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Preface 
 
The research on “Sustainable implementation of wind pump projects in TASAF supported villages, 
policy guidelines for the Tanzania Social Action Fund”, started late 2002 when we left for Tanzania to 
work with the Tanzania Social Action Fund (TASAF). The original research assignment concerned 
energy solving technologies in peri-urban and rural environments. After a few weeks, however, the 
assignment was changed to concentrate on water pumping by means of windmills. 
 
In the course of our fieldwork we travelled extensively in Tanzania and became indebted to a great 
number of people. A few of these we want to mention separately. Mr. Kamagenge, our supervisor in 
Tanzania who is one of the most hard working people we know and who always gave us advise about 
everything. Mr. Hadji “Shumacher”, the best driver we know and who drove us around the country. 
All of those who assisted, however, receive our gratitude we thank them for their efforts. 
 
Back in the Netherlands rounding up our fieldwork, for a variety of reasons, took longer than we 
expected. We thank our supervisors for their involvement in our research. Especially Mr. Paul Lapperre 
We appreciated very much the way he supervised us under the circumstances. Last but not least we are 
grateful to our parents and near friends who supported us the whole way.  
 
 
 
 
 
Eindhoven, August 2004 
 
Matsen Jorritsma 
Koen van Noorden 
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Executive summary 
 
The Tanzania Social Action Fund (TASAF) is a funding facility which has been established by the 
Government of the United Republic of Tanzania with assistance of the World Bank. The main 
objective of TASAF is to increase and enhance the capacity of communities and stakeholders to 
prioritise, implement and manage sustainable development initiatives and, in the process, improve 
socio-economic services and opportunities.  
 
One area of TASAF support is water supply projects in communities. For these projects, different water 
sources can be used: water can be pumped, among others, from wells, hand dug or shallow, or from 
boreholes. At the moment the water in TASAF projects is being pumped, in case of shallow wells and 
boreholes, with hand pumps, electrical pumps or diesel engines. Another option to pump water is with 
the use of wind energy. 
 
TASAF is interested in the possibilities of using wind pumps in their projects, because wind pumps can 
save time and fuel costs. With hand pumps, people sometimes have to queue for a long time, electrical 
pumps can only be used when electricity is available, with diesel pumps people have to pay relatively 
high operation costs. The technical staff for the supervision of the projects lacks information about the 
possibilities of using wind pumps and they could use some guidelines on how and when to use wind 
pumps. This research aims at providing this wind pump related information. 
 
Aim of the research and research questions 
The aim was to define, for TASAF, the major policy guidelines for sustainable implementation of 
water pumping with wind energy in rural Tanzania. The major research question was formulated as 
“what are the pre-conditions for using wind mills for sustainable water pumping in rural Tanzania for 
TASAF and how can these be translated into major policy guidelines?” From this question three sub-
research questions were derived:  
• What is the setting in Tanzania for wind pumps? 
• What are the preconditions for wind pumps for sustainable TASAF water projects? 
• What are the major policy guidelines for implementation of wind pump projects in TASAF-

supported villages? 
 
What is the setting in Tanzania for wind pumps? 
The first sub-research question was answered by an analysis of the state of technology of wind pumps, 
by an analysis of the state of the art of the network of wind pumps in Tanzania and by an analysis of 
the organisation which will probably implement wind pump projects: TASAF. 
 
It appeared from the state of technology that there is a possibility of applications of wind pumps, 
compared to other options, are when mean annual wind speeds are higher than 2.5 m/s, when the depth 
of the groundwater is not exceeding 300 meters and when the desired quantity of water is between 100 
and 800 m4 (possibly until 2000m4, depending on rotor size and wind speed). For Tanzania first or 
second generation wind pumps with piston pumps are the best options. Recommended for Tanzania are 
wind pumps from Tozzi & Bardi, because they are the most installed wind pumps in the last two 
decades. The total costs for installing an operational wind pump of Tozzi & Bardi appeared to be 
around US$ 7500. In Tanzania, at least 151 functioning wind pumps do exist. Most of them are Tozzi 
& Bardi. From the analysis of the state of the art, it appeared that the network of wind pumps in 
Tanzania is not yet stabilised. Due to a lack of frequent interactions between actors, linkages are still 
weak and little knowledge is exchanged.  
The network, nevertheless, is expected to become more coherent in the future. In the present situation, 
however, the suppliers and maintainers are still the most important actor groups. These two groups are 
essential for the functioning of windpump projects with a central role in the network for CPPS. 
 
What are the preconditions for wind pumps for sustainable TASAF water projects? 
The second sub-research question is answered by a research approach which is a combination of: 
• requirements for sustainable TASAF wind pump projects, based on requirements for other TASAF 

projects, together with requirements for sustainability (derived from field studies and literature); 
• conditions in Tanzania, based on the capabilities of the technology, the network of wind pumps in 

Tanzania, the population (socio-economic capabilities) and the environment. 
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This combination leads to preconditions for the implementation of sustainable TASAF wind pump 
projects. Preconditions are formulated around:  
• aspects that determine sustainability  

• technical  
• physical condition  

• institutional  
• operation and maintenance 
• financial management 

• social 
• consumer satisfaction 
• willingness to sustain the system 

• aspects that are required by TASAF 
 
The preconditions are the basis for the major policy guidelines. 
 
What are the major policy guidelines for implementation of wind pump projects in TASAF-
supported villages? 
To answer the third sub-research question, major policy guidelines are formulated which can be seen as 
how TASAF projects should act to meet the preconditions. If necessary, information from the 
requirements and capabilities is added. Guidelines for the different programme components are 
summarised as follows: 
• Water supply facilities 

• When a community considers a wind pump system, specific information should be gathered to 
determine whether the (restrictive) preconditions can be met and thereby whether a wind 
pump system can be an appropriate technology choice. 

• The communities should contribute to the initial project costs. Community contribution should 
be linked to the level of service in order for the project to be demand-responsive and to lead to 
a sense of ownership. Minimally a contribution of US$ 375 is required for an installed wind 
pump, excluding overhead costs. The possibilities of solving the expected lack of cash with 
contribution in labour or materials should be determined by TASAF. 

• The community should choose a pump and a site, together with a qualified organisation. After 
that, the rest of the construction should be designed and, finally, proper installation should 
guarantee the initial construction quality. 

• The community should formulate a plan for operation and maintenance with, among others, 
the appointment of a system operator, arrangements for paying and arrangements with a 
qualified maintenance organisation to function as a backup. 

• The system operator should perform the operation task and tasks for simple maintenance.  
• A qualified organisation should perform advanced maintenance and repair tasks. 

 
• Training 

• TASAF should perform training for households on operational issues and the working of wind 
pumps. 

• A qualified actor should perform training for the operator on operation and maintenance. 
• TASAF should perform training for the water committee on management issues and financial 

management. 
• TASAF should perform training for households on health and hygiene issues. 

 
• Water resource management 

• TASAF projects should adhere to sector norms and standards and, therefore, no special policy 
is needed for TASAF wind pump projects towards water resource management. 

 
• Institution building/strengthening 

• Wind pump projects can be implemented in the same organisational structure as other TASAF 
water projects. Main responsibility should lie with the community, the TPC and the District 
Water Engineer. 

• The training for households on operational issues and the working of wind pumps should be 
incorporated by the staff of TASAF for community management. 
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• Because co-operation is needed in some cases between the TASAF projects and other 
organisations, it is important that it is ensured that TASAF rules are followed.
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Guideline for the reader 
 
This report contains three parts. Which can also be read separately. This was done purposefully to 
make this report useful for as many persons as possible. Detailed background information can be found 
in part I. The analysis of the preconditions, which leads to the major policy guidelines, is the backbone 
of part II. Finally the major policy guidelines can be found in part III. 
 
Part I contains the problem setting for wind pumps in Tanzania. Objective is to provide all information 
on the setting which could be necessary for TASAF or any reader, as back ground information. In this 
part, first the background of the research is described (Chapter 1), followed by an analysis of the 
hosting organisation, TASAF (Chapter 2). The main part of Part I is formed by an analysis of the state 
of technology of wind pumps (Chapter 3) and of the state of the art of the network of wind pumps in 
Tanzania (Chapter 4). 
 
Part II contains the research methodology and the (field) research carried out to define preconditions 
for wind pump projects for TASAF. The methodology (Chapter 5) is presented first. Then, an analysis 
follows of requirements for sustainability (Chapter 6) and for TASAF (Chapter 7), these requirements 
are combined in Chapter 8. The requirements are compared to the conditions of the network, formed by 
capabilities of the wind pump technology (Chapter 9), the network of wind pumps in Tanzania 
(Chapter 10), the population (Chapter 11) and the environment (Chapter 12). Finally, from this, 
preconditions are formulated in chapter 13. 
 
Part III contains the major policy guidelines. The guidelines for TASAF are presented in chapter 14. 
Finally, afterthoughts are given in chapter 15. 



 

Acronyms 

x 

Acronyms 
 
  
ANT Actor Network Theory 
BEP Better Engineering Performance 
CDI Community Development Initiatives 
COSTECH Commision for Sience and Technology 
CPC Community Project Committee 
CPPS Missionary involving wind pumps 
CWD Consultancy services Wind energy Developing 

Countries 
DANIDA Danish International Development Association 
DC District Commissioner 
DED District Executive Officer 
DITF Dar es Salaam International Trade Fair 
EC Electrical Conductivity 
ESRF Economic and Social Research Foundation 
GDP Gross Domestic Product 
HDI Human Development Index 
HIPC Highly Indebted Poor Country 
IDC Institutional Development Component 
IEC Information, Education and Communication 
LVIA Lay Volunteers International Association 
M&E Monitoring and Evaluation 
MIS Management Information System 
MT Management Team 
NGO Non Governmental Organisation 
NSC National Steering Committee 
NTU Nephelometric Turbidity Units 
pCET prospective College of Engineering and 

Technology 
PRA Participatory Rural Appraisal 
PRSPs Poverty Reduction Strategy Papers 
PWP Public Works Program 
RWS Rural Water Supply 
SC Steering Committee 
SSP Social Support Projects 
SSP Social Support Projects 
T&S Training and Support 
TAO TASAF Account Officer 
TASAF Tanzania Social Action Fund 
TDS Total Dissolved Solids 
TMU TASAF Management Unit 
ToR Terms of Reference 
TPC TASAF Project Co-ordinators 
TShs Tanzanian Shilling 
UDSM University of Dar es Salaam 
UNDP United Nations Development Programme 
VETA Vocational Education and Training Authority 
WDR World Development Report 
WEDC Water, Engineering and Development Centre 
WHO World Health Organisation 
WSSCC Water Supply and Sanitation Collaborative 

Council 



 

PART I: Background information 

1 

PART I:  Problem setting 

1 Background information 
 
1.1 Introduction 
 
In the following paragraphs, first the research assignment is briefly discussed. Then, the environmental 
background of the research (Tanzanian geography, population, economy, gender and water supply) is 
reviewed. After, a paragraph deals with the relevancy of the research and finally the organisation of the 
research is briefly described.  
 
 
1.2 Assignment 
 
The Tanzania Social Action Fund (TASAF) is a funding facility which has been established by the 
Government of the United Republic of Tanzania with assistance of the World Bank(TASAF, 2000). 
The main objective of TASAF is to increase and enhance the capacity of communities and stakeholders 
to prioritise, implement, and manage sustainable development initiatives and, in the process, improve 
socio-economic services and opportunities (TASAF, 2003). More information about TASAF can be 
found in chapter 2. 
 
One area of TASAF support is water supply projects in communities. For these projects, different water 
sources can be used: water can be pumped, among others, from wells, hand dug or shallow, or from 
boreholes. At the moment the water in TASAF projects is being pumped, in case of shallow wells and 
boreholes, with hand pumps, electrical pumps or diesel engines. Another option to pump water is with 
the use of wind energy. Wind energy for water pumping is used in Tanzania since the early 1950s 
(Sheya, 2000, pg. 257-271). Despite the advantages (no fuel requirements, easy to maintain, long life 
potential, possibility to manufacture locally (Fraenkel, 1993) wind pumps have not been a great success 
in Tanzania. By 1996, about 130 wind pumps are said to have been installed in Tanzania, of which 
about 40% were not working1. 
 
TASAF is interested in the possibilities of using wind pumps in their projects, because wind pumps can 
save time and fuel costs. With hand pumps, people sometimes have to stand in line for a long time, 
electrical pumps can only be used when an electrical grid is available, with diesel pumps people have 
to pay relatively high operation costs. The technical staff for the supervision of the projects lacks 
information about the possibilities of using wind pumps and they could use some guidelines on how 
and when to use wind pumps. This research aims at providing this wind pump related information.  
 
 
1.3 Environmental background 
  
1.3.1 Geography 
 
Tanzania is a country in East Africa. Tanzania borders Burundi, Democratic Republic of the Congo, 
Kenya, Malawi, Mozambique, Rwanda, Uganda and Zambia. Within the country lies the Kilimanjaro, 
the highest point in Africa. The country is bordered by three of the largest lakes on the continent: Lake 
Victoria (the world's second-largest freshwater lake) in the north, Lake Tanganyika (the world's second 
deepest) in the west, and Lake Nyasa in the south-west.  
 
Natural resources are hydropower, tin, phosphates, iron ore, coal, diamonds, gemstones, gold, natural 
gas and nickel. Tanzania is divided in 25 regions, which are divided in districts. 
 
 
 
 

                                                            
1 Different sources, different numbers. 
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Figure1.1.: Geographical position of Tanzania (source: http://www.graphics.com) 

 
 
 
1.3.2 Population 
 
Table1.1: Population indicators (source: http://www.cia.gov/cia/publications/factbook) 
 

Indicator Estimate 
Population 35.922.454 (2003) 
Population growth rate  1.7 % (2003) 
Life expectancy at birth 44.6 years (2003) 
HIV/AIDS - adult prevalence rate 7.8% (2001) 
HIV/AIDS – people living with HIV/AIDS 1.5 million (2001) 
Literacy rate2 78.2% (2003) 
Religions Mainland: Christian:                  30% 

                  Muslim:                    35% 
                  Indigenous beliefs:   35% 
Zanzibar:   Muslim:                 > 99% 

 
 
1.3.3 Economy 
 
In spite of the fact that Tanzania’s political situation has been relatively stable, it remains one of the 
poorest countries in the world, heavily reliant on foreign aid, with many of its people living below the 
World Bank poverty line. The United Republic of Tanzania arose from a merger between mainland 
Tanganyika and the islands of Zanzibar in 1964. Unlike many African countries, whose potential 
wealth contrasted with their actual impoverishment, Tanzania had few exportable minerals and a 
primitive agricultural system. To counter this, in 1967 its first president, Julius Nyerere, issued the 
Arusha Declaration, which called for self-reliance through the creation of co-operative farm villages 
and the nationalisation of factories, plantations, banks and private companies. A decade later, however, 
despite financial and technical aid from the World Bank and sympathetic countries, this programme 
had completely failed due to inefficiency, corruption, resistance from peasants and the rise in the price 
of imported petroleum. The economic situation worsened in 1979, due to a costly military intervention 
to overthrow the president (Idi Amin) of Uganda. After Nyerere's resignation in 1985, the next 
president, Ali Hassan Mwinyi, attempted to raise productivity and to attract foreign investment and 
loans by dismantling government control of the economy. This policy was continued by Benjamin 
Mkapa, who was elected president in 19953. 
 
 
 
 
 
 
 

                                                            
2 Definition: age 15 over, who can read and write Kiswahili, English or Arabic. 
3 http://www.bbc.com  
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Table 1.2: Economic indicators (source: http://www.bbc.com) 
 

Indicator Estimate 
GDP per capita $630 (2002) 
Population below poverty line 36% (2002) 
GDP composition by sector Agriculture = 48.1% 

Industry      = 15.4% 
Services      = 36.5% (2002) 

Labour force – by occupation agriculture                  = 80% 
industry and services = 20% (2002)  

Industries agricultural processing (sugar, beer, cigarettes, sisal 
twine), diamond and gold mining, oil refining, shoes, 
cement, textiles, wood products, fertiliser, salt  

Export commodities gold, coffee, cashew nuts, manufactures, cotton  
Import commodities consumer goods, machinery and transportation 

equipment, industrial raw materials, crude oil  
Debt (external) $6.8 billion (2002)  
Economic aid recipient $963 million (1997)  

 
The rural part of the population of Tanzania is the part of population which is most deprived. 
Furthermore, TASAF serves in general the most deprived part of the population. From this it can be 
concluded that in the target group for this project most people live under the poverty line. In this group 
a formal economy hardly exists. Most people will generate their income in the informal sector. From 
the Households Budget Survey 2000/01 the following sources of income appeared. See table 1.3. 
 
Table 1.3: Share of total household income by source (%) (source: NBS Tanzania, 2002, pg. 21) 
 

Source Rural areas 
Employment 8.3 
Self-employment (excl. 
farming) 

17.8 

Agricultural income 60.4 
Rent, interest, dividends 0.3 
Transfers 7.1 
Other receipts 6.0 
Total 100 

 
 
1.3.4 Gender 
 
The Marriage Act of 1971 prohibits discrimination based on nationality, tribe, origin, political 
affiliation, colour, or religion. Discrimination based on sex, age, or disability is not prohibited 
specifically by law but is discouraged publicly in official statements. Discrimination against women 
and religious and ethnic minorities persists. Although the Government advocates equal rights for 
women in the workplace, it does not ensure these rights in practice. In the public sector, which employs 
80 percent of the salaried labour force, certain statutes restrict women's access to some jobs or hours of 
employment. While progress on women's rights has been more noticeable in urban areas, strong 
traditional norms still divide labour along gender lines and place women in a subordinate position. The 
law provides for 7 years of compulsory education through the age of 15; however, it is no longer free. 
Fees are charged for books, enrolment and uniforms, with the result that some children have been 
denied an education. The primary school dropout rate is between 30 and 40 percent. The rate of girls' 
enrolment in school is lower than that of boys, and generally declines with each additional year of 
schooling. The effect of this can be seen in the literacy.4 
 
 
 

                                                            
4 AFROL, Gender Profiles. http://www.afrol.com/Categories/Women/profiles/tanzania_women.htm 
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Table 1.4: Adult illiteracy rate  
(source: http://www.afrol.com/Categories/Women/profiles/tanzania_women.htm) 
 

 Adult illiteracy rate 
(% of people aged 
15+) 

Male 16.1 
Female 33.5  

 
In rural areas men’s average earnings are about 1.7 times that of women. Differences generally increase 
with educational level. 
 
Figure1.2: Mean income per earner by educational level and sex (NBS Tanzania, 2002, pg. 21) 
 

 
 
1.3.5 Water supply 
 
Although this research is about using wind pumps for water pumping, in order to show the magnitude 
of the problem, it’s useful to have some information about water supply in general. Water is the most 
indispensable resource that is fundamental to life of people, animals, plants and particularly in 
agriculture, industry and mining sectors (Univerity of Dar es Salaam, 2002, pg. 15). Tanzania possesses 
several water sources, parts of the Great Lakes Victoria, Tanganyika and Nyasa lie within the country 
and there are five major river systems. Developing some of the potential water sources is, however, 
problematic. The Great Lakes are international bodies of water and their exploitation as water sources 
for Tanzania needs to be handled with delicacy. Surface waters often have competing demands: water 
is needed for irrigation, hydroelectric power and industry, as well as for domestic use (WHO & 
UNICEF, 2000, pg. 44). In the dry central region of the country, groundwater is found only at 
considerable depth, requiring substantial investment. Provision of clean and safe water to the people 
through appropriate pumping technologies greatly helps in reducing incidences of water-related and 
water-borne diseases that are prevalent in Tanzania. These account for over half of the diseases 
affecting most of the population. (University of Dar es Salaam, 2002, pg. 15). Internationally there are 
agreements about targets for water supply. Indicative targets for water supply and sanitation coverage 
were developed by the Water Supply and Sanitation Collaborative Council (WSSCC) as part of the 
process leading up to the Second World Water Forum in 2000:  
• Reduce the proportion of people without sustainable access to adequate quantities of affordable 

and safe water by one-half by 2015, which was endorsed by the Second World Water Forum and 
in the United Nations Millennium Declaration.  

• Provide water (sanitation and hygiene) for all by 2025(WHO&UNICEF, 2000).  
At the end of the International Drinking Water Supply and Sanitation Decade in 2000, the World 
Health Organisation (WHO) and UNICEF decided to combine their experience and resources in a Joint 
Monitoring Programme for Water Supply and Sanitation. They used these international development 
targets to highlight the challenges faced by the sector in reducing the coverage gap. The definition of 
coverage, the part of the population with access to drinking water, which the Programme used, is based 
on technology type, as opposed to past assessments where the coverage figures referred to “safe” water 
supply. One of the findings of the current assessment is that there is a lack of information on the safety  
of the water served to the population. Population-based surveys do not provide specific information on 
the quality of the drinking water.  
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Therefore, this assessment assumed that certain types of technology are safer than others and that some 
of them could not be considered as “coverage.” The term “safe” was replaced with “improved” to 
accommodate these limitations. Technologies considered “improved” are a household connection, a 
public standpipe, a borehole a protected dug well, a protected spring and rainwater collection. “Not 
improved” are an unprotected well or spring, water provided by a vendor, truck or tanker and bottled 
water. The latter is considered “not improved” because of limitations concerning the potential quantity 
of supplied water, not the quality. To reach universal coverage by the year 2025, almost 3 billion 
people will need to be served with water supply and more than 4 billion with sanitation 
(WHO&UNICEF, 2000, pg. 1). Also in Tanzania, the international development targets reveal a big 
coverage gap. In table 1.5 the discussed definition of improved water supply is used, it shows the 
coverage gap in rural, urban and whole Tanzania. 
 
Table 1.5: Tanzanian population with access to water with ‘improved’ and ‘not improved’  
technologies (WHO&UNICEF, 2000, pg. 6). 
 

Population with access to water (%) 
Improved technologies Not improved technologies 

Population 

Piped into 
residence 

Piped into yard 

Public tap 

Protected dug 
w

ell 

B
orehole or tube 

w
ell 

Protected spring 

TO
TA

L 

U
nprotected w

ell 

U
nprotected 

spring 

Pond, river 
stream

 

Tanker, truck 

TO
TA

L 

Urban 9.0 39.2 31.9 5.2 6.0 0.8 92 2.2 0.9 1.9 2.7 8 
Rural 1.0 3.1 18.2 18.5 10.4 5.1 56 8.4 8.2 16.9 0.1 43 
Total 3.1 12.6 21.8 15.0 9.2 4.0 66 14.2 6.3 13.0 0.8 34 

 
As can be seen in table 1.5, in 1999 56 per cent of the rural population of Tanzania had access to 
improved drinking water sources, opposed to 92 per cent of the urban population. Of the total 
population of Tanzania only 66 per cent of the people had access to improved drinking water sources. 
Of the existing domestic water supply schemes in Tanzania, many were built during the 1970s or 
1980s. Hand pumps have limited life-spans of generally 15 – 25 years. These schemes were also 
designed for a small population – the optimum demand may have been surpassed after just 5 or 10 
years, and current levels of use increase the physical pressure upon the systems. It is estimated that 
around 30 per cent of schemes are “malfunctioning”. Many of these problems are not taken into 
account when levels of water demand and supply are estimated, so current estimates may be 
optimistically high (Huggins, 2000). 
 
 
1.4 Relevancy 
 
As shown, there is a need for water supply projects in Tanzania. TASAF responds to this need with a 
variety of water projects, among which are hand pumps and diesel pumps. It is, however, interested in a 
more time and fuel saving solution for the communities, with the use of wind pumps. Furthermore, 
there are indications that the demand for wind pumps exists in Tanzania. pCET, in the period from 
1997 to 2002, received over a dozen enquiries for supply of wind pumps from potential customers. 
Recent inquiries have called for wind energy systems that could serve both water pumping and 
electricity generation. Contacts of pCET made during the 25th Dar es Salaam International Trade Fair 
also confirmed the increasing demand for wind energy systems in Tanzania, both for water pumping 
and for electricity generation (University of Dar es Salaam, 2002, pg. 16-17). 
 
The social relevance of this research lies in its contribution to: 
• nation-wide need for safe water supply; 
• distribution of information to TASAF on the possibilities of wind pumps as time and fuel saving 

option for water supply projects; 
• available information in Tanzania on the possibilities of wind pumps. 
 
Scientifically, the research will contribute to the: 
• knowledge in Tanzania and in general to the knowledge related to wind energy applications; 
• the knowledge about the implementation of sustainable energy projects. 
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1.5 Organisation 
 
This research was executed under supervision of TASAF and the Technological University of 
Eindhoven. Next to supervision, TASAF also provided documentation and contacts with key-persons. 
The fieldwork was done in Tanzania, with the practical help of TASAF. They provided, if needed, a 
vehicle and a driver. The district units of TASAF were of help for the organisation of the fieldwork, 
which meant the accommodation, the translator and appointments with officials. Water supply projects 
are, in TASAF, part of the Community Development Initiatives Component, which supports projects in 
the field of socio-economic services. However, for a project with wind pumps, it’s likely that the 
capacity of the communities to manage, operate and maintain the projects has to be developed. For this 
reason, co-operation is needed with the sub-component Capacity Building. The structure of TASAF 
will be explained in detail in chapter 2. 
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2 Tanzania Social Action Fund (TASAF)5 
 
2.1 Introduction 
 
Once the background of the assignment is known, information on the organisation who initiated and 
assigned the research is useful.  
 
TASAF is a funding facility, which has been established in November 2000 by the Government of the 
United Republic of Tanzania with assistance of the World Bank, for the main purpose of contributing 
towards the government’s efforts to eradicate poverty in the country. 
 
The government’s basic strategy to reduce poverty relies on raising economic growth performance and 
extending access to basic social and economic services. The government, therefore, continues to 
undertake economic reforms to maintain macro-economic stability and generate economic growth. 
Alongside economic reforms, the government is also disengaging from productive activities, resulting 
in privatisation of parastatals, civil service reform and public sector retrenchments, in order to focus its 
full attention on core public sector activities. TASAF will help the government to sustain the 
momentum of ongoing reforms by facilitating improvements in socio-economic infrastructure, 
enhancing capacity and skills among rural and peri-urban communities, and creating a temporary safety 
net for the poorest sections of communities. In the process, communities will be enabled to take charge 
of their development process, thereby facilitating the changing role of the government from a provider 
of services to a facilitator of economic agents. 
 
 
2.2 Main objective 
 
The main objective of TASAF is to increase and enhance the capacity of communities and stakeholders 
to prioritise, implement and manage sustainable development initiatives and, in the process, improve 
socio-economic services and opportunities. This will lead to poverty reduction by: 
• providing extra resources for the creation of community assets at the village level; 
• targeting incomes to the very poor households working on public assets; 
• addressing institutional development issues at the community level, districts, and central 

government for sustainable poverty reduction interventions. 
 
 
2.3 Guiding principles 
 
2.3.1 Responsibilities 
 
TASAF is an autonomous, non-partisan and a-political organisation, but operating in harmony with 
other ongoing initiatives within the Local Government Reform Program. TASAF is organised in a 
decentralised manner to facilitate greater autonomy and empowerment to local government organs and 
the community. It is the responsibility of TASAF, at the national level, to make sure that the districts 
perform their duties according to TASAF standards and to facilitate them to do so. 
 
2.3.2 Coverage 
 
TASAF works in 42 districts/islands of Tanzania Mainland as well as the islands of Unguja and Pemba 
in Zanzibar.  
These districts are selected from the 119 Tanzanian governmental districts as the most deprived ones. 
Selection is based on criteria such as level of poverty, diversity of economic activities, commitment of 
region/district offices to participatory processes, concentration of activities undertaken by NGOs and 
CBOs, etc. 
 
                                                            
5 This chapter is based on: TASAF, 2000; World Bank, 2000; TASAF, 2003; TASAF, 2000; Munckhof, van den, 

2003. 
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2.3.3 Funds 
 
TASAF is funded for 90 per cent by the World Bank and for 10 per cent by the Tanzanian government. 
In November 2000, it received US$ 60.000.000 from the World Bank for a period of 4 years. It 
finances its share in community projects directly and provides employment on public works, thus 
working as a safety net. It intends to be transparent and efficient and to demonstrate full public 
accountability.  
 
2.3.4 Participatory Rural Appraisal (PRA) 
 
An important principle is that the operation of TASAF should be demand-driven and should follow a 
bottom up planning and decision-making approach. This should be reached by using the Participatory 
Rural Appraisal (PRA). This is an approach to help communities to identify their needs and to come up 
with a participatory plan of action6. This concept of PRA has already been used in districts for 10-15 
years. TASAF selects, trains and facilitates 10 people in each district from the existing PRA team in the 
districts. With members of this team the communities undertake a participatory assessment of their 
needs. The first phase is the Diagnosis Phase. Tools that are relevant for this stage are focus group 
discussions (elderly, women, etc.), historical trends and time lines, transect walks, ranking, etc. The 
identified problems are given priorities in the Prioritisation Phase. In this phase, techniques as problem 
listing, ranking, pair-wise comparison and voting are used. At the end, the community has to develop 
an action plan for the problems with highest priority. 
 
 
2.4 Project components 
 
The objectives of TASAF should be reached by three components:  
• Community Development Initiatives (CDI); 
• Public Works Program (PWP); 
• Institutional Development Component (IDC). 
The three components will be described in more detail. 
 
2.4.1 Community Development Initiatives (CDI) 
 
Objective of this component is to support demand-driven initiatives from communities that improve the 
accessibility to and the delivery of socio-economic services and enhance the capacity of communities 
and other stakeholders involved in the process. Important in this component is the active participation 
of the beneficiaries at the community level in the prioritisation of needs, identification and selection of 
activity for TASAF funding, implementation, monitoring and finally maintaining and operating the 
asset created. Furthermore, community contribution of at least 20 per cent is required, except for early 
childhood development and water related activities, which will only require a community contribution 
of 5 per cent. This contribution can be either in cash or in labour, with a minimal contribution of US$ 
100 in cash. The supported sub-projects should be within the community’s capacities and capabilities 
and adhere to sector norms and standards. 
 
CDI directs its activities to address the following sectors: 
• health (health centres and dispensaries, prevention of HIV/AIDS, malaria and water borne 

diseases, increasing of nutritional levels); 
• education (primary and secondary schools, nurseries and pre schools, Community Resource 

Centres, literacy programs); 
• water supply and sanitation (springs, boreholes, wells, rain water harvesting, dams, sewerage, 

latrines); 
• economic infrastructure (irrigation schemes, crop storage facilities and market places). 
In implementing these sub-projects there are some segments of the population that are not adequately 
served, such as the aged, orphans, people with disabilities and those infected/affected by HIV/AIDS.  
 

                                                            
6 More information in: Chambers, R. Challenging the professions. Frontiers for rural development (Rugby: 

Intermediate Technology Publications, 1993) 
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The Social Support Projects (SSP) have been introduced as a sub component of CDI, so as to provide 
support to such vulnerable segments. Support under SSP will be channelled through sponsoring 
agencies such as NGOs and CBOs. Main objectives of the SSP sub-component are: 
• to provide financial grants and technical resources for programs targeted at vulnerable and 

marginalised groups by funding the initiatives sponsored by agencies already working with these 
groups; 

• to support networking activities among NGOs, CBOs and other key actors working in this field to 
exchange information for policy advocacy and co-ordination of programs at district and national 
level. 

SSP activities are at the moment of writing this report in the pilot phase. 
 
2.4.2 Public Works Program (PWP) 
 
The objective of the PWP, a safety net scheme, is to provide a cash transfer for targeted beneficiaries, 
while increasing/improving the infrastructure assets in targeted areas and enhancing the beneficiaries’ 
skills for future employment. The Public Works Program is supply driven. It is designed to provide a 
safety net for vulnerable groups and poor communities in selected regions. It will do so by promoting 
labour intensive activities creating job opportunities (wages are 20 per cent less than the prevailing 
average wage in order prevent attraction of people working elsewhere). Targeting of beneficiaries is 
based on poverty ranking, seasonal disasters, gender empowerment and the rural poor. 
 
Examples of activities funded under the PWP component are: 
• in rural areas: rehabilitation and maintenance of rural access roads, construction and maintenance 

of water retention structures, construction of market places, etc.; 
• in urban areas: construction and rehabilitation of sewerage systems, rehabilitation and maintenance 

of access roads, etc.; 
• environmental protection/rehabilitation: water and soil conservation/reclamation program, 

afforestation, community nursery, establishment/construction of waste disposal pits, etc. 
 
2.4.3 Institutional  Development Component (IDC) 
 
The Institutional Development Component has three sub components:  
• TASAF Management Unit (TMU); 
• Capacity Building; 
• Finance and Administration. 
 
TASAF Management Unit (TMU) 
The TMU provides the day-to-day operational support that is needed in order for TASAF’s operating 
core in district or islands to respond to the community demand-driven requests and safety-net 
requirements emanating from the participatory planning process.  
 
Capacity Building 
The general objective of the Directorate of Capacity Building is to ensure that the capacity of 
communities and stakeholders to operationalise CDI, PWP and SSP is developed/built and enhanced. 
Next to this its function is to sensitise and clarify TASAF objectives, principles and procedures to 
stakeholders and beneficiaries. Within the Directorate of Capacity Building there are four sub-units: 
• Information, Education and Communication (IEC): 

informs targeted communities and stakeholders of the objectives of TASAF, with emphasis on 
promoting communities’ participation. 

• Monitoring and Evaluation (M&E): 
assesses the effects and projects’ outcomes, establishes a knowledge base and incorporates these 
lessons into the design and implementation of future projects. 

• Management Information System (MIS): 
serves as the primary source of data on physical and financial information of inputs and outputs of 
processes and activities. 

• Training and Support (T&S): 
builds and enhances the capacities of actors and stakeholders at the community, district/island and 
national levels. Training programmes are sub-project specific or general. 
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Finance and Administration 
Responsibilities of the component Finance and Administration include the monitoring of the budgetary 
implementation and financial operations of the TASAF Project Co-ordinators (TPC), periodic financial 
reports and reports for external audit and the overall administration and supervision of supporting 
services (postal, vehicles, equipment, supplies, etc.). 
 
 
2.5 Organisation 
 
2.5.1 Organisation chart 
 
The organisational structure of TASAF is presented in figure 2.1 as an organisation chart. The different 
functions are structured in different categories. First the apex of the whole organisation structure, then 
the strategic apex, the techno-staff, the support staff and the operating core. Linkages between 
functions are indicated where thick lines represent the core structure of TASAF. 
 
 
Abbreviations for figure 2.1. 
 
• Apex: 

NSC   National Steering Committee 
• Strategic apex: 

TMU   TASAF Management Unit 
ED  Executive Director 
DCDI   Director of Community 
                    Development Initiatives 
DPWP   Director of Public Works Program 
DCB   Director of Capacity Building 
DFA   Director of Finance and 
                    Administration 

• Techno-staff: 
MIS-S   Management Information 
                    Systems Specialist 
M&E-S   Monitoring and Evaluation 
                    Specialist 
IEC-S   Information, Education and 
                    Communication Specialist 
TS   Training and Support 
                    Specialist 
AO   Administrative Officer 

• Support staff: 
IA   Internal Auditor 
PrO   Procurement Officer 
 
 

 
HRO  Human Resources Officer 
IAI   Assistant Internal Auditor 
PrS   Procurement Specialist 
OMS   Office Management Secretary 
SSP-C   Social Support Projects  
                    Co-ordinator 
PPO   Participatory Planning Officer 
JO   Justification Officer 
PE   Project Engineer 
MIS-O   Management Information 
                    Systems Officer 
M&E-O   Monitoring and Evaluation Officer 
IDO   Information and Documentation 
                    Officer 
POS   Program Officers 
PAO   Project Account Officer 
SA   Support Assistants 

• Operating Core: 
DED   District Executive Director 
TPC   TASAF Project Co-ordinator 
TAO   TASAF Accounts Officer 
CPC   Community Project Committee
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2.5.2 National level 
 
National Steering Committee (NSC) 
The NSC guides and oversees the overall administration and operation of TASAF. It ensures that 
TASAF activities are carried out in accordance with the Operational Manual and monitors the impact 
of TASAF on communities. It holds quarterly meetings to review the annual progress and work plan, to 
discuss progress reports and to approve any sub-projects whose grant portion is greater than the 
approval level for the district/island level. 
 
Liaison officer President’s Office 
This officer in the President’s Office is an ex-officio member of the NSC. He is responsible for 
maintaining links between Sector Ministries, the President’s Office and TASAF. 
 
TASAF Management Unit (TMU) 
The TMU provides technical and administrative support to the NSC, manages the day-to-day activities 
of TASAF at its headquarters and regulates and oversees TASAF activities in the districts/islands and 
communities. The TMU is headed by the Executive Director (ED). He is responsible for the day-to-day 
management of TASAF and will ensure that TASAF’s activities are in line with the requirements of the 
Operational Manual and the Development Credit Agreement.  
 
2.5.3 District/island level 
 
At district level TASAF co-ordinates its projects with district councils and uses the existing 
governmental structures for its organisation. Per district/island there is a: 
• Steering Committee (SC). 
• Management Team (MT). 
• TASAF Project Co-ordinator (TPC). 
• TASAF Accounts Officer (TAO). 
• TASAF vehicle with driver. 
 
The Steering Committee (SC) has 11 members from local government and representatives of NGOs. 
The SC is established and chaired by the District Commissioner (DC). The District Executive Director 
(DED) is Secretary. The function of the SC shall be to ensure that activities funded under TASAF are 
demanded by the community and are in line with the district/island plans and capacity. The SC shall 
approve CDI sub-projects whose TASAF funding does not exceed US$25.000 equivalent and PWP 
sub-projects whose TASAF funding does not exceed US$50.000 equivalent. The MT is composed of 
relevant district sectoral experts (among others the District Water Engineer) and the TPC (secretary). 
The MT is led and chaired by the DED. The MT is responsible for initiation, technical support during 
implementation, appraisal and monitoring of sub-projects. At the District/island level, the TPC shall 
co-ordinate the day-to-day TASAF activities including facilitation of disbursement of funds for 
approved community projects.  
 
The TPC is an employee of the Government assigned full time responsibilities for the implementation 
of TASAF activities. The TPC is facilitated with a TASAF Accounts Officer (TAO), who is employed 
by TASAF and working for TASAF projects only.  
 
2.5.4 Community level 
 
For each proposed sub-project the benefiting community must elect a Community Project Committee 
(CPC) through a participatory planning meeting to be attended by at least 70 per cent of the intended 
beneficiaries of voting age. It has 6-10 members, of which at least 40 per cent are women.  
 
The functions of a CPC include: 
• to co-ordinate the participation of the community, including women; 
• facilitate planning and implementation of projects; 
• mobilise community contributions; 
• handling procurement and managing funds; 
• seeking technical support from development agencies and competent individuals, as appropriate; 
• participation in sub-project implementation and supervision. 
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2.6 Implementation of sub-projects 
 
TASAF projects at community level are called sub-projects. Each project, whether from PWP or CDI, 
follows the same procedures. This cycle is based on World Bank ideas. The stages of the cycle are: 
• Promotion, Identification and Targeting. 
• Sensitisation at Community Level. 

• PRA (including raising awareness of AIDS). 
• Selection of CPC. 

• Detailed Project Preparation.  
• This includes a detailed project proposal and budget, environmental mitigation and a plan 

for operation and maintenance. 
• Desk Appraisal. 

• Attention to TASAF objectives / poverty alleviation, willingness to contribute and bear 
responsibility for maintenance, commitment, capacity to implement and manage the sub-
project, appropriate technology, target groups and cost effectiveness. 

• Essential documents include project application form, architectural plans, technical 
specification and cost schedules.   

• Field appraisal.  
• To verify and supplement information received at desk appraisal concerning target group, 

community participation, technical aspects, costs, implementation arrangements, 
environmental impacts and sustainability. 

• Approval. 
• Appraisal and recommendation by MT. 
• Approval by the SC or NSC. 
• Application for funding by TMU. 

• Training and launching. 
• Implementation. 
• Supervision and monitoring. 

• By TPC and Sector Expert from TM for CDI, by Sector Expert, MT and SC for PWP. 
• Evaluation, Completion and Certification. 
 
 
2.7 Performance 
 
2.7.1 Coverage  
 
Figure 2.2  shows the districts of Tanzania Mainland which are under TASAF support (the coloured 
districts). Next to the mainland of Tanzania also Unguja and Pemba on Zanzibar are under TASAF 
support.  
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Figure 2.2: Map of districts covered by TASAF:  
 

 
 
 
2.7.2 Outcomes 
 
In the annual report of the third year of TASAF activities (till October 2003) the performances are 
monitored. At that date a total of 1439 communities were being assisted through implementation of 
ongoing TASAF sub-projects, 1244 in CDI component and 195 in the PWP component. A total of 519 
sub-projects have been completed in the CDI-component. This in comparison with only 38 completed 
sub-projects in October 2002. 
 
The success gained in implementation is attributed to the following main factors: 
• acceptability of TASAF principles and procedures among community members as well as the 

personnel at district level due to its transparent operations, which has enhanced participation in 
implementing community sub-projects; 

• accumulated experiences the districts gained during the first and second year in facilitating 
communities to implement sub-projects on the basis of laid down principles and procedures. 
Initially, leaderships in many districts were opposed to the principles and procedures of TASAF, 
particularly with regard to direct financing, fearing that communities were not capable of handling 
such a big amount of money to implement sub-projects;  
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• ready availability of funds for implementation at TMU which has enhanced the capability to 
respond to applications from the communities. The increase of special accounts has substantially 
boosted the pace of implementation; 

• availability of working tools and equipment such as transport and secretarial services which has 
facilitated timely provision of technical support to communities, easy processing of applications 
and improved communication; 

• simplification of sub-projects processing procedures whereby currently many activities such as 
verification and justification are done at the district level and TMU caries out periodic visits to the 
districts to provide technical support. 

 
Despite the success so far gained, there are a number of problems that hamper smooth progress. At 
community level, the low level of literacy and nomadic life for pastoral societies, affect proper 
management and timely completion of sub-projects. In such communities frequent backstopping is 
conducted to avoid shortfall in financial management. On the other hand, some districts have very few 
technicians, within the councils and from private sectors such that provision of technical support to 
communities is impeded. Further, the level of skills of technicians is also low. Occasional fluctuation 
of prices for construction materials caused by periodic shortages of the same also have been one of the 
causes of rise in the costs for sub-projects and delayed implementation. This is a problem facing 
communities in remote districts which depend on one reliable means of transport such as rail, road or 
waterways. Whenever affected, limited amounts of construction materials reach the areas and 
communities are forced to buy at high prices and sometimes have to wait for a long time for a 
consignment of materials on the way. Also, perpetual drought in many parts of the country impeded 
implementation of sub-projects due to shortage of water for construction purposes as well as physical 
participation of people. Community members spend more time in search of water and food for their 
households (TASAF, 2003, pg.16-20). 
 
For the general functioning of TASAF several success factors are identified. In the beginning of 
TASAF operations, many people did not believe that some TASAF principles were practical for 
bringing about development of communities. Many believed that communities did not have the 
capacity to handle millions of shillings directly sent to them for implementation of sub-projects. Over 
time it has now become evident that this notion is obsolete, as communities have prove that they are 
good managers of the process as long as they are guided to adhere to the laid down procedures and 
given the necessary skills for managing the process. Use of labour-based technologies in 
implementation of safety nets was also considered not feasible. Now some districts are considering 
using the same technology and TASAF approach to rehabilitate rural roads. This is because the work 
done by beneficiaries of safety nets is good and relatively cheaper. The earned income in the safety 
nets assisted the beneficiaries to improve their living standard. Of importance is the fact that there are a 
lot of informal business activities emerging as a result of investment of earned income. Furthermore, 
the infrastructures created have improved the communities’ access to, and quality of, a number of 
social services. Water facilities have reduced time and distance for getting water. The time saved is 
used for other productive activities. This also accounts for the sub-projects of the CDI component. An 
assessment made of completed sub-projects indicates that targeted communities use the completed 
facilities created and feel satisfied with the services provided through the completed facilities. It’s also 
shown that in both components skills have been imparted to beneficiaries. For the CDI component, the 
CPCs which are responsible for the supervision of sub-projects have been taught many aspects of 
projects management such as simple book keeping, work scheduling, procurement, etc. There is a 
significant improvement in the way these committees are operating. With regard to safety nets, 
significant capacity building is observed in the construction of rural roads. Those who have been 
employed in this sector are also employed by individuals to construct feeder roads connecting their 
premises with the main roads. So the skills gained make the vulnerable have access to employment 
which though seasonal in nature, it provide additional income beyond the income they have been 
getting through the safety nets implemented under TASAF (TASAF, 2002). 
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3 State of wind pump technology 
 
3.1 Introduction 
 
Windmills for water pumping can be a solution for long-term, environmental friendly ways of water 
pumping.  A windmill is a device for tapping the energy of the wind by means of wings mounted on a 
rotating shaft. The wings are mounted at an angle or are given a slight twist so that the force of wind 
against them results in rotation of the shaft.  The rotating shaft can be used to drive a pump.                                     
The short name of   “a windmill for water pumping” is called “wind pump”, which will be used in this 
report. The aim of this chapter is to explain what a wind pump is by describing a logical path from 
water pumping in general, a comparison with other pumping technologies, the working of wind pumps, 
the different types, their impact on world scale and Tanzania towards some economical facts for 
Tanzania.  The chapter begins with a brief history of the wind pump. 
 
3.2 Wind pump history 
 
The techniques for harnessing wind to lift water have been known for a great number of years. The 
Chinese first used wind pump systems 2000-3000 years ago and records exist of windmill operation in 
eastern Iran and western Afghanistan from about 200 BC. The first wind pumps consisted of crude 
vertical axis systems and it was not until about 1000 AD that the first Mediterranean horizontal axis 
windmills with sails were developed. By the 12 th century, windmills were in use throughout Northern 
Europe. Not only for water pumping, but also for the grinding of grain and a variety of other uses. The 
use of the windmills in this role peaked in the 17th century at about 10.000 machines throughout the UK 
and a further 12.000 machines in Holland. By the early 19th century windmills were in decline as steam 
engines fuelled by coal had begun to proliferate in the areas previously dominated by wind power.  
With the widespread use of steam engines in Europe, concentration on wind pump development shifted 
to the USA and Australia where wind pumps had become important devices on remote homesteads for 
raising sufficient quantities of water for livestock herds. By the 1880s the all-steel American wind 
pump had evolved and it is estimated that about six million wind pumps were built and installed in the 
USA from 1890 to the present (Kristoferson, 1991). 
 
Though the use of windmills in the industrialised countries has now greatly declined, it has not 
stopped. The classic multi-bladed windmill (all-steel American wind pump) is still manufactured and 
probably about one million are in use in the USA, Argentina, Australia and South Africa. They provide 
water for households, for livestock and sometimes for irrigation. Between 1920 and 1940 the classic 
multi-bladed windmill was introduced in quite large numbers in many developing countries, including 
Morocco, Tunisia, Somalia, Mozambique and Mali. However, most of them fell into disuse in the 
1950s as petroleum-based fuels became available in large quantities and at very low prices (Meel, van, 
1989). 
 
3.3 Water pumping in general 
 
3.3.1 Introduction 
 
Water is a basic need. Safe drinking water and good sanitation practices are basic prerequisites for 
human health. Other important applications for water are livestock and irrigation. In developing 
countries, especially in the rural areas, the people are self-responsible for collecting water.  In general 
there is no central drinking-water supply here. Factually it is not honest to expect central water 
facilities in rural Tanzania in the near future. So, for water supply in rural areas, it is necessary to look 
at the different available decentralised water collecting possibilities. 
 
Rural collecting of water can be done by hand, automatic pumping or by catching rainwater. Rainwater 
can be harvested during the rainy season by collecting the rain from a big surface into a tank. The water 
that can be collected by hand is surface water and groundwater of low depth from a shallow well. For 
deeper groundwater or for larger quantities of water, it is necessary to use another pumping system, 
instead of hand driven pumps. This kind of pumping systems can also pump the water over a certain 
distance to a place away from the well.  
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The aim of this paragraph is to give an introduction in water pumping and to provide a set-up for the 
next paragraph about different pumping systems. This report will focus on water pumping with 
windmills. But first it is important to discus comparable water pumping systems. For this purpose it is 
useful to know more about the different pumping technologies and conditions in which the pumping 
systems have to operate.  
 
In view of this, the following will have to be kept in mind: 
• Correct pump choice is probably the single most important factor in designing a small-scale 

pumping system. In practice most of the time there is an optimal combination between a pump-
type and an energy source. For example: windmill with piston pump. 

• The required water output and the water sources, depth and type of construction will influence the 
choice of pump . These are conditions, which will be described in this paragraph. 

• Seasonal variations in water level and water needs must be taken into account when selecting a 
pump. 

• Even when there is only a limited choice of pumps available locally, it is generally better to opt for 
one of these than to import a different type for which few spare parts and little maintenance 
expertise will be available. 

• Clearly the range of available energy options is of decisive importance in the choice of a suitable 
pump. This will be further pointed out in the next paragraph “pumping systems” (Kristoferson, 
1991). 

 
3.3.2 Water use 
 
The quantity of water needed has to be calculated before the decision for a pumping system is taken. 
There are some guidelines available about the minimal needed quantity for different purposes and for 
this research these values will be used, in order make an assumption of the number of people or other 
purposes a pumping system can serve. Serving more people will, of course, also have financial 
consequences.  
 
Table 3.1: Approximate water requirements for various purposes (source: Kristoferson, 1991) 
 

Use Daily requirement 
Domestic  
Minimum for survival 5 l/person 
Water carried home from distant communal supply 10 l/person 
Water carries home from nearby communal supply 30 l/person 
One tap in each house 50 l/person 
Multiple tap connections 200 l/person 
Livestock  
Cattle 35 l/head 
Horses, mules and donkeys 20 l/head 
Sheep and goats 5 l/head 
Poultry 25 l/100  
Pigs 15 l/head 
Irrigation  
Including conveyance 5-10 mm (50.000-100.000 

litres/day/ha) 
 
The quantity of needed water per person taken in this report is 25 litres per person. The WHO also 
mentions this quantity. The emphasis is on drinking water.   



 

PART I: State of wind pump technology 

18 

3.3.3 Different kinds of water wells 
 
There are different places where water can be collected. For example surface water from pools and 
rivers, rainwater, springs, shops, etc. But focusing on the rural places where there is no natural water 
source, no central water facility with pipelines and no money for water buying available, there are three 
major ground water sources.  Categorisation is guided by the depth at which the water can be found: 
• (Covered) hand-dug wells with a diameter  around 1 metres.  
• Hand-drilled boreholes with internal diameters of 100 mm 
• Machine-drilled wells with internal diameters of 100 mm, 126 mm and 150 mm. The internal 

diameter of the boreholes will depend upon the water lifting well yield and the technology option 
chosen for the pumping (typically for wind pumps)   

It has to be noticed that there has to be water at a reasonable depth and the capacity of the ground water 
sources has to be large enough to pump it in a sustainable manner. The ways of making wells or 
boreholes are beyond the scope of this report.   
 
3.3.4 Water lifting 
 
There are some basic methods for lifting water from a ground water source.  
 
Table 3.2: Methods of water lifting 
 

Pumping method Working principle Example 
Direct lift Water is physically lifted in a 

container 
Rope and bucket, Persian 
wheel 

Displacement Because water can not be 
compressed it can be pushed or 
displaced 

Piston pumps 

Creating a velocity head Water can be propelled to a high 
speed. The momentum produced 
can be used either to create a 
pressure or a flow 

Propeller pumps, Centrifugal 
pumps, Jet pumps 

Using the buoyancy of a gas Air that is blown into water bubbles 
up-ward. It will lift a proportion of 
the water that it flows through 

Air lift 

Gravity Energy of a media (water) that 
flows downward under gravity is 
used to lift water 

Siphons 

 
 
3.3.5 Pump types     
 
The pump types for the water pumping systems involved with the wind pumps are working with 
creating a velocity head (centrifugal pumps) and with displacement (piston pumps). The centrifugal 
pump is most suited for low head and big volume pumping.  The piston pump is most suitable for high 
head and low water flow, but in practise a big range can be covered. 
 
Centrifugal pumps (Kristoferson, 1991)  
Single stage centrifugal pumps can be constructed for a wide range of flow and head situations and can 
be combined in series for high head applications. For deep wells, electrically driven submersible pumps 
are generally more suitable than pumps directly coupled to a windmill or an engine. In general, 
centrifugal pumps require a low rate of maintenance and have life times of about 5-10 years. 
Efficiencies are about 80 per cent in large systems and around 50-70 per cent in small set-ups. 
 
Displacement pumps (Kristoferson, 1991) 
The displacement pump is the traditional design for water pumping and most hand and wind pumps are 
of this type. For higher heads, displacement pumps can be more efficient than centrifugal pumps. 
Displacement pumps work well both at low and high speeds. The delivery can vary over a wide range, 
even if they are best suited for high-head and low-flow conditions. The main problem is their high 
maintenance requirements. The efficiency of displacement pumps can be up to 80 per cent if the 
packing and valves are in good condition. With leaking or cracked valves the efficiency will decrease 
sharply. 
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Because the piston pump is the most used wind pump it will be elaborated upon. A reciprocating piston 
pump consists essentially of a long vertical pipe, called rising main. This rising main extends into the 
cylinder (the area in which the piston/plunger moves up and down). Near the bottom of the cylinder, a 
non-return valve is fitted, called foot-valve. The foot-valve allows the water to flow from the lower part 
of the pump into the cylinder, but prevents it from flowing back into the well. A second non-return 
valve is situated in the piston/plunger. The piston/plunger and the foot-valve will alternatively divide 
the pump into an upper or a lower part. The lower part of the pump always extends into the water body 
of the well. When the operator lowers the piston, the atmospheric pressure acts equally on all water 
surfaces. The foot-valve stays closed preventing water from being pushed back into the well. The non-
return piston valve opens, allowing water to flow trough the piston. The piston presses down on the 
water until it gushes up through the valve in the piston. At the lowest point of the stroke, the movement 
of the piston is reverted. The pressure of the water column above the piston causes the piston valve to 
close. This effects two things: 
• the water above the piston starts rising. It can not flow backwards and will rise in the rising main 

until it reaches the top of the pump; flowing out by the spout; 
• because the piston stops pressing on the water below it, the pressure in the lower part of the 

cylinder drops; a vacuum is created. The water in the well is still under atmospheric pressure and 
will push its way past the foot-valve into the cylinder. 

Figure 3.1 presents the principles of displacement pumps. 
 
Figure 3.1: Displacement pump (source: Dijk, 1990) 
 

 
 
 
3.3.6 Energy sources  
 
There are different ways to drive a pump: traditional, renewable and mechanised pumping systems. 
Traditional pumping systems are gravity fed, human power fed and animal power fed. Renewable 
power systems are water, wind and solar powered systems. The mechanised pumping systems are the 
pumps connected to an electrical grid and all the fuel driven pumps. 
 
In the beginning of this paragraph it was mentioned that most of the time it is not feasible to combine 
every pump type with every energy source. In practice, there are some fixed combinations, which are 
most feasible. Some typical examples of often used optimal combinations between a pump-type and an 
energy source for the three major groundwater sources are (Baumann, 2000): 
• Rope and bucket (hand-dug wells). 
• Suction hand pumps for very shallow installations of less than 7 metres. 
• Direct action hand pump for shallow installations of up to 15 metres. 
• Deep well hand pumps for installations between 10 and 45 metres. 
• Small submersible electric centrifugal pumps driven by electricity from the national grid. 
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• Small submersible electric centrifugal pumps driven by a small diesel generator. 
• Small submersible electric centrifugal pumps driven by a photovoltaic system. 
• Constant cavity mono pumps directly driven by a small diesel engine. 
• Piston pumps driven by a windmill. 
 
 
3.4 Different pumping systems 
 
3.4.1 Introduction 
 
Before choosing for a wind pump one should always consider if that is the best option for water 
pumping. In different situations there are different options for water pumping which are best feasible. 
This paragraph gives a global overview of the different water pumping systems with their advantages 
and disadvantages. A water pumping system is a complete set of devices, which makes it possible to 
pump water. It consists of a pump and a driving mechanism. The energy source used for the driving 
system is mainly responsible for the characteristics of the system. Also, as described earlier in the 
paragraphs, there is most of the time a combination between energy sources and types of pumps, which 
are a kind of standard. Therefore, the different pump types will not be mentioned, but only the different 
driving mechanisms based on the energy source. Because this is a paragraph with the aim to expose the 
conditions wherein a wind pump in general is the most feasible, the used characteristics of the different 
systems are also general. It is impossible, without generalisation, to make a comparison if there is no 
situation with exact conditions available. The prices in this paragraph are mentioned to give a global 
financial comparison between the different technologies. 
The different pumping systems are:   
• Electrically driven pumps. 
• Diesel driven pumps. 
• Solar powered pumps. 
• Wind powered pumps. 
 
 
3.4.2 Main characteristics of different systems (Baumann, 2000) 
 
Electrical driven pumps 
The costs of these systems vary depending on the distance of the pump site from the grid, the size of 
the distribution network and the type of reservoir (elevated or ground level tank). Electric pumping is 
nearly always the best option if: 

• a regular supply of electricity is guaranteed by the utility; 
• the distance between the pumping location and a normal grid connection is small. 

Where it is possible to use a national power grid, it should be done. Submersible electric pumps can 
operate with little maintenance. Voltage fluctuations in the grid can cause problems, or even make 
operation impossible. The system runs virtually maintenance free. 
 
Diesel driven pumps 
The capital costs for engine, generator and pump are acceptable (moderate). The costs of these systems 
vary depending on the size of the distribution network and the type of reservoir. High fuel prices and 
availability of diesel tend to make this option less attractive. A water storage tank is required to ensure 
water supply during the period when the engine is not operated. The diesel engine requires intensive 
maintenance and supply of spare parts has to be ensured. Diesel driven pumps require an operator to be 
on attendance when in use.  
 
Solar powered pumps 
The investment costs and the O&M costs rise more or less directly with the pumping head. At high lifts 
of more than 35 m alternative options might be preferable. Solar powered pumps do not need any 
consumables. There are two major types of solar pumps. Both are photovoltaic pumping systems 
converting sunlight directly into DC current. One system converts the DC current of the PV array into a 
conditioned AC current by means of an inverter, which drives a speed regulated three-phase 
submersible centrifugal pump. The other type employs a submersible pump fitted with a DC electric 
motor. This system does not require an inverter. The pumps operate automatically when the solar 
radiation supplies enough energy to run the electric motor. 
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A storage tank is required to ensure water supply during the time when the pump is not running and to 
balance the hourly fluctuation in demand. Solar pump systems are rather sensitive to the power 
requirements. Solar pump systems are sensitive with respect to vandalism. Submersible electric pumps 
can operate with little maintenance. Repairs need specialised skilled personnel. 
 
Wind powered pumps 
O&M cost are moderate and they do not need any consumables. Repairs, however, need specialised 
skilled personnel. Wind pumps are often applied at high head: typically 10 to 100m. They have a robust 
nature of their construction but quite expensive in relation to their power output. A water storage tank 
is required to ensure water supply when the pump is not running and to balance the hourly fluctuations 
in demand. In order to withstand occasional storms, windmills must have a means to limit the power 
they can deliver. 
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3.4.3 Making system choices 
 
A method to determine a feasible pumping option is provided by “Wind pumps, a guide for 
development workers”. The option of electric pumping is left out in this flow chart. 
 
Figure 3.2: Pumping options flowchart (source: Kristoferson, 1991, pg. 72). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applications7 
How much water a wind pump can pump is rather a difficult to answer exactly, as wind speeds can be 
quite variable. It must also be noted that local topography, and trees and buildings within the vacinity 
of the wind pump, can reduce its performance8. However, there are many potential applications for 
wind pumps. The niche for wind pumps is water supply from 20 m4 to 2000 m4 (see paragraph 3.5.2 for 
an explication of the unit m4). The corresponding rotor diameters range from 1 to 7.5 meters (see fig. 
3.3). The merits of a wind pump can be viewed as serving a multitude of users against low energy 
inputs. For instance a 3 m diameter wind pump can supply 30 m3 water per day (average per year) at a 
pumping head of 10 m with a very moderate average wind speed of 3.5 m/s. This will serve a village 
with 750 people (with WHO norm of 40 l/d per capita) the average power delivered being only 34 
Watts. As an example (with some simplifications), it can be said that the 300 wind pumps installed in 
Kenya deliver water for the equivalent supply of about 200,000 people, in remote areas, therewith 
contributing to a better quality of life. 
  
Figure 3.3: The wind pumping niche versus other pumping technologies (source: Jong, de, ARAKIS) 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
    

                                                            
7 Base on  (source: Jong, de, ARAKIS) 
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3.4.4 Conclusions for wind pumps 
 
There are no unambiguous rules for determining the application of wind pumps. Most of the time one 
is very careful in determining, which is understandable, because the quantity of the output is not 
exactly predictable, since the wind speed is rarely constant. The values of table 3.3 are too general. The 
conclusions from this paragraph are:  

• a wind pump is certainly the best option when the daily water need is between 100m4 and 
800m4 and the average annual wind speed at least 2,5 m/s; 

• the niche, however, for wind pumps is water supply from 20 m4 to 2000 m4. But when this 
comes up it should be examined closer; 

• a water storage tank is required to ensure water supply when the pump is not running and to 
balance the hourly fluctuations in demand; 

• to withstand occasional storms, windmills must have a means to limit the power they can 
deliver. 

  
 
3.5 Energy  
 
3.5.1 Energy needed for lifting water 
 
If the total amount of water which has to be pumped is known, the energy needed for pumping can be 
calculated. This kind of energy is known as the hydraulic energy. The calculated hydraulic energy per 
second is the power needed from the optional pumping system. The net hydraulic energy required to 
lift a volume of water over a particular height is reflected in the next formula: 
E = Q ρwater g H (Joules) 
In which:  
E = energy required. 
Q = volume of water in m3 

ρwater = density of water (1000 kg/m3). 
H = total head (height) in meters. 
 
For the required power (in Watts) the total time for pumping volume Q must be known. The calculated 
E can be divided by the total time in seconds to get the total Watts (power) required. It must be kept in 
mind that the energy, which is calculated with this formula, is without the energy losses in the pumping 
system and the pipes. Instead of the kWhh (kilowatt-hour) as unit for the energy, for pumping there is 
also the hydraulic energy equivalent, being the product of the volume of water Q times the head H (Q x 
H). 1 kWhh is equivalent to 367 m4. This means that lifting 367 m3 over 1 m head, or 36,7 m3 over 10 
m head or 3,67 m3 over 100m head are in terms of hydraulic energy all equivalent and equal to 1 kWhh. 
(Meel, van, 1989) 
 
 
3.5.2 Energy availability in the wind9 
 
The wind has a power to make the rotor rotate (see paragraph 3.6.2 working of windpump).  If the wind 
is blowing, the wind has a certain velocity (speed).  The amount of energy (power) which can be 
extracted  from the wind is equivalent to the area swept by the rotor, the velocity of the wind (when the 
wind speed is increasing the rotor is able to turn faster) and the density of the wind. 
(The power in the wind is proportional to the cube of wind velocity.)  
 
The general formula for wind 
power is: 
 
Power wind = density of air x swept area x velocity cubed 
                                               2 

Pwind  = ½ ρ V3 A (Watts) 
 
Where:  
Pwind is the power in the wind in Watts 

                                                            
9 Based on (source: Dijk, van, 1990, chapter 3) 
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Ρ is the density of the air in kg/m3 

V is the speed of the wind in m/s  
A area which is covered by the rotor in m2 

 
If the velocity (v) is in m/s, then at sea level (where the density of air is 1.2 kg/m 3 ) the power in the 
wind is: 
Power = 0.6 x v³ Watts per m² of rotor swept area 
This means that the power density in the wind will range from 10W/m² at 2.5m/s (a light breeze) to 
41,000W/m² at 40m/s (a hurricane). This variability of the wind power resource strongly influences 
virtually all aspects of wind energy conversion systems design, construction, siting, use and economy. 
 
3.5.3 The energy of the wind which can be used for lifting water (source: Dijk, H.J., 1990) 
 
Because of limitations of a wind pump the power of the wind Pwind can not completely be used for 
pumping water. The limitations are a result of losses of the wind energy by the conversion from an air 
mass flowing (wind) into a pumping motion.  
First of all there is a limitation of the rotor, which practically is able to extract about 30% of the energy 
out of the wind. Then, of course, there are mechanically losses of energy by the transmission and the 
pump, determined between 40% and 80%. And at last a windpump runs optimally only at the 
windspeed to which it has been matched. A wind regime has a continually changing wind speed, which 
results in a sub-optimal operation of the windpump. The losses of the wind matching problem is 
determined about 50%. 
 
The average overall wind-to-water energy conversion can be estimated at 5% to 15%. 
Rule of thumb: wind power for pumping water 
 
It is possibe to estimate the average power effectively available for lifting water on the basis of the 
average wind speed at a site. Suppose the average wind speed over a month or year is V, then the 
useful average hydraulic power output P in that same period can be estimated by 
 
Ph = 0,1 V3 A  (Watts) 
In which A is the swept area of the rotor and 0,1 is the wind-to-waterconversion (losses). 
 
Ph = 0,1 V3   (W/m2) 
 
Ph denoting the specific average hydraulic power output per m2 rotor area. 
 
 
3.6 Working of wind pumps 
 
3.5.1 Components of wind pumps (Meel, 1989)  
 
The main components of a wind pump are:  
• Rotor. 
• Transmission. 
• Safety system. 
• Tower. 
  
Rotor 
The rotor converts the power of the wind into useful mechanical shaft power. Usually the blades 
consist of curved steel plates. Sometimes sails are used. Classical windmills have 15, 18, 24 or even 36 
blades, mostly supported by a structure of spokes and rims. These rotors deliver maximum power when 
the speed of the blade tips approximately equals the wind speed. Recent designs have less blades: 4, 6, 
8 or 12, mostly supported by spokes only. These rotors operate at higher tip speeds. For any given wind 
speed, maximum power is delivered when the speed of the blade tips equals 1.5 to 2 times the wind 
speed. The rotor is fixed to steel shaft by means of one or two hub plates. The shaft is supported by 
sleeve bearings (receiving oil from the gear oil bath), or by roller bearings (lubricated by grease or by 
oil), or by hardwood sleeve bearings (lubricated with oil). Rotors of water pumping windmills range 
from 1,5 to 8 m diameter. In a 4 m/s wind, a rotor of 1,5 m diameter may produce up to 24 W of 
mechanical power and an 8 m diameter windmill up to 680 W.  
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In a 5 m/s wind, these values nearly double (46 and 1320 W respectively). Also the size of the rotor is 
often used to give an indication of the wind pump. The larger the diameter of the rotor, the more 
expensive the whole wind pump will be. 
 
Transmission 
The transmission of a windmill conveys the mechanical energy delivered by the rotor to the pump (rod) 
Many of the classical “American” windmills, especially the smaller models are “back-geared”, i.e. they 
incorporate a gear box. The gears reduce the rpm of the pump, normally by a factor of about 3. They 
usually run in an oil bath for lubrication. The oil needs to be changed about once a year. An essential 
part of the windmill is some kind of eccentric that transforms the rotating movement of the rotor into a 
reciprocating movement of the pump rod. Several types exist: 
• Two drive rods connected eccentrically to the two slow gears and connected through a guide to the 

pump rod. 
• A simple crank on the main shaft, connected through a guide to the pump rod. 
• A crank on the main shaft, connected directly to the pump rod. 
• A crank on the main shaft, connected through a lever system to the pump rod. 
 
The pump rod transmits the power to the pump. Often a swivel joint is incorporated, preventing the 
pump rod from rotating when the windmill’s head assembly is yawing due to a change of wind 
direction. Normally the pump rod is guided at several points in the tower. The swivel joint and the 
guides require regular lubrication by greasing, for example once a month. The efficiency of the 
transmission is somewhere between 70% and 90%. 
 
Safety system 
No wind machine can be expected to survive very long without an automatic safety system to protect it 
against gusts and storms.  It would be impractical, even if it where possible, to design a wind-machine 
strong enough to remain in full operation during storms, with an exception perhaps for very small 
machines of 1 m diameter or so. Hand-operated safety-systems alone are not sufficiently reliable. 
Storms may occur very suddenly, unexpected storms may occur at night, and one moment of 
negligence may reduce an important investment to scrap. The safety system of mechanical windmills is 
combined with the orientation system. At low wind speeds the rotor is oriented into the wind; with 
increasing wind speeds the rotor is gradually turned out of the wind so as to limit the speed of the pump 
and the forces acting on the structure. The functioning of these safety systems is based on the 
equilibrium of aerodynamic forces (acting on one or two vanes and the rotor) and some other force 
(mostly a spring or weight) that serves to counteract the aerodynamic forces. Normally the automatic 
safety system can also be operated manually to stop the windmill. A mechanical brake is sometimes 
incorporated in the rotor hub. It is normally operated both by the automatic safety system and by 
manual furling mechanism. These brakes are not capable of stopping a windmill in a storm. They 
merely hold the windmill when it is being serviced or when there is no need of water. 
Two important characteristics of a safety system are: 
• The rated wind speed, Vr, at which the windmill reaches its maximum rotational speed and hence 

pumping rate. For higher wind speeds the rotational speed is limited and gradually reduced by the 
automatic safety system. The Vr is normally 6 to 8 m/s. 

• The cut-out wind-speed. At this wind-speed the rotor is completely turned out of the wind and 
stops running. Usual values are 15 to 20 m/s 

 
Tower 
A tower supports all the components. The tower raises the rotor over any obstruction into a fair 
unobstructed wind. In addition, the tower serves as a rig when installing the pipes of deep well pumps. 
Wind pump towers are normally of a lattice construction, factory welded as complete sections or bolted 
together at the installation site. Normally they have four legs, sometimes three. Tower heights range 
from 6 m for small windmills to 18 for large ones.   
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Figure 3.4: various components of wind pumps. (source: Fraenkel, 1993) 
 

 
 
 
3.6.2 Working of wind pumps 
 
Because of the curved shape of the rotor-blades the rotor is going to turn when the wind blows. The tail 
of the windmill makes that the rotor is always faces the wind. The rotor axis is connected with the rotor 
and the transmission. The transmission makes the pump rod moving up and downwards. At the end of 
the rod a piston pump is connected. For the working of the piston pump, see figure 3.4 
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Figure 3.5: working of a wind pump (source: Dijk, van, 1990). 

 
3.7 Types of wind pumps 
 
3.7.1 Categories 
 
To give an overview of the different types of windmills for water pumping it is useful to divide 
windmills into categories. There are different ways to divide wind pumps in categories, for example: 
design and method of construction, type of transmission between the rotor and the pumping device, 
level of technology of the wind pump. The windmills for water pumping, the wind pumps have to be 
useful in the rural areas in Tanzania. For this research we choose for the division level of technology, 
with horizontal axis and a mechanical transmission. This has the advantage to leave out experimental 
designs or designs that are rarely used and which need more expertise to use.  
 
The division of categories: 
• First generation.  

Classical multi-bladed (American) wind pumps with the smaller sizes incorporating a back-gearing 
transmission (figure 3.6) These wind pumps are sturdy and reliable. 

• Second generation. 
Modern light weight wind pumps which have been developed in the last 20 years (figure 3.6). 
Gearboxes are omitted, new control systems have been developed. The design often reflects the 
specific requirements e.g. pumping heads less than 7 m and low wind speeds. Their range of 
application may be more restricted than that of the versatile multi-blade machine, but as they have 
been designed for a particular job, they are also much more economic. 
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• Traditional. 
Low cost, artisanal wind pumps, e.g. bamboo wind pumps in Thailand for low head pumping in 
saltpans (figure 3.5). In general, artisanal wind pumps “coincide” with low head requirements 
(BWEA/RAL, 1995). 

 
 
3.7.2 First generation wind pumps (Dijk, van, 1990) 
 
The classic multi-blade wind pumps are commercially produced wind pumps which were developed 
over fifty years ago and are still on the market. They are produced mainly in the United States, 
Argentina and Australia. Originally they were used for watering cattle in all parts of the world. The 
main characteristics are: 
• capital intensive steel fabrication processes; 
• construction chiefly of steel, cast iron, bronze, etc.; 
• construction in a well-equipped metal workshop with among others lathe and foundry; 
• high investment costs; 
• low maintenance costs; 
• more efficient energy conversion than traditional low-cost wind pumps; 
• long life, typically 25-30 years; 
• possibility of high pumping heads (even up to 300m); 
• start-up at low wind speeds, low rotation speed; 
• an automatic safety system to prevent damage from high speeds. 
 
3.7.3 Second generation wind pumps 
 
The boom in energy prices during the seventies was the primary reason for renewed interest in wind 
pumps as a possible alternative to the use of fossil fuel for water lifting. Recent developments are 
twofold: 
• Simple low-cost wind pumps have been improved. 

One example of this development is the improved Cretan wind pump. It has a dubious record. It 
was introduced into Thailand with some success, but elsewhere, such as in Ethiopia and Kenya, its 
introduction was not successful. The Sahores wind pumps introduced in West Africa, are another 
example of an unsuccessful introduction. Traditional wind pumps are so closely bound to their 
region of origin that it is difficult to transfer this type of technology. 

• New wind pumps have been designed, which are cheaper than the classic multi-blade wind pumps, 
have wider applications than traditional low-cost wind pumps and can be built in a light 
engineering workshop. Another new development has been in the direction of wind pumps 
adaptable for small-scale irrigation, with medium pumping heads and a relatively high output. A 
characteristic of this new wind pump is that it can be easily repaired and even produced in a local 
workshop. 
 

Most of the recently developed wind pumps have the following characteristics: 
• Emphasis on a light but reliable construction that is less expensive than classic multi-blade wind 

pumps. 
• Construction of steel, brass, etc. 
• Tools for construction include lathe, drill press, welding set and hand tools. 
• Possibility of local production in a reasonably equipped workshop. 
• More labour-intensive maintenance than for classic wind pumps, but local repairs are possible. 
• Non-labour intensive operation. 
• Life span of 10-15 years. 
• Pumping heads of 5 to 50 meters. 
• High energy efficiency. 
• Higher rotor speeds with light rotors and few blades. 
• Automatic safety system to prevent damage from high wind speeds. 
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3.7.4 Traditional low-cost wind pumps 
 
This category comprises different kinds of wind pumps that have traditionally been locally produced, 
many of which have long development histories such as the wind pumps in China that were already in 
use 3000 years ago. Other examples are the wind pumps in Crete, Thailand and the Netherlands. This 
type of wind pump was found in regions with favourable characteristics: high wind speeds and 
pumping heads not far below 5 m. These wind pumps are not suitable for areas with less favourable 
conditions because of their relatively low water output. 
 
Traditional wind pumps are chiefly: 
• Constructed of wood, sails and scrap. 
• Made by local craftsmen. 
• Have low investment costs (compared to classical wind pumps). 
• Require intensive maintenance and repair. 
• Are labour intensive to operate. 
• Have rather low energy efficiency. 
• Can last a long time with partial replacement, otherwise they are good for five to ten years. 
• Have pumping heads of less tan 5 m. 
 
Examples of the various types of wind pumps are presented in figure 3.5. 
 
Figure 3.6: various types (source: Jong, de, ARAKIS) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Low cost wind pumps: 
Thai bamboo-mat wind pump 

 
First generation wind pumps: 
Australian southern cross wind pump 

 
Second generation wind pumps: 
CWD 2000 (left), KIJITO (middle) and FDG-5 (right) 
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3.8 Wind pumps in the world 
 
3.8.1 Manufacturers 
 
In very broad terms, the actual market is small and fragmented geographically. There are about 100 
wind pump manufacturers in the world. The longest established manufacturers in the traditional 
countries USA, Australia, South Africa, Spain and France, still produce first generation wind pumps, 
which were developed from around 1850 onwards. The home market is, however, gradually declining. 
Principally because of a downturn in the livestock industry, further rural electrification and use of 
photovoltaic pumps (Fraenkel, 1993, pg.28). At present about 1.000.000 wind pumps are still in 
operation, mainly in Argentina, Australia, USA and South Africa. Over the last 5 years about 5000-
8000 wind pumps are produced per year worldwide. About 20% of this production took place in 
developing countries. The predominant wind pump type produced in the developing countries the 
second generation wind pump is, which were developed after 1973, but low cost wind pumps are made 
in many countries as well (Jong, de, ?).   
 
Table 3.4: Leading wind pump types available in the world: First Generation Types  (source: Jong, de, 
ARAKIS) 
 

First Generation Types (including copies) 
Origin -------------Domestic & Cattle------------- 

---Irrigation------------------------ 
Drain, Fish, Salt 

 

Manufacturers 
(Model) 

Country Head >20 m 20<Head>5 m Head<5 m Number 
installed 

Aermotor 
Bosman 
Dempster 
Autospares 
Windfab 
SICCO 
NEPC 
Fiasa 
IMEP 3000 
FD2-LB 
FD4-LB 
Reymill 
S. Cross 
S.Cross 
Yellow Tail 
Pwani 
Sht Mtl Kraft 
Indusierra 
Manatial 
Bornay 
(Aermotor) 

USA 
Netherlands 
USA 
India 
India 
India 
India 
Argentina 
Nicaragua 
China 
China 
Philippines 
Australia 
S. Africa 
Australia 
Kenya 
Kenya 
Colombia 
Colombia 
Spain 

♦ 
 

♦ 
 
 
 
 

♦ 
 

♦ 
♦ 
 

♦ 
♦ 
♦ 

 
 
 

♦ 
♦ 
♦ 
♦ 
 

♦ 
 
 
 
 
 
 

♦ 
 

 
♦ 

>100 000 
>1000 

>100000 
105 

54 
55 

? 
>100 000 

60 
15 
40 

200 
>250 000 
>10 000 
>10 000 

164 
154 
500 

50 
53 
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Table 3.5: Leading wind pump types available in the world: Second Generation Types  (source: Jong, 
de, ARAKIS) 
   
 

Second Generation Types 
Origin -------------Domestic & Cattle------------- 

---Irrigation------------------------ 
Drain, Fish, Salt 

 

Manufacturer 
(Model) 

Country Head > 20 m 20 < Head > 5m Head < 5 m Number 
Installed 

CWD2740 
 
CWD-
SEN5000 
CWD-
IMEP5000 
Dutch Delta 
FDG-6 
FDG-5 
Condor 
Gaviotas 
Jober 
Aureka 
Kijito 
CWD2000/Kij
ito 
Mujahid 
Niva 3000 
WEU 1/3 
Oasis 
ITDG-Tawana 
ITDG-S&L 
Tozzi & Bardi 

Moz, Zim, 
Zambia 
Tunesia 
 
Nicaragua 
 
Canada 
China 
China 
Philippines 
Colombia 
Colombia 
India 
Kenya 
Kenya 
 
Pakistan 
Sri Lanka 
Sri Lanka 
France 
Pakistan 
Zimbabwe 
Sahel 

 
 
 
 
 
 
 
 
 
 
 
 
 

♦ 
 

 
 

♦ 
 

♦ 
 

♦ 
 
 
 

♦ 
♦ 
♦ 
 

♦ 
 
 
 
 

♦ 
♦ 
♦ 
♦ 

♦ 
 
 
 
 
 
 

♦ 
♦ 
♦ 
 
 
 
 
 
 

♦ 
♦ 
♦ 

150 
 

35 
 

15 
 

? 
1200 
208 
400 

8000 
460 

10 
218 

4 
 

20 
14 

200 
>15000 

50 
31 

>111 

 
There’s little reliable information available on the wind pump market, especially on the number of 
installed units. No complete overview of installed wind pumps in the world could be found. Table 3.6 
gives a broad indication of the market. Some more specific information on wind pump manufacturers 
and their products can be found in the appendix of The Power Guide, produced by IT Power and the 
University of Twente (Hulscher, 1994, pg.86-102). 
 
The manufacturing companies are generally small; manufacturers do not have access to available 
know-how. They have mostly started by copying some kind of design or components of a design and 
developing the wind pump by trial and error, without consulting experts, books, reports etc. to which 
they do not have access. Manufacturers seldom know how to predict water output at different sites 
where pumping heads and wind condition can vary. Users have the similar problem of finding out how 
a wind pump will perform at their site (Smulders, paper, pg.4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

PART I: State of wind pump technology 

32 

3.8.2 Users 
 
Tables 3.6 and 3.7 present the existing markets and the potential markets respectively.  
 
Tabel 3.6:  Existing market (source: Fraenkel, 1993). 
 
Region Existing Market 

(units) 
 Total Annual 
India 
Rest of Asia 
South Africa 
Rest of Africa 
Latin America 
Europe 
CIS 
North America 
Australia/Pacific 

4000 
4000 
200000 
3000 
350000 
5000 
8000 
50000 
150000 

500 
500 
800 
400 
7000 
300 
500 
500 
800 

Totals 770000+ 12000+ 
 
It is expected that the wind pump market will grow by a factor five, whilst the wind pump population 
will mostly remain constant. This is because there will be a continuous fall in the wind pump 
population in Australia, USA and South Africa. New markets, however, will develop in other countries. 
The applications considered to have most potential are livestock watering and village and homestead 
drinking-water supply (Fraenkel, 1993). 
 
Tabel 3.7: Potential market(source: Fraenkel, 1993) 
 
Region Potential Market (units) 
 Total Annual 
India 
Rest of Asia 
South Africa 
Rest of Africa 
Latin America 
Europe 
CIS 
North America 
Australia/Pacific 

100000 
200000 
55000 
15000 
400000 
10000 
100000 
10000 
10000 

6000 
12000 
5000 
2000 
20000 
1000 
10000 
1000 
1000 

Totals 900000 58000 
 
 
 
3.9 Wind pumps in Tanzania 
 
The tradition of using wind pumps in Tanzania goes back to the early 1950s, when several systems 
were reported in Kilimanjaro, Dodoma, Arusha and Mara. These systems were of the slow-running, 
multi-bladed type. Most of these wind pumps have been installed for community water supply in rural 
areas. In only very few cases they were used for cattle watering or irrigation (Wit, de, 1996). 
 
Despite extensive research for this report, no complete list of the existing wind pumps in Tanzania 
could be found. None of the actors in the wind pump field had a reliable overview of this. Because of 
this, for this report, all sources of information are combined to produce one (fairly extensive) list of 
wind pumps used for water pumping for drinking water in Tanzania. Sources used are key persons, 
maintenance companies, research reports from the past, statistical books and district data (where 
available). See table 3.8.  
A result is that Tanzania has (at least) 192 wind pumps of which 151 are working. This is a fairly high 
percentage. 
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Region Districts Costech phase 1 
rapport 
1994 

Costech phase 2 
informatie 
2003 

Socio-economic 
profile Singida 
1995 

Manyoni Water 
engineer’s 
office 2003 

Dodoma water 
engineer’s 
office  

LVIA 
information 
2002 

CPPS 
information 
2002 

Information Bob 
Harries Eng. 
Limited (1996) 

Total 

  

O
perating  

N
ot op. 

Total 

O
perating  

N
ot op.  

Total 

O
perating  

N
ot op. 

Total 

O
perating  

N
ot op. 

Total 

O
perating 

N
ot op. 

Total 

O
perating 

N
ot op. 

Total 

O
perating      

N
ot op. 

Total 

O
peariting  

N
ot op. 

Total 

O
perating  

N
ot op. 

Total 

Dodoma  10 3 13                1   5  5 32 - 32 
 Dodoma rural             12 - 12    9  9       
 Dodoma urb                    4  4       
 Kondoa                   2  2       
 Kongwa                9 2 11          
Arusha  - 2 2 - 4 4                   - 4 4 
 Monduli    - 4 4                      
Iringa  4 3 7 16 - 16             1  1    16 - 16 
 Iringa rural    13 - 13                      
 Iringa urban    1 - 1                      
 Mufindi    2 - 2                      
Kagera  1 - 1                   2  2 2 - 2 
Mara  3 1 4                   7  7 7 - 7 
Mtwara  1 - 1                      1 - 1 
Rukwa  3 - 3                      3 - 3 
Shinyana  2 5 7 4 2 6                5  5 5 2 7 
 Shinyanga rur    4 2 6                      
Singida  53 17 70    47 24 71          2  2    77 21 98 
 Manyoni       27 7 34 27 4 31       54  54 3  3    
 Singida rural       7 6 13          2  2       
 Singida urban       - 2 2                   
 Iramba       13 9 22                   
Tanga  1 6 7 3 3 6                3  3 3 3 6 
 Muheza    - 2 2                      
 Korogwe    2 - 2                      
 Tanga    - 1 1                      
 Pangani    1 - 1                      
Tabora  3 1 4                2  2 1  1 3 1 4 
Kilimanj.  - 1 1                      - 1 1 
Mbeya  - 1 1                      - 1 1 
Musoma     1 8 9                   1 6 9 
 Musoma urb      3 3                      
 Musoma rural    1 5 6                      
DSM  1 - 1                1  1    1 - 1 
 Temeke                   1  1       
  82 25 18 41 40 122                   151 39 192 
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3.10 Economics  
 
For a variety of reasons, economic information was not gathered systematically. However, from the 
CPPS-Water projects some reliable information was gathered:  
• Tozzi & Bardi wind pump. 
• Tower height 12 meters. 
• Rotor diameter 5 meter. 
• Delivering in Dodoma city. 
The price for this configuration was stated as US $ 6000. This price was exclusive of: 
• Bore-hole (and accompanying well research). 
• Water quality  survey. 
• Installing and building of the wind pump on site. 
• Storage tank 
• Possible pipelines and taps 
For these items it is reasonable to count approximately US $1500 extra, bringing the total costs to US$ 
7500. 
 
In theory, of course, there are factors determining the economic attractiveness of wind pumps. Some of 
these are financial, others are not. The factors are: 
• Investment costs of water lifting devices. 
• Operational costs.  
• Availability of other energy sources. 
• Opportunity costs of rural employment. 
• Economic lifetime of water lifting devices. 
• Interest rate and foreign exchange rate. 
It is recommended that these data are collected systematically for sites were wind pumps are 
considered to be installed. We emphasise the importance of collecting local data. 
  
Apart from these typical economic factors, the attractiveness is, of course, determined by physical and 
technical factors such as the wind regime, pumping head, demand for water, and storage tank capacity 
to bridge windless days, etc. 
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4 State of the art 
 
4.1 Introduction 
 
Aim of this chapter is to present an overview of the wind pump developments in Tanzania. In this 
context it is important to know the actors involved, their aims, the experiences with wind pumps and 
the plans for the future. To structure the overview of ongoing developments, the actor network theory 
was found to be useful. With this theory first the actants in the network are reviewed, followed by the 
actors. Finally the future developments of the network are analysed. These future developments are 
again described for both actants and actors. All three parts are considered together in the conclusions at 
the end of the chapter. 
 
4.2 Actor-network theory 
 
Actor-network theory (ANT) has its origins in studies of the networks of interdependent social 
practices that constitute work in science and technology. ANT evolved from the work of Michel Callon 
(1991) and Bruno Latour (1992) at the Ecole des Mines in Paris10 on two case-studies in the steel and 
soap industry of the United States of America. ANT assumes the radical indeterminacy of the actor. 
For example, neither the actor’s size, nor its psychological make-up nor the motivations behind its 
actions are predetermined. In this respect ANT is a break from the more orthodox currents of social 
science11. The analysis of Callon and Latour of a set of negotiations (in their case of two industries) 
describes the progressive constitution of a network in which both human and non-human actors assume 
identities according to prevailing strategies of interaction. Non-human actors are called actants. Actors' 
identities and qualities are defined during negotiations between representatives. In this perspective, 
"representation" is understood in its political dimension, as a process of delegation.  
 
The most important of these negotiations is "translation," a multifaceted interaction in which actors;  
• construct common definitions and meanings; 
• define representativities; 
• co-opt each other in the pursuit of individual and collective objectives12.  
 
Actors form networks by circulating actants among themselves, thus defining the respective position of 
the actors within the networks and in doing so constituting the actors and the networks themselves13. 
For networks to operate successfully, this circulation of actants needs to be co-ordinated. This means 
the included actors do not, or may only to a limited extent, contest their own translation. Actors thrive 
toward an internal agreement, which allows for an optimal circulation of actants, because their strength 
depends on the co-ordination within the networks. In networks where the actors have successfully 
converged, i.e. are strongly co-ordinated, the network as a whole stands behind any one of the actors 
who make it up14. Convergence and divergence point at the directions into which a network can move, 
either towards a stabilising itself or towards disintegration in which it becomes easier and easier to 
reverse its connections. Convergence in a network does not mean that every element acts or becomes 
the same, it simply means that any one actor's activity fits easily with those of the other actors, despite 
their heterogeneity15. 
 
 
 
 

                                                            
10 Bardini, T., http://carbon.cudenver.edu/~mryder/itc_data/ant_dff.html 
11 Callon, M., http://carbon.cudenver.edu/~mryder/itc_data/ant_dff.html 
12 Bardini, T., http://carbon.cudenver.edu/~mryder/itc_data/ant_dff.html 
13 Stalder, F., (1997). More on Bruno Latour; Mailinglist FIS, McLuhan Program in Culture and Technology. 

http://amsterdam.nettime.org/Lists-Archives/nettime-l-9709/msg00012.html. 
14 In the original text, the term intermediaries was used instead of actants. An intermediary is anything that "passes 

between actors in the course of relatively stable transactions." (Bijker, Law, 1992 p.25) It can be a text, a 
product, a service, or money. This term is changed in actants in this text. 

15 Stalder, F., (1997). More on Bruno Latour; Mailinglist FIS, McLuhan Program in Culture and Technology. 
http://amsterdam.nettime.org/Lists-Archives/nettime-l-9709/msg00012.html. 
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In ANT, both actors and actants share the scene in the reconstruction of the network of interactions 
leading to the stabilisation of the system. The crucial difference between them, however, is that only 
actors are able to put actants in circulation in the system 16. Next to this difference between the non-
human and the human part of the network there is another one. According to Hughes, a crucial function 
of people in technological systems, besides their obvious role in inventing, designing and developing 
systems, is to complete the feedback loop between system performance and system goal and in doing 
so to correct errors in system performance (Hughes, 1987, pg. 54). 
 
For these special functions of human actors and organisations in the network, a more narrow division is 
useful. Geels (Geels, 2002) made a representation of the various groups of actors in a socio-technical 
regime. His arguments are in line with the actor-network theory of Callon and Latour. He argues that 
socio-technological configurations (technological artefacts plus social relations) are the result of 
activities of groups and actors, which create and maintain the elements and their linkages. On the one 
hand, the groups have their own distinctive features and relative autonomy. On the other hand they are 
dependent and interacting with each other, which leads to a certain stability of socio-technological 
configurations. Tensions between groups and de-alignment, however, make the socio-technological 
configurations unstable, so both processes occur by actions of and interactions between multiple social 
groups. Geels designed a general characterisation of the multi-actor network of such socio-
technological regimes. It contains the following groups: 
• Public authorities. 
• Research. 
• Producer networks. 
• Suppliers. 
• Maintenance. 
• Financial networks. 
• Societal groups. 
• Users. 
 
Summarising, according to ANT, circulation of actants will form a network, interactions between 
actors will lead to stabilisation and translation will lead to convergence in the network. In order to 
investigate these factors in the Tanzanian wind pump network, first the produced actants will be 
reviewed. Second, the interactions and exchange of actants between actors will be identified. Finally, in 
order to determine the future convergence or divergence, the individual objectives in the network 
should be known, next to the contribution to the collective objective. On basis of the groups of Geels, 
with some minor modifications, the actors in the network of wind pumps in Tanzania can be structured, 
representatives identified, produced actants reviewed and objectives analysed. 
 
 
4.3 Review of Tanzanian actants 
 
In the Tanzanian network of wind pumps, the different actor groups produce, and put into circulation, 
different kinds of actants. 
 
• Public authorities - reports 

      laws 
     physical facilities 

• Research - scientific products (books, articles etc.) 
• Producer networks - hardware 

    manuals 
     technical drawings 

• Suppliers - hardware 
   manuals 
   technical drawings 

• Maintenance - physical facilities 
• Financial networks - funds 
• Societal groups - - 
• Users - - 

                                                            
16 Bardini, T., http://carbon.cudenver.edu/~mryder/itc_data/ant_dff.html 



 

PART I: State of the art 

37 

From these actants, the hardware, technical drawings, manuals and physical facilities are not of interest 
for the analysis of the network of wind pumps right now. With respect to the actant ‘laws’ from public 
authorities, it can be concluded that no laws are present which explicitly impede or stimulate the 
introduction of wind pumps. The scientific products as well as the reports from public authorities will 
be described in more detail since they present a picture of the experiences in Tanzania with wind 
pumps. Scientific products can be books, reports, publications, etc. 
 
4.3.1 Chronological overview of Tanzanian experiences with wind pumps 
 
The use of wind pumps in Tanzania goes back to the early 1950s, when several systems were reported 
in Kilimanjaro, Dodoma, Shinyanga, Arusha and Mara (Mwihava, 1994). In 1974, Parkes performed 
the first wind use study. In his work he reviewed the general use of wind energy in Tanzania, did an 
analysis of wind data collected for sample sites and from his research findings he made some 
recommendations on wind energy use (Wit, de, 1996). The research of Parkes was followed by the 
work of Schmidt in 1977, who presented a survey of the most important developments of the use of 
windmills in East Africa (Beurskens, 1978). In 1978, Reichel of the Department of Electrical 
Engineering of the University of Dar es Salaam investigated the reasons which led to the failures of the 
windmill installations in Dodoma and Shinyanga regions and to the successful operation of windmills 
in Singida and Manyoni areas (Mwihava, 1994). Different from earlier attempts, where windmills were 
installed without making proper feasibility studies, Beurskens attempted to do it differently. He studied 
the wind speed characteristics of the Mara region and used the findings for carrying out a feasibility 
study for water pumping (Beurskens, 1978). In a research for the University of Dar es Salaam, 
Luhanga, in 1986, stated that the government’s goal of supplying clean piped water to the existing 
8000 villages was the strongest motivation for the use of wind energy (COSTECH, 1997).  
 
In 1988 and 1989 two reports of members of the Consultancy services Wind energy Developing 
countries (CWD) were published. One market study on local production of wind pumps in Tanzania by 
Costa and one pre-feasibility study for the application of water pumping windmills by Huisman and 
Leusink. In the last report, the experiences with windmills in the regions Arusha, Dodoma, Musoma, 
Mwanza, Shinynaga and Singida were discussed. After the report of Luhanga, the research at the 
University of Dar es Salaam concentrated on wind data. The wind speed data, which were collected by 
the meteorological services in Tanzania, had a lot of drawbacks. In spite of this, it was said the data 
could be used to get a rough impression of the variation of the monthly mean wind speeds during the 
year. 
 
Kainkwa and Uiso have successfully determined the preliminary wind speed patterns and wind 
behaviour in Tanzania (Kainkwa, 1989). Between 1992 and 1995, both Nzali (COSTECH, 1997) and 
Njau (Njau, 1995) published some articles on wind in Tanzania. In 1994, COSTECH published a report 
by Mwihava en Towo on energy projects and their effective utilisation inTanzania (Mwihava, 1994). 
Based on these findings they formulated some recommendations for future utilisation of windmills.  De 
Wit (Wit, de, 1996) has done a research on wind energy in Tanzania in 1996. Mainly based on 
literature, she investigated the potential of wind pumps in Tanzania. COSTECH continued its research 
on windmills of 1994 with a report in 1997 on ‘the state of wind energy technologies in Tanzania’. 
Phase 1 of this research contained a review of available literature on wind energy in Tanzania. 
Recommendation of the study was to continue with a second study (COSTECH, 1997). Phase 2 of the 
project has not been published yet. 
 
In 1998, Tatedo used the conclusions of De Wit for a desk-study for DANIDA to: 
• Assess the availability and quality of wind resources data in  Tanzania. 
• Assessment and recommendation on potential areas and sites for further detailed study (Tatedo, 

1997). 
With this report they tried to get funding of DANIDA for a project to evaluate wind speed data in 
Tanzania. Aim of the project was to find the possibilities of generating electricity with wind turbines in 
Tanzania. The last report on wind energy is from the Ministry of Energy and Minerals (also the first 
report on this of the Government) by Mrindoko and Mwihawa (Mrindoko, 2000). This report contains 
the same conclusions as the report of Mwihava and Towo of 1994. 
 
In table 4.1 the findings and recommendations of the various actants are summarised.  
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Table 4.1: Review of actants 
 
Period Source Findings Recommendations 

  M.E. Parkes, 1974 Of at least 30 windmills present in Tanzania, only a third is still working Preconditions for any mechanical innovation to catch on: 
• There must be a need for the equipment 
• People should be able to replicate the mills 
• Modifications are needed to suit local conditions 
• A technology must be developed to repair and even produce items which 

are in demand 
W.L. Schmidt, 1977 Not known Not known 
R. Reichel, 1978 Reasons for the failures of the windmill installations in Dodoma and 

Shinyanga are linked to the way the choices of technologies were made. 
Local manufacturing of windmills should be promoted. 

70s 

H.J.M. Beurskens, 1978 Water pumping with wind pumps is cheap for the Mara region, because: 
• The wind regime in Mara Region is favourable to operate windmills 

for pumping purposes. 
• A good correlation exists between the wind energy potential and the 

water needs. 
• Energy prices of commercial windmills are comparable to energy 

prices of diesel and electrical sets. 
• If windmills of lighter and better construction for pumping water are 

produced locally, energy prices are lower. 
• The economy of windmills will improve as fuel prices rise. 
• Foreign exchange is saved by local production of windmills. 
• Local production and maintenance of windmills in Tanzania is 

feasible with existing workshops, personnel and materials. 
However, communication, in particular transport, poses serious 
problems. 

• Recent results of research show that designs of mills which can be 
produced locally, with good efficiencies and of simple, light and 
cheap constructions, will soon be available. 

Plan for introduction of wind  pumps: 
• People in villages should be informed on windmills and the system should 

be demonstrated in pilot projects. 
• People should decide whether they want to have a windmill. 
• People should contribute to the costs of a windmill, to feel responsible for 

the good operation. 
• Maintenance and reporting of failures should be delegated to a village 

technician 
• Technical assistance should be provided. 
 

Luhanga, 1986 The government’s goal of supplying clean piped water to the existing 
8000 villages is the strongest motivation for the use of wind energy. 

The goals of supplying water and electricity to rural areas can be met by the 
use of small, decentralised wind energy systems rather than by the large scale 
wind energy systems. 

Costa, 1988 ? ? 

80s 

Huisman & Leusink, 1989 ? ? 
Kainkwa & Uiso, 1992 The preliminary wind speed patterns and wind behaviour in Tanzania. ? 90 s 
Nzali, 1992 Wind data collected from airports and airstrips are not suitable for wind 

energy exploitation application. 
- 
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Njau, 1995 Characteristics of wind speed patterns. - 
COSTECH: Mwihava & 
Towo, 1994 

Reasons for malfunctioning of wind mills: 
• Installation of windmills without accurate and well analysed wind 

data, especially for wind electricity generators. 
• Vandalism of wind mill parts and lack of locally trained and skilled 

personnel to operate and maintain installations. 
• Lack of windmill spare parts. 
• Inadequate local capability to manufacture windmills/parts. 

• There is a need to conduct a countrywide wind energy survey in order to 
come up with a country’s wind energy map. 

• While installing windmills in the future, wind characteristics should  be 
evaluated and correlated to windmills’ performance features. 

• A good number of local beneficiaries have to be well trained in the 
installation, operation and maintenance of equipment. 

• The intended beneficiaries should also be involved in all stages of any 
technology projects’ planning i.e. project inception to implementation 
instead of just imposing technologies. 

• More R&D work on the local manufacture of wind mils, energy storage 
equipment and optimal design and specification of windmills to match 
with wind characteristics is recommended. 

De Wit, 1996 Wind pumps are suitable in these regions for: 
• Wind speeds of at least 3 m/s. 
• Small and medium scale community water supply (up to 

communities of about 1000 inhabitants). 
• Livestock water . 
• Small scale irrigation (up to 2 hectares). 

• The Meteorological Department should make wind data available for 
persons and organisations interested in starting activities in the field of 
wind energy. Here lies a task for the Ministry of Water, Energy and 
Minerals to mediate. 

• The Ministry of Water, Energy and Minerals should more explicitly and 
actively stimulate the use of wind energy for water pumping. 

• The development of a market for wind pumps should start in Dodoma, 
because of its favourable wind climate, its tradition with regard to wind 
pumps and the importance of the region for Tanzania. 

• Wind measurement stations should be established in the regions Singida, 
Shinyanga and Rukwa. 

• Studies should be carried out with regard to possible causes of 
malfunctioning of so many wind pumps in Tanzania. Aspects that should 
be taken a closer look at are (lack of) maintenance and (lack of) 
infrastructure, but also cultural aspects should be investigated, like the 
acceptance of a wind pump. 

Tatedo, +/- 1998  Same as De Wit (1996) 

 

COSTECH, 1997 • In the late 70s and early 80s there was a considerable development 
of wind energy technology in the country, but this has declined 
extensively in the last decade.  

• There is no, or unreliable, documentation of technologies of the 
existing windmills. 

• It’s important to assess the sociological impact of wind energy 
technologies. 

To continue with a second phase of this research:  
• To make an inventory of the existing wind energy technologies in the 

country. 
• To find the reasons for the decline in development of wind energy 

technology in the country. 

2000 MEM: Mrindoko and 
Mwihawa, 2000 

Same findings as COSTECH: Mwihava & Towo,(1994) No recommendations 
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4.3.2 Conclusions 
 
From table 4.1 we can conclude the following. In the first two periods, the 70s and 80s, results of the 
various research reports are generally positive towards the possibilities of wind pumps. Parkes is the 
only one who defines some prerequisites for the introduction of wind pumps, but he doesn’t address the 
fact whether enough knowledge is available to meet these prerequisites. Beurskens, however, states 
that this knowledge is available. One of his findings is that local production and maintenance of 
windmills in Tanzania is feasible with existing workshops, personnel and materials. This local 
production is a recurring recommendation in the reports of the 70s and 80s. This also subscribes to the 
mentioned positivism of this period. The main actor producing actants is the CWD from the 
Netherlands. They were active in the period of 1979 - 1989, after this the CWD was discontinued. 
 
In the 90s more problems concerning the introduction of wind pumps are mentioned in research 
reports. Findings mention problems such as lack of spares, wind data, R&D, trained personnel and 
documentation of existing wind pumps in the country. A recurring subject of this period is the lack of 
wind data and the need to evaluate the characteristics of these. This problem was not recognised at all 
in the 70s and 80s. In the 90s most actants are produced by Tanzanian researchers. The University of 
Dar es Salaam, just as COSTECH and Tatedo, are now involved in the research. 
 
 
 
4.4 Review of Tanzanian actors 
 
After describing the actants of the network of wind pumps in Tanzania, the actors need to be reviewed. 
Although the categories of Geels are based on a macro-model, they are useful for the wind pump sector 
of this research. Because here the sector is the subject, the categories have to be changed to fit a meso-
model. For this reason the ‘Research’ category is changed to ‘Researchers’, ‘Financial network’ to 
‘Financers’, ‘Producer network’ to ‘Producers of wind pumps’ and ‘Maintenance’ to ‘Maintainers’. 
These changes mean that in stead of networks, now persons and organisations are the actors. Some 
actors are classified in two groups, because they have different roles in the network. 
The actor groups are: 
• Public authorities 
• Researchers 
• Producers 
• Maintainers 
• Financers 
• Societal groups 
• Users 
 
 
4.4.1 Public authorities 
 
At the national level, the first group, the ‘Public authorities’, contains the Ministry of Energy and 
Minerals, the Ministry of Water and the Tanzanian Meteorological Department. The Ministries, 
although these actors are important, are not active at the moment in the field of wind pumps. The 
Ministry of Energy and Minerals is interested and made an estimate of the number of wind pumps in 
Tanzania in a report in 2000. They are also involved, though not actively, in the DANIDA/TANESCO 
Wind Atlas project. Still, windmills are not a separate issue in the policy of renewable energy. The 
same applies for the Ministry of Water, although they claim they have plans to execute projects with 
windmills. The Tanzania Meteorological Agency is the successor of the Directorate of Meteorology. 
The Agency collects wind speed data at 25 stations in the country. Most stations are situated at airports. 
Everybody outside the government has to pay for data (they charge Tshs. 15.000,- per station).   
At the regional level, a Public authority are the Regional Water Engineers. These actors are the makers 
of the regional water policy. For example, in Dodoma the policy is that communities should pay 12.5 
% of the costs of the water project in cash as a contribution. The interest of Regional Water Engineers 
differs very much over the regions. They have influence on the policies and on the attitudes of the 
people of the districts, but next to these policy decisions, they don’t make operational decisions.  
One Regional Water Engineer who should be mentioned separately is Mr. Yunusu, of the Dodoma 
region. His name was mentioned in Dar es Salaam several times, as being an expert on wind pumps.  
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Talking to him this appeared, however, not to be true. His charismatic personality, however, made him 
an influential actor, not in actual policy making but with respect to attitudes of other actors. His own 
opinion was that wind pumps were not powerful enough to pump the water and that wind pumps were 
not feasible until the technique would be improved.  
At district level, the District Water Engineers are of great importance. These engineers implement the 
policies made by other public authorities. The exact role of the District Water Engineer differs per 
district, dependent on their affinity with wind pumps. 
 
Summarising the main public authorities are: 
• Ministry of Energy and Minerals. 
• Ministry of Water. 
• Tanzania Meteorological Agency. 
• Regional Water Engineers. 
• District Water Engineers. 
 
4.4.2 Researchers 
 
COSTECH is, since 1997, executing phase II of their study on the Status of Wind Energy Technologies 
in Tanzania. This project was planned to be ready in 1997, but is still going on. It is said that the draft 
of the report is ready, but with the exception of some statistics, the report has not yet been made public. 
Another project is the DANIDA/TANESCO Wind Atlas project. Its objective is to contribute in 
mapping the wind energy resources in the country. Several Tanzanian institutions are involved in the 
project: TANESCO, the Ministry of Energy and Minerals, the prospective College of Engineering and 
Technology (pCET), Tatedo and COSTECH (Universiy of Dar es Salaam, 2002). They selected several 
sites for wind energy resources assessment, measure stations were installed to collect data for one year. 
The analysis of these data was planned to be ready in January 2003, but nothing has been published 
yet17. Furthermore, the researchers of the Faculty of Physics of the University of Dar es Salaam will 
continue with their research on wind characteristics (among others Prof. Njau, Dr. Kainkwa and Dr. 
Uiso). Summarising, the researchers are: 
• COSTECH. 
• PCET. 
• Tatedo. 
• TANESCO. 
• MEM. 
• Faculty of Physics of UDSM. 
 
4.4.3 Producers of windmills 
 
Producers of windmills are situated at the international level. No producers of windmills are located in 
Tanzania. Windmills are imported, in most cases by NGOs, from Italy or Kenya. The producers of 
windmills are not actively promoting their products in Tanzania and they are, in most cases, not in 
contact with the users. This fact is also recognised by pCET (formerly known as IPI): 
‘In the period from April 1997 until to date the IPI received over a dozen enquiries for supply of wind 
pumps from potential customers. Similar inquiries were being received by IPI since it started operating 
in the early 1980s. In the absence of a reliable local supplier of wind pumps in Tanzania, the customers 
were referred to suppliers from abroad, but they declined because of high cost and cumbersome 
procedures to import and uncertainty about availability of spare parts, installation, and maintenance 
services’ (University of Dar es Salaam, 2002). 
 
4.4.4 Suppliers 
 
The organisations that are the link between the producers of windmills and the users are the suppliers. 
Since there are no producers of windmills present or active in Tanzania, they import the mills. One 
supplier is CPPS, the technical division of the missionaries of the Precious Blood. CPPS does a lot of 
water projects in several regions with, wherever possible, a wind pump. CPPS is a charity organisation 
from Canada, America and Italy, based in Italy. They work in Tanzania for about 13 years, mostly in 
the region of Singida. When reachable for the trucks, they do projects in other regions as well. For 
wind pumps they are of great importance. They import pre-assembled wind pumps from Italy. 
                                                            
17 Key person interview Sawe, Executive Director of Tatedo. 
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Probably, occasionally other NGOs, or communities themselves, are suppliers of windmills, but there’s 
no information available about this. At the moment, therefore, CPPS is the only major supplier of 
windmills in Tanzania. Local shops are sometimes suppliers of spare parts, spares as bearings, leather 
cups, oil, etc. Summarising, the suppliers are: 
• CPPS. 
• Other NGOs. 
• Local shops. 
 
4.4.5 Maintainers 
 
CPPS is also an actor in the category Maintainers. For their maintenance of about 90 wind pumps they 
trained a maintenance team of five people. This team is based in Manyoni, Singida, from where they 
operate year-round to do repairs of windmills and to install new ones. This team has all necessary 
machines, tools and spares for maintenance and installation at their disposal. Another actor doing 
maintenance, only active in the Dodoma region, is LVIA. This is an Italian NGO which does several 
projects in the region, among which water projects. In the past, they installed several wind pumps in 
their projects. Now they stopped with windmills because the experience was that the population of the 
villages grew rapidly and that wind pumps could not keep up the water supply. In four projects they 
replaced the windmill with a diesel engine for this reason. Now they started to train one on two persons 
in each village where LVIA installed a wind pump, to maintain the windmill. In the future, therefore, 
they can stop doing these projects. Also the District Water Engineers can do maintenance. Sometimes 
they do maintenance and make spare parts (like the district Dodoma Rural), or they are the link 
between villages and maintainers (like the district Manyoni) or they don’t do maintenance at all (like 
the district Muheza). Summarising, the maintainers are: 
• CPPS. 
• LVIA. 
• District Water Engineers. 
 
4.4.6 Financers 
 
One financer of the wind pump sector is DANIDA, which supports the sector through the 
DANIDA/TANESCO Wind Atlas Project. CPPS is also funding projects. People have to contribute, 
but don’t have to pay full prices. LVIA was, until recently, also funding projects (they only planned to 
install two more wind pumps, but are still doing maintenance). The policy of LVIA was congruent with 
the policy of the Dodoma region, namely, that communities should pay 12.5% of the costs in cash. 
CPPS has it’s own policy, an annoyance for the regional and District Water Engineers.  
 
CPPS doesn’t have a standard contribution, but this depends on the size and poverty of the villages 
(and Christianity of the population, according to Regional Water Engineer). From the government side, 
the District Water Engineers are responsible for financing the projects, according to the policies of the 
districts. In some cases the engineers are the link between the villages and the financers, sometimes 
they provide money from the budgets of the Ministry of Water. Again, occasionally, other NGOs fund 
projects. For example, the Britain-Tanzania Society financed two wind pumps for irrigation in the 
Mara region, and the Global Environmental Facility Small Grant Programme financed five pumps in 
the Lake zone. Summarising the main financers are: 
• DANIDA. 
• CPPS. 
• District Water Engineer. 
• Other NGOs. 
 
4.4.7 Societal groups 
 
‘Societal groups’ are not investigated in this research, but probably they can have an influence in the 
network, for example on the opinion of the users. Societal groups can be found at different levels. For 
example, internationally the World Health Organisation gives recommendations on the quantity of 
water that should be available to people. On the national level, different NGOs are active in the field of 
hygiene promotion. This also can affect the attitude of people towards water supply projects. Within 
the villages, societal groups are also present as various committees, which all can have some influence. 
Examples of these committees are the Local Village Hygiene Committee and the Local Women 
Cooking Group. 
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4.4.8 Users 
 
Last but not least there are the ‘Users’ of wind pumps. These can be a community, a church or an 
institution like a hospital, or an individual. In this research the focus is on communities. The 
communities with a water pump are represented in the Water Committee. They are responsible for the 
operation and maintenance of the water project and, in most cases, collect money from the people. This 
can be a yearly contribution or a payment per bucket. The money is put in a fund called the Water 
Fund.  
 
To give a visual presentation of the actors, the groups and actors are placed in an actor chart in figure 
4.1. In the chart, de relations between the actors are indicated. In case an actor is classified in two 
groups, because of different roles in the network, the indicated influence is the influence of that 
particular role. 
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Figure 4.1: Actor-chart for wind pumps in Tanzania 
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4.4.9 Conclusions 
 
Geels stated that the dependency among actors and the interaction between them lead to a certain 
stability of the network. From the investigation of the different groups of actors and the actor chart, it 
becomes clear that this is not yet the case in Tanzania. The interaction between the different groups of 
actors is very minimal. For example, from the research group there is no direct link to the policy 
makers. Maybe the conclusions are quoted in the reports of the government, but until now results are 
not converted to policy issues. A good initiative for co-operation and interaction between actors is the 
Wind Atlas project, but the direct linkage to other actor groups (the public authorities) is still missing. 
Another link which is missing, is the link between the producers of wind pumps and the users. Because 
of this, the communities in Tanzania can only get wind pumps which are not ideally suited to 
Tanzanian conditions. This statement was made in several research documents on this topic for a long 
time. This situation will not change until local production of wind pumps in Tanzania is feasible, or 
when a producer would get a bigger market in Tanzania.  
 
A result from the weak linkages between actors in Tanzania is that little reliable knowledge about wind 
pumps is exchanged. An example is the statement of prof. Nzali, head of the research of COSTECH on 
the state of wind energy technologies in Tanzania, that most windmills in Tanzania are of the Southern 
Cross type. At the moment CPPS does maintenance of more than 90 wind pumps, which are, with a 
few exceptions, all Tozzi & Bardi’s. Also the wind pumps which are maintained by LVIA are mostly 
Tozzi & Bardi’s. From this one can simply conclude, when there are about 140 windmills, that most of 
the windmills in Tanzania are Tozzi & Bardi’s. 
 
The missionary organisation CPPS has an ambiguous position in the network. They have a great 
influence on wind pumps in several regions, but are acting completely independently. In Dodoma they 
frustrate the policy of the region, in the opinion of the Regional Water Engineer, because they don’t ask 
as much money for the services as the government. The maintenance team of the missionary has a lot 
of experience with wind pumps and a lot of machinery, but no knowledge is exchanged on this topic. 
Public authorities ignore the role of CPPS and CPPS depreciates the policy of other actors because they 
don’t care properly for their projects. 
 
A final remark is the weak influence of the Ministries on the other actors. If the Ministry of Minerals 
and Energy and the Ministry of Water had a policy statement on wind pumps and the contribution of 
communities, there could be a consistent policy among the different regions and districts.  
 
 
 
4.5 Future developments with respect to wind pumps in Tanzania 
 
In the previous paragraphs, the experience in Tanzania with wind pumps and the existing linkages 
between actors in the network have been discussed. It turned out that research on the topic changed 
from very positive to critical towards the introduction of wind pumps. On the human side, the actors, it 
was shown that linkages between different groups of actors are still weak. 
 
Next, the future development has to be explored. Again there is a division between actants and actors. 
When the network develops, the interaction between actors can change and new and other actants will 
be produced. So first, the development of actants, the planned research, is described. Second, for the 
future development of actors, the different objectives of actors regarding wind pumps are analysed 
together with their attitudes towards the topic.  
 
4.5.1 Future development of actants 
 
The Tanzania Social Action Fund (TASAF) is not an active actor yet in the field of wind pumps. It is, 
however, interested in doing projects with wind pumps. Because of this interest, TASAF commissioned 
this research report. One restriction for their projects with wind pumps is that they have to be 
sustainable. Another restriction is that communities have to be able to pay 5 % of the project costs in 
labour or cash. 
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On the research side, pCET of the University of Dar es Salaam has made big plans for the development 
of wind energy in the country. They wrote a proposal for this to obtain funding of the SIDA/SAREC 
programme. Planned activities of the project are: 
• To collect and analyse wind energy data for various regions in the country; 
• To develop/adapt a suitable wind turbine(s) design(s) for local manufacture in Tanzania; 
• To manufacture locally the wind turbines an their components; 
• To assemble the wind turbines and make the essential tests; 
• To demonstrate and popularise low-cost decentralised wind turbine systems to electricity 

generation and water pumping; 
• To transfer the manufacturing, installation and maintenance of the wind turbine systems to suitable 

local commercial manufacturers; 
• To develop a suitable financing mechanism through credit schemes and other financing 

arrangements. 
 
The plan is to implement the project in a period of three years, in collaboration with many 
organisations. The planning of the research is for the support of the SIDA/SAREC co-operation for the 
period 2002-2004. It’s not clear if the research should be finished in 2004. 
 
Next to this project, there are other plans for research in the Ministry of Water. In the past, they 
developed a hand pump for Tanzania and adapted it to local conditions. This hand pump is now locally 
produced in Tanzania. Now they have plans to do the same with a wind pump. They have assistance for 
this from the Netherlands, UNICEF and the World Bank, in the context of the Rural Water Supply and 
Sanitation project18. 
 
In future two other projects still have to be finished: the DANIDA/TANESCO Wind Atlas project and 
phase II of the study on the Status of Wind Energy Technologies in Tanzania of COSTECH. The (long-
term) aim of the COSTECH study is the manufacturing of wind pumps, but according to pCET this 
study is a precursor of the research project of pCET. The final aim of the Wind Atlas project is to 
design, with the data, wind energy projects for large-scale energy generation in Tanzania (University of 
Dar es Salaam, 2002, pg.22). However, the output of the project, the data, can also be used for other 
projects like the manufacturing of wind pumps by pCET. 
 
The different plans for development of actants are summarised in table 4.2. 
 
Table 4.2: Plans for development of actants 
 
Actor In progress Finance 

available 
Project outline 
available 

TASAF  X  
pCET   X 
MoW  X  
DANIDA X X X 
COSTECH X X X 
 
 
In the plans for future research, a renewed interest in wind pumps and wind energy can be seen in the 
network. Also donors seem to be concerned with water projects, maybe in the light op the International 
Year of Freshwater 2003. Both projects of COSTECH and pCET have already been delayed, but results 
are expected soon. For the other planned projects, it’s hard to predict what will really happen. The 
plans for the project of the Ministry of Water can not be found in documents, but they say they have 
assistance for the project from different donors. For the project of pCET there is not yet definite 
assistance from SIDA/SAREC, but a document with the outline of the project is produced. However, 
the planning of the research is quite ambitious, and it’s questionable if all the planned actors will really 
co-operate within the project. 
 
 

                                                            
18 Key-person interview Eng. Mzirah, assistant commissioner Rural water, Ministry of Water. 20-12-2002. 
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4.5.2 Future development of the actors 
 
Next to future plans for research (the development of actants), the actors in the network also have plans 
and objectives. To see how the network will develop, these objectives of the actors are important. This 
is the ‘translation’ of the actor-network theory. According to the actor-network theory, the interactions 
in the network lead to the stabilisation of the network. This, however, cannot be the only goal of the 
network, because without the goal of introducing wind pumps, the network wouldn’t exist in the first 
place. Secondly, central in the network are the users, and as a result, their needs are central in the 
network. The translation of the network, co-opt each other in the pursuit of collective objectives, 
should be in the direction of the fulfilment of user-needs.  
The collective objective of the network, therefore, is the introduction of wind pumps in Tanzania to 
fulfil user needs of quantity and quality of water at a given price. It should be noted that these user-
needs can also be fulfilled with other techniques, but this is outside the scope of this report. In the 
network we can analyse if the individual objectives will lead, and to what extent, to the collective 
objective of the network. To do this, the individual objectives of the actors are scaled on two 
parameters: 
• estimated amount of effort put in the realisation of their individual objective; 
• estimated potential outcome that the realisation of the individual objective can have for the 

collective objective of the network. 
 
To scale estimated potential effort to reach the individual objectives a scoring is used: 
0 = no effort; 
1 = minimal effort; 
2 = moderate effort; 
3 = maximal effort. 
In order to achieve verifiable scoring, the raw data of the interviews with representatives and the 
checklist are given in appendix B 
 
Also to scale the estimated potential outcome of the realisation of the individual objective for the 
collective objective, the same type of scoring is used: 
0 = no outcome; 
1 = minimal outcome; 
2 = moderate outcome; 
3 = maximal outcome. 
To verify this scoring, the individual objectives can be found in table 4.3. Based on these, the 
contribution to the collective objectives is estimated by the researchers. 
 
Some notes, however, have to be made on this topic: 
• The objectives of actors are in most cases based on interviews with representatives of the actor-

organisation. Sometimes information from actants is added. It should be noted that these 
objectives, in most cases, are personal and, as result, changeable. Kimambo, for example, is highly 
involved in his wind pump programme, which makes pCET an actor involved in wind pumps. 
However, when another person takes the position of Kimambo, his interests and objectives may 
change the involvement of pCET in the network 

• The network determines which people are considered being representatives of organisations. For 
this reason, after an interview with a representative, we asked the person to recommend more 
people we should talk to. In this way we tried to discover the whole network. After this, the 
Internet and the actants were checked to find more potential actors. This resulted in some research 
organisations that could do something with wind pumps according to their policies. 

• These added research organisations are actors who could possibly do research associated with 
wind pumps. Because they are not active in the network, they are grouped as ‘other researcher 
organisation’. They include ESRF, CEEST and Camartec. 

• TASAF is added to the actor network because they can possibly be involved in wind pump 
projects in the future. For a detailed description of TASAF is referred to chapter 2. 

• There are differences between the position of researchers in Africa and developed countries. In 
Africa, the objective of researchers is in the first place survival. The wages at the universities are 
relatively low. This often results in researchers who are doing other jobs for the most part of their 
time, to earn some extra money. Research jobs at the faculty of engineering are relative popular, 
because of the chances for extra jobs. One example of this is the engineering consultant business 
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“Better Engineering Performance” (BEP) of Njau, Nzali and others. The University of Dar es 
Salaam receives 30 percent of the fees, the rest can be kept by the individual researchers. 

• Other actors with extra objectives are the Ministries. This is the case both in Africa and the 
developed world. Although they are unlikely to admit this, among the main objectives of 
Ministries is the expansion and protection of their domains. This has an effect on their formulation 
of objectives and their actual effort to reach these objectives. 

• Also other actors can have extra objectives, next to the ‘official’ ones. In an analysis of a network, 
one should take this into account. These extra, hidden, objectives are also presented in table 4.3. 

• The objectives of some actors, local shops, other NGOs and societal groups, are not included in the 
analysis. These actors are very heterogeneous and largely unknown. 

• In table 4.3 the objectives of the actors are described and scores are given on the two parameters. 
A detailed description of the actors, their goals and attitudes can be found in Appendix B In this 
appendix, also the used scoring and ranking method are described. 
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Table 4.3: Objectives of different actors in the network of wind pumps in Tanzania. 
 
Group Actor Representative Objective Estimated 

potential 
effort 

Estimated 
potential 
outcome 

Final 
ranking of 
groups 

Final 
ranking of 
actors inside 
groups 

TASAF Kamagenge 
Magingo 

General objectives:  
• Poverty reduction. 
• Provide water to sustainable water projects. 

2 3 2.5 

MEM Mwihava General objectives: 
• Develop domestic energy resources which are shown to be least cost 

options. 
• Improve energy reliability and security and enhance energy 

efficiency.  
• Encourage commercialisation and private sector participation.  
• Develop human resources.  

1 1 5.5 

MoW  General objectives:  
• Improve health and alleviate poverty of the rural population through 

improved access to adequate and safe water. 
• Promote use of environmentally friendly technologies including 

gravity, solar and wind power for pumping. 

2 3 2.5 

RWE Yunusu 
Malanga 

• Making policies for water projects. 2 3 2.5 

DWE Kalli 
Andersson 
Khandisi 

• Provide water to villages. 2 3 2.5 

Public 
authorities 

Tanz. Met. Depart. Mpeta • Collect, disseminate, control, process and archive wind data for 
Tanzania. 

1 1 

5 

5.5 

Tatedo Sawe • Evaluate wind resources (to get funds). 1 0 2.5 
pCET Kimambo • Organise local production of wind pumps. 1 3 1 
COSTECH Nzali • Investigate experiences with wind pumps (and extend the research as 

long as possible). 
0 2 4 

UDSM, Fac. Of 
Physics 

Njau 
Kainkwa 

• Improve meteorological data, doing research on wind speed 
characteristics. 

1 
 

0 2.5 

MoW Mziray • Develop a wind pump for Tanzania. 0 1 5 

Researchers 

Other research 
organisations 

 • No plans, no experience on wind pumps. No direct aims for wind 
pumps. 

0 
 

0 
 

6 

6 
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Producers   General objective: 
• Make profit by selling wind pumps.  

No specific objectives for Tanzanian market. 

0 3 4 - 

Suppliers CPPS  General objectives:  
• Help people with water projects. 
• Install more Tozzi & Bardi mills.  

3 3 1 - 

DWE Kalli 
Andersson 
Khandisi 

• Different objectives per district. Some support maintenance, 
sometimes villages have to do it themselves. 

1 3  3 

CPPS  General objectives:  
• Help people with water projects. 
• Train a maintenance team to help the villages. Contribution is Tshs. 

20.000. Villages have to keep the place clean etc. 

2 3 2 

LVIA Saibene • Try to make projects sustainable, so LVIA can leave the country. 
• Train villages to do own maintenance. Contribution is Tshs. 40.000 

3 3 1 

Maintainers 

Local shops  Not applicable. - - 

2 

- 
DWE Kalli 

Andersson 
Khandisi 

• Convince people to pay the contributions. 
• Different financial policies per district.  
 

1 3 3 

CPPS  General objective:  
• Help people with water projects.  
No fixed contribution. People should pay a symbolic contribution 

3 3 1 

Other NGOs  Not applicable. - - - 
DANIDA  • Development of wind data, maps and wind energy pilot projects. 

• Electricity production with wind energy in Tanzania. 
1 0 4 

Financers 

SIDA  • Finance projects in the field of science and technology 1 3 2 
Societal 
groups 

Not applicable  Not applicable. - - 

3 

- 
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Conclusions 
 
Table 4.3 shows that Suppliers and Maintainers are the most important actor groups to contribute to the 
collective objective of the network. 
 
An important conclusion is the limited importance of the researchers. Despite all their plans for 
research projects, the estimated efforts are low. These low efforts are in general a result of the low 
payments and resulting need for extra jobs and, in some cases, the hidden objectives of some of them. 
Also a big part of the planned research is not very much connected to windmills, which makes the 
potential outcome, in the light of user objectives, low. This results in a low relative importance of the 
respective actor group (rank number 6). 
 
Unlike the research group, the public authorities have a greater potential to do something for the 
general objective. Although the efforts are moderate, the potential outcome, if they do something, is 
big. This is not indicated by the big relative importance of the respective actor group (rank number 5), 
but when the actor CPPS is left out, Public authorities score final ranking number 2.    
 
Main conclusion for the relative contribution of the actors inside the groups, is this central role of 
CPPS. In all three roles in the network, supplier, maintainer and financier, they score maximum 
potential outcome and maximum or moderate efforts.  
 
 
4.6 Conclusions 
 
According to ANT, circulation of actants will form a network, interactions between actors will lead to 
stabilisation and translation will lead to convergence in the network. In this chapter, it is concluded that 
the research (actants) changed from very positive towards the introduction of wind pumps to critical. 
Furthermore, from the circulation of actants, it appeared that the actors in the network changed towards 
Tanzanian actors, although plans for future production of actants reveal again an increasing role of 
international donors. A Tanzanian network concerning wind pumps has certainly been formed, 
however, the circulation of actants is not yet perfect. Research reports don’t always reach, for example, 
the group of policy makers. Interactions that should lead to stabilisation of the network are less 
developed. Linkages between actor groups are still weak, with the result that little knowledge is 
transferred through the network. According to plans for future projects, this is going to change. Big 
projects are planned which encompass different actors in different actor groups. Also the translation 
that should lead to convergence in the network, is not really apparent. Individual objectives are not 
always directly linked to the collective objective, to introduce wind pumps in Tanzania to fulfil user 
needs of quantity and quality of water at a given price. This makes the groups of suppliers and 
maintainers the most important actor groups. Furthermore, efforts to reach individual objectives are 
sometimes very minimal. This makes that CPPS plays a central role in the network. Their efforts are 
considerable in several roles in the network. This one important actor can be a weakness of the 
network. However, again, the plans for future collective projects among actors is an initiative which 
can lead to changes in the network, which can lead to more convergence. 
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PART II:   Preconditions 
 

5 Methodology 
 
5.1 Introduction 
 
This chapter describes the methodology to find an answer to the main research question and sub-
questions. This methodology is fundamental to the research. First the aim and problem definition are 
defined. After that, the theoretical framework in which the problem is embedded is described, together 
with models and definitions. The way the research was executed is explained in the research 
framework, the operationalisation and finally the methods of data collection. 
 
5.2 Aim, problem definition and research questions 
 
5.2.1 Aim 
Define, for TASAF, the major policy guidelines for sustainable implementation of water pumping with 
wind energy in rural Tanzania. 
 
5.2.2 Problem definition 
Water is a basic need for all people. For this reason, one area of TASAF support is water supply 
projects in communities. For these projects, different pumping systems are used, such as e.g. hand 
pumps and diesel engines. TASAF is, however, interested in the possibilities of using wind pumps in 
their projects, because wind pumps can save time and fuel costs. The technical staff for the supervision 
of the projects lacks information about these possibilities. They could use guidelines on how and when 
to use wind pumps. This research aims to provide this wind pump related information. Whether there is 
interest for a wind pump is still the decision of TASAF and/or the communities and districts. It should 
be born in mind that providing wind pump related information on request of a specific organisation 
(TASAF) is not the same as defining policies to stimulate the general use of wind pumps in Tanzania.  
 
5.2.3 Research question 
What are the pre-conditions for using windmills for sustainable water pumping in rural Tanzania for 
TASAF and how can these be translated into major policy guidelines? 
 
Sub-research questions 
• What is the setting in Tanzania for wind pumps? 
• What are the preconditions for wind pumps for sustainable TASAF water projects? 
• What are the major policy guidelines for implementation of wind pump projects in TASAF-

supported villages? 
 
5.3 Theoretical framework 
 
5.3.1 Ideological considerations 
 
Before explaining the theoretical model used for this research, it is useful to know more about the 
context of the model. This because the project is not a ‘stand alone’ project: it is embedded in the 
policies of the World Bank and TASAF.  
 
Approaches to be followed to develop developing countries keep changing. In the 1970s everyone 
spoke about ‘basic needs’, in the 1980s it was ‘structural adjustment’. Now the buzzwords are ‘poverty 
reduction’, ‘governance’, ‘participation’, ‘civil society’ and ‘putting the country in the drivers’ 
seat’…(The Economist, 2000). 
 
In the World Development Report 2000/2001 this change can also be seen. A decade ago the World 
Development Report 1990 presented a two-part strategy for poverty reduction: 
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“Countries that have been most successful in attacking poverty have encouraged a pattern of growth 
that makes efficient use of labour and have invested in the human capital of the poor. Both elements 
are essential. The first provides the poor with opportunities to use their most abundant asset—labour. 
The second improves their immediate well-being and increases their capacity to take advantage of the 
newly created possibilities. Together, they can improve the lives of most of the world’s poor.” 
(The World Bank Group, 2001, pg.31) 
 
The experiences of the 1990s, however, show that: 
• the effects of market reforms are complex, deeply linked to institutions and to political and social 

structures;  
• there is evidence that technological change in the past decade has been increasingly biased toward 

skills. Moreover, such investment in technological change has been less effective than expected, in 
part because of serious problems in quality and in responsiveness to poor people’s needs. 
Experience and research show that effectiveness in service delivery is highly dependent on local 
institutional capabilities, market structure, and patterns of political influence; 

• there is a powerful case for bringing vulnerability and its management to centre stage; 
• inequality is back on the agenda (The World Bank Group, 2001, pg.32). 
 
These experiences and considerations have led to new policies. An important approach which has 
influenced the policies of development organisations is the capability approach of Amartya Sen. In this 
approach, development is not defined as an increase in GNP per capita, or in consumption, health and 
education measures alone, but as an expansion of capability. Capability refers to a person’s or group’s 
freedom to promote or achieve valuable functionings. “It represents the various combinations of 
functionings (beings and doings) that the person can achieve.” (Alkire, 2002, pg.184) 
 
The definition of development defined by the UN in the Human Development Report 2001 is in line 
with this approach: 
“Human development is about much more than the rise or fall of national incomes. Development is 
about expanding the choices people have to lead lives that they value. And it is thus about much more 
than economic growth, which is only a means - if a very important one – of enlarging people’s choices.  
Fundamental to enlarging these choices is building human capabilities – the range of things that 
people can do or be in life” (UNDP, 2001, pg.9). 
 
Also the World Development Report 2000/2001 of the World Bank draws on this capability approach. 
They don’t define development, but instead, define poverty: 
“This report accepts the now traditional view of poverty (reflected, for example, in World Development 
Report 1990) as encompassing not only material deprivation (measured by an appropriate concept of 
income or consumption) but also low achievements in education and health… This report also 
broadens the notion of poverty to include vulnerability and exposure to risk—and voicelessness and 
powerlessness. All these forms of deprivation severely restrict what Amartya Sen calls the “capabilities 
that a person has, that is, the substantive freedoms he or she enjoys to lead the kind of life he or she 
values.” (The World Bank Group, 2001, pg.15)  
 
A following question is which factors influence development and how this development should be 
achieved. 
 
Alkire says about this operationalisation of the capability approach: 
“I have already made the case that without agreement on some kind of multidimensional framework 
cum procedure-for-identifying-locally-valued-and-relevant-capabilties sets, the multidimensional 
approaches to development are operationally vacuous and risk being misunderstood and 
misoperationalised by practitioners.” (Alkire, 2002, pg.184-185) 
 
So, when human development is defined as expanding capabilities, one should know which capabilities 
should be focused on. Alkire argues: 
“One might, at this point, propose a definitive list of basic dimensions of human development based on 
the evidence so far. I think an energetic argument about the definitive list may not be the most useful 
focus of the debate, for the following reasons. First, the lists here are partly biased to Western sources; 
a synthesis exercise should take into account a much wider literature… Second, even if one did propose 
a synthesis it would need recurrent: (i) empirical testing and (ii) participatory processed of discussion 
and deliberation… Third, as the authors have shown, the lists may vary slightly depending upon the 
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project to which they are applied. Finally, lists are useful not if they are universally acclaimed but if 
they are effectively used to confront the many challenges of this generation” (Alkire, 2002, pg. 193-
194) 
 
What the WDR does is rather not to specify needed capabilities, but to propose three ways to expand 
capabilities, whatever they may be. The report proposes a general framework for action in three equally 
important areas: promoting opportunity, facilitating empowerment and enhancing security. 
“Action to expand opportunity is itself a potent source of empowerment in a deep, intrinsic sense with 
respect to basic human capabilities, but also instrumentally – for as the asset base, incomes, and 
market opportunities of poor people increase, so will their potential political and social influence. 
Improving material condition is also instrumental in enhancing security: adverse shocks have lower 
costs when a person is above the margin of bare survival, and assets are at the heart of people’s risk 
management strategies. Empowerment is fundamental in determining action in market reforms and the 
expansion of assets that affect the pattern of material opportunities and in shaping the design of 
policies and institutions that help poor and non-poor people manage the risks they face. Finally, 
reducing vulnerability, with all its debilitating consequences, is central to improving material well-
being (or preventing reversals) and empowering poor people and communities”(The World Bank 
Group, 2001, pg. 40) . 
 
By promoting opportunities, facilitating empowerment and enhancing security, people are more 
capable to lead the kind of life they value. It will, as Sen says, expand a person’s or group’s freedom to 
promote or achieve valuable functionings. It will expand the capabilities, whatever those may be. 
 
This is where Chambers comes in, who stated that: “the goal of development is well-being as defined 
by the poor for themselves” (Chambers, 1993, pg. 9-12). One criticism on the World Development 
Report, Attacking Poverty, is that it focuses too much on the role governments should play on 
empowerment. Herfkens, former minister of Development Cooperation of the Netherlands, says that 
the poor themselves should be more assertive (Internationale Samenwerking, 2001). This is also the 
argument of Chambers. The paradigm of Chambers notes that development should be people-centred. 
The goal of development is not growth as defined by normal professionals, but well being as defined 
by the poor for themselves. Poor people will define their well being in different ways. 
Poor people should define this themselves because, Chambers argues: 
• conditions are diverse and complex; 
• rates of change are accelerating; 
• poor rural people are knowledgeable; 
• rural people are capable of self-reliant organisation. 
 
Altogether, decentralisation, empowerment, and adaptation to and exploitation of diverse complexity 
fit and are part of the clearest, most authoritative and most convincing articulation of practical aspects 
of the new paradigm (Chambers, 1993, pg. 9-12). 
 
When we combine the paradigm of Chambers and the approach of the World Development Report and 
the capability approach of Sen, one can state that: by promoting opportunities, facilitating 
empowerment and enhancing security, one can enable people to expand the capabilities which they 
think are necessary to achieve the kind of life they value. In other words, the top-down approach is to 
promote opportunities, facilitate empowerment and enhance security, so the bottom-up approach of 
defining their own needs can lead to success. 
 
A good practical execution of this can be seen in TASAF. They state in the justification of the project:  
“TASAF will help the Government of the United Republic of Tanzania sustain the momentum of 
ongoing reforms by facilitating improvements in socio-economic infrastructure, enhancing capacity 
and skills among rural and peri-urban communities and creating a temporary safety net for the poorest 
sections of the communities… In the process, the communities will be enabled to take charge of their 
development process, thereby facilitating the changing role of the Government from a provider of 
services to a facilitator of economic agents”. 

 
5.3.2 Practical considerations 
 
Aim of this research, as stated earlier, is:  to define, for TASAF, the major policy guidelines for 
sustainable implementation of water pumping with wind energy in rural Tanzania. 
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This aim, together with the approach of TASAF can easily be projected in the ideological setting 
described above. Communities should determine themselves which things should be improved in the 
village. This can be a hospital, a school, etc., or, in this case, the water supply. TASAF facilitates 
empowerment of the communities to determine this. After this first step, TASAF gives the community 
the opportunity to improve these services by contributing in the costs and necessary skills. In the 
process the security should be enhanced by safeguarding the sustainability of the projects. 
 
This sustainability is a key concept in the general aim of this research: the implementation should be 
sustainable.  
With the theoretical setting in mind, Sen and Anand state about sustainability: 
“The term sustainable development in fact owes its widespread usage to the Brundtland Commission 
Report, Our common Future, which defined it as “development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs”. 
It contains two key concepts: 
- the concept of ‘needs’, in particular the essential needs of the world’s poor, to which overriding 

priority should be given;  
- the idea of limitations imposed by the state of technology and social organisation on the 

environment’s ability to meet present and future needs (Anand, 2000, pg. 2033). 
 
What they say is that needs are of central importance for sustainable development, and that the ability 
of the environment to meet these needs is limited by the state of technology and the social organisation.  
 
The Brundtland report makes this statement on environmental sustainability, but it can be put in a  
wider context of sustainability, because:  
“It would be a gross violation of the universalist principle if we were to be obsessed about 
intergenerational equity without at the same seizing the problem of intragenerational equity: the ethic 
of universalism certainly demands such impartiality. 
A concern for equity right now, and not merely for equity between periods of time, requires to the 
deprived contemporaries.This is precisely where the significance of human development as a means 
comes in. Redistribution to the poor in the form of improving their health, education, and nutrition is 
not only intrinsically important – in enhancing their capabilities to lead more fulfilling lives – but it is 
also instrumentally important in increasing their ‘human capital’ with lasting influence in the future.  
Thus human development should be seen as a major contribution to the achievement of sustainability” 
(Anand, 2000, pg. 2038). 
 
We can take this statement and use it to find the ability of a technology to meet the needs. In the case of 
this research, this is the ability of wind energy for water pumping to meet the needs of communities in 
rural Tanzania. Central are the needs, the technological requirements. These needs should be met by 
the implementation of the technology. The ability of the technology to do this is limited by the state of 
the technology (in this research the technical aspects of wind pumps) and the socio-economic 
capabilities. Specifically for this research, because the technology is on wind and water, the 
geophysical capabilities are also of influence, next to the socio-economic capabilities. 
 
When one finds the ability of the technology to meet the needs (possibilities and constraints of using 
wind pumps), one can define and implement a policy which should lead to sustainable development. 
However, what Sen also says is that human development should be seen as a major contribution to the 
achievement of sustainability. This means that human development is not enough in itself. When the 
needs are met by a technology and the limitations of the environment and the people are taken care of, 
the project still can be unsustainable in the sense of durability. A report on sustainable rural water 
supply of the World Bank and UNDP says: 
“Government support to the RWS (Rural Water Supply) sector has traditionally focused on designing 
and constructing systems based on prescribed needs. The traditional approach to RWS has frequently 
resulted in services that have not been sustained. Governments tend to pay more attention to building 
new facilities than to ensuring the use of existing ones. Roles for project planning, implementation, cost 
recovery, operations and maintenance (O&M) and asset ownership are poorly defined and 
communicated”(Sara, 1997, pg. 12). 
 
For this reason next to needs, capabilities and state of technology, also the requirements for 
sustainability should be included to determine the ability to meet the needs in a sustainable manner.  
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5.3.3 Model and conceptual definitions 
 
Figure 5.1: Theoretical model  

 
Note:   Villages are not a separate setting in this theoretical model, because they are embedded in the 

TASAF-setting. The research is not about specific villages, rather it is about all TASAF-
supported villages as a whole. All villages are potential villages for implementation of wind 
pumps.  

 
 
Conceptual definitions 
• International setting 

Existing technologies and actors on world scale, concerning water pumping, focusing on wind 
pumps. 

• National setting 
Aspects of the national environment (technical, institutional, social) in which wind pump projects 
should operate. 

• TASAF setting 
The organisational conditions which wind pumps projects should meet. 

• Technical aspects of wind pumps 
The technical specifications of wind pumps. 

• Technological requirements 
Desired technical specifications (needs of the water-pumping system) of the water supply. 

• Geophysical capabilities  
Constraints for the implementation of wind pumps resulting from the geophysical environment. 

• Socio-economic capabilities 
The capacity of the national and TASAF setting to adopt and implement the wind pump system. 

• Requirements for sustainability 
Conditions resulting from the international, national and TASAF setting which are necessary for a 
sustainable implementation of wind pumps.  
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• Possibilities and constraints of using wind pumps 
Aspects which influences the adoption and implementation of wind pump projects by rural 
communities in Tanzania.  

• Policy 
A policy which can lead to a sustainable implementation of the use of wind pumps in the TASAF 
setting.  

• Rural development 
Expansion of capabilities of society in rural areas. 

 
 
 
5.4 Research framework 
 
5.4.1 Structure of the report 
 
The three sub-research questions define the different parts of this research. The first question, ”what is 
the setting in Tanzania for wind pumps”, is dealt with in part I by assessing the organisation of 
TASAF, the state of technology and the state of the art. The second question, ”what are the 
precondition for wind pumps for TASAF water projects?”, in part II. The answer to the third question, 
”What are the major policy guidelines for implementation of wind pump projects in TASAF-supported 
villages?”, is derived from what was found in part I and II. This third question will be dealt with in the 
part III of the research.  
For the second sub-research question a research framework is needed. 
 
The structure of this research framework of part II, together with the linkages with part I and III, is 
elaborated in more detail in the research model in figure 5.2. The actual research framework is 
indicated with a dotted frame. 
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5.4.2 Model and explanation 
 
 
Figure 5.2: Research model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explanation of the research framework 
 
To obtain the “requirements for sustainable TASAF wind pump projects” requirements for 
sustainability will be combined with the project rules of TASAF. These requirements for sustainable 
TASAF wind pump projects will be compared with the conditions in Tanzania. If the conditions can 
not reach the requirements, preconditions for sustainable TASAF wind pump projects can be found. 
With this, major policy guidelines can be formulated to reach a sustainable level for implementing 
wind pumps in TASAF projects.   
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5.5 Operationalisation 
 
For the operationalisation of the research framework a guide from the WEDC (Water, Engineering and 
Development Centre) has been used (Ockelford, 2002).   
 
The purpose of this guide is to improve the methodology and practice for the development of 
sustainable rural water supply and sanitation programmes. Just as TASAF, the intention of the guide is 
to make a planning in collaboration with users, which makes the guide suitable for general 
operationalisation of the research framework in this report. For the variable requirements for 
sustainability, however, no concrete guidance is found in this. The guide only indicates the importance 
of factors like integration and participation. A more useful operationalisation of sustainability is found 
in a study from the UNDP – World Bank Water and Sanitation Program (Sara, 1997). 
 
  
5.5.1 Requirements for sustainability 
 
The study of the UNDP-World Bank programme defines the sustainability of a water system as the 
maintenance of an acceptable level of services throughout the design life of the water supply system. 
 
For the community level they define three determinants of water system sustainability: 
• Technical aspects 

• Physical condition 
• Institutional aspects 

• Operation and maintenance 
• Financial management 

• Social aspects 
• Consumer satisfaction 
• Willingness to sustain the system (Sara, 1997) 

 
5.5.2 TASAF requirements 
 
These are the terms of reference set by TASAF. The Terms of Reference (ToR) form the basis on 
which the programme proposal is to be prepared. The items are derived from WEDC. Items to be 
addressed are: 
• Geographical area to be included. 

This will usually be an administrative area such as a province or region. 
• Groups to be covered: social groups, ethnic groups, settlement sizes, rural, peri-urban, institutions; 

To clearly define whether particular groups of people within the geographic area need special 
attention; 

• Programme components. 
Reference may be made to specific policies, plans, regulations and procedures for the water and 
sanitation sector and its components, including primary health care and environmental health; 

• Timescale of programme. 
Programmes generally run for longer periods than projects. The period can be chosen to fit with 
governments targets or existing planning periods, or to achieve international development targets 
set for a particular date, or it could be indefinite but with target dates for certain achievements; 

• Department or person responsible. 
It may be that different departments are responsible for different components, so an overall co-
ordination and management responsibility may be assigned to a specific (government) officer; 

• Other ministries and departments with responsibilities or involvement in the sector. 
The ToR should specify whether these should be involved in the development of the programme 
through participation in the process or through consultation; 

• Implementing agencies. 
The ToR should specify whether these should be involved in development of the programme 
through participation in the process or through consultation; 

• Other support agencies. 
Other support agencies such as multi-lateral or bi-lateral funding agencies may need to be 
consulted during the process of developing the programme; 
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• Coverage: targets for water supply, rehabilitation of water supplies, operation of water supplies, 
hygiene promotion. 

• Maintenance systems for water supply; 
• Arrangements for cost sharing: capital costs, recurrent maintenance costs19; 
• Approach towards health and hygiene knowledge, attitudes and practices in communities20. 
 
 
5.5.3 Requirements for sustainable TASAF wind pump projects 
 
These requirements are the combination of the requirements for sustainability and TASAF 
requirements. 
 
5.5.4 Aspects of State of technology, aspects of State of the art 
 
The variables state of technology and state of the art together form an analysis of the setting for wind 
pumps in Tanzania. Information is gathered at all levels, together with necessary background 
information. Aspects, which form the capabilities for TASAF wind pump projects, are used in aspects 
of State of technology and aspects of State of the art. 
 
5.5.5 Socio-economic capabilities 
 
Data on socio-economic capabilities need to be collected at village-level before the start of the project. 
This is done by TASAF before the start of a project, when the community has to formulate a proposal 
how to finance, sustain and organise a project (see chapter 2.6). These capabilities are specific for 
every village. However, an analysis of implemented water projects by TASAF, together with an overall 
picture of the socio-economic capabilities of Tanzania from statistics, can give some information to 
indicate the preconditions of using wind pumps.  
Aspects that determine socio-economic capabilities are: 
• wealth/poverty; 
• community organisation and development methods (Ockelford, 1997, pg. 92). 
 
5.5.6 Geo-physical capabilities 
 
Geo-physical capabilities determine the constraints and possibilities of the physical environment for 
using wind pumps, in terms of water and wind. Again specific information should be collected at 
village-level before the start of the project, but an overall picture can be useful to indicate potential 
areas for implementation. 
 
Aspects of geo-physical capabilities are: 
 
• Wind resources 

• Sources of wind data 
• Reliability of wind data 
• Options for wind data collection 
• Wind characteristics. 
 

• Water resources 
• Water availability 
• Water quality 
 

 
5.5.7 Preconditions for sustainable TASAF wind pump projects 
 
Preconditions for sustainable TASAF wind pump projects are categorised by the requirements for 
sustainable TASAF wind pump projects. 
 

                                                            
19 Based on: Ockelford, 2002, Pg. 27-29) 
20 The approach of TASAF towards hygiene and health is added to the ToR. 



 

PART II: Methodology 

61 

5.5.8 Major policy guidelines 
 
The preconditions for the different programme components are translated to major policy 
recommendations for TASAF. Major policy guidelines are identified for several programme 
components, defined by the WEDC guide: 
• Water supply facilities 

Objective is access to safe, adequate and sustainable water supplies 
• Community management of construction of water supply facilities 
• Construction of water supply facilities 
• Rehabilitation of existing water supply facilities 
• System for O&M of water supply facilities 
• Community management of O&M of water supply facilities for sustainability 

 
• Training21 

Objective is increased knowledge and improved practices of hygiene and water use behaviour of 
community, family and individual 
• Training for operation and maintenance 
• Hygiene promotion 

 
• Water resource management 

Objective is management of water resources for sustainability 
• Data collection and monitoring 
• Existing and future demand for water (and waste disposal) 
• Capacity of water resources 
• Sustainable and equitable use of water resources 

 
• Institution building/strengthening 

Objective to ensure the various organisation capable of managing and implementing the 
programme and its projects 
• Policies and procedures 
• Management and personnel capabilities 
• Staff development for community liaison/development/management, hygiene promotion 
• Monitoring and evaluation 
• Co-ordination and co-operation (Ockelford, 2002, pg. 20) 

 
The operationalisation of the research framework is given schematically in Appendix C.  
 
 
5.6 Methods of data collection 
 
According to the WEDC guide it is essential that views at all levels are taken into account. This 
includes the beneficiaries’ views of their own problems and needs. The information-gathering process 
addresses this by looking at each different level – central, regional, and district – and by carrying out 
sample surveys in villages. Background information and statistical data should also be collected at each 
level (Ockelford, 2002, pg. 20). Table5.1 presents an overview of the data collection methods used. 
 
 

                                                            
21 In the original division of preconditions derived form the WEDC guide for water projects the subject training 

was named Hygiene promotion. In the case of the wind pump projects for TASAF, this hygiene promotion is an 
important aspect, but is imbedded in the overall training. More training is needed than only on hygiene topics. 
For this reason, hygiene promotion is part of the category Training. 
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Table 5.1: Methods of data collection 
 
Variable Indicator Level of info-

gathering 
Method Source of information 

TASAF requirements  National Literature TASAF  
Technical aspects Community Survey Communities 

Observation, 
interviews 

CPPS National 

Literature State of technology 

Institutional aspects 

Community Survey Communities 

Requirements for 
sustainability 

Social aspects Community Survey Communities 
International Literature  Aspects of State of 

technology 
 

National, 
regional, district 

Interviews, 
statistics 

Key-persons 

Interviews Key-persons Aspects of State of the 
art 

 National, 
regional, district Literature  

Water resources National Statistics, 
literature 

 Geo-physical 
capabilities 

Wind resources National Statistics, 
Literature 

 

National 
 

Statistics  Wealth/povery 

TASAF Statistics TASAF  

Socio-economic 
capabilities 

Community 
organisation and 
development methods 

National Literature  

 
 
  



 

PART II: Requirements for sustainability:  

63 

6 Requirements for sustainability 
 
6.1 Introduction 
 
 
Aim of this chapter is to find conditions necessary for a sustainable implementation of wind pumps. 
This is done in two ways. First, to find general requirements, a study of the World Bank / UNDP is 
used. Conclusions for requirements of general water projects in different countries are applied to the 
situation of wind pump projects in Tanzania. For this, a survey based on the projects is used for a 
fieldwork in selected villages in Tanzania. 
Second, specific requirements for wind pumps with regard to operation and maintenance are 
determined by a comparison of different approaches of maintenance organisations, by literature and by 
field results. 
 
 
6.2 World Bank/UNDP study 
  
A study from the UNDP–World Bank Water and Sanitation Program (Sara, 1997) defines the 
sustainability of a water system as: “the maintenance of an acceptable level of services throughout the 
design life of the water supply system.” They define three determinants of water system sustainability: 
• Technical aspects 

• Physical condition 
• Institutional aspects 

• Operation and maintenance 
• Financial management 

• Social aspects 
• Consumer satisfaction 
• Willingness to sustain the system 

 
The model used in the study states that the sustainability of an individual water system is a function of 
two broad groups of factors: a) project rules and b) external factors. The category of project rules has 
been subdivided into two categories: (a) project rules relating to demand responsiveness, including 
community participation and cost sharing arrangements, and (b) other project rules, including 
technology type, sub-project costs and training. The study is designed to test these relationships with a 
focus on the influence of demand-responsiveness. For the purposes of the study, a demand-responsive 
approach allows consumer demand to guide key investment decisions. Aspects which determine the 
demand-responsiveness are the degree to which community members felt responsible for initiating the 
project, the degree to which individuals felt involved in the decision-making processes surrounding the 
system and the amount people contributed to the initial capital investment.22 
 
The summarised model of the World Bank/UNDP is given in figure 6.1. 

                                                            
22 The concept of demand-responsiveness is described in more detail in: Sara, J., Katz, T., Making Rural Water 

Supply Sustainable: Report on the Impact of Project Rules (New York: UNDP – World Bank Water and 
Sanitation Program., 1997) 
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Figure 6.1: Model for testing impact of project rules on Rural Water Supply sustainability (source: 
Sara, 1997, pg. 12) 

 
 
In the study, results are based on quantitative data collected during household surveys, water system 
assessments and interviews with water committees, complemented with qualitative data gathered 
during surveys and using project documents. These data are used, among others, to determine the 
sustainability of the projects. Because water system sustainability depends on a number of factors, 
which vary between communities and change over time, measuring sustainability is a difficult task. 
The study bases its analysis on indicators that measure the key technical, institutional and social 
determinants of sustainability at the community level.  
 
6.3 Tanzania field-study 
 
6.3.1 Pre-test 
 
First an extensive list of questions was pre-tested in two villages (Handali and Chinangali II) to make 
an inventory of the situation in the communities and their wind pumps. After this pre-test, and to be 
able to draw conclusions from the fieldwork, it became clear that a more solid basis was needed for the 
survey. This basis is found in the World Bank/UNDP study. The pre-tested villages appeared to be 
valid for the final survey too and could still be included in the sample. 
 
6.3.2 Survey 
 
When applying the survey (which is used in the study of the World Bank/UNDP) in Tanzania to wind 
pump projects, issues can be found to be important to increase the sustainability of wind pump projects 
in Tanzania. The first idea was to perform the study of World Bank/UNDP for wind pumps, including 
testing the relationships in the model for wind pumps, but this turned out to be not possible because not 
enough data of the study were made available by the World Bank. Instead, the conclusions of the 
World Bank/UNDP study are applied to the Tanzanian situation to formulate requirements for wind 
pump projects in Tanzania. These requirements can be seen as aspects, which should be taken care of 
to make the wind pump projects in Tanzania sustainable. To do this, first all aspects found to determine 
sustainability and, second, the factors of influence on sustainability from the World Bank/UNDP are 
checked for the Tanzanian situation. 

Project rules 

External factors 
Poverty 
Distance form major city 
Distance to previous source 
Source before project 
Population size 
Population density 
Age of the system 
Education level 

Sustainability 
Physical condition 
Consumer satisfaction 
Operations and 
maintenance 
Financial management 
Willingness to sustain the 
system

Demand responsiveness 
Project initiation 
Informed choice 
Contribution 

Other project-rules 
Training 
Technology type 
Total costs/capita 
Multisectoral/stand alone
Water Committee 
Construction quality
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These factors are: demand-responsiveness perceived by households, training for households and water 
committees, existence of a water committee, construction quality, poverty level, distance from previous 
source, population density and age of the system. Of these factors of influence, only the factors which 
can be influenced by the project are included. The World Bank/UNDP study found, for example, that 
the distance from the previous source had a positive relationship with consumer satisfaction. The 
requirement would then become: wind pumps should only be installed when people used to walk long 
distances for water, so they will be satisfied with the new system. This is not a useful requirement for 
policy making, so these factors are left out. All factors which are left out, are considered at the end of 
paragraph 6.3. 
 
To apply the results of the World Bank/UNDP study for wind pump projects in Tanzania, a survey is 
executed with questions derived from the original study. Selection of the questions is based on two 
issues: 
• the survey should be appropriate for wind pump projects, so questions on issues about hand pumps 

or gravity pumped systems are abandoned; 
• it turned out to be not possible to perform the survey on both the water committee members and 

the households (like the study of the World Bank/UNDP). Village leaders in the first villages were 
willing to include women in the group discussion, but thought is was not worthwhile to spend a 
separate interview on them. Also the translators shared this opinion, they didn’t want to spend 
more time on the women in the villages. After a few attempts, it was decided not to perform a 
separate household interview, but to include water users in the group discussions. Because of this, 
some questions from the original study are not included in this survey. 

Also a question about the availability of wind, whether a survey for this is perfomred, the siting and a 
question on other sources which are used in case of no wind, have been added to the survey. 
 
The survey for Tanzanian communities with wind pumps gathers information on items of sustainability 
and on factors that influence sustainability. Summarising, the following factors are investigated (figure 
6.1): 
 
Table 6.1: Factors of sustainability 
 
Variable Dimension Results 

Physical condition Table 6.3 
Operations and maintenance Table 6.4 
Financial management Table 6.5 
Consumer satisfaction Table 6.6 

Sustainability 

Willingness to sustain the system Table 6.7 
Project initiation Table 6.9 
Informed choice Table 6.10 

Demand 
responsiveness 

Contribution Table 6.11 
Training households Table 6.12 
Training water committees Table 6.12 
Water committee Table 6.12 

Other project 
rules 

Construction quality Table 6.12 
 
The full operationalisation of this survey is given in appendix D. There are three types of data in the 
survey: 
S = statistics, Q = questions and O = observations. 
 
6.3.3 Data acquisition 
 
There are some differences in the way of data acquisition between the World Bank/UNDP study and 
our survey. First, in the World Bank/UNDP study large projects were included. The countries with 
these projects were selected on basis of three factors:  
• at least one of the projects in the country is funded by the World Bank; 
• the project adopts rules with a high degree of demand-responsiveness; 
• the interest of the project director (and/or World Bank task manager) to participate in and provide 

funds for the study.  
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Compared to the outcome of the Tanzanian field-study, this can lead to higher demand responsiveness 
in the outcome of the projects of the World Bank. Second, in the World Bank/UNDP study, only 
communities were selected with less than 2500 people, with more than 15 households, which were in 
rural areas and preferably with projects between 2 and 5 years old. The time span of the projects ranged 
from 1986 to 1995.  
In our study the time span ranges from 1973 to 1995. This is, however, not a problem because the 
lifetime of a wind pump is about 20 to 30 years, compared to about 10 years for a hand pump. In this 
study communities vary from 530 to 5108 people. Thirdly, the World Bank executed a survey in 125 
villages in 6 countries. In our study 12 villages in three regions in Tanzania are surveyed. 
 
Despite these differences, however, it’s supposed that the conclusions of the World Bank/UNDP study 
are applicable to the Tanzanian situation. This is because only relationships are applied and no absolute 
influences of factors. Furthermore, the differences in technology type should not lead to major 
differences, because the World Bank/UNDP study found no significant relationship between 
technology type and sustainability. It’s assumed here that the same is true for technology of wind 
pumps. For the cultural differences between countries, it’s assumed here that they will not be too 
apparent because the conclusions of the World Bank/UNDP are drawn on an average of results in six 
different countries, with distinct cultures. 
 
To attempt to put right the differences with the World Bank/UNDP study with regard to the specific 
survey for households and water committees, group interviews are performed in the communities. In 
these group interviews people from the water committee, village leaders and water users were included. 
If possible, women as well as men and young and old people, were put together in the group 
discussions. After a selection of communities, which is given in appendix F, the following communities 
were included in the survey. 
 
Table 6.2: Selected communities 
 
Region District Village 

Ikoa 
Mgunga 
Handali 

Dodoma 
 

Dodoma 
rural 

Chinangali II 
Aghondi 
Kashangu 
Mbugani 
Msemembo 
Saranda 

Singida 
 

Manyoni 

Sukamahela 
Kigombe Tanga 

 
Muheza 

Moa 
 
Characteristics of the selected communities are given in appendix G. 
 
 
6.3.4 Results 
 
Technical aspects 
 
Physical condition 
A perfect physical condition means that a water system is free of contamination and has a good 
condition of the windmill and also without visible defects in the wells, pipes, catchments or masonry. 
There should also be safety arrangements to protect the system from animals. 
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Table 6.3: Physical condition 
 
Region Village O13 O14 O15 O16 O17 O18 O19 O20 

Dodoma Ikoa Very dirty 
around 
pump 

No rust, 
makes noise

Yes No Leak in 
concrete, 
around outlet 

No Very 
dirty 

No 

Dodoma Mgunga No In 
reparation 

No No No tank Not known Yes No 

Dodoma Handali No Very good Yes No Good No No No 

Dodoma Chinangali II No Good, but 
van breaks 
down often 

Yes No No No No No 

Singida Aghondi No Good Yes No No No No No 

Singida Kashangu No Good, little 
rust 

Yes No No, very good No, but 
overload from 
tanks 

No No 

Singida Mbugani No Old, noisy 
in rods 
(dry?), bit 
rusty 

Yes No No No Yes, on 
concrete, 
doesn't 
run away 

Trees around 
tanks, not 
around mill 

Singida Msemembo No Good No 
(wooden 
rod and 
break 
broken) 

No No Yes Not 
pumping 

Fence 
(broken) 

Singida Saranda No old, rusty, 
noisy 

Yes No No No No No 

Singida Sukamahela No Ok, noisy in 
rods, tap is 
broken 

Yes No No Yes, high 
pressure 

Little No fence 

Tanga Kigombe not known Mill is 
stored 
somewhere 

No Yes, 
salty 

not known not known not 
known 

not known 

Tanga Moa No Good No not 
known 

Yes, problem 
because it has 
been dry 

Yes, defect No No fence 

O13:  Contamination possibility 
O14:  Condition of windmill 
O15:  System functioning 
O16:  Defects in wells 
O17:  Defects in masonry 
O18:  Leaks from exposed pipes 
O19:  Accumulation of wastewater around well sites 
O20:  Safety arrangements 
 
In eight out of twelve, the system was still functioning. Only in one village the windmill was in repair, 
in another the windmill was abandoned. So in two villages the windmill didn’t function and no action 
was taken at the time of the survey to solve the problem. In cases of functioning windmills, rust and 
noisiness were often observed. Noisiness is a sign that maintenance or repairing is needed. Except one, 
all wind pumps are constructed well with respect to contamination possibility. This is an important 
aspect for the design of the water system. However, a bad quality septic tank can still contaminate the 
water, despite the well designed system. Defects in wells are only reported in one village, where the 
salty water corroded the pipes. For this reason the system in Kigombe was given up. More problems 
are noticed with the masonry and exposed pipes. With respect to the masonry, in one village there was 
a leak and in four villages the water accumulated around the outlet. This wastewater attracts mosquito’s 
and as a result, malaria and other diseases. This should be given attention in the design phase and after. 
In another three villages leaks in exposed pipes occur. Safety is an issue that needs much more 
attention in the villages. In only one case there was a fence around the system, but is was broken. In 
one other village they put trees around the windmill, but not around the outlet. Safety arrangements are 
useful to protect the system from animals. 
 
Requirements 
• Attention has to be paid to rust and noisiness.  
• The design of the system should take care of contamination possibility and proper handling of 

wastewater. 
• Attention has to be paid to defects in masonry and pipes. 
• Safety arrangements should be implemented for the systems, like a fence around the system. 
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Institutional aspects 
 
Operation and maintenance 
The answers on the questions for O&M show how a community is performing on the institutional and 
organisational aspects of the system maintenance. First, the existence of a system operator is an 
important aspect for sustainability. It’s, however, also important that the operator has the capacity to 
operate, to do simple maintenance and ideally to repair the system in case of a breakdown or know 
where to get help. He also should have access to tools, manuals and spares. The number and causes of 
breakdowns also indicate the performance of system maintenance. 
 
 
Table 6.4: O&M 
 

Region Village  

Q
16a 

Q
17 

Q
17a 

Q
18 

Q
19a 

Q
19b 

Q
19c 

Q
19d 

Q
20 

Q
21 

Q
22 

Remarks 

Dodoma Ikoa Y 3 times 
since 1995 

Valves not 
known 

LVIA Y N Y Y LVIA N Pump attendant 
does oil, greeze, 
tight nut towel 

Dodoma Mgunga Y 1 time Rod, gearbox, 
tower 

long LVIA-CPPS 
now 

Y N Y N CPPS/L
VIA 

N  

Dodoma Handali Y 3 times in 2 
years 

Disconnection 
of rods 
because of 
hard winds 

not 
known 

LVIA Y N Y N LVIA N  

Dodoma Chinangali II Y 3 times a 
year 

Breakage of 
van 

1 day Water 
committee 

Y N Y Y LVIA N  

Singida Aghondi N 2-3 times 
per year 
 

- short CPPS, Y N Y N CPPS N village does only 
cleaning and using 
the brakes 

Singida Kashangu N 2-3 times 
per year 

- not 
known 

CPPS N N Y N CPPS N pay CPPS 20.000 
for maint. 

Singida Mbugani Y 1-2 times 
per year 

- 1 day CPPS Y N Y N CPPS N one man controls 
the mill, no maint. 

Singida Msemembo N 1 time Fixing of 
wooden rod, 
pipeline 

long, no 
money, 
no time 

Technician 
under RWE 
Singida 

N N Y N RWE 
Singida 

N broken since dec 
2002. No money. 
Operator left '99 

Singida Saranda Y 3 times per 
year 

Leather cups short CPPS Y N Y N CPPS N  

Singida Sukamahela N maint 3-5 
months 

-  short CPPS N N Y N CPPS N  

Tanga Kigombe N 1 time 
break 
down, 
twice per 
month 
maintenanc
e 

Oil 1 day for 
maint, 2 
times 
per 
month 

RWE/ 
fundi 
district 

Y N Y N village 
bought 
in Tanga 

N  

Tanga Moa N, no 
more 

Often Breakage of 
shaft, van, 
tank 

long fundi from 
Tanga, 

N N Y N fundi 
buy in 
Tanga 

N Village did some 
maint. but Baptists 
took over 

Q16a:  
Q17:  
Q18:  
Q19a:  
Q19b:  
Q19c:  
Q19d:  
Q20:  
Q21:  
Q22:  

System operator 
Number of breakdowns/year 
Number of days to repair 
Who did repairs 
Operator has capacity to operate 
Operator has done major repair 
Operator can get help 
Operator has access to tools 
Where do spare parts come from 
Operator has manuals 

 
Only in half of the villages there is a system operator. In the villages with an operator, the operator is 
capable of operating, but in none of the villages they have access to manuals for the wind pump and in 
just one case the operator is capable to repair the wind pump (Chinangali II). Positive is that all villages 
can get help, from CPPS, LVIA or people from the Regional Water Office.  
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This however makes them dependent on their time to come to repair. Another remark is that whenever 
somebody got training for operating, this knowledge is not passed on to a new operator. The number 
and causes of breakdowns differ between the villages. Most causes appear to be due to hard winds 
(wind regime) and bad maintenance. Bad maintenance could be improved with a system operator. The 
system operator can also prevent the breakdowns due to hard winds, by using the brakes. One major 
conclusion here is the dependency of the communities on CPPS and LVIA for maintenance and repairs. 
In all the villages the communities don’t have access to tools (except two), don’t have access to 
manuals, didn’t do major repairs themselves in the past and are dependent on the mentioned 
organisations for spares. They also don’t perform maintenance themselves, especially in villages 
supported by CPPS.  Positive in LVIA supported villages is that there is a system operator in all 
projects.  
 
Requirements 
• A system operator. 
• An operator who is capable of doing simple maintenance and ideally repairs. 
• An operator should have access to a manual of the wind pump and tools to perform maintenance. 
• It should be ensured that an operator passes on his knowledge to a new operator in case of leaving. 
• Villages should be as self-supported as possible. 
 
 
Financial management 
The World Bank/UNDP study found that the contributions required by projects were often perceived 
by household members as a tax, rather than a contribution to the type and level of service they would 
receive. A community has a good financial management when they have a treasurer and bank account 
and employ a tariff structure that covers O&M and generates savings for future repairs and system 
replacement. In addition, these communities charge people for connecting to the system and sanction 
people for non-payment. A person’s willingness to give up valued resources (like money) in exchange 
for a service (safe water) indicates that the person values that service. If this value at the community 
level is greater than or equal to the cost of providing and maintaining the service, one can assume the 
community will be willing and able to maintain the service. 
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Table 6.5: Financial management 
 

Region Village 

Q
23a 

Q
23b 

Q
23c 

Q
23d 

Q
24 

Q
25 

Q
27 

Q
28 

Q
30 

Remarks 

Dodoma Ikoa Tshs 10 / bucket N Y, then to local 
wells 

N to pay pump 
attendant and maint. 

Y Y Y N  

Dodoma Mgunga Tshs 20 / bucket N Y, don’t' get water N to buy spares Y Y Y N  

Dodoma Handali Tshs 10 / bucket N N N to pay LVIA for 
maintenance and 
repairs 

Y Y Y N  

Singida Aghondi Tshs 1000 / year / 
household 

N Y, except people 
who really need 
assistance 

N for repairs Y Y Y N  

Singida Kashangu Tshs 10 / bucket 
rainy season free 

N Y N for repairs Y Y Y N  

Singida Mbugani Tshs 
500/year/househol
d 

N Y N enough for maint. Y Y Y 
in 
CP
PS 

N  

Singida Msemembo pay when 
breakdown 

N N N what's needed for 
repair 

N Y Y N Plans for 
contribution 

Singida Saranda collect when 
needed 

N N N depends what's 
needed 

Y Y Y N  

Singida Sukamahela N N N N Church pays N N N N Leper-village 

Tanga Kigombe Tshs 10 / bucket N Y N enough for oil and 
minor maint. 

Y Y Y N  

Tanga Moa N money from 
fish taxes 

N N N - Y N N N Not enough 
money from 
taxes 

Dodoma Chinangali II Tshs 10/bucket in 
dry season 

N Y N maintenance and 
repair 

Y Y Y N  

Q23a:  
Q23b:  
Q23c:  
Q23d:  
Q24:  
Q25: 
Q27: 
Q28: 
Q30: 

Arrangements for payment for water 
Differential tariff structure 
Service cut-off for non-payment 
Connection fee charged 
Criteria for tariff setting 
Participation in decisions on payment 
Existence of treasurer 
Existence of community bank account 
Ability of community to replace system 

 
Water is an economic good, so it’s important that people pay a tariff for the water. Only five villages 
pay for the water per bucket. The conditions of these arrangements differ per village, but it’s important 
that communities participate in these decisions, which is already the case in most villages. For 
example, in two villages they decided to give the water for free in the rainy season, to discourage 
people to use water from seasonal sources, like unprotected wells or streams. A differential tariff 
structure and a connection fee were found to be irrelevant for the system. This was because the systems 
didn’t have domestic connections. Sanctioning for non-payment occurred in all except one village with 
a tariff. In one case they decided not to sanction people who really need assistance, like e.g. elderly. 
Service cut-off is important for the value people dedicate to safe water (when arrangements for 
payment are made in participation of community members). Furthermore, when people pay for the 
water, it’s important on which criteria the amount is based. All communities are not able to replace the 
system in case of a breakdown. However, they are able to pay the contributions needed for CPPS or 
LVIA to maintain the system. Problem here is that the contribution is not linked to real costs. People 
pay a fixed amount to the organisation to come to the village and, after that, all costs are for the 
maintenance organisation. For this reason it’s questionable if the difference between repairs and 
maintenance is known, when both are done by CPPS or LVIA. It’s also important that the financial 
management is transparent, that communities have control over their funds. Except for three villages, 
they al have a bank account and a treasurer in the village. 
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Requirements 
• There should be a tariff for the water. 
• The criteria for the tariff and arrangements for paying should be clear, so the tariff is seen as a 

contribution to the type and level of service. 
• Within the arrangements (in participation with the community) people should be sanctioned for 

non-payment. 
• The tariff should be based on real costs of operation, maintenance and repair. 
• Communities should have control over their funds by having an own bank account and treasurer. 
 
Social aspects 
 
Consumer satisfaction 
A community is satisfied with the water system when they are satisfied with the time the water is 
available and with the quantity and the quality of the water. They would no longer use other sources of 
water and would report increased water consumption. 
 
Table 6.6: Satisfaction 
 
Region Village 

Q
31 

Q
11 

Q
 12 

Q
32 

Q
32a 

Q
33 

Q
33a 

Q
34 

Q
34a 

Q
35 

Q
35a 

   Q
15 

Dodoma Ikoa Unkno
wn 

Whole 
village 

Rainy 
season, not 
enough 
wind 

Y  Y  Y  Y  N 

Dodoma Mgunga Same Whole 
village 

No Y  N No tank Y but salty Y  N 

Dodoma Handali Same 5% uses 
hand pump

rainy 
season, not 
enough 
wind 

Y  Y  Y  Y  Y 

Dodoma Chinangali II more Whole 
village 

rainy 
season not 
enough 
wind 

Y  N  N too hard Y  Y (40-
60 
minutes)

Singida Aghondi same > whole 
village 

Sept-Febr. 
dry season 

N  N capacity 
pump too 
small 

Y not salty Y 2 pumps, too 
less capacity 

only in 
scarce 
period 

Singida Kashangu more Whole 
village 

Sept-nov. 
too dry 

N too 
many 
people 

N capacity 
well too 
small 

Y not salty N just one 
outlet, want 
bigger tank 

whole 
day in 
dry 
period 

Singida Mbugani more Whole 
village 

Oct-
Nov/Dec 
not enough 
wind 

N just one 
outlet 

N not enough 
for 
livestock 

Y but slightly 
saline 

N just one outlet only 
scarce 
period 
all day 

Singida Msemembo Less 
after 
breakdo
wn 

Whole 
village 

Rainy 
season, no 
wind 

N pipeline
s 
broken 

N not enough 
water 

N saline, not 
for drinking 

N want more 
domestic 
points, more 
users 

Not 
when 
good 
wind 

Singida Saranda Same 
(first 
diesel) 

Whole 
village 

Rainy 
season, too 
slow 

N  N tank should 
be bigger 

Y soft N need more 
domestic 
points, more 
users 

Y 

Singida Sukamahela More 25% uses 
hand pump

Oct, nov, 
not enough 
wind 

N tank too 
small 

N too less 
water 

Y soft, but 
saline 

N  Y, fight 

Tanga Kigombe Less 
after 
breakdo
wn 

Whole 
village 

dry season Y  N dry season 
not enough 
water 

N salt, wore 
out the 
pipes 

Y  N 

Tanga Moa More 2 villages Nov-march, 
dry season, 
no wind 

Y  Y  Y but little 
salty 

Y  Y in dry 
season 
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Q31:  Water use 
Q11:  How many people use the wind  pump 
Q12:  Periods when there’s not enough wind to pump the water 
Q32:  Satisfied with time water is available 
Q33:  Satisfied with quantity 
Q34:  Satisfied with quality 
Q35:  Satisfied with overall service 
Q15:  Time to stand in line 
 
First thing which stands out, is that not all people understand the linkage between the amount of wind 
and the availability of water. Some villages indicated that in the dry season there is not enough water, 
but this can’t be because of a lack of wind. One village explained that in the rainy season the clouds 
were too heavy, so they blocked the wind. However, they understood the linkage. Nevertheless, the 
wind availability in the rainy season is a problem, which leads to waiting and sometimes 
dissatisfaction. When the relationship between wind and water is understood better, this could lead to 
less dissatisfaction about the availability of water. This is the case in half of the villages. Another point 
of dissatisfaction is the capacity of the system. Nine out of twelve villages are not satisfied with the 
available quantity of water. Villages tend to expand over time, which should be taken into account in 
the design of the system. The World Bank / UNDP study also found this point: ‘Many countries apply 
design standards that promote over-design and allow for little flexibility, regardless of project rules that 
allow for community choice…Some projects are designed to provide only a minimum service level, 
and do not take this incremental demand into account. As a result, users expand the system on their 
own, often jeopardising the technical viability of the system.’(Sara, 1997, pg. 51) The same problem 
can be seen with the available outlets or domestic points, five villages indicate that they were not 
satisfied with the overall service of the system, mainly due to the number of taps. 
In Kigombe, Tanga, the well became saline, which happens more in coastal areas. The wind pump was 
abandoned for this reason. In Msemembo, the water is not used for drinking purposes for the same 
reason. In Chinangali II the water is very hard and therefore it can’t be used for washing and building 
purposes. These problems should be prevented with a good geophysical survey. Villages turn out to use 
more water when there was no safe source of water before the wind pump. In some villages there was a 
diesel pump before the wind pump, in those cases the usage of water remained the same. After 
breakdown the water usage decreased. This indicates that people are, to some extent, satisfied with the 
system. Furthermore only in two villages not all people use the windmill, but other safe sources. 
 
Requirements 
• Understanding of the linkage between wind and availability of water. 
• Attention has to be paid to the desired amount of water. 
• Flexible design standards for the water system, which allow for adaptations on the tank and 

outlets. 
• Alternative water sources (also for example tank sizing), in case of no wind, have to be taken into 

account. 
• A good geo-physical survey to prevent problems with for example saline or hard water.  
 
 
Willingness to sustain the system 
A community that is willing to sustain its system, is a community where the members feel responsible 
for maintaining their system. These communities are willing to pay the fees for the service, are 
expecting the community to pay for future repairs, replacement, and improvements and noticed health 
improvements since the system’s construction. 
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Table 6.7: Willingness to sustain the system 
 
Region Village  Q26 Q29 Q3 Q36 Q37 

Dodoma Ikoa Y Village and 
LVIA 

Villagers Y N 

Dodoma Mgunga Y Tanz. Gov. Villagers Y Unknown 

Dodoma Handali not known LVIA Village 
government 

Y Same 

Dodoma Chinangali II Y LVIA Villagers N Same 

Singida Aghondi N CPPS Villagers Y same 

Singida Kashangu N CPPS Villagers Y same 

Singida Mbugani Y CPPS Villagers Y Y 

Singida Msemembo N only pay 
when they can 

Community Villagers N N 

Singida Saranda N Community Villagers Y Same 

Singida Sukamahela N Church Villagers N Y, less diseases 
Tanga Kigombe N District gov. Villagers N Y, now more 

diseases (after 
breakdown) 

Tanga Moa N Vill. Council Village Council N, not 
possible 

N 

Q26:  
Q29:  
Q3:  
Q36: 
Q37: 

Problems in paying tariff 
Perception where to obtain money for repairs 
Perception of ownership 
Willingness to pay for desired improvements 
Perception of health improvements 

 
Four villages reported problems with payments of the water. Here, again, it’s important that the 
community participated in the decision on the conditions for payment. Then it’s the decision of the 
community whether and how to solve these problems. When combining question Q23a from table 6.5 
with question Q29, it can be seen that in the villages with a tariff, people answered that whenever extra 
money would be needed, in case of a breakdown, the money should come from a source outside the 
community. This indicates that the tariff doesn’t cover unexpected costs. They pay fixed amounts to 
LVIA or CPPS, regardless of the problem. However, the answers for question Q36 don’t seem to be 
consistent with this. When people answered that CPPS, for example, should pay extra money for big 
repairs, sometimes they are still willing to pay for desired improvements in the system. This shows the 
importance of the earlier statement that villages should be able to make changes in the system, like 
extra taps or a bigger tank. A sense of ownership is essential for sustainability of projects. This is the 
case in all villages, even in Sukamahela, where the water system is placed for the leper  centre in the 
village. However, it still needs attention in new projects that the whole community believes that the 
wind pump belongs to them. Fewer villages have a sense of health improvements. For this training in 
health issues is necessary, which was also recommended by the World Bank/UNDP study:  
‘training can educate people about potential health benefits of protecting the water source, and thus 
enhances their willingness to sustain the system’ (Sara, 1997, pg. 50). 
 
Requirements 
• Participation of the community in decisions on payments of the water. 
• Flexible design standards for the water system, which allow for adaptations on the tank and 

outlets. 
• A sense of ownership. 
• Training on health issues, related to safe water.  
• The real costs of operation, maintenance and repairs should be known on forehand. 
 
Factors influencing sustainability 
For the project rules the World Bank/UNDP study performed a multivariate regression analysis to 
discover the relationship between the independent variables and the indicators for sustainability. In 
table 6.8 the positive significant relationships are shown for each variable using a level of significance 
of 95 percent. The variables “Distance to previous source”, “Age of the system”, “Poverty level and 
Population density” are left out, because these factors cannot be influenced by the project. For this 
reason they are not investigated for possible requirements for wind pump projects. 
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Table 6.8: Relationships between independent variables and sustainability 
 
Independent variables Sub-indicators for sustainability 
 

 Physical 
 condition 

 O
&

M
 

 Financial 
 m

anagem
ent 

 C
onsum

er 
 satisfaction 

 W
illingness 

 to sustain 

Project rules for 
demand 
responsiveness 

Demand-
responsiveness, 
Household 

   X X 

Training households X X X X X 
Training water 
committee 

 X X   

Water committee  X    

Other project 
rules 

Construction quality X   X  
 
 
Demand responsiveness 
Results of the World Bank/UNDP study have shown that when projects employ a demand–
responsiveness approach at the household level, they increase the likelihood of sustainability of  the 
projects. In other words, the more project staff involve household members in decision-making and 
inform them about costs and responsibilities, the greater the potential for sustainability. This is 
primarily due to its role in increasing consumer satisfaction and willingness to sustain the system. 
Consumers are more likely to be satisfied with results when they initiate the project, are involved in 
decision-making, and are informed about their responsibilities in terms of costs and O&M. It is 
expected that under these circumstances users express a higher sense of ownership, greater confidence 
in their ability to maintain the water system and a better understanding of how the tariff is used and 
willingness to pay for improvements. 
 
Table 6.9: Project initiation 
 
Region Village Q1 Q5a Remarks 5a Q8 

 Ikoa Government Y  LVIA 
Dodoma Mgunga Counceler of 

the area 
N  Government 

Dodoma Handali Church Y  LVIA 

Dodoma Chinangali II Community Y Hand pump not effective LVIA 

Singida Aghondi Community Y  Government and 
CPPS 

Singida Kashangu Community Y  CPPS 

Singida Mbugani Community Y They had a problem with 
water 

CPPS 

Singida Msemembo Community N New village for tobacco 
prod. Asked for water. 

Australian gov. 
and Tanzanian? 

Singida Saranda District N Diesel engine was old, 
district's idea to make 
new 

CPPS, but 
villagers don’t 
know. 

Singida Sukamahela Community Y Diesel was too old, 
Shallow wells dried 

Roman Catholic 
Church 

Tanga Kigombe RWE Y  GTZ 

Tanga Moa Government Y Diesel engine was stolen Government 
Q1:  
Q5a:  
Q8: 

Source of project initiative 
Participation in decision about the project 
Community can identify fund source 

 
The questions for project initiation measure the degree in which community members felt that they 
were responsible for initiating the request for a water system. This is in contrast with the perception 
that individuals outside the community such as project staff, local or other government representatives 
had initiated the project. 
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Only in half of the villages, the initiative for the water projects came from inside the community. Even 
when, for example, the diesel engine in Moa was stolen, the village did not take the initiative to 
organise a new water system. However, most villages participated in decisions about the projects and at 
least know (except one village) which organisation funded the wind pump.  
 
Requirements 
• Household-level demand should guide key decisions. 
 
 
Table 6.10: Informed choice 
 
Region Village Q5b Remarks 5b Q5c Remarks 5c Q5d Q9 Q9a 

Dodoma Ikoa Y Shortage of diesel N Same place as 
diesel engine 

N Y Water Committee 

Dodoma Mgunga N  N  N Y District Council 

Dodoma Handali Y  N  Y Y Water Committee 

Dodoma Chinangali II Y  N  Y Y Village 

Singida Aghondi Y First diesel, in bad 
condition 

N Water 
Department 

Y Y Village 

Singida Kashangu Y Saw windmills in other 
villagers, which were 
cheap 

N Water 
Department 

Y Y Village 

Singida Mbugani Y To avoid high 
maintenance costs 

N  Y Y Village gov. and 
WC 

Singida Msemembo N Regional gov. asked 
Australians 

N  Y Y Village 

Singida Saranda N  N Same place as 
diesel engine 

N Y Village 

Singida Sukamahela N  N  Y Y Village leaders 

Tanga Kigombe N  N RWE did 
survey 

N Y Village minor, 
GTZ major 

Tanga Moa N Decision of district N Same place as 
diesel 

Y Y Village had to pay 
technician 

Q5b:  
Q5c:  
Q5d:  
Q9: 
Q9a: 

Participation in choice of technology 
Participation in choice of siting 
Participation in choice facility options 
Arrangements for O&M responsibility 
Who is responsible for O&M 

 
The World Bank/UNDP study found that in communities where household members made informed 
choices about whether to build a system, what type of system and level of service, sustainability was 
higher than in communities where they did not. This relationship proved statistically significant, even 
after controlling for the effect of external and project-related factors. In the study it was found that it 
was most effective when household members, rather than community representatives are involved in 
the initiation and design phase of the projects. This could not be checked for the wind pump projects in 
Tanzania because it was not possible to perform separate interviews for household members and 
community representatives. In all villages there were arrangements made for O&M responsibility, but 
it’s questionable if this was clear before the start of the project and whether people had a choice in this. 
However, except in one village, the communities (whether water committee or community as a whole) 
were responsible for this. This is an important aspect for the sense of ownership and thus sustainability. 
The degree of participation in choices of communities turned out to be rather low. In no case there was 
a choice of siting (but this is not as easy as in the case of hand pumps), only half of the villages 
expressed their choice for a wind pump and three-quarter participated in decisions about facility 
options.  
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Especially the last choice is important, because in this way willingness to give up valued resources can 
be linked to the demand for a level of service. A final recommendation of the World Bank/UNDP study 
is that projects must devote enough resources to social mobilisation to ensure that all members of the 
community, including women and other traditionally excluded groups, participate in decision-making.  
 
Requirements 
• Communities should be involved in decisions and should make informed choices about whether to 

build a system, what type of system and level of service. 
• These choices should be expressed by household members, not through traditional leaders or 

community representatives. 
• Social mobilisation is needed to ensure that all members of the community participate in decision-

making. 
• Arrangements for responsibility of communities for O&M should be clear at the start of the project 

and communities should participate in decisions about this. 
 
Table 6.11: Contribution 
 
Region Village Q8 Q8b Q8c Contribution per 

household 
Dodoma Ikoa LVIA Y Tshs. 200.000,- Tshs. 337,- 
Dodoma Mgunga Government Y N  

Dodoma Handali LVIA Y Tshs 1000,- per 
household 

Tshs. 1000,- 

Dodoma Chinangali II LVIA N N  

Singida Aghondi Government 
and CPPS 

N N  

Singida Kashangu CPPS N Tshs. 500 per 
household 

Tshs. 500,- 

Singida Mbugani CPPS Y Tshs. 10.000 for 
mill and 30.000 
for tanks 

Tshs. 177,- 

Singida Msemembo Australian 
gov. and 
Tanzanian? 

Y N  

Singida Saranda CPPS Y N  

Singida Sukamahela Roman 
Catholic 
Church 

N N  

Tanga Kigombe GTZ Y N  

Tanga Moa Government Y N  
Q8:  
Q8b:  
Q8c: 

Source of funding  
Contribution of labour 
Contribution of money 

 
It can be seen that the different installation agencies lack a consistent policy with regard to community 
contribution. This was already found for CPPS, which determines the necessary contribution of the 
villages on their perception of poverty. This lack of accountability and transparency was also found in 
the World Bank/UNDP study. The study found evidence that willingness-to-pay for investment costs 
increases dramatically when communities have control over how the funds are spent. Cash 
contributions of the communities, if present, (only in four villages) are low. The costs for a windmill 
project of CPPS are, according to the Manyoni Water Engineers Office, Tshs. 17.000.000,=. Even in 
the case of Ikoa, with the highest contribution (in Handali the number of household is not known, so 
total contribution is unknown), the contribution in cash is only 1.2 %. But next to this also the 
contribution in labour can be quantified, but this is not possible here. In most cases also the 
contribution of labour was rather low, for example, when the villagers helped to erect the mill. 
Contribution should be used as an indication for demand, so they have a clear understanding of what 
they are paying. Most important finding in this of the World Bank/UNDP study is that financial 
policies fail to link the level of service to contributions of the community.  
 
Requirements 
• Communities should have control over their funds. 
• Community contributions should be linked to the level of service. 
• Contribution should be used as an indication for demand. 
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Other project rules 
Next to demand responsiveness the World Bank/UNDP study found that training at the household 
level, the existence of a water committee and the quality of construction were highly significant in 
determining sustainability of sub-projects. The two most common training topics –  O&M and hygiene 
education – relate directly to the sustainability of a water system. First, information on O&M informs 
people of what expectations they should have for their water system and how to identify and address 
minor problems in the system before they become major. It also teaches community members that the 
responsibility for maintaining the system rests with them, not with the project or the government. 
Second, hygiene education plays a crucial link in increasing people’s willingness to sustain the system. 
Although water borne diseases are common in most rural areas, people often do not make the link 
between the disease and its cause. While an improved water source does not eliminate the risk of 
contamination, educating people on the health benefits of protecting the water source may affect how 
people value their water source and increases their satisfaction and willingness-to-sustain the system. 
No relationship was found between the type of technology and sustainability. It also revealed that 
higher cost systems are not necessarily more sustainable than low cost systems. 
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Table 6.12: Other project rules 
 

Training W
C

Construction quality Region Village 

Q
10a

Q
10b

R
em

arks 10 

S7 

Q
6 

R
em

arks 6 

O
12 

Q
7 

O
7 

O
8 

O
6 

O
3 

O
10 

O
11 

O
1 

Dodoma Ikoa N N  Y Y Same 
place 
as 
diesel 
engine 

very 
good 

N 72 15 6 no storage, 
tap at site 

0 TZ 

Dodoma Mgunga N Y  Y N  very 
good 

N 96 15 0 None 0 SC 

Dodoma Handali N Y LVIA trained 
one man 

Y Y  good N 42 12 5 1 tank 
+4x20.000 

1 km TZ 

Dodoma Chinangali 
II 

N Y LVIA trained 
one man of the 
village 

Y Y  good N 51 15 5 tank, 2 
outlets at 
site 

3 m TZ 

Singida Aghondi N Y Learned how to 
use the brakes 

Y Y Second 
mill in 
place 
for a 
diesel 
pump 

good N 60/16 12/
12 

6/6 4x2000 300 
m 

TZ 

Singida Kashangu N Y Trained one 
man, but he left 

Y Y  good N not 
known 

12 5 2x2000, 1 
outlet at 
site 

5 TZ 

Singida Mbugani N N  Y Y  good, 
flat, 
no 
trees 

N >100 12 5 2x2000, 1 
outlet at 
site 

5 TZ 

Singida Saranda N Y Conditions 
about minor 
maint. Vill. 
Choose people 

Y Y Same 
place 
as 
diesel 
engine 

one 
tree 
near 
mill 

N >100 12 6 tank 45.000 
m2, pipes 

not 
kno
wn 

TZ 

Singida Sukamahel
a 

N N Water is for 
leper’s 

Y Y  good, 
flat, 
no 
trees 

N 100 16 6 tank, 1 
outlet at 
site, 1 at 
school 

5 TZ 

Tanga Kigombe N N GTZ trained a 
district 
technician 

Y Y  good, 
flat 

Y 30 15 3 10.000 
gallon, 8 
outlets 

not 
kno
wn 

SC 

Tanga Moa N N Baptist 
missionary 
rehabilitated 
mill after 6 
month 

N Y For the 
diesel 
project 

good, 
small 
trees 

Not 
kno
wn 

A
ll borehole 

60 12 6 5000 l. next 
mill 
+10.000 
gallon, 10 
outlets 

2 km K 

Q10a:  
Q10b:  
 
S7:  
Q6:  
Q7:  
O12: 

Did households receive training? 
Did water committee receive training? 
Existence of water committee 
Survey for water resources? 
Measurements for wind resources? 
How is the wind pump situated? 

O7: 
O8: 
O6: 
O3: 
O10: 
O11: 
O1: 

Type of well 
Depth of borehole 
Tower height 
Rotor diameter 
Type of distribution 
Size of distribution 
Brand 

TZ = Tozz&Bardi 
SC  = Southern Cross 
K   = Kijito 

 
In the Tanzanian projects, no training for households was provided although this is very important, also 
in case of wind pumps. First, because the wind pump needs operations such as oiling and using the 
brakes in case of hard wind, and needs care in case of irregular noises. Second, training on hygiene and 
health topics is important, because people have to understand the value of safe water. This because in 
case of no wind, it’s attractive to go to local, unsafe, wells, rather then to wait for wind. The 
appreciation of the system depends, among other, on the value people place on the provision of safe 
water. Training for the water committee occurred, to different extent, only in half of the villages. Best 
example is when an operator is trained to do O&M. Problems, however, occur as mentioned before, 
when this man leaves and knowledge isn’t passed on to a new one. 
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Since some years, the existence of a water committee is obligatory in Tanzania. Except for Moa, all 
villages have some kind of a water committee, some are more active then others, but at least they 
handle the finances.  
 
With respect to construction quality it can be noted that in only one village some measurements for 
wind resources were done. This is rather important for the efficiency of the wind pump. From LVIA 
and CPPS it’s known that they look at the siting, e.g. whether there are trees or not, but  don’t check the 
availability of wind because the regions where they place the mills have,  in general, good wind 
regimes.  As a result, the siting of the wind pumps appeared to be good in all villages, but no 
measurements were available to check this. Geophysical surveys were performed in all villages, except 
Mgunga. However, in table 6.6, consumer satisfaction, it became clear that in some places the water 
turned out to be hard or saline. These problems should be prevented with a good geophysical survey. 
No connection was found between the size of the tank and the satisfaction of the community with the 
water system. No conclusions can be drawn on the different types of windmills, the different sizes, 
diameters etc., because no exact data on wind regimes were available. Also the depth at which the 
water is pumped varies greatly. 
 
Requirements 
• Training for households. 
• Training for water committees, or system operator, on operational and maintenance issues. 
• A water committee, which is capable of organising the wind pump projects. 
• Some kind of wind measurements should be gathered. 
• A good initial construction quality. 
• A good geophysical survey. 
 
 
Sub-considerations on factors which are left out 
Some factors were left out in the analysis on the wind pump projects in Tanzania because they were 
found to be of no influence on sustainability (by the World Bank/UNDP study) or they could not be 
influenced by the projects. Factors which were left out are shown in table 6.13. 
 
Table 6.13: Factors which are left out in the analysis 
 
Variable Dimension Reason 

Technology type No influence 
Total costs / capita No influence 

Other project rules 

Multisectoral / stand alone No influence 
Poverty Can’t be influenced  
Distance to major city No influence 
Distance to previous source Can’t be influenced 
Source before project No influence 
Population size No influence 
Population density Can’t be influenced 
Age of the system Can’t be influenced 

External factors 

Education level No influence 
 
The factors in the category Other project rules were not investigated either, because they were not 
useful for the wind pump study. Although the World Bank did not find any external factors to be 
important for sustainability, in this study they were included, because the first idea was to check the 
relationships in the World Bank / UNDP study for wind pump projects in Tanzania. Now, because 
external factors were not of influence on sustainability, they are not important. However, to give a 
complete picture, they can be found in appendix. H. 
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6.4 Conclusions 
 
Summarising, the requirements for a sustainable (in all aspects) wind pump systems in Tanzania are: 
 
Technical aspects 
 
Physical condition 
 
• Some kind of wind measurements should be gathered. 
• A good geo-physical survey 
• A design of the system in which is taken care of contamination possibility proper handling of 

wastewater. 
• Good initial construction quality. 
• Safety arrangements like a fence around the system. 
• Training for households on health and hygiene topics as well as operational issues for the wind 

pump. 
• Attention has to be paid to rust and noisiness. 
• Attention has to be paid to defects in masonry and pipes. 
 
Institutional aspects 
 
Operation and maintenance 
• A system operator. 
• An operator who is capable of doing simple maintenance and ideally repairs. 
• Access for the operator to a manual of the wind pump and tools to perform maintenance. 
• Training for water committees, or system operator, on operational and maintenance issues. 
• Villages should be as self-supported as possible. 
• A water committee, which is capable of organising the wind pump projects. 
• Training for households on health and hygiene topics as well as operational issues for the wind 

pump. 
• It should be ensured that an operator passes on his knowledge to a new operator in case of leaving. 
 
Financial management 
• Control for communities over their funds by having an own bank account and treasurer and 

transparent financial management. 
• A tariff for the water. 
• Clear criteria for the tariff and arrangements of paying, so the tariff is seen as a contribution to the 

type and level of service. 
• Sanctions for non-payment, within the arrangements (in participation with the community). 
• A tariff, which is based on real costs of operation, maintenance and repair. 
• Training for households on health and hygiene topics as well as operational issues for the wind 

pump. 
• Training for water committees, or system operator, on operational and maintenance issues. 
 
Social aspects 
 
Consumer satisfaction 
• Understanding of the linkage between wind and availability of water. 
• Flexible design standards for the water system, which allow for adaptations on the tank and 

outlets. 
• A good geo-physical survey to prevent problems with for example salty or hard water. 
• Attention has to be paid to the desired amount of water. 
• Alternative water sources (also for example tank sizing), in case of no wind have to be taken into 

account. 
• Ensured demand responsiveness by: 

• Guiding key decisions by household-level demand. 
• Involving communities in decisions. 
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• Communities making informed choices about whether to build a system, what type of system 
and level of service. 

• Expression of these choices by household members, not through traditional leaders or 
community representatives 

• Ensuring all community members to participate in decision making through social 
mobilisation. 

• Clear arrangements for responsibility of communities for O&M at the start of the project and 
participation of communities in decisions about this. 

• Using contribution as an indication for demand. 
• Communities should have control over their funds. 
• Community contribution should be linked to the level of service. 
• Training for households on health and hygiene topics as well as operational issues for the wind 

pump. 
• A good initial construction quality 
 
Willingness to sustain the system 
• Participation of the community in decisions on payments for the water. 
• Flexible design standards for the water system, which allow for adaptations on the tank and 

outlets. 
• Control by communities over their funds. 
• Community contributions should be linked to the level of service.  
• The real costs of operation, maintenance and repairs should be known on forehand. 
• A sense of ownership through: 

• Guiding key decisions by household-level demand. 
• Involving communities in decisions. 
• Communities making informed choices about whether to build a system, what type of system 

and level of service. 
• Expression of these choices by household members, not through traditional leaders or 

community representatives. 
• Ensuring all community members to participate in decision making through social 

mobilisation. 
• Clear arrangements for responsibility of communities for O&M at the start of the project and 

participation of communities in decisions about this. 
• Using contribution as an indication for demand. 

• Training on health issues, related to safe water. 
• Training for households on health and hygiene topics as well as operational issues for the wind 

pump. 
 
 
6.5 Specific requirements 
 
6.5.1 Introduction 
 
The requirements for sustainability which were outlined in the previous chapter, were not specifically 
based on wind pumps but more on their functioning as a general water pump. In this paragraph specific 
requirements for wind pumps are determined which can, partly, guarantee the physical condition of a 
wind pump. This will be done by:  
• examining the approach of the different maintenance organisations in Tanzania; 
• a literature study on the operation and maintenance of wind pumps; 
• requirements for communities seen from the view point of a maintenance organisation.  
In this way, requirements to deal with the approach of the maintenance companies can be found, 
supplemented with requirements for the projects from the literature study and with requirements for 
O&M found in the approaches of maintenance organisations in Tanzania. 
 
6.5.2 Comparison maintenance organisations 
 
From chapter 4 it appeared that there are three maintenance organisations in Tanzania: CPPS water-
projects, LVIA and the district and regional water engineers. To determine the sustainability of the 
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different maintenance organisations, seen from inside the villages, the organisations are compared on 
aspects of sustainability used in the World Bank-UNDP study. 
This is the same as the previous paragraph, but because the organisations are mutually compared scores 
will be used.  
From the comparison it appeared that the O&M is a bottleneck on the way to sustainability. Therefore a 
literature study was done to determine O&M specific tasks for communities. 
 
Scoring method 
 
Each sub-indicator score is based on a group of five to ten related questions collected by the survey. 
Each question is scored on a scale of zero to two, and the total score for the sub-indicator is calculated 
by combining these scores and converting them to a ten-point scale. Thus, a community which 
performs poorly on 50 percent of the parameters, receives a score of five. A community performing 
perfectly on all parameters receives a score of ten. A community which performs poorly in all areas, 
receives a zero. 
 
When LVIA, CPPS and RWEs are compared on sustainability, the average scores become: 
 
Table 6.14: Comparison LVIA, CPPS, RWE and WC 
 

Region Village 

ten pointscore 
physical 
condition 

ten point score 
consum

er 
satisfaction 

ten point score 
O

&
M

 

ten point score 
financial 
m

anagem
ent 

ten point score 
w

illingness to 
sustain 

ten point score 
sustainability 

O
rganisation for 

O
&

M
 

Dodoma Ikoa 4,4 9,3 5,5 6,1 5 6,0
Dodoma Mgunga* 3,8 7,9 3,5 6,7 4 5,0
Dodoma Chinangali II 8,8 5,7 7 6,7 4 6,4
Dodoma Handali 8,8 7,1 4 5,6 3 5,7

LVIA

  6,5 7,5 5 6,3 4 5.8 

Singida Aghondi 8,8 5,7 4 6,7 4 5,7
Singida Kashangu 8,8 5,0 2 6,7 6 5,6
Singida Mbugani 6,9 5,0 4,5 6,7 8 6,2
Singida Saranda 6,9 3,6 4,5 2,2 8 5,3
Singida Sukamahela 5,6 3,6 2,5 0,0 6 3,9

CPPS

  7,4 4,6 3,5 5,2 6,4 5,3

Singida Msemembo 5,6 3,6 2 2,2 4 3,6
Tanga Kigombe 0,0 7,1 4 6,1 6 4,5
Tanga Moa 3,8 9,3 1 0,0 4 4,0

RWE

  3,1 6,7 2,3 2,8 4,7 4,0

  
* For the village Mgunga, the organisation for O&M is LVIA because only recently CPPS took over 

the rehabilitation of the mill. 
 
 
By all organisations the low scores on the O&M stands out. Furthermore, LVIA scores highest on 
consumer satisfaction and financial management. This is probably because communities receive 
training from LVIA and in all their projects have a system operator. CPPS scores highest on physical 
condition and willingness to sustain. CPPS is probably the organisation which is most concerned about 
wind pumping projects. But with their pure top-down approach it is not, apart from the construction 
quality, the way which is most sustainable for Tanzania. 
Communities that obtain their assistance from RWEs have problems on all aspects. In general the 
communities are doing very little by themselves. Almost the only thing they do is sometimes reporting 
in case of any malfunctioning of the wind pump and collecting a little money to pay the maintenance 
organisations. This is also due to the maintenance organisations themselves which take care of 
everything by themselves.   
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6.5.3 Literature 
 
From literature it was determined which specific tasks a community with the general expected 
capabilities for communities in Tanzania should perform23.  
 
Operation tasks: 
• Guard the wind pump against any damage by people or animals. 
• Direct the windmill into the wind when water is needed. 
• Furl the windmill when the storage tank is full. 
• Man the tap house at the hours of water distribution, or open the storage tank outlet when irrigation 

is needed. 
• Take reading of the water meter. 
• Certify any malfunctions and call assistance for repair. 
 
Simple maintenance: 
• Greasing or oiling moving parts, for example once a month. 
• Tightening the pump rod sealing. In case of large delivery heads, stuffing boxes require frequent 

tightening every week or every month. Counter pistons are less sensitive to maintenance. 
• Cleaning. In some cases frequent cleaning of the wind pump’s structure may be quite effective in 

corrosion protection. 
 
Assistance of qualified mechanics is needed for more advanced maintenance and for repairs. The 
organisation of the maintenance may be realised by maintenance teams visiting wind pumps on a 
routine basis. Advanced maintenance and repairs entails: 
• Changing the gearbox oil, typically once a year. 
• Inspection of bolts and tightening, if necessary, typically once a year  (more frequently just after 

installation). 
• Repair of broken pump rods. Most windmills have a breaking pen in the transmission, i.e. part 

which can easily be replaced and which has on purpose been designed to be weakest point. 
Sometimes a complete length of pump rod needs to be replaced. 

• Replacement of cup leathers. Typically, cup leathers last half a year to two years, depending on the 
quality of the water  (e.g. whether it contains sand). If a large number of wind pumps at 
considerable distance, equipped with deep well pumps, must be maintained, one should consider 
preventive maintenance by changing cup leathers at a fixed frequency (e.g. once a year, when 
changing oil). 

• Corrosion protection. In corrosive environments it may be necessary to clean and paint a 
windpump every year. 

• Overhaul. After some 10 or 20 years of operation for imported classical windpumps and 5 to 10 
years for a locally manufactured windpump, an overhaul of the machine may be needed, implying 
dismantling the rotor and the head and replacing bearings and other worn-out parts. 

 
 
6.5.4 CPPS 
 
To find out more specific requirements for wind pumps in Tanzania we conducted a small research at 
CPPS Water Projects in Dodoma, since they are the largest organisation dealing with wind pumps (see 
chapter 4). This research also gives some inside information about the organisation of a wind pump 
supporting organisation. CPPS Water Projects is a charity organisation from Canada, USA and Italy 
under the auspices of the Missionaries of the Precious Blood. CPPS is based in Italy. It is the technical 
division of the Missionary of Precious Blood, which is responsible for the water projects. Presently the 
CPPS Water Projects manage over 300 windmills, diesel and hand pumps that assist life in villages for 
tens of thousands of people24. This project is running for 25 years and in its present organisation for 
over 13 years.  Windmills have become the hallmark of the Tanzanian mission25.  
CPPS is based in Dodoma and has activities in the regions Dar es Salaam, Kilimanjaro, Arusha, 
Singida, Iringa and sometimes others when it is not too far. Mtwara, for example, is too far because it is 
too demanding for the trucks and too expensive. 
                                                            
23 J.van Meel, P.Smulders, (1989). Wind Pumping, a handbook. World Bank, Technical paper nr. 101. Pg.119 
24 Bringing Water-The Miracle of life, Calendar Missionaries of the Precious Blood 2002 
25 Brochure The Missionaries of The Precious Blood, Tanzania. 
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The main goal is to help others to help themselves with the provision of water. They have around 85 
windpumps in maintenance close to the mission stations and installed 5 windmills in the Singida region 
the last 5 years. The overall manager is brother Anthony, who is a qualified manager with 30 years of 
experience in Africa. Besides the overall manager tasks there are also difficulties he has to manage. 
Some of the specific management problems he has to face are: 

• Africans never want to force somebody what to do and want to be friends with everybody; 
• the only motivation is money; 
• laziness is only defeated by fear; 
• too many laws to protect a worker in Tanzania. Everybody has his own version; 
• Africans are afraid to change. 

Next to the overall manager there is a workshop manager. He is also responsible for the equipment of 
the maintenance team, which do the maintenance and repairing of wind pumps on site. Some facts 
about the maintenance team are given in table 6.15. 
 
Table 6.15: facts maintenance team  
 
Members 5 
Education not technically qualified 
Admission criterion young people around the mission 
Autonomous  No, they need a supervisor 
work time 5 days a week 

per day from 7.30 h till 16.30 h 
Salary $40 per month normal worker 

$50-60 per month for plumber 
 
The special equipment they use for the repairing and maintenance of the wind pumps:  

• An extensive workshop with more advanced machines like a lathe and a milling machine to 
make all spare parts when they are not available. 

• A store for spare parts of windmills.  
• An all-terrain truck, which is able to transport 5 people, spare parts and tools to every village 

in Tanzania. 
• The tools for fieldwork are generally used water-pump equipment and extras for wind pumps 

such as a winch and a welding machine.  
 
There is no special procedure when a community considers a windpump. In general, CPPS talks with a 
community. Then CPPS chooses a rotor diameter of 5 or 6 m. According to CPPS the water depth does 
not matter and the measurement of wind is a waste of time.  
The maintenance or repairing procedure is as following: 

• The village government writes a letter, which explains the problem 
• The village has to pay in advance and when the system is devastated they have to pay more. 

First priority is the villages with no water at all.  
 
The problems they experience in the villages are that it is a male society. It is a women’s issue to bring 
the water home even if it costs a whole day. Therefore sometimes it happens that there are villages with 
water problems for over one month, but they don’t report. 
 
The most frequent repairing or maintenance task they have to do is changing the leather cups. These 
are the valves of the piston pump. 
At this moment CPPS can maintain some 5 to 10 more wind pumps. A condition is that the placing of 
the wind pumps is within 1 day driving from their home base. 
 
Conclusions 
 
• A requirement is that the community is capable to perform the operation tasks and simple 

maintenance. A system operator should be appointed for these tasks.  
• The community should be able to deal the following issues: 

• speak the same language as the maintenance organisation; 
• inform the maintenance organisation in time;  
•  be able to pay the costs. 

• A maintenance organisation is needed for advanced maintenance tasks and repairs. 
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• The maintenance organisation that is involved in wind pump projects should:  
• have access to spares; 
• have access to tools; 
• be able to perform advanced maintenance and repair tasks; 
• be able to manage specific problems. 
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7 TASAF project rules 
 
 
TASAF project rules can be seen as Terms of Reference for projects with wind pumps in TASAF 
projects. The Terms of Reference (ToR) form the basis on which the programme proposal is to be 
prepared. The ToR are derived from the organisational approach of TASAF, described in chapter 2 . 
 
Geographical area 
TASAF works in 42 districts/islands of Tanzania Mainland as well as the islands of Unguja and Pemba 
in Zanzibar. A graphical overview of the districts is given in chapter 2. 
Because the approach of TASAF is demand-driven, communities in all 42 districts/islands can apply 
for a water project. 
 
Target user groups 
An important principle is that the operation of TASAF should be demand-driven and should follow a 
bottom up planning and decision-making approach. Therefore, communities are the target user group. 
For each proposed sub-project the benefiting community must have a participatory planning meeting to 
be attended by at least 70 per cent of the intended beneficiaries of voting age. 
To select target communities, first target districts are selected. Selection of districts is based on criteria 
such as level of poverty, diversity of economic activities, commitment of region/district offices to 
participatory processes, concentration of activities undertaken by NGOs and CBOs etc. So the districts 
which are selected from the 119 Tanzanian governmental districts are the most deprived ones. 
Within the districts, some communities are selected, again, as the most deprived ones. These are being 
approached by the TPC of the respective district. 
For CDI sub-projects, the whole community is the target group. However, inside the communities there 
are some segments of the population that are not adequately served, such as the aged, orphans, people 
with disabilities and those infected/affected by HIV/AIDS. The Social Support Projects (SSP) have 
been introduced as a sub component of CDI, so as to provide support to such vulnerable segments. 
Targeting of PWP beneficiaries is based on poverty ranking, seasonal disasters, gender empowerment 
and the rural poor. 
 
Summarising the target user groups are: 
• most deprived districts all over Tanzania based on level of poverty, diversity of economic 

activities etc.; 
• most deprived communities within these districts for the CDI sub-projects; 
• vulnerable groups inside the communities for the SSP sub-projects; 
• most deprived groups inside the communities, bases on poverty ranking, seasonal disasters, gender 

empowerment and rural poverty, for the PWP sub-projects. 
 
Programme components 
Water projects with the use of wind pumps would be part of the programme component CDI. Objective 
of this component is to support demand-driven initiatives from communities. The sub-projects should 
be within the community’s capacities and capabilities. When this capacity of the communities to 
manage, operate and maintain the projects has to be developed, the sub-projects also need co-operation 
with the sub-component Capacity Building – Training and Support. In figure 7.1 these programme 
components are shown in the organisational chart of TASAF. 
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Figure 7.1: Parts of TASAF organisation which could be involved in wind pump projects. 
 

 
 
Timescale of the programme 
TASAF received money from the World Bank in November 2000, for a period of 4 years. This is 
expected to be extended with another 4 years. 
 
Department responsible 
The organisation of TASAF is shown in figure 2.1 in chapter 2. 
The actual responsibility of the water projects lies in general on the TPC, the District Water Engineer 
and the CPC. 
 
Other ministries and departments with responsibilities or involvement in the sector 
TASAF is an autonomous, non-partisan and a-political organisation, but operating in harmony with 
other ongoing initiatives within the Local Government Reform Programme. 
One ministry with responsibilities in the water sector is the Ministry of Water. The ministry has 
regional offices with Regional Water Engineers and district offices with District Water Engineers. The 
District Water Engineer gives technical assistance to the TPC and the CPC.  
 
Implementing agencies 
Implementation of TASAF projects is done by the community, with assistance of the district and where 
necessary other agencies deployed by the community (for example a drilling company). 
 
Other support agencies 
Where possible the TASAF projects will be supported by community-based organisations (CBOs), 
non-governmental organisations (NGOs), like for example CPPS.  
 
Coverage 
No targets for water supply coverage are used by TASAF. Villages can apply for a water project when 
it is prioritised by the community. About targets for coverage of water supply within the villages it is 
said that the sub-projects should adhere to sector norms and standards. For example, the norm of the 
government for water supply facilities is to have 250 people per outlet. For TASAF projects, however, 
the coverage depends on the (financial) capacities of the communities, so no concrete targets can be 
used.  
 
Maintenance systems for water supply 
Important in the projects is the active participation of the beneficiaries at the community level in the 
prioritisation of needs, identification and selection of activity for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset created. 
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Therefore it is the community who is responsible for maintenance and operations. They have to submit 
a proposal for this on forehand of the project implementation.  
 
Arrangements for cost sharing 
Water projects require a community contribution of 5 percent. This contribution can be either in cash or 
in labour, with a minimal contribution of US$ 100,- in cash. 
 
Approach towards health and hygiene knowledge 
For water projects it’s important to include items on health and hygiene to increase the appreciation for 
the system and to keep the water facilities safe. 
Health and hygiene promotion is important for all TASAF projects, but no concrete guidelines are 
available in the TASAF manuals.  
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8 Requirements for sustainable TASAF wind pump 
projects 
 
In table 8.1 the requirements for sustainability are categorised by the definition of sustainability. This 
means that in, for example, the category Physical condition, requirements are categorised which 
guarantee the physical condition of a wind pump. The requirements are derived from general 
requirements and specific requirements from chapter 6. TASAF requirements, derived from chapter 7, 
are added to these requirements. When a requirement for sustainability is already covered by a rule of 
the TASAF organisation (a requirement for TASAF projects), this requirement is not a requirement for 
sustainable TASAF wind pump projects. These requirements are coloured grey in table 8.1. When a 
requirement for sustainability is covered by a rule of TASAF, but the first requirement is more specific, 
so it’s partly covered, the TASAF requirement is not mentioned in the requirements for sustainable 
TASAF wind pump projects. In this case the TASAF requirement is coloured grey in table 8.1. Where 
the TASAF requirements are not complementary to requirements of sustainability, they are categorised 
as TASAF, so after the categorisation, requirements for the aspects of sustainability remain, as well as 
requirements for TASAF. 
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Table 8.1: Requirements for sustainable TASAF windpump projects 
 

Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

• Some kind of wind measurements should be gathered  • Some kind of wind measurements should be gathered 

• A good geo-physical survey  • A good geo-physical survey. 

• A design of the system which has taken care of proper 
handling of wastewater. 

 • A design of the system in which is taken care of proper 
handling of wastewater. 

• Good initial construction quality.  • Good initial.construction quality. 

• Safety arrangements for the system.  • Safety arrangements for the system. 

• Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

• Health and hygiene promotion needs attention. • Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

• Attention has to be paid to corrosion and noisiness.  • Attention has to be paid to corrosion and noisiness 

Technical 
aspects 

Physical 
condition 

• Attention has to be paid to defects in masonry and pipes.  • Attention has to be paid to defects in masonry and pipes. 

• A system operator who: 
• is capable of doing simple maintenance and, ideally, 

repairs; 
• has access  to a manual of the wind pump;  
• has access to tools to perform maintenance. 

 
 
 

• A system operator who: 
• is capable of doing simple maintenance and ideally 

repairs; 
• has access  to a manual of the windpump;  
• has access to tools to perform maintenance.* 

Institu-
tional 
aspects 

O&M 

• The community should be capable to perform the operation 
tasks and simple maintenance. A system operator should be 
appointed for the tasks: 
• Operation tasks. 

• Guard the wind pump. 
• Direct the windmill into the wind when water is 

needed. 
• Furl the windmill when the storage tank is full. 
• Man the tap.house at the hours of water 

distribution. 
• Certify any malfunctions and call assistance for 

repair. 
• Simple maintenance. 

• Greasing or oiling moving parts. 
• Tightening the pump rod sealing.  
• Cleaning. 

• Communities should be responsible for 
maintenance and operations. Communities have to 
submit a proposal for this  before the project 
implementation. 

• The community should be capable to perform the operation 
tasks and simple maintenance. A system operator should be 
appointed for the tasks: 
• Operation tasks. 

• Guard the wind pump. 
• Direct the windmill into the wind when water is 

needed. 
• Furl the windmill when the storage tank is full. 
• Man the tap house at the hours of water 

distribution. 
• Certify any malfunctions and call assistance for 

repair. 
• Simple maintenance 

• Greasing or oiling moving parts. 
• Tightening the pump rod sealing. 
• Cleaning.* 
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Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

• Training for water committees, or system operator, on 
operational and maintenance issues. 

 • Training for water committees, or system operator, on 
operational and maintenance issues. 

• Villages should be as self-supporting as possible.  • Villages should be as self-supporting as possible. 

• A maintenance organisation is needed for advanced 
maintenance tasks and repairing 

 • A maintenance organisation is needed for advanced 
maintenance tasks and repairing.** 

• The community should be able to deal  with the following 
issues: 
• to speak the same language as the maintenance 

organisation; 
• to inform the maintenance organisation in time;  
• to  be able to pay the costs. 

 • The community should be able to deal  with the following 
issues: 
• to speak the same language as the maintenance 

organisation; 
• to inform the maintenance organisation in time;  
• to  be able to pay the costs. 

• The maintenance organisation that involved in wind pump 
projects should:   

• have access to spares; 
• have access to tools; 
•   be able to perform advanced maintenance and 

repair tasks: 
• Changing the gearbox oil. 
• Inspection of bolts, and tightening if 

necessary. 
• Repair of broken pump rods. 
• Replacement of cup leathers.  
• Corrosion protection.  
• Overhaul.  

• be able to manage the specific problems such as 
e.g.: 
• Laziness. 
• That some actions have to take place, even 

when somebody is against it. 
• Involving women. 

 
 

• The maintenance organisation that involved in wind pump 
projects should: 

• have access to spares; 
• have access to tools; 
• be able to perform advanced maintenance and 

repair tasks: 
• Changing the gearbox oil. 
• Inspection of bolts, and tightening if 

necessary. 
• Repair of broken pump rods. 
• Replacement of cup leathers.  
• Corrosion protection.  
• Overhaul. 

• be able to manage the specific problems e.g. 
• Laziness. 
• That some actions have to take place, even 

when somebody is against it. 
• Involving women.** 

• A water committee which is capable of organising the 
windpump projects. 

 • A water committee which is capable of organising the 
windpump projects. 

• Training for households on health and hygiene topics as well 
as operational issues for the windpump.  

• Health and hygiene promotion needs attention. • Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

  

• It should be ensured that an operator passes on his knowledge 
to a new operator in case of leaving. 

 • It should be ensured that an operator passes on his knowledge 
to a new operator in case of leaving. 
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Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

• Control for communities over their funds by having an own 
bank account and treasurer and transparent financial 
management. 

• Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created. 

• A tariff for the water with: 
• clear criteria for the tariff and arrangements of paying, 

so the tariff is seen as a contribution to the type and 
level of service; 

• sanctions for non-payment, within the arrangements (in 
collaboration with the community); 

• a tariff which is based on real costs of operation, 
maintenance and repair. 

 • A tariff for the water with: 
• clear criteria for the tariff and arrangements of paying, 

so the tariff is seen as a contribution to the type and 
level of service; 

• sanctions for non-payment, within the arrangements (in 
participation with the community); 

• a tariff which is based on real costs of operation, 
maintenance and repair. 

• Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

• Health and hygiene promotion needs attention. • Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

 Financial 
manage- 
ment 

• Training for water committees, or system operator, on 
operational and maintenance issues. 

 • Training for water committees, or system operator, on 
operational and maintenance issues. 

• Understanding of the linkage between wind and availability 
of water. 

 • Understanding of the linkage between wind and availability 
of water. 

• Flexible design standards for the water system, which allow 
for adaptations on the tank and outlets. 

 • Flexible design standards for the water system, which allow 
for adaptations on the tank and outlets. 

• A good geo-physical survey to prevent problems with salty or 
hard water. 

 • A good geo-physical survey to prevent problems with saline 
or hard water. 

• Attention has to be paid to the desired quantity of water.  • Attention has to be paid to the desired quantity of water. 

Social 
aspects 

Con- 
sumer 
satisfac- 
tion 

• Alternative water sources, in case of no wind, have to be 
taken into account. 

 • Alternative water sources, in case of no wind, have to be 
taken into account. 
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Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

• Ensured demand responsiveness by: 
• guiding key  decisions by household-level demand; 
• involving communities in decisions; 
• communities making informed choices about whether 

to build a system, what type of system and level of 
service; 

• expression of these choices by household members, not 
through traditional leaders or community 
representatives; 

• ensuring all community members to participate in 
decision making through social mobilisation; 

• clear arrangements for responsibility of communities 
for O&M at the start of the project and participation of 
communities in decisions about this; 

• using contribution as an indication for demand. 

• The operation of TASAF should be demand-
driven and should follow a bottom up planning 
and decision-making approach. 

• The projects are to support demand-driven 
initiatives from communities. 

• Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Communities should be responsible for 
maintenance and operations. Communities have to 
submit a proposal for this before the project 
implementation. 

• The operation of TASAF should be demand-driven and 
should follow a bottom up planning and decision-making 
approach. 

• The projects are to support demand-driven initiatives from 
communities. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created.*** 

• Communities should be responsible for maintenance and 
operations. Communities have to submit a proposal for this 
on forehand of the project implementation. 

• Communities should have control over their funds. • Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created.*** 

• Initial community contribution should be linked to the level 
of service. 

• Most deprived communities among the most 
deprived districts all over Tanzania based on level 
of poverty, diversity of economic activities, etc. 
are the target group for CDI sub-projects. These 
communities should pay 5% of the water projects, 
in cash or in labour. 

• Communities should be able to pay $100,- in cash 
before the implementation of the project. 

• Most deprived communities among the most deprived 
districts all over Tanzania based on level of poverty, diversity 
of economic activities etc. are the target group for CDI sub-
projects. These communities should pay 5% of the water 
projects, in cash or in labour. 

• Communities should be able to pay $100,- in cash before the 
implementation of the project. 

• A good initial construction quality  • A good initial construction quality 

 

• Training for households on health and hygiene topics as well 
as operational issues for the windpump,. 

• Health and hygiene promotion needs attention. • Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

• Participation of the community in decisions on payments for 
the water. 

• Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created.**** 

 

Willing- 
ness to 
sustain 
the 
system 

• Flexibility in design standards of the water system.  • Flexibility in design standards of the water system. 
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Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

• Communities should have control over their funds. • Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created.**** 

• Community contribution should be linked to the level of 
service 

 • Community contribution should be linked to the level of 
service 

• The real costs of operation, maintenance and repairs should 
be known on the forehand. 

 • The real costs of operation, maintenance and repairs should 
be known on the forehand. 

• A sense of ownership through: 
• guiding key decisions by household-level demand; 
• involving communities in decisions; 
• communities making informed choices about whether 

to build a system, what type of system and level of 
service; 

• expression of these choices by household members, not 
through traditional leaders or community 
representatives; 

• ensuring all community members to participate in 
decision making through social mobilisation; 

• clear arrangements for responsibility of communities 
for O&M at the start of the project and participation of 
communities in decisions about this; 

• using contribution as an indication of demand. 

• The operation of TASAF should be demand-
driven and should follow a bottom up planning 
and decision-making approach. 

• Beneficiaries at the community level should 
actively participate in the prioritisation of needs, 
identification and selection of activities for 
TASAF funding, implementation, monitoring and 
finally maintaining and operating the asset 
created. 

• Communities should be responsible for 
maintenance and operations. Communities have to 
submit a proposal for this on forehand of the 
project implementation. 

• The operation of TASAF should be demand-driven and 
should follow a bottom up planning and decision-making 
approach. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created.**** 

• Communities should be responsible for maintenance and 
operations. Communities have to submit a proposal for this 
on forehand of the project implementation. 

  

• Training for households on health and hygiene topics as well 
as operational issues for the windpump. 

• Health and hygiene promotion needs attention. • Training for households on health and hygiene topics as well 
as operational issues for the windpump. 
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Category Sub-
category 

Requirements for sustainability TASAF requirements Requirements for sustainable TASAF windpump projects 

TASAF   • The projects should fit into the organisational 
structure of TASAF. Projects should be part of the 
CDI component possibly with support of the 
Training and Support sub-unit. The actual 
responsibility of the water projects should lie in 
general on the TPC, the district water engineer 
and the CPC. 

• Implementation of the projects is done by the 
community, with assistance of the district, and 
other agencies, deployed by the community. 

• The projects can get support of the Ministry of 
Water, Regional Water Engineers, District Water 
Engineers, CBOs and NGOs in the regions. 

• Sub-projects should be within the community’s 
capacities and capabilities. 

• Sub-projects should adhere to sector norms and 
standards. 

• The projects should fit into the organisational structure of 
TASAF. Projects should be part of the CDI component 
possibly with support of the Training and Support sub-unit. 
The actual responsibility of the water projects should lie in 
general on the TPC, the district water engineer and the CPC. 

• Implementation of the projects is done by the community, 
with assistance of the district, and other agencies, deployed 
by the community. 

• The projects can get support of the Ministry of Water, 
Regional Water Engineers, District Water Engineers, CBOs 
and NGOs in the regions. 

• Sub-projects should be within the community’s capacities 
and capabilities. 

• Sub-projects should adhere to sector norms and standards. 

 
 
* These requirements are congruent and will be put together for the preconditions. 
** These requirements are congruent and will be put together for the preconditions. 
*** These requirements are identical and will be put together for the preconditions. 
**** These requirements are identical and will be put together for the preconditions.
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9 Aspects of state of technology 
 
9.1 Introduction 
The aim of this paragraph is to summarize technical aspects of wind pumps in such a way that they can 
be used as technical capabilities for chapter 13  “Preconditions for TASAF wind pump projects”. 
 
9.2 Applications for wind pumps 
Potential applications for wind pumps compared to other options are shown in figure 8.1. In this 
context it should be noted: 

• whenever there is an electric grid within a reasonable distance electrical pumping is always 
the best option; 

• if the needed quantity of water is less than 100 m4 (see paragraph 3.5.1for an explanation of 
the unit m4) a hand pump should always be considered.  

 
figure 8.1 pumping options flowchart (source: Kristoferson, 1991, pg. 72) 
 

 
 
 
The niche, however, for wind pumps is a water supply from 20 m4 to 2000 m4 (Jongh, de, 1996). The 
corresponding rotor diameters range from 1 to 7.5 meters.  
 
9.3 Performance 
The merits of a wind pump can be viewed as serving a multitude of users with low energy inputs. 
However, the performance of a wind pump is determined by the depth of the groundwater and the wind 
speed. When these two factors are known, next to the efficiency of the wind pump (which depends on 
the type), the quantity of water which can be pumped can be calculated. Wind pumps are often applied 
at high heads, typically 10-100m, but with a possibility up to 300m.  
 
A 3 m diameter wind pump e.g. can supply 30 m3 water per day (average per year) at a pumping head 
of 10 m with a very moderate average wind speed of 3.5 m/s. This will serve a village with 750 people 
(with WHO norm of 40 l/d per capita), the average power delivered being only 34 Watts. As an 
example (with some simplifications), it can be said that the 300 wind pumps installed in Kenya deliver 
water for the equivalent supply of about 200,000 people, in remote areas, therewith contributing to a 
better quality of life. 
 
 
9.4 Storage of water 
The output of a wind pump is in almost all cases irregular and the flow can be too small for the periods 
of a day when the water is needed. A storage tank can buffer the outflow of the wind pump for the time 

N 

N 

N 

Y

Y

Y

Village supply 

Use  
diesel 

Daily
insolati

on 
>2,8 

kWh/m
2

Mean 
wind 

>2,5 
m/s 

Use  
wind 

Use 
solar 

Daily 
duty 
<800m4



 

PART II: Aspects of the state of technology 

97 

water is needed. The most important characteristic of a storage tank it its capacity, expressed in m3 or 
number of days of storage. Common sizes are 20 to 200 m3, or 0.5 to 2 days use. For storage for more 
than a few days, tanks in most cases are too expensive to be considered (Meel, J.van, 1989). If the 
financial situation is sufficient, however, and when there is a possibility of using local materials, a 
bigger tank can be considered. Tanks storing water for human consumption should always be covered 
to minimize pollution by dirt, insects and animals and to prevent algae growth (by shading the water 
from the sunlight) (Meel, J.van, 1989). A more detailed description of water quality is found in chapter 
12.  
 
9.5 Types of wind pumps 
The best option for Tanzania are first or second generation wind pumps with piston pump, because 
there is some experience with these types and because of the following characteristics:  

• low maintenance costs; 
• more efficient energy conversion than traditional low-cost wind pumps; 
• long life, typically 25-30 years; 
• possibility of high pumping heads (even up to 300m); 
• start-up at low wind speeds, low rotation speed; 
• an automatic safety system to prevent damage from high speeds. 

 
Furthermore even when there is only a limited choice of pumps available locally, it is generally better 
to opt for one of these than to import a different type for which few spare parts and little maintenance 
expertise will be available. With this in mind a wind pump of the type Tozzi & Bardi can be a good 
option, because this system is used most in the last two decades in Tanzania.  
 
9.6 Costs 
According to CPPS Water projects the costs of a Tozzi & Bardi wind pump, with a tower height of 12 
meters and a rotor with a diameter of 5 meters are US $ 6000 when it is delivered in Dodoma city. This 
price does not include: 

• Borehole (and accompanying well research). 
• Water quality survey. 
• Installing and building of the wind pump on site. 
• Storage tank. 
• Possible pipelines and taps. 

For these items it is reasonable to reckon approximately US $1500 extra, bringing the total costs for the 
installing of an operational wind pump to US$ 7500.  The costs of spare parts are not known for 
Tanzania. 
 
9.7 Installation 
The installation of a wind pump on site should be done by an organisation which is qualified and has 
the experience. To what extent the village could lower the price of the project by supplying labour and 
local materials is not known.  
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10 Aspects of state of the art 
 
10.1 Introduction 
 
Next to capabilities of the population (socio-economic capabilities), of the environment (geo-physical 
capabilities) and of the technology (aspects of state of technology), also the national setting of the wind 
pump sector has certain capabilities. 
For this setting, in which the wind pump sector operates, the network of wind pumps is discussed and 
analysed in the problem setting. Some aspects are important to form capabilities. For example, when 
the people have a wind pump, have money for maintenance and when there is wind, maintenance can 
still be a problem when there’s no network for spares.  
 
10.2 Summary of conclusions from state of the art 
 
It appeared from the analyses that there are different groups of actors active in the Tanzanian field of 
wind pumps, which are summarised in figure 10.1. 
 
Figure 10.1: Actor-chart for wind pumps in Tanzania 
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Main conclusion from the analysis is that linkages in the network are still weak. This means that 
although the network is formed, due to circulation of actants, the network is not yet stabilised due to 
frequent interactions between actors. Also the translation, when actors co-opt each other in the pursuit 
of individual and collective objectives, is not really apparent. Individual objectives are not always 
directly linked to the collective objective: to introduce wind pumps in Tanzania to fulfil user needs of 
quantity and quality of water at a given price. This makes the groups of suppliers and maintainers the 
most important actor groups.  Furthermore, efforts to reach individual objectives are sometimes very 
minimal. This makes that CPPS plays a central role in the network. Their efforts are big in several roles 
in the network. This one important actor can be a weakness of the network too. However, the plans for 
future collective projects among actors are an initiative which can lead to changes in the network, 
which can lead to more convergence. This can be interpreted in a more practical sense. 
  
10.3 Practical implications 
 
10.3.1 General capabilities of the wind pump network 
 
At this moment, production of windmills in Tanzania is not feasible. Linkages in the network are too 
weak to exchange knowledge and actants in an effective way. The objectives of the different actors are 
also too distinct to cooperate with each other for such a project. This however can change in future. 
Production in Tanzania could be feasible when the network becomes more coherent. This could happen 
due to: 
• A renewed interest for wind pumps. New projects are planned and the proposals for these are very 

positive towards possibilities of production of wind pumps. Examples are the project of pCET (to 
produce and design wind pumps for Tanzania) and the project of the Ministry of Water (to adapt a 
wind pump to Tanzanian conditions). 

• Because of a renewed interest (as well as by the Tanzanian actors as by the international donors), 
wind pumps can become more a core-business for the actors. This can cause the network of wind 
pumps to become more coherent. At the moment the individual objectives of the actors in relation 
to wind pumps are in most cases no core-objective for them. This effects the efforts to reach the 
objectives. 

• According to pCET, wind pumps gain popularity in Tanzania. When this happens, the actors 
should get more interest in it. This popularity can become bigger if the intended projects of pCET 
and the DANIDA/TANESCO Wind Atlas project would be implemented. 

 
In the analysis of the Tanzanian wind pump network, it appeared that the suppliers and maintainers are 
the most important actorgroups. These two groups are essential for the functioning of wind pump 
projects. However, also the potential importance of the public authorities was noticed. Although their 
efforts are moderate, the potential outcome is big. Because of this, it’s important to use the capacity of 
this group. Drawback is that the personal interests in wind pumps appeared to be of great influence on 
their activities. This applies for public authorities at all levels. 
The analysis also showed the crucial role of CPPS in the network. With their roles in the network as 
supplier, maintainer and financier, projects should not get too dependent on them. However, an 
important aspect of CPPS is their knowledge. When this could be passed on to the communities, CPPS 
could play an important, sustainable, role.  
For the network in general, enough knowledge is available to install, maintain and operate wind pumps.  
 
 
10.3.2 Specific capabilities of the actors in the network 
 
Aspects to be addressed for a project with wind pump in a community with regard to the wind pump 
network are: 
• A supplier 
• Training for the operation of the wind pump 
• Availability of spares 
• Knowledge on siting and installation 
• A maintenance organisation 

or 
• Training for maintenance 
• A maintenance organisation as a backup. 
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In the Tanzanian wind pump network CPPS is a supplier of wind pumps. Alternatively, other suppliers 
are available in the international setting. 
Training for the community (or an operator) on the operation of the wind pump can be provided by the 
actors in the actorgroup Maintainers. These are CPPS, LVIA and DWEs. TASAF is also capable of 
giving training on operational issues (they have a sub-unit Training and Support to increase the 
capabilities of the communities) as well as issues as health and hygiene.  
CPPS has a lot of knowledge on wind pumps, and is willing to provide training. LVIA is already 
providing training for their own projects. They have stopped to implement projects with wind pumps, 
but they still have the knowledge about it. It is not known if they are willing to be involved in TASAF 
projects. The knowledge of the DWEs on this topic varies with their affinity with wind pumps. But in 
theory they should be able to provide training, as well as it is their duty. Alternatively, when 
knowledge in available is the Office of the Regional Water Engineer, they can also provide training. 
Spares are not widely available in Tanzania. CPPS has a lot of spares, LVIA has some, local shops do 
sell some common spares as leathercups. Also the Office of the Regional Water Engineer in Singida is 
doing maintenance and probably has spares. 
Knowledge on siting and the installation of wind pumps is available in Tanzania. CPPS has a lot of 
experience with this, next to some drilling companies for the boreholes. Also LVIA, DWEs and RWEs 
did installations. In general people of the community provide some help for this, like collecting stones 
and sand and helping to erect the structure of the wind pump. 
A maintenance organisation for wind pumps is a bottleneck which is often noted in research. However, 
maintenance companies do exist in Tanzania, as discussed in the analysis of the state of the art. Their 
capacity for new projects is, however, an issue in the case of CPPS and LVIA. Both of them don’t have 
the capacity (and the policy in case of LVIA) to maintain a large number of new projects.  
LVIA intends to stop with wind pump projects, but it could be discussed with them if they are willing 
to provide maintenance as a backup, for example in the region Dodoma. At the moment they do 
provide training for maintenance in villages and it’s possible that they are willing to do that for new 
projects in their region (Dodoma). CPPS is known to be willing to provide training for maintenance as 
well as they are willing to train a new maintenance team in case TASAF decides to do that. Again they 
could be addressed to function as a backup in case of problems (with certain costs). Then the DWEs 
should be able to provide maintenance, both as a backup as full maintenance, and to provide training 
for maintenance. When no knowledge is available for this, they are able to function as an intermediate 
to get this training somewhere else. 
 
10.4 Conclusions 
 
In general, there’s enough knowledge on wind pumps in the network in Tanzania for installing, 
maintaining and operating of wind pumps. However, due to weak linkages, the knowledge is not 
always transferred effectively. This can, however, change in the future, when the network becomes 
more coherent due to new projects, renewed interest and growing popularity with regard to wind 
pumps. 
On the capabilities of the network with regard to the functioning of wind pumps it should be noted that: 
• The suppliers and maintainers are the most important actorgroups. 
• The capabilities of the actorgroup public authorities are big, with regard to the potential fulfilling 

of userneeds of quantity and quality of water at a given price with the introduction of wind pumps. 
• CPPS has an ambiguous role, as being a key actor in the whole network. Dependency on this actor 

is a weakness of the network. However, an important aspect of CPPS is their knowledge. When 
this could be passed on to the communities, CPPS could play an important, sustainable, role.  

• Personal interests influence the efforts of all actors, but especially public authorities. 
 
When summarising the capabilities of the actors in the network, the following options are available for 
wind pump projects: 
• At this moment, production of windmills in Tanzania is not feasible. 
• A supplier can be CPPS or an international producer of wind pumps (like Bob Harries Engineering 

Limited in Kenya for example) 
• Training for the operation can be provided by CPPS, DWE’s or RWE’s, TASAF and possibly by 

LVIA. 
• Spares are available at CPPS, LVIA to a lesser extend, some DWE’s, RWE of Singida and in local 

shops (leathercups, oil etc.) 
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• Knowledge on siting and installation of wind pumps is available at CPPS, LVIA, some DWE’s 
and RWE’s. 

• A maintenance organisation with full responsibility for the wind pump projects can be the DWE or 
RWE of the respective district or region. LVIA and CPPS can be approached for maintenance, but 
their capacity is limited. 

• Training for maintenance can be provided by CPPS, some DWE’s or RWE’s and possibly by 
LVIA. 

• A maintenance organisation as a backup can be the office of the DWE or RWE or a new team for 
TASAF. Again CPPS and LVIA can be approached to provide this services. 
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11 Socio-economic capabilities 
 
11.1 Introduction 
 
The possibilities of using wind pumps for TASAF projects are influenced by the socio-economic 
capabilities of the communities. The communities have to contribute to the projects and sustain the 
projects in both an economical and a social way. The policies and attitudes at the district, regional or 
national level might influence the economic capabilities of the communities. Social capabilities might 
be influenced by the community organisation and changes in this due to policies and used development 
methods at the district, regional or national level. 
 
11.2 Wealth/poverty 
 
11.2.1 Policies 
 
Poverty Reduction Strategy Papers (PRSPs) are three-year, rolling plans that the World Bank and IMF 
require of countries like Tanzania seeking to access concessional loans and receive debt relief under the 
Highly Indebted Poor Country (HIPC) Initiative. Simply put, the PRSP explains how the government 
intends to use its money (particularly that freed through debt-cancellation) to improve the lives of poor 
people.  
Launched by the World Bank and IMF in September 1999, PRSPs replace the Policy Framework 
Papers (PFPs) previously demanded of the world’s poorest countries. PRSPs are intended to:  

• Ensure that macroeconomic, structural and social reforms are coherent and poverty-focused. 
• Be formulated through a government led process involving civil society. 
• Provide a means for co-ordinating World Bank and IMF assistance. Ultimately, it is envisaged 

that PRSPs will become the country-specific strategies around which all donors plan and co-
ordinate their development activities.26 

 
Previous attempts 
 
Since independence in 1961, the Government of Tanzania has been preoccupied with three 
development problems: ignorance, disease and poverty. National efforts to tackle these problems were 
initially channelled through centrally directed, medium-term and long-term development plans, and 
resulted in a significant improvement in per capita income and access to education, health and other 
social services until the 1970s. Thereafter, these gains could not be sustained because of various 
domestic and external shocks, and policy weaknesses. Indeed, despite sustained efforts since the mid-
1980s, to address the country’s economic and social problems, one half of all Tanzanians today are 
considered to be basically poor, and approximately one-third live in abject poverty (United Republic of 
Tanzania, 2000, pg. 3).  
 
Tanzanian Poverty Reduction Strategy Paper 
 
The Tanzanian Poverty Reduction Strategy Paper (PRSP) is based on three largely complementary 
policy initiatives: 
 
Table 11.1: Tanzanian Policy Planning Process (source: United Republic of Tanzania, 2000, pg. 3) 
 
Policy Planning Initiative Objective 
Vision 2025 National vision of economic and social objectives to 

be attained by the year 2025 
National Poverty Eradication Strategy 
(NPES) 

National Strategy and objectives for poverty 
Eradication efforts through 2010 

Tanzania Assistance Strategy (TAS) Medium-term national strategy of economic and 
social development, encompassing joint efforts of 
Government and the international community 

 

                                                            
26 Tanzanian Participatory Poverty Process. http://www.esrftz.org/ppa/PRSP.htm 
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The poverty reduction strategy is based on three considerations.  
First, the strategy is viewed as an instrument for channelling national efforts toward broadly agreed 
objectives and specific inputs and outputs. Second, the poverty reduction strategy is to a large extent, 
an integral part of ongoing macroeconomic and structural reforms that are being supported by 
Tanzania’s multilateral and bilateral partners. Accordingly, the Government has chosen to accelerate 
selected reforms that are likely to have a major impact on poverty reduction. Finally, in keeping with 
the concerns of the stakeholders, and guided by the overarching orientation of Vision 2025 and the 
NPES, the focus of the poverty reduction strategy concentrates on efforts aimed at 
• reducing income poverty;  
• improving human capabilities, survival and social well-being; 
• containing extreme vulnerability among the poor (United Republic of Tanzania, 2000, pg. 3-4). 
 
Next to an overall GDP growth of 6% by 2003, the aims for poverty reduction are shown in figure 
11.1. In this figure it should be noted that the food poverty line is the minimum spending per person 
needed to provide 2.200 calories a day for one month, based on the foods consumed by the poorest 
50% of the population. The higher ‘basic needs’ poverty line allows for other essentials such as 
clothing27. 
 
Figure11.1: Income poverty trend Tanzania (source: NBS Tanzania,2002) 

 
 
The priority sectors include education, health, water and sanitation, agriculture and rural roads. Cross 
cutting issues, which are also key for poverty reduction were added in the list of priority sectors. These 
include HIV/AIDS, environment, governance and gender.  
 
Results 
 
The Strategy was published in Dar es Salaam in October 2000. According to Dr. Servacius Likwelile, 
director of Poverty Eradication of Vice President’s Office results have started to be realised: 

“As part of its effort to implement poverty reduction strategy, the government has enhanced 
its expenditure policy in favour of the poverty reduction strategy priorities. This has been 
reflected in the substantial increases of budgetary allocations to social service sectors, rural 
infrastructure and productive sectors. In accordance with the TAS, donor support has 
reflected the national priorities. Most donor funds are now directed towards the PRS 
priorities and are channelled through the government budget. Likewise both macro and 
priority sector policies have been reviewed to put poverty reduction at the centre of their 
development objectives. Results of this focus have started to be realised.” 

                                                            
27 In 2000/01, the Tanzanian food poverty line was 5.295 TShs (5.107 for rural areas) and the basic needs poverty 

line was 7.253 TShs. 
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However according to an article in Business Times of January 2003, this statement is far too positive28: 
“All seemed hunky-dory, however - until a team from the University of Helsinki in Finland, 
and the Mzumbe University in Morogoro, Tanzania, started to pick holes in it. In a survey that 
took in Dar es Salaam, Dodoma and Mtwara Regions during March and April last year, the 
researchers set out to establish to what extent, if any, the poverty reduction strategy was 
working. Preliminarily speaking, it would be a fair comment to say that, when all is said and 
done, the PRSP is turning out to be not worth the paper it was written upon. In remarks 
published by a renown ki-Swahili weekly Thursday last week, it is apparent that much re-
thinking is required if PRSP is going to be a truly effective poverty reduction strategy, and not 
a mere political stratagem.” 

This re-thinking seems to happen according to an article in Business Times of August 2003: 
“The government’s target of reducing the proportion of people living below the poverty line 
by half in the next seven years is over-ambitious… Developing marketing and access to 
market for rural dwellers were cited as strategies of quickly reducing poverty… Prime 
minister Sumaye said: “It was expected that, a good gross domestic product, low inflation 
rate and the growth of service industry would have been reflected in the household income 
and in social services. This link is still very weak.” Also, HIV/AIDS is reportedly increasingly 
affecting rural productivity, seriously blocking the attainment of the goal. To curb the 
situation, Sumaye announced the government intends to review PRSP this financial year, 
involving all stakeholders. It is expected that the review will widen the scope of priorities as 
well as increasing community participation… The review will also be about looking into ways 
of increasing economic activities to reduce unemployment.”29 

 
11.2.2 Population 
 
The Poverty Reduction Strategy was launched in 2000, latest statistics on development issues are of the 
year 2001. Because of this, no absolute measures are available to see the results of the Strategy until 
now. 
 
Table 11.2: Trends in Income Poverty and Inequality between 1991/92 and 2000/0 (source: NBS 
Tanzania, 2003, 1993) 
 Rural Areas Mainland Tanzania 
 1991/92 2000/01 1991/92 2000/01 
Food poverty 23.1 20.4 21.6 18.7 
Basic needs 40.8 38.7 38.6 35.7 
Expenditure of the poorest 
quintile (%) 

7.2 7.1 7.0 6.9 

Expenditure of the richest 
quintile (%) 

41.6 42.2 43.0 44.2 

 
Table 11.2 shows that in the period before the PRSP the situation regarding poverty only slightly 
improved, especially in rural areas. Furthermore, the absolute number of poor people increased. For 
example, in 1991 about 9.5 million of the population were below the poverty line. By 2002, the figure 
increased to 11 million people(Machumu, 2003). 
According to a report by the UN development agency UNDP, "an expanding economy has helped to 
lower Tanzania's poverty level slightly, but more than a third of the people still live below the poverty 
line and new data show a growing rural-urban poverty gap."(AFROL News, 2003). This remark is 
recognised by the government: 

“Transforming the impressive macro performance into micro level benefits remains a big 
challenge for the government, and continues to be explored further. The Government is 
committed to strengthening ties between the rural and urban economy, improve rural 
infrastructure, encourage development of SMEs, facilitate provision of micro credits, 
strengthen local capacity and strive to achieve a more broad based economic growth.” 
(United Republic of Tanzania, 2003, pg. 6)  

                                                            
28 Facts on which this opinion is based can be found in: 

Gould, J., Ojanen, J., Merging in the Circle. The Politics of Tanzania ’s Poverty Reduction Strategy. (Policy 
Papers, Institute of Development Studies, University of Helsinki., 2003) 

29 Business Times, 01-08-2003, Bakari Machumu: Dar’s anti-poverty goal over-ambitious says MP. 
http://www.bcstimes.com/cgi-bin/bt/viewnews.cgi?category=6&id=1059711581 
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But as said, how the government should ensure all these linkages ‘is to be explored further’. Until the 
time this happens, the majority of the rural poor won’t feel much of the PRSP. 
 
11.2.3 O&M status 
 
In the new water policy of 2002, a policy statement is that communities should be responsible for 
O&M and pay all the costs in case of support for O&M. For TASAF water projects this has not yet 
been a problem, as concluded in their Second Annual Report (2001-2002): 

The facilities started functioning…and so far they have not yet developed any technological 
problems to necessitate undertaking maintenance. However, for water facilities, the district 
councils are providing adequate training and technological support to communities on O&M. 
This is in line with the water policy which requires communities to establish special accounts 
to cater for O&M of water facilities as well as training of caretakers who are supervised by 
WC’s. (TASAF, 2003, pg. 24)  

In case of wind pumps, the policy is the same for the contribution to O&M. However, for wind pumps, 
at the moment the costs of O&M are not known. Because payment of communities to maintenance 
companies is not based on real costs of services, it’s hard to determine the costs of O&M. As was seen 
in the Tanzanian field-study on wind pumps, the policy for O&M differs greatly among the actors. It is 
known that CPPS charges Tshs. 20.000,- per service and LVIA Tshs. 40.000,-. Both don’t rate the 
amount of money to the costs of repairs or maintenance. From the District Water Engineers of the 
different districts the amounts of subsidies are not exactly known. But presumably these amounts will 
also differ.  
 
The field-study showed that communities are able to pay the contributions for O&M. However, if this 
will be the case in TASAF projects is hard to predict. It is not clear from the water policy whether a 
organisation as CPPS should change its policies of contribution.  
 
 
11.2.4 Knowledge 
 
Literacy 
 
The literacy rate of adults is the percentage of people older than 13 who can read and write. In 
Tanzania, this rate was 75.1 % in 2000. 
The literacy rate of Tanzania is compared to that of other countries in the table11.3. Norway is the 
highest HDI ranked country, Sierra Leone is the lowest. Tanzania ranks higher than the average literacy 
rate of Sub Saharan countries. 
 
Table 11.3: Literacy and enrolment rate of several countries(sources: UNDP 2002, UNDP, 2000)  
 
 Norway Kenya Uganda Tanzania All Sub-

Saharan 
countries 

Sierra 
Leone 

HDI-rank 1 134 150 151 - 173 
Adult literacy rate (2000) 99% 82,4% 67,1% 75,1%  36% 
Adult literacy rate (1999)  79,3% 64% 71,6% 58,5% 33% 
 
On the literacy rate of Tanzania it should be noted that this only concerns the knowledge of Swahili. 
The medium of instruction in Primary education is Swahili, as opposed to English in technical 
education and secondary education (and above). However, from a study on technical education in 
Tanzania (1999) it appeared that the knowledge of English of students in secondary education is largely 
insufficient. The recommendation of the study was to change the language in Primary education to 
English (Duijsens, 2002, pg. 218-234). This will, however, not happen in the short term. 
Another remark is that the figures for literacy might be too positive. According to UNESCO most 
women are practically illiterate 2 or 3 years after leaving school. This is because they don’t use their 
knowledge on reading and writing.  The same might account for part of the men, especially in rural 
areas. That literacy is a problem in rural areas is also noted by TASAF in their Third Annual Report 
(2002-2003). They concluded that the low level of literacy was a factor which hampered smooth 
progress of the implementation of projects (TASAF, 2003, pg. 16-20). 
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Technical manpower 
 
For energy technologies, infrastructure etc. the degree of technological educated manpower is 
important. In Tanzania there are 3 technical colleges, with an enrolment of 1.827 students in 1998. 
Next to this, the government organised vocational education in the VETA (Vocational Education and 
Training Authority). In 1997 there were 446 institutes for vocational education, among which there 
were 239 institutes for technical trade. The goal of these institutes is “to increase technical skills of the 
Tanzanian people as broadly as possible, so that new skills can be translated into sustainable 
livelihoods” (UNDP, 2000) 
The average enrolment of all institutes was 133 students in 1997. If the enrolment of technical trade 
institutes is about average (133 students in 1997), the enrolment is 31.787 students.  
Adding this estimate to the students of the technical colleges, and under the assumption that every one 
finishes the education, it means that every year 33.614 technically educated people come on the labour 
market. This means 33.614 technical students on an adult labour force (people from 18 – 59 year) of 
14.6 million people in 1998 (UNDP, 2000).  This is 0.23 percent. 
This number is highly over-estimated because dropout rates are expected to be high in Tanzania. A 
research on statistics of 1994 showed that almost 50 percent of the students in VTCs and Technical 
Secondary Schools did not finish the education. Although these people certainly have some knowledge 
on technologies, they are not fully qualified technical personnel.  
Assuming that dropout rates of the technical colleges follow the same pattern as on the VTCs and 
Technical Secondary Schools, this means that only 16.807 technically educated manpower come on the 
labour market every year. This is 0,12 percent. This is extremely low, compared to about 6% in the 
Netherlands (UNDP, 2000). 
 
This low availability of technicians was also observed by TASAF in their annual report of 2002-2003:  

“…some districts have very few technicians, within the councils and from private sectors such 
that provision of technical support to communities is impeded. Further, the level of skills of 
technicians is also low.” 

 
 
11.2.5 Attitudes 
 
Operation and maintenance in water supply agencies has a low and usually inferior profile as compared 
to new construction and system extension. The emphasