Careiro or 

Castanho, Manaquiri, Autazes 

Manacapuru, Iranduba 

Itacoatiara, Rio Preto da Eva 

In each area, the name of the municipio within the area with the most rural households will 

be used to identify the area. Research area 1 can be addressed to as the Careiro region or the 

Careiro research area. Research area 2 will also be called the Manacapuru region or the 

Manacapuru research area and research area 3 can be called the Itacoatiara region or the 

Itacoatiara research area. Maps of the areas can be found at the end of Appendix H. 

The following chapter will deal with the current state of grid electricity and the current use of 

electricity among rural households without grid electricity in the three chosen research areas. 
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Chapter 5: Current electricity situation 

Before discussing research questions 3 and 4 with respect to technology choice and rural 

electricity need in Chapter 6, the external factors and their expected influence are explained 

in this chapter. These external factors are the geographical circumstances within the three 

research areas and the current electricity use amongst rural households . 

Based on the definition of concepts, a rural household is by definition a household without 

access to grid-based electricity services . When a household doesn't have grid related electric

ity, it doesn't mean they cannot get connected to the grid in the future . The third research 

question was stated as follows: "Which are the most important factors that determine the choice 

for solar PV panels for rural domestic electricity generation, made by rural households, instead 

of other alternatives available on the local market?' 

When rural households have the expectancy to get connected to the local electricity grid in 

the near future, this will certainly influence their decision for a particular energy generating 

technology. During fieldwork it turned out that people living close to the local electricity grid 

preferred diesel or gasoline generators, because they could still use the 110 Volts appliances 

when getting connected to the electricity grid in the future. 

The possibility to get grid related electricity in the future depends on the capacity of the exist

ing local grid to expand. The likelihood and speed of local grid expansion within the research 

a reas depend on the installed electricity generating capacity, the current speed of middle ten

sion grid extension and future planning to invest in the expansion of the local grids by CEAM 

- Companhia Energetica do Amazonas - who generates and distributes all electricity outside 

of Manaus. Because of the importance of conventional grid electrification with regard to the 

technology choice people will make, the conventional grid electrification within Manaus , the 

surrounding areas and the three research areas will be discussed first in Paragraph 5.1. 

Next, the geographical circumstances within the three research areas will be discussed in 

Paragraph 5.2. Geographical circumstances can limit the number of technologies to choose 

from, which means that there are geographical boundaries with respect to the technology 

choice. This also applies to the current electricity use, because the current electricity use im

plies a technology choice in the past. 

Finally, the current electricity situation of the interviewed rural households will be discussed, 

because it can be an important factor influencing the choice of technology. When a family al

ready uses a diesel or gasoline generator they will most probably make a technology choice for 

a diesel generator, because they already have appliances of 110 Volts like a freezer , television 
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or electric pump. Moreover, they will most probably have a daily energy demand that cannot 

be satisfied with the use of solar panels. 

Households that already use batteries will more likely make a technology choice in favour of 

solar PV panels because they already have the battery and appliances of 12 Volts, which they 

can use with the solar panel. When introducing the different technologies, explained is the 

difference with respect to the voltage-level they generate. It's plausible that people without 

any electricity services will more frequently choose for solar PV panels, because it is the 

cheapest technology and doesn't need fuel every week - like a diesel or gasoline generator. 

The current electricity situation of the interviewed rural households can be found in Para

graph 5 .3. The alleged relationship between current electricity use and technology choice will 

be talked through in Chapter 6 . 
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5. 1 Conventional grid electriOcation 

An inventory of the present and possible future status of conventional grid electrification in 

Manaus and the surrounding research areas can be found in this paragraph. If the rural elec

tricity grid will be expanded in the near future, this will have an impact on the technology 

choice and also on the willingness to pay for a PV-system. Even if people are not aware about 

grid expansion in their area, dynamics in general with respect to grid expansion will also be of 

influence on people's motivation to buy a solar PV-system. 

The city of Manaus is not part of the three research areas, but will nevertheless be taken into 

account. When the Balbina-Manaus electricity grid would be joined with local grids within the 

research areas, this will have a big impact on the electricity capacity at hand in that area. 

Information about the energy situation for Brazil, Amazonas, Manaus and the selected re

search areas can be found in Appendix D. Information about the number of rural households 

with a grid connection can be found in Appendix F. 

5.1.1 City of Manaus 

Since January 1999 Brazil has one interconnected grid that serves most of the country. The 

State of Amazonas - together with some smaller neighbouring states - is not connected to this 

grid. The State of Roraima, North of the Amazon State, 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 Natural Reserves , 

North of Manaus. 

The State of Para, East of the Amazon State, is connected to the Brazilian grid. There is an 

ongoing project to build a line between Itaituba and Manaus . Itaituba is situated in Para to 

the East and is the grid-connected city closest to the State of Amazonas. 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 one or two of 

the three conventional oil-fired thermal generators. 

At this moment, the only high-tension line within the State of Amazonas is from the hydro 

dam in Balbina to the city of Manaus. In the near future - most probably before the end of 

2004 - there will be an extension from Balbina towards Itacoatiara. This extension will also 

be part of the project to connect the Amazon state to the Brazilian grid. The previously men

tioned line between ltaituba and Manaus will make use of the Balbina-Itacoatiara extension. 

(GCPS , 1997 and conversations with Lucio Fernandes da Silva, market development econo

mist of CEAM) 
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Figure 5.1: The Balbina hydro dam 

The city of Manaus gets a large share of electricity from the Balbina hydro dam, East of a ru

ral town called Presidente Figueiredo. The building of this dam began in 1980 and after 8,5 

years the hydro dam started to function. 

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

the Brazilian electricity producing company Eletrobras. Eletronorte works with partnerships 

and for the state of Amazonas they cooperate with CEAM or "Companhia Energetica do Ama

zonas" 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 

partnerships were constituted in 1997 as a result of the privatization of the electricity sector 

in Brazil. 

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

revealed that planning with respect to the growth of electricity consumption is minimal. The 

hydro dam in Balbina is the only dam in the State of Amazonas 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 (November until the end of April). 

Growth of electricity consumption in Amazon State is therefore captured by a growth in in

stalled conventional thermal plants, which is visible in Figure 5.2. Consumption of approxi

mately 87% of electricity in the State of Amazonas occurs in the city of Manaus. Manaus elec

tricity demand is met with electricity production from the hydroelectric dam in Balbina and 

three oil-fired thermal power units that were installed within the city of Manaus between 

1996 and 1998 to replace an older oil-fired electricity plant. 
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Footnotes and sources: 

See Appendix D. 

Figure 5.2: Amazon State installed capacity in Megawatts 

The electricity demand for the city of Manaus grew steadily in the past two decades. The in

fluence of the global energy crisis in the eighties and the very high inflation at the beginning 

of the nineties is visible when looking at the growth of consumption in Figure 5.3 on the fol

lowing page. The very high growth in energy losses in the last decade is due to poor mainte

nance and growth in illegal connections. 

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

and therefore neglected maintenance. The figures for 1999 are estimates by Eletronorte and 

with respect to the energy losses they are far too positive to my opinion. In 2001 CEAM and 

Manaus Energia merged to cut operational cost. Conversations with Lucio Fernandes da Silva 

- market development department of CEAM - in April 2002 revealed that the cutback in cost 

at Manaus Energia and CEAM continues. Maintenance still isn't (high) on the agenda and 

therefore losses are expected to rise. 

For the city of Manaus, the extension of the high-tension grid outside the city to

wards Itacoatiara only has one purpose: To get electricity from other sources than 

the Balbina hydro dam and the conventional thermal units within Manaus. Inhabi

tants of Itacoatiara and perhaps a very small number of rural inhabitants will 

benefit from the Balbina-ltacoatiara high-tension line, but in the long run it is only 

meant to accomplish the interconnection with the Brazilian grid. 
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See Appendix D. 

Figure 5.3: Energy losses versus net energy consumption 

5.1.2 Surrounding rural areas 

At the moment, the electricity grid of Manaus doesn't provide much rural households with 

electricity. Most rural households who are connected to an electricity grid are connected to a 

decentralized electricity grid that is part of an inland municipio. Only the municipios of Presi

dente Figueiredo, Balbina - where the hydro dam is situated - and Rio Preto da Eva get elec

tricity from the Manaus-Balbina grid. Rio Preto da Eva is part of research area 3 . 

CEAM - who produces and distributes all electricity outside of Manaus - provides electricity 

in 92 municipios throughout the State of Amazonas. Therefore they make use of 367 diesel 

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

Research area 2 got his first generator in 1967 in Manacapuru and Autazes - part of research 

area 1 - got a generator in 1969. (CEAM (1) , 2002) 
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Figure 5.4: Inland generator park in Manacapuru, research area 2 

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

tricity consumption - or energy sales - as well as energy losses. Information about the energy 

situation - high-tension and middle-tension maps, energy balance and energy losses - for the 

surrounding areas can be found in Appendix D. Information about the number of rural 

households with a grid connection can be found in Appendix F. 

Energy losses increase dramatically after the privatization of the Amazon electricity sector in 

1997. It'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 article "The Brazilian electrical system reform" of Mendon9a 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. 

To my opinion, 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 Ener

gia 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 compa

nies merged to cut operational cost. Although the pace of the growth of energy losses seems 
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to slow down at the end of 2001, there still is a distinct growth in energy losses. Data about 

energy losses in time is presented in Appendix D -Table D.10, Figure D.11 and Figure D.12. 

The electricity sector in the Amazon State already started to deteriorate at the be

ginning of the privatization of the electricity sector in 1993. But a lack of private 

investments from the moment of privatization accelerated the decay, which re

sulted in bad planning, a cut-down in cost in general, poor maintenance and a 

dramatic growth of energy losses. 

The deterioration of the inland grids and generator parks is also visible in the field . Figure 5.4 

displayed the generator park of Manacapuru that was installed in 1967 and has not been up

dated since. Due to a growth in demand and in energy losses as well, CAT rental units are 

used to cope with the lack of capacity. Figure 5.5 shows a rental unit in the rural town of 

Manacapuru, used to replace one of the original generators that broke down. 

Figure 5.5: CAT rental unit used in Manacapuru, research area 2 

Information on the generator parks, energy balances and grid extensions within the three re

search areas is discussed for each area separately. The corresponding data and the results of 

observations and informal conversations during field research can be found in Appendix D. 
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5.1.3 Research areas 

Already some remarks have been made with respect to the current grid electricity situation of 

the three research areas, when discussing the areas surrounding Manaus in Paragraph 5.1.2. 

In this paragraph, the three areas will be discussed briefly one by one. 

Research area 1 

Area 1 got his first generator in 1969 iI\ Autazes . Between 1973 and 1984, the other mu

nicipios also got electricity. The latest thr~·e generators - all 50 kW units - have been installed 

in 1988 and 1.999. Thet e is a tendency ih this research area to install smaller generators in 
. I 

villages rather than to extend the grid from a bigger town towards a village . 

Energy losses are high, but just below the average energy loss of 51 percent for the three ar

eas together. The considerable energy losses in this area as well as the other areas are due to 

poor maintenance, bad planning of the growth of electricity demand and some illegal connec

tions. The number of illegal connections seems to be smaller in the rural areas than in the 

city. First of all, an illegal connection 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 are mostly middle-tension extensions up to the village, which cannot 

be used to make illegal connections . 

These power lines from one town or village to another are written down being rural exten

sions, because they go through rural areas. 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. 

There is a decline of electricity consumption since 1997 in area 1. Not because of a lack of 

demand, but because of a lack of supply. The growth in electricity generating capacity could 

not keep up with the growth in energy losses. 

In Vila do Careiro, the rental power unit replaces the entire generator park (Figure 5.6 on the 

following page). The original generator park needs to get repaired, but local technicians lack 

the money and the spare parts. 
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Figure 5.6: CAT rental unit used in Vila do Careiro, research area 1 

Research area 2 

This area has the biggest share in the total installed capacity and Manacapuru in particular 

has the highest installed capacity of all rural municipios taken into account. There was a to

tal installed capacity of 27 . 766 kW in 2001. The total installed capacity in 2001 for all three 

areas together was 48.446 kW. 

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

got electricity in 1983. The latest diesel generators have been installed in 1998. In research 

area 2 there is also a tendency towards smaller generators for villages instead of extension of 

the existing local grid. 

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 consumers 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 consumers that 

live further away from the place of generation. And especially around smaller towns people 

are living more dispersed. 

Also in research area 2 there has been a decline in electricity consumption despite a growth 

of installed capacity. A considerable amount of the newly installed electricity generating ca

pacity, like the CAT unit displayed in Figure 5.5, disappears directly into the energy losses. 

The grid has been highly unstable in the past time, resulting in the damaging of electrical 
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equipment and unhappy citizens in the municipios of Iranduba and Manacapuru. But espe

cially in the electoral year 2002, the politically popular extension towards rural areas has 

preference above the less visible maintenance of the current grid. Extension of the grid to

wards rural areas will result in a growth of losses and a more unstable electricity situation in 

the municipios of Iranduba and Manacapuru. 

Research area 3 

Only 6 generators can be found in research area 3, but the average capacity is about 1.200 

kW due to a number of bigger generators in Itacoatiara. Some part of this research area - Rio 

Preto da Eva - also gets electricity by means of a middle tension line coming from the Bal

bina-Manaus grid. 

Research area 3 is the area where the high-tension extension from Balbina towards Itacoati

ara is planned, which will also be part of the project to connect the Amazon state to the Bra

zilian grid. Rural inhabitants will not benefit much from this high-tension grid extension. 

The number of low-tension grid extensions in this area - as well as in the other two research 

areas - is very limited. A rural middle-tension extension in research area 3 is not necessarily 

of use for rural households. In some side roads you will find middle-tension grid extensions 

that go on for miles and miles, but that are not connected to any grid. The electricity com

pany CEAM built these extensions years ago at the beginning of the privatization, but never 

connected them to the grid because of the cut-down in cost. 

A significant part of the expansion of the electricity generating capacity seems to 

disappear directly into the high energy losses. Averting the high energy losses and 

maintaining the current electricity grid seems to have a low priority because of a 

lack of funding and because of the influence of politically popular - but technically 

undesirable - decisions to extent the current local grid into rural areas. 

Because of the defective state of most local grids and the bad financial position of 

the electricity companies, these kind of rural extensions are most of the time not 

implemented or connected. 
'. 

Promises made by politicians to extend the grid have an impact on the technology 

choice of a rural household, but rural households are reserved. They have heard 

the promises before informer electoral years, and nothing happened then. House

holds also seem to know about the problems of the local electricity grids. 

The further away a household lives from a municipio with a regional commercial 

function - Iranduba, Manacapuru, Itacoatiara - the less they believe in the prom

ises made by local politicians. 
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5.2 Geographical circumstances 

The geographical circumstances - an external factor - influence the applicability of a technol

ogy and thus the types of technologies to choose from with respect to the technology choice. 

Following out of this, the geographical circumstances are also of influence on the nowadays 

locally used energy generating technologies - because the current use of electricity implies a 

technology choice in the past. Control questions with respect to these geographical circum

stances can be found in Appendix I: Checklists for technology choice. 

Before discussing the influences of the geographical circumstances on different technologies, I 

will first give a short explanation about the three research areas. During the execution of the 

consumer questionnaire it turned out that research area 1 is the most original area, due to a 

lack of infrastructural investments. There is only one paved road and the electricity near this 

road rarely is extended next to the unpaved side roads. Besides 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 2, the research area of Manacapuru is the most cultivated area because it is 

closest to Manaus and there is always a river close by to fish, which makes this area attrac

tive for 'settlers'. 

Research area 3 has a lot of original forest like in research area 1, because it is a bit hillier 

than the other areas and this makes some parts less suitable for agriculture . Some of the 

hilly parts in the Itacoatiara area are used for cattle, because these areas do not flood. 

Wind energy 

A geographic motive to not take into account wind energy is the lack of wind-data for the 

State of Amazonas. Wind is regarded as an important renewable source of energy in Brazil 

(Sepope (2), 2000) , but only for the Northeast and North coastal regions. Since 1996, Brazil 

has a research institute called the Brazilian Wind Energy Centre - Centro Brasileiro de Ener

gia E6lica (CBEE). Based on the Electric Sector Plan for 2015 of Eletrobras, CBEE states on 

their website (http:/ /www.eolica.com.br/index_ing.html) that wind farms would be a good 

alternative for a new big hydro project in the Amazon region. Investments would be lower and 

the occupied area could still be used for agricultural purposes. This is quite a daring conclu

sion when you take into account that there are no reliable wind data for the State of Ama

zonas. This centre is situated in the Northeastern city of Olinda and at the moment it only 

focuses on the use of wind energy in the Northeastern Brazilian region. 
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The CBEE is working on a Brazilian Wind Atlas, based on simulations. But this atlas will not 

be of any use for specific wind projects, because it has a maximum resolution of 30x20 kilo

metres , it will be based on simulations and not on actual wind data collection and it will only 

provide wind speeds and not wind directions . 

Hydro power 

The Amazon region has a huge potential with respect to hydropower and half of the remaining 

Brazilian unexploited hydroelectric potential is located in the Amazon area (EIA, June 2001 ; 

MCT, 2000). But according to Jose Raimundo Pereira - head of operation at the hydro dam in 

Balbina - and Lucio Fernandes da Silva - market development department of CEAM - in 

March and April 2002, there aren't any plans what-so-ever to build new large-scale hydro 

plants in the Amazon region. The existing hydro dam in Balbina already has to cope with too 

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

Next to large-scale hydro electricity, you can also use micro hydro generators to generate elec

tricity on village or household level. Conversations with Jose Raimundo Pereira and Lucio 

Fernandes da Silva revealed that there must be a number of operational micro hydro genera

tors used by rural households. These hydro generators should be situated in the first re

search area South of Manaus, in the regions around Vila do Careiro and Autazes . But when 

visiting research area 1 at the beginning of October 2002 the water level was at its lowest , 

which made it impossible to track down any operational micro hydro units . A number of in

terviewed households knew other households that were using micro hydro units during the 

high water period, but these people where only reachable by boat when there was enough wa

ter in the igarapes (=waterways during high water time). Therefore there are no micro hydro 

users among the interviewed households. 

Solar PV power 

In Chapter 2 it was stated that Brazil is one of the richest countries in terms of renewable en

ergy resources. The Energy Information Administration (EIA) of the U.S. Department of En

ergy (DOE) claimed in the Brazilian country analysis (June 2001) that there was sufficient 

solar intensity throughout the country to support extensive photovoltaic options in rural ap

plications . But how much sun do you need to talk about sufficient solar intensity? 

When using solar panels , the number of bright and sunny hours per day is of importance. On 

a very sunny day, the total insolation or radiation striking an area will be 1000 Watts per 

square meter. This time during the day is called the peak sun hours . 1 

1 One sun peak hour= 1.000 W /m2, the other way around is also true: 1.000 W /m2 = 1 sun peak hour. 
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The annual average of solar radiation for the State of Amazonas falls within the interval (18 ± 

2) MJ/m2. In the rainy season - from November to April - solar radiation is lower and in the 

sunny season - from May to October - the solar radiation is a bit higher than the yearly aver

age. (Tiba et. al., 1999) 18 Mega joules per square meter corresponds with 5 .000 W /m2 or 5 

peak sun hours per day. The number of peak sun hours ranges from 4,45 hours per day dur

ing the rainy season up to 5,55 hours during the sunny season.2 

These are good circumstances for the use of solar PV panels, but when I arrived at Manaus in 

the middle of the rainy season (January 2002) there were definitely less than 4,5 daily hours 

of bright sun. The figures of this article are based on a computer simulation for the entire 

Brazil (scale 1:5.000.000) and not particularly for the Amazon state (scale 1:200.000). Next to 

this, only data of one weather station - a station in Manaus - represents the data for the 

State of Amazonas in this simulation. 

The Brazilians solar and wind energy reference centre CRESESB presented actual measure

ments for Mana us and Itacoatiara on their Internet site (http://www.cresesb.cepel.br/ sun

datn.htm). For Manaus, the yearly average number of 4,92 daily peak sun hours was given -

just a bit below the simulated number of 5 hours for the entire Brazil. Itacoatiara had a yearly 

average number of 4,26 hours of peak sun each day - which means there are days with less 

than 4 peak sun hours during the rainy season. 

Because of this, an average number of 4,5 daily peak sun hours in Amazon state has been 

chosen for this research. This is still very acceptable when using solar PV panels. 3 

But having sufficient solar radiation is not enough. The sunlight must also reach the solar PV 

panel and therefore you will need to be able to place the panel in an open space. The Amazon 

Rainforest is a very dense forest and as a result, people who are living deep within the rain

forest and who do not have an open spot near their home may not be able to use solar PV 

panels to generate electricity. Questions with respect to the location of the home were added 

to the questionnaire and can be found in Appendix I: Checklists for technology choice. 

During the field research it turned out that all of the 272 interviewed households were geo

graphically suitable for the use of solar panels, meaning there was always a spot without 

shade near the home. When looking at the locations of the homes towards the forest in Table 

5 .1 on the following page it becomes clear that only a small part of the rural households is 

living in closed forest . 

2 Rain: 18 MJ - 2 MJ = 16 MJ = 4.444,45 Wh/m2 (1 MJ = 277,78 Wh/m2) = 4,45 peak sun hours; 

Sun: 18 MJ + 2 MJ = 20 MJ = 5 .555,56 Wh/m2 (1 MJ = 277,78 Wh/m2) = 5,55 peak sun hours. 

3 With a 14 Wp Amorphous panel of Free Energy Europe, you can generate 50 Wh of electricity services 

every day (See appendix J for further calculations). With 50 Wh of energy services, a rural family could 

use a small black and white television for 3 hours and one fluorescent light for 2 hours each day. 
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Research area 1: Careiro 
Research area 2: Manacapuru 
Research area 3: Itacoatiara 

Locations oft 
towards the fi 

near the 
forest 

66,67 
74,47 

63,53 

23,66 
24,47 
24,71 

Tab le 5.1: Locations of the homes towards the forest 

9,68 

1,06 
11,76 

Before carrying out the field research, I expected that a large number of people would be liv

ing in closed forest . But it turned out that when people start settling somewhere, the closed 

forest quickly is being transformed into open forest or the forest is cut down completely. 

In an article of NRC Handelsblad ('En nag is de Amazone niet verloren', Science and education 

segment, 21 September 2002) they state that the influence of an unpaved road is visible in 

the forest up to 40 kilometres away from that road. 

Diesel and gasoline generators 

A nowadays much used technology is the diesel or gasoline generator. There aren't many geo

graphical circumstances that are of influence to the functioning of a generator. When you are 

using a generator at high altitudes, the generator can malfunction because of the thin air -

but these heights cannot be found within the research area. 

One aspect influenced by the geographical circumstances is the availability of fuel. When it's 

difficult to reach a place, it's also difficult to supply fuel to this spot. However, the first selec

tion criterion to choose the research areas on has been the travel time towards the mu

nicipios. All municipios within the research areas are reachable within 8 hours by car and 

public transportation. Because of this, it can be stated that the supply of fuel is not affected 

by the geographical circumstances in the research areas. 

In practice it turned out there were parts of research area 1 where fuel distribution turned 

out to be a problem. The homes in this area were all reachable within 8 hours , but nobody 

seemed to be interested in developing fuel distribution towards some parts of this research 

area. To my opinion, this was due to the small number of buyers (not commercially interest

ing) and the very poor state of the roads to these places, which results in high fuel consump

tion when driving on them. 
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5.3 Current electricity use 

'Current electricity services used' is regarded as being an external factor with respect to the 

technology choice and electricity need of the rural households. 'Current electricity services 

used' is by definition about rural households and about off-grid electricity services and the 

concept implies a technology choice that took place in the past. 

The current rural off-grid electricity use is operationalized in Appendix J and identified during 

the fieldwork with the use of the fill-in form that can be found in Appendix K. The raw data is 

presented in Appendix L. The full analysis of the consumer questionnaire results can be 

found in Appendix M. The current electricity use for the three research areas is presented in 

Table 5.2 and Figure 5.7. ~ouseholds 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 household has electricity and possesses its own generator, diesel or gasoline; 

3. The household doesn't have any electricity services at all. 

If people use a solar panel, they are regarded as a battery user that recharges its battery with 

the use of a solar panel. None of the households that were interviewed during the field re

search were using a micro hydro unit. 

Current electricity services used 

Battery Diesel None Battery Diesel I 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 5.2: Current electricity services used in the three research areas 

63,3% 

• Battery • Diesel • Nothing 

Figure 5. 7: Current electricity services used 

More than 35 percent of the inter

viewed rural households without any 

access to grid electricity found a solu

tion to provide oneself with electricity. 

Almost 20 percent of all interviewed 

households used a car battery to lis

ten to the radio or to watch television 

in the evening. 
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The use of a battery depends on the possibility to recharge it. In Research area 3 it was diffi

cult to recharge a battery and this is directly visible when looking at the number of battery 

users in this research area. 

Figure 5 .8 : Current rural use of batteries and small generators 

The header 'Diesel' is used to make sure 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; rural inhabitants also call a solar panel or a micro hydro unit 

'gerador'. 

17,6 percent of the respondents uses a diesel or gasoline generator. Part of them uses a gen

erator, because they already had an engine to mill agricultural products or to pump water. 

They only had to buy the dynamo-part to get an electricity generator. Other households make 

use of a generator, because of the appliances of 110 Volts. They want to use appliances for 

agricultural purposes like a freezer, which can only be used with 110 Volts. Others want to 

use appliances of 110 Volts because they can still use these appliances when the electricity 

grid is being extended to their homes. 

When comparing the three research areas, it catches the eye that the most cultivated area -

the research area of Manacapuru - is also the area with the fewest people without any elec-
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tricity. Another explanation for the relatively low number of people without electricity in this 

area is the small size of the research area and the accessibility. It is relatively easy to reach 

Iranduba or Manacapuru to recharge your battery or to buy fuel for your generator. 

A picture of the current daily energy use is presented in Figure 5 .9 . The x-axis of the graph 

stands for the number of respondents per research area. There is a clear distinction between 

the lower energy users - below 250 Wh - and the higher energy users. 

Daily energy use (Wh/day) 

10.000 ..,...,...,.,,,... ......... __________________________________ ~----------------..-----------------~ 

9 .000 

8 .000 

7 .000 

• 
6 .000 +--------------------------------------------------------------------------------1 

5 .000 +--------------------------------------------------------------------------------1 •• 4.000 +-------~·'----------------------.~-----------------------------------------1 

3 .000 +------A-----------------------'---------------------------------------------------1 

• • • • • 2. 000 +-----------------_.o----------~----------~-----'--',.__ ______________ -..-------l • • l.000 -t--A--------..,jk--------------19:-..... --A---------=-.... '---------------------------------~ 

O -Hl~ ... 411~---4~--_.1111111--tii._---tl~z:.... .... • 
0 10 20 30 40 50 60 70 80 90 

e Research Area 1 A Research Area 2 • Research Area 3 

Figure 5.9: Current daily energy use 

The definition of concepts in Chapter 3 already showed that energy and electricity are equal 

concepts within this research. The current daily energy use therefore deals with the current 

daily electricity use and not with the broad concept of energy- which would also comprise the 

energy that is used when burning charcoal or wood for cooking and the use of for example oil 

lamps and candles. 

