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Abstract 
 

Energy consumption is intrinsically interconnected with social and economic development 

since it is prerequisite for both to happen. Large amounts of inexpensive fossil energy have 

made it possible to build up industrial nations and welfare societies. Increased greenhouse 

gas emissions and environmental degradations are ecological consequences of this. 

However, developing countries use only a fraction of the energy of OECD countries. The 

costs for the small amount of, mainly inefficiently used traditional energy sources, burden the 

household excessively. Here modern energy sources, such as, electricity are expected to 

push development and modernize rural areas. Nevertheless, over 2 billion people worldwide 

have no adequate access to electrical energy. In Sub-Saharan Africa no more than 8% of 

rural households are connected to the grid, in Kenya 4.6% and in the study area, Suba 

District, only 0.5%. High-priced fossil energy fuels have filled this gap until now. 93% of the 

households use kerosene for lightning. A regenerative alternative to the inefficient, health 

endangering, environment damaging and cost-intensive energy use for; lightning, 

communication, as well as, drinking water supply, is therefore evaluated. Through a 

redesigned and locally adapted use of photovoltaic technology in OSRAM Energy Hubs, 

costs and amounts of energy services used in households, business and the fishing sector 

can be reduced with a simultaneously positive impact on development, economy, health and 

environment of the user and the region. 

Tags: Energy consumption, development, Kenya, kerosene lightning, Osram.  

Kurzfassung 
 

Soziale und wirtschaftliche Entwicklung sind eng mit der Nutzung von Energie verbunden, da 

sie Voraussetzung dafür ist. Große Mengen billiger fossiler Energieträger haben es 

ermöglicht Industriestaaten und Wohlfahrtsgesellschaften aufzubauen. Ökologische 

Auswirkungen wie etwa gestiegene Treibhausgasemissionen sind die Folgen davon. 

Südliche Entwicklungsländern nutzen nur ein Bruchteil der Energie von OECD – Staaten. Die 

kleinen, ineffizient genutzten, Mengen vorwiegend traditioneller Energieträger belasten das 

Haushaltseinkommen dennoch überproportional. Aus einer steigenden Nutzung moderner 

Energieträger, wie etwa elektrische Energie, wird ein Entwicklungs- und 

Modernisierungsschub, hauptsächlich in ländlichen Gebieten, erwartet. Dennoch haben über 

2 Milliarden Menschen weltweit keine ausreichende Versorgung mit elektrischer Energie. 

Bisher sind in ländlichen Gebieten Subsahara – Afrikas nur 8% der Haushalte mit Zugang zu 
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Elektrizität ausgestattet, in Kenya sind es 4,6%, im untersuchten Suba District 0,5%. 

Hochpreisige, fossile Energieträger decken diese Lücke. Haushalte nutzen hier zu 93% 

Petroleum zur Beleuchtung. Es wird daher eine regenerative Alternative zur ineffizienten, 

gesundheitsgefährdenden, umweltbelastenden und kostenintensiven Energienutzung zur 

Beleuchtung, Kommunikation sowie Trinkwasserversorgung evaluiert. Durch eine 

angepasste Nutzung der Fotovoltaik in den OSRAM Energy Hubs können neben den 

genutzten Energiemengen Kosten und Belastung für Haushalte, Gewerbe und den 

Fischereisektor reduziert werden. Dadurch werden Mittel und Möglichkeiten freigesetzt, 

welche positive ökonomische, soziale und ökologische Auswirkungen auf die Nutzer haben.  

Schlagwörter: Energienutzung, Entwicklung , Kenya, Beleuchtung, Petroleumlampen, 

Osram.  
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0 Introduction 

Energy use is deeply implicated in each dimension - economic, social and environmental - of 

human development. Access to reliable and affordable energy, provides the basis for 

cooking, heating, lighting, mobility, communications and agricultural, as well as, industrial, 

capacity (WEC, 2007, p. 5; IEA, 2004, p. 330). Without an adequate provision of energy the 

achievement of the Millennium Development Goals (MDGs)1 seems to be unattainable. 

Therefore, links between energy use and the MDGs were accentuated and further 

incorporated into the United Nations development programs2 (GNESD, 2007, p. 8). Energy 

use is a prerequisite for development. How the use of energy is interrelated with the 

development of a household; a region; or an entire country is outlined in the first chapter of 

this study. Contemporarily, it also represents the theoretical framework in which this work is 

embedded. The geographical focus is Kenya and the Suba District in the Western part of the 

country. A comprehensive area study gives an insight into an array of energy use – 

development influencing fields and interrelated processes. 

The second chapter is primarily concerned with the energy sources and energy quantities 

used in developing countries. Although, a comprehensive compliance subsists within 

institutions, organizations as well as the scientific community on the importance of modern 

energy use for sustainable development, about 1.6 billion people worldwide lack access to 

electricity and about 2.5 billion rely on traditional fuels as their primary source of energy 

(UNDP, 2007, p. 43). Especially, the use of modern energy (electricity, natural gas, 

petroleum products and coal) is strongly correlated with economic growth and advancements 

in health, education, and life expectancy. Countries that do not use modern forms of energy 

efficiently, cannot realize their potential for creating wealth nor lift their populations out of 

poverty (Worldbank, 2001, p. 5). Poverty is the most fundamental reality of developing 

countries— and the energy consumption patterns of poor people tend to exacerbate their 

poverty. A direct improvement in energy services would allow the poor to enjoy both short-

term and long-term advances in living standards. Poverty alleviation and development 

depend on universal access to energy services that are affordable, reliable, and of a good 

quality (Reddy A. K., 2004, p. 43). The use of energy in developing countries differs in 

quantity and quality from the energy use in OECD countries. Also, within developing 

countries differentiations in energy use between rural and urban areas can be assessed. To 

                                                            
1  At the United Nations Millennium Summit 2000, 192 world leaders committed themselves to achieve eight 
development goals until 2015: Goal 1: Eradicate extreme poverty and hunger, Goal 2: Achieve universal primary 
education, Goal 3: Promote gender equality and empower women, Goal 4: Reduce child mortality, Goal 5: 
Improve maternal health, Goal 6: Combat HIV/AIDS, malaria and other diseases, Goal 7: Ensure environmental 
sustainability and Goal 8: Develop a Global Partnership for Development. 
2 See: “Energizing the Millennium Development Goals. New York: UNDP, (2005).  
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illustrate this heterogeneity, and as a starting point for the following impact assessment, the 

use of energy and costs for lighting, cooking, communication and drinking water supply in 

households, business and fishing sector of the Suba District is analyzed in details. Used 

kerosene lighting devices are examined with a cost – performance analysis to further 

compare it with OSRAM energy services.  

The third chapter of the study concentrates on an alternative energy service supply in Suba 

District by OSRAM Energy Hubs. A locally adapted use of photovoltaic technology to charge 

batteries for lighting, communication and water treatment is offered as alternative energy 

source to use in households, institutions, for business and in the fishing sector. Here the O – 

Hub technology and operational model are the focus.  

The impact assessment of the Off-grid OSRAM Energy services represents the fourth 

chapter of this study. The focal point is on the impact and on the changes households in 

Suba District have experienced since adding or switching over to the use of modern energy 

services. The outcome of this study is represented by the analysis of the influence on 

sustainable development of these households through efficient energy use. 

 

0.1 Objective of the study and research questions 
 
The case study on “Sustainable development through efficient energy use” outlines the 

interrelation of energy use and development. The main objective of the study is to analyze 

energy consumption patterns in Suba District, Kenya and to assess the impact of a more 

efficient use of modern energy in households, business and the fishing sector through 

OSRAM energy services. The OSRAM Energy Hubs in Suba District, Kenya are an 

alternative approach, whereby modern energy services are delivered to a rural community to 

enhance life quality and support both business and fishing activities. The focus is, thereby, 

on energy services for lighting, mobile communication and drinking water supply. Due to the 

complexity of to the two research subjects – energy use and development - an 

interdisciplinary quantitative, as well as qualitative, approach is applied for the analysis.  

Research questions: 

1. How is energy use and development interrelated? 

2. How can modern energy use support development in Suba District, Kenya? 
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3. What type of energy sources and what quantities of energy are households, 

businesses and the fishing sector in Suba District, Kenya using for lighting, mobile 

communication, drinking water supply and at what costs? 

4. What is the impact of the use of a more efficient and a less costly source of energy 

services on households, businesses and the fishing sector? 

5. Can development in Suba District also be boosted with less but more efficient use of 

energy? 

 

0.2 Materials and Methods 
 

The main subjects of this study are; energy use, development and the impact assessment of 

OSRAM Energy Hubs. Through the considerable differences in the characteristics of the 

research fields and topics, an interdisciplinary quantitative and qualitative approach is used 

in the outline. 

This study consists of four major parts. The desktop research part gives an overview about 

the characteristics of energy consumption in developing countries in a general manner, with 

a concentration on Kenya. A further broad analysis of Kenya’s development, with focus on 

Suba District, resumes the crucial fields which influence this area. Topics like health, 

education, population, climate, agriculture, fishery as well as water and energy provisions of 

households are also represented. This part of the study is finalized with data from 

international and national statistics. The second part of the study concentrates on energy use 

in Suba District’s households, as well as, business and the fishery sector. The data is 

collected through interviews, measurements and laboratory test on energy sources, 

quantities and costs. In the third part of the study OSRAM Energy Hub technology and 

operational model are described as an alternative supplier of energy services in Suba 

District. The fourth part of the study consists of the impact assessment of the OSRAM 

Energy Hubs in the rural communities. The data is obtained through quantitative and 

qualitative interviews with OSRAM energy service users.  

For quantitative data collection on energy consumption patterns and OSRAM service users, 

118 households were interviewed in the catchments area of OSRAM Energy Hubs. The area 

consists of 2360 households. Qualitative interviews were made with 8 OSRAM energy 

service users. Laboratory measurements of lighting devices energy consumption and 

luminance were made at the University of Natural Resources and Applied Life Sciences, 

Vienna as well as at the OSRAM headquarter in Munich and regional office in Nairobi. 
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0.3 Data Analysis  
 

The qualitative and quantitative data collected from various sources were processed and 

analyzed to answer the defined research questions. Quantitative data analysis was made 

with SPSS and MS Excel software from which descriptive statistics were produced. 

Qualitative data are presented in a descriptive way and further interpreted. During the field 

work, qualitative data, direct observation by researcher and information were written down in 

a research notebook. Quantitative and qualitative data, as well as, the analysis were used for 

the triangulation of the findings. 

0.4 Limitations  
 

Data collection in rural areas of developing countries always encounters limitations due to 

the lack of supporting facilities like institutions, statistical database and information centers; 

but also transport and communication infrastructure. Several difficulties arise in the 

evaluation of the exact population numbers due to missing registration of the population and 

seasonal migration flows due to the fishing seasons. Local languages made it partly 

indispensable to work through a translator. Added to the first experiences with scientific 

interviews, which required supplementary introduction and information meetings, the 

consultation for the interview partners were long and exhausting. The tendency to answer in 

favor of the interviewed subject was filtered out through the use of triangulation in order to 

prevent distortions in data. 
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1 Chapter I 
 

The first chapter of this study gives an overview on the theoretical and the regional focus of 

this study. The theory is based on the development – energy use nexus and is described by 

the HDI – energy use elasticity model. The regional focus of the study is Kenya and the Suba 

District. Specifically the Suba District is analyzed in details to better understand causal 

relations which have an impact on development, energy use and the following assessment of 

the OSRAM Energy Hubs.  

1.1 Theoretical Framework: Energy, poverty and development 
 

The use of energy is widely acknowledged as been intrinsically connected to development. 

We as the human society, but also as individual organism, depend on a continuous supply of 

energy. Therefore, access to energy – primarily for light, heat, cooling and power is a 

precondition for human development. Nevertheless, access to modern energy is use only as 

a prerequisite variable for sustainable development but not as the only variable. The impact 

of energy on development depends on the end-uses of energy and on the tasks that energy 

performs. If access to adequate energy services is not given; economic, social, ecological 

and political problems are amplified. The absence of adequate modern energy services are 

also interrelated to poverty indicators like child mortality, illiteracy rate, life expectancy and 

marginalization of peripheral areas in developing countries. Poverty and energy consumption 

patterns of poor people tend to add to their misery and aggravate their poverty in a vicious 

circle, as Figure 1 shows.  

 

Figure 1: The energy – poverty vicious circle (UNDP, 2006) 
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Due to the inefficiency of common used items for instance batteries, candles, kerosene, and 

charcoal; low income households pay higher unit costs for energy consumed than high 

income households. Inadequate energy provision means low productivity and further no or a 

too low surplus for investments to raise productivity. An improvement in energy services 

would allow the poor to enjoy both short-term and long-term advances in living standards. 

Hence the poverty–energy–nexus is one of many dimensions of poverty. (Reddy A. K., 2000, 

p. 42; BMAA, 2006, p. 3; DFID, 2002, p. 1; Goldemberg, 2004, p. 3; UNDP, 2006, p. 3). 

 

1.1.1 Impact of modern energy use in developing countries 
 

In discourses of energy policy, planners of concepts and theories concerning energy use 

patterns; in relation to poverty reduction, environmental protections, as well as economic and 

social development modern energy sources and services are the leading factors. Hereby it is 

described how a country, a region or a household switches in the choice of energy source 

used from traditional to modern energy services. Whereby, firewood is regarded to be 

traditional and electricity to be a modern energy source. Such an adjustment has deep 

implications in people’s livelihoods and ideally turns the vicious energy-poverty circle into a 

virtuous circle. Modern energy services play an important role in escaping from the poverty 

trap. Figure 2 represents the impact of modern energy services on development. Increased 

freedoms and productivity lead to higher incomes and surplus which are further invested to 

lift life quality.  

 

Figure 2: The energy – poverty virtuous circle (UNDP, 2006) 
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1.1.2 Electricity in small portions 
 

After acknowledging the significance of modern energy services for sustainable 

development, the question arises about the necessary amount of energy. Since development 

and poverty reduction are more than economic growth and GDP increases, the correlation 

between energy use and HDI3 (Human Development Index) will be used as a basis for 

further thoughts.  

 
Figure 3: HDI and annual per capita electricity consumption (Pasternak, 2000) 

 

The HDI and per capita electricity consumption are plotted in Figure 3. A high HDI value is 

paired with high annual per capita electricity consumption4. Further we ascertain that similar 

country groups have similar energy consumption patterns. As Figure 4 shows, an increase in 

HDI value is always accompanied by an increase in per capita energy consumption and vice 

versa. However, the HDI growth rates and energy consumption do not increase necessarily 

in a linear manner. At a low HDI level an increase in energy use leads to a much higher 

increase of the HDI value as at a high level. See Figure 4 and compare Morocco, Dominican 

Republic and Malaysia.  

 

                                                            
3  The HDI is a number between 0 and 1. It’s calculated by the UNDP for every country using three indicators: economy, 
education and health see also chapter 1.2.3. 
4 Average household per capita electricity consumption in Austria 2007 is 4309kWh with a value of 598€ (www.statistik.at) 
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Figure 4: HDI change compared with an increase in per capita energy consumption (UNDP, 2005) 

 

We can observe elasticity in the change of the growth rates of primary energy use and the 

HDI value. From these facts, three different regions or elasticity can observed and are 

demonstrated in Figure 5: 

 

1) Region I with high elasticity in the HDI/energy use change. The region is 

characterized by low energy use and low HDI value. Here we can find the largest 

representation of the southern developing countries. Due to the elasticity, a small 

increase in energy consumption brings a high improvement in the HDI value. 

2) Transition region II is where the change in energy use and HDI value proceeds 

relatively linear. 

3) In the inelastic region III we have the OECD countries with high HDI value and high 

energy consumption patterns. A rise in energy use causes only marginal changes in 

the HDI value. This region shows also the highest heterogeneity. Mainly Canada, 

the USA, Australia and Japan have energy intensities which lie far behind the 

carrying capacity of global ecosystems, but similar HDI values like European 

Countries. This shows that at a certain point high energy consumption means not 

automatically more development and that with an efficient use of energy the same 

results can be achieved (Reddy A. K., 2002, p. 118f). 
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Figure 5: HDI – Energy consumption elasticity (Reddy A. K., 2002) 

 

The three illustrations of the HDI value and the energy consumptions show interesting 

implications for the development and of energy policies. A low increase in energy use brings 

a proportionally high rise of the HDI value for the group of developing countries. The high 

elasticity can be observed until a HDI value of 0.6. This means that assured access to a 

reliable, efficient and affordable energy source is more relevant than high amounts of energy 

consumed. To increase the HDI value, a broad access and a slight increase in the quantities 

of modern energy brings remarkable results. For Reddy and others (Reddy A. K., 2002, p. 

119) an improvement of 100W/capita of modern energy services are sufficient to achieve a 

dramatic revolution in quality of life of rural poor in tropical countries. 20W/capita out of the 

100W/capita comes from the use of electricity, the rest from modern cooking fuels like LPG. 

For the UNDP, an increase from 30 to 300 kgOE (349 kWh to 3489 kWh) in primary 

commercial energy consumption per capita a year has a strong association with dramatically 

improved living standards (Modi, McDade, Lallement, & Saghir, 2006, p. 20). 

From the figures above, we can see that the majority of humanity has a low HDI and low 

energy consumption patterns. The Suba District in Kenya has a HDI of 0.479 and per capita 

energy consumption of 359 kgOE. It is in the common interest to lift these nations and 

households to higher levels of development. Thereby improving modern energy service plays 

an important role. Through the interrelation of energy consumption with development an 

increase has a direct impact on life quality and HDI. Nonetheless, this implies strong growth 

in energy demand and consumption, especially for easy available and inexpensive non 

renewable fossil energy sources. 
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1.1.2.1 Path oriented energy development and Leapfrogging  
 

The depicted development – energy use path is oriented on energy use patterns and energy 

sources used during industrialization in European countries. It distinguishes between the use 

of traditional and modern energy. Biomass, mainly wood and crop residues are considered to 

be part of the pre-industrial era energy use. From there a transition took place, to the use of 

coal and to other fossil fuels. The use of electrical energy represents the aim of the path and 

the actual most modern form of energy use. Electricity represents also the most efficient form 

of energy with the vastest application possibilities like illumination, machinery, information 

and communication. Hence, modern and efficient forms of the energy are not freely 

accessible like the traditional firewood. To benefit from their advantages, they must be 

acquired at market prices. This denies people living in economical poverty the access to 

modern energy and deprives them from their potential profit (Hosier, 2004, p. 423).  

Not only modern energy sources but also of a number of modern technologies shall help to 

meet the demand for clean, modern energy in developing countries. The basic idea is 

thereby to reduce the use of fossil energy and/or to skip directly through to a short cut to the 

use of electrical energy. In the discourse of sustainable development, advancements within a 

society without passing through established stages, is called "Leapfrogging5". The skipping of 

stages in energy use through the adoption of the latest technologies was introduced after the 

Rio summit in 1992. From a development country’s economic point of view, scarce resources 

can be saved by investments in the latest technologies, without waste them for an already 

redundant technology. The individuality in the development path should be shown by the 

demand oriented transfer of technology and individually adapted solutions. For the use of 

modern energy services in developing countries, this means not only leapfrogging the use of 

fossil fuels but also a more efficient and more effective use of energy by improved 

technologies (Dalkmann, et al., 2004, p. 19). 

The use of alternative energy technologies also presupposes capacity building. 

Nevertheless, research and development of efficient energy systems are rooted in industrial 

countries and their main emphasis is on the solution of energy problems of these countries. 

The transfer and adaptation of these technologies are a great challenge. Besides the 

reduction of economic and legal barriers, it is necessary to build up competences and 

sensibility for alternative energy use. This makes the putting into action of the concept 

difficult but not impossible. Moreover, it underlines the necessity of a comprehensive, integral 

                                                            
5As a  successful example of  "Leapfrogging"  the distribution of  the mobile  telephony  in  southern developing  countries  is 
often mentioned. Mainly in rural areas the stage of the fixed network telephony was skipped and taken advantage of the 
benefits of an improved communication and information technology. 
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and interdisciplinary approach to adapt technologies to local energy needs under inclusion of 

all stakeholders (ibid., p. 95). 

With the shortcut from biomass to the electricity are pursuit also environmental and geo-

strategic goals. The clearing of forest has reached a critical point and has already caused 

irreparable damages in many developing countries. Since the use of fossil fuels is also 

connected with damages to the environment, they are not a lasting alternative. The 

dependence of many developing countries on fossil fuel imports represents a burden for the 

fragile economies and has already led to an enormous indebtedness in the past. By self-

sufficiency, in terms of energy, this dependence is reduced and additional economic 

impulses and investments brought to the domestic energy market (ibid., p. 24).  

Although theoretically and logically reasonable, is the translation of energy Leapfrogging into 

practice accompanied with high efforts for countries and households with restricted financial 

resources and restricted access to high-technology. Actual energy consumption pattern and 

scenarios about future energy use in developing countries shows a growing dependency on 

fossil fuels and diminishing household with access to electricity.  
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1.2  Regional focus: Kenya 
 
Kenya, the Nyanza Province and the Suba District represent the geographical focus of this 

research (see Figure 6). The geographical analysis follows the interdisciplinary approach 

selected for this study and comprises a wide array of topics and data in order get a deeper 

understanding of interrelated processes. 

 

 
Figure 6: Map of Kenya and Provinces (Geology.com, 2009) 

 

1.2.1 Population 
 

In 2007 Kenya had a population of 37.2 Mio which grew 3.05% in the period. Figure 7 show 

that the high population growth rate brought the total numbers of Kenyans from 29.5 Mio in 

2000 to 37.2 Mio in only 8 years. This remarkable increase has an important impact on the 

amount of natural resource required to meet all the needs of a growing population. 

Considering that the main energy source of a Kenyan household is biomass and the main 

economic activity is agriculture. 



22 
 

 
Figure 7: Kenya’s population and population growth rate (KNBS, 2009) 

 

1.2.2 Economy 
 
Since 2002, Kenya’s economy has experienced rising gross domestic product growth rates; 

reaching 7% in 2007 (see Figure 8). In the same period, the per capita annual income grew 

from 33,280 KES to 35,800 KES6. Although Kenya’s high economic growth in the past years 

the per capita gross domestic product is low, shown in a ranking position of 143 of 178 

countries worldwide (IMF, 2009).  

 

 
Figure 8: Real GDP growth and per capita income in Kenya (KNBS, 2009) 

The per capita GDP growth rate is thereby not only notably lower than the absolutely GDP 

growth rate, it even registered a negative growth at the beginning of this century. Only the 

last two years brought an improvement of 3.5% per year because it was possible to achieve 

a higher economic growth rate than the population growth rate. Nevertheless, the higher 

                                                            
6 1€=106KES, monthly average in March 2009 (http://www.bundesbank.de) 
2007 annual per capita income Kenya: 337.7€; Austria: 32,570€ (www.statistik.at) 
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average per capita GDP itself is not a guarantee for higher incomes in the large fraction of 

the society where it is absolutely needed. The 10% richest households in Kenya attain more 

than 42% of incomes, while the poorest 10% only 0.76%. The inequality in income 

distribution grew in the past years. This is also demonstrated by the UNDP Human poverty 

Index7, which records downwards trends for Kenya. They are attributed to growing structural 

inequalities within the country (UNDP, 2007, p. 17). 

The economic structure of Kenya, like most of Sub-Saharan-Africa, is characterized by high 

dependence on agriculture. 80% of the population is directly linked to the agricultural 

production. The contribution of 27% to the GDP is derived mainly from cash crops like tea, 

coffee and flowers which go into export, where the maize, sugar cane, meat and milk are 

consumed locally. Trade and Tourism together, with mining are the second most important 

economic sectors. Industrial production accounts only for 7% for the GDP (see Figure 9). 

 

 
Figure 9: Kenya’s economy by sectors – 2006 (AfDB, 2008) 

 

1.2.3 Development   
 
From the analysis of Kenya’s economy, GDP growth per capita and the inequality in income 

distribution, it is visible that a countries development cannot be measured by only viewing 

economic data. Although the GDP is an important aspect, it is just one out of a number of 

different equivalent aspects influencing countries, or better societies, development. In 

                                                            
7 Human poverty index (HPI-1) for developing countries. A composite index measuring deprivations in the three 
basic dimensions captured in the human development index—a long and healthy life, knowledge and a decent 
standard of living 
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addition to income, access to adequate health service and education is needed to endow 

humans with the ability and freedoms to realize their capabilities8. Therefore, the UNDP 

created the HDI (Human development index). The HDI is a composite index measuring three 

basic dimensions of human development: 1. a long and healthy life, 2. knowledge and 

literacy and 3. the standard of living (see Figure 10). This gives a better overview about a 

more human centered development and relates to a market oriented development.  

 

 
Figure 10: Composition of the HDI (UNDP, 2005, p. 19) 

 

Kenya's development, following the HDI, has increased to 0.523 in 2006. This brings the 

country on position to 148 out of 179 in the international ranking (see Table 1). 

Year 1974 1980 1985 1990 1995 2000 2005 2006 

HDI 0,466 0,514 0,534 0,556 0,544 0,529 0,521 0,523 

Table 1: Kenya’s HDI 1974 - 2006 (UNDP, 2007) 

 
In spite of a positive development in 2006, Kenya is one of the few countries who 

experienced a decline in the HDI for a longer period. After a stage of growth until 1990, 

Kenya’s HDI fell down for 15 years to 0,521. Today Kenya’s HDI is still lower than 15 years 

ago (see Figure 11).  

                                                            
8 For further information and reading on the Capabilities, Freedoms and Human Development approach see: “Development 
as Freedom” from Amartya K. Sen, Oxford Press, 1999. 
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Figure 11: HDI development of Kenya in comparison to other world regions (UNDP, 2007) 

 

Kenya’s HDI decline after 1990 was attributed to sinking life expectances as a consequence 

of an epidemic dissemination of HIV/AIDS, sinking educational levels, and a fast growing 

population simultaneously with a stagnant economy (UNDP, 2007, p. 40). The deterioration 

of Kenya’s HDI cannot only be attributed to weakness in the health, educational and 

economic sector, a stalled political environment also contributed to it. During the second part 

of Daniel arap Moi’s presidential era, from 1978 until 2002, mismanagement and corruption 

became rampant. At the same time the government became increasingly oppressive and 

suppressed criticism by Kenyan intellectual and opposing parties (Africa South of the 

Sahara, 2008, p. 590).  

The new government under Mwai Kibaki started in 2003 the "Free Primary Education 

program (FPE)”. It gives free access to base education for all children. The country wide 

adults HIV/AIDS prevalence could be pushed down from 13.9% in 1997 to 6.7% in 2005 due 

to information and awareness program creation but also by distributing free prophylactics 

and free testing. This, together with enhanced access to affordable medication, the life 

expectance at birth could be brought up from 49 years in 2000 to 53 in 2005, but is still far 

from the 1990 level of 60 years. As seen above, the economic performance of the last years 

also positively supported the process. Nevertheless, on the political side, the government 

failed to put into action any constitutional reforms to effectively separate powers and 

implement a monitoring system. It was also avoided to create a more equally sharing of 

power between the president and a prime minister. A strong concentration of ruling power 
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remained in office. These preconditions made it not only difficult to fight mismanagement and 

corruption, it also promoted nepotism, manipulation and a continued use of ethnic identity as 

a mobilizing force by Kenyan politicians. As a result of these circumstances, together with 

electoral fraud, in the 2008 post election violence’s between ethnical groups lead to 1300 

people losing their lives and at least 500,000 being displaced (Africa South of the Sahara, 

2008, p. 589). Further consequences were destroyed properties and infrastructure, rising 

living costs, closed schools, loss of a cropping season, income and jobs. The trade and 

tourism sector, accountable for 14% of Kenya’s GDP collapsed. This had a deep impact on 

the weakest part of the society, mainly those people without financial and personal abilities to 

adequately cover a loss of income, income facilities, or in the worst case, human life. Whilst 

trade and tourism recovered in the second half of 2008, food prices remained high due to 

shortages and speculations. In the northern part of the country, where generally food 

insecurity is at its highest level and therefore a vulnerability is increased, it lead immediately 

to a humanitarian crisis
9
 (UNDP, 2007, p. 49). To assess and quantify how the turmoil 

affected Kenya’s long terms development more statistical data are needed.  

The higher vulnerability of different sections of the population and different areas of the 

country gives the first indication that a high heterogeneity within Kenya is given. The north 

and northeastern provinces also show a substantially lower HDI value than the central 

provinces as well as the capital Nairobi (see Figure 12). 

 

 
Figure 12: HDI – Kenya and Provinces 2006 (UNDP, 2007) 

 

                                                            
9 For further information see: WFP (World Food Program) Kenya Emergency Food Assistance Program: 
http://one.wfp.org/operations/current_operations/project_docs/107450.pdf 
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Reasons for this disparity are the strong concentration and centralization of the economy, 

infrastructure, but also institutions and political centers around Nairobi and the Central 

Province. This has lead to an increasing marginalization of the periphery. Other points are; 

the low agricultural potential of the north and northeastern semiarid areas; and the element 

of uncertainty by cross-border conflicts with the neighboring countries (UNDP, 2007, p. 15).  

The Nyanza province has a HDI of 0.468 while the Suba District shows a HDI of 0.479 in 

2006. The reason for the HDI below the Kenyan average is the low life expectancy in Suba. 

Within the last 20 years it has constantly diminished influenced by epidemically occurring 

illnesses like malaria, tuberculosis and AIDS/HIV (ibid., p.14).  

1.3 Suba district  
 
The Suba district is one of the nine districts of the Nyanza province in the Western part of 

Kenya. It has resulted as an independent district since 1995 after a new division of the 

administrative units. Previously the area was part of the Homa Bay district.   

 
Figure 13: Map of the Suba District (Suba District Development Plan, 2008) 

 

The district is situated on the Lake Victoria shores, between the longitude of 34º and 34.20º 

east and a latitude 0.20º and 0.52º south, at the equator. It borders on the Kisumu and 

Mbita Town 

Nyandiwa Town 

Sindo Town 
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Bondo district in the north, on the Homa Bay district in southeast and on the Migori district 

and the Republic of Tanzania in the south, as well as on the Republic of Uganda in the west. 

The district has an area of 1055.4 km² and is in divided in to five divisions: Gwassi, Lambwe, 

Central, Mfangano and Mbita. A further 16 islands are also part of the District. The largest is 

Mfangano Island (see Figure 13). 

 

1.3.1 Geology and morphology   
 
The geology and morphology of the area is characterized by its volcanic origin 20 Mio. - 14 

Mio. years ago. Despite erosion and climate influences, conical volcano peaks are still 

recognizable. 30 volcanoes are recorded in the district. The highest is in Gwassi Hills and 

records 2275 m above sea level. Due to the hilly area, the hinterland is characterized by 

valleys, plateaus and residual highlands. The lakeshore is a narrow undulating stretch of land 

coming down to the Lake Victoria at an altitude of 1,135 meters above sea level. This variety 

brings a high versatility in the landscape, vegetation and use of land in the area.  

Rocks and earths in the area show also a high variety. The predominant rock types are 

basalt, granite, quartz, but also include different sedimentary rocks, volcanic ashes and tuff. 

Gravels and gravel accumulations are the result of washouts and are likely to be found in the 

valleys. The earths are just as variegated. The lakeshore areas are characterized by alluvial 

grounds, mainly sandy clay soils, which is well suited for agricultural use. The hills and 

mountain areas have a lower agricultural potential and therefore are intensively used for the 

extraction of firewood. 

 

1.3.2 Climate 
 
The climate in the Suba District is of equatorial tropical type which is modified by the height 

above the sea level – 1,135 m. This amplifies the variations in temperature. The measured 

daily top temperatures range between a minimum of 17.1º C in July and a maximum of 34.8º 

C in February. Due to the proximity to the Equator during the whole year the day length 

varies marginally. After a short twilight phase, day and night are 12 hours long, from 06.30 to 

18.30 hours. 

The strongest influence on the local climate comes from the two rain seasons. The “long 

rains” lasts from the beginning of March to approximately middle of June and delivers 65% of 

the annual precipitations. The “short rains", takes place between October and November and 
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contributes to 35% of the annual precipitations. The complete amount of rainfall varies 

between 1787 mm/year within Mbita and 2100 mm/year in Gwassi Hill area. However, it also 

sinks to only 700 mm/year locally in unfavorable shade layers in the hinterland (Gembe 

Hills). Nevertheless, in the last few decades rainfall patterns have changed due to global and 

also regional influences. “Short rains” are no longer a reliable supply of rain water, which 

creates problems for agriculture. Also “long rains” vary observably in quantity and 

appearance. Some of these variations can be explained as a consequence of "El Ninõ" and 

the global climate change due to the increasing greenhouse effect. A large part can also be 

attributed to the large-scale deforestation and overexploitation of natural resources   

 

1.3.3 Hydrology  
 
Lake Victoria represents the most important hydrologic factor in the area. It is the second 

largest lake in the world and has a total area10 of 68,870 km². 1,190 km² of it are part of the 

Suba District. The lake stores 2,750 km3 of water. Due to an increasing use of water in 

agriculture and electricity generation11 as well as by the fluctuations in the amounts of rain in 

the region the water level diminished by 3 meters since 2004. This influences negatively the 

shipping transport sector. The shortfall in rains also affects water streams. The area no 

longer has year-round permanent flowing rivers. The Lambwe, Gera and Tigandro River 

became seasonal streams due to diminishing rainfall and continuous deforestation end 

erosion in their catchments areas over the past years (MoSPND, 2008, p. 10). 

 

1.3.4 Ecology 
 
The vegetation in the district reflects the varieties of the geological, morphological and 

climatic zones. In the hilly and mountain areas, as well as, on the plateaus most rain falls (up 

to 2100 mm/year into the Gwassi Hills). Here a few small intact areas of rainforest can still be 

                                                            
10 The largest federal state of Germany – Bavaria comprise an area of 70,548 km². 
11 Electricity from water‐power is generated in Uganda since 1954. The British colonizers installed at the Owen Falls, at the 
drain  of  Lake  Victoria  in  Jinja,  the  first  turbines.  They  delivered  electricity  for  the  capital  Kampala  and  the  beginning 
industrialization. Soon  the  increasing demand  for electricity  could not be  covered any more with  the  installed  capacity. 
Therefore parallel to the existing power station 1993 the government started with the building of a second one. 1999/2000 
the Kiira power station was completed in the meantime extended to installed capacity of 120 MW by the end of 2007. Due 
to the parallel position of  the two power stations at the drain of the Lake Victoria the water  flow  is divided up on both. 
Since the year 2004 the water level of the Lake sunk strongly as a result of a drought period. Nevertheless the same amount 
of water was drained to generate electricity  lowering the water  level further. Finally both power stations could no  longer 
work with full capacity. Therefore 2007 the Ugandan government, together with private and public investors, started with 
the construction of the Bujagali hydroelectric power station.  It will arise below the existing power stations and having an 
installed capacity of 250 MW. Due to the cascade design the power station is less affected by the fall of the water level. It 
should be completed in 2011 (Africa South of The Sahara, 2006, p. 1,249). 
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found. Due to increasing deforestation and extension of agricultural to unsuitable areas and 

therefore, reinforced clearing of more forests, they tend to disappear completely. The 

intensive agricultural and the large-scale deforestation have led to a strong decline in variety 

of species. The clearing of the forests in the district is the consequence of a complex cause 

and effect chain. It’s also difficult to counteract due to the factor that the coverage of basic 

needs are involved in it. One is the fast growing population who needs land to settle and to 

grow their staple food. The second are energy needs. 96.2% of the households use firewood 

or charcoal from local production for cooking. The income of these households is not 

sufficient for the use of an imported source of energy. Wood is free of charge or the cheapest 

and mostly the only available energy source. The growing total population in the district has 

increased the pressure on the forest in a short time period of time. In the year 1986 the forest 

area was 2,424 hectares, it shrunk to 1,514 hectares by 2005. Most of the cleared areas are 

not utilizable agriculturally and reforestation has not taken place (MoSPND, 2008, p. 38) 

Not only the ecology of the mainland but also the ecology of the waters is disrupted due to 

the strong population growth and the increasing use and abuse of natural resources around 

the Lake Victoria area. The habitat of local species is endangered, respectively destroyed 

because of the strong pollution of the water due to the introduction of waste, wastewater and 

fertilizer. The division of the lake area between three African countries (Uganda, Kenya, and 

Tanzania) as well as a large number of regions, municipalities and fisherman communities 

(BMU) makes it difficult to assign responsibilities. These factors encourage exploitation and 

hinder the control of pollution. Until now, a complete over fishing of the lake has only been 

prevented by the low technical equipment of the fishing boats (Twong’o & Sikoyo, 2002, p. 

32).  

1.3.5 Population and history   
 
Suba District gets its name from the word "Zuwa". It means "foreigner or the people who are 

always wandering” in Luganda, the predominating language in the eastern part of Uganda. 

Luganda is part of the Bantu language group. This point out that today's population of the 

district has its origin from this region. During the 16th Century coming from Uganda through 

the bigger islands the settler arrived on the Lakes shore. At the beginning they occupied the 

area temporarily mainly for fishing and trading, later on they settled. On the mainland, the 

heterogeneous group of the Abasuba, of Bantu origins, were integrated and assimilated 

subsequently into the local Luo population who are of Nilotic origins. Today they are 

regarded as part of the Luo. Consequently the Luo language Dholuo became the main 

language in the area. Only on the islands and remote areas do elderly people still speak 

Suba (Heine & Möhlig, 1980, p. 35; Ayot, 1997, p. 15). 
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The Suba District had a population of 155,666 at the last Census in 1999. For the year 2008 

a population of 203,917 people was forecasted based on the average Kenyan trend in 

population growth (+2.9% to +3% annually). In Figure 14 we see that Suba District is part of 

the densely populated Western part of Kenya. In large parts, more than 250 people life per 

km2. This puts high pressure on natural resources, but also high pressure on institutions 

such as schools and hospitals. The distribution of the population within the district indicates a 

higher density in the centers and along the lakeshore. With 255 inhabitants/km² Mbita Town 

has the highest population density while in the central districts 153 people live per km² 

(MoSPND, 2008, p. 11).  

 
Figure 14: Population density in Kenya (CIESIN, 2005) 

 

Suba’s population is distributed into 34,196 households, with an average household size of 6 

inhabitants. Own data reveals that an average household is composed of 7 members: 3 

adults and 4 children. Households with a higher income consist of more members; here the 

tendency also prevails to more than one wife. The lowest income households, <1000 

KES/week, consist of 2.76 adults and 3.21 children, in the highest income class, >5000 

/week, life 3.37 adults and 5.85 children.  

The age distribution shows that the district has a young population. 58% of the inhabitants 

are less than 20 years old. The population of primary school children (5-14 years) has 

Suba District 
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continued to increase from 64,870 in 1999 to 84,978 in 2008. Projections indicate that it will 

further rise to 95,811 by 2012 (MoSPND, 2008, p. 11) 

1.3.6 Health - AIDS/HIV   
 
2005 the life expectance at birth in Suba District was averagely 36.5 years for a men, for 

women 42 years. As seen above at a national level its 54.1 years and respectively 59.8 

years. Suba's remarkable lower life expectance at birth is a result of an increasing death rate 

due to a high incidence of AIDS/HIV, TB and Malaria on demographic data. In Nyanza 

province 24% of the population or 310,000 people are registered to be infected with 

AIDS/HIV. 36,000 people die yearly as a result of the immunodeficiency (NASCOP, 2005, p. 

15). An even higher incidence is registered in Suba District: 2001 34% of the population in 

the in the high-risk groups (women from 15 to 25 years and men from 25 to 35 years) were 

tested positively (MPND, 2002, p. 23). As on the national level due to information campaigns, 

free testing and enhanced medical and health service an improvement could be achieved. 

Although the district’s HIV prevalence rate could be lowered to 27% it’s still the highest in the 

country. Analyzed deeper, hot spots with an alarming high AIDS/HIV prevalence rate 

emerge. In fishing villages up to 40% of the high-risk group were tested positively. The 

reasons for this high AIDS/HIV rate are multilayered and pertain to social, economical and 

also cultural aspects. Primarily young and widowed women are affected because of their 

vulnerability due to limited income possibilities, lower education level and gender inequality. 

The AIDS/HIV prevalence is therefore twice as high with women as with men (KDHS, 2003, 

p. 225; NASCOP, 2005, p. 9). The literacy rate for women aged 15 years and above is at 

69.4%, a proportion much lower than their male counterparts, which is at 90%. While the 

transition rate from Primary to secondary school is 88% for boys, only 37% of girls move to 

secondary schools after primary school. This is partly caused by limited secondary school 

facilities for girls as well as high dropout rates attributed to numerous factors including early 

pregnancies and early marriage. In comparison with the other regions of Kenya women in 

Suba District are averagely 4 years younger at their first birth. 25% of the 15 to 19 year-old is 

already mothers. 46% out of them have not completed school education (MoSPND, 2008, p. 

36; KDHS, 2003, p. 225). 

Due to the unequal gender relations, women have no control over productive resources and, 

as such, have no major decision making powers. Especially on beaches, women depend on 

fishermen to generate income from the processing and selling of fish. Due to the dominant 

social and economic status, fishermen are in the position to force women to unprotected 

sexual intercourse in exchange to access to fish. In addition, insufficient information and 

awareness; illiteracy; ignorance of effects, incorrect beliefs, and behaviors of young people; 
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and also married couples contribute to perpetuate the high level of infection rate (MPND, 

2002, p. 24). The disease poses a great challenge to sustained socio-economic development 

by the fact that it affects the most productive segments of households (men and women aged 

18-49 years). 

Besides the above described HIV/AIDS, malaria, TB (tuberculosis); diarrhea and respiratory 

diseases are the most frequently encountered health problems. In large part, they are 

caused by conditions of bad hygiene.  

Malaria appears epidemically in the district. It is transmitted by females of Anopheles 

mosquitoes which spread the disease causing Plasmodium parasite. 2/3 of the population of 

the district is affected by malaria every year. Without treatment, or with an already weak 

immune system, malaria can lead to death. Every year in Kenya 26,000 children under 5 

years old die as a result of malaria (KDHS, 2003, p. 171). Diarrhea diseases are triggered by 

the bad hygienic conditions and the consumption of contaminated water. The main source of 

drinking water in the district is water from the Lake Victoria. It is highly contaminated mainly 

due to surface run of human waste during rains, attributed to the low coverage with latrines 

and sanitation facilities in the densely populated areas. In addition there is significant 

contamination of the Lake Victoria emanating from oil spills from boats, fishing activity, 

bathing, dishwashing and washing of cars. Locally, cholera outbreaks appear periodically. 

Many disease encountered in the district are a direct or an indirect result of a 

multidimensional poverty. Deficiency in income, education but also unsatisfactory 

infrastructure contributes to the diffusion of infectious diseases. A household affected by a 

case of illness gets into a vicious circle of self increasing deterioration of livelihood. High 

rising costs for the medication with contemporaneous temporally, or in the worst case 

permanent, shortfall of income can lead a household easily into poverty.  

1.3.7 Poverty 
 
52.2% of the population in Suba District live below the absolute poverty line defined by the 

Kenyan statistics office12., despite the endowment with high economic prospective. The 

districts rural absolute poverty and rural hardcore poverty is above the provincial and national 

levels (see Table 2). This underlines the marginalization at both levels. According to the 

UNDP the District is regarded as a region with a low stage of development. The Suba District 

                                                            
12  Kenya  Bureau  of  statistics:  Poverty  in  the  district  is  defined  as  inability  to  afford  daily  basic  needs  to  support  life, 
comprising of  food and non‐food  items  (e.g. clothing, shelter and  food),  inability  to access basic services  (e.g. education, 
health, water and sanitation) and  inability  to access and control productive resources  (e.g.  land, capital,  information,  life 
skills, employment etc.). See: www.cbs.go.ke 
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was therefore included in the Kenyan MDG13 program as a main emphasis area (MoSPND, 

2008, p. 16). 

 

 Suba Nyanza Kenya  

Rural Absolute Poverty 52.2% 47.2% 49.1% 

Rural Hardcore Poverty 22.9% 21.1% 21.9% 

Total Rural Food Poverty 47.2% 46% 47.2% 

Table 2: Poverty in Kenya (MoSPND, 2008, p. 16) 

Suba’s farming and fishing sector has a high potential to foster development and create 

income. Nevertheless, the average income per adult in Suba District is stated at 1,562 KES 

per month. 

1.3.8 Weekly expenditures in Suba District households 
 
Average per capita income data is not a complete convincing statement for a rural area with 

no or hardly any existing employment sector. Famers and fisher have an erratic income 

distribution depending on unpredictable factors such as, weather conditions, catch or market 

prices. Additionally, it varies due to the season. It’s therefore difficult for a household to 

approximate a monthly income evenly because bookkeeping and data collection is rarely 

done. An option to evaluate household’s income is to look at the expenditure side. The 

amounts of money spend weekly for the household is easier to asses by their members and 

can be used for a monthly projection. Consumption patterns in rural areas support this 

method because frequent small expenditure characterizes them. For this research weekly 

household expenditure are distributed in four classes. The very low expenditure class 

enclose households with weekly <1000 KES expenditure. Divided by adult households 

members a daily expenditure of 35.8 KES, which is 0.48$14, arise. 29% of the households are 

part of this class. 33% of the households spend from 1001 to 2500 KES weekly. The low 

income group has a daily expenditure up to 83.7 KES or 1.12US$. Following the Worldbank 

classification both are regarded to live in extreme poverty15. 

                                                            
13  The Millennium Development Goals  (MDGs)  are  8  development  goals  that  192 United Nations member  states  have 
agreed to achieve by the year 2015. The main goal  is to reduce extreme poverty, but also reducing child mortality rates, 
fighting  epidemic  disease  such  as  AIDS  or  malaria,  and  developing  a  global  partnership  for  development.  See: 
http://www.un.org/millenniumgoals/ 
14 1 US$= 75 KES (www.bundesbank.de; 18.05.2009) 
15 Extreme poverty line is set at $1.25/daily, poverty at $2/day: See also: 
http://siteresources.worldbank.org/INTMONGOLIA/Resources/FAQ‐poverty‐rf‐21aug08.pdf 
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In the middle income class from 2501 to 5000 KES weekly expenditure are 25% of the 

households. They spend daily up to 127.6 KES per adult which is $1.7. The high income 

class has more than 5000 KES/week at his disposal. Compared with data from the Kenyan 

poverty map in Table 2 the results can be confirmed. Averagely the expenditure per classes 

are 741.4 KES/week for the <1000 class, 1807.6 KES/week for the 1001 – 2500 class, 3100 

KES/week for the 2501 – 5000 class and 9951.85 KES/week for the >5000 class (see Table 

3).  

Expenditures <1000KES/week 1001 – 2500 
KES/week 

2501 – 5000 
KES/week 

>5000 
KES/week 

     

Weekly 
average/household

741.4 KES 1807.6 KES 3100 KES 9951.8 KES 

Monthly 
average/adult KES 

1074.5 KES 2510.5 KES 3827.2 KES 11812.3KES 

Monthly average/ 
adult US$ 

14.3$ 33.5$ 51.1$ 157.5$ 

Daily/adult KES 35.8 KES 83.7 KES 127.6 KES 393.8 KES 

Daily/adult US$ 0.48$ 1.12$ 1.7$ 5.25$ 

Table 3: Expenditures per classes  

 

As seen above we have two household expenditure classes living in absolute poverty, the 

middle income class regarded to live in poverty and the high income class which distinguish 

themselves clearly from the others. As illustrated in Figure 15 we can see the sources of 

income of households. 80 % of the farmer households are in the very low expenditure 

classes. Farming yields a proportionally low profit to households due to the fact that it is 

characterized by low productivity together with prevailing of self subsistence agriculture (see 

also Table 4). Small business, like shops and restaurants, are the most profitable income 

source followed by fishing which has the smallest proportion of households in the lowest 

expenditure class. The comparatively higher profits explain also the increments in the fishing 

sector in the last decade. 
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Figure 15: Income distribution by income sources 

 

Although poverty is socially constructed by the comparison of income differences between 

different strata, access to monetary income is crucial. Nevertheless, low monetary income is 

only a part of the complex aggregation which defines poverty. There are also missing 

freedoms and access to institutions as well as marginalization and stigmatization within the 

society. The weak endowment of the district with infrastructure, like: electricity, water supply, 

waste and sewage disposal, roads as well as ITC increase the costs and efforts of an 

endogenous development. Additional factors are: the low level of education and the high 

dropout rate primarily for women. Missing education and knowledge reduces the possibilities 

to actively participate in social processes and political decision making. It also increases the 

risk of the economic and physical exploitation. As a relatively new factor the high AIDS/HIV 

prevalence affects the productivity of one of the most important age group of the society. 

Food insecurity weakens, not only the organism and therefore makes it vulnerable to 

disease, it also reduces the potential for intellectual and physical work. Additionally an 

increasing deterioration of the productivity and regeneration of the natural resources due to 

overexploitation can be observed. This concerns both the farming and the fishing sector. 

Local natural resources still represent the most important income generating and nourishing 

factor of the district (UNDP, 2007, p. 49). 
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1.3.9 Economy in Suba District 
 
The economy of the district is characterized by the strong dependence on farming and 

fishing, which Table 4 shows. There are no industrial plants, manufacture and services play 

only a marginal role in the districts economy.  

 

Sectors Economic Sectors in Suba 

District 

Share of the working 

population  

Agriculture 51% 74% 

Fishing 40% 23% 

Manufacture and 

Service 
9% 3% 

Table 4: Economic sectors and their contribution to household’s income and share of working population 
(MPND, 2002, p. 8) 

 

1.3.9.1 Farming   

 

The agriculture sector, including crop farming and livestock breeding, generates 51% of the 

districts domestic product. 74% of the working population is connected to it. A large portion of 

the harvest is not sold on the markets, but rather supports households in self subsistence. 

The most important crops are maize, sorghum, beans, millet, cassava, potato and bananas. 

The small cultivated agricultural units have averagely 2.1 hectares and are characterized by 

low productivity due to low inputs into the farming system. Major deficiencies are: lack of 

modern energy use and mechanization, missing storage and transport facilities, absent 

irrigation schemes, low usage of fertilizer, weeds and pest control and utilization of poor 

quality seeds. In addition low levels of knowledge about cultivation methods, market 

mechanisms and diversification hinder a raise in productivity. This makes the farming system 

vulnerable to external influences like changing weather patterns. Similar problems are 

affecting live stock breeding farmers. They must accept periodically high losses as a result of 

missing veterinarian control, vaccinating and breeding programs as well as epizootic 

disease. The main live stock breeds are the local zebu cattle, the East African goat, the Red 

Massai sheep and chicken. Dairy farming is not possible in the district due the lack of 

electricity for cooling and infrastructure for the transport and further processing of the milk. 

Moreover, the milk yield of the zebu cattle - 2 to 4 liters per day - is low. The main emphasis 

is therefore on meat and eggs production. Lack of infrastructure and modern energy here 
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also prevents the farmer from an access to regional markets or further processing and 

preserving of meat products (MPND, 2002, p. 22).  

 

1.3.9.2 Fishing   

 

87% of the total fish caught in Kenya comes from the Nyanza province. 75% of it is caught in 

the Suba District. In the year 2007 6 129,188t of fish were caught in the Suba District: 57,550 

t of Nile perch (Lates niloticus), 25,338 t of tilapia (Oreochromis niloticus niloticus) and 

46,300 t of Omena (Rastrineobola argentea). The total value of the caught fish was 3.74 

billion KES. The market value of the 82,888 tons of Tilapia and Nile perch is around 2.44 

billion KES. Both species realize similar kilogram prices at the market. The value of the 

46,300t caught Omena is around 1.3 billion KES (MoSPND, 2008, p. 24; Tabia, 2008). The 

fishing sector plays the most important economic factor in the district by adding value to the 

household’s incomes and crating job opportunities. 23% of the engaged working population 

generate 40% of the districts domestic product. 11,840 fishermen are registered in 108 self 

managed fishing communities (BMU -- Beach Management Unit). Income generating 

activities in fishing is restricted to men since women do not have any admission. The further 

processing of the fish, mainly the drying and selling of Omena is done by women.  

 

Tilapia and Nile perch 

Tilapia (Oreochromis niloticus) can be found mainly in shallow waters. It is caught from the 

shore or from boats both with hooks (long lines) as well as with nets (gill nets, beach seines, 

trammed nets). The large part of the caught fish is consumed locally or transported to the 

regional centers. Tilapia is also further processed by smoking and drying. The Nile perch 

(Lates niloticus) is found in deeper waters. It is fished from boats with long lines and 

transported to Homa Bay, Kisumu or Nairobi for further processing. Almost the whole Nile 

perch is exported. Both types are high-quality fish and gain high prices at local and regional 

market; therefore they are rarely consumed by fishermen and their families. Middlemen 

collect the catch from the landing sites with cooled lorry and transport it to the markets or 

factories. Due to their monopoly position they realize the highest profits in the fishing sector. 

Missing access to electricity supply for cooling and further processing the fish and a bad road 

network make it difficult for fishermen to allocate their products advantageously. This makes 

it possible for the middlemen to buy the fish for 120- 150 KES/kg and to sell it at the markets 

or for further processing and the export sector for 400 KES to 500 KES/kg. The weak market 

position, and the missing alternatives, reduce the profits of the fishermen enormously and 
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thus further prevent them from investments in the development of their business and in the 

future of their households (Onganga, 2008). 

 

Omena  

Households with low incomes cover the protein needs in their diet with fish called Omena or 

also Dagaa. Omena (Rastrineobola argentea) is a max. 9 cm long fish which is endemic in 

Lake Victoria. In 2005 46,300 t of Omena were fished and dried in the district. Omena has 

only 1/5 of the value of Nile perch and Tilapia and it is consumed locally. Omena is fished 

during night with the help of floating kerosene pressure lanterns. They attract zooplankton 

and insect larvae which are fed by the fish. Omena is caught with fine-meshed nets which 

are put down around the floating lanterns. The caught fish is conserved by drying it, mainly 

done by women and children. Low quality Omena is processed to fish meal and used for life 

stock breeding. 

 

Overfishing 

Until the introduction of the non endemic fish species, Nile perch and Tilapia, into the Lake 

Victoria in the 1950s and 1960s fishing was regulated on a strictly hierarchical basis. Fishing 

communities limited the access to the lake and thereby prevented over fishing. During the 

1970s, the introduced alien species, increased strongly and did not only dispel endemic 

species but also lead to the commercialization of fishing. Originally 400 fish species lived in 

Lake Victoria, today only 177 out of these can be found (Goldschmidt et. al, 1993, p. 

683).The previous fishing was confined to the three commercially utilizable species: Nile 

perch, Tilapia and Omena. In 1970 the three species accounted for only 5% of the total 

catch, by 1995 it was 95%. At the peak of fishing in the year 1999 200,153 t of fish were 

caught on the Kenyan shores of the Lake Victoria. Subsequently, it led to a rapid fall in the 

catch to 105,866 tons in the year 2003 (Bokea & Ikiara, 2000, p. 5). Crucial factor for the fall 

in the catch was primarily over fishing due to the "open access" to the fishing grounds 

because of a missing control from the authorities. However, the increasing pollution from the 

strong settlements and use of fertilizer has also contributed to disturbed the balance in the 

ecosystem. Subsequently invasive water hyacinth spread strongly along the shore. This led 

to a change in the policy of the fishery ministry: accesses to the lake and catch methods 

were controlled and closed seasons observed. Consequently the fish population recovered. 

By 2007 the catch increased to 151,934 tons (KNBS, 2009). 
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1.3.10 Drinking Water supply and Sanitation in Suba District   
 

Infrastructure services have a strong growth effect, which promotes, through their impact on 

production costs, the productivity of private input, and the rate of return on capital. In the 

same time, infrastructure affects growth indirectly through a variety of channels, most notably 

by affecting health and educational out-comes. Access to clean water and sanitation helps to 

improve health and thereby productivity. By reducing the cost of boiling water, and reducing 

the reliance on traditional smoky fuels (such as wood, crop residues, and charcoal) for 

cooking; access to electricity also helps to improve hygiene and health–in the latter case by 

reducing indoor air pollution and the incidence of respiratory illnesses (Agenor, 2006, p. 3).  

As seen above, Suba District is only endowed with limited infrastructure. The lack of supply 

of safe drinking water, modern energy, health service, in conjunction with, the absence of a 

regulated waste and sewage disposal, as well as, a road network, hamper the development 

of the district and affect the basics on which is build on.  

About 85% of the drinking water supply of the population in Suba District is covered with 

water from Lake Victoria. 15% of the residents, mainly those not living on the lake shores in: 

Gwassi East, Lambwe and Ruma get their drinking water from wells and boreholes 

(MoSPND, 2008, p. 18). Although the lake represents the most important source of water 

and income, neither public nor private side measures are taken to protect the vital resource. 

The apparently inexhaustible amount of water contributes to the exploitation and pollution of 

the resource. Due to the contamination, the water can only be consumed after boiling or a 

chemical treatment. 

Mbita 

Households in Mbita Town use 3 different sources of drinking water in parallel to cover their 

water consumption: The municipal water system, harvesting of rain water, and water from the 

Lake Victoria. The 3 sources have different water quality, are available in different quantities 

and different end uses. 

1) The municipal water system 

Mbita Town has a municipal water pipe system. 264 households are directly connected to it. 

The water is treated chemically and distributed through the management of the "District 

Water Office". For the treatment, water is pumped from the Lake up for 300 m to a hill 5 km 

outside the village center. After filtering the water it is treated through the addition of sodium 

aluminate, aluminum sulfate and chlorine and distributed to the households and for further 

processing. In the "Mbita ice plant" the water is used to produce ice cubes for cooling, as well 

as bottled drinking water. Households have to pay a minimum of 400 KES/month for the 
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water supply. The costs for the use of the first 10 m³ of water are 200 KES/m3. Every 

household is therefore has a vested interest to consume at least 2 m³. Availability of drinking 

water is not always guaranteed. It depends on the electricity supply of the pumps which is 

irregular because of permanent network failures as well as power cuts due to unpaid 

electricity bills. They cannot be paid due to the low payment moral of costumers as a reaction 

for poor service. The municipal water supply system is trapped in a vicious circle. Municipal 

water is also distributed in public water distribution points in the village, where it is sold at 10 

KES for 20 liters (Odambatafwa, 2008). 

2) Rain water  

50% of the households in the region collect rain water from roofs and use it as drinking 

water. Rainwater collection is limited to the long rainy season (February/March to May/June) 

and in the short rainy season (October and November) (CBS, 2002, p. 9). The seasonal use 

as well as the increasing unreliability of the rainy seasons represent at quantitative restriction 

in rainwater harvesting. The quality and further treatments depends on the hygiene of the 

roof, the catchments system and the reservoir. 

3) Water from Lake Victoria 

Drinking water from Lake Victoria is available throughout the year, despite the difficulties to 

transport it to the households and agriculturally used areas. Although the immense 

availability of water, only a few hundred meters from the shores acute water scarcity prevails. 

Mainly women and children bear the burden of lacking electricity as well as alternative 

systems to pump water to the hinterlands. An additional restriction in use is the poor quality 

of the water. Result from laboratory examinations ascertained that it is not usable as drinking 

water without further treatment due to the high contamination with bacteria and coli form 

organism (Wanjiku, 2008). Therefore, it has to be treated chemically or boiled to be 

consumable. The method used depends on household’s income and treatment availability 

which also means that in several cases the water is consumed without treatment. The 

chemical treatment is mainly done with "Waterguard", a 1.2% sodium- hypochlorite solution, 

available in 150 ml bottles for 20 KES. 5 ml are sufficient to sterilize 20 liters of lake water for 

a cost of 0.033 KES/liter. The chemical treated water is also sold by water sellers for 10 KES 

per 20 liter plastic canister and delivered to households by donkey carts. Especially in town 

centers, where the service is mostly available, a high demand for water transported directly 

to the households exists. However, the taste of the water and the continuous consumption of 

chemicals are the disadvantages of it. Therefore boiling is another solution for the process of 

making the water potable. An experiment conducted with a locally used charcoal stove “jiko” 
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fired with charcoal gave, as a result, that the cost to boil and therefore sterilize water is 5 

KES/liter. Boiling water is the most expensive water treatment (Mair, 2009).  

Other utilization of water which does not demand a drinking water quality like washing 

clothes, dishes, cars etc., body hygiene and watering of animals take place directly on the 

lake shore. This introduces different types of waste and sewages directly into the lake and 

further decrease the already low quality of the water 

 

Nyandiwa  

Households in the municipal area of Nyandiwa also use three parallel systems for drinking 

water supply. Here public water is supplied by an Italian NGO. The IKSDP (Italian Kenyan 

Scout Development Project) is a cooperation project of the Italian boy scouts with their 

Kenyan counterpart. An important part of it is the supply of clean drinking water for the 

fishery community. The water is transported to town from a spring on the Gwassi Hills, at an 

altitude of approx. 2,000 meters a.s.l., through a 20 km pipe system. Several distribution 

points are located along the water pipe to supply households. The water is basically for free, 

although households pay for the maintenance depending on their income. The transport from 

distribution points to the households is part of the daily work of women and children, 

additionally aggrieved by the morphology of the hilly landscape of Nyandiwa. The difference 

in altitudes from water distribution points, but also from the lake, to the scattered households 

makes the transportation of water difficult. This also affects stockbreeding farmers. Daily, the 

animals (zebu cattle, goats, sheep and donkeys) must be taken for access to water, directly 

to the lake, which can take the whole day.  

 

Sindo 

The water supply of Sindo’s households is a mixture of the above described systems, with 

public water points in the town center, rainwater harvesting during rainy season but mainly 

the use of treated water from the lake.  

1.3.10.1 Households expenses for drinking water supply in Suba District 
 

The water sources used in the District vary depending on seasonal availability, accessibility 

and household’s income. Water from Lake Victoria is the main source for household’s water 

supply. All in all, it constitutes 89% of consumed drinking water, segmented into different 

treatment and distribution systems. 46.6% of the households use chlorine purified lake water, 

23.7% boiled lake/rainwater depending on seasonal availability, and public water distribution 
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points are used for 18.6% of the households, but mainly in the urban centers of Mbita, 

Nyandiwa and Sindo. Here the municipal water service of Mbita Town is also included, which 

serves 0.78% of the households in the district (see Figure 16). 

 

 
Figure 16: Household water sources in Suba District 

 

Weekly expenditures for water purified with chlorine differ, in dependence upon the supply 

source, transport system and further treatment. For delivered and purified lake water 

households spend 74 KES/week. In comparison expenses are for the self transported and 

purified lake water 3 KES/week. Water from other sources like boreholes, rivers and wells 

costs averagely 33 KES/week. Public water is slightly more expensive; households spend 41 

KES for it per week. Due to the rising costs for cooking fuels household’s expenditures for 

boiled water are 115 KES/week. Nevertheless, it has the advantage of a natural taste and 

the absence of chemicals. Municipal water in Mbita Town costs a minimum of 100 

KES/week. The most expensive drinking water source is bottled water with a cost of 600 

KES/week, consumed only by a small fraction of high income households (see Figure 17).  

The consumed water quantities, calculated weekly, in households range between 90 liters 

and 148 liters. The range of daily per capita consumption is between two liters and three 

liters. This shows that purchased water is consumed mainly for drinking. Cleaning, washing 

and hygiene is done with untreated lake water mostly directly at the lake shores. 
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Figure 17: Weekly expenditure for drinking water in Suba District per household 

 

1.3.10.2 Waste water management in Suba District 
 

There is no regulated waste disposal in Suba District. Estimations assume that daily about 

650 tons of waste are disposed irregularly or burned. The majority of the waste (~85%) is of 

organic origins, mainly agricultural residuals. The main problem represents the non organic 

waste mainly plastic. Its poisonous when burned and long-lasting when deposit. The 

commonly used plastic bags are, in addition, a danger for the domestic animals since they 

are responsible for 40% of the unnatural deaths of goats, sheep and cattle. The sewage 

disposal of the households is also unregulated and represents a high ecological harm for the 

Lake Victoria. 56.3% of the households in the district have no toilet or latrine. After rainfalls, 

feces are washed directly into the Lake causing a large part of the pollution of the water. This 

accounts for the high prevalence of water borne diseases including typhoid, cholera, 

diarrhea, dysentery in the district. Another source of pollution is represented by the 

thousands of fishermen fishing day and night on the lake. Waste and excrements where 

dropped into the water. Another effect of the strong pollution and over-fertilization of the 

waters with nutrients is the strong dissemination of bilharzias, a parasitic disease. It appears 

mainly in shallow waters around the shores which are used for washing, fishing and water 

fetching. Women, children and fishermen who use these areas intensively are affected 

particularly by the effects of the disease (MPND, 2002, p. 25ff). 
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1.3.11 Communication in Suba District, Kenya 
 

Mobile phone communication achieved high growth rates in Kenya in the last few years. The 

numbers of subscribers reached 16.23 million in December 2008. This means that 44% of 

the total population potentially has a mobile phone. Only a year ago, in December 2007, the 

total number of subscribers was 11.35 million, in June 2003 1.6 million and in June 2000 only 

180,000. In the same time period the numbers of fixed line subscribers dropped from 

326,000 in June 2001 to 252,000 in December 2008 (CCK, 2009). Almost the entire area of 

the Suba District is covered with the mobile phone network. Even in remote areas without 

regular supply with electricity, a working network is guaranteed and made possible by diesel 

generator or PV power supply of the network booster. It improved the communication and the 

information exchange within these areas enormously and represents an important 

connection towards the regional and national centers and markets. Contemporarily with the 

increasing importance of mobile telephony, the fixed line network decreased. Besides 

communication the mobile phone has become a status symbol in rural areas and covers a 

variety of additional tasks and services. In rural areas mobile phones replaces banks and 

bank accounts which are represented only in larger centers. Money can be transferred and 

payments can be made.  

However, the improved communication and information technology has brought a new 

component. To operate mobile phones, electricity is necessary. It is delivered by 

rechargeable dry celled batteries in the mobile phone. Charging these batteries represents a 

problem in rural areas without connection to a power supply system. Out of this challenge, 

business opportunities arose. Mobile phone batteries are charged with small diesel 

generators, PV modules or, where available, with a grid connection. Mobile-phone-charger 

operates a small kiosk where any type of phone is charged for 20 KES16.  

 

1.3.11.1 Mobile phone use in Suba District 
 

Due to the good developed mobile phone network and the lack of alternative communication 

systems the majority of the households in the district are equipped with mobile phones. 35% 

of the district’s population possesses a mobile phone. Averagely 2.48 mobile phones are in 

use in each of Suba District’s households. Few of them can charge their mobile at home due 

missing electricity availability and are obligated to charge it at mobile phone charging 

stations. The costs therefore are averagely 27.6 KES/week and mobile phone. Most of the 

mobile phone users charge their battery once in a week.  

                                                            
16 Costs for charging mobile phone batteries in Suba District during the research period: April 2008 – April 2009.  
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2 Chapter II 
 

Energy use is the core element of this study. Due to the importance for the research a top 

down analysis of energy use patterns from developing countries to Suba District’s 

households represents the second chapter. The main emphasis is thereby on energy 

amount, costs and devices used for lighting in households, business and the fishing sector.  

2.1 Use of energy in developing countries   
 

The amount of energy used worldwide is increasing permanently. More energy is demanded 

by households, industry and the service sector and supplied from the energy sector, one of 

the most profitable economic sectors. The global primary energy17 consumed between 1970 

and 2006 has more than doubled, from 5,600 MTOE18 to 11,741 MTOE (Million Tons of Oil 

Equivalent). An IEA forecast indicates that it will further increase up to 16,271 MTOE in 2030 

(IEA, 2008, p. 6). 

 

 
Figure 18: Global primary energy use in MTOE and future scenarios (IEA, 2005)   

 

Figure 18 shows the primary energy demand determined by the IEA for the last 35 years, as 

well as a scenario for the demand up to 2030. At constant energy use trends the fossil 

sources of energy (oil, natural gas and coal) will cover the large part of the energy demand 

(81%) also in the future. Changes are only expected in the composition of the energy mix. 

                                                            
17  Primary energy is the stored or bounded energy in nature in the environment, such as biomass, coal, 
geothermal energy, crude oil, natural gas, uranium, sun, water and wind. It is converted subsequently to final and 
using energy.  
18 In international reports for energy use the measurement unit kgOE (kilograms of Oil Equivalent) or the multiple, 
TOE (Tons of Oil Equivalent), are frequently used. The energy is expressed in the energy content of a kg crude oil 
which corresponds to 4.1868 x 107 Joule. 
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After crude oil, natural gas will become the second most important source of energy by 

surpassing coal. Renewable sources of energy and hydro-power gain increasing importance 

and have the highest annual growth rates; nevertheless, they cover only 13% of the global 

primary energy demand. The potential for the increase of the use of hydro power for the 

production of electricity is largely fully exploited in OECD countries. Therefore large part of 

the future investments will be concentrate on southern countries where high potentials exists. 

The use of biomass will decrease slowly in the southern developing countries because it is 

replaced by fossil sources of energy. In the OECD countries renewable energies, especially 

biomass from the forest and farming, will increase slightly due to the promotion of 

sustainable energy policies. Nevertheless, the composition of the medium-term, future 

energy requirement will approximately correspond to the current energy use patterns. These 

will put into question international climate protection goals, like the Kyoto Protocol19, and 

represents a massive challenge for the international community (IEA, 2005, p. 80).  

 
Figure 19: Development of the regional shares of primary energy consumption (IEA, 2008; IEA, 
2005)  

 

Since the energy demand has stabilized in the OECD countries and sinking energy 

intensities could be reached due to an increase in efficiency of energy use, the highest 

growth rates are expected in the developing countries. The share of the total primary energy 

used has increased from 22% in the year 1971 to 41% in the year 2006 and will be 49% in 

2030, as Figure 19 points out.  

                                                            
19  The Kyoto Protocol is an international agreement linked to the United Nations Framework Convention on 
Climate Change. The major feature of the Kyoto Protocol is that it sets binding targets for 37 industrialized 
countries and the European community for reducing greenhouse gas (GHG) emissions. These amounts to an 
average of five per cent against 1990 levels over the five-year period 2008-2012 (for more information see: 
www.unfccc.int). 
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In details the regional shifts in the share of the total primary energy demand from 1973 to 

2006 are represented in Figure 20. Middle East and Asia, especial China, show the highest 

increases. Africa’s share in the total primary energy use has grown from 3.4% to 5.2%.  

 
**Asia without China   

Figure 20: Global shares in primary energy consumption (IEA, 2008) 

 

2.1.1 Primary energy use in Africa  
 

Although almost 1/6
th

 of world’s population life on the African continent, its share on the 

world primary energy use is actually only 1/20
th

 or 5.2%. Nevertheless, the total amount of 

primary energy used will double in Africa by 2030, according to the IEA forecast and reach 

1096 MTOE/a. Africa’s energy consumption is expected to growth at a much higher rate than 

the global average and arrives at a share of 6.7% of global energy use by 2030. Compared 

to the 50% increase in global primary energy consumption between 2002 and 2030, Africa 

will experiencing a 100% increase in the same period. The regional shift in growing energy 

demand to Non - OECD Countries also comes along with a shift in the used energy mix 

within these areas. The significant proportion of biomass use, which covered almost 2/3 of 

Africa’s primary energy demand in 1971, will decrease. Nevertheless, biomass will remain 

the most important single energy source in Africa, primarily in rural areas. The fossil energy 

mix: oil, gas and coal will be the major energy source by 2010. Renewable sources of 

energy, besides biomass, will also show a strong growth. Here solar energy: photovoltaic 

and the use of thermal, is of major importance and show the highest growth rates. However 

their share in the total energy consumption is still insignificant in Africa. A detailed overview 

of Africa’s annual primary energy growth rates and energy mix is given in Table 5.  
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Table 5 Primary energy use in Africa (IEA, 2004) 

 

2.1.1.1 Energy use in Sub-Saharan Africa 
 

Analyzed in detail, the use of different sources of energy, to cover the demand, varies vastly 

within Africa. Regionally, the large part of the oil products as well as the natural gas is used 

in North Africa while the complete nuclear energy is used in South Africa. In Sub-Sahara-

Africa Countries biomass is the main energy source. As shown in Figure 21 biomass covers 

61.6% of the energy demand, coal subsequently 20.9% and oil 12.9%. Natural gas plays, 

with a share of 2.5%, a subordinate role in Sub-Saharan-Africa. An even lower portion of only 

1.3% is covered by hydro power. Use of electricity is correspondingly low and concentrated 

in urban areas. 

 

 
Primary Energy consumption in 

Africa in MTOE 
Share in% 

Annual growth rate 
in% 

Periods 1971 2002 2010 2020 2030 1971 2002 2010 2020 2030 
1971 

- 
2002 

2002 
- 

2010 

2010 
- 

2020 

2020 
- 

2030 

               

Oil 35 113 150 209 292 18 21 23 25 27 3,9 3,6 3,5 3,4 

Gas 2 57 84 142 228 1 11 13 17 21 10,7 5 5,2 5,1 

Coal 36 92 104 121 139 18 17 16 14 13 3,1 1,5 1,6 1,5 

Hydro 2 6 7 7 10 1 1 1 1 1 3,9 1,8 0,8 1,7 

Biomass 124 262 310 367 419 62 49 47 43 38 2,4 2,1 1,9 1,7 

Nuclear 0 3 3 3 3 0 1 0 0 0  1,5 0,7 0,4 

Other 
renew. 

0 1 1 2 4 0 0 0 0 0  7,8 6,1 7 

Total 
Primary 
energy 

200 534 660 852 1096 100 100 100 100 100 3,2 2,7 2,6 2,6 
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Figure 21: Distribution of the primary sources of energy in Sub-Sahara Africa (UNDP, 2004)   

 

In Sub-Saharan Africa the increasing energy demand from strong growing economy sectors 

like transport, industry and services is intensified by the fast growing population. This puts 

high pressure on ecosystems which are experiencing already irreparable damages due to 

deforestation, but also increasing consumption of fossil sources of energy and the related 

emissions of GHG. 

2.1.2 Use of electricity in developing countries 
 

Around two billion people worldwide have not got access to an adequate provision with 

electrical energy. The region which has the least access to electricity is Africa South of the 

Sahara, where only 26% of the population has a grid connection. More than 500 million 

people live without access to electricity. The numbers of Africans without access to the 

power supply increases despite national and international efforts to build up grids and 

alternative supplies. The access to electricity is particularly low in rural and peri-urban areas. 

Here the disparity to urban households is particularly visible. Only 8% of rural households are 

connected to an electricity grid compared to 58.3% in urban areas (see Table 6) (IEA, 2007b, 

p. 567). 
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Population 

Population 
without 

electricity 

Population  
with electricity 

Electrificati
on rate 

Urban 
electrification 

rate 

Rural 
electrification 

rate 

 Million Million Million % % % 
Africa   891 554 337 37,8 67,9 19 
North 
Africa  153 7 146 95,5 98,7 91,8 

Sub-
Sahara 738 547 191 25,9 58,3 8 

Table 6: Electrification rate in Africa (IEA, 2007b, p. 567) 

 

In Kenya the rural access to electricity has made still less progress. Only about 4.6% of the 

rural households are connected to the grid. Kenya belongs to the least advanced countries of 

Africa in terms of electrical connectivity (Table 7). 

 

 Kenya Regional 

 Rural Urban Nairobi Nyanza Suba District 

% of 

households 

electrified 

4,6 50,2 71,4 5,1 0,53 

Table 7: % of electrified households in Kenya (KDHS, 2003) 

 

On a regional and respectively local observation, the rural – urban disparity in access to 

electricity in Kenya becomes drastically obvious. The Suba District is one of the most 

marginalized regions within Kenya with only 0.53% of the households, or in raw numbers 180 

out of 34,000, having access to electricity. 

Energy sources to cover energy needs are heterogeneous within Africa. They depend on 

availability, prices, national energy policies but also cultural aspects and habits. As well as 

between countries, within countries energy use and energy sources also differ. The following 

examination of energy use in Kenya and Suba District will illustrate the rural – urban 

dichotomy.  
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2.2 Energy use in Kenya and Suba District 
 

Kenya has an annual primary energy consumption of 17,948 kTOE or 753 PJ20 (see Figure 

22), which is covered by 73.5% through biomass. The total energy consumption has grown 

by 4% in 2006. The average growth rate between 1990 and 2006 was 2.3% and between 

2000 and 2006 3%. Throughout these periods the growth rate accelerates. High economic 

and population growth rates indicate a rising energy demand also for the future.  

 

 
Figure 22: Total Energy Consumption Kenya 1990 – 2006 (KNBS, 2009) 

 

In Figure 23 we see the energy sources that cover the energy demand. 73.5% of primary 

energy comes from biomass, mainly firewood, crop residuals and waste. Imported crude oil 

refined in Kenya and petroleum products are the second most important energy source. 

Hydropower plays only a minor role in total primary energy use. 4.3% or 12 PJ of the total 

energy consumption derive from hydropower. This is 51% of the total electricity production. A 

further 14% comes from geothermal power plants; the remaining 35% are produced with 

fossil fuels.  

 

                                                            
20 Primary energy consumption in Austria 2007: 1421PJ (www.statistik.at) 

PJ                  523                   630                     723                 752
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Figure 23: Primary energy use in Kenya 2006 (IEA, 2009) 

 

Final energy consumption is depicted in Figure 24. The residential energy users are 

responsible for 76.4% of Kenya’s final energy consumption. Almost 100% of the biomass is 

used in households, mainly for cooking, in a minor part for heating and lighting. This means 

that households are the major element in Kenya’s energy use and energy balance. 

Therefore, particular attention should be given to this sector when energy and environmental 

policies are defined and implemented. Households also use 325 Mio. Liters of kerosene per 

year for lighting, which are 12.5% of total fossil oil products consumption.  

 
Figure 24: Final energy consumption Kenya 2006 (KNBS, 2009) 
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Within the countries, household’s energy use partition is heterogeneous. Rural households 

differ considerably in energy use patterns from urban households. Kenya has 6.87 Mio. 

households; 5.15 Mio. are classified rural, 1.72 Mio. urban. In rural areas 95.4% of the 

households depend on firewood and charcoal as cooking fuel, while 56.5% of urban 

households cook with kerosene or LPG. The same disparity can be observed with electricity. 

51% of urban households have access to electricity. In urban areas only 3.9% of households 

use electricity. As illustrated below, rural households consume mainly firewood while urban 

households prefer charcoal. In contrast, urban households consume almost the whole of the 

LPG used.  

 

Fuels 
Category 

Firewood 
1000 t/a 

Wood for 
Charcoal 
1000 t/a 

Wood 
Wastes 
1000 t /a

Farm 
Residue 
1000 t/a 

Kerosene 
1000 l/a 

LPG Kg/a 
Electricity 

GWh/a 

Rural 
Household 

14,065 7,624 136 2,649 172,761 1,406,270 93,376 

Urban 
Household 

358 6,020 83 12 150,707 16,883,884 723,013 

Industry 467 2,860 - - 2,142 7,021,875 353,558 

Total 14,890 16,506 220 2,662 325,611 25,312,028 1,169,949 

Table 8: Fuel use in Kenya in categories and quantities (KNBS, 2009) 

 

2.2.1 Electrification of rural areas and the Suba District  
 

The electrification of rural areas is a priority in the energy development policies and rural 

development programs. The aim is to balance inequalities in regional development through 

increased access to electricity. This should close the gaps through urban areas and foster 

modernization and industrialization in rural areas (GNESD, 2007, p. 5). Nonetheless, energy, 

as well as electricity, is a necessary but not sufficient condition for development. The 

opportunities which are created with it promote development. The electrification in African 

countries makes only slowly progress and is accompanied by high costs for the grid 

expansion and/or the construction of a decentralized power supply. Logistical shortfalls, 

scattered settlement, as well as, low and unfavorable consumption patterns additionally 

hinder a fast electrification of rural areas. Further problems that arise are institutional 

weaknesses, modest political interest, missing infrastructural framework, insufficient energy 

planning and lacking of financing mechanisms. This also affects the electrification of rural 

areas in Kenya. (Mair, 2008, p. 73). 
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The Suba District is supplied with electricity from a 33 kV line from the neighboring Homa 

Bay District. Locally, transformers are installed on the electricity poles, from which 

surrounding buildings are supplied with power. The access to electricity is restricted to the 

urban centre of Mbita and to parts of Sindo. Here, predominantly administrative buildings, 

restaurant, some small shops, as well as, the households of the high-income population are 

connected. One reason for the low electrification rate of the households along the power 

supply system or outside the centers is the high connection cost. The installation of the 

transformer, additional poles as well as the needed cables for the connection must be 

covered by the households. Only in local centers and in agglomerations can the costs be 

divided between different households. Further access restrictions are due to requirements 

from KPLC (Kenya Power and Lighting Company Limited). Only a stable brick building with 

prescribed wiring will be connected to the power supply system. Additionally 2,500 KES has 

to be deposited for security. The monthly fixed costs for a 1kW household connection are 75 

KES including the rent of the electricity meter. The consumed electricity costs 1.55 KES/kWh 

for the first 50 kWh. The additional taxes raise the costs to 6 KES/kWh. From the 51st to 

300th consumed kWh of electricity the costs/kWh climbs subsequently to 6.65 KES/kWh 

without taxes (KPLC, 2008). 

2.3 Energy use in Suba District households 
 

Like on the national level, the main consumers of energy in the district are households, 

followed by the transport sector. There is also important energy consumption in the fishing 

sector, but few in service, agriculture and manufacturing. In households energy is consumed 

mainly for cooking, 2/3 of the consumed energy, and lighting, 1/3 of the consumed energy. 

Additionally, energy is consumed in small quantities for radios and mobile phones. 

Households choose different energy sources and devices to cover their two main energy 

needs. This shows that mainly the service and therefore the task that energy performs are in 

a household’s interest. Different fuels and devices are only a means to an end.  

 

2.3.1 Household energy consumption for cooking 
 

Household’s in Suba District dependents mainly on forests to cover their energy needs. 

Thereby wood represents the main energy source and cooking the main energy 

consumption. Other cooking fuels are charcoal made of local woods and in rare cases gas or 

kerosene. The low dependence in the energy supply for cooking from energy imports is 

accompanied by a strong dependence on local resources and appears favorable only at the 
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first glance. A deeper assessment reveals that the local forests are overexploited by an 

increasing need of energy due to an increase in population and their energy needs. Due to 

the lack of alternatives, households spend increasing amounts of effort, time and budget to 

collect or buy firewood or charcoal for cooking.  

 

Energy 

consumption Suba 

District (MoSPND, 

2008) 

Cooking energy consumption Suba District (own data) 

Fuel Fuel 
Costs/week in 

KES 

Fuel 

consumption/week21 

MJ/week 

Wood 

and 

charcoal 

96,2% 

Charcoal  39 % 285.8 KES  1.8 kg 54 

Firewood 37.3% 230.3 KES 24 kg 384 

Firewood 
and 

Charcoal 

19.5% 226.4 KES n.a. 
 

Kerosene 2,3% 
Charcoal 

and 
Kerosene 

6.8 % 342.9 KES n.a. 

 

Gas 1,5% 

Gas, 
Kerosene 

and 
charcoal 

5.1% 312.5 KES n.a. 

 

Electricity 

(grid) 
 Electricity 0% n.a. 

  

Table 9: Cooking fuel consumption Suba District 

 

95.8% of Suba’s households depend on wood and charcoal for cooking. In Table 9 we see 

that choices in cooking fuel use are more complex than illustrated in the 2008 “District 

Development Report”. From personal research it emerged that households use 

contemporarily multiple cooking fuels and switch from one fuel to the other depending on 

availability, costs and income.  

Usually women cook twice a day, morning and evening. A household who uses charcoal 

spends 285.8 KES weekly for cooking fuel. Locally charcoal is sold in buckets or sacks 

according to local acquisition patterns: small quantities bought frequently, mainly daily. A 

bucket with a two liter capacity cost 40 KES and contains approximately 250 g of charcoal. 

Like other goods at the local markets charcoal is sold by volume not by weight. Firewood is 

less expensive and accounts for 230.3 KES on a household’s budget. On the markets 

                                                            
21 Energy content – LHV (low heat value): firewood 16MJ/kg, moisture 20%‐25%; charcoal 30MJ/kg 
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firewood is sold in 8 kg – 10 kg bundles for 80 to 120 KES depending on quality and variety 

of wood. From the differences in the amount of firewood and charcoal used we can also see 

the different efficiency of the two cooking fuels. Firewood is converted inefficiently in a 

traditional 3 stone fireplace into heat, while charcoal is burned in the small but more efficient 

oven “jiko”. 19.5% of the households use both firewood and charcoal. Those households 

select their cooking fuel based on convenience and can therefore lower the cost to 226.4 

KES/week. Because of its efficiency and simplicity, charcoal is the preferred cooking fuel. 

6.8% of the households switch between charcoal and kerosene, an efficient yet also the most 

expensive mix of cooking fuels. The average costs for a household are 342.9 KES/week. 

Those households adding also Gas (LPG) to their cooking fuels mix have slightly lower cost, 

but face difficulties replacing the gas cylinder since the only distribution point was moved 

from the closer Homa Bay Town to Kisumu. 13.6% of the households don’t buy their cooking 

fuels on the markets but rather collect firewood by them self. In the statistics it appears as 

costless, because efforts and time spend by women a children to collect it are not considered 

nor given a value.  

 

2.3.2 Household lighting devices energy consumption and efficiency 
 

Hence the increments in the global share of energy used and in total amount of primary 

energy consumed are developing countries far from an equal distribution in access to it. 1.6 

billion People have no access to electricity, and many others have only intermittent access. 

Their only possibility is to cope with fuel based lighting strategies by burning mainly 

kerosene. It is estimated that fuel-based lighting throughout the world consumes 77 billion 

liters of fuel annually (2,800 PJ). This is equivalent to 1.3 million barrels of oil per day; 

roughly the total oil production of Indonesia, Libya, or Qatar. It produces 260 MT of carbon-

dioxide emissions and has a total cost of $38 billion per year, or $77 per household (Mills, 

2005, p. 1264). Illustrated in Table 10 we see that 0.4%, or 200 in total numbers, of 

households in the district are connected to electricity. These are official numbers from the 

Kenyan Power and Lighting Company by counting the installed electric meter reader. It was 

observed that neighbors share one connection and one meter reader in order to save the 

high connection fees. This, together with the use of generators, explains that own data 

shows a higher share of households using electricity for lighting.  
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Energy use for lighting 
in Suba District 
(MoSPND, 2008) 

Energy use and consumption for lighting in Suba 
District (own data) 

Kerosene  96,6% 
Lighting 
device 

% used in 
housholds 

Costs/week 
in KES 

Kerosene 

consumption/week22 

Wood and 
charcoal  

2,3% Safarilamp 66,1% 121.8 KES 1.35l 

Electricity 
(grid) 

0,4% 
Kerosene 
candle 

21,2% 94.1 KES 1.05l 

Others: 
candles, 
solar, torch 

0,7% 
Kerosene 
pressure 
lamp 

5,9% 307.5 KES 3.42l 

Gas 0 % Candle 2,5% 16.7 KES  

  

Torch 1,7% 225 KES  

Firewood 0% n.a. 
 

Electricity - 
Grid or 
generator 

2,5% 466.7 KES 
 

Solar HS 4,2% n.a.  

Table 10: Lighting fuels and costs – Suba District 

 

Kerosene, with 93.2% of usage is the main lighting fuel in the district. As lighting devices 

Safari lamps are used in 66.1% of the households, kerosene candles in 21.2% and the 

kerosene pressure lamp in 5.9% (see pictures below).  

 

            
Picture 1: Safari lamp        Picture 2: Kerosene candle       Picture 3: Kerosene pressure lamp 

                                                            
22 Due to the fact that households measure kerosene consumption rather in monetary value than in quantities weekly 
consumption is calculated from Kerosene costs/week and the average kerosene price in retail shops in Mbita during 
research period of 90KES/liter (see Figure 30) 
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Due to proximity to the equator, after a short twilight period, it’s regularly dark around 7 pm. 

Households light their lamps for 2 to 3 hours in the evening, up to 9 pm – 10 pm, and an 

additional hour in the morning from 5.30 am to 6.30 am23. For lighting households also use 

contemporary multiple devices and fuels.  

The kerosene consumptions of the lighting devices were measured at the University of 

Applied Life Sciences in Vienna. Therefore the kerosene lamps were lighted and positioned 

on a high precision weighing device. There exists a vast variety of different lamps of different 

sizes from different producers at the markets. These lamps can be operated at different 

levels with different settings. All together it influences the kerosene consumption 

considerable. To simplify the process common used lamps were tested at one or two levels. 

 

Lighting 
device and 

setting24 

Kerosene 
consumptio

n ml/hour 

Cost for 
kerosene/h

our in 
KES25 

Cost for 
lighting 
device26 

Maintenance 
and 

replacement 
KES/hour27 

Total cost 
for 
illumination/
hour 

       
Kerosene 
candle 7.7 0.7 KES 80 KES 0.1728 0.87 KES 

Safari lamp 
med  14.3 1.3 KES 700 KES 0.529 1.8 KES 

Safari lamp 
max 23.8 2.1 KES    

Kerosene 
pressure 
lamp med 

104.8 9.4 KES 1800 KES 1.430 10.8 KES 

Kerosene 
pressure 
lamp max 

292.7 26.3 KES    

Table 11: Kerosene consumption of different lighting devices – Laboratory measurement  

 
The results from kerosene consumption measurements are illustrated in Table 11. We can 

see that it differ substantially between lighting devices and settings. A small kerosene candle 

consumes 7.7 ml of kerosene per hour with a small flame respectively short wick. This 

setting was used because only with a short wick and therefore small flame fumes are 

tolerable in a closed environment. Direct costs for one hour of illumination are 0.7 KES. 
                                                            
23 For this study an average time of lighting of 3.5 hours was assumed  
24 Min setting is smallest flame; max setting is the maximum flame possible. Lighting devices are shown in Picture 1: Safari 
lamp, small size model. Picture 1 Kerosene candle small size model. Picture 1 Kerosene pressure lamp: Anchor.  
25 Kerosene costs of 90 KES/liter are assumed (see Figure 30) 
26 At Nairobi, September 2008 
27 Following Mills 2005 and own observation (Mills, 2005, p. 13) 
28 7 wicks at 20KES/year, lifespan kerosene candle 1 year.  
29 4 wicks at 20KES/year, 1 glass for 200KES/year, lifespan lamp 2 years. 
30 12 mantle at 25KES/year, 1 glass for 450KES/year, maintenance (nozzle, pump, chimney): 25KES/month, lifespan pressure 
lamp: 3 years 
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Kerosene candles are made of recycled cans and tins and cost between 80KES for the small 

model used and 150 KES for a bigger model. Their lifespan is approximately one year. In this 

period 7 wicks must be replaced on average, which brings the total cost for one hour of 

lighting with a kerosene candle to 0.87 KES. A Safari lamp consumes 14.3 ml of kerosene at 

a medium setting and 23.8 ml/hour with the highest tolerable flame. A household has to 

spend 1.3 KES respectively 2.1 KES on kerosene for one hour of lighting. The used model 

operates for two years and costs 700 KES; while replacement materials (wicks and glasses) 

costing 280 KES/a. This brings the total cost for one hour of lighting to 1.8 KES for the 

normally used medium setting. In kerosene consumption and costs, the kerosene pressure 

lamp exceeds the others widely. Even at medium setting it consumes 104.8 ml of kerosene 

per hour, which means that one liter of kerosene is sufficient for only 10 hours of lighting. 

One hour of lighting has direct costs of 9.4 KES. Even the investment of 1,800 KES for a 

pressure lamp goes beyond the possibility of a low income household. Replacement 

materials, mainly the mantle, and maintenance for nozzle, pump and chimney must be add to 

the fuel costs. A total cost of 10.8 KES for one hour of lighting emerge out of it. 

2.3.2.1 Illuminance, efficacy and efficiency of kerosene lighting devices 
 

To ascertain efficiency and efficacy of lighting devices and therefore energy use and cost is 

central to this chapter. As seen above the different lighting devices used in households have 

different kerosene consumption, therefore different cost/hour for illumination and different 

investment costs when bought at the markets. Just by observation a difference in output of 

light, or Illuminance, can be observed.  

Lighting devices illuminance 

To compare the illumination output of lighting devices illuminance was measured. 

Illuminance (E) is a measure of photometric flux per unit area, or visible flux density. The 

Illuminance is typically expressed in his SI unit “lux”. 

lux =  

It describes the visible flux density that illuminates a surface area and can therefore be 

utilized for reading, working, cooking etc. The lumen (SI unit “lm”) is the photometric 

equivalent of the watt. It is defined as the luminous flux (F) of light produced by a light source 

that emits one candela of luminous intensity over a solid angle of one steridian:  

1lumen = 1candela*steridian = 1lux*m2 
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Lumen is weighted to match the eye response of the “standard observer”. Yellowish-green 

light receives the greatest weight because it stimulates the eye more than blue or red light of 

equal radiometric power: 1 watt at 555 nm is equivalent to 683 lumens (see Figure 25). To 

put this into perspective: the human eye can detect a flux of about 10 photons per second at 

a wavelength of 555 nm; this corresponds to a radiant power of 3.58 x 10-18 W (or Js-1) 

(Ryer, 1997, p. 11).  

 
Figure 25: Standard observer sensitivity curve (CIE, 1931) 

 

Lighting devices luminous efficacy 

Luminous efficacy is a figure of merit of lighting devices which characterize their 

performance. It is calculated by dividing the luminous flux of visible light (measured in 

lumens) by the energy input (in Watt). It considers input energy that is lost as heat or leaves 

the source as something other than electromagnetic radiation and describes the efficacy of a 

source as a whole.  

Luminous efficacy =  

 

The overall luminous efficacy is a measure of the efficiency of the device, with the output 

adjusted to account for the spectral response curve of the standard observer; the theoretical 

maximum is 683lm/W. 
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Lighting devices efficiency 

The Lighting devices efficiency describes how efficient a lamp converts the energy input in 

illuminance.  

Lighting device efficiency =  

The overall luminous efficiency describes the fraction of the maximum possible luminous 

efficacy; 100% is 683lm/W. 

Cost of illumination  

To better compare different lighting devices and technologies the cost for illumination is 

expressed in the costs for one hour of illumination with a given lighting devices at a 

calculated illuminance of 1,000 Lux, or 1,000 hours with an illuminance of 1 Lux. 

Cost/1000 lux hours =  

 

Cost of light 

To evaluate different lighting devices efficacy costs of light are expressed for one hour of 

illumination with a given lighting device and a luminous flux of 1,000 lumens. 

Cost/1000 lumen hours =  

 

Illuminance measurement 

Kerosene lighting devices illuminance is measured horizontally at distances of 50cm, 75cm 

and 115cm from the flame respectively mantel in an completely obscured room. See scheme 

Figure 26).  

 

 

 

 

 

 

Figure 26: Schematic experimental design 

 

Lantern or 

candle 

50cm, 75cm, 115cm 
Luxmeter 

Sensor 
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2.3.2.2 Results and comparison 
 

Illuminance 

  
Figure 27: Illuminance measurements: kerosene candle, safari lamp, kerosene pressure lamp 

 

We can see the flux density at different distances of the three lighting devices in Figure 27. 

The kerosene candle has the smallest output – 4 lux at a distance of 50 cm from the flame - , 

followed by the safari lamp with the lowest setting of the wick – 5 lux at a distance of 50 cm 

from the flame. Both use the same technique: kerosene flows through a wick, where it is 

burned at the end. At a medium respectably maximum setting the safari lamp doubles and 

triples the illuminance. Nevertheless, both are not comparable with the flux density of a 

kerosene pressure lamp. It uses a different technique; the pressurized fuel is injected 

through a nozzle in an incandescent mantle. The illuminance reaches 440 lux at the medium 

setting at a distance of 50 cm from the mantel.  

According to the German Institute for Standardization (DIN 5035, DIN EN 12464 and DIN EN 

12665) it is recommended that illuminance in a household is between 50 lux in a sitting room 

and 300 lux in a working room like kitchen or office (DIN, 2009). 
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The similar trend in all the measurements is given by the inverse square law, which defines 

the relationship between the irradiance from a point source and distance. It states that the 

intensity per unit area varies in inverse proportion to the square of the distance:  

Inverse square law: E   

 

 
Illuminance 
in lux at 50 

cm 

Illuminance 
in lux -  

Indexed 

Kerosene 
consumption 

ml/hour 

Kerosene 
consumption 

- Indexed 

Efficiency 
Indexed 

      

Kerosene 
candle 

4 1 7.7 1 1 

Safari lamp 
med 

10 2.5 14.3 1.86 1.34 

Kerosene 
press. Lamp 

med 
440 110 104.8 13.6 8.1 

Table 12: Efficiency of lighting devices  

 

In Table 12 we see that the illuminance of the kerosene pressure lamp at a medium setting is 

110 times higher than the kerosene candle and 44 times higher than the safari lamp with the 

same setting. If we index the efficiency by comparing the indexed illuminance and the 

indexed kerosene consumption (output/input) we can see that the safari lamp has only a 

slightly higher efficiency than the candle. This is also a result of the same technology used to 

convert fuel into illumination.  

Lighting devices efficiency and efficacy  

Table 13 shows the differences in efficiency and efficacy of the examined lighting devices: 

The kerosene respectably energy consumption for one hour of lighting of a pressure lamp is 

13.6 times higher than kerosene candle and 7.3 times higher than a safari lamp. Total costs 

for one hour of lighting with a pressure lamp are 11 times higher than with a kerosene candle 

and 5.6 times higher than with the safari lamp. As seen above also illumination output of a 

pressure lamp is notably higher than from other devices. For a standardized comparison of 

costs and efficiency of kerosene lighting devices costs for 1000 lux hours are calculated. This 

allows us to finally compare the total cost respectively efficiency and efficacy and evaluate 

expenditure per lighting output.  

The kerosene candle is; due to the low efficacy, efficiency and the low luminous flux (lumen) 

the most inefficient and therefore the most expensive lighting device. Only 0.04% of 

consumed energy is converted into visible light, the rest radiates as heat. The safari lamp is 
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slightly more efficient in converting kerosene into visible light with an efficiency of 0.054% 

and a Lux/W value of 0.071. The kerosene candle and the safari lamp have the same overall 

luminous efficacy due the same technology used: 1 W of consumed energy is converted into 

0.3 lm of visible light. The kerosene pressure lamp has an overall luminous efficacy of 2lm/W 

and converts 0.32% of the used energy into visible light; lux/W value is 0.43. However, both 

kerosene candle and safari lamp are incomparably less efficient than the pressure lamp, 

although its high fuel consumption. For the same amount of illumination (1000 lux hours) 

costs of the kerosene candle are 8.9 times higher, and of the safari lamp 7.3 times higher, 

than of the pressure lamp. The kerosene pressure lamp also has the highest illuminance/fuel 

conversion (lux/w) due to the technology used which differ from the two other lighting devices 

due to the use of pressurized and vaporized fuel injected into the incandescent mantle. A 

household who use the pressure lamp has to spend 5.25 KES/1000 lumen hours for costs for 

light. Here the safari lamp is the most expensive with 42.86 KES/1000 lumen hours. The 

kerosene candle has a slightly lower value due to a lower total costs – overall luminous 

efficiency ratio.  

 

Table 13: Efficiency and efficacy of lighting devices  

 

Nevertheless, lighting costs with kerosene are generally remarkable higher than illumination 

with electricity from the grid. Cost for illumination with a 15W CFL is 17 times lower than the 

cheapest lighting device used in the district (see cost/1000 lumen hours). The kerosene 

candle and the safari lamp are 143 and 129 times more expensive, respectively. In addition, 

                                                            
31 LHV kerosene: 43.1 MJ/kg. Density kerosene: 0.82 kg/l or dm

3 
32 At a distance of 50cm from the bulb 
33 Total cost/kWh for households in Vienna/Austria is 17.68€cent/kWh: www.wienenergie.at, 20.05.2009, CFL: 
8.8€/10,000hours: www.kalimu.de, 30.05.2009. 1€=106KES on 15.05.2009. 

 
Total cost 
for 
lighting/h 
in KES 

Energy 
cons.31 
MJ/h 

Energy 
cons. 
kWh/h 

Lumen 

Overall 
luminous 
efficacy 
(lm/W) 

Overall 
luminous 
efficiency 

Lighting 
device 
efficiency 
Lux32/W 

Cost/1000 
lux hours in 
KES 

Cost/1000 
lumen 

hours in 
KES 

Kerosene 

candle 
0.87 0,27 0,075 22.5 0.3 0.04% 0.053 217.5 38.67 

Safari 

lamp med 
1.8 0,50 0,14 42 0.3 0.054% 0.071 180 42.86 

Kerosene 

press. 

lamp med 

10.08 3,70 1,03 2060 2 0.32% 0.43 24.5 5.25 

15 W 

CFL33 

in €cent 

0.353 € 

cent 
 0.015 1200 80 12% n.a. n.a. 0.3 
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the luminous efficiency of CFL is 40 and 266 times higher than kerosene lighting devices, 

respectively (see lm/W). Similar results were found by Mills, 2005. 

 

Households with low incomes in developing countries pay much more for the same amount 

of illumination then their neighbors with higher incomes and in comparison more than grid 

connected European households. Furthermore, the used lighting devices are harmful due to 

open fuel combustion. Exhaust fumes and soot are inhaled by household’s member. Open 

fires can cause the burnings or the inflammation of entire houses. Liquid fuels, stored in soft 

drinks bottles can be drunk by children and cause intoxication. The luminous flux of the most 

used lighting devices is far below recommended standards for household lighting. Insufficient 

illumination causes irreparable damages on eyesight. Kerosene pressure lamp produce a 

whistling noise which is interfering with concentration in a working room. 

 

2.3.3 Households expenditure for lighting in Suba District 
 

 
Figure 28: Lighting devices used in different income classes 

 

If we look at the distribution of the lighting devices within the income classes, we can see that 

the lower the weekly expenditure/income is, the higher the percentage of inefficient lighting 

devices are used. Households within the lowest expenditure classes use 28% and 40% of 

the kerosene candles and for 63% and 29.9% the safari lamps, respectively. Households in 
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the highest income class use for 60% a kerosene pressure lamp. In the category others low 

income households use mainly wax candles and torches while high income households use 

grid and solar (see Figure 28).  

At least one of the low efficient lighting devices can be found in almost every household in 

the district. Even those households using electricity from the grid or a SHS have it as a 

backup. The decision which lighting device is used depends even here on availability 

respectively accessibility to energy sources as well as price and therefore the households’ 

income. In this study households kerosene consumption is establish through the weekly 

expenditure for it. Averagely a household spends 125.1 KES for lighting with kerosene in a 

week, as shown in Figure 29, but data vary due to the different fuel consumption of the 

lighting devices. A more detailed evaluation is further needed.  

  
Figure 29: Kerosene cost per week distribution 

 

In a more detailed examination the data was divided into the specific lighting devices and 

their kerosene consumption (see Table 10). Households using the safari lamp spend 

averagely 121.8 KES on kerosene per week, kerosene candle user 94.1 KES. The 5.9% high 

cost kerosene pressure lamp users spend 307.5 KES for lighting per week. Their fuel 
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consumption is relatively high compared to the Safari lamp and Candle, although the light 

output is much higher. Pressure lamps are therefore used in few households with higher 

incomes or where its need to work in the evening, like restaurants, shops or teacher. Even 

though, the main application for Kerosene pressure lamps is the fishery sector as we will see 

in the following chapter. 

Kerosene prices and consumption in Suba District 

Kerosene is sold in small shops distributed in the whole District area and therefore 

unproblematic to obtain. Retail shops get their supply from fuel stations in Town centers or 

fuel trucks. In retail prices are slightly higher as shown in Figure 30. Like most commodities 

kerosene is also bought by households in rural areas in small quantities at higher prices, 

mainly in 0.33l or 0.5l bottles two to three times in a week.  

 
Figure 30: Kerosene prices – Suba District 

 

Kerosene prices follow international oil prices with a certain delay. During the research 

period they reached the highest point from August to October 2008 where 1 liter was sold at 

>100 KES. Another extraordinary period with extremely high kerosene prices was registered 

during the post election riots in January and February 2008. Due to the road blockages the 

provision to remote Districts collapsed completely. Prices rose to 200 KES/liter. Further this 

discontinuity was utilized in all trade sectors, from wholesalers and retailers, to keep the 

prices high. 
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From the weekly kerosene consumption we can approximate the district kerosene 

consumption for household lighting. Considering the distribution of lighting devices and costs, 

the kerosene consumed annually for household lighting amounts to 2,519,787 liters with a 

value of 226,964,870 KES (2,14 Mio.€). 

The combustion of kerosene, like the other fossil fuels, is also connected with emissions. The 

carbon content of kerosene is 19.6 kilograms carbon per gigajoule. The default CO2 emission 

factor for kerosene combustion is 71,900 kg CO2 per TJ kerosene combusted. During 

combustion the carbon and hydrogen of the fossil fuels are converted mainly into carbon 

dioxide (CO2) and water (H2O), releasing the chemical energy in the fuel as heat. However, 

some carbon is released as carbon monoxide (CO), methane (CH4) or non-methane volatile 

organic compounds (NMVOCs). CO2 emissions are independent of combustion technology 

whilst CH4, N2O, SO2 or NOx emissions are strongly dependent on the technology used. The 

combustion of kerosene through a wick is accompanied with intense fume emissions due to 

incomplete oxidation processes. The inefficient combustion technology therefore causes the 

emission of harmful gases to which a prolonged exposure can cause severe health 

damages. (IPPC, 2006, S. 21). Following these references, the annual CO2 emission from 

kerosene combustion for household lighting in Suba District is 6, 403 t. Further research to 

establish the harmful emissions due to the inefficient combustion technology is needed to 

evaluate the direct impact on health of household lighting.  

2.3.4 Energy expenditure - household income 
 

We have seen the high amounts of money that households spend for inefficient and harmful 

lighting and cooking fuels. Averagely households spend 62% of their energy expenditures for 

cooking fuels and the remaining 38% for lighting fuels. Households within the lowest 

expenditure/income classes are disadvantaged twice. They do not have the surplus to invest 

in a more efficient lighting device or cooking/lighting fuel and have therefore to spend 

relatively more money for the same energy service. Compared to their low incomes is the 

share of the weekly energy expenditure much high than for higher income households.  
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Figure 31: Household’s weekly total expenditure compared to weekly energy expenditure  

 

Figure 31 shows that the weekly energy expenditures in the three lower income classes are 

similar due to the similar lighting devices and cooking fuels used. Nevertheless middle 

income households already have the possibilities to use higher quality energy fuels and 

devices which are more efficient, for example charcoal and an oven instead of firewood. The 

5001+ expenditure/income class has double as high energy expenditures due to the 

consumption of higher quantity and quality of energy. The remarkable differences between 

the income/expenditure classes are the average weekly income and the share of energy 

expenditure from it. Very low income households (<1000KES) spend 44% of their weekly 

expenditures/income for energy: 16% for lighting, 28% for cooking, low income households 

(1001 – 2500) 17.25%: 6.2% for lighting, 10.8% for cooking, middle class households (2501 

– 5000) 11%: 4% for lighting, 7% for cooking and high income households 6.4%: 1.7% for 

lighting, 4.7% for cooking. The weekly consumed energy per household differs to a large 

extent depending on the cooking fuel and lighting device used. Households cooking with 

firewood use 19968 MJ/year, those with charcoal 2808 MJ/week. Lighting with a kerosene 

candle has energy consumption of 343.2 MJ/a, with a safari lamp 637 MJ/a, and with a 

kerosene pressure lamp 4713.8 MJ/a. A weighted average reveals yearly energy 
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consumption per household of 12,000 MJ or 3,333.3 kWh or 2510 kgOE. This means a per 

capita energy consumption of 358.6 kgOE/year34.  

2.3.5 Energy consumption in Fishery sector 
 

Besides in households is kerosene consumed in remarkably quantities in the fishery sector. 

Omena fishing, approximately half of the fishing activity in the district, is done by night with 

the use of kerosene pressure lamps. The lamps are fixed on wooden float and released into 

the waters. The emitted light is used to attract zooplankton which represents the basic diet of 

Omena (Rastrineobola argentea, family: Cyprinidae). The small fish, attracted by the 

immoderate food availability, is concentrated in swarms below the floating lamp and can 

easily be fished out by the fisher boat crew (see Picture 4).  

 
Picture 4: Omena fishing in Lake Victoria 

 

The kerosene pressure lamp fishing method is used in Lake Victoria since the 1970’s. 

Before, night fishing was done for a long period during full moon nights only. It grew 

substantially due the contemporary decrease of other endemic fish species as a result of the 

introduction of alien species like the Nile perch (Lates niloticus) and the Tilapia (Oreochromis 

niloticus). Omena is now the main protein supplier for local and regional low income 

                                                            
34 2005 the yearly average household energy consumption in Austria was 82,170 MJ or 22,825 kWh with a monetary value 
of 1,404 €. Household energy expenditure/income varies between 4% and 5.8%. Average yearly household gross income 
Austria 2005: 37,256 €. (Konsumerhebung 2004/05; EU‐SILC 2005: www.statistik.at and BMVIT: Berichte aus Energie und 
Umweltforschung 34/2007: http://www.nachhaltigwirtschaften.at/results.html/id5136).  
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households. The rising demand for Omena brought the total catch in Suba District to 46,300t 

in the year 2005. Contemporary the number of boats, nets and kerosene pressure lamps 

working on Lake Victoria every night has also increased. Actually, in the district 

approximately 2200 vessels - wooden made canoes - are used 21 days in a month for 

Omena fishing. 3 days before and 3 days after a full moon period are avoided due to the lack 

of complete darkness. The scattered light distracts the attention and therefore the 

concentration of zooplankton and Omena under the floating kerosene lamps. To increase the 

efficiency during fishing seasons every boat uses up to 5 floating kerosene pressure lamps 

which are harvested one after another for 10 hours per night, from 8 pm to 6 am. Omena 

fisher depends on the light, more exactly on the service that it provides, for fishing. Kerosene 

thereby represents the highest single cost for Omena fishing. A fishing crew spends 633 KES 

for kerosene/night. In total 11,000 kerosene lamps are used every fishing night in the district. 

Therefore the kerosene needed amounts to 16,500 liters/night, which are 4,158,000 liters/a 

for a total cost of 374,220,000 KES (3.53 Mio. €). The kerosene burned for night fishing 

produces 10,565.8t CO2/a. 

 

 

Figure 32: Turnover, cost and profit distribution for Omena fishing  

Fishing is, due to its attribute, a high risk business. Only experience and knowledge of the 

fishermen reduces the risks. Catch and therefore the turnover are difficult to predict. 

Independent of it costs for boat, equipment and crew arise. In Suba District costs, profit and 

risks are divided among the boat owner and the fishing crew. On an average night an Omena 



73 
 

fishing boat can get a catch of 200 kg – 250 kg, worth 4000 KES to 5000 KES, form which 

40% to 45% of costs must be subtracted. 35% of the costs are for kerosene. The profit is 

divided by the boat owner, who is not one of the fishermen, and the crew, hired young men 

from the village. The fishing crew receives 250 KES – 400 KES for 10 hours of working, 

which represents their daily household’s income respective of expenditure (See also Figure 

32).  

 

2.3.6  Total energy expenditures and GHG emissions through kerosene 
use in Suba District  

 

Kerosene represents the main lighting fuel in the district. Due to the fishing methods applied 

it plays also an important role in fishery. Kerosene represents a fossil fuel which is not CO2 

neutral, it also affects health, due to the inefficient combustion in lighting devices, it pollutes 

the lake waters due to spillover during fishing, it causes fires and intoxications in households 

and it must be imported to Kenya. The annual kerosene consumption in Suba District 

amounts to 6.68 Mio. l, which is worth 601 Mio.KES (5.67 Mio. €). The total CO2 emissions 

from kerosene consumption are 16,968.8 t CO2/a. 
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3 Chapter III 
 

Chapter three of this study introduces the OSRAM Energy Hub and the OSRAM lighting 

devices. The technology, operational model and OSRAM Lamps are represented as 

alternative energy services for lighting, mobile phone charging and drinking water treatment 

for the rural fishing communities. Main emphasis is to replace kerosene based lighting in 

households and fishing sector with efficient CFL powered by batteries charged with solar 

energy. 

3.1 OSRAM Energy Hubs   
 

An OSRAM Energy Hub, also called O - Hub, is a solar energy powered energy station (see 

Picture 5 and Picture 6). Solar energy is a renewable and inexhaustible energy source 

delivered for free from the sun. The total amount of energy reaching Earth every year from 

solar radiation exceeds the actual total global energy demand 10,000 times, but only a small 

amount of the 1.08*1018 kWh are used to cover direct human energy needs. The average 

solar radiation/m2, also known as solar constant, is app. 1,360W/m2. Due to absorption, 

reflection and scattering in the earth’s atmosphere it’s reduced to app. 1,000W/m2 for a 

surface perpendicular to the Sun's rays at sea level on a clear day. Hence, the amount of 

radiation that reaches the ground is extremely variable. In addition to the regular daily and 

yearly variation, due to the apparent motion of the sun, irregular variations are caused by the 

climatic conditions, as well as by the general composition of the atmosphere. The frequency 

distribution of the number of sunshine hours plays a major role in determining the amount of 

radiation that is received on the ground in a particular day, and hence, the performance of 

solar energy system (Rabah, 2005, p. 24). Therefore, the location plays an important role for 

the use of solar energy. The area around the equator is particularly indicated for a PV use 

due to the vertical angle on which sun rays hit the panels and the small variation in daytime 

length across the year. In Suba District the average of daily sunshine is 8.1 hours, ranging 

from a minimum of 6.8 hours daily in August to a maximum of 8.7 hours in February and 

March. The total daily solar insolation in the district is, on average, 6.69 kWh/m2. It ranges 

from 6.1 kWh/m2 in July to 7.22 kWh/m2 in March (Glowatzki, 2001). The solar energy is 

used to charge battery boxes, battery powered lanterns and mobile phones as well as to 

purify and sterilize water. An O - Hub is further a leasing, sales and service point for OSRAM 

products which are based on renewable energy technology, as well as a recycling place and 

collection point for end-of-life products. 
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Picture 5: O - Hub Mbita, Suba District (Own picture) 

 

The electrical energy for an O - Hub is provided by 48 Solar panels. 42 of them are 

Solarworld SW 220 panels with a performance of 220 Wp each. Their total performance of 

8.4 kWp is used to charge battery boxes and battery powered lanterns. Further six smaller 

panels deliver electrical energy for the mobile phone station and the water purification and 

sterilization plant (see Picture 6) described below.  

 

 
Picture 6: O - Hub Mbita, Suba District, back side (Own picture) 
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The design, infrastructure, technical equipment and operational model of the three OSRAM 

Energy Hubs in Suba District, located in Mbita, Sindo and Nyandiwa, are based on the model 

installation of Mbita. The reproduction of a standard installation allows taking advantage of 

economy of scale effects. Total costs and installation time can be lowered as well as quality 

standard and working procedures are replicated. According to the standard an O – Hub is 

equipped with: 

 A battery box and battery powered lantern charging station 

 A NOKIA mobile phone charging up station 

 A water purification and sterilization plant with rainwater harvesting and collection 
system 

 As well as the sales room, storage, and office  

 

3.2 O - Hub system and operational model 
 

The main source of energy is renewable solar energy. As a backup system, depending on 

the availability, a connection to the local power supply systems or a generator is added. The 

use of solar energy through PV systems is particularly indicated for rural areas without or 

with unreliable connection to the main grid. For a schematically design of an O – Hub see 

Figure 33.  

 
Figure 33: Schematically design of an O - Hub 
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3.2.1 O – Box and battery powered lanterns charging station 
 

The main technical component of an O – Hub is the battery charging station for O – Boxes 

and Lanterns. 14 STECA charge controller, each of them is connected to a string consisting 

of three parallel connected PV panels and can charge 112 batteries simultaneously. 

 

 
Picture 7: O – Hub Lantern and O – Boxes charging station 

 

The lighting energy solution provided through the O - Hub is the O-Box and the solar 

powered lantern. Both works with a solar energy charged battery and are distributed to the 

users throughout a leasing system. Charging fees are 75 KES for the O – Box and 50 KES 

for the Lantern. For the costumer this constitutes the total cost for lighting. Additional costs 

for maintenance and replacement materials are covered by the O – Hub operator. Both 

systems deliver a renewable, modern electrical energy for a low cost, without harmful 

exhaust fumes and noise and represent an affordable, efficient, secure, and alternative 

solution for households and public institutions lighting, business applications and night 

fishing.  

 

3.2.1.1 O BOX   
 

The OSRAM battery box contains a 12 Ah/12 V sealed maintenance-free lead acid gel 

accumulator. The battery is protected from deep discharging through an electronic control 

unit. By preventing deep discharge cycles the life span of the battery can be prolonged 
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remarkable. The unit also works as data collection device and incorporates the handshake 

technology that ensures the communication between charge controller and battery. This 

makes sure that batteries are charged only at the O-Hub under professional supervision. A 

control LED indicates the state of charge and warns the user when the battery is reaching a 

low charging level. A discharged battery needs to be charged for 3 hours before it can be 

leased again. The O-Box system offers several possibilities and areas of use which goes 

beyond lighting. The standard usage solution for the O-Box is in combination with the O – 

Lamp (see Picture 8). The O - Lamp a lightweight lampshade with a watertight case for the 

OSRAM DULUX® EL SOLAR 12 V DC VARIO CFL bulb. The bulb is dimmable and has two 

output levels, 6 W or 11 W, which corresponds to a lighting intensity of 30 W or 60 W of 

traditional incandescent bulb. The O – Box provides energy for lighting for 10 up to 18 hours 

depending on the setup. In this configuration the O – Box is operated for Omena night 

fishing, household lighting as well as lighting in small business like kiosks, restaurant, shops 

and schools and public offices. The O – Box is equipped with two plugs which offer the 

possibility to connect a second O - Lamp or other small devices like a mobile phone, Laptop, 

Radio or TV. 

 

 
Picture 8: O - Box with O – Lamp 
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3.2.1.2  OSRAM Lantern 
 

The OSRAM solar charged Lantern is designed mainly for the use in households and small 

shops. Its equipment with a 6Ah/12V DC, maintenance-free lead acid gel accumulator for the 

7 W CFL and offers to the user up to 8 hours of light. After an operating period the Lantern, 

like the O – Box, is brought back to O – Hub where it can be exchanged immediately with a 

charged one. This continuous utilization concept is possible due to the leasing and operation 

system in use.  

 

Picture 9: OSRAM Lantern 

 

3.2.2 Illuminance and efficiency of OSRAM lighting devices 
 

Figure 34 shows the illuminance of the OSRAM lighting devices35. At a distance of 50 cm the 

lantern attain a value of 100 lux while the O-Lamp measured 200 lux dimmed and 350 lux 

fully operated. Although the Lantern and the dimmed O – Lamp operate with 7W respectively 

6 W are the differences noticeable. The reason for the differences in illuminance although 

similar powered CFL is due to the designed for the different application fields. The O – Lamp 

is designed to be installed permanently in a shop/household and therefore to hang from the 

ceiling/roof or to be installed on a float for Omena fishing. The reflector concentrates the 

illumination flux on the underneath surface (i.e. living room, sales room or water). The O – 

lantern spread it luminous flux in all directions like the traditional lighting device safari lamp, 

although it is portable or utilized on a table.  

                                                            
35 For further explanation see Chapter II ‐ 2.3.2.1 
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Figure 34: Illuminance measurement: O – Lantern and O – Box with O – lamp 

 

The cost/hour, efficacy and efficiency of OSRAM lighting devices are summarized in Table 
14. One hour of lighting with an O – Box equipped with an O – Lamp fully operated costs 7.5 
KES, in the dimmed modus 4.2 KES. For lighting with an O – Lantern a household spend 
6.25 KES/hour.  

 

Total 
cost for 
lighting/

hour 

Energy 
consu
med: 
MJ/h 

Energy 
cons. 
Wh 

lm 
luminous 
efficacy 
(lm/W) 

Overall 
luminous 
efficiency 

Lux36/W 
Cost/1000 
lux hours 

in KES 

Cost/ 1000 
lm hours 
in KES 

O-Box 
with O- 
Lamp - 

full 

7.5 KES 0.039 11 600 54.5 8% 30.9 22.1 12.5 

O-Box 
with O- 
Lamp - 
dimmed 

4.2 KES 0.022 6 270 45 6.6% 33.3 21 15.5 

O - 
Lantern 

6.25 
KES 

0.025 7 310 44.3 6.5% 14.3 62.5 20.2 

Table 14: Cost and efficiency of OSRAM lighting devices 

 

The efficacy of CFL reaches high values due to the fluorescent technology. An electrical 

energy input of 11W can be converted into 600 lm with an efficacy of 54.5 lm/W. In the 

dimmed mode, the converting ratio is 45 lm/W. The O – Lantern reaches a value of 44.3 

lm/W. This brings the CFL to an overall efficiency of 8%, 6.6%, and 6.5% respectively. In the 

                                                            
36 At a distance of 50cm from the bulb 
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dimmed mode the O – Lantern reaches the highest lux/W ratio with 33.3 lux/W. Here the O – 

Lantern has lower values which consequently affect the cost/1000 lux hours. The most 

convenient way of lighting with O – Hub lighting devices is the use of a dimmed O – Lamp in 

conjunction with an O – Box.  

OSRAM lighting devices cause no exhaust fumes, noise nor heat during operation. The 

luminous flux produced corresponds with standards for an illumination to prevent 

deteriorating eyesight. Due to the leasing system no additional costs for lighting like 

maintenance or replacement of materials arise.  

 

3.2.3 O - Hub Leasing and operation system 
 

The operation concept worked out for the O – Hub is designed to solve the main problems in 

provision of energy and especially electricity through PV – systems in rural areas of 

developing countries. These are mainly high investment costs as well as high operation costs 

with contemporary low incomes but also quality deficiencies which cause unreliable energy 

supply. This is possible by a centralized high-quality PV – system which charge batteries 

under control of trained technicians. The charged batteries are further leased to fishermen, 

households, shop owners and schools. Subsequently they are used for lighting or fishing.  

High investment costs are the main limitation to access modern energy for low income 

households in Kenya (Glowatzki, 2001, p. 232).  

Through the leasing system the costumer saves the high buy in cost for a PV system and the 

further maintenance costs. The leasing system stipulates that costumers will be registered 

and provide a security deposit for the duration of the usage of the O – Box or Lantern which 

will be refunded afterwards. The leasing agreement covers a non limited use of the O – Box 

system or Lantern including the maintenance. The security deposit for an O – Box with lamp 

shade and CFL bulb amounts to 1,000 KES, for a Lantern 750 KES. The security deposit can 

be financed in cooperation with local micro finance institutions. They provide the security 

deposit for the costumer who, in turn, will repay the loan step by step. Even here the security 

deposit will be refunded completely once the costumer decides to withdraw from the use of 

the O – Box or Lantern and return it to the O – Hub. Through the leasing system the 

customer has the advantage to pay only for the service he or she really needs: this is lighting 

in the evening for cooking, eating, working, reading, extended business hours or just 

socialization and illumination for Omena fishing. An additional advantage for both costumer 

and the O – Hub operator is that the property from the O – Boxes and Lantern remains within 

the O – Hub. This means that whenever a discharged lighting system is returned to the O – 
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Hub it can immediately be replaced with a charged one because there is no exclusively claim 

on it from the user. The costumer always gets a fully charged and maintained product for the 

paid charging fees. The O – Hub operator has the guarantee that all the products will brought 

back for charging, maintenance and recycling37 at the end of life span. The limitation of 

charging the batteries only at the O – Hub allows technically controlling of the process, 

constantly monitoring the batteries conditions and covering investments and running costs.  

Besides the economic, ecological, social and health benefits for the users, the local 

economy, the local labor market, the O – Hub concept also promotes, the transfer of 

technology through the training of the local staff. This is realized during the construction and 

installation phase as well as in the operative phase. Construction materials and manpower 

are selected locally which supports the economy in the rural areas. Subsequently, the battery 

boxes are also assembled in Kenya. Only materials which are not produced or not available 

in Kenya are imported. The complete operative part of an O - Hub is organized by a local 

OSRAM partner who is supported by his local staff. The technical, as well as, the 

administrative staff are trained in the maintenance and operation of the solar energy powered 

energy stations.  

Cumulatively the O – Hub operational model allows minimizing the costs for the costumers 

and maximizing the benefits for the local community, economy, environment and O – Hub 

operator. 

 

3.2.4 Water purification and sterilization  
 

As seen above, the district needs a safe and reliable drinking water supply. In order to cover 

this lack the O – Hub is equipped with a solar powered water purification and sterilization 

plant. The RSD - 800 water plant from “Ourworld – Pure Water” filters the harvested 

rainwater mechanically and sterilize it further with UVC-light. Therefore, it can replace the 

use of chemicals which alters the taste of the water and must be imported.  

As illustrated below the harvested rainwater from the roof/PV panels is stored in 3 x 6000 l 

collecting tanks. A battery-operated pump press the water through a washable filter (filtration 

up to 100 µm), followed by an activated charcoal filter and a cellulose fine filter (Figure 36). 

                                                            
37 The actually in the district used batteries and dry cells for small electrical equipment like radio and torches are irregularly 
dumped on households waste deposit sites or end in the Lake Victoria. Car batteries where dismantled on site, the lead is 
used as ballast for fishing nets, the acid poured away and the plastic mantel dumped or burned.  
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Figure 35: O – Hub water purification and sterilization system 

 

Further the water is sterilized by a battery-operated OSRAM UVC LPF 11 lamp. It 

deactivates 99.99 % of E. coli bacteria and 99.9 % of Legionella bacteria. The sterilized 

water is stored into the drinking water-tank, where another battery-operated UVC-LPF 9 lamp 

prevents a growth of microorganisms throughout at a longer storage period. The supply with 

electrical energy is guaranteed by a 12V/30Ah battery, charged with 2 Solarworld SW50 PV 

panels. The mono crystalline silicon cells have a performance of 50 Wp. To regulate the 

charging process a "Steca Solsum" charge controller is installed.  

 

 

Figure 36: RSD - 800 water plant 
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water plant 

 

Rainwater harvesting 

 

3 antiseptic tanks for 

rainwater storage 

Water purification and 
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drinking water storage 

tank 

 
1 Steca Solsum Charge Controller  
2 OSRAM®LPF11 Sterilisator 
3 Storage tank in 
4 Storage tank OSRAM®LPS9  
5 Washable pre filters  
6 Manometer 
7 Storage tank out 
8. Pressure control valve 
9 UVC - Sensor 
10 Control unit 
11 Pressure control valve 
12 Battery12V, 30Ah 
13 Cellulose filter 
14 Activated charcoal filter 
15 Rainwater in 
16 Rainwater pump  
17 Valve 
18 Control unit UVC - Lamp 
19 Drinking water pump 
20 Rainwater pump  
21 Control Units pumps 
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The water plant has a capacity of 5 liter/minute. From the storage tank the water is pumped 

into the salesroom and further distributed to the customer. They collect the water with their 

own containers and at quantities they require to cover their need for drinking water. The 

purified and sterilized water is sold at 2 KES/liter.  

3.2.5 Mobile phone charging 
 

Communication via mobile phones has gained massive growth rates in Kenya and other 

African countries. The wireless communication is a reliable way to connect remote rural 

areas to the centers. Although electricity is needed to utilize mobile phones, remote rural 

areas are poorly endowed with access to the grid. The rural population covers this lack with 

mobile phone charging centers, where batteries are charged with small diesel generators. 

The use of imported fuels and the lack of alternatives make this service expensive and 

therefore communication for an already economically poorer rural population prohibitive. At 

the O – Hub a NOKIA mobile phone charging rack powered with solar energy is installed. It is 

connected to 4 Solarworld SW50 mono/ RB184 PV panels. The mono crystalline silicon cells 

have a performance of 50 Wp. They feed 2 12V/55A batteries which works as an energy 

buffer. This gives to the system a higher independence on sunshine and allows charging 

mobile phones batteries also in the evening hours or rainy days. Subsequently 48 mobile 

telephones can be charged simultaneously. The costs for mobile phone charging are 15 

KES. 

 

 
Picture 10: Nokia mobile phone charging rack 
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4 Chapter IV – Results and discussion 
 

Since September 2008 three OSRAM Energy Hubs are operating in Suba District (Mbita 

Town, Sindo Town and Nyandiwa Town) offering lighting energy service, mobile phone 

charging and UV – treated drinking water. Especially low income households of the local 

communities in Suba District have access to modern energy services through the O – Hubs. 

The importance of the concept is to offer reliable, renewable and clean energy in small 

portions at economically affordable prices, according to local consumption patterns. 

Additionally, the negative side effects of fossil fuel use such as high costs, smoke, noise, 

environmental pollution and low illumination quality are replaced by the positive impacts of 

decentralized solar energy use. This is also a first steps towards putting into action “Energy 

Leapfrogging”. 

Main goal of this study is to show how a rural community can benefit from an efficient, 

modern energy system. The improvements in people’s livelihoods and household’s 

development are shown in this chapter. Therefore information was obtained through energy 

cost and consumption data analysis as well as quantitative and qualitative interviews 

following a survey questionnaire and structured in – depth interviews. 

 

4.1 OSRAM Energy Hubs customer 
 

The introduction of an alternative, modern lighting energy service into a rural community 

represented new grounds for marketing and awareness creation. In specifics, solar powered 

lighting devices and the leasing system were a new technology and new energy using 

concepts where no previous experiences, from both sides: user and O – Hub operator, 

existed. Mobile phone charging at shops and the buying of drinking water is already 

established in Suba District. Nonetheless, leasing and charging of OSRAM lighting devices 

grew steadily the first three operating months of the O - Hubs until a critical mass of 

customers where reached. Especially in the fishing sector, where a wider ranging change in 

working methods and higher start up investments are accompanied with a switch to the new 

technology, customer reacted temporizing until opinion leaders personally commented on 

good experiences with the lighting system and conveyed their positive judgment. At this 

point, December/January, the diffusion of the new technology grew exponentially38 (see 

Figure 37). The offered energy services are accepted by the costumer and correspond to 

their already existing demand for lighting, mobile phone charging and clean drinking water. It 

                                                            
38 The development of the diffusion follows models described by Rogers Everett M. in: Diffusion of innovations. 
New York, Free Press: 2003. 
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does not create new needs and dependences but replaces the expensive and inefficient 

energy solutions available up to now. 

 
Figure 37: Development of leasing and charging  

 

Lighting energy service accounts for the majority of services utilized by the costumer (66%). 

Nevertheless, 33% of the customers make use of more than one service at the same time 

and combine their visit to the O – Hub for exchanging their used battery box with the 

charging of the mobile or buying of drinking water (see Figure 38).  

 

 
Figure 38: Service used by the O – Hub customer  

 

Figure 39 shows where the O-Hub lighting devices are operated. Even here a multiple use 

could be observed. 20% of the users combine fishing and household lighting or business and 

household lighting. This shows an additional advantage of the mobile lighting system which 

doubles the benefits for users. O – Lamps users are represented in similar percentages in 
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households and fishing sector. Whereby, households uses one lamp a fisherman 5 lamps. 

Therefore 5 times more lamps are in use in the fishery sector.  

 

 
Figure 39: O – Lamps operated by sectors  

 

As seen above, Omena fishing is connected to full moon periods. Therefore, seasonality 

plays an important role in O – Box charges for the fishing sector.  

 

Figure 40 reflects the fishing stop in full moon periods and the corresponding diminishing in 

charged battery boxes.  

                                                  

 
 
Figure 40: Seasonal variations in O – Box charges 
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4.2 Alternative energy use and motivation 
 

The use of solar power represents a widely carbon neutral energy source. In Europe, it is 

regarded to be additional to the traditional grid connection. Due to the high investment costs 

photovoltaic is subsidized and pursues climate protection goals and to a smaller extent the 

coverage of electricity demands. For the O-Hubs customer it is an alternative or additional 

energy source to cover lighting and mobile phone charging needs. Figure 41 shows the main 

reasons of Energy Hub customers in Suba District for using solar powered services: 48.3% 

of the customer’s main reason for using an O – Hub services is cost advantages. The actual 

supply of households with illumination/electricity is mainly through kerosene, diesel 

generators or dry cells, and it is therefore costly. High energy service costs are a burden for 

low income households. Up to 16% of weekly expenditures are for lighting fuel. Balancing 

their low budget by lowering expenditures are continues challenges for this households. 

Cutting the costs for energy services and at the same time raising the availability in the 

budget for other basic needs is an important step to improve their livelihood and foster 

development. The improvement of life quality due to a better illumination is the most 

important reason for 22.9% of customers. The commonly used kerosene lighting devices are 

far from offering a useful illumination as seen in chapter 2.3.2.2. A brighter illumination has a 

capacity of raising life quality, for instance easier working conditions in the evening and 

morning hours, better reading or comfortable socializing. Environmental protection is 

represented with 14.4%. It is the third most important issue for the customer and rated higher 

than health protection. Suba District’s households and economy are strongly connected to an 

intact environment. Cooking fuel, water, and food supply are intertwined closely with local 

available natural resources. To protect them, means to ensure a sustainable livelihood. On 

the other side a large discrepancy always exists39 between environmental consciousness 

and environmental protection behavior, as seen in the chapters above. Health protection is 

important for 9.3% and includes clean water as well as lightning without fumes and 

emissions. For 5.1% of the costumers the newness and modernity are the main reason for 

opting for a solar powered service.  

                                                            
39 For further reading: Andreas Diekmann und Peter Preisendörfer (2001): Umweltsoziologie. Rowohlt Verlag 
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Figure 41: Main reasons for using a solar powered service in Suba District 

 

4.2.1 Motivation for usage of O – Hub lighting devices 
 

OSRAM lighting devices user were asked to rank their three most relevant motivations for 

the use of O – Lamps: Lower costs for lighting were perceived to be most important. 

Especially in the producing sectors fishing and business are cost advantages decisive. 

Through the use of the O – Box with the O – Lamp lighting costs for Omena fishing can be 

reduced to a half every night. This raises the income and further expenditures of a 

fisherman’s household considerably.  

Households use OSRAM lighting device for 4.2 days and 3.8 hours per day in a mixture of 

fully operated and dimmed modus. Through the use of OSRAM lighting devices, households 

spend 4.7 KES for one hour of lighting or 125 KES/week. This corresponds to the average 

household’s expenditure for kerosene lighting per week. Costs for household lighting with 

kerosene or solar power are similar; the main differences are in illumination quality. In Table 

15 we see that the better and brighter light in households and for business resulted to be the 

second most important reason for usage followed by the savings for maintenance costs. 

Maintenance free, and easy to operate, products are an advantage for both household and 

productive sector users, because of costs and efforts saved. Environmental and health 

reasons are on 4th respectively 5th position. The quality of the product and the dangers 

resulting from the use of kerosene are to a lower degree important for user. It is visible that 
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the service that an OSRAM lighting device offers and the cost for it are fundamental to the 

user. Generally these results reflect and support the outcomes of Figure 41.  

Priority 1. 2. 3. Index Rank 
Lower cost for 
lighting/fishing 26 15 5 1,54 1 

Better, brighter 
light  22 10 6 1,58 2 

easy to use – no 
maintenance 14 15 5 1,74 3 

Less environmental 
pollution  7 4 4 1,80 4 

Less smoke than 
Kerosene  3 17 8 2,18 5 

High quality of the 
product 4 7 14 2,40 6 

Safer than 
Kerosene  3 2 16 2,62 7 

Table 15: Priority ranking for the use of OSRAM lighting devices 

 

4.3 Sustainable development through efficient energy use 
 

Energy is crucial for development; it is a precondition for it. Increases in modern energy 

consumption enhance sustainable development in low income countries households. 

Especially here every additional small amount of energy consumed enhances the HDI of 

households due to the elasticity in the correlation.  

  
Figure 42: HDI value and per capita energy consumption in Suba District (adapted from Reddy A.K., 2002) 
 

From Figure 42 we see that the Suba District is within this elastic region. Nevertheless, 

without accessibility and affordability, low income households are denied the benefit from the 

task that modern energy can perform to support their livelihood. Due to the absent or none 

Suba District: 
HDI: 0,479 
359 kgOE/capita 
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affordability of grid connections, rural areas are excluded from electricity consumption. 

Therefore, a decentralized independent energy provision in small and affordable portions is a 

viable solution. In addition, we can show that even with less but efficiently utilized modern 

energy, sustainable development is supported. 

 
Total cost/hour 

in KES 

Energy 
consumption 

kWh/h 

Efficiency 
Lux/W 

Cost/1000 lux 
hours in KES 

Kerosene 
candle 

0.87 0.075 0.053 217.5 

Safari lamp 1.8 0.14 0.071 180 

Kerosene press. 
lamp 

10.8 1.03 0.43 24.5 

O-Box with O- 
Lamp - full 

7.5 0.011 30.9 22.1 

O-Box with O- 
Lamp - dimmed 

4.2 0.006 33.3 21 

O - Lantern 6.25 0.007 14.3 62.5 

Table 16: Energy consumption and efficiency of lighting devices 

 

Table 16 shows a comparison of the analyzed lighting devices. The kerosene powered 

candle and lamps have not only a higher energy consumption compared to the solar energy 

charged electrical lamps and lantern but also a lower illumination efficiency. The kerosene 

pressure lamp consumes 93 times more energy/hour than the O-Lamp when operated. The 

O – Lantern consumes 10 times less energy than the inefficient kerosene candle. The 

differences in luminous flux per Watt energy input are similar. The kerosene powered safari 

lamp has a 469 times less efficient energy to visible light conversion than the dimmed O – 

Lamp. The efficiency is also visible in the weighted cost/1000 lux hours. The kerosene 

candle and the safari lamp are the most costly lighting device for the given amount of 

illumination, but they are also the most used in the district households. The pressure lamp 

and the O- Box system have comparable cost/1000 lux hours. Hence, the pressure lamp is 

the most expensive lighting device in total cost for one hour of lighting. 

Households in Suba district have weekly lightning costs of 94.1 KES for kerosene candle 

user and 121.8 KES for safari lamp user. The kerosene consumed is 1.05 l and1.35 l 

respectively, with an energy content of 10.2 kWh and 13.1 kWh. The total produced 

illuminance of the lighting devices is 540.6 lux hours respectively 930.1 lux hours. The 
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alternative OSRAM lighting devices have a weekly cost for the same operating time of 

183.75 KES for the fully operated O – Lamp, 102.1 KES for the dimmed O-Lamp and 153.1 

KES for the O – Lantern. Therefore they consume 0.27 kWh, 0.15 kWh and 0.17 kWh of 

electricity and produce 8343 lux hours, 4995 lux hours and 2431 lux hours out of it. 

Especially the differences in energy consumption and illuminance produced out of it 

emphasize the advantages of an alternative renewable energy lighting system. Direct costs 

for weekly lighting are comparable. Notably the O – Lamp operated with the O – Box in the 

dimmed modus has only slightly higher direct fuel costs than lightning with the kerosene 

candle but is cheaper than the safari lamp with an illuminance output that is 9 times 

respectively 5 times higher. Respectively, the energy consumed is 68 times and 87 times 

inferior. The benefits that results for a household from using a more efficient, less costly and 

less energy consuming lighting device influence positively their livelihood. It has impacts on 

economical, ecological, educational and health aspects which are the major elements of 

sustainable human development according to the Human development Index of the UNDP. 

We have found following benefits: 

 Less expense for lighting and therefore higher savings or higher expenditures for 

other basic households needs like food, clothes, school fees etc. 

 No exhaustions, fumes, open flames and toxic liquids in the household 

 Better and brighter light for reading, studying and working in the evening 

 Reduction of CO2 emission  

 

The Omena fishing sector depends on light for the successfully harvesting of the small 

cyprinids. Light attracts their fodder which in turn further attracts the fish. Up to now, 

fishermen’s need for a bright enough and transportable light was only possible to be 

achieved with kerosene pressure lamps. The total costs for the 5 pressure lamps used are 

758 KES/night, the kerosene, respectably energy consumed, are 7.5 liters or 73 kWh. The O 

– Box and O – Lamp offer the same service: a portable lighting device with a high 

illuminance. The costs for lighting with 5 O – Boxes and O – Lamp are 375 KES for a fishing 

night and can therefore be reduced to a half. The energy consumed is 0.55 kWh which is 132 

times less. The resulting surplus raises the income of a fisherman for 12% - 19.15%. The use 

of the alternative, less polluting and energy consuming, lighting device raises the income and 

further the living standards for fishermen households. Even here a direct connection to 

household’s development and poverty reduction exists. 
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Also relevant are the diminishing of CO2 emissions and pollution from kerosene spill over into 

the lake. Every year in the district, 10,565.8 t of CO2 are produced through night fishing and 

6,403 t of CO2 through kerosene lighting. 

4.4 Impact evaluation 
 

Households, business and the fishing sector in Suba District have access to an affordable, 

reliable and clean energy source. Figure 43 shows that after seven months of using O – Hub 

services, 91.5% of the costumers already perceive an impact on their livelihood out of it. 

Illuminations at lower costs and higher quality, less and clean energy use, fewer expenses 

for mobile phone charging and drinkable water have an impact on user’s livelihood, income 

and life quality. 

 
Figure 43: Impact of modern energy use 

 

In Figure 44 we can see in which area changes are perceived. Economical improvements 

regarding expenses for energy services and a higher income due to the use of O – Lamps in 

the fishing sector are the two most ascertained impacts of O – Hub service by users. Savings 

and cost advantages are immediately perceptible from the first use of an O – Hub service. 

Direct cost effects are also the easiest impact to evaluate for the costumers. An improvement 

in life quality is the third most important perceived impact. Due to its individuality, it 

comprises a vast range of variables. Nevertheless, households perceive this positive change 

in their livelihood as one of the most important. The better illumination allows or improves 

studying or reading in the evening for 23% of the customer. Improvements in health are 

perceived from 22.2% of the customer. This is due to reduced harmful emission but also due 

to safe drinking water. A quantitative analysis of the benefits for household member’s health 
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can be established only in a long term evaluation. Finally in no cases of negative impacts 

were recorded.  

 
Figure 44: Impact of modern energy services in Suba District 

 

4.5 Qualitative Interviews  
 
For a deeper understanding of impacts on a household through the use of an alternative and 

more efficient energy source, eight qualitative in-depth, semi structured interviews were 

made: six out of them with fishermen/boat owners, one with a shop owner and one with a 

household user. For the interviews 13 areas were defined which plays an important part for 

the livelihood of a household in Suba District: 

 

1. Income and savings 2. Property 
3. House - Household facilities 4. Energy provision of the household 
5. Water provision 6. Food/diet 
7. Transport system 8. Clothes 
9. Information 10. Education 
11. Health service 12. Social position of wife 
13. Social position of husband  

 

In the Interviews with all the household members’, changes in the 13 areas since using the O 

– Hub services, the actual situation and plans for the future were inquired about. A minimum 

usage of three months was prerequisite. The results of the interviews are summarized below. 
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4.5.1 Income and savings 
 

As seen above, less expenditure for lighting, savings on energy cost and a higher income are 

the most perceived benefits from the usage of O – Hub services. The cost/efficiency analysis 

has also shown that lighting with the efficient use of solar charged batteries and CFL brings 

quantitative and qualitative advantages for households, shop owner and the fishing sector. 

During the in-depth interviews, previous identified results were supported. In specific, the 

value was perceivable when the O – Lamps were employed in a productive sector like fishing 

or various business activities.  

Interview Topic 

Before using 
OSRAM 
lighting 
devices 

 

Actual 
situation 

March 2009 

Future plans and 
improvements 
July - August 

2009 

Mr. Maende Elli 
Ochieng and Mrs. 
Junis Achieng 
Maende;3 Children 
(2 Boys and 1 
Girl); Home area: 
Chirio Beach – 
Mbita; Boatowner. 
People living in the 
household: 7 

Income - daily 
profit 

200KES – 300 
KES 

700 – 750 KES 
1400 – 1500 KES due 

to a second boat 

Savings 
 

0 
100KES daily – 

bank account CBK 
Up to 600 – 800 KES 

Main income use 
Household, school 

fees, 
Household, school 

fees, saving 

Household, school 
fees, saving and 

investments 

Mr. Dan Otieno 
(1970) and Mrs. 
Jane Atieno; 6 
children. Madar 
(fisherman) using 
the OSRAM 
system since 
August 2008, 
Nyangina 
Beach/Mbita 

Income - daily 
profit 

200 – 300 KES 700 KES 900 – 1000 KES 

Savings 0 0 n.a. 

Income 
distribution 

School fees, 
House rent, food 

School fees, 
House rent, food, 

no savings, no 
bank account 

Own Boat, save 
money for the loan for 

the investment 

Mrs. Margareth 
Atieno Oswaga, 
Shopowner at 
Nyachebe  
Beach/Mbita; 

Income - daily 
profit 

 

No comment, 
business open until 

6pm 

+ 5%, business 
open until 9pm, 

bright light attracts 
costumer 

Should remain the 
same 

Savings  
n.a. 

 
Income 

distribution 
Mr. William Owigo 
and Mrs. Evelyn 
Auma use the 
OSRAM System in 
their house for 
lighting since 
October 2008. Mr. 
Owigo works for an 
NGO at ICIPE. 
Mrs. Auma has a 
small shop. They 
have 2 children (1 
boy, 1 girl) 

Income - daily 
profit 

8000 – 10000 
KES/ month 

No changes No changes 

Savings  

Now the household 
save 

100KES/month 
due to lower cost 

for lighting 

same 

Income 
distribution 

Rent for the house: 
1500KES/month 

School fees, food, 
clothes 

Same.  

Table 17: Changes in income and saving 
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In Table 17 we see how the use of O – Hub lighting devices has an impact on income, profit 

and saving of users. Especially in the fishing sector, income could be doubled due the lower 

cost for lighting service, absence of maintenance costs and a reliable all-weather lighting 

device. The higher income is the base for further improvements in other areas and also the 

source for savings and investments. Only through a surplus in income households can save 

and further invest money. Savings are used to improve the quality of housing, food, 

education, medicine or invested into business activities, for example an additional boat. This 

can be evaluated clearly as a positive development. For shop owners and household users 

changes in income and profit also present but consequently lower. The shop owner has 

prolonged the opening times and noticed that a brighter light attracts more customers. 

Altogether her income rose 5%. For the household user the monthly saving in lighting costs 

are 100KES. More important here is the gain in lighting quality and furthermore life quality.  

4.5.2 Property 
 
Low income household’s live in rented houses; fishermen do not own their own boat but work 

for the boat owner. Those households have as a goal to save and invest in own property or 

business. Mrs. Karen Moses has plans to open a cloth shop. This should allow her to realize 

her own income, to be more independent from her husband and to invest more in their 

children future. Another important effect is the possibility to invest in livestock breeding (i.e. 

chicken, goats and cows) which enriches the diet and diversify the income. Boat owners who 

realize higher profits in fishing sector plan to extend their business with a second boat.  

4.5.3 House – Household facilities  
 
Houses in Suba District are poorly endowed with facilities. The majority is made of mud, 

have a single room and, do not have sanitation facilities or water - electricity access. It is 

therefore a priority for a household to improve the quality of housing. Mr. Dan Otondo and 

Mrs. Jane Atieno have moved from a mud made rented house to a brick made, tin roof 

house. House owners improve their housing step by step i.e. by building a latrine like Mr. 

Maende Elli Ochieng. 

4.5.4 Energy provision of the household 
 
Energy for cooking and lighting are central energy consumption for a household. As seen 

above, low income households spend a high percentage of their weekly income for an 

inefficient use of small quantities of energy. A woman’s time and effort spent on cooking with 

firewood is intensive. Mrs. Junis Achieng Maende uses more charcoal since her household’s 

income allows it. Mrs. Risanael Odegi plans to switch to charcoal. Circumstances are similar 

for lighting. As soon as the income allows for it, households change to a more efficient 
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lighting source. For the interviewed households it is a change to OSRAM lighting devices 

which are used simultaneously for business and lighting. Once advantage of the modern 

lighting system is taken, a step back to traditional lighting is not considered.  

4.5.5 Water provision 
 
Most of the interviewed households used chlorine purified drinking water from Lake Victoria 

and seems to be comfortable with it. Future plans therefore involve the improvement of 

storage capacity through a larger tank (Mr. Dan Otieno) or to add the harvesting of rainwater 

(Mr. Maende Elli Ochieng and Mrs. Margareth Atieno Oswaga).  

4.5.6 Food and Diet  
 
Food poverty affects 47.2% of rural households in the District (MoSPND, 2008, p. 16). From 

the interviews arise that food and diet quality are also concerning problems. The diet is not 

balanced and consists mainly of the cheapest available staple food: ugali (maize) and 

Omena (dried fish) eaten once or twice a day. Here a higher income has an immediate 

impact.  

Interview Topic 
Previous 
Situation 

Actual situation 
March 2009 

Future plans and 
improvements 
July - August 2009 

Mrs. Junis 
Achieng Maende 

Food, Diet 
Mainly Omena 
and Ugali 

Samaki (Whole fish like 
Tilapia), Eggs, 
Vegetables, sometimes 
meat 

Should remain the 
same 

Mrs. Jane Atieno Food, Diet 
Omena and 
Ugali 

Backing flour, 
sometimes meat and 
chicken 

Add milk to diet 

Mrs. Helida 
Akoth 

Food, Diet 
Omena, Ugali, 
Porridge 

Tilapia, Rice, 
sometimes meat 

same 

Mrs. Karen Mose Food, Diet 
Tilapia, Ugali, 
Omena 

Same food but better 
quality and higher 
quantity 

More alternation, 
sometimes meat 

Mrs. Jessica 
Atieno Ogueno 

Food, Diet Omena, Ugali 
Fish (tilapia) and beans 
as an additional food, 
no meat 

same 

Table 18: Changes in Food and diet 

In Table 18 we can see how the diet of the households has changed immediately due to the 

higher income in quantity, as well as, in quality. A variation in diet is clearly a positive change 

in life quality which will also have an impact on health.  

4.5.7 Transport system 
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Roads in Suba District are poorly developed. Public transport means are consequently more 

expensive and inefficient than in other areas. Walking is therefore the main option to move to 

other areas. Higher income households possess a bicycle, lower income households plan to 

acquire one to cover longer distances in less time. Although, a motorbike seems to be the 

most wanted means of transport are investments for both far behind the incomes and so they 

still rely on walking for shorter distances and costly public means for longer distances. This is 

a strong restriction to the mobility of the household members.  

4.5.8 Clothes 
 
The interviewed households in Suba District rarely bought new made clothes but rather relied 

on second hand clothes collected in Europe and USA, called Matumbo. Particularly for 

women, the availability of a higher income was used to buy higher quality clothes and shoes 

the so called “readymade”. Mrs. Junis Achieng Maende changed completely from second 

hand clothes to low cost “readymade”, Mrs. Helida Akoth add some “readymade” to their 

second hand purchases. Mrs. Jessica Atieno Ogueno goes to the market three times in a 

month to buy new clothes for her, the husband and the 5 children.  

4.5.9 Information and communication 
 
Every interviewed household has at least one mobile phone for communication and 

exchange of information. Additionally, a radio and occasionally newspaper are used to obtain 

information. Some households have already improved this area: Mrs. Junis Achieng Maende 

and Mrs. Helida Akoth possess their own mobile phones now; also Mr. Victor Ogueno has 

bought his first one. The major goal for every household is to have a television in the future.  

4.5.10  Education  
 
The education children obtain to a large extend helps determine their future. The Kenyan 

free primary school program enhanced the enrollment rate substantially but lowered the 

teaching quality through overcrowded classes. As an alternative in Suba District private 

schools are also well attended from children whose parents can pay the fee. A further step 

into the secondary school is also easier for private school pupils. As seen above, school fees 

are an important expenditure for households. The higher income allows Mr. Dan Otieno and 

Mrs. Jane Atieno now to send two out of their four school attending children into a private 

school, the remaining are planned to follow the next term. Mr. Potas Aboi Obong and Mrs. 

Helida Akoth moved also one of her 3 children from a public to a private school. Others 

whose children already attend a private school have fewer problems to pay the fees through 

the higher income. 
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4.5.11 Health and medical assistance  
 
The main health problems that affect the interviewed households are malaria, asthma and 

typhus. A child of Mrs. Karen Moses experienced intoxication due to kerosene ingestion. 

Mrs. Risanael Odegi children had eye problems due to smoke from firewood and kerosene 

candle. The same problem was registered by Mrs. Jessica Atieno Ogueno and Mrs. Helida 

Akoth but explicitly because of lighting with kerosene. Eye problems were treated with 

Cosmocycline or Tetracycline eye ointment. After starting the use of kerosene-free lighting 

devices problems diminished considerably. Mrs. Jessica Atieno Ogueno observed also better 

health due to better food. The reduction of malaria should be obtained through the use of 

mosquito net from every household member.  

4.5.12 Social position of wife 
 
Women are categorically disadvantaged in Suba District’s society. The use of a different 

lighting energy source has not brought particular changes with it. The interviewed women 

experienced improvements in their life quality and in their households, up to now this did not 

permeate further in to the society. Although women have plans to open their own small 

business, this enhance their prestige and the own income makes them more independent 

(Mrs. Karen Moses).  

4.5.13 Social position of husband 
 
A higher income or a successful business or fishing activity raises the prestige and the social 

position of men. Through his pioneering role and his expertise in the use of O – Lamps for 

fishing Mr. Omuanda is a boat owner highly in demand. Mr. Dan Otieno experienced higher 

social prestige due to new housing and the higher standard of life. Mr. Potas Aboi Obong 

moved from a BMU member into the BMU managing committee. 

4.5.14 Overall evaluation of interview partners 
 
Mr. Maende Elli Ochieng and Mrs. Junis Achieng Maende experienced: “A slight 

improvement in the quality of life after using the OSRAM System for fishing and household 

lighting”. Mr. Potas Aboi Obong and Mrs. Helida Akoth evaluated: “Biggest change is in daily 

life, because of the improvements. Income shortage between the fishing seasons now are 

easier to overcome due to the possibility of savings. Now we don’t have to renounce to basic 

needs between seasons. I always have a good catch”. Mrs. Margareth Atieno 

Oswaga:”Higher income will be used for children school fees. Due the fact that Kerosene is 

no longer used in the household and kiosk indoor air pollution has reduced noticeable”. Mrs. 

Jessica Atieno Ogueno is the first wife of Victor Ogueno:”Major improvements are the higher 
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income which makes life easier, now we can buy more things if we like. Additional comments 

from Shelda Akini (second wife of Victor Ogueno):”Now we have a secure income even if the 

weather conditions are not favorable for Omena fishing (for ex. heavy wind). Now I get more 

money from my husband to buy food, sometimes even meat and good meals”. Mrs. Karen 

Moses commented:”Due to more and better food I observed that other women looked at me 

and gave me the compliment that I increased weight”. Her husband added nets and floats for 

Omena fishing to his boat. Due to larger nets and more floats he has a larger catch. Mr. 

Omuanda Sheth explained: ”At the beginning other boat owner thought I will not succeed, but 

after they saw my catch they highly respected me. With the OSRAM system my crew has 

less work (maintenance etc) therefore fishing is easier and the crew more motivated. Also 

the crew has a higher income now. Some of them know how to use the money some not, but 

the higher income improves their life. OSRAM is for responsible crews only, because of the 

higher financial risk”. Mr. William Owigo and Mrs. Evelyn Auma observed that: “Quality of life 

has improved”. Mrs. Auma:” I can do homework and whatever I want in the evening. This 

gives me the possibility to better divide my daily work in the household and to better combine 

it with my work at the shop”. Mr. Owigo explained: “Now I can forget about kerosene and I 

have a light bright enough to do indoors work and reading in the morning and evening. Even 

my child who goes to school now has the possibility to read in the evening”. 

 

4.6 Communication 
 

Exchange of thoughts, ideas, messages and information is a basic human need and 

fundamental for the organization of a society. The telephone has facilitated this process by 

helping us to overcome long distances in a moment. The flow of information accelerated and 

grew enormously through the telephone and internet. The abandonment of the fixed 

telephone network created even bigger independence. The mobile communication allows 

covering vast areas without the construction and maintenance of an extended line network. It 

is therefore indicated for rural areas in developing countries without any telephone 

connection to the centers by leapfrogging the fixed line. However, the independence from the 

line was replaced by the dependence on power supply for the mobile phones. This 

represents a problem in rural areas of developing countries where a grid connection is 

exceptional or unreliable. The gap was filled by small diesel generators which represents the 

power supply for mobile phones charging shops. The fossil fuels used in Kenya are imported 

at world market prices. The high costs are passed to the end consumers which are the 

mobile phone owner. 
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The use of a photovoltaic system for charging mobile phones batteries is an alternative. It 

reduces the costs as well as the dependence from imported fuel. Additionally the constant 

power flow used for charging the batteries enhances their life span. Mobile phone charging is 

offered at 15 KES which is 5 KES less than the local charging kiosks. Since households in 

the district have at least two mobile phones savings per week are 10 KES.  

 

4.7 Water 
 

Clean, sterile drinking water is indispensable for a healthy life. The fatalities as a 

consequence of consumption of polluted and contaminated water in the Suba District are 

proof of it. The drinking water supply becomes a serious problem mainly during the dry 

seasons although enormous quantities of water from Lake Victoria are available. The 

consumption is restricted due to the bacterial contamination and lack of infrastructure for 

water transport. Although drinking water can be treated chemically at a relatively low cost not 

everybody has access to it or dislikes the consumption of chemicals. Photovoltaic technology 

can contribute to diminish the precarious situation by providing unhesitatingly drinkable water 

filtered and further sterilized with UVC light. Although the costs for UV treated water exceeds 

the average expenditures for one liter of drinking water by two to seven times, and in the 

case of self transported and chlorine purified water 80 times, are the health benefits of safe 

drinking water recognized. 21.2% of O – Hubs customer acquires UV treated drinking water.  

 

 
Figure 45: UV treated water customer and their income source 
Figure 45 shows that the majority of UV treated water consumers are within the higher 

income class: paid employments which are resident in Town centers. Business operators, 
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mainly restaurants, use UV – treated water for their guests and therefore consume the 

highest quantities. Fishing households are the smallest fraction of UV treated water 

consumers due to the proximity to the lake and their small incomes. The main motivations for 

buying the safest but most expensive drinking water are health reasons40 (see Table 19).  

 

Motivation Index Rank 

Health reasons - safety, 1.3 1 
High quality - taste 1.6 2 
Better price 1.66 3 

Table 19: Ranked motivations for consuming UV treated drinking water 

 

Almost everybody in the district has experienced health problems due to contaminated 

drinking water. Nevertheless, due to inevitability and lack of alternatives it is regarded to be 

part of daily life which reduces sensibility for the topic. The second most important motivation 

is the quality, respective of taste, of the water. The filtering process eliminates also the bad 

taste of the contaminated rain/lake water and the UV – treatment is not adding chemicals like 

chlorine. The better price motivation is related to those households consuming bottled water 

or boiled water. A bandwagon effect, where products are consumed because others do it, 

was not observed. 

                                                            
40 Costumers were asked to rank the most important and second most important motivation for buying water at the O ‐ 
Hub 
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5 Conclusion and Recommendations  
 

In an UNDP study researchers came to the conclusion that “at the household scale, modern 

energy services directly contribute to economic growth and poverty reduction” (Modi, 

McDade, Lallement, & Saghir, 2006, p. 21). The same conclusion is valid for this study with 

the important addition that the amount of energy used has not to increase but diminish 

through raising the efficiency. 

Use of modern energy has proved to be crucial for development in the rural areas of Suba 

District in Kenya. Especially in the productivity sector (fishing and business), a direct and 

immediate effect on the household’s life quality could be observed. Here lighting plays an 

important role in income generating. Lowering the costs and simultaneously raising the 

quality of illumination has a positive impact on household’s livelihood. The higher incomes 

are converted into savings and investments to raise productivity, higher quality and quantities 

of food as well as better education for children. Finally the vicious energy-poverty circle could 

be turned into a virtuous energy-development circle. Due to this fact, further areas should be 

evaluated where illumination and lighting with kerosene plays an important cost or/and 

income factor and equipped with solar powered lighting systems. 

The demand for modern energy services has already reached remote rural areas. It is the 

inaccessibility, due to high costs and inadequate provision that hinders household to benefit 

from it. Low income households are forced to use expensive, low efficient, dangerous and 

polluting energy services. As soon as an alternative supply at acceptable costs is available 

households, small businesses and fishery make us of them. These users are not interested 

in the energy source itself but in the service and tasks that it provides. Households, shop 

owners and fishermen need light, either kerosene or battery. Consequently, energy needs 

where not created through the introduction of an alternative energy source but existing needs 

for lighting, communication and water supply are covered more efficiently. In rural areas 

modern energy services at low cost diminish the burden for households to cover energy 

needs and give them the possibility to benefit from an efficient energy use and to catch up 

with centers.  

For household lighting users, OSRAM Energy Hub services bring a substantially rise in 

lighting quality through better illumination and lower expenditures per illuminance unit. 

Additionally, harmful exhaust fumes, poisoning fuels and open fire danger are removed from 

households. Although quantifications of effects, like better illumination for studying and 

working in the evening, or the absence of harmful fumes in a household requires a long term 

evaluation, qualitative short term benefits are already perceived by household members.  
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Through the use of renewable solar power battery charging costs for mobile phones could be 

lowered by 25% which cuts the cost for communication. The same energy source is used to 

purify drinking water which is harmless to consume. The use of solar power replaces the use 

of fossil fuels. This eliminates not only the environmental damages caused by them but also 

the dependency from an imported fuel. Through the decentralized energy production 

additional benefits arise through job opportunities in agriculture and fishing dominated area.  
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