People with a daily energy / electricity use of more than 250 Wh are most likely to be diesel or 

gasoline generator users (see Appendix J) and they are not interesting with regard to the fu

ture dissemination and use of solar panels. People that use less than 250 Wh on a daily basis 

are most probably battery users. Figure 5.10 shows the daily energy use of families that have 

some form of electricity services and use less than 250 Wh per day. The corresponding data 

for Figure 5.9 and 5.10 can be found in Appendix L. 
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Daily energy use - low energy users {Wh/day} 

• 
• 

• 
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• Research Area 1 ~ Research Area 2 + Research Area 3 

Figure 5.10: Daily energy use of low energy users 

Table 5 .2 showed that 19, 1 percent of all respondents use a battery. The average battery ca

pacity that is used by the respondents in the three research areas appeared to be 46 Ah (See 

Table 5 .3 below) . An assumption with respect to the battery users was that they recharge 

their battery 3 times a week. This assumption was based on energy use figures of rural bat

tery-users in the Northeastern Brazil region (Gouvello et. al., 1997). 

Battery users Average battery 
(#) capacity (Ah) 

Research area 1: Careiro 20 44,80 

Research area 2: Manacapuru 26 46,65 

Research area 3: Itacoatiara 6 46,67 

Table 5.3: Average battery capacity 

When using a battery of 46 Ah and recharging the battery three times a week - as assumed -

the rural household can have a daily energy use of 94,6 Wh. 
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Daily energy use= (Battery capacity* 0,4 / 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 5.10, 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. 

The assumption that rural households recharge their batteries three times a week is not cor

rect. 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, visible in Figure 5.10. 

More detailed information with respect to the weekly number of recharges when using batter

ies can be found in appendix M, Paragraph M.2 'Current electricity services used', Figure M.7. 

Daily energy use= (Battery capacity * 0 ,4 / 2 ,35) * 12 

= (46 * 0 ,4 I (7I1 ,28)) *12 = 40,4 Wh 

Of the households using off-grid energy, the battery users is the group that is the most inter

esting with regard to the future sales of solar panels in the Manaus region. This is because 

battery users have the appropriate (low) daily energy demand. Next to this , a solar panel is a 

complementary product towards a battery and the used 12 Volts appliances. 

The point of departure that rural households recharge their batteries three times a 

week turns out to be incorrect. On average, the interviewed rural battery users re

charge their battery 1,28 times every week. This corresponds with an average 

daily energy use of 40, 4 Wh. 

1 72 households indicate that they do not have any form of electric energy at all. This corre

sponds with 63,24 percent of all interviewed households. This group is also very 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 households 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 technology choice itself and the relationship be

tween the current electricity services used and the choice of technology will be discussed in 

Chapter 6. The financial picture is treated in Chapter 8. 

The current electricity services used in the different micro-regions - i.e. smaller areas within 

the research areas that are part of a municipio, like Autazes or Rio Preto da Eva - is dis

cussed separately for each research area in Appendix M. 
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Chapter 6: Technology choice and electricity need 

This chapter will present the answers on research questions 3 and 4 with regard to the tech

nology choice and the electricity need. The technology choice and its relationship with the 

currently used electricity services will be discussed first in Paragraph 6.1. 

Next to the influence of the current electricity services used, other important factors that de

termine the choice for solar PV panels will be treated. This will be done in Paragraph 6.2. The 

identification of these factors will partially be based on field experiences that aren't captured 

by statistics and solid data collected with the use of the consumer questionnaire. During the 

execution of the questionnaire in the field , an important part has been an open interview with 

the rural household, to capture the true motives behind a technology choice. The open part of 

the interview, observation notes and informal field research notes are very important to cap

ture the cultural component of the technology choice. The attention will not only be on the 

most important factors that determine the choice for solar PV panels. Factors that influence 

the choice for other electricity generating technologies will also be taken into consideration. 

Research question 3 will be answered at the end of this paragraph. 

Part of the electricity need of rural households has already been discussed in the previous 

chapter. The current electricity use of rural households that nowadays use some form of off

grid electricity services has been treated in Chapter 5. In this chapter, the future electricity 

demand of rural households that made a technology choice for solar PV panels and the an

swer on research question 4 will be further elaborated in Paragraph 6.3 . 

6. 1 Technologv choke 

The third research question was stated as follows: 

"Which are the most important factors that determine the choice for solar PV panels for rural 

domestic electricity generation, made by rural households, instead of other alternatives avail

able on the local market?" 

It turned out to be too difficult to ask directly about factors that determine a choice for a cer

tain technology. First of all, rural people do not have full knowledge about the technological 

possibilities they have to get electricity near their homes. Most people seem to know about 

diesel generators, but most of them thought that a diesel or gasoline engine - which some 

used to mill sugar cane - was all they needed to generate electricity. Quite some people knew 

or had heard about solar panels and some had even seen them on television. Almost nobody 

had ever heard about micro hydropower. Most people didn't know anything about the appli

cability of the different technologies. 
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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 on 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 micro 

hydro units were practically inapplicable during the field research period. This option was ex

pected to be of use mostly in the first research area, the research area of Careiro . But during 

the field research in this area, the water was at its lowest level. As a result this technology 

has not been used as an option for any of the 272 interviewed households. As it turns out, 

there is not a choice between three technologies, but between two technologies: The diesel or 

gasoline generator and the solar PV panel. 

All the respondents were geographically suitable for solar PV panels. It was always possible to 

find a spot without any shade near the home, even for the households living in closed forest. 

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 households will be looked at first. Figures 

can be found in Table 6 .1. 

Total 
Making a technology Having enough 
choice for PV panels financial means 

(#) # % # % 

Research area 1: Careiro 83 49 59,0 38 45,8 
77 52 67,5 43 55,8 
64 43 67,2 40 62,5 

Table 6. 1: Technology choice of households using batteries or without electricity 

Of the 272 interviewed households, 52 households are using batteries and 172 households 

had no electricity services at all. 48 of the interviewed households use a diesel or gasoline 

generator. 

67 ,3 percent of the battery users - 35 households - made a technology choice for solar pan

els. 109 households without any kind of electricity made a technology choice for solar PV 

panels, being 63,4 percent of the households without any electricity at all. When looking at 

Table 6 .1, more than 64 percent of the households with a battery or without electricity made 

a technology choice in favour of solar panels. 
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The group 'households with batteries or without electricity' accounts for 82,4 percent of all 

the interviewed households. The other 17,6 percent of interviewed households is using a die

sel or gasoline generator. Table 6.2 presents the data of the group 'households with batteries 

or without electricity', but the percentages concern all respondents. The first column presents 

all interviewed households ; the other two columns concern the households with batteries or 

without electricity. 

Total 
Malting a technology choice 

for PV panels 
(#) % ) (# (% ) 

Research area 1: Careiro 83 89 2 49 52 7 
Research area 2: Manacapuru 94 77 81 9 52 55 3 
Research area 3: Itacoatiara 85 64 75,3 43 50,6 

Table 6.2: Technology choice of households with batteries or without electricity, percentages 

concern all respondents 

The technology choice of all respondents - including the households that already made use of 

a generator - can be found in Table 6.3. When comparing Table 6.2 and 6.3, it turns out that 

only 6 generator users made a technology choice for solar PV panels. 

Total 

(#) 

Research area 1: Careiro 93 
Research area 2: Manacapuru 94 
Research area 3: Itacoatiara 85 

~r:~ffi .,, --iw--·-,~~. :~w.iw!dJi 

Table 6.3: Technology choice of all respondents 

Malting a technology choice 
for PV panels 

# % 

49 52 7 

54 57 4 

47 55,3 

All the three tables display a strong homogeneity between the three different research areas. 

59 to 67 V2 percent of the battery users and families without electricity make a technology 

choice for solar PV panels (Table 6 .1). When looking at Table 6 .3, 52 ,7 to 57 ,4 percent of all 

the households makes a technology choice for solar PV panels. 

Some of the 48 households that currently use a generator also use their generator to charge 

batteries of their own. During daytime they pump water with it and charge the battery. This 

way, they do not have the noise and smell of the generator when they watch TV at night. 
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These generator users want to buy solar panels to charge their batteries. This way, they do 

not have to connect their generator to the batteries every day and they save fuel. The genera

tor or engine will then be used for high power activities like - electric or mechanical - water 

pumping and milling of agricultural products. There are 7 respondents who currently use a 

generator and who make a technology choice for solar panels . 

The relationship between the current electricity services used and the choice of tech n ology 

will now be discussed. The relation sh ip itself will be tested with the use of the Pearson 's Chi

Square test, also called the test of independence between two variables or crosstabulation ta

bles. The Chi-Square table value of x2o,os with 2 degrees of freedom (2x3 table) is 5, 991. If x2obs 

>= 5, 991 the null hypothesis of independence between the current electricity services and the 

technology choice will be rejected. The strength of the relationship is calculated with the use 

of Cramer's V. The direction of the relationship is logical. 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 services used are of influence on the technology 

choice, and not vice versa. 

The crosstabulation table to analyze the relationship the current electricity services used and 

the technology choice for the total of the three research areas is shown below in Table 6.4. 

Technology cMiC~ 
Generator Solar 

Battery (#) 17 
Tot ("'6} 6 ,25 

Row(%) 32,69 

Col(%) 13,93 

Generator (#) 42 
Tot ("'6} 15,44 

Row(%) 87,50 

Col(%) 34,43 

Nothing (#) 63 
Tot ("'6} 23, 16 

Row(%) 36,63 

Col(%) 

Total (#) 
Tot ("'6) 

Row(%) 

Col(%) 

Table 6.4: Relationship between current electricity use and technology choice 
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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 technology choice. 

Because x2obs >= x20 ,05 (df=2): 43, 10755 > 5,991 the null hypothesis about no relationship can 

be rejected. 

The Cramer's V is 0,3981. The relationship and strength of the relationship is visible in Fig

ure 6.1. Battery users and people without electricity more often make a choice for solar pan

els than current generator users. Current generator users choose in favour of the diesel or 

gasoline generator. More information about the Chi-Square test, Cramer's V and calculations 

for the separate research areas can be found in Appendix M. 

55 percent of all the interviewed households makes a technology choice in favour 

of solar PV panels. There is a strong and positive relationship between the current 

use of batteries or lack of electricity and the technology choice for solar panels. 

There is a very strong and negative relationship between the current use of a gen

erator and a technology choice for solar panels. 

The same accounts for the relationship between current energy demand and tech

nology choice. There is a strong and positive relationship between a low current 

energy demand and the technology choice for solar panels. There is a very strong 

and negative relationship between a high current energy demand and the technol

ogy choice for solar PV panels. 

Technology 
choice 

Current electricity use Nothing 

Figure 6.l:The relationship between current electricity services used and technology choice 
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The relationship between current electricity services and technology choice is also true for the 

three separate research areas . The relationship is a bit weaker for research area 1 due to 

more battery users in this area that make a technology choice for the generator. These 

households choose the generator because they want to use it for their work: to store fruit 

pulp in a freezer and to use the diesel or gasoline engine to mill manioc and to pump water. 

Research area 1: x2obs >= x2o,os (df=2): 12,65029 > 5,991: there is a relationship 

Cramer's V: 0 ,368815 

Research area 2: x2obs >= x2o,os (df=2): 17,76291 > 5,991: there is a relationship 

Cramer's V: 0 ,43470 

Research area 3 : x2obs >= x2o,os (df=2) : 17,70698 > 5,991: there is a relationship 

Cramer's V: 0 ,45641 

The same calculations have been performed to analyze the relationship between the current 

daily energy demand and the technology choice . The current daily energy demand is trans

lated here as being the current off-grid electricity use of rural households . The relationship 

between current daily energy demand and technology choice for the three research areas as a 

whole is displayed in Figure 6 .2 on the following page. The crosstabulation tables for the cur

rent daily energy demand and the Chi-Square calculations for all of the relationships can be 

found in Appendix M 'Consumer questionnaire analysis ', paragraph M.3 . 

The total of three areas : x2obs >= x2o,os (df=2): 45,524016 > 5,991: There is a relationship be

tween the current daily energy demand/off-grid electricity use and the technology choice. The 

Cramer's V is 0 ,40911. People with a low daily energy use choose in favour of solar panels 

and households with a high daily energy use choose in favour of the diesel or gasoline genera

tor. The Chi-Square and Cramer's V values for the relationship between the current daily en

ergy use and the choice of technology are presented below for the three research areas: 

Research area 1: x2obs >= x2o,os (df=2): 13,30297 > 5 ,991 : there is a relationship 

Cramer's V: 0 ,37821 

Research area 2: x2obs >= x2o,os (df=2): l 7 , ~) 284 > 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 

The relationships of the current rural daily energy use and the current electricity services 

used are almost equal. This is not so strange, because battery users and people without elec

tricity have a low daily energy use. And people that nowadays use a diesel or gasoline genera

tor have a higher daily energy use . 
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Current daily energy use > 200 Wh 

Figure 6.2: The relationship between current daily energy use and technology choice 

Technology 
choice 

In the previous chapter it has been said that households with no electricity at all and house

holds 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 households are very interested in 

solar panels. 59 to 67,5 percent of these rural households makes a technology in favour of 

solar PV panels. 

But having a low energy demand and making a technology choice in favour of solar panels is 

one thing. These households must also have enough financial means to purchase a solar 

panel and they must be willing to pay for the product. The financial picture and the willing

ness to pay will be discussed in Chapter 8 . Other factors that influence the technology choice 

are discussed in the following paragraph. 
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6.2 Factors influencing the technology choice 

Three factors influencing the technology choice that have been mentioned in the previous 

chapter are the future extension of the electricity grid, the geographical circumstances and 

the current off-grid electricity services used. 

The possible future electricity grid expansion has been discussed in brief in the first para

graph of Chapter 5, but a link with the technology choice has not been established in this 

paragraph. Therefore, the link between grid expansion and the technology choice will also be 

established within this paragraph. 

In Paragraph 5.2, the geographical circumstances and the way these circumstances influence 

the applicability of a technology have been examined. It became clear that a number of tech

nologies are not an option to choose from, because they cannot be utilised in the research 

areas. 

The current use of off-grid electricity services has been dealt with in Paragraph 5.3 and the 

relation with the technology choice has been discussed in the previous paragraph. There 

turned out to be a strong and positive relationship between the current use of batteries or 

lack of electricity and the technology choice for solar panels. Next to this , a very strong and 

negative relationship between the current use of a generator and a technology choice for solar 

panels emerged. The same relationships turned out to be true for the relationship between 

current energy demand and technology choice 

The identification of other factors influencing the technology choice is only partly based on 

tangible data, figures and facts. The influence of the current electricity services used on the 

technology choice is easily captured within one figure that can be compared between research 

areas. But there are other important factors that determine the choice for solar PV panels 

that cannot be captured in one figure or within a graph. 

An important element of the field research has been the open part of the household interviews 

and the observation during the execution of the consumer questionnaire. Observation notes 

and informal field notes present the most important information about the cultural compo

nents of the technology choice. Cultural components are for example opinions, meanings, 

feelings and beliefs that people have. Especially conversations with opinion leaders - like 

teachers, community leaders, union representatives and mothers doing the day-care together 

- during the field research provided useful information. Part of this information has already 

been presented in Chapter 5 . 
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In this paragraph, the most important factors - tangible as well as tacit - that influence the 

technology choice will be compiled and described. The cultural component is also important 

with regard to the future consumer decision to buy a solar PV panel. The attitude of the rural 

household towards the product 'solar PV panel' is also difficult to capture within one figure . 

The six most important factors that influence the technology choice for solar panels can be 

found below. The choice for these six factors is off course open for discussion, because not all 

of these factors are founded with tangible data. For that reason it is also not viable to present 

a n order of importance: 

• The geographical circumstances, influencing the applicability of a technology; 

• The current use of off-grid electricity services ; 

• Financial means of the rural household; 

• Future grid-expansion into the rural areas; 

• Simplicity of solar technology; 

• (un)Familiarity with solar PV technology. 

The geographical circumstances have been discussed in depth in Paragraph 5 .2. The current 

use of off-grid electricity services has already been considered in the previous chapter, but the 

different components influencing the current use of electricity services will be reviewed. The 

other four factors will also be discussed on the following pages . The last two factors , simplic

ity of the technology and familiarity with the technology, concern the user knowledge that is 

connected with the solar PV technology. 

1. 

In the previous paragraph it became clear that the current use (or lack) of off-grid energy ser

vices influences the technology choice. Households that lack electricity more often make a 

technology choice that is in favour of solar PV panels. The same accounts for households that 

use batteries to provide in their rural electricity needs. Generator users make a technology 

choice to the detriment of solar panels , due to their higher daily energy demand and the 110 

Volts appliances they are using along with their generator. 

The three most important factors that determine the current use of off-grid electricity services 

are: 
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The current energy demand, that is the current electricity use of rural households; 

The financial means of the respondents ; 

The geographical circumstances influencing the applicability of the electricity generat

ing technology. 



Chapter 6: Technology choice and electricity need 

Current energy demand 

The coherence between the current energy demand and the current electricity services used is 

obvious because of the used definition for cu rrent energy demand . Current energy demand is 

defined as being the current electricity use of rural households without grid electricity. A 

household with a low energy use is most probably a battery user and a rural household with 

a high daily energy demand is most likely to be a generator user at present. This is also visi

ble when looking at the s imilarities between Figure 6.1 and 6.2 in the previous paragraph. 

Obviously, the current energy use will not remain the same in the future. Next to the cu rrent 

energy demand the technology choice is also affected by the future energy demand , but this is 

not captured by the consu mer questionnaire. When households have made a technology 

choice in favour of solar panels, they a re asked about their preferred system size - being an 

indicator for the futu re energy demand with the use of solar panels. The relationship between 

current da ily energy use and the system size choice is presented in Table 6.5. 

<= 40 Wh/ day Total 

1 Panel (#) 55 
Tot(%) 43,31 

Row(%) 88,71 

Col(%) 49,11 

2 Panels (#) 37 

Tot (%) 29,13 

Row(%) 90,24 

Col(%) 33,04 

3 Panels (#) 18 
Tot(%) 14,17 

Row(%) 94,74 

Col(%) 16,07 

4 Panels (#) 2 
Tot(%) 1,57 

Row(%) 40,00 

Col(%) 

Total 
Tot (%) 

Row(%) 

Col(%) 

Table 6.5: Relationship between system size choice and current daily energy use 
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There is relationship between the current energy demand and the choice with respect to the 

system size of the solar PV system, but the relationship is moderately weak and diffuse. The 

Chi-Square= 12,11158; x2abs >= x2o,os (df=2) : 12,11158 > 7,8147 and Cramer's V: 0 ,30882 . 

This crosstabulation table is displayed on the previous page and corresponding calculations 

can be found in Appendix M, Paragraph M.4 'Electricity demand when choosing solar panels'. 

The only tangible conclusion is that households with a daily energy use below 40 Wh almost 

never choose a solar system with 4 panels - the biggest system size, providing 200 Wh on a 

daily basis. Another conclusion is that households with a higher energy use not necessarily 

make a choice for a bigger system. 

But 51 percent of the households with a low energy need(< 40 Wh) choose a system size sub

stantially bigger than their current use of electricity (> 1 panel: > 50 Wh). This implies that 

households choose a system that provides more electricity than needed to meet the current 

use of electricity. As it turns out, 92 percent of the households chooses a system size bigger 

than their current use of electricity. (See Appendix M, Paragraph M.4) 

The current energy demand therefore appears to influence the future technology choice di

rectly as well as indirectly through the factor 'current electricity services used'. 

Financial means 

People without any electricity at all indicated that it was because of a lack of 'condicoes', be

ing financial conditions. Some people indicated they had the money to buy a battery, but they 

didn't have the money to recharge it every week. The same situation occurred with respect to 

generator technology. Some people indicated they had the money to buy a generator, but they 

lacked the funds to buy fuel every week. I even met families that had bought a new Yamaha 

generator, but they didn't have the financial means to operate it. When people made a tech

nology choice for solar panels during the consumer questionnaire, the questionnaire part of 

system sizes and payment possibilities seemed to be the most crucial and sensitive part of the 

questionnaire. 

Due to the importance of the factor 'financial means ' it will be discussed as a separate factor. 

Just like the current energy demand, the financial means do influence the technology choice 

in an indirect - through the current electricity services used - as well as a direct manner. 

Geographical circumstances 

A third factor affecting the current use of electricity services is the geographical circum

stances that will influence the applicability of a specific electricity generating technology. As it 

turned out in the field, micro hydropower is not a feasible technology in most areas surround

ing Manaus. In one area it was possible to use a micro hydro unit, but only for some part of 
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the year. Another example is the use of batteries in research area 3. It proved to be very diffi

cult to recharge batteries in the research area of Itacoatiara and this resulted in a very low 

number of battery users in this area, visible in Table 6.6. 

Research area 1: Careiro 20 

Research area 2: Manacapuru 26 

Research area 3: Itacoatiara 6 

Table 6.6: Number of battery users in the three research areas 

The geographical circumstances and their influence on the future technology choice have 

been discussed thoroughly in Paragraph 5 .2. In the same paragraph it has been stated as 

well that the geographical circumstances are also of influence on the currently used off-grid 

electricity services, because it implies a technology choice in the past. 

The relationships described above are visible in Figure 6.3 . 

Current energy 
demand 

Financial means 

Geographical 
circumstances 

Current electricity 
services used 

Technology 
choice 

Figure 6.3: Current electricity services used versus technology choice 

A second factor that influences the current use of off-grid electricity services and the future 

technology choice is financial means. Having enough financial means is also part of the fifth 

selection criterion for choosing the research areas as explained in Chapter 4. 

The ability to pay - that is, having enough financial means - has been defined as 'having an 

income between 150 and 1.500 R$ per month'. It has to be noted that in practice most rural 

households also have an informal income that is not captured by statistics. 
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It has already been said that the currently used electricity services result from a technology 

choice that has been made (or that has not been made) in the past. Factors that influenced 

this technology choice will also affect a future technology choice for solar panels. 

The daily energy demand has already been linked with the current use of electricity services. 

Another factor that influences the currently used electricity services is the financial means of 

the household. This factor is also regarded as very important with respect to the future choice 

for an electricity generating technology. 

When discussing the advantages and disadvantages of solar panels and diesel or gasoline 

generators, the fact that a solar panel doesn't require fuel to operate turned out to be very 

important. The cost of fuel, lubricant and spare parts seemed to be a bottleneck for house

holds to make a technology choice in favour of diesel or gasoline generators. Not the necessity 

for these products itself seemed to be the biggest problem. The biggest problem is the fact 

that you have to pay for the fuel every week and that you have to save up money for future 

repairs and checkups . Only a high energy need could refute the importance of this factor. 

People that clearly needed the energy of a generator for their work accepted the disadvantage 

of having to pay for fuel and spare parts 'till the end of time. 

Brazilians who made a technology choice for solar PV panels liked the idea that they only pay 

once - or a fixed number of instalments - for the purchase of the solar panel and after this 

they will have free energy services for many years . 

When looking at Table 6 . 7 about the financial means of the interviewed households, 46, 7 per

cent of the rural households makes a technology choice for solar PV panels and indicates to 

have enough financial means to buy them. Of the households that opt for solar PV panels 

during the questionnaire, 84,7 percent - being 127 of 150 households - indicates to have 

enough money to also buy the product. 

Total 

(#) 

Research area 1: Careiro 93 

Making a technology 
choice for PV panels 

52 7 

57 4 

Table 6. 7: Financial means of all the interviewed households 

Having enough 
financial means 

# % 

40 9 

47 9 

This is quite a high percentage and it could be translated into a low importance of the factor 

'financial means'. But informal discussions with the households after having finished the 

questionnaire revealed a different consideration. 
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When talking about the financial circumstances of the rural household in an informal way, 

most of them indicated that they didn't h ave much money at all. Their formal income was low 

and their informal income too. But because of the importance of electricity they were willing 

to spend a large amount of their total 'riches ' on a useful electricity solution. A number of 

households indicated that they were willing to work extra hard for some time to produce more 

manioc or to grow more crops and gain more income, so that they could pay for the solar sys

tem of their choice. They reasoned that after one year of hard work, they would have electric

ity for years to come. This indicates that the financial means are very important with regard 

to a technology choice for solar PV panels, but it does not have to hinder the decision to buy 

the product if households are convinced of the usefulness of solar PV panels. 

The complete financial picture is discussed in Appendix M, Paragraph M.5 'Financial picture ' 

and taken into account when further elaborating on the market potential in Chapter 8 . 

Next to off-grid electricity services, the possibility to get a grid connection in the near future 

also influences the technology choice of rural households. During fieldwork it turned out that 

people living close to the local electricity grid more often preferred a generator than people 

living further away from the grid, because they could still use the 110 Volts appliances when 

getting connected to the electricity grid in the future. 

The possibility to get grid related electricity in the future depends on the capacity of the exist

ing local grid to expand. The extension of the local grid within the research areas depends on: 

The grid capacity, currently installed as well as future electricity generating capacity; 

The current speed of middle tension grid extension into rural areas; 

Future planning to invest in the expansion of the local grids by CEAM - Companhia 

Energetica do Amazonas. 

Generating 
capacity 

Grid extension 

Future planning to 
invest in expansion 

Future expansion of 
the electricity grid 

Figure 6.4: Future grid expansion versus technology choice 

Technology 
choice 
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Generating capacity 

A lack of private investments from the moment of privatization in 1993 caused a rapid decay 

of the electricity sector in the Manaus region. This resulted in bad planning, a cut-down in 

cost in general, poor maintenance and a dramatic growth of energy losses. 

It already has been concluded in Paragraph 5 .1 that the growth of electricity generating ca

pacity cannot keep up with the growth of energy losses. A significant part of the expansion of 

the electricity generating capacity nowadays seems to disappear directly into the high energy 

losses . Averting the high energy losses and maintaining the current electricity grid seems to 

have a low priority due to a lack of funds and because of the influence of politically popular -

but technically undesirable - decisions to extent the current local grid towards rural areas . 

Grid extension 

Because of the defective state of most local grids and the bad financial position of the electric

ity companies, these promised rural extensions are most of the time not implemented or con

nected. Promises made by politicians to extend the grid have an impact on the technology 

choice of rural households, but rural households are reserved. They have heard the promises 

before and nothing happened then. In some areas, the promise to extend the grid into the ru

ral areas dates back for more than 20 years. Households also know about the problems with 

the local electricity grids and the current lack of generating capacity in the areas surrounding 

Mana us. 

Investments in expansion 

The reform of the electricity sector in 1993 was triggered because a lack of investment in the 

sector. The government has been quite successful in privatizing the distribution companies of 

the Brazilian high-tension grid, but has failed to attract private investments to increase the 

electricity generating capacity. The growth of installed capacity has been significantly smaller 

since the privatization than expected by the Brazilian government (Mendorn;a and Dahl, 

1999). Due to the privatization and lagging behind of growth in electricity generating capacity, 

the risk of blackouts has increased. 

Conversations with Lucio Fernandes da Silva - market development department of CEAM - in 

April 2002 revealed that the cutback in cost at Manaus Energia and CEAM continues. Main

tenance still isn't high on the agenda and therefore losses are expected to rise. 

It will be clear that future expansion of the electricity grid into rural areas will be minimal. 

But even just the expectancy to get connected to the local electricity grid in the near future 

influences the technology choice of rural households for a particular energy generating tech

nology. The influence of just the expectancy will be lower than the influence of the actual grid 
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expansion and households do know about the problems of the local electricity grids with re

spect to generating capacity, bad maintenance and blackouts. Despite this negative publicity, 

it turned out during the fieldwork that people living close to an inland electricity grid more 

often preferred diesel or gasoline generators, because they could still use the 110 Volts appli

ances when getting connected to the electricity grid in the future. 

A full coverage of the grid electricity situation can be found in Appendix D, Paragraph D.2. 

A very important advantage of solar panels is the simplicity of the technology. The mainte

nance of a solar panel is limited to rinsing it with some water every now and then. The most 

demanding part of a solar home system (SHS) is the battery, which needs to be replaced when 

it is worn-out after two to three years. 

This technology is inconceivably simple when compared to the use of a diesel or gasoline gen

erator. The generator consists of two main parts : the engine-part and the generator-part. First 

of all, you need to build a little shed to house the engine and the generator. The engine needs 

oil, filters and periodical checkups and mechanical parts wear out in the long run. An often 

heard problem with the generator is the wear out of the bearings. Because of this, the electric 

coils of the generator wear out more quickly and will short-circuit in the end. 

When talking about the maintenance of a generator, it turned out that quite a lot of house

holds with a generator do not know how to maintain it. The generators that I have seen in the 

field all look very clean. Brazilians 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 maintenance 

with respect to the oil, the filters and yearly checkups. 

A 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. 

'Maintaining' a diesel or gasoline generator is a men's job and the women in the household 

most of the time knew nothing about the equipment. The rural households interviewed - and 

especially the men - liked the idea that even the lady of the house could do the maintenance 

of a solar PV panel, i.e. rinsing it with water. 

Quite some people were surprised that a solar panel doesn't need any spare parts. They 

thought that after some time, you had to replace something of the panel - like when you use 

a diesel generator. 

Other drawbacks of the diesel or gasoline generator also have to do with the technology con

tent . When a generator breaks down, it is difficult to buy spare parts. Manaus is the only 

place where you can buy spare parts, but for the older generators it can take a long time to 
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find a shop that has the spare part or that can order it. 88 Percent of the respondents that 

made a technology choice for the generator indicated that the availability of spare parts is a 

big problem. (See Appendix M, Paragraph M.6) 

Figure 6.5: Big shop in Manaus selling engines, generators and spare parts 

And having the spare parts doesn't mean that the generator is repaired immediately. It also 

proved to be difficult to find someone who could repair a diesel or gasoline generator. Espe

cially a repairman for the electrical part, the dynamo part, is difficult to find. 47 percent of 

the households indicated that is difficult to find a mechanic nearby to repair the engine-part. 

58 percent of the households indicated that it is difficult to find a repairman who is able to fix 

the generator-part of the generator. (See Appendix M, Paragraph M.6) 

I s. Familiarity with solar PV technology 

A clear disadvantage of the solar panel is the unfamiliarity of the rural households with the 

technology. The fact that some people were surprised because a solar panel doesn't need 

spare parts indicates that people do not know very much about it. A number of interviewed 

households also thought that a solar panel would only function with a clear sky and bright 

sun. They had the idea that the solar panel would not generate any electricity with moderate 

sun or just with daylight - for example during the rainy period. Especially amorphous solar 

panels are known to generate electricity with plain daylight or moderate sun. 
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A number of households preferred the solar panel to the generator based on the information 

presented to them, but they wanted to see it work before they could make a true technology 

choice in favour of solar panels. Because they were not familiar with the technology, they 

choose in favour of the generator during the consumer questionnaire. 

The same picture appears when looking at the micro-region of Rio Preto da Eva in research 

area 3 . 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. There is a rural school 

and a rural family on the road Rio Preto da Eva - Vila de Lindoia that both use Siemens solar 

panels. There is also a telephone station in Vila de Lindoia that makes use of a big Kyocera 

solar panel array. 

Figure 6. 6: Rural household in research area 3 using a solar PV panel 

Particularly people who live in the Rio Preto da Eva area seem to know about these solar sys

tems and they love them. The people in this area think highly of solar panel technology and 

the existence of some functioning PV panels in this area clearly influences the technology 

choice of a large number of households. 
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The picture of the most important factors influencing the technology choice looks as follows: 

Current energy 
demand Q Cunent electricity 

I n-Dcld meaas I 1---- servi-ces us- e4 l 
Geographical 
circumstances 

Generating 
capacity 

Grid extension 

Investments in 
expansion 

Future expansion of 
the electricity grid 

Simplicity of solar 
PV technology 

Familiarity with 
solar PV technology 

Technology 
choice 

Figure 6. 7: Most important factors influencing the technology choice 
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The third research question was stated as follows: 

Which are the most important factors that determine the choice for solar PV panels for 

rural domestic electricity generation, made by rural households, instead of other alter

natives available on the local market? 

The most important factors are: 

1. The geographical circumstances; 

Influences the applicability of a technology and is further explained in Paragraph 5.2; 

2. The currently used off-grid electricity services and the current daily en

ergy use (Wh) by rural households; 

Households that lack electricity more often make a technology choice in favour of so

lar PV panels. There is also a strong relationship between the current use of batteries 

and the choice for solar panels. Generator users make a technology choice to the det

riment of solar panels , due to their higher daily energy demand and the 110 Volts ap

pliances they are using along with their generator. The same relationships are true for 

the relation between current daily energy use and technology choice. 

3. The financial means of the rural household; 

83 percent of the households making a technology choice in favour of solar PV panels 

indicates to have enough money to also buy the product. Despite this high percent

age, households also indicate that they have to work hard to gather the money 

needed. But they say it is worth the hard work if solar panels provide the electricity 

services as presented during the execution of the questionnaire. 

4. Future grid-expansion into the rural areas; 

Future expansion of the electricity grid into rural areas will be minimal. But even just 

the expectancy to get connected in the near future influences the technology choice of 

rural households. The influence of just the expectancy will be lower than the influence 

of the actual grid expansion and households do know about the problems of the local 

electricity grids with respect to generating capacity, bad maintenance and blackouts. 

But people living close to an inland electricity grid more often preferred diesel or gaso

line generators, because they could still use the 110 Volts appliances when getting 

connected to the electricity grid in the future . 

5. Simplicity of solar technology as for maintenance and spare-parts; 

Especially when compared to a diesel or gasoline generator, a solar PV panel is in

conceivably simple. There is no need for fuel, oil, filters, spare parts or a yearly 

checkup. A solar PV panel doesn't have any kind of moving parts that can wear out in 

time and the maintenance is very easy. Brazilians seem to love things that you buy 

and you don't have to take care of after buying. 

6. Familiarity with solar PV technology. 

The existence of a number of functioning solar PV panels in a specific rural area 

clearly influences the technology choice of a large number of households in this area. 
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6.3 Electridtv need of potential PV panel users 

The current use of off-grid electricity services has been discussed in Paragraph 5.3. The rela

tionship between the current electricity use and the technology choice has been further 

elaborated on in the previous paragraphs. In this paragraph, the electricity need of potential 

PV panel users will be discussed and the answer on the fourth research question is presented 

at the end of this paragraph. The fourth research question has been stated as follows: 

"(To what extent) will solar PV technology better accommodate with the electricity need of rural 

households than current rural off-grid electricity services used?" 

To answer this research question, the electricity need of rural households making a technol

ogy choice in favour of solar PV panels needs to be reviewed first. 

Of the 272 households interviewed, 150 households made a technology choice for solar PV 

panels. This is 55, 1 percent of all the rural households interviewed. (Figure 6 .3) Of these 150 

households, 127 households had sufficient financial means to also purchase the solar panels. 

This is 84, 1 percent of the households that made a technology choice for solar panels and 

46, 7 percent of all the rural households that have been interviewed. (Table 6. 7) 

The focus in this paragraph is on the 127 households that made a technology choice for solar 

panels and also indicated they have enough financial means to pay for the product. The elec

tricity 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 checklists inten

sify in electric energy and present the useful daily electricity generation capacity of a solar 

home system with one, two, three or four solar panels of 14 Wp. A solar home system with 

one solar panel of 14 Wp generates 50 Wh daily, two solar panels generate 100 Wh and so on . 

The electricity demand thus refers to the number of panels a household wants to use and 

they can financially bear. 

The electricity demand when using solar panels or the preference with respect to the number 

of panels - the choice for a certain system size - is presented in Figure 6.8. The y-axis indi

cates the number of households that made a choice for a specific system size. The corre

sponding data can be found in Appendix M, Paragraph M.4. 

49 percent of the households made a choice for one panel, about 32 percent made a choice 

for two solar panels and almost 19 percent of all households had the preference to use more 

than two solar panels, namely three or four panels. The interviewed households in research 

area 1 more often made a choice for the smaller system sizes, i.e . one or two panels. The 

households in the other two research areas chose the bigger system sizes as well. This is also 

visible in Figure 6.8. 
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1 panel 2 panels 3 panels 4 panels 

• Research area 1 • Research area 2 • Research area 3 

Figure 6.8: Choice of solar system size 

The choice for more panels corresponds with the need for more electricity and also with a bet

ter financial position of these households. This relationship between the number of panels 

chosen and the financial position of the household has not been analyzed. People were not 

asked about their financial situation, they were asked whether they could pay for a technol

ogy choice, after making a technology choice in favour of solar panels. 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 they made a choice with regard to the system size and afterwards they were 

asked whether they could pay the corresponding price. 

It is interesting 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. For every sys

tem size, there are complete packages with panels, charge controller, wiring and fluorescent 

lights. But there is also the possibility to only buy a panel with or without a charge controller. 

To be able to look at the relationship between system size choice and package choice, the 

package choice itself will be analyzed first . 
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(#) 

Research area 1: Careiro 17 44,7 21 55,3 

Research area 2: Manacapuru 20 44,4 25 55,6 

Research area 3: Itacoatiara 24 54,5 20 45,5 

Table 6.8: Package choice 

The package choice is a choice of rural households that have made a technology choice in fa

vour of solar PV panels and indicated during to have enough financial means to buy the 

technology. 52 percent of the 127 households made a choice for a complete package. The 

other 48 percent made a choice for only panels. The category 'only panels ' consists of house

holds that make a choice for panels with or without a charge controller. 

I personally didn't expect that so many households would make a choice for a complete pack

a ge , because wiring and lights can easily be bought locally. There are more households that 

make a choice for a complete package - with charge controller, wiring and fluorescent lights -

than households making a choice for only panels, with or without a controller. 

When people made a system size choice for one panel, they had a package choice as follows: 

1. Buying one solar panel without a charge cont roller; 

2 . Buying one solar panel with a charge controller; 

3. A complete package of a solar panel, charge controller, wiring and fluorescent lights . 

It was explained to them that the use of a charge controller prolonged the lifetime of the bat

tery . When looking at the households that didn't make a choice for the complete package, Ta

ble 6 .9 displays the choices that have been made with respect to the charge controller. 

(#) 

Research area 1: Careiro § 5 41,7 7 58,3 
Research area 2: Manacapuru 3 12 92 ,3 1 7,7 

-

- 4~~ Research area 3: Itacoatiara 9 64,3 5 35 ,7 

Table 6. 9: Package choice - one panel with or without charge controller 
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67 Percent made a choice for a panel without charge controller. The other 33 percent made a 

choice for a solar panel with the charge controller. 

The choice differs considerably for the three research areas. Especially in research area 2 

households made a choice for one panel without a charge controller. Most battery users in 

this research area choose this package and their logic was as follows: "We don't have a good 

battery, so why spend money on a charge controller when the battery is already damaged?" 

When they would buy a new battery in the future, they would consider buying a charge con

troller at that moment. 

The relationship between the solar PV system sizes - the number of panels - and the kind of 

package that is chosen by the household is presented in Figure 6.9 . The Chi-Square has been 

calculated in Appendix M, Paragraph M.4. The table value of x2o,os with 3 degrees of freedom 

(a 2x4 table) is 7 ,8147. When looking at the frequencies observed during the execution of the 

consumer questionnaire: x2abs >= x2o,os (df=2) : 11 ,18726 > 7 ,8147 and the null hypothesis 

about no relationship can be rejected. There is a relationship between the system size choice 

and the package choice . The Cramer's Vis 0,2968 indicating that the relationship is not very 

strong. 

40 

35 

30 

Complete package 
1 panel 

2 panels 
3 panels 

4 panels 

• Only panels • Complete package 

Figure 6. 9: Relationship between system size and package choice 
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As can be seen in Figure 6.9, the households choosing the bigger system sizes more often 

make a choice for a complete package. Households making a system size choice for just one 

panel more often choose for the option 'only panel', being one panel with or without a charge 

controller. 

Another relationship interesting to look at is the relationship between the current electricity 

use and the number of panels that has been chosen by the household - when they made a 

technology choice for solar panels and have enough financial means to pay for them. This re

lationship has already been discussed in the previous paragraph. As it turned out, 51 percent 

of the households with a low energy need (< 40 Wh) chooses a system size that is considera

bly bigger than their current use of electricity(> 1 panel: > 50 Wh) . And 92 percent of the 127 

households that made a technology choice in favour of solar PV panels and indicated to have 

enough financial means, makes a choice for a solar system size that is bigger than their cur

rent use of electricity. 

The fourth research question was as follows: 

(To what extent) will solar PV technology better accommodate with the electricity need 

of rural households than current rural electricity services used? 

The answer is as follows: 

Solar PV technology is clearly able to accommodate with the daily electricity need of 

households that nowadays use car batteries and households that have no electricity 

services at this moment. There is a strong and positive relationship between the cur

rent use of batteries or lack of electricity and the technology choice for solar panels. 

Solar technology cannot accommodate with the electricity need of rural households 

that nowadays use a diesel or gasoline generator to provide in their electricity needs. 

Their daily energy demand is too high to satisfy with the use of solar panels. 

92 percent of the 127 households that made a technology choice in favour of solar 

PV panels and that indicated to have enough financial means to buy them makes a 

choice for a solar system size that is bigger than their current use of electricity. This 

clearly indicates that solar panels cannot only satisfy the current electricity need of 

rural households with a low energy need, but they can also accommodate with the 

growth of this need up to a certain point (up to 200 Wh on a daily basis). 
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Chapter 7: Local business environment 

Chapter 5 and 6 were concerned with the research questions related to the potential rural 

customers of solar PV panels and their needs and preferences . Chapter 7 and 8 will treat the 

business side of photovoltaics in the Manaus area. When looking at the research framework, 

the fifth research question deals with the development of a distribution structure for the dis

semination of solar PV panels: 

"What kind of distribution structure will be most appropriate to develop sustainable markets for 

PV-technology in the Manaus area, considering local business structure and culture and gov

ernment incentives?" 

The external factors visible in research question 5 with respect to the sustainable market de

velopment are the local business structure, the local business culture and the government 

incentives. These external factors will be discussed in this chapter. The research question it

self will be answered in Chapter 8 'Sustainable market development'. 

The first external factor discussed is the local business structure. After that, the business 

culture in the city of Manaus will be talked through in Paragraph 7.2. 

In the case of Manaus, the government incentives deserve extra attention because Manaus is 

a free trade zone. The wide range of incentives from the local, state-level as well as federal 

government results in an indistinct web of laws , legal rules, directives and regulations that 

demands a careful clarification. An extensive overview of all incentives can be found in Ap

pendix 0. The possible influences of these incentives when setting up a solar panel business 

are discussed in Paragraph 7.3. In the same paragraph you will find a discussion about the 

possible sources of finance when setting up a business with respect to the production or dis

tribution of solar PV panels in Manaus . Setting up an own distribution structure is not re

garded as being a sustainable way tot develop the market. The definition of sustainable mar

ket development in Chapter 3 indicated that the market must be able to develop on its own 

after a certain time; i.e . economical sustainability. 

7. 1 Local business structure 

In the case of solar PV panels, there are two main market approaches: the project approach 

and the free market approach. Both approaches are discussed in depth in Appendix E. Within 

these two approaches, three market development models can be distinguished : 

The project model: The main purpose of most projects is the development of a new 

distribution infrastructure. In most cases, extensive-design applications are offered in 

combination with credit structures in order to increase the affordability. The focus is 

on pre-selected rural areas within developing countries; 
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The system house model: 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. These companies often aim at niche markets, mainly business 

markets such as the telecommunications market; 

The traders model: PV systems are imported and distributed by traders or retailers 

that have a well-developed commercial 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. 

The market for the traders model depends on the existing (or future) market for com

plementary products - such as lead-acid batteries or black and white televisions - and 

the existing distribution network that can be used to sell solar PV panels . 

It will be clear that the project market development model corresponds with the project mar

ket approach and the traders model matches the free market approach. System engineering 

houses employ a mix of the project and free market approach, depending on the existing 

market situation with respect to project development and retailers selling complementary 

products. 

The focus with respect to the development of an economically sustainable market 

in the Manaus region will be on the free market approach, because Free Energy 

Europe is a strong advocate of this approach. Next to this, the project approach 

has been used since the early 70's and in general it has not succeeded in develop

ing sustainable markets for solar PV panels. (van Dijk et. al., 2000; van der Vleu

ten et. al., 2000) 

The focus with respect to market development model will be on the traders model, 

but cooperation with actors of other models is not at all ruled out. 

When looking at the free market approach as in most European countries or the United 

States, a producer produces a product, an importer imports, a distributor distributes and a 

retailer performs the retail sales. Distribution can be within one country or for several coun

tries by the same distribution company. Import implies that production takes place in an

other country and the product is then imported and sold in a second country. Distributors 

and importers most of the time have the function of wholesaler and they supply retailers. 

Wholesalers sometimes sell directly to the consumer or end user. This is for instance the case 

with the sales of furniture in big furniture plazas and 'factory sales' of clothing overproduc

tion in big clothing malls outside the city centres. 
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This situation is captured in the following model: 

Producer 
Distributor / 

Importer 
(wholesaler function) 

Figure 7.1: Common free market business structure 
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Retailer 

This model is also appropriate to describe the situation in Kenya, a country where Free En

ergy Europe already has an extensive track record with respect to the sales of solar PV pan

els. Sales mostly take place through retailers who buy their panels from importers with the 

role of wholesaler. This situation has advantages for the producer, retailers a s well a s the 

customers: 

The producer doesn't have to handle small shipments of 2 or 4 panels to individual 

stores, which makes handling and administration easier; 

The retailer has a regional business point where he can go to with respect to warranty 

issues and he can make local payment agreements; 

Prices will be lower for the end user, because bigger shipments towards a limited 

number of distributors is a lot cheaper with respect to the handling cost than individ

ual shipments to retailers . Warranty issues will also be easier to resolve . 

Today, some solar PV panel wholesalers also sell straight to end users. This is for example the 

case with sales on the Internet, where virtual shops sell to retailers as well as end users . 

The names "Importador" and "Distribuidor" are often used in Manaus, but the content of 

these denominations differs quite from their sense when used in European free market coun

tries . 

First of all , there is no real difference in the meaning of the words "Importador" and "Dis

tribuidor". Besides this, an importer in Manaus not necessarily gets his products out of other 

countries . The effort of getting products into the Amazon and up to Manau s from other parts 

of Brazil is already such an undertaking, that it is regarded as being import on itself. 

Third, the main issue of an importer or distributor in Manaus isn 't the sales towards retail 

shops . A distributor at all times has the function of a retailer, selling directly to end-users. 

Production 
'Distribuidor / 

importador' 

Figure 7.2: Manaus business structure 

End-user 

Retailer 
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Next to end-users the distributor also sells to other retailers in Manaus and in regional towns 

of commercial importance. Retail shops in regional towns - for example Iranduba, 

Manacapuru and Itacoatiara - hardly ever buy their products outside Manaus, let alone out

side the state of Amazonas. All trade towards the Central Amazon region goes through the 

capital city of Manaus. 

Importers and distributors in Manaus usually buy their products in cities that are the desti

nation of the airplanes leaving Manaus. Most favourite places to buy electro-technical prod

ucts are Sao Paulo, Miami and Rio de Janeiro - in this order of importance. 

When looking at the market development models in Appendix E, a system engineering house 

(SEH) can be a distributor, importer, wholesaler as well as retailer. An SEH can for example 

supply the solar panels and knowledge for a solar panel project and as an importer or whole

saler. He can also be the branch office for a specific brand of solar panels and distribute them 

in a given region. 

As a wholesaler a solar engineering house can supply solar electrification projects and as a 

retailer he can provide end users with solar PV solutions. 

When looking at the traders model (Appendix E), the focus is on retailers that nowadays sell 

complementary products for solar PV panels. The attention will be mostly on complementary 

products retailers and retailers with a clear focus towards the rural market. The following di

vision has been chosen with respect to the retail situation: 

1. Trader, selling (electrical) naval and farming hardware; 

2 . Trader, selling small electrical household appliances and entertainment electronics; 

3. Trader in general, including consumer electronics; 

4 . Construction materials , including electro-technical materials; 

5 . Electro-technical materials only; 

6 . Automotive products , including automotive electrics. 

More explanation about this division can be found in Appendix Q 'Retail codebook and fill-in 

form' and in Paragraph 8.4 'Fresh PV retail possibilities'. This division 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 this questionnaire is mostly kept the same 

to make comparisons with questionnaire results from Kenya possible. 

The raw data can be found in Appendix R: Retail questionnaire data. The analysis and expla

nation of the retail questionnaire results can be found in Appendix S 'Retail questionnaire 

analysis' and in Chapter 8 , Paragraph 8.4 . 

110 



Chapter 7: Local business environment 

7.2 Local business culture 

Business culture in Manaus differs from the business etiquette on Brazil you will find on the 

Internet (for example http:/ /www.executiveplanet.com/business-etiquette/Brazil.html), or in 

a pocket guide with respect to business customs like 'Passport Brazil' (Herrington, 1998). 

Most guidebooks about Brazilian business culture focus on Rio the Janeiro and Sao Paulo, 

because these are the two major cities and business centres of Brazil. But there are important 

differences with respect to the business culture in Manaus. Some examples: 

The average entrepreneur in Manaus does not speak English. You will need to acquire 

the rudiments of the Brazilian Portuguese language to be polite and use a translator 

or - even better - a bilingual 'despachante' (expediter who knows his way around); 

In Manaus you will always address your Brazilian contact by his or her first name; 

"Senhor Nelson", "Senhora Maria" or "Doutor Carlos". If people have two surnames -

which is common - you always address to their second surname. The first surname is 

of the mother and the second one of the father; 

Women in business are generally accepted - and appreciated - in Manaus. You will 

find surprisingly much women in higher positions and managerial functions . The top 

executive posts will most of the time be occupied by men, but you will find women in 

middle management and as floor managers . It will be good to have a woman in your 

team if you do business in Manaus; 

A two- or three-piece suit is not necessary in Manaus and most of the time it would 

kill you because of the high temperatures. Casual business clothing is accepted in 

Manaus. Shoes are considered important and tell something about the person who 

wears them. 

The five elements of the business culture discussed on the following pages are: 

The language and the importance of speaking Brazilian Portuguese; 

Appointments 

Setting up a business team 

Corruption and bureaucracy. 

1. The language 

Any attempt to communicate in Portuguese will be appreciated. It is best to learn Portuguese 

in Manaus and not back home in the Netherlands, because Manaus-Portuguese differs from 

Portuguese in other parts of Brazil and from Portugal-Portuguese. 

It's will be difficult to find a good bilingual expediter or translator. There are a lot of language 

schools in Manaus, but the quality of English teachers at these schools is generally poor. 

Even English teachers at universities only have very basic knowledge of the English language. 
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The best is to look for an expediter that has studied in Rio de Janeiro, Sao Paulo or abroad. 

You will be able to find them by contacting international companies in the industrial zone or 

by addressing to the Belgian or the American consulate. The Dutch consulate will not be of 

much use at the moment. The Dutch consul is a Dutch naturalized Bulgarian entrepreneur 

who only speaks Brazilian and Bulgarian. 

Whatever you do, never start a conversation in Spanish. Your counterpart will think that you 

are unaware about the fact that Brazilians speak Portuguese and he will see this as a big cul

tural insult. Moreover, there are not so many people speaking Spanish in Manaus. 

2. Appointments 

When you want to set or verify an appointment, don't be afraid to call again and again, day 

after day. When a contact doesn't call it doesn't mean he isn't interested anymore. Brazilians 

have a different sense of time and Brazilian business culture has a slow pace and informal 

atmosphere. Because of the 'slow pace', people do not call back on time and because of the 

'informal atmosphere' it is permitted to call again and again without annoying anybody. 

The importance of a good personal relationship is even more important in Brazil than having 

a good mutual business understanding with your contact. Brazilians like to talk about their 

personal lives and will ask direct personal questions, for example about your marital status, 

children or parents. 

Even after many appointments you will start every meeting with small talk and a 'cafezinho' 

(espresso). Always accept the offer of cafezinho and take your time for this prelude. Your con

tact will most of the time start to speak about the business to indicate that the small talk is 

over. It's all about building a personal relationship. 

Brazilians will not go on with business when they do not have the feeling that the business

relationship will be long term. 

Brazilians are most of the time late for meetings. After some time, you will be delighted when 

someone does show up on time . Appointments are automatically cancelled when it rains 

heavily during the rainy season. It's best to make appointments in the early morning, because 

the rain most of the time starts in the afternoon after 15:00. 

Although poor punctuality is a characteristic of Brazilian - and surely Manaus - business, 

you should still make the effort to be punctual yourself. Bring some work, a good book - also 

a nice opener for small talk - or another diversion to fill the time while you wait. Because of 

all this waiting, and because a meeting always takes longer than expected, you can better 

keep two to three hours free in between meetings. 
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3. Setting up a business team 

When you are going to set up a business team, make sure that all people in it can stay in the 

team on the long run. Changing contact persons is the rudest thing you can do - next to 

speaking Spanish - when you do business with Brazilians. You have to make sure and you 

have to express that the personal relationship is much more important that the business. 

One example about the magnitude of a personal relationship: 

The interim vice-governor of the Amazon state asked me to attend a meeting about a 

theme park and I had to give my opinion about the energy supply of the park. The meeting 

was in the evening at his house and he asked me to come together with my wife. 

It turned out that all wives of all the entrepreneurs involved in this project were also pre

sent at the business meeting and they all were asked to propagate their points of view 

with respect to the project. 

Also try to get a trustworthy local expediter and make sure that you get well introduced by 

someone. The introducer doesn't have to be of the business itself, but some track record in 

Manaus business is preferred. 

It's also helpful to be introduced by a known 'local foreigner', for example someone working 

for one of the companies in the industrial zone. Brazilians will always deny the existence of 

racism, but here is an unconscious preference to work with people that are more European

or USA-style . Being tall, being Dutch and - yes - being white helps. This also accounts for 

your team, your expediter and the man or woman who introduces you. 

4 . Corruption and bureaucracy 

According to a 1996 poll among international executives by Transparency International, Bra

zil was cited as one of the most corrupt nations of the world (Passport Brazil, 1998) . 

When looking at the 2001 Corruption Perception Index publicized by Transparency Interna

tional (TI (1), 2002; http://www.transparency.org/), Brazil is doing a good job with respect to 

battling corruption. Brazil moved up from place 15 to the 45th place between 1996 and 2001 , 

with 91 countries being on this corruption list. 

During the last ten years, the Brazilian government introduced structural reforms, mostly 

privatizing big state companies, which changed the role of the government in the economy. 

Privatization reduced the active presence of the government in the business sector. From an 

active participant, the government has now got a role dedicated to control the privatized com

pa nies as well as the trade balance and taxes. 

Privatization has decreased the inefficiency of previously state owned companies and govern

mental corruption, but corruption has also changed form since these companies are very big 

and are able to influence the decisions of the government. 
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Two laws are particularly of importance with respect to the fight against corruption: 

1. In March 1998, the Brazilian government created a general anti-corruption law, which 

takes measures designated to prevent the misuse of financial systems for illegal ac

tions. This law is specially aimed at crimes of laundering or concealment of assets, 

rights and valuables; 

2 . In May 2000, Brazilian Congress passed a new Fiscal Responsibility Bill into law and 

so established strict budgetary limits for managers of all public offices and agencies at 

all three levels of Brazilian government (federal, state and municipal). 

Next to national laws, the Brazilian government is also active on the international anti

corruption scene of action. Brazil is one of the five non-OECD countries that have signed the 

OECD Convention on Combating Bribery in International Business. The Convention aims to 

stop the international flow of bribe money for the purpose of obtaining international business 

deals. The anti-corruption and fiscal responsibility laws, together with other initiatives aimed 

at strengthening financial controls are part of the fight against corruption by the Brazilian 

government (TI (2), 2002; http:/ /www.transparency.org/). 

It looks like Brazil is doing a fine job with respect to corruption, but another problem the 

country has to cope with is the nerve-wrecking bureaucracy. Bureaucracy turns every visit to 

a governmental institution into a day-tour. And when you're lucky it's just a day-tour, be

cause getting documents or clearing a package through customs can take days, weeks and 

even months . Some examples about bureaucracy I encountered: 

In Brazil, no photocopies of documents are accepted unless they are notarized, and notary 

publics are a very lucrative industry. Any official paper you sign must be registered in a 

notary office and your signature has to be authenticated by a notary public. Your signa

ture is most of the time consigned at one notary office, so you will always have to go back 

to that place to legalize documents. And every stamp, seal, copy, signature or scribble will 

cost a few Reais. The procedure to legalize all official documents at notary publics has 

been developed to avoid forgery of diplomas; 

For example, when you want to extend your visa, you have to go to the federal police. Next 

to a number of notarized documents, you also have to pay a small amount of money for 

the work done. But you can never pay at government institutions, because government of

ficials are not allowed to accept money. This is done to avoid corruption. To pay the bill , 

you will have to go to a specific bank with which the government institution cooperates. 

And every government institution cooperates with a different bank. 

With your payment receipt you have to go back to the federal police. They will then start 

making the new document, for which you also have to pay. This way, you can be driving 

between government institutions and banks for days; 
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I found out that only Brazilian citizens are able to import products. Free Energy Europe 

sent a sample of solar panels to Manaus, but I needed to take a Brazilian citizen with me 

who would accept the panels for me. 

Next to this, all imported products need to have a license that states the amount of C02 

they will produce during their lifetime. This measure is a result of the Rio the Janeiro envi

ronmental summit a few years ago. Even solar panels need to have a C02-license, although 

they are a renewable energy technology and do not emit green house gasses. To avoid cor

ruption, a governmental organ in the city of Brasilia can only administer this license. And 

because there is just one institution that administers the licenses, there is a huge backlog 

with respect to administering licenses. 

Another strange thing is that solar panels have an import tax of 42% . This is because they 

are registered as being a semiconductor product and not as a renewable energy technol

ogy. There must be another registration for solar panels, but you will need a good local ex

pediter to find this out. 

Any attempt to communicate in Portuguese will be appreciated. Never start a con

versation in Spanish, because it can be regarded as a big insult. 

Brazilians have a different sense of time and Brazilian business culture has a 

slow pace and informal atmosphere. Because of the 'slow pace', people do not call 

back on time and because of the 'informal atmosphere' it is permitted to call again 

and again without annoying anybody. 

Brazilians think highly of Dutch companies. Dutch entrepreneurs are regarded as 

being reliable, trustworthy, accurate and punctual. The drawback of Dutch com

panies and entrepreneurs is that they are impatient, they do not take enough time 

to build up a personal relationship and they are culturally unaware. The impor

tance of a good personal relationship is even more important than having a good 

mutual business understanding with your contact. 

You sometimes hear that Europeans are regarded as being suspicious, but to my 

opinion you'll better be suspicious when doing business in Manaus. Be especially 

suspicious when dealing with foreigners living in Manaus. When foreigners do not 

work for one of the bigger companies in the Free Trade Zone, there must be an

other reason for them to stay in the merciless climate of Manaus. The correspond

ing consulate can provide information on the person you want to cooperate with. 

Brazil is doing a good job with respect to their fight against corruption, but corrup

tion is changing shape towards white-collar company crime. Rules are initially de

veloped to fight corruption in general and to avoid forgery and white-collar crime. 

Noble ideas aimed at the protection of the righteous civilians. But too often, there 

seems to be no communication between legislative powers and everyday life. 
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7.3 Incentives and loans 

In this paragraph, government incentives in the Free Trade Zone Manaus (ZFM) are ex

plained. The ZFM 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: "Economic development in harmony 

with the environment". There are at the moment about 400 companies within the Free Trade 

Zone, with an annual sales volume of 10 billion US Dollars. (1 a Feira Internacional da 

Amazonia, 10 to 13 September 2002, Manaus) 

The incentives are discussed separately for the production of solar panels and for the setup of 

a distribution structure with respect to solar PV panels in the ZFM. There are no incentives 

for the distribution of solar panels through existing retailers . A full overview of all government 

incentives can be found in Appendix 0. 

Next to this, the different possibilities to get finance are explained when setting up production 

or distribution of solar panels within Brazil. The possibilities for financing renewable energy 

businesses in Brazil are discussed in depth in Appendix P. 

7.3.1 Government incentives when producing in Zona Franca de Manaus 

A summary is presented on government incentives for the production of solar PV panels 

within the Manaus Free Trade Zone (ZFM) . At a first glance, the possibility to set up a solar 

panel production facility in Manaus is not directly part of this research when looking at re

search question 5: "What kind of distribution structure will be most appropriate to develop sus

tainable markets for PV-technology in the Manaus area, considering local business structure 

and culture and government incentives?" 

But the research question also doesn't rule out the development of a sustainable market 

through local production of solar panels by Free Energy Europe. Consequently, the incentives 

are discussed below. 

Some incentives cannot be combined. For example, when getting a reduction of 88 percent on 

your import tax (II) for raw materials and intermediate goods, you can only sell your end 

products on the national market. This means you will never be able to export the products 

and therefore will never get an export tax. You could consider setting up a separate trade 

company to whom you sell your products nationally. The trade company then is able to ex

port the product and gets total exemption of the export tax (IE) . 
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When not going for the reduction of import tax, you can get a total exemption of the tax on 

manufactured products (IPI) and a total exemption of the export tax (IE). A good local expe

diter that knows his ways around the governmental bodies of SUFRAMA and ADA - previ

ously SUDAM - is no luxury. The following incentives can be distinguished: 

118 

A refund between 55 and 100 % on the value added or sales tax (ICMS) . The sales tax 

is 12 to 17 percent. The value of the restituted ICMS is partly paid back: the remain

der is put aside on an account of the fund for small enterprises; 

Tax cancellation of the inter-state ICMS. Purchasing raw materials and or components 

from other Brazilian regions , results in a credit that is based on the value of the ICMS 

on inter-state purchases . The inter-state ICMS ranges between 7 and 12 percent; 

Reduction of the ICMS on imported products. For intermediate goods there is a reduc

tion of 64,5% on the value of the percentage of ICMS, given in advance of the import. 

There is a total tax exemption on the import of assets needed to set up the production, 

including parts and pieces; 

Tax exemption on the tax on manufactured products (IPI). There is a total tax exemp

tion for the manufacturing of products within the ZFM, intended for the acquisition on 

the national market as well as on foreign markets; 

Partial tax exemption of the import tax (II). An automatic reduction of 88% on im

ported raw materials , parts, components and package materials that are destined for 

the manufacturing and assembly of products within the ZFM. But, 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 Produc

tivo Basica, being a description of the minimal number of process steps characterizing 

an industrial process. Solar panel production fits within the PPB framework. The PPB 

and its process steps a re only roughly discussed in Appendix 0. A total discussion of 

the PPB framework demands a study in itself); 

Total tax exemption of the export tax (IE) on all products produced in the ZFM; 

A reduction of 75% of the income tax (IRPJ) for a period of 10 years, regarding opera

tional profits that result from the production of the quantity that has been approved in 

a ADA/SUDAM-project approval; 

Total tax exemption of property tax (IPTU) for a period of 10 year; 

Total tax exemption of the public cleaning service tax for a period of 10 years; 

Total exemption of the cost of working permits for a period of 10 years; 

With permission of SUFRAMA you can get a subsidy on the land price within the In

dustrial District of Manaus. 
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7.3.2 Government incentives when setting up a business in the ZFM 

It has already been said during the introduction of this chapter that setting up an own distri

bution structure for solar PV panels is not the most sustainable way to develop the market for 

amorphous solar panels in the Manaus region. Using the existing business structure is the 

way to develop a sustainable market for solar PV panels in the Manaus and Central Amazon 

region, but it might turn out to be impossible to do so. A good alternative will then be the 

construction of an own solar panel distribution structure. The erection of a solar panel busi

ness in Manaus does not have to be implemented by Free Energy Europe themselves, but 

there might be a third (local) party interested to set up a solar PV panel distribution structure 

in the Manaus area. Because of this is will be useful to be aware about the government incen

tives that exist when you are going to set up an own business in the Zona Franca Manaus. 

A summary is presented on government incentives for setting up a distribution structure for 

solar PV panels within the ZFM. These incentives are not applicable when Free Energy 

Europe is going to make use of existing entrepreneurs to develop a distribution structure for 

solar panels. The following incentives can be distinguished: 

Tax cancellation of the inter-state value added or sales tax (!CMS) . Purchasing prod

ucts from other Brazilian regions, results in a credit that is based on the value of the 

!CMS on inter-state purchases. The interstate !CMS ranges between 7 and 12 percent; 

Reduction of the !CMS on imported products . There is a total tax exemption on the 

import of assets needed to set up the distribution structure; 

Tax exemption on the tax on manufactured products (IPI) There is a total tax exemp

tion on commodity goods (including capital goods) of national and foreign origin, des

tined for the ZFM-market; 

Total tax exemption on import tax (II) . For imported consumer goods there is a total 

exemption of the import tax if the product is marketed within the city of Manaus; 

Total tax exemption of property tax (IPTU) for a period of 10 year; 

Total tax exemption of the public cleaning service tax for a period of 10 years; 

Total exemption of the cost of working permits for a period of 10 years; 

With permission of SUFRAMA you can get a subsidy on the land price within the In

dustrial District of Manaus. 

As you can see, the list of incentives to set up a distribution structure alone is smaller than 

the list of government incentives to start producing solar panels within the ZFM. The Free 

Trade Zone 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 favour of expansion of the Free Trade Zone status. 
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7.3.3 Financing possibilities 

A full overview of all financing possibilities can be found in Appendix P. Brazil has a sophisti

cated, modern banking and financial system providing a full range of services . Next to na

tional financing possibilities, the appendix also discusses multilateral an d external funds 

available for setting up renewable energy businesses within Brazil. This division is not used 

in this paragraph. The most promising sources of finance when setting up production or dis

tribution of solar panels within Brazil are explained below. The fact that these sources are 

believed to be most promising does not imply that the other sources mentioned in Appendix P 

are useless . 

Banco Nacional de Desenvolvimento Economico e Social (BNDES) 

BNDES, the national development bank is a public company, fully owned by the Federal Gov

ernment and the country's most important source for long-term financing. This development 

bank is the principal source of domestic financing within Brazil, with an annual financing 

volume that exceeds 11 Billion Reais (R$) . 

BNDES funding offers differentiated conditions according to the economic sectors , company 

size and geographical location. Direct loans have a limit of 1 Million R$ for the North region. 

There is no special credit line for renewable energy, but several projects related to energy are 

financed . 

Fundo de Desenvolvimento Tecnologico de Eletrobras (FDTEL) 

FDTEL or technological development fund is a form of finance for renewable energy. Research 

and development, the development of prototypes, certification, dissemination and infrastruc

tural development by universities , technical schools , community associations electricity com

panies and research institutes form the basic applicants for this fund. 

Energy Sector Management Program (ESMAP) 

ESMAP is a global technical assistance program, which provides policy advice on sustainable 

energy development to governments of developing countries and contributes to the transfer of 

technology and knowledge in energy sector management. 

ESMAP nowadays also complements and facilitates the work of other development institu

tions and the private sector with respect to traditional and cutting-edge energy technologies . 

This program focuses on pre-investment, issues that have clear potential for key policy for

mula tion and energy investment. Recently, the focus has been expanded to include targeted 

technical studies, strategic advice , best practice dissemination, and pre-investment work. 
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International Finance Corporation (IFC) 

The IFC is part of the World Bank group and promotes sustainable private sector investment 

in developing countries. IFC is the largest multilateral source of loan and equity financing for 

private sector projects in the developing world. They finance up to 25% of the cost of a pro

ject. 

Their 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 renewable energy development. IFC also supports the de

velopment of REEF, the Renewable Energy and Efficiency Fund - which is discussed below. 

Triodes Bank 

Triodos Bank is a social bank lending only to organizations and businesses with social and 

environmental objectives. The focus is on four main sectors and the sector of interest in this 

context is the environment. Triodos tries to tailor the terms of a loan to the specific needs of 

the borrower. 

Dutch development bank (FMO) 

The FMO is a bank that provides companies - located in emerging markets - with financing. 

The FMO issues loans to companies in emerging markets in Euros or US Dollars . The mini

mum loan is some 2 Million Euros, the average is around 5 Million Euros. In response to the 

growing need for larger investments in business in developing countries, the FMO plays an 

active role in syndicated loans. For these loans FMO acts as loan provider, while other finan

cial institutions participate under their supervision. 

The FMO can also decide to participate in the share capital of companies in emerging mar

kets . In general the participation covers an average term of five years and the average amount 

of pa rticipation is some 1 ,4 Million Euros . 

Renewable Energy and Efficiency Fund (REEF) 

Launched in February 2000, the Renewable Energy and Energy Efficiency Fund for Emerg

ing Markets , Ltd. (REEF) is the first global fund organized to tap the sizable opportunities to 

invest in emerging markets renewable energy and efficiency. The 65 Million US$ fund is an 

investment fund targeting renewable energy and energy efficiency projects in developing 

countries. REEF actively seeks to make minority equity and quasi-equity investments in prof

itable, commercially viable 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. 
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REEF will consider investment in projects with total capitalization requirements of between 1 

to a 100 Million US$. Equity transactions are typically structured so that the entrepreneur 

retains the majority of shares and/ or management of the company. 

Solar Development Corporation (SDC) 

SDC is being founded at the moment as an autonomous company to supply business devel

opment 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 initial capital 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 domestic funds, including the Dutch development 

bank (FMO) and the Small and 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 pro

grams. 

The Free Trade environment provides valuable financial as well as infrastructural 

business conditions. These conditions create opportunities to develop a solar panel 

production facility within Manaus, aimed at the entire Latin American market. 

The Amazon Development Agent (ADA}, the ZFM superintendent (SUFRAMA) and 

FIEAM - the Amazonian industrial federation - will certainly be willing to support 

a feasibility study with regard to the production of solar panels in the ZFM. 

At this moment, the ZFM-incentives are valid onto 2013. But during the elections of 

October 2002 almost all candidates for governor, senator and federal and state 

representatives were in favour of the Manaus Free Trade Zone. It can be expected 

that new governments will extend the status of the Manaus Free Trade Zone up to 

a later point in time. 

The production of solar PV panels will not be taken into account in the conclusions and rec

ommendations in Chapter 9 as being an option for Free Energy Europe at this moment. As 

pointed out above, more research needs to be conducted on the establishment of a solar 

panel production facility within the ZFM. The focus of the market development in Chapter 8 

and the conclusions and recommendations in Chapter 9 will be on the development of an 

economically sustainable market to disseminate solar PV panels in the Manaus and Central 

Amazon region. 
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Chapter 8: Sustainable market development 

This chapter deals with the development of an economically sustainable market for solar PV 

panels in the Manaus area. Some elements of sustainable market development - the product 

and the needs of the market - already crossed our path in previous chapters, but to enhance 

clarity all elements are recapitulated within this chapter and combined into an outline about 

the possibilities to develop a sustainable market for solar PV panels in the Manaus area. 

In Chapter 2 it has been reported that Free Energy Europe sells amorphous as well as crys

talline solar PV panels. With respect to the amorphous panels, FEE has at the moment a 

product line that consists of 4 panels, ranging from 5 to 20 Wp per panel. Crystalline panels 

are added recently to the product range and have a capacity of 50 and 100 Wp. 

The focus for this research is on the rural market for solar panels - for residential use - and 

the smaller capacity amorphous panels are more suitable for rural use because of their af

fordability. The product taken into consideration is therefore the Free Energy Europe Amor

phous solar panel of 14 Watt-peak (Wp). This panel also has been the best selling FEE solar 

panel in rural Africa and therefore it also has been used as the point of departure when map

ping the electricity needs for this research (see Appendix J). 

These amorphous panels are low capacity, low priced panels that have an expected lifetime of 

up to 20 years and they are guaranteed up to 10 years. The history of the product can be 

found in Appendix A: Free Energy Europe amorphous silicon technology history. The Brazil

ian Portuguese datasheets can be found in Appendix T. This Brazilian product information 

has been developed during this research. It has been used during conversations with retailers 

in Manaus and in the future it possibly can be used for the further promotion of Free Energy 

solar panels in Brazil. 

In Paragraph 8.1 the market potential for these solar PV panels will be discussed and the 

sales potential of 14 Wp amorphous panels is calculated. Paragraph 8 .2 deals with the pre

ferred financing possibilities when buying solar panels, as selected by the interviewed rural 

households. 

Subsequently, the solar PV panel retail situation is discussed in Paragraph 8.3 and solar 

panel retailers to cooperate with are identified . Next to current solar panel sellers, there also 

is a vivid market of electro-technical products that could be sold together with solar panels as 

being complementary products. The presence of retailers selling complementary products is 

discussed in Paragraph 8.4 'Fresh retail possibilities '. 

Finally, the distribution structure possibilities are discussed in Paragraph 8 .5 . These possi

bilities are based on the revealed presence of solar panel retailers and retailers of complemen

tary products. 
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8. 1 Market potential 

The market potential will be based on different figures that together will result in a path of 

development. Two different data sources can be distinguished with respect to the market po

tential. 

First of all, there is the statistical data with respect to the population and the sample for this 

research. This statistical information formed the starting-point for the selection of research 

areas and for the consumer questionnaire. Tables for the Manaus area, the Central Amazon 

region, with regard to rural demographics, electrification and income can be found in Appen

dix F. 

Secondly, there is the market potential that arose from the consumer questionnaire. The con

sumer questionnaire deals with three research areas surrounding Manaus . These three re

search areas comprise 8 of the 10 most promising micro-regions around Manaus as for the 

dissemination of solar PV panels. It is expected that the findings of the consumer question

naire can be projected onto the entire population of these three research areas as well as on 

the top 10 of most promising micro-regions. The two micro-regions that are not covered by 

the consumer questionnaire are not regarded as being atypical for the area. 

The statistical market potential will be discussed first in paragraph 8.1.1. After that, the mar

ket potential arising from the consumer questionnaire results will be discussed. 

Another distinction will be between 'raw' and 'real' market potential. Raw market potential 

does not take into account the willingness to pay. Real market potential is always based on 

the field research and comprises the willingness to pay. Willingness to pay is an interesting 

concept because rural households can have the electricity need and the financial means to 

buy a solar panel, but there might be other things to be bought that conflict with the pur

chase of a solar panel. The willingness to pay for the solar panel therefore is an indicator with 

respect to the importance of the PV technology as perceived by the rural interviewed house

hold. 

When a household made a technology choice for solar panels and they were able to pay one of 

the financing options for the chosen system size , they were asked whether they would spend 

this amount of money on this technology / electricity service if they were given the possibility 

to buy this system right now in Manaus with this financing possibility. This is called the will

ingness to pay. (see Appendix J and Paragraph 6.3 of Chapter 6 for further information on the 

concept and Appendix M, Paragraph M.5 for the statistical analysis) 
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The raw statistical market potential along with the real consumer questionnaire potential -

including the willingness to pay - will result in a path of development. This path will indicate 

the minimum and maximum market potential for the next 10 years. Within a shorter period 

of time it would never be possible to reach the entire market potential and in that case you 

would need to make an estimate about the part of the market that could be reached in, for 

example, 5 years. Choosing a period longer than 10 years would be prophesy. The longer the 

period, the more changes that can happen within the market or in external facto rs. These 

changes make the longer prediction less reliable. 

A period of ten years has been chosen, because of the ongoing connection to the Brazilian 

grid. This interconnection is planned to be finished in 2010, but based on my person al ex

perience in the Amazon region, I do not expect the connection to be finished before the end of 

2012 . Despite the fact that rural households cannot connect directly to this high-tension in

terconnection, I expect this connection to generate an extra electric capacity and bu siness 

dynamics, which make further predictions unreliable. 

The question is how the different market potential figures will develop in the future . The nor

mal development of a product within a market follows the product life cycle (PLC) . Innovators, 

being 5 % of the market, first buy a product. After that , the early adaptors will follow and they 

are 10 to 15 percent of the entire market. The early majority and late majority follow after 

that, respectively making up 34 and 35 percent of the total market potential. Finally, th e lag

gards who consist of 5 to 16 percent of the market will buy the product. (Perreault et . al., 

2000; Thirlwall, 1999) 

The development of the real-life market potential will be within the PLC-path of development 

that is based on the statistical market potential , the consumer questionnaire potential and 

the willingness to pay. 

8.1.1 Raw statistical market potential 

In Chapter 2 it was stated that 94,5 percent of all rural inhabitants (705.335 people) in the 

Amazon state does not have access to grid-based electricity. (Appendix G, Table G. l and G.5) 

In the vicinity of Manaus this corresponds with 55 .792 rural households that do not have ac

cess to the Manaus-Balbina electricity grid or one of the inland electricity grids. Of these 

55.792 households living around Manaus , 14.662 rural households have the financial means 

- between R$ 150 and R$ 1.500 per month - to buy a solar PV system. These 14.662 hou se

holds are called the maximum raw statistical market potential. (Appendix F, Table F.3) 
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In Chapter 3, the size of the population for the statistical analysis is selected to be 30.038 

households. These are the rural households that are living in the 10 most promising areas 

around Manaus; most promising as far as the dissemination of solar PV panels is concerned. 

Of these 30.038 rural households, 8.004 rural households also have enough financial means 

to purchase a solar PV-system. This number of households is called the raw statistical market 

potential for the top 10 areas. 

The size of the population for the field research - not taking into account the 2 more remote 

municipios - is 24. 724 rural households. Of these 24. 724 not grid connected households, 

6.876 households statistically have sufficient financial means to purchase a solar PV-system. 

This is almost 30 percent of the field research population. This amount is called the raw sta

tistical market potential for the three research areas. (Appendix H and Table 3.2 and 3.3 in 

Chapter 3) 

When these three raw statistical market potentials are projected onto the product life cycle 

over a period of ten years, the cumulative picture looks as follows: 
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- Cumulative maximum raw statistical market potential 

- Cumulative raw statistical market potential for the top 10 areas 

- Cumulative raw statistical market potential for the three research areas 

Figure 8. 1: Cumulative raw statistical market potentials 

Every year has been divided into 4 quarters to get a higher level of distinction and a more 

proper course of the graphical representation. The data that corresponds with Figure 8.1 can 

be found in Table 8 . 1 and Table 8.2. Table 8.2 presents the data for the cumulative represen

tation of the market potential that is displayed above in Figure 8.1. Both Table 8.1 and 8.2 

are about the raw statistical market potentials that are based on the statistical data. 
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Quarter 1 
Quarter 2 
Quarter3 
l0uarter4 

51 
59 
66 
66 

28 
32 
36 
36 

73 
81 
88 

103 

Year2 

40 
44 
48 
56 

117 
132 
154 
176 

64 
72 
84 
96 

205 469 660 718 660 
257 528 689 718 616 
323 586 704 704 542 
396 630 718 689 484 

112 256 360 392 360 
140 288 376 392 336 
176 320 384 384 296 
216 344 392 376 264 

i\>.•&1¥%'"""''" \ •i ..!c'.': ®. 
Raw s tatistical market:;pff~n!J4al for the three "'res!fa~rch areas 

uarter 2 
uarter3 
uarter 4 

Footnote: 

Year 1 

24 
28 
31 
31 

Year2 Year3 

34 55 
38 62 
41 72 
48 83 

Year4 Years Year6 Year 7 YearB 

96 220 309 337 309 
120 248 323 337 289 
151 275 330 330 254 
186 296 337 323 227 

396 
323 
293 
264 

216 
176 
160 
144 

1; 

" 
Year 9 

186 
151 
138 
124 

The above values are rounded. The sum of all cell frequencies can differ s lightly from the real end value. 

Table 8 .1: Quarterly raw statistical market potentials 

CilfuuZative maxim ¥ , .,. , 

Year 1 Year2 

arter 1 51 315 704 1.371 2.816 5.220 8 .049 10.820 12.858 
arter 2 110 396 836 1.628 3 .344 5.909 8.767 11.436 13.181 

176 484 990 1.951 3 .930 6.613 9.471 11.978 13.474 
242 587 1.166 2.347 4 .560 7.331 10.160 12.462 13 .738 

YearB 

uarter 1 28 172 384 748 1.536 2.848 4.392 5.904 7.016 
uarter 2 60 216 456 888 1.824 3.224 4.784 6.240 7.192 
uarter 3 96 264 540 1.064 2.144 3.608 5.168 6.536 7.352 
uarter 4 132 320 636 1.280 2.488 4.000 5.544 6.800 7.496 

249 
235 
220 
220 

136 
128 
120 
120 

:~~Zt<il!©!;\I 
Year 10 

117 
110 
103 
103 

13 .987 
14.222 
14.442 
14.662 

7.632 
7.760 
7.880 
8.000 

Cumulative raw ~tint~:z ~rket potentialfor;/iiit tro;e research a;~~!~~~* .. 
,:;..'' *':: ~·· :~. .. "~: ... ,;}: ;<;>:.;:-:_:; 

Year 1 Year2 Year 3 Year4 Years Year6 Year 7 YearB Year 9 Year 10 

!Quarter 1 24 148 330 643 1.320 2.448 3.775 5.074 6.030 6.560 
IOuarter 2 52 186 392 763 1.568 2.771 4.112 5.363 6.181 6.670 
IOuarter 3 83 227 464 914 1.843 3 .101 4.442 5.617 6.319 6.773 
IOuarter 4 114 275 547 1.100 2.139 3.438 4.765 5.844 6.443 6.876 

Footnote: 
The above values are rounded . Cumula tive end values of rounded figures can differ slightly from the real end value . 

Table 8 .2: Cumulative quarterly raw statistical market potentials 
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All the figures with respect to the market potential are based on an exchange rate 

of 1 Euro (€) = 2,5 Reais (R$). This is the typical credit card exchange rate, being 

the interbank rate plus 2 percent. During my presence in Brazil - between Febru

ary and October 2002 - the exchange rate fluctuated between 1 Euro = 2 to 3 

Reais, with some extremities up to 3,5 R$. Some think that the elections in October 

2002 together with a loan of the International Monetary Fund (IMF) are expected to 

stabilize the currency. 

(The IMF loan and the elections in Brazil are discussed in Paragraph 9.1) 

The size of the raw statistical market potential for the three research areas is discussed be

low. When looking at Table 8.3 it catches the eye that the most developed area - research 

area 2 - has the lowest percentage of rural households without a grid connection. The two 

remote municipios have the highest percentage of households without a rural grid connec

tion. The two most backward areas are research area 1 and the two remote municipios, which 

were not reachable within 8 hours. Backward areas have a lower percentage of households 

with enough financial means to buy solar PV panels . 

Rural households without 
Rural households without a 

Rural 
households a grid connection(#) 

grid connection but with 
sufficient financial means 

(#) 
(#) (%) (#) 

Research area 1 12.026 11.186 93,0 

Research area 2 8.256 6.684 81,0 

Research area 3 7 .379 6.854 92,9 

lTwo remote municipios II 5 .38111 5 .3141 98,811 

ITotal of research areas II 27.66111 24.7241 89,411 
ITotal of top 10 municipios II 33.04211 30.0381 90,911 
Footnotes: 

(a) Research area 1 consists of the municipios Careiro, Careiro do Varzea, Autazes and Manaquiri; 

(b) Research area 2 consists of the municipios Manacapuru and Iranduba; 

(c) Research area 3 consists of the municipios Rio Preto da Eva and Itacoatiara. 

Sources: 

2.572 

2.094 

2.210 

1.1281 

6.8761 

8.0041 

Anuario Estatistico do Amazonas 2000, Estado do Amazonas, Secretaria de Estado do Planejamento, 2002; 

(% ) 

23,0 

31,3 

32,2 

21,21 

21,81 

26,61 

Censo Demografico 2000, Caracteristicas da populai;iio e dos domicilios, Resultados do universo, Instituto Brasileiro 

de Geografia Estatistica - IBGE, 2001; 

Pesquisa Nacional por Amostra de Domicilios 1999 , Instituto Brasileiro de Geografia e Estatistica, 2001 . 

Table 8.3: Raw statistical market potential for the three research areas 
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When looking at the figures for the en tire Amazon s ta te (Table 8.4), it is clear that ru ral elec

trification didn't have a high priority in the en tire Amazon s tate in the past. The Central Ama

zon region - in which the capital city Manaus is situated - has the least dramatic figures , in 

relative terms, with respect to rural electrification. 

North Amazon 10.633 4 .137 99,4 4.1 10 

Southwest Amazon 24.398 9.493 98,9 9.386 

Central Amazon 64.466 25 .082 90,4 22 .674 

South Amazon 19.356 7 .531 98 ,6 

Sources: See Table 8.3. 

Table 8.4: Raw statistical market potential for the Amazon state 

The Central Amazon region seems to be the region where rural electrification is th e most de

veloped (almost 10 percent of all rural households is served) . But when not taking Manaus 

into account in the Central Amazon region, the figures for this region are as dramatic as the 

figures for the other Amazon regions (Table 8 .5). 

!Amazon re11ions 

Central Amazon 

Tefe 
Coari 
Mana us 
Rio Preto da Eva 
Itacoatiara 
Parintins 

Sources: See Ta ble 8.3. 

WW& 

Jotalrural 
households 

)i (#) 

64.466 

4.508 

8 .821 

22.430 

4 .246 

9 .228 

15.233 

25 .082 90,40 

1.754 97 ,98 

3.432 98 ,65 

8 .727 77,50 

1.652 85, 14 

3.590 97,85 

5.927 98 ,59 

1 46.243 

Table 8.5: Raw statistical market potential for the Central Amazon region 

22.674 

1.7 18 

3 .385 

6 .763 

1.406 

3. 513 

5 .843 

In terms of potential customers, Man aus has been a good choice to start from when focu sin g 

on the Amazon state. The size of the potential market for Manaus and its surroundings, wh en 
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looking at the top 10 municipios , (8 .004 households) is much bigger than the market poten

tial in the Northern Amazon region (4.110 households) and also bigger than the potential 

market size of the Southern Amazon region (7.428 households) . The Central Amazon region in 

general also comprises 52 % (22.674) of all potential customers for the Amazon state . 

8.1.2 Real market potential 

The technology choice already has been discussed in Chapter 6 and the figures displayed that 

55 percent of all households made a technology choice in favour of solar PV panels (Para

graph 6 .1). Of these households, 84,5 percent indicates to have enough financial means to 

also buy the product (Paragraph 6 .2). In other words, 47,5 percent of all rural households 

makes a technology choice for solar PV panels and also has enough financial means to buy 

them. 

When looking at the willingness to pay in Appendix M, Paragraph M.5, people seem to be very 

willing to pay for the product. Willingness to pay is an interesting concept because rural 

households can have the electricity need and the financial means to buy a solar panel, but 

there might be other things that need to be bought and that conflict with the purchase of a 

solar panel. The willingness to pay for solar panels therefore is an indicator with respect to 

the importance of the PV technology as perceived by the rural interviewed household. Theim

portance of electricity arose during the execution of the consumer questionnaire when dis

cussing the most important factors influencing the technology choice in an informal manner. 

At that point, people indicated that they were willing to spend a large amount of their total 

'riches ' on a useful electricity solution. The willingness to pay is displayed in Table 8.6. 

The concept 'Willingness to pay' is not embodied within statistical data and you need to be 

careful when making comparisons between statistical data and questionnaire data that in

corporates the willingness to pay. A comparison is made in Table 8 .7 . Due to a willingness to 

pay of 96 percent, the difference between having the money and being willing to pay is very 

small. 

Research a rea 1: Careiro 

Research area 2 : Manacapuru 

Research area 3: Itacoatiara 

Having enough 
financial means 

(#) 

38 

45 
44 

Table 8.6: Willingness to pay of all households 

Can buy and would also 
buy 

# % 

38 100,0 

41 91,1 
43 97,7 
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The interviewed hou seholds that chose solar panels and had enou gh finances 1 seem to be 

very willin g to pay for solar panels. 96 Percent of all hou seh olds that make a technology 

choice for solar panels and have enough financial means indicates that they also would buy 

the product if there is th e possibility to buy this type of solar panels in Man aus. Th ey are very 

willing to spend their money on an affordable solution with respect to their lack of electricity. 

Next to this, they understand that amorphous solar panels present an affordable solution to 

their electricity problem. 

Table 8.7 shows the real market potential for the three research areas that arose from the 

consumer questionnaire data and that is based on the willingness to pay of the interviewed 

households. This market potential is the potential number of households that do not have 

access to grid based electricity, making a technology choice for solar pan els, ind icating to 

have the financial means to buy the solar PV panels and that are willing to pay the price . 

1 

(Vila do) Careiro 2 3.637 

Manaquiri 5 ,5 1.726 

Autazes 8 2 .585 

Municipios 

Manacapuru 4 4 .055 

Iranduba 5 ,5 2.629 

I Research area 3 I 
Muni · EB '4:116 '.8 54 

4 .920 

Rio Preto da Eva 1.934 

"''·'C• '°' • '~-'1 '* ' 
1 •'-.Mz<a."J!W'AI I J~tatistical 

1.079 

1.247 34,3 

575 33,3 

1.551 

876 33,3 

2.290 46,6 

1.146 59,3 

1" market···· 
potential .~ 

(#) 

f":itfr;" i~ 57-i2 
771 

935 

293 

573 

997 

2.210 
1.474 

736 

Table 8 . 7: Real market potential according to willingness to pay 

1 I also asked households without the financial means whether they would purchase the product if they 

would have the money in the future . I did so 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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The real market potential turns out to be much higher than the raw statistical market poten

tial for the three research areas. The real market potential of 11.089 rural households is 61 

percent higher than the statistically calculated raw potential of 6.876 households for the 

three research areas. The real potential consists of almost 45 percent of the rural households 

that do not have access to grid related electricity services. 

These percentages resulting from the consumer questionnaire also have been projected on the 

raw market potential for the top 10 areas of 8.004 households. The real market potential of 

the top 10 areas is calculated to be 12.909 rural households. 

Figure 8.2 and 8.3 are showing the differences between the raw statistical market potentials 

(full line) and the real statistical market potentials (dotted line) for the three research areas 

and for the top 10 areas surrounding Manaus. Figure 8 .2 is presenting the data projected 

onto the product life cycle. The corresponding data for the real market potential, arising from 

the consumer questionnaire, can be found in Table 8.8 on the following page. 
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--Raw statistical market potential for the top 10 areas 

--Raw statistical market potential for the three research areas 

- - Real market potential for the top 10 areas 

- - Real market potential for the three research areas 

F igure 8.2: Raw statistical versus real market potentials 
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Recd market potenti.a.l/or the three raearch areas 

Quarter 1 
Quwter 2 
Quarter3 
Quarter4 

Footnote: 

Year 1 Year 2 Year3 Year4 Year s Year 6 

39 55 89 155 355 499 
44 61 100 194 399 521 
50 67 116 244 444 532 
50 78 133 299 477 543 

Recd market potenti.a.lfor the top 10 areas 

Year 1 Year2 Year3 Year4 Year s Year 6 

45 65 103 181 4 13 581 
52 71 116 226 465 607 
58 77 136 284 516 620 
58 90 155 349 555 633 

Year 7 

543 
54 3 
532 
521 

Year7 

633 
633 
620 
607 

Year8 Year 9 

499 299 
466 244 
4 10 222 
366 200 

Year8 Year 9 

581 349 
542 284 
478 258 
426 232 

The above values are rounded. The sum of all cell frequencies can differ s lightly from the real end value. 

Table 8.8: Quarterly real market potentials 

Year 10 

189 
177 
166 
166 

Year 10 

219 
207 
194 
194 

The cum ulative path of developmen t for the real market potentials is presented in Figure 8 .3 . 

The corresponding cumulative data can be found in Table 8 .9 . 
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- Cumulative raw statistical market potential for the top 10 areas 

- Cumulative raw statistical market potential for the three research areas 

- • Cumulative real market potential for the top 10 areas 

- • Cumulative real market potential for the three research areas 

Figure 8.3: Cum ulative real market potentials 
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Quarter 1 
Quarter 2 
Quarter 3 
Quarter 4 

Quarter 1 
Quarter 2 
Quarter 3 
Quarter 4 

Footnote: 

Cumulative real market potential for the three research areas 

Year 1 Year2 Year3 Year4 Years Year6 Year 7 YearB 

39 238 533 1.037 2 .129 3 .948 6.087 8.182 
83 299 633 1.231 2 .528 4.469 6.630 8 .648 

133 366 749 1.475 2.972 5 .001 7 . 162 9 .058 
183 444 882 1.774 3.449 5 .544 7 .683 9 .424 

Cumulative real market potential for the top 10 areas 

Year 1 Year2 Year3 Year4 Years Year6 Year 7 YearB 

45 278 619 1.207 2 .479 4 .596 7 .089 9 .530 
97 349 735 1.433 2 .944 5.203 7 .722 10 .072 

155 426 871 1.717 3.460 5.823 8 .342 10.550 
2 13 516 1.026 2.066 4 .015 6.456 8.949 10.976 

Year 9 Year 10 

9 .723 10.578 
9.967 10.755 

10. 189 10.92 1 
10.389 11.087 

Year 9 Year 10 

11.325 12.318 
11.609 12.525 
11.867 12.719 
12.099 12.913 

The above values are rounded . Cumula tive end values of rounded figures can differ s lightly from the real end valu e. 

Table 8.9: Cumulative quarterly real market potentials 

There is a huge difference between the raw statistical market potential and the 

real market potential. The real market potential - resulting out of the consumer 

questionnaire - turns out to be 61 percent higher than the raw statistical market 

potential. 

This doesn't mean that statistical figures are worthless. The statistical figures do 

not take into account the informal income of a household and because of that there 

are in practice more households that can afford to buy solar panels. Statistical fig

ures can be used as being very conservative figures with respect to the market po

tential. This is very useful when looking at the entire Brazil, because the question

naire results cannot be aggregated to the entire Brazil or towards other states. 

8.1.3 Sales potential of 14Wp panels 

It has to be noted that the real market potential is representing the number of rural house

holds that choose solar panels, can pay them and are willing to pay the price for the product 

that is showed during the execution of the consumer questionnaire. This potential does not 

take into account the choice the household makes with respect to the system size of the solar 

PV system. The real market potentials of 11.089 households for the three research areas and 

12.909 households for the top 10 areas thus indicate the minimum sales potentials of 14 Wp 

panels to be sold in these areas. That is , the minimum system size that can be chosen by ru

ral households is one amorphous solar panel of 14 Wp per household. 

135 



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

The system size choice is analyzed in Appendix M, Paragraph M.4 'Electricity demand when 

choosing solar panels' and has already been discussed in Paragraph 6 .3 . It turned out that 49 

percent of the interviewed households makes a choice for one panel, about 32 percent makes 

a choice for two solar panels and almost 19 percent of all households has the preference to 

use more than two solar panels (see Table M.37). 

These figures do not consider the willingness to pay. When also taking the willingness to pay 

into account, 47,55 percent makes a choice for one panel, 33,61 percent of the households 

makes a choice for two panels, 14,75 percent of the households chooses and is willing to pay 

for three solar panels and 4,09 percent chooses four panels . When projecting these findings 

onto the real market potential, the maximum sales potential of 14 Wp panels in the three re

search areas is 19.452 solar panels. The maximum sales potential in the top 10 areas sur

rounding Manaus turns out to be 22.643 solar panels. 

The cumulative minimum and maximum sales potentials for the top 10 areas surrounding 

Manaus are presented in Figure 8.4. The corresponding data can be found in Table 8 .10. The 

minimum sales potential equals the real market potential for the area. 
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Figure 8.4: Cumulative sales potentials for the top 10 areas 
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uarter 1 
uarter 2 
uarter3 
uarter4 

uarter 1 
uarter 2 
uarter 3 
uarter 4 

Footnote: 

Maximum 14Wp panel sales potential for the top 10 areas 

Year 1 Year2 Year3 Year4 Years Year6 Year 7 Year8 Year 9 

79 113 181 317 725 1.019 1.110 1.019 611 
91 125 204 396 815 1.064 1.110 951 498 

102 136 238 498 906 1.087 1.087 838 453 
102 159 272 611 974 1.110 1.064 747 408 

Cumulative maximum 14Wp panel sales potential for the top 10 areas 

Year 1 Year2 Year3 Year4 Years Year6 Year 7 Year8 Year9 

79 487 1.088 2.119 4 .349 8.063 12.434 16.714 19.861 
170 612 1.292 2.515 5 .164 9 .127 13.544 17.665 20.359 
272 748 1.530 3 .013 6 .070 10.214 14.631 18.503 20.812 
374 907 1.802 3.624 7 .044 11.324 15.695 19.250 21.220 

Year 10 

385 
362 
340 
340 

' 

Year 10 

21.605 
21.967 
22.307 
22.647 

The above values are rounded. Cumulative end values of rounded figures can differ slightly from the real end value. 

Table 8.10: Maximum quarterly sales potential of 14Wp panels for the top 10 areas 

Cumulative sales of solar panels will develop between 12. 900 and 22. 650 units 

over the nex t ten years, with average quarterly sales between 325 and 565 units. 

Even if the path of development would follow the most negative predictions with 

regard to the future sales potential of 14 Wp solar panels, developing a sustain

able distribution structure for it would still be viable. 

8.1.4 Raw statistical market potential for Brazilian grand regions 

The real market potentials that have been found during the field research cannot be copied 

onto the total area surrounding Manaus, the entire Amazon state or other states of Brazil. 

During the discussion of the validity in Chapter 3, it already showed that real-life field re

search not necessarily has real-world relevance. The findings can only be generalized towards 

other regions if the unit of examination 'the rural household without access to grid electricity' 

is the same in the other region. It will be difficult to find households in the exact same setting 

in other areas, with the same income distribution and the same current electricity demand. 

Next to the real market potential arising from the consumer questionnaire, there is the statis

tical market potential. There is a big difference between the raw statistical market potential 

and the real potential, but this difference doesn't mean that the statistical figures are worth

less . It means that the statistical figures can be used as being very conservative figures with 

respect to the market potential. 
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Because of this, the raw statistical market potential has been calculated for the entire Ama

zon state and grand regions of Brazil. The raw statistical market potential for the Amazon 

state has already been discussed in Paragraph 8 . 1.1, Table 8.4 and 8.5. It proved that 

Manaus has been a good choice to start from when focusing on the Amazon state . The size of 

the potential market is bigger in the Manaus region than in other Amazon regions and the 

Central Amazon region in general comprises 52 % of all potential customers for the Amazon 

state. Next to this, the Manaus area has the best accessibility with regard to the rural infra

structure compared to the other Amazon regions. 

But is the Northern region - in which the Amazon state is situated - the most interesting re

gion when comparing the potential market size with other grand regions of Brazil? The five 

Brazilian grand regions - North, Northeast, Centralwest, Southeast and South - are presented 

below in Table 8.11. The raw statistical potential for the entire Brazil - the number of house

holds without access to grid-based electricity but with enough financial means to buy solar 

panels - is presented in Appendix G. Also population data, income data and rural electrifica

tion data for the Amazon state and the five grand regions can be found in this appendix. The 

table below is visualized in a picture on the next page. 

North 770.812 299.902 94,49 283.387 

Northeast 3.259 .305 1.268.109 62,90 797.628 
Southeast 1.744.868 678.882 88,93 603 .757 
South 1.279.742 497.914 92,53 460.737 
Centralwest 405.508 157.772 74,87 118.121 

Footnotes and sources: 

See Appendix G, Table G6 and G.8. 

Table 8.11: Raw statistical market potential for the five grand regions 

When looking at the rural population in relative terms, the Northern region is the most inter

esting with 94,5 % being rural and just a small part of these people has access to grid related 

electricity services. 
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Lookin g a t the a bsolu te figures of these regions with respect to the num ber of potential cu s

tomers, the most interesting grand regions are the Northeast, Southeast a nd South regions. 

Compared to these regions, the potential market size in the Northern region is n ot so interest

ing. Th e detailed data for the grand regions is displayed in Table 8.12. 

Maranhao 480.437 186.925 117.574 
Piaui 232 .211 90.347 56.828 
Ceara 466.431 181.476 114.147 
Rio Grande do Norte 167.265 65 .078 40 .934 
Paraiba 226.838 88 .257 55 .5 13 
Pernambuco 416.232 161.945 101.862 
Alagoas 189.870 73 .873 46.466 
Sergipe 117.330 45.650 28 .7 13 
Bahia 962 .691 374.558 235 .593 

Minas Gerais 797.888 310.437 276.085 
Espirito Santo 158.536 61.682 54.857 
Rio de Janeiro 156.030 60.707 53.989 
Sao Paulo 632.4 14 246.055 218 .827 

Parana 454.740 176.927 163.7 17 
Santa Catarina 295.521 114.979 106.395 
Rio Grande do Sul 529.481 206.007 190.626 

Footnotes and sources: 

See Appendix G, Table G6 and G.8. 

Table 8.12: Three most promising grand regions 

It is not entirely correct to use the grid-connection percen tages of th e grand regions as being 

also true for the separate s tates within a grand region. Bu t when data is lacking for the sepa

rate states, this is the best way to get an impression. Th e indicator with regard to th e fin a n

cial means is based on state-level data. 

Within the North east region, the state of Bahia is the most promisin g with regard to the fu

ture dissemination of solar PV panels. In the Southeast region, Minas Gerais looks to be the 

most interesting state. The state of Sao Pau lo also looks promising, bu t it is expected that this 
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state will have a much higher percentage of rural households with a grid connection. The im

portance of Bahia and Minas Gerais also comes to the fore when reading the Worldbank re

port of Gouvello (et. al., 1997) . In the South region, the state of Rio Grande do Sul appears to 

be the most interesting as for the sales of amorphous solar PV panels . 

What's also interesting of the Northern region and the Amazon state in particular is a lack of 

serious competition, because of the seemingly uninteresting market size and remote location. 

8.2 Preferred Onancing possibilities 

During the consumer questionnaire, the respondents were offered to pay cash or in instal

ments . The more instalments a household chooses , the higher the interest rate that has to be 

paid. 

It might seem strange for people who not have been in Brazil to offer such a choice of financ

ing 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 financing period of 3 to 9 months. The preferred fi

nancing period is presented below in Table 8.13 and visualized in Figure 8.6. 

Research area 1 § 2,6 2,6 2,6 2,6 7,9 21,1 60,5 

~R_e_s_e_ar_c_h~a_re_a~2~~~~--t 
3
1 1-~-9-,8-+-~~-+~~~+-~1_2_, 2-+-~-12_,_2+-~2_2_._o+-~4-3_, 9~ 

Research area 3 2,3 4,7 30,2 62 ,8 

Table 8.13: Choice of payment possibilities in percentages 

Most people indicate they want to pay in more instalments . More than 80 percent of the in

terviewed households indicates they want to pay in 18 or 24 instalments . But when they are 

asked what they think is the most important 'low interest' or 'long payment period', 55 per

cent of the households choose 'low interest'. Especially the households in research area 3 

where most people want to pay in 18 or 24 months 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 shorte r period 

of time, you know the burden of the interest you have to pay. 

Whether the households also are offered the possibility to pay for the solar panel in 24 in

stalments depends on the retailer, but it is possible to offer these payment possibilities . The 

interest percentages used in the consumer questionnaire correspond with the nowadays per-
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mitted and used percentages for retail financing services: 10 percent interest over 6 months, 

20 percent interest over a year and 40 percent interest over two years of instalments. 

Cash 3 months 6 months 9 months 12 months 18 months 24 months 

• Research area 1 • Research area 2 • Research area 3 

Figure 8.6: Preferred payment possibilities 
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8.3 Solar PV panel retail situation 

The sales points in Manaus for solar PV panels will be discussed at first. After that, the pos

sibility to cooperate with the existing solar PV panel sellers will be discussed for each com

pany separately. 

8.3.1 Current solar PV panel retailers 

The number of stores and companies that sell solar panels in Manaus can be counted on one 

hand. The four shops that appeared to sell solar panels are discussed below. A short descrip

tion of the company, the product and the target market is presented for each company. The 

possibilities for cooperation are discussed in the next paragraph. 

Prar;a. Francisco Pereira da Silva, 149 

(Bola de Suframa) Crespo. CEP 69 .075 - 780 

Manaus - Amazonas 

Tel: (00 55 - 92) 613 12 61 

Fax: (00 55 - 92) 613 29 75 

e-mail: solarvendas@osite.com.br 

www.amsolar.com. br Amazonas Energia Solar Lbda. 

Amazonas Energia Solar is a typical System Engineering House (SEH) (see Appendix E) and 

official dealer of Siemens USA solar panels for the following Brazilian states: Amazonas, 

Rond6nia, Roraima, Acre and Amapa. The office in Manaus is the only office of Amazonas En

ergia Solar and can only be visited on appointment. 

Clients are mainly the richer rural inhabitants, for example people that live and work in the 

city of Manaus, but who have a small farm or country house to go to in the weekends. Next to 

this , they performed smaller governmental projects in the past. 

Their website says they can offer solar PV panel applications with respect to: 

Residential lighting, consisting of one panel and three fluorescent lamps; 

Public lighting solutions with the use of two solar panels; 

Conservation of vaccines with the use of a small fridge on solar panels; 

Solar powered fences to fence in pastures with cows; 

Rural telephone solutions for radio and telephone communication. 

The panels they use seem to be the Siemens SM50 and SM55 (also called M50 and M55) . 
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Rua A, Quadra 06, No 3, conjunto Jardim Amazonas 

Parque Dez. CEP 690 55 - 660 

Manaus - Amazonas 

Tel: (00 55 - 92) 236 56 88 

Fax: (00 55 - 92) 663 39 53 

e-mail: esfecos@osite .com.br 

Mr. Estevam Ferreira da Costa 

Soleco do Amazonas is a one-man company led by Mr. Estevam Ferreira da Costa. The com

pany seems to be somewhere in between a system engineer and a retailer. Like a system en

gineer, Soleco do Amazonas does not have a shop and solar energy is the main business of 

Soleco do Amazonas. Like a retailer, the focus is on small rural PV systems. 

Mr. Ferreira da Costa supplies Free Energy Europe solar PV panels and solar home kits. The 

products are bought in the state of Rio Grande do Sul where Soleco do Brasil is situated. 

Soleco do Brasil is part of the Dutch solar panel trading company Soleco International - of 

which Free Energy Europe owns as small part of the company shares. 

Soleco do Amazonas is not financially linked to Soleco do Brasil in Rio Grande do Sul, nor to 

Soleco International in the Netherlands, but a private company using the Soleco name. The 

company has been set up about a year ago as a private initiative of Mr. da Costa, supported 

in knowledge by Soleco International and Soleco do Brazil. The knowledge support had the 

form of personal involvement by Cornelis Kavelaars - the founder and owner of Soleco Inter

national - and of advises by the staff of Soleco do Brazil. Next to this, Jaap de Winter and 

Ellen Hoog-Antink of ETC Energy have performed a business study that resulted in a busi

ness plan for Soleco do Amazonas . 

3. 

Rua Recife, 1089 

Bairro Adrianapolis (em frente Maginstral) CEP 69057 - 001 

Manaus - Amazonas 

Tel: (00 55 - 92) 232 93 60 / 622 75 11 

Fax: (00 55 - 92) 232 75 28 

Owner: Mr. Valmir Zakarias, and wife: Claudia Renate 

j sfernandes@manaus.br 
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Mr. Zakarias is a retailer with system-engineer-aspirations. He sells diesel generators, water 

pumps, motorboats, motorboat engines and outboard engines. Next to selling, he also offers 

technical assistance and repairs of (outboard) engines. The focus is on the richer rural in

habitant, like people with a country house for the weekends, bigger farmers and fish traders 

that have multiple boats. 

He sold a number of solar panels a year ago because the price was right. Because of the high 

US Dollar, nobody seems to be interested in solar panels at the moment. He buys all of his 

products in Miami. 

His system engineer aspirations show because he is also offering technical assistance and 

because of his richer target market. But he doesn't engineer anything himself and he has a 

very accessible retail shop on the Rua Recife. This shop is outside the center, but Mr. Za

karias has another shop in the harbor district that has a focus towards the poorer rural in

habitant. 

Avenida Floriano Peixoto, 70 

Centro. CEP 69005 - 070 

Manaus - Amazonas 

Tel: (00 55 - 92) 622 76 48 / 622 72 72 

Fax: (00 55 - 92) 622 44 94 

Tel office: (00 55 - 92) 622 79 99 

e-mail: vimar@internext.com. br 

www.vimarsat.com.br 

Mr. Victor P. Jalkh and Mrs . Marileide da S. Jalkh 

Vimar is a bigger importer - in the European sense - and the only store in Manaus that sells 

solar panels on a genuine retail / trade basis. The company only has one store, but this one 

is conveniently situated in the center of Manaus. The company already sells solar panels for 2 

years - about 40 panels each year - and the focus is mainly on the rural market. The panels 

are bought in Sao Paulo. Sometimes, if they are out of stock in Sao Paulo, the panels are 

bought in Miami (Miami has a vivid Portuguese quarter with a lot of traders). 

The panels they are selling are Siemens panels of 50 and 100 Wp, being the SR50 and SRlOO. 

A 50 Wp Siemens SR50 panel normally costs 1.000 to 1.200 R$ . (These prices are at a credit 

card exchange rate of 2,5 R$ = 1€) 
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8.3.2 Possibilities for cooperation with current PV sellers 

The possibilities to cooperate are written down for each PV seller separately. In the case of 

real system engineers, it turned out that the only SEH in Manaus - Amazonas Energia Solar -

couldn't exist, because of its narrow product line and therefore its limited focus on the mar

ket for energy generating technologies in general. 

When looking at market development models (Appendix E) , Soleco do Amazonas and J. S. 

Fernandes are both a mix of a system engineering house and a trader or retailer, but J . S. 

Fernandes found a better proportion between system engineer and trader. 'Vimar - Importa

r;;:ao & Exportar;;:ao Ltda' is the only real trader like discussed in Appendix E: Market develop

ment models. 

There are only two PV sellers that are appealing to cooperate with, being J . S. Fernandes and 

Vimar. Why these sellers are attractive and why others are not is explained below. 

At first sight, the SEH Amazonas Energia Solar seems to be a good partner. But discussions 

with people that already cooperated with Amazonas Solar show a different picture. Mr. 

Jacques van Egeraat is the Dutch owner of the ecological jungle lodge 'Amazonat Resort'. He 

tried to buy solar panels at Amazonas Solar, but next to very high prices he stumbled upon 

a n unwillingness to serve customers. 

Another person who had an encounter with Amazonas Energia Solar was Mr. Nelson M. Ta

kano, technical director of IPEAM - Instituto do Previdencia dos Servidores do Estado do 

Amazonas (in the Netherlands comparable to the ABP - Algemeen Burgerlijk Pensioenfonds) . 

Mr. Takano wanted to set up solar projects with respect to the electrification of rural IPEAM 

offices . When I met Mr. Takano, he was assiduously looking for a partner to supply the solar 

pa nels for his electrification project. Amazonas Solar terminated the cooperation, because 

they could not supply the desired quantity of solar panels and the technological skills for the 

project. 

After that , I asked three different people to make an appointment with Amazonas Energia So

lar. They all pretended to have a small farm outside Manaus and they wanted information 

about the use of solar panels on their farm. After several phone calls and e-mails none of 

them was able to make a business appointment with Amazonas Solar. 

At the end, someone close to the company told me that Amazonas Energia Solar was at the 

edge of bankruptcy. Amazonas Solar could not be reached anymore to comment on this 

statement. 
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Soleco do Amazonas is - with respect to its name - linked with Soleco International. Initially, I 

would perform a research for this Soleco-combination. After two months I terminated the re

lationship, because Soleco (do Amazonas and International) was not able to provide the nec

essary support for this research and they would never be able to implement the findings of 

the research. 

Being a mix of a system engineer and trader is most of the time a good thing, because it sug

gests a more diverse product line and lower threshold for potential customers than a genuine 

system engineering house (SEH). 

Soleco do Amazonas does not have a shop, which makes it difficult to attract retail custom

ers. Next to this, the company only sells solar panels and is situated 40 minutes from the 

harbor district, which makes it even harder to attract rural customers. Soleco do Amazonas 

has not been able to develop a decent distribution network up to now. 

The company cannot be called an SEH either, because the company totally lacks the techni

cal knowledge to engineer solar energy solutions and even lacks the basic skills to install so

lar PV panels. Next to this, the product line is limited to solar PV systems to be used for resi

dential lighting and the company itself engineers no other innovative applications - for exam

ple solar vaccine fridges or rural telephone solutions. 

In the spring of 2001, ETC Energy in Leusden, the Netherlands, finished a practically appli

cable business plan for Soleco do Amazonas . Still nothing happened with the recommenda

tions of this report one year later. Next to this, ETC Energy offered to accommodate Soleco do 

Amazonas with the necessary technical knowledge, but Soleco International refused the offer 

because of a lack of financial resources. 

Also Soleco do Brasil in Rio Grande do Sul has been willing to support Mister Ferreira da 

Costa. The company in the South of Brazil has ample experience with contracts, business 

administration and guarantee issues. Conversations with Mister da Costa in March 2002 re

vealed that he had some financial difficulties. He sold panels on a 20-month down-payment 

basis and took a personal loan to bear the purchase cost of the solar panels. He sold the pan

els without sales contract and now has difficulties getting the repayments of the customers, 

who refuse to pay because the panels a re faulty installed - due to a lack of basic technical 

skills. 

I have to conclude that Soleco do Amazonas is not a good partner to cooperate with. The 

company lacks technical knowledge, has not been able to develop a decent distribution net

work and didn't use the knowledge resources it had at its disposal. 
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3. J. S. Fernandes 

Like Soleco do Amazonas, J. S. Fernandes is a mix of trader and system engineer, but this 

company found a better proportion between system engineer and trader than Soleco do Ama

zonas. The main activity of J . S. Fernandes is trade and the owner Valmir Zakarias has two 

stores. One store with a focus on the richer rural market of hacienda owners and bigger 

farmers and another store that focuses on the poorer rural inhabitant. He didn't sell solar 

panels in the past year because of the unfavorable purchase prices, but he has experience 

and affinity with the product. 

Mister Zakarias is very interested in cooperating with Free Energy Europe. He considers the 

price of the solar panels to be one of the most important factors. Next to this, he thinks that 

his target market isn't interested in small panels . They want to use a television (preferably 

color) together wit a fridge. 

I think that he could sell high-power Crystalline panels in his shop on the Rua Recife, where 

he has a focus towards the richer rural inhabitant. The lower efficiency and lower priced Free 

Energy Amorphous panels could be sold in his shop in the harbor district, if the price is right. 

At the moment, people wait with bigger expenditures because of the high US Dollar. Only 

products out of Japan seem to be interesting at the moment, but Mister Zakarias argues that 

after the elections in October, the financial climate is expected to become more favorable. 

4. Vimar - lmportafiLO & Export'!fiLO Ltda 

Vimar is at the moment the only real trader that is selling solar PV panels in Manaus . The 

owner, Mister Jalkh, is eager to cooperate with Free Energy Europe. Victor Jalkh has a clear 

vision about the solar market in the Amazon region. He argues that the prices are too high at 

the moment. Because of the high prices, there are too little people buying solar panels and 

therefore there are not many places where you can buy them. Since there are not many sell

ers, prices remain high. Moreover, the US Dollar exchange rate is very unfavorable to sell 

products that are of American or European origin. 

He thinks that rural people in general seem to know about the product and its applications, 

but they do not find their way to the shop because of the high prices. He believes that in 2 to 

5 years, there will be more shops selling solar panels and prices will surely go down. 

148 



Chapter 8: Sustainable market development 

8.4 Fresh PV retail possibilities 

A number of two shops that sell (or sold) PV panels to cooperate with is quite meagre for a 

city of 1,4 million inhabitants. However, the solar panel market in a geographically isolated 

area like Manaus cannot be compared with already developed markets in other countries . The 

geographical isolation did not stop the city to develop the most advanced electronic and 

automotive production processes in the Free Trade industrial Zone (see Appendix 0), but the 

solar panel market and distribution structure has not reached maturity up to now. 

Possibilities to cooperate with other retailers are examined in the following paragraphs. Free 

Energy Europe is a strong advocate of retail market development. Therefore, this approach 

will be the point of departure for the further elaboration on the sustainable development of 

the market for solar PV panels . A further elaboration of market approaches and market devel

opment models can be found in Appendix E. 

8.4. l Retailers selling complementary products 

First of all, a choice has to be made which retailers are suitable to cooperate with? Which 

kind of shops would be successful in selling solar PV panels? In the retailer market develop

ment model, there is a strong emphasis on the presence of complementary products and 

therefore I focused on shops that sell complementary products . Complementary products can 

be batteries, lights, radios and televisions, but also electricity wires and light switches . 

Six different types of shops have been distinguished: 

1. Trader, selling (electrical) naval and farming hardware: This kind of shops sell 

naval products, like small outboard engines , 12 Volt appliances and batteries . Next to 

this, you find there farming equipment, like machetes and diesel generators 

2. Trader, selling small electrical household appliances and entertainment elec

tronics: These shops are most of the time owned by Indians (being people from India) . 

They have a scope towards small household appliances and cheaper entertainment 

electronics ; 

3. Trader in general, including consumer electronics: These retailers are selling the 

bigger import products and sometimes furniture . These shops are bigger than the 

shops in category two and they have a broader product range; 

4. Construction materials, including electro-technical materials: They sell con

struction materials , switches, lamps , fuses , wires and sometimes electric tools ; 

5. Electro-technical materials 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; 
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6. Automotive products, including automotive electrics: 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 group 1 "Trader in general, 

including electrical / farming hardware", because they have a strong focus on the rural mar

ket. They sell ordinary car batteries, but these aren't used in cars yet most of the time in 

boats or at home with small televisions. More information about this division can be found in 

Appendix Q: Retail questionnaire codebook and fill-in form. 

A retail questionnaire has been executed in Manaus and a number of surrounding towns of 

commercial importance. The commercial importance of a regional town emerged out of ques

tion Se of the consumer questionnaire (Appendix K): "Where does the rural household pur

chase small (electronic) household appliances?" 

1:14,1% • 0,8% 

• Manaus 

• Vila do Careiro 

CAutazes 

•Iranduba 

• Manacapuru 

Itacoatiara 

Source: Corresponding data can be found in Appendix M, Paragraph M6: Market introduction. 

Figure 8. 7: Places where people buy their small household appliances 

It turned out that next to Manaus, three rural towns were of local commercial importance: 

Autazes in research area 1; 

Manacapuru in research area 2; 

Itacoatiara in research area 3. 

People of research area 1 indicated for the greater part they preferred to buy their small 

household appliances in Manaus. Autazes is also mentioned as a town of regional commercial 

importance, but all products for Autazes have to be supplied by boat and this journey takes 

about two days. For this reason, Autazes is not attractive as a rural town for the sales of solar 

panels. Manacapuru and ltacoatiara are both very appealing rural commercial centres with 

respect to the sales of solar panels. 

A third town is Iranduba 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 
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over the road and over water and has a number of shops that sell complementary products. 

Because of this, Iranduba has been taken into account during the retail questionnaire. 

Rio Preto da Eva is another bigger municipio that is part of research area 3, but it isn't men

tioned in Figure 8. 7. People that are living close to Rio Preto da Eva in research area 3 prefer 

to go to Manaus, which is just 85 kilometres away. The same accounts for Vila do Careiro in 

research area 1. 

In total, 57 retail questionnaires have been carried out: 37 in the city of Manaus and 20 ques

tionnaires in three surrounding commercial towns - lranduba, Manacapuru and Itacoatiara. 

The retail questionnaire and codebook can be found in Appendix Q. The raw data resulting 

out of this questionnaire is presented in Appendix R. Appendix S comprises the analysis of 

the results of this questionnaire. A brief overview of the questionnaire results is presented 

below and on the following pages. 

8.4.2 Retail interest in selling PV panels 

Manaus interest in selling PV 

• Interested in selling solar PV panels 

• Interested, but without a rural focus 

• Not interested in selling solar panels 

Figure 8.8: Manaus interest in selling PV panels 

Rural interest in selling PV 

15% 

Figure 8.9: Rural interest in selling PV panels 

In the city of Manaus, 35 percent of the 

interviewed retailers were interested in 

selling solar PV panels . Another 5 per

cent was also interested, but they didn 't 

have a focus towards the rural market. 

The remainder 60 percent wasn't inter-

ested in selling solar PV panels. 

When looking at figure 8 .9 , you can see 

that the rural entrepreneurs were less 

interested in the sale of solar panels 

than their counterparts in Manaus . 

Only 15 percent (being 3 out of 20 ru

ral shop owners) , was interested in 

selling solar PV panels in the future. 

The remaining 85 percent wasn't inter

ested. 

Being shops in regional towns, all 

shops clearly had a rural focus. 
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All rural s h ops purchased their products within Manaus, which corresponds wit h the busi

ness structure as presented in Chapter 7, Paragraph 7 .1. A number of rural shop owners in

dicated that their lack of interest to sell solar panels in the future depended on their suppli

ers. If their suppliers would start selling solar panels and they would be successful in it, the 

rural shop owners would surely consider selling solar panels themselves. Three shop owners 

in Manacapuru - research area 2 - indicated that customers sometimes posed questions 

about the sales and use of solar panels. 

The focus will now be on retailers in Manaus that were interested in selling solar panels. Be

low, the division by retail category is presented for Manaus with respect to the interest of re

tailers in selling solar panels. 

Shop category 

1. Trader, (electrical) naval and farming 
equipment 

2 . Trader, small household appliances 
and entertainment electronics, 

3 . Trader, consu mer electronics 

4. Construction materials, including 
electro-technical materials 

5. Electrotechnical materials only 

6. Automotive electrics 

9 

1 

1 

2 

60,00 3 17,65 

6,67 5 29,41 

6,67 3 17,65 

6,67 3 17,65 

13,33 2 11,76 

6,67 6 35,29 

100,ool 22 1 129,41 1 _IT_ot_ai ______________________ l_l _______ 1_5_1 ________________________ ___ 

Table 8 .13: Interest of retailers in Manaus in selling solar panels by retail shop category 

During the execution of the questionnaire, it is tried to not make an overrepresentation of a 

certain category. 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. Therefore, it is interesting 

to see wh ether the categories that are most represented in th is questionnaire are also the 

categories that are most interested in selling solar panels. 

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. This category will be discu ssed sepa

rately in a moment. 

The other two bigger categories - being automotive electronics (category 6) and traders of 

small electrical household appliances and entertainm ent electronics (category 2) - aren 't that 

interested. 
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To my personal opinion it is not so bad that these two categories of retailers are not willing to 

sell solar panels. The traders that sell household appliances and entertainment electronics 

(category 2) have a very low representativeness with respect to selling Free Energy solar pan

els. The general opinion about this type of shops is that the products they sell are cheap, of a 

poor quality and they do not last longer than one year. This opinion seems to be true. 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 start to burn after 

a while. 

Shops in automotive electrics (category 6) aren't that interested in selling solar panels, be

cause they do not have a (strong) focus on the rural market. They sell complementary prod

ucts like batteries and 12 Volts lights, but most of the time these shops are not visited by ru

ral people. 

Shops selling car batteries in the harbour-district are grouped under "1. Trader, (electrical) na

val and farming hardware'' , because they have a strong focus on the rural market. 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. 

Category 1: Trader of (electrical} naval and farming equip ment 

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 like batteries and 12 Volts lights and sometimes 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 inhabi

tant buy their products most of the time directly from the factory or buy them from one dis

tributor in the United States or Sao Paulo. The other retailers have more distributors, most of 

the time one is Sao Paulo and some shops in Manaus. 
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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. 

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 seem to be filled up to the last square meter, solar panels do 

fit in there somehow. Not only can solar panels fit in there when looking at the 

space, but also they add up to the current product line and the target market of 

this kind of stores. 

The entrepreneurs in these shops are aware of the rural needs and the big product 

range seems to be consciously chosen. These shops sell a number of complemen

tary 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. The average number of sales people in 

these stores is 4 . 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 situ

ated in a main street outside the centre. 

Only 9 out of 16 shops had credit advertised, being 56,25 percent of all shops in category 1. 

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 offer services for three different 

types of cards together. 

In most shops of this type, the payment possibilities - credit card, pre-dated cheques, own 

credit system, type of lease sales - are open for debate when buying a product and depend on 

the relation between the customer and the client. 
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8.4.3 Possibilities to cooperate with individual entrepreneurs 

The possibilities to cooperate with individual retailers can be divided into two types of entre

preneurs. The first group of entrepreneurs consists of those retailers that indicated during 

the retail questionnaire they were interested in selling FEE solar panels and who would also 

like to get more information. 

The second group is composed of entrepreneurs who weren't part of the retail questionnaire, 

but whose names emerged during the execution of the retail questionnaire. Some of these en

trepreneurs are bigger retailers that have a distribution function towards a number of shops 

that were part of the questionnaire. Interviewed entrepreneurs also mentioned other retailers 

as being interesting to cooperate with. 

The following retailers could be distinguished as being interesting with respect to the sales of 

Free Energy Europe solar panels in the Manaus region. In general , most shops indicated that 

the price of solar panels is too high at the moment. The poor exchange rate of the Brazilian 

Real (R$) towards the US Dollar and the Euro is one reason, but the general opinion is that 

producers of solar panels could sell the product for much lower prices. 

The first three entrepreneurs - CIMEX, Nova Vida and Italux Baterias - are of the first cate

gory 'trader in (electrical) naval and farming equipment'. 

Rua dos Andradas, 450 

Centro. CEP 69 005 - 180 

Manaus - Amazonas 

Tel. : (00 55 - 92) 233 04 66 / 622 01 31 

Fax.: (00 55 - 92) 233 26 27 

cimexmanaus@ig.com. br 

Mr. Waldo Garcia 

The first retailer is CIMEX, a trader of farming equipment with a focus on the richer rural in

habitant. The product range of CIMEX consists of diesel and gasoline generators , chainsaws, 

welding equipment, compressors and mechanical pumps. 

Mr. Garcia is the head of sales and is interested in selling solar panels, but he thinks that 

solar panels are too expensive at the moment. He didn't refer to the poor exchange rate, but 

to the wholesale prices of solar panels in general and possible profit margins. 

He looks forward to discuss the solar panel technology and economics with a sales represen

tative of FEE and is open-minded with respect to selling solar PV panels in the future. 
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Nova Vida Agropecuaria 

Avenida A. Vale, 9 

Tel. : (00 55 - 92) 237 44 42 

Nova Vida is an all-round seller of naval and agricultural products in the Manaus harbor dis

trict. There is no specific focus on the more affluent rural household, but they sell to the 

poorer as well as the richer rural inhabitants. 

3. Italux Baterias 

Italux and Heliar Baterias 

Avenida Sen Alvaro Maia, 1160 

Manaus - Amazonas 

Italux, tel.: (00 55 - 92) 234 71 11 

Mr. Silote or Mrs. Fatima 

Heliar, tel.: (00 55 - 92) 232 23 60 / 234 67 00 

A number of retailers that sold Italux batteries expressed that they were interested in selling 

solar PV panels as complementary products of the batteries. The retailers also indicated that 

their distributor was interested in offering solar panels as a complementary product. 

I didn't contact Mister Silote or Miss Fatima personally, because of the importance of this 

contact. To my opinion it is best that the sales department of Free Energy Europe builds up a 

personal business relation with this trader. It is expected that retailers already informed their 

distributor about the existence of FEE solar panels. 

The same distributor distributes Italux and Heliar, but it is not clear whether Mr. Silote and 

Mrs. Fatima also personally represent Heliar. Italux batteries can be found in shops in 

Manaus as well as rural shops. During the retail questionnaire, Heliar batteries were only 

found in two rural shops. 

Other brands of batteries also seem to be very interesting to cooperate with. The desirability 

of cooperating with a certain brand of batteries depends on the target market of the brand, its 

reputation and the price setting. The battery market is briefly discussed in Appendix S. Next 

to Italux and Heliar, there is another brand that is rurally attractive. This brand is called 

Ajax. 
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Ajax is a newcomer on the market. They have the cheapest prices and a very good value for 

money. Because of their attractive price setting they seem to be noted by the rural inhabi

tants. Ajax batteries can be found in rural shops as well as shops in Manaus. During the re

tail questionnaire, they only seemed to be sold rurally, but after the questionnaire I also saw 

them in a number of shops in the harbour district of Manaus. 

Paraiba, 624 

Manaus - Amazonas 

Tel. : (00 55 - 92) 615 27 54 / 615 48 54 

(oo 55 - 92) 633 44 69 / 642 85 55 

Another retailer that could be interesting with respect to the sales of FEE solar panels is 

Wartsilla Rio Negro Ltda. I came upon this retailer after concluding the retail questionnaire 

and tried to reach this retailer several times, but was unable to get in contact with Wartsilla. 

Nevertheless this shop is included, because several people told me that this shop is selling or 

has sold solar panels and the shop already exists for at least three years . 

Another group of entrepreneurs are those who supply retailers. Most of the time these whole

salers also have a retail function but they weren't necessarily part of the retail questionnaire. 
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Espalanada Center 

Avenida 7 de Setembro, 1175 

Manaus - Amazonas 

Main store, tel.: (00 55 - 92) 633 - 19 72 

Headquarters, tel. : (00 55 - 92) 652 38 00 

The Esplanada can be compared with a small version of the V&D in the Netherlands . They 

sell clothing, shoes , bikes, audio equipment as well as household equipment. 

Esplanada has a number of shops in Manaus and also one in Manacapuru and in Itacoatiara 

- two rural towns of commercial importance. In Manacapuru, you can find an Esplanada on 

the road from the Rodoviario bus station towards the city centre. The store is situated very 

near the centre. In Itacoatiara the Esplanada is situated in the centre of town. 

Esplanda started to extend its product range just recently. Previously, the shops only sold 

clothing and cloth material. Because of this, just one or two shops are selling the broader 

product range that is including audio and electrical household equipment. This chain of 

shops is still very promising with respect to the sales of solar panels because they have shops 

in two rural towns. Next to this , Esplanada has its own credit system. 

Rua Henrique Martins 539 - 4° andar 

Centro. CEP 69 010 - 010 

Manaus - Amazonas 

Main store, tel.: (00 55 - 92) 622 15 05 

Headquarters, tel.: (00 55 - 92) 622 37 08 

Headquarters, fax: (00 55 - 92) 622 15 03 

TV Lar is another very interesting chain of stores with respect to the sales of solar panels. 

They have the looks of the Dutch Megapool, but with a product range and a price setting that 

corresponds more to a combination of the Dutch Kijkshop and the previous Horn. TV Lar 

sells audio equipment, household appliances , generators, bikes and some furniture, but no 

clothing and shoes . 

TV Lar looks to be more experienced with the sales of electrical equipment, has a more pro

fessional appearance and a better price setting than Esplanada. TV Lar also has its own 
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credit system. There is one TV Larin Manacapuru. This TV Laris situated downtown, facing 

the harbour of Manacapuru. 

There are other shops with almost the same name, called Du Lar, Dul Ar, Do Lar and Dular. 

In the past, these shops used to operate under the name of TV Lar, but became independent. 

It is not clear whether these shops cooperate together. 

Rua Comendador Clementino, 665 

Centro. CEP 69 025 - 000 

Manaus - Amazonas 

Tel.: (00 55 - 92) 233 58 86 / 627 80 00 

Fax: (00 55 - 92) 622 14 98 

E-mail: casadaborracha@internext.com. br 

LB , or Loja da Borracha, has a number of stores with all a specific focus situated close to 

each other. There is LB Paint, LB Construction material, LB Car equipment and also LB Elec

trics. LB Electrica sells electric construction materials , like wires, switches, fuse boxes , lights 

and also some electrical do-it-yourself tools. 

This shop is interesting because it is also a supplier to other retailers. Do-it-yourself shops 

and a number of retailers selling naval and farming equipment indicated that they buy part of 

their goods at the LB stores. 

Mr. Nelson M. Takano 

Technical director of IPEAM 

Rua Duque de Caxias, 451 

CEP 69020 - 010 

Manaus - Amazonas 

Tel: .: (00 55 - 92) 635 21 47 / 633 44 63 

Mobile: (00 55 - 92) 9985 - 44 97 

E-mail: Ntakano@uol.com. br 

Mr. Nelson M. Takano has been mentioned earlier when discussing Amazonas Energia Solar. 

He is the technical director of IPEAM - Instituto do Previdencia dos Servidores do Estado do 

Amazonas (in the Netherlands comparable to the ABP - Algemeen Burgerlijk Pensioenfonds). 
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As technical director, he has difficulties with the purchase of larger quantities of solar panels 

in the Manaus area. He wants to set up solar projects with respect to the electrification of ru

ral IPEAM offices. 

Mr. Nelson has the idea to set up a solar panel distribution network that isn't linked with his 

work as a technical director of IPEAM. With this distribution network, he could supply the 

projects he would develop for IPEAM, but he could also provide solar panels to other inter

ested parties . Mr. Nelson is very interesting to cooperate with - business-like as well as per

sonally - but he is a very busy person. He lives in Sao Paulo with his wife and children, but is 

two days a week in Manaus for his work for IPEAM . 

Mr. Nelson has a 'despachante', called Mrs. Dulce who lives in Conjunto Champs Elysees 

(Campos Elisios) in Manaus . Mrs . Dulce operates on the border of what is legally permitted 

and what's not. She knows high judicial officers , who can be influential when doing business 

in Manaus , but be careful. Despite the fact that she is the local expediter of Mr. Nelson Ta

ka no , I would urge Free Energy to be very careful with respect to Mrs. Dulce when building 

up a relationship with Mr. Takano. 
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8. 5 Distribution structure oossibilities 

The government incentives when setting up an own distribution structure in the Zona Franca 

Manaus (ZFM) have been discussed in Paragraph 7 .3.2 . These incentives are not applicable 

when Free Energy Europe is going to make use of existing entrepreneurs and the existing 

business structure to develop a distribution structure for solar panels. 

When not making use of the existing business structure, Free Energy is neglecting valuable 

possibilities with respect to local cooperation. The definition of sustainable markets in Chap

ter 3 looks as follows : 

Sustainable markets are markets that can develop on their own with no other inter

national inputs than the product - the technology - itself. After transfer of the 

knowledge and skills to sell, operate and maintain the product, the market must be 

able to function on its own. 

Setting up an own distribution structure or helping a third party to set up a new solar panel 

distribution structure is also free market development, but cooperation with existing entre

preneurs is the purest form of free market development due to the fact that it acknowledges 

the power of the existing business structure. 

Moreover, making use of an existing infrastructure is always cheaper than setting up an own 

infrastructure next to the existing one, even despite the government incentives available for 

setting up an own business in the ZFM. 

The point of departure in the previous two paragraphs has been the cooperation with existing 

entrepreneurs and the use of the existing business structure. Cooperation with current solar 

PV retailers has been discussed in Paragraph 8.3 . Paragraph 8.4 dealt with the possible coop

eration with retailers that sell complementary products. As it turned out, there are sufficient 

possibilities to cooperate with current local entrepreneurs when considering the retailing of 

solar PV panels. 

This leaves the distribution of the solar panels, the wholesale part of the market development. 

Some of the entrepreneurs that have been mentioned can have a retail as well as a wholesale 

function. 

The following five entrepreneurs can have a retail as well as a wholesale function: 

1. Italux Baterias; 

2. Ajax Baterias; 

3. Importadora TV Lar; 

4 . Loja da Borracha Eletrica; 

5. Mr. Nelson M. Takano. 
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The problem with the first three entrepreneurs is that they probably want to have the exclu

sive rights of selling Free Energy solar panels. It might be possible that they are willing to al

low others to sell Free Energy products as a wholesaler, if the other wholesalers operate in 

another sector. 

This means that Free Energy could work together with Italux or with Ajax, but not with the 

two battery brands at the same time . The same accounts for Importadora TV Lar. If Free En

ergy Europe decides to cooperate with TV Lar, than this will possibly seclude the opportunity 

to cooperate with Esplanada. 

It is not expected that this situation will occur when cooperating with LB Eletrica. LB Eletrica 

already has a retail as well as a wholesale function for numerous do-it-yourself products. A 

drawback of Loja da Borracha is that the shop is situated in Manaus and as a retailer they 

sell to the urban inhabitants of Manaus and not to rural households living in the areas sur

rounding Manaus. As a wholesaler they mostly sell to rural shops. If LB Eletrica would be

come the only wholesaler of FEE products, this would mean that Free Energy Europe would 

only reach the rural households through the rural retailers. This seems to imply that at least 

the most important group of entrepreneurs - the traders of naval and farming equipment - is 

covered, but this is not true. When looking at the analysis of the retail questionnaire in Ap

pendix S, it proves that 75 percent of the interviewed entrepreneurs that are part of this cate

gory are situated in Manaus. Of the 4 rural traders of naval and farming equipment, only one 

is interested in selling solar PV panels . Of the 12 traders of naval and farming equipment in 

Manaus, 9 are interested in selling solar PV panels. These retailers are mostly not reached by 

LB Eletrica. 

If Free Energy is going to cooperate with local entrepreneurs as being wholesalers 

of FEE products and they do want to have the exclusive rights of selling FEE solar 

panels, this means that Free Energy will not get through to a considerable part of 

the entrepreneurs, needed to develop a sustainable market for solar PV panels in 

Manaus. 

It would create a market situation in Manaus for FEE panels, as it is known right 

now for the Siemens and Kyocera panels. Only a few shops would sell amorphous 

FEE solar panels and therefore the price would stay too high for rural households. 

It is for example possible to cooperate with Italux and TV Lar at the same time, or with Ajax 

and Esplanada at the same moment. But there will be a substantial part of the retailers in 

Manaus and the surrounding regional commercial centres that will not be reached by these 

wholesalers when only two entrepreneurs get the exclusive rights of selling FEE products . 
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Another possibility is cooperation with Mr. Nelson M. Takano. Mr. Nelson is a promising en

trepreneur with regard to the development of a solar panel distribution structure in the 

Manaus region. He is the technical director of IPEAM - Instituto do Previdencia dos Ser

vidores do Estado do Amazonas - and he has had problems with the purchasing of large 

quantities of solar panels in the Manaus area in the past. 

Because of this , he has the intention to independently set up a solar panel distribution net

work. When I talked with him in May 2002 , he was contacting business relations to see 

whether he was able to finance his business-idea. When Mr. Takano is going to set up a dis

tribution structure for solar panels, he is also eligible for some of the government incentives 

for establishing a business in the Manaus Free Trade Zone. But most incentives are intended 

to attract foreign businesses to set up a Brazilian branch office in Manaus. 

Setting up a foreign branch of Free Energy Europe in Manaus to operate in Brazil would be 

another possibility. Free Energy must submit an application to the Brazilian Government, 

which must be approved by a Presidential decree . A certificate of the decree and other perti

nent acts will then be published in the Official Gazette. Only after all the formalities have 

been completed will the branch be in a position to start up its activities. As a foreign company 

operating in Brazil, FEE must also empower a representative, who must be resident in Brazil, 

to act on its behalf. In this case, Mr. Takano could become the representative of FEE in Bra

zil. This would also be a good option as for the Manaus business culture . Mr. Takano is a re

spected businessman and he has contacts in Sao Paulo as well as Manaus . 

An inquiry into the possibility to set up a Free Energy solar panel production facility within 

the Manaus Free Trade Zone (ZFM) will be part of the recommendations in Chapter 9. The 

Free Trade environment provides valuable financial as well as infrastructural business condi

tions . These conditions create opportunities to develop a solar panel production facility within 

Manaus, aimed at the entire Latin American market. 

Mr. Nelson also indicated to be very interested when Free Energy Europe would commence 

with the production of solar PV panels in the Manaus Free Trade Zone . One difficulty as for 

the establishment of an FEE production facility in Manaus is that the products must be ISO

certified . The amorphous panels of Free Energy Europe are very close to certification, but this 

will not be sufficient for the ZFM superintendent - SUFRAMA. 
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Research question 5: Sustainable market development 

What kind of distribution structure will be most appropriate to develop sustainable 

markets for PY-technology in the Manaus area, considering local business structure 

and culture and government incentives? 

The answer is as follows: 

Free Energy Europe is a strong advocate of the free market approach. Within this 

approach, one tries to make use of the local entrepreneurs and their existing com

mercial distribution network. One of the most important factors is the use of existing 

distribution structures for solar panels or complementary products, like batteries 

and small 12 Volts household appliances. 

There are very good possibilities to cooperate with local entrepreneurs when looking 

at the retail sales of solar PV panels in the Manaus area. But cooperation in the field 

of the distribution and wholesale of solar panels can prove to be problematic. 

The locally available business structure at present is sufficient for the development 

of a distribution and wholesale structure, but the fact that entrepreneurs might 

want to have the exclusive rights of selling FEE products can turn out to be a bot

tleneck. 

FEE can become actively involved in the establishment of a solar panel distribution 

structure in the Manaus region when the currently available business structure and 

entrepreneurs turn out to be unwilling to cooperate with respect to the wholesale of 

FEE products. There are reliable partners to cooperate with when setting up an own 

distribution structure and active involvement of FEE guarantees access to a selec

tion of government incentives. The size of the market also justifies active local in

volvement of Free Energy Europe, when free market development in cooperation with 

local wholesalers turns out to be impossible. 

Production of solar panels in the Manaus free trade zone would make available a 

wide range of government incentives and possibly opens up the entire Latin

American market for Free Energy Europe. 
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Chapter 9: Conclusions and recommendations 

The overall conclusions and recommendations and the answers on the research questions are 

presented in this chapter. Before presenting the conclusions and recommendations I would 

like to discuss the turmoil as for the presidential elections and economic uncertainty in the 

year 2002. The field research for this report has been executed in Brazil between February 

and October 2002 and presidential elections took place in October that year. The elections 

itself and the political emotions beforehand seemed to have a big impact on the international 

climate of investment and on the Brazilian economy. Most Brazilian analysts did not share 

the concern of international investors and economic analysts that Brazil would follow the 

downward economic spiral of countries like Argentina and Venezuela and that this would re

sult in economic chaos throughout Latin America. The influence of the presidential elections 

on the Brazilian economic climate and the role of the IMF will be discussed in Paragraph 9 .1. 

The overall conclusions can be found in Paragraph 9 .2 . The conclusions are divided into four 

parts: rural electricity need, current off-grid electricity services used, technology choice and 

sustainable market development. The answers on the five research questions have already 

been presented throughout the report, but they are also talked through in Paragraph 9.3. 

This report gives detailed recommendations as for the development of a sustainable solar 

panel market within Manaus, which can be used by Free Energy Europe to set out commer

cial company policy measures. The review of the political and economic climate, the overall 

conclusions and the answers on the research questions form the basis for the recommenda

tions presented in Paragraph 9.4. 

9. 1 BraziUan elections and the IMF 

When discussing the socio-economic context in Chapter 2 it has already been stated that the 

turbulent election year 2002 does not seem to have a long-term impact and the climate for 

investments is favourable . But why is it that international economic analysts were that pes

simistic towards Brazil in 2002? The three most important factors that influenced the decline 

of confidence of international investors and analysts during the year 2002 are: 

1. The perception of the Workers' Party and their presidential candidate Lula; 

2. The International Monetary Fund, and; 

3. National and international politics. 
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The Workers' Party and Lula 

Brazil's presidential elections did not take place until October 2002, but in June 2002 the 

investors were already in fear at the prospect of victory for the leftwing opposition candidate, 

Luiz Inacio Lula da Silva. The possibility that Lula da Silva - a former metalworker - will be

come leader of Latin America's most important economy has got the markets rattled, because 

he has been a persistent critic of US foreign policy and the IMF. 

In October 2002, Lula wins the presidential elections in the second round and becomes the 

first left-wing president in Brazilian democratic history. 

As it turns out in January 2003, the financial markets are showing appreciation of Lula's fi

nancial orthodoxy - after running scared in the months before the election, worried by the 

tough rhetoric of some members of Lula's Workers' Party. (BBC News, January 31st 2003) 

Even the IMF proclaims in February 2003 that markets have realized in the last few weeks 

that economic continuity is being assured and that the new president aims to do this with a 

much stronger emphasis on social equity - an emphasis with which we (i.e. the IMF) com

pletely agree. (IMF (2), 2003) 

Figure 9.1: President Lula addresses World Economic Forum participants 

President Lula also sees the importance of sustainable development and this will have a posi

tive impact when wanting to invest in renewable energy in Brazil. The managing director of 

the International Monetary Fund (IMF), Horst Kohler, shares this economic optimism with 

regard to Brazil. Mister Kohler had a meeting with the new president, Lula da Silva, on Janu

ary 28th 2003 and afterwards he stated: " ... there is every reason for optimism that a basis for 

sustained economic growth and social progress is being established in Brazil." (IMF (1), 2003) 
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When looking at the new government program on infrastructural and sustainable develop

ment, issue 32 of the electricity sector program is formulated as follows: 

A politica energetica do novo govemo, alem de garantir a continuidade do 

abastecimento, sem os sobressaltos de racionamentos, visara ao desenvolvimento 

sustentavel. Tambem estara em harmonia com o meio ambiente, considerando a 

diversidade na otimiza9<io do aproveitamento das f ontes de energia disponiveis 

localmente. (http:/Iwww.lula.org. br/ obrasil/ home_obrasil. asp) 

Translated: The energy politics of the new government has to guarantee the continuity of the 

energy supply without the trembles of rationings. It has to be aimed at sustainable develop

ment in harmony with the environment and the diversity of the locally available energy 

sources has to be taken into consideration when optimizing the energy supply. 

Critical remark: When discussing the electricity grid in Chapter 5, it became clear 

that most people have difficulties with trusting politicians. In a Brazilian chat box, 

someone described it as follows: "Young Brazilians are not only hopelessly apathetic 

towards politics, but downright distrust the political system." 

Why trust the ideas of Lula and the Workers' Party? First of all, the Workers ' Party 

has been very successful on town hall-level and within state governments, prioritiz

ing education, health and security, which created confidence. And Lula is more 

than a president; he is the embodiment of the people. He started as a shoeshine 

boy, worked as a metal worker and for the labour union, lost a finger in a working 

accident and does not have a university degree. As a working-class hero, most 

lower and middle-class Brazilians adore him and they will watch him closely. 

International Monetary Fund 

The most important financial consideration has to do with the International Monetary Fund 

who is releasing loan after loan for the Brazilian economy. The IMF gave a big loan in Sep

tember 2001 of US$15.7 billion to the Brazilian government. Half June 2002 the IMF released 

US$10 billion from a line of credit to deal with current market pressure. On August the 7th 

2002, the International Monetary Fund announced it was prepared to lend Brazil 30 billion 

US Dollars - a record sum that is expected to calm the country's roiled markets. (Business 

Week Online, 2 September 2002; The Guardian, Monday June 24th 2002) 

The IMF said that about 3 billion US$ of the cash would be available immediately with a fur

ther 3 billion US$ available by the end of the year, after a review. The rest of the loan will be 

given in four payments over 2003, providing the Brazilian government maintains sound eco

nomic policies. The IMF usually tries to avoid lending large sums of money to governments so 

close to elections, but because Brazil's position has been looking more and more tenuous the 

167 



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

IMF decided the loan was necessary. (BBC World News, 6 September 2002) In Business Week 

Online (http:/ /www.businessweek.com), analysts say that there are two main explanations 

for Brazil's continuing malaise : debt and politics. 

The question is whether the IMF loan is going to solve Brazil 's debt crisis: 

Unfortunately not. Brazil's net public debt - now at 255 billion US $ - has risen from less 

than 30% of GDP in 1994 up to 60% in the year 2002. And what's worse: Nearly one third of 

it is linked to the dollar, while another half is indexed to government interest rates. That 

means the amount of debt increases as the currency devalues - which happened during 2002 

- or as interest rates rise . Next to this, the government is being forced to offer shorter and 

shorter term paper because investors won't accept long-term risk. 

(http:/ /www.businessweek.com; http:/ /www.jubilee2000uk.org) 

National and international politics 

President Fernando Henrique Cardoso has led Brazil between November 1994 and January 

2003. This social democratic government has resolved the debt crisis and brought inflation 

down to an acceptable level. President Cardoso has been widely - and especially internation

ally - praised for keeping Brazil's economy on track for almost eight years. 

Already in June 2002 the Workers' Party presidential contender Lula held a commanding lead 

over Jose Serra, the ruling Social Democratic party candidate. Next to the labour leader Luiz 

Inacio Lula da Silva you also have the populist candidate Ciro Gomes who also makes inves

tors nervous. Especially their hesitance as for acknowledging the blessings of the IMF and the 

IMF plan for the Brazilian economy is nourishing the agitation amongst international inves

tors. The support of Lula and Ciro for the IMF deal has been lukewarm at best. Presidential 

candidate Lula said in September 2002: "I'm going to work to make sure that Brazil does not 

need to take IMF money" . Only Cardoso's handpicked candidate, former Health Minister Jose 

Serra, came out strongly in favour of the IMF plan. Already in June 2002 he was trailing 

badly in the polls. (BBC News, September 19th 2002) 

In this manner, the markets got ahead of themselves far before the elections took place. Even 

the IMF pointed out that Brazil's economic policies are "by and large appropriate". While the 

Fund registers its usual concerns with inflation, public spending and government debt, it has 

given the Brazilian government high marks for its handling of the economy. 

In releasing US$ I 0 billion from a line of credit half June 2002 to deal with current market 

pressure, the IMF praised Brazil for taking the initiative and not waiting for developments to 

force it to act. This was consistent with the way Brazilian economic officials have acted in the 

last three and a half years, the IMF said. (The Guardian, June 24th 2002) 
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Another question is why Brazil gets such big IMF loans, while there are other Latin-American 

countries suffering a much deeper crisis? 

The New Economics Foundation and the Jubilee Research program are presenting a possible 

answer (http:/ /www.jubilee2000uk.org): The United States has agreed to back bailouts for 

Brazil and Uruguay, but has refused to hold out any such hope to Argentina. In fact, ever 

since the present Bush administration took office, it has looked sceptically upon bailout 

packages for nations in crisis, maintaining that they are a waste of taxpayers' money and that 

the borrowing nations will not be able to repay their debts in the long run. 

But why this sudden concern for Brazil and not for Argentina? 

To believe the Bush administration story that Brazil is 'good' and Argentina has been 'bad' 

would be naive. The real reason is that the IMF loan to Brazil will boost Citigroup and Fleet

Boston, two American banks (and major funders of the US presidential election campaigns), 

which stand to lose close to 20 billion US$ in the event of Brazil defaulting on its debt. 

These two and a third bank - JP Morgan Chase - have far greater exposure to Brazilian loans 

than to Argentinean ones . Also, car companies like General Motors have declared their whole

hearted support to "efforts such as this that stabilize the Brazilian economy". General Motors 

has sunk billions into factory facilities in Brazil, and a Brazilian meltdown would smash these 

investments to smithereens . With the US Congressional elections slated for November 2002, 

no government can afford such an eventuality. ((http:/ /www.businessweek.com; 

http:/ /www.jubilee2000uk.org) 

9.2 Overall conclusions 

The problem definition arose out of the problem setting and it has been formulated as follows: 

Which areas in the vicinity of Manaus are most promising for the dissemination of so

lar PV panels for rural domestic use, which factors determine the technology choice 

for solar PV panels, made by rural households for their rural electricity services, and 

what kind of distribution structure - taking into account the local business structure 

and culture and government incentives - will be most appropriate to develop sustain

able markets for PV-technology in the Manaus area? 

The areas that are most promising for the dissemination of solar PV panels for rural domestic 

use are mapped in Chapter 4. When looking at the other parts of the problem definition this 

leaves four parts and the overall conclusions will be divided into these four parts : 

1. Rural electricity need; 

2. Current off-grid electricity services used; 

3. Technology choice; 

4. Sustainable market development. 
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The primary objective of the research and of this report, embodying the research findings, is 

to deliver a guideline for the development of a sustainable PY-market in the Manaus area, 

taking into account the needs of the potential customer as well as the local business envi

ronment. 

9.2.1 Rural electricity need 

The concept 'rural electricity need' has been defined in Chapter 3 as being twofold. On one 

hand it is the current electricity use of rural households that already have off-grid electricity 

services. On the other hand it is used to indicate the future electricity demand of rural 

households that made a technology choice for solar PV panels during the consumer question

naire. Both forms of the rural electricity need are influenced by the state of the (inland) elec

tricity grid and the expected future expansion of it into the rural areas. 

The state of the electricity grid and its capacity to get expanded into the rural areas in the 

near future is discussed below. The impact this will have on the technology choice is dis

cussed in Paragraph 9.2.3: Technology choice. 

The current off-grid electricity use is discussed in Paragraph 9 .2.2. The relationship between 

current off-grid electricity use and technology choice is discussed in Paragraph 9.2.3. The fu

ture electricity demand of rural households that made a technology choice in favour of solar 

PV panels during the consumer questionnaire are also discussed within this paragraph. 

The elect ricity grid 

When looking first at the situation with respect to grid-based electricity it becomes clear that 

the extension of the high-tension grid outside the city of Manaus towards Itacoatiara only has 

one purpose: To get electricity from other sources than the Balbina hydro dam and the con

ventional thermal units within Manaus . Inhabitants of Itacoatiara and perhaps a very small 

number of rural inhabitants will benefit from the Balbina-Itacoatiara high-tension line. In the 

long run it is only meant to accomplish the interconnection with the Brazilian grid, which will 

result in less blackouts and a more reliable supply of electricity within the city of Manaus and 

within the surrounding areas. 

The electricity sector in the Amazon State already started to deteriorate at the beginning of 

the privatization of the electricity sector in 1993. But a lack of private investments from the 

moment of privatization accelerated the decay, which resulted in bad planning, a cut-down in 

cost in general, poor maintenance and a dramatic growth of energy losses. 

When focussing on the rural areas surrounding Manaus, there are more than 60.000 rural 

households living in the vicinity of Manaus and approximately 92 percent of these households 

- 55.792 households - does not have access to grid-based electricity. 
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A significant part of the expansion of the electricity generating capacity seems to disappear 

directly into the high energy losses. This situation is even more cutting for the inland grids as 

it is for the Manaus electricity grid. Averting the high energy losses and maintaining the cur

rent electricity grid seems to have a low priority because of a lack of funding and because of 

the influence of politically popular - but technically undesirable - decisions to extent the cur

rent local grid into rural areas. Because of the defective state of most local grids and the bad 

financial position of the electricity companies, these kind of rural extensions are most of the 

time not implemented or connected. 

Electricity need of potential PV panel users 

A solar home system with one solar panel of 14 Wp generates 50 Wh daily in the Central 

Amazon region, two solar panels of 14 Wp generate 100 Wh and so on. The electricity demand 

thus refers to the number of panels a household wants to use and they can financially bear. 

49 percent of the households made a choice for one panel, about 32 percent made a choice 

for two solar panels and almost 19 percent of all households had the preference to use more 

than two solar panels, namely three or four panels. 

Households making a system size choice for just one panel more often choose for the option 

'only panel', being one panel with or without a charge controller. Households that choose the 

bigger system sizes more often made a package choice in favour of a complete package, in

cluding lights and wiring. 

9.2.2 Current off-grid electricity services used 

More than 35 percent of the interviewed rural households without any access to grid electric

ity found a solution to provide oneself with electricity. 

19, 1 percent of all interviewed households used a car battery to listen to the radio or to watch 

television in the evening. The use of a battery depends on the possibility to recharge it. The 

assumption - made in Paragraph 3 .2 'Definition of concepts' - that rural households recharge 

their batteries three times a week turns out to be incorrect. 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. 

17, 6 percent of the respondents uses a diesel or gasoline generator. Part of them uses a gen

erator, because they already had an engine to mill agricultural products or to pump water. 

They only had to buy the dynamo-part to get an electricity generator. Other households make 

use of a generator, because of the appliances of 110 Volts . They want to use appliances for 

agricultural purposes like a freezer, which can only be used with 110 Volts . Others want to 

use appliances of 110 Volts because they can still use these appliances when the electricity 

grid is being extended to their homes. 
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172 households - 63,2 percent of all rural households - indicate that they do not have any 

form of electric energy at all. This group is very interesting with regard to the future sales of 

solar panels, because stakes are high that their future energy demand will be not too high as 

for use of solar panels. 

9.2.3 Technology choice 

Six most important factors that influence the technology choice for solar panels are identified 

during this research: 

1. The geographical circumstances, influencing the applicability of a technology; 

2. The current use of off-grid electricity services; 

3. Financial means of the rural household; 

4 . Future grid-expansion into the rural areas; 

5. Simplicity of solar technology; 

6. Familiarity with solar PV technology. 

1. The geographical circumstances: 

The technology choice was meant to be a choice between three technologies: (1) the diesel or 

gasoline generator, (2) solar panels and (3) the micro hydro unit (see Appendix I) . During the 

field research it soon became clear that micro hydro units were practically inapplicable dur

ing the field research period. As it turns out, there is not a choice between three technologies, 

but between two technologies: The diesel or gasoline generator and the solar PV panel. 

2. Current use of off-grid electricity services: 

55, 1 percent of all the interviewed households makes a technology choice in favour of solar 

PV panels. There is a strong and positive relationship between the current use of batteries or 

lack of electricity and the technology choice for solar panels . There is a very strong and nega

tive relationship between the current use of a generator and a technology choice for solar 

panels . 

The same accounts for the relationship between current energy demand and technology 

choice. There is a strong and positive relationship between a low current energy demand and 

the technology choice for solar panels. There is a very strong and negative relationship be

tween a high current energy demand and the technology choice for solar PV panels. 
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3 . Financial means of the rural households: 

For the field research, 24. 724 rural households that are not grid-connected were taken into 

account. Of these 24.724 not grid connected households, 6.876 households statistically have 

sufficient financial 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. 

In practice, 83 percent of the households making a technology choice for solar PV panels in

dicates to have enough money to also buy the product. This is about 46 percent of the entire 

research population, which points out a big difference between the statistical number of 

households able to buy a solar PV panel and the real number of households indicating to 

have enough financial means. The difference can be explained by means of informal income. 

The statistical indicators do not take into account the informal income of a rural household 

and the households themselves do take into account their informal income when discussing 

the possible purchase of a solar PV system. 

Households do have to work hard to gather the money needed, but they say it is worth the 

hard work if solar panels provide the electricity services as presented during the execution of 

the questionnaire. 

4 . Future grid-expansion into the rural areas: 

When discussing the rural electricity need, the politically popular - but technically undesir

able - decisions to extent the current local grid into rural areas have been discussed. Prom

ises made by politicians to extend the grid have an impact on the technology choice of a rural 

household, but rural households are reserved. They have heard the promises before in former 

electoral years, and nothing happened then. Households also seem to know about the prob

lems of the local electricity grids. The further away a household lives from a municipio with a 

regional commercial function - Iranduba, Manacapuru, Itacoatiara - the less they believe in 

the promises made by local politicians. 

Future expansion of the electricity grid into rural areas will be minimal. But even just the ex

pectancy to get connected in the near future influences the technology choice of rural house

holds . The influence of just the expectancy will be lower than the influence of the actual grid 

expansion and households do know about the problems of the local electricity grids with re

spect to generating capacity, bad maintenance and blackouts. But people living close to an 

inland electricity grid more often preferred diesel or gasoline generators, because they could 

still use the 110 Volts appliances when getting connected to the electricity grid in the future . 
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5. Simplicity of solar technology: 

Especially when compared to a diesel or gasoline generator, a solar PV panel is inconceivably 

simple. There is no need for fuel, oil, filters , spare parts or a yearly checkup. A solar PV panel 

doesn't have any kind of moving parts that can wear out in time and the maintenance is very 

easy. 

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. 'Maintaining' a diesel or gasoline generator is a men's job and the women 

in the household most of the time knew nothing about the equipment. The rural households 

interviewed - and especially the men - liked the idea that even the lady of the house could do 

the maintenance of a solar PV panel, i.e. rinsing it with water. 

6. Familiarity with solar PV technology: 

A clear disadvantage of the solar panel is the unfamiliarity of the rural households with the 

technology. The fact that some people were surprised because a solar panel doesn't need 

spare parts indicates that people do not know very much about it . A number of interviewed 

households also thought that a solar panel would only function with a clear sky and bright 

sun. They had the idea that the solar panel would not generate any electricity with moderate 

sun or just with daylight - for example during the rainy period. 

The existence of a number of functioning solar PV panels in a specific rural area clearly influ

ences the technology choice of a large number of households in this area. Households in the 

area Rio Preto da Eva more often made a technology choice for solar panels and they referred 

to a rural household and a rural school that already make use of solar PV panels. The people 

in this area think highly of solar panel technology due to the existence of some functioning PV 

panels in the area. 
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Critical remark: Simplicity of the technology and familiarity with solar PV tech

nology are two factors that are interrelated. The both can be deduced to user 

knowledge. User knowledge is not limited to the product knowledge of current users 

needed to use and maintain the product. It also comprises the knowledge, opinions 

and beliefs that people have and which will change their attitude towards solar 

panels or that will influence their decision to purchase a solar panel. 

Simplicity in itself consists of two parts: the embedded simplicity and the perceived 

simplicity. Potential users do not need to know about the embedded simplicity; 

moreover a solar panel has embedded complexity. In developing countries the per

ceived simplicity is the most important and it increases when there is more famili

arity with the technology. 
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9.2.4 Sustainable market development 

The three most important external factors that have been taken into account are : 

1. The local business structure; 

2. The local business culture; 

3. Government incentives and loans. 

Next to external factors that will influence the development of a sustainable market for the 

dissemination of solar PV panels in the Manaus area and Central Amazon region, the market 

potential is also of importance . 

1. Local business structure : 

The focus with respect to the development of a sustainable market in the Manaus region has 

been on the free market approach. 

When looking at the local business structure in Manaus, the names "Importador" and "Dis

tribuidor" a re often used, but the content of these denominations differs quite from their 

sense when used in European free market countries . First of all , there is no real difference in 

the meaning of the words "lmportador" and "Distribuidor". Besides this, an importer in 

Mana us not necessarily gets his products out of other countries. The effort of getting products 

into the Amazon and up to Manaus from other parts of Brazil is already such an undertaking, 

that it is regarded as being import on itself. 

Third, the main issue of an importer or distributor in Manaus isn't the sales towards retail 

shops . A distributor at all times has the function of a retailer, selling directly to end-users. 

Next to end-users the distributor also sells to other retailers in Manaus and in regional towns 

of commercial importance. Retail shops in regional towns hardly ever buy their products out

side Manaus, let alone outside the state of Amazonas . All trade towards the Central Amazon 

region goes through the capital city of Manaus. 

There are sufficient possibilities to cooperate with current local entrepreneurs when consider

ing the retailing of solar PV panels . But cooperation in the field of the distribution and whole

sale of solar panels can prove to be problematic. The locally available business structure at 

present is sufficient for the development of a distribution and wholesale structure, but the 

fact that entrepreneurs might want to have the exclusive rights of selling FEE products can 

turn out to be a bottleneck. 

The government incentives when setting up an own distribution structure in the Zona Franca 

Manaus (ZFM) have also been discussed within this report. These incentives are not applica

ble when Free Energy Europe is going to make use of existing entrepreneurs and the existing 

business structure to develop a distribution structure for solar panels. Setting up an own dis-
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tribution structure or helping a third party to set up a new solar panel distribution structure 

is also free market development, but cooperation with existing entrepreneurs is the purest 

form of free market development due to the fact that it acknowledges the power of the existing 

business structure. Moreover, making use of an existing infrastructure is always cheaper 

than setting up an own infrastructure next to the existing one, even despite the government 

incentives available for setting up an own business in the ZFM. 

If Free Energy is going to cooperate with local entrepreneurs as being wholesalers of FEE 

products and they do want to have the exclusive rights of selling FEE solar panels, this 

means that Free Energy will not get through to a considerable part of the entrepreneurs, 

needed to develop a sustainable market for solar PV panels in Manaus. It would create a 

market situation in Manaus for FEE panels, as it is known right now for the Siemens and 

Kyocera panels. Only a few shops would sell amorphous FEE solar panels and therefore the 

price would stay too high for rural households . 

2. Local business culture: 

Any attempt to communicate in Portuguese will be appreciated. Never start a conversation in 

Spanish, because it can be regarded as a big insult. 

Brazilians have a different sense of time and Brazilian business culture has a slow pace and 

informal atmosphere. Because of the 'slow pace', people do not call back on time and because 

of the 'informal atmosphere' it is permitted to call again and again without annoying anybody. 

Brazilians think highly of Dutch companies. Dutch entrepreneurs are regarded as being reli

able, trustworthy, accurate and punctual. The drawback of Dutch companies and entrepre

neurs is that they are impatient, they do not take enough time to build up a personal rela

tionship and they are culturally unaware . The importance of a good personal relationship is 

even more important than having a good mutual business understanding with your contact. 

You sometimes hear that Europeans are regarded as being suspicious, but to my opinion 

you11 better be suspicious when doing business in Manaus. Be especially suspicious when 

dealing with foreigners living in Manaus. When foreigners do not work for one of the bigger 

companies in the Free Trade Zone, there must be another reason for them to stay in the mer

ciless climate of Manaus. The corresponding consulate can provide information on the person 

you want to cooperate with. 

Brazil is doing a good job with respect to their fight against corruption, but corruption is 

changing shape towards white-collar company crime. Rules are initially developed to fight 

corruption in general and to avoid forgery and white-collar crime. Noble ideas aimed at the 

protection of the righteous civilians. But too often, there seems to be no communication be

tween legislative powers and everyday life. 
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3. ZFM incentives and loans: 

The Free Trade environment provides valuable financial as well as infrastructural business 

conditions. These conditions create opportunities to develop a solar panel production facility 

within Manaus, aimed at the entire Latin American market. 

At this moment, the ZFM-incentives (Appendix 0) are valid onto 2013. But during the elec

tions of October 2002 almost all candidates for governor, senator and federal and state repre

sentatives were in favour of the Manaus Free Trade Zone. It can be expected that new gov

ernments will extend the status of the Manaus Free Trade Zone up to a later point in time. 

4. Market potential: 

There is a huge difference between the raw statistical market potential and the real market 

potential. The real market potential - resulting out of the consumer questionnaire - turns out 

to be more than 60 percent higher than the raw statistical market potential. 

This doesn't mean that statistical figures are worthless. The statistical figures do not take into 

account the informal income of a household and because of that there are in practice more 

households that can afford to buy solar panels. Statistical figures can be used as being very 

conservative figures with respect to the market potential. This is very useful when looking at 

the entire Brazil, because the questionnaire results cannot be aggregated to the entire Brazil 

or towards other states. 

Cumulative sales of solar panels will develop between 12.900 and 22.650 units over the next 

ten years, with average quarterly sales between 325 and 565 units. Even if the path of devel

opment would follow the most negative predictions with regard to the future sales potential of 

14 Wp solar panels, developing a economically sustainable distribution structure for it would 

still be viable. 

Critical remark: Market potential and cumulative sales figures represent a fixed 

snapshot for a well-defined area, which in time can get influenced by infinite num

bers of (external) factors. The market can grow bigger than the research areas, the 

population within the research areas changes, the application of the product can 

change, solar panels can also be used in an urban setting, government programs 

and new incentives can interfere with the development of a solar panel market in 

the Manaus area and other parts of Brazil can become more interesting. 

The accuracy of the data throughout Paragraph 8 .1 does not suggest that these will 

be the sales figures. It reflects my insatiable urge for preciseness. This is however 

not to say that this preciseness is reality. These figures are indications of what a 

possible market could be. 
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9.3 Research questions and answers 

Which should be the selection criteria to select areas around Manaus that are most interesting 

with respect to the dissemination of solar PV panels for rural domestic use? 

The chosen selection criteria are: 

Criterion 1 

Criterion 2 

Criterion 3 

Criterion 4 

Criterion 5 

Travel time to the municipio Hours(< 8 Hrs.) 

Relative number of rural households Percentage (%) 

Absolute number of not grid connected rural households (#) 

Relative number of not grid connected rural households (%) 

Absolute number of not grid connected rural households with sufficient finan

cial means (#) 

Which areas surrounding Manaus are most interesting with respect to the dissemination of so

lar PV panels for rural domestic use? 

The most interesting areas are: 

Area 1, South of Manaus: 

Area 2, West of Manaus: 

Area 3, Northeast of Manaus: 

Careiro da Varzea, (Vila do) Careiro or 

Castanho, Manaquiri, Autazes 

Manacapuru, Iranduba 

Itacoatiara, Rio Preto da Eva 
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Which are the most important factors that determine the choice for solar PV panels for rural do

mestic electricity generation, made by rural households, instead of other alter-natives available 

on the local market? 

The most important factors are: 

1. The geographical circumstances; 

2. The currently used off-grid electricity services and the current daily energy use (Wh) 

by rural households; 

3. The financial means of the rural household; 

4. Future grid-expansion into the rural areas; 

5. Simplicity of solar technology as for maintenance and spare-parts; 

6. Familiarity with solar PV technology. 

Research question 4: 

(To what extent) will solar PV technology better accommodate with the electricity need of rural 

households than current rural electricity services used? 

The answer is as follows: 

Solar PV technology is clearly able to accommodate with the daily electricity need of house

holds that nowadays use car batteries and households that have no electricity services at this 

moment. There is a strong and positive relationship between the current use of batteries or 

lack of electricity and the technology choice for solar panels. 

Solar technology cannot accommodate with the electricity need of rural households that 

nowadays use a diesel or gasoline generator to provide in their electricity needs. Their daily 

energy demand is too high to satisfy with the use of solar panels. 

92 percent of the 127 households that made a technology choice in favour of solar PV panels 

and that indicated to have enough financial means to buy them makes a choice for a solar 

system size that is bigger than their current use of electricity. This clearly indicates that solar 

panels cannot only satisfy the current electricity need of rural households with a low energy 

need, but they can also accommodate with the growth of this need up to a certain point (up to 

200 Wh on a daily basis) . 
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What kind of distribution structure will be most appropriate to develop sustainable markets for 

PV-technology in the Manaus area, considering local business structure and culture and gov

ernment incentives? 

The answer is as follows: 

Free Energy Europe is a strong advocate of the free market approach. Within this approach, 

one tries to make use of the local entrepreneurs and their existing commercial distribution 

network. One of the most important factors is the use of existing distribution structures for 

solar panels or complementary products, like batteries and small 12 Volts household appli

ances . 

There are very good possibilities to cooperate with local entrepreneurs when looking at the 

retail sales of solar PV panels in the Manaus area. But cooperation in the field of the distribu

tion and wholesale of solar panels can prove to be problematic. 

The locally available business structure at present is sufficient for the development of a dis

tribution and wholesale structure, but the fact that entrepreneurs might want to have the ex

clusive rights of selling FEE products can turn out to be a bottleneck. 

FEE can become actively involved in the establishment of a solar panel distribution structure 

in the Manaus region when the currently available business structure and entrepreneurs 

turn out to be unwilling to cooperate with respect to the wholesale of FEE products. There are 

reliable partners to cooperate with when setting up an own distribution structure and active 

involvement of FEE guarantees access to a selection of government incentives. The size of the 

market also justifies active local involvement of Free Energy Europe, when free market devel

opment in cooperation with local wholesalers turns out to be impossible. 

Production of solar panels in the Manaus free trade zone would make available a wide range 

of government incentives and possibly opens up the entire Latin-American market for Free 

Energy Europe. 

181 



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

182 



Chapter 9: Conclusions and recommendations 
''~""'""''-"''*~--~------------------------

9. 4 Recommendations 

The recommendations are short-term recommendations (0 to 2 years). The recommendations 

are presented as steps that have to be taken by Free Energy Europe to develop a sustainable 

market for the dissemination of solar PV panels in the Central Amazon region. 

At present, Mr. Enrique Izquierdo is the FEE representative for the Latin-American market 

and other Spanish-speaking countries. Mr. Enrique's native language is Spanish and I am 

sure that he is doing a fine job with respect to Spanish-speaking nations . But most Brazilians 

and most retailers I spoke with do not speak Spanish and some will even be offended if some

one starts speaking Spanish and does not understand Portuguese. 

Free Energy Europe is having a job vacancy on its Internet site for a representative who has 

to get involved in the worldwide marketing of solar panels. One of the preferences for the job 

is having skills in Spanish language. (http:/ /www.free-energy.net/vacatures.htm) 

It is recommended to change this preference into the requirement of being a (Brazilian) Portu

guese speaker. It is quite difficult to find a Portuguese speaker, especially when this person 

needs to have a certain level of educational development required to understand the essen

tials of marketing and sales of solar panels. 

I contacted a number of Brazilian and Portuguese organizations that can be helpful when 

looking for a (Brazilian) Portuguese-speaking employee. The organizations are listed in order 

of importance. 

The first association is situated nearby Eindhoven and organizes cultural events and courses 

in Business Portuguese. The Brazilian embassy is listed second and the trade department of 

the embassy gave the address of a Brazilian Portuguese speaking lady, Mrs. Luyten, who 

would be perfect for the job. The fourth organization is a documentation centre on Latin 

America and the fifth organization listed is the Portuguese Consulate in Rotterdam. 

1. Spaans- en Latijns-Amerikaanse 

Vereniging 

Mevr. Houben - de Jongh 

Geldropseweg 52 

5731 AC Mierlo 

Tel. :0492-661698 

2. Brazilian Embassy 

Mauritskade 19 

2514 HD Den Haag 

Tel.: 070 - 302 39 59 

Fax.: 070 - 356 12 73 
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3. Mevr. Luyten 

Laan 3 T 

2512 GM Den Haag 

Tel.: 070-4275288 

5. Portuguese Consulate 

Willemskade 18-1 hoog 

3016 DL Rotterdam 

Tel.: 010 - 411 15 40 

Fax.: 010 - 414 98 89 

4. Latijns Amerika Centrum 

< Ask for Pablo > 

Nieuwe Herengracht 29 

101 lRL Amsterdam 

Tel. : 020 - 622 97 81 

Fax.: 020 - 626 52 58 

Step 2: D:a1s Action program sustamable development 
\AVv' 

The second step has to do with the DGIS Action program for sustainable development, called 

Sustainable Decisiveness (Nl.: Duurzame Daadkracht) . Mr. Frank van der Vleuten of FEE has 

brought this program to my attention after I finalized my research. This action program has 

been introduced on November the 29th 2002 and it indicates the international strategy and 

goals of the Dutch government with respect to sustainable development. 

The Dutch sustainable development policy spearheads are identified and the (financial) 

means to realize these aims are specified. The role of energy within this action program has to 

do with poverty reduction. The Dutch government - through the Dutch Directorate General 

for Development Cooperation (DGIS) - wants to realize energy supply for 10 million people (2 

million households) before the year 2015. There are already multilateral and bilateral agree

ments with respect to this objective , but an additional amount of 6,5 million Euros per year is 

available for additional activities. These activities can be channelled through multilateral or

ganization or public-private cooperation as for energy supply. 

Mr. Frank van der Vleuten, chief executive officer of Free Energy Europe , is already actively 

involved in setting up such public-private initiatives . His idea is to erect a number of small 

pioneer companies in developing countries for the dissemination of solar PV systems. 

Through this kind of public-private initiatives you could undertake part of the commitment of 

the Dutch government to supply 10 million people with energy. 

These small pioneer companies have a much stronger position if they work together in their 

consultation with the Dutch government. This cooperation could be -for example - through 

YES-DC (Young Energy Specialist & Development Cooperation), being a club of recently 

graduated people who are interested in the subjects of energy and development cooperation. 

(http:/ /www.ecn.nl/ society /yesdc/) 
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I would recommend Free Energy Europe to check whether there are Brazilians, resident in the 

Netherlands, that are interested in being actively involved in the dissemination of solar PV 

panels in their home country. 

When looking for a (Brazilian) Portuguese-speaking worldwide sales representative during the 

execution of Step 1 there might be candidates that are not fit for the job at Free Energy 

Europe, but these people might be interested in setting up an own pioneer company for the 

dissemination of solar PV panels in their home count ry, i.e. Brazil. 

One way of getting other sources of finance next to the possible DGIS contribution are follow

up investments by the Solar Development Group. Other sources of finance that can be useful 

are the Small Enterprise Investment Fund (SEAF) and direct investment through E+Co. 

(Paragraph P.3) 

There are other sources of finance when the initiator of the Brazilian pioneer company is a 

native Brazilian, or he is cooperating with a Brazilian citizen. The most important source of 

finance is DEERB. Desenvolvimento de Empresas de Energia Rural no Brasil (DEERB) seeks 

to develop new sustainable energy enterprise that use clean, efficient and renewable energy 

technologies to meet the energy needs of under-served populations. (Paragraph P. l) A native 

Brazilian setting up a pioneer company in the Manaus Free Trade Zone has also access to the 

government tax incentives as mentioned in Paragraph 7.3 and Appendix 0 . 

Free Energy Europe is a strong advocate of the free market approach. Within this approach, 

one tries to make use of the local entrepreneurs and their existing commercial distribution 

network. There are very good possibilities to cooperate with local entrepreneurs when looking 

at the retail sales of solar PV panels in the Manaus area. But cooperation in the field of the 

distribution and wholesale of solar panels can prove to be problematic. The locally available 

business structure at present is sufficient for the development of a distribution and wholesale 

structure, but the fact that entrepreneurs might want to have the exclusive rights of selling 

FEE products can turn out to be a bottleneck. 

It has the preference if a future Portuguese-speaking FEE representative contacts the whole

salers and retailers mentioned in Paragraph 8.4.3 and 8.5. The importance of a personal rela

tionship next to a business relationship already arose from the discussion of the business 

culture. Building up a good personal and business relationship will be difficult through the 

telephone and takes time. 

The best option to set up a good personal relationship with retailers in Manaus is through a 

pioneer company as mentioned in Step 2. It has the recommendation to investigate whether it 
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is possible to set up such a pioneer company in Manaus as well as in Sao Paulo. When dis

cussing the local business structure in Paragraph 7 .1, it has already been stated that most 

importers and distributors in Manaus buy their products in Sao Paulo, Miami and Rio de Ja

neiro. The retailers in Manaus do not do so out of convenience, but their contacts and per

sonal relationships migrated towards these places and they became reliable business rela

tionships. Sao Paulo is not only an important trade city for the Amazon region, but for entire 

inland Brazil. Most trade towards inland Brazil, especially in consumer electronics, goes 

through Sao Paulo. 

It would be best if a native Brazilian, residing in the Netherlands, is interested in developing 

such a pioneer company for the distribution of solar panels in the Central Amazon region and 

possibly other parts of Brazil. 

The focus for this research has been the development of a sustainable market for solar PV 

panels; current retailers of solar panels and complementary products have been interviewed. 

The focus has not been on entrepreneurs and financers in general who would be prepared to 

invest in the erection of a solar panel distribution structure in the Central Amazon region. Mr. 

Nelson M. Takano - technical director of IPEAM - turned out to be an entrepreneur interested 

in investing in the development of an own solar panel distribution structure (see Paragraph 

X). It is possible that there are more entrepreneurs in the Manaus area who are interested in 

cooperating with Free Energy Europe, but it will be very difficult to reach them through desk 

research. The best organizations to contact are listed below, in order of importance: 

Agencia de Desenvolvimento da Amazonia (ADA) 

Eng. Pedro Luiz Peres - Diretor da Divisao de Energia 

Av. Almirante Barroso, 426 - Marco 

66090-900 - Belem - PA - Brasil 

Tel.: (Oxx91) 226 - 20 66 / 226 - 43 44 

Fax.: (Oxx91) 226 - 85 95 

http:/ /www.ada.gov.br/ 

Associa9ao Brasileira Das Empresas De Energia Renovavel (ABEER) 

Ruberval Baldini - Presidente 

Rua da Assembleia, 77 - 2o andar - Centro 

20011-001 - Rio de Janeiro - RJ - Brasil 

Tel. : (Oxx21) 2512-12 60 

E-mail: abeerbr@yahoo.com. br 

Federa9ao das Industrias do Estado do Amazonas (FIEAM) 

http:/ /www.fieam.org. br / index.htm 
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Federar;;iio do Comercio do Estado do Amazonas (FECOMERCIO) 

Jose Roberto Tadros - Presidente 

Rua Sao Luiz, 555 

Adrian6polis 

MANAUS-AM 

CEP: 69057-250 

Tel.: (Oxx92) 234 - 52 22 / 234 - 40 03 / 234 - 56 68 / 234 - 58 92 

Fax. : (Oxx92) 233 - 26 29 

E-mail: fecomercio@fecomercio-am.org. br 

A bottleneck with respect to the target market is the unfamiliarity of rural households with 

the technology. During the field research it came to light that the existence of a number of 

functioning solar PV panels in a specific rural area clearly influenced the technology choice of 

a large number of households in that area. 

One possibility to bring a large number of households into contact with solar panels is to im

plement a number of exemplarily projects in the rural areas . Rural schools are a good possi

bility to implement rural demonstration projects . Rural schools normally should have an own 

generator, but often the generator has not been supplied or it has broken down. There is, for 

example, a rural school at a community called 'Nossa Senhora Parecido', KM.34 on the road 

up to Silves and Itapiranga. This school is interesting, because it is next to the only road from 

Silves and Itapringa towards Manaus and the school is providing education for a big region. 

SEMED can present a list of all rural schools surrounding Manaus: 

Secretaria Municipal De Educar;;iio e Cultura (SEMED) 

Secretaria: Terezinha Ruiz de Oliveira 

Enderei;:o Funcional: Av. Tapaj6s, n ° 214 

Centro 

Tel.: (Oxx92) 633 - 16 53 

Such community-based projects can be subsidized by the UNDP-GEF Group and PRODEEM. 

The GEF Small Grants Programme (SGP) provides grants of up to 50.000 US$ for community

based projects that represent local contributions to preservation. (Paragraph P.2) . The Pro

grama de Desenvolvimento Energetico dos Estados e Municipios (PRODEEM) focuses on the 

supply of energy for health posts, schools, community associations and churches, which have 

a local social function . The initiator of the solar panel project - the initiator of the pioneer 

company or the initiator of the community- needs to be a native Brazilian. (Paragraph P. l) 
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I recommend a plain hands-on inquiry into the possible establishment of a solar panel pro

duction facility within the Manaus Free Trade Zone (ZFM) . The Free Trade environment pro

vides valuable financial as well as infrastructural business conditions. These conditions cre

ate opportunities to develop a solar panel production facility within Manaus, aimed at the en

tire Latin American market. 

The Amazon Development Agent (ADA), the ZFM superintendent (SUFRAMA) and FIEAM - the 

Amazonian industrial federation - will certainly be willing to support such feasibility study. 

Such a study could be performed by a student Technology Management at the Eindhoven 

University of Technology (TU/ e), Department of Finance, Accounting and Marketing. 
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http :/ /www.sudam.gov.br/ 

1 The English name has been used if this name is also explicitly used on the Internet site . The English as well as the 

original name - Spanish, Brazilian or Dutch - can be found in the list of abbreviations and acronyms. 
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Banco Nacional de Desenvolvimento Econ6mico e Social (BNDES) 

http://www.bndes.gov. br / english/ 

Brazilian Association of Credit Card Companies and Services (ABECS) 

http://www. a bees . org. br / in_home.htm 

http:/ /www.abecs .org. br /links.htm 

Brazilian business culture 

http://www. execu tiveplanet. com/ business-etiquette/ Brazil.html 

http:/ /www.worldbiz.com/brazil.html 

http:/ /www.compedgemag.com/janfeb2001 /janfeb200 l_same.html 

Brazilian government program 2003 - 2007 

http :/ /www.lula.org.br/obrasil/home_obrasil.asp 

Brazilian Solar and Wind Energy Reference Center (CRESESB) 

http://www.cresesb.cepel.br/ 

http://www.cresesb.cepel.br/ sundatn.htm 

Brazilian Wind Energy Center (CBEE) 

http :/ /www.eolica.eom.br/index_ing.html 

Business Week Online 

http:/ /www.businessweek.com 

Centro de Pesquisas de Energia Eletrica (CEPEL) 

http:/ /www.cepel.br/ - per /index2.htm 

http://www.cepel.br/ 1/1_5per / 1_5per.htm 

Corporaci6n Financiera Ambiental (CFA) 

http:/ /www.cfa-fund.com 

Desenvolvimento de Empresas de Energia Rural no Brasil (DEERE) 

http:/ /www.energyhouse.com/ 

Dutch development bank (FMO) 

http:/ /www.fmo .nl/index_e .htm 

E+Co - Energy Through Enterprise 

http:/ /www.solardevelopment.org/ 

Eletrobras 

http :/ /www.eletrobras.gov.br / 

http :/ /www.eletrobras.gov.br/programas/luz_no_campo/ 
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Eletronorte 

http :/ /www.eln.gov.br/ 

Energy Sector Management Program (ESMAP) 

http:/ /www.worldbank.org/esmap 

http:/ /www.worldbank.org/html/fpd/esmap 

Environmental Enterprises Assistance Fund (EEAF) 

http :/ /www.eeaf.org/ 

Federar;do das Industriais do Estado do Amazonas (FIEAM) 

http:/ /www.fieam-amazonas.org.br/fieam/index.htm 

Free Energy Europe 

http:/ /www.free-energy.net 

Global Environment Facility (GEF) 

http:/ /www.undp.org/gef 

Hemispheric Sustainable Energy and Transportation (HSET) Funds 

http:/ /www.iadb.org/sds/hset/hset_e.htm 

Instituto Brasileiro de Geografia e Estatistica (IBGE) 

http :/ /www.ibge .net/home/default.php 

Inter-American Development Bank (IDB) 

http:/ /www.iadb .org/ 

International Finance Corporation (IFC) 

http:/ /www.ifc.org/ 

Jubilee Research program 

http:/ /www.jubilee2000uk.org 

President Lula site 

http:/ /www.lula.org.br/ 

Renewable Energy and Efficiency Fund (REEF) 

http:/ /www.ifc.org/ enviro/EPU /Renewable/REEF / reef.htm 

Sample size calculator online 

http:/ /www.aboriginemundi.com/ ssc/?ssc 

Small Enterprise Investment Fund (SEAF) 

http :/ /www.seafweb.org/ 
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Solar Development Group (SDG) 

http:/ /www.solardevelopment.org/ 

Statistical information online 

http:/ /www.statsoft.com/textbook/stathome.html 

http:/ /www.public.asu.edu/-pythagor / onlinetextbook.htm 

Superintendencia da Zona Franca de Manaus (SUFRAMA) 

http:/ /www.suframa.gov.br/ 

Transparency International 

http://www.transparency.org/ 

Triodos Bank 

http:/ /www.triodos.com 
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ergy Unit (ASTAE), The World bank, Washington DC; 

• Cloin, J ., (1998) PV on thatch - a search for opportunities of sustainable implementation of 

PV in Manicaland, Zimbabwe, final thesis, Eindhoven University of Technology, faculty 

TEMA, specialization International Technological Development Studies (ITDS) , Eindhoven; 

• Deursen, M. van, (1993) Solar home systems in remote areas of the Philippines: oppor

tunities and constraints, final thesis, Eindhoven University of Technology, faculty TEMA, 

specialization International Technological Development Studies (ITDS) , Eindhoven; 

• Dunn, P. D., (1978) Appropriate technology - technology with a human face , MacMillan 

Press Ltd. , London; 

• EDF, ( 1997) Specifications for the use of renewable energies in rural decentralized electrifi

cation: DRE specifications, Electricite de France, Research and Development Division. 

Electrical Equipment Department, Clamart Cedex; 

• Egmond, E . L. C. van, (2000) International technology transfer (ON461) - lecture notes, 

Eindhoven University of Technology, faculty TEMA, specialization International Techno

logical Development Studies (ITDS), Eindhoven; 

• Egmond, E .L.C. van - de Wilde de Ligny, (2000) Technologiebeleid voor innovatiesystemen 

in ontwikkelingseconomieen - Science and technology, Handout for lecture ON470, 

University of Technology Eindhoven, faculty Technology Management, Eindhoven; 

• Foley, G., (1990) Electricity for rural people, Panos Publications, London; 

• Foley, G., (1995) Photovoltaic applications in rural areas of the developing world, World 

Bank technical paper 304, The World Bank, Washington DC; 

• Fraenkel, P., ( 1986) Water-pumping devices - a handbook for users and choosers, In

termediate Technology Publications Ltd., London; 
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Relevant Internet sites2 

Electricity sector sites 

http://www.energiabrasil.gov.br/ 

http:/ /www.canalenergia.com. br / 

http:/ /www.canalenergia.eom.br/cenergia/calandra.nsf/first/OOl laneel 

Inf obrazil - Economic information about Brazil 

http:/ /www.infobrazil.com/ 

Inorman - R&D Amazonas site 

http://www.informam. ufpa. br / 

Intituto de Electrotecnica e Energia (IEE) - part of the Sao Paulo University 

http:/ /www.iee .usp.br/ 

Instituto Nacional de Pesquisas da Amazonia (INPA) 

http:/ /www.inpa.gov.br/ 

Manaus Energia S-A 

http:/ /www.manausenergia.eom.br/ 

Manaus Government - Prefeitura Municipal de Manaus 

http://www.pmm.am.gov. br / 

Manaus Online 

http:/ /www.manausonline.com/ 

Ministry of Science and Technology Brazil 

http:/ /www.mct.gov.br/ 

2 The English name has been used if this name is also explicitly used on the Internet site . The English as well as the 

original name - Spanish, Brazilian or Dutch - can be found in the list of abbreviations and acronyms. 
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Oanda international currency converter 

http:/ /www.oanda.com/convert/classic 

Strategic Energy Initiative 

http:/ /www.csis.org/sei/about.html 
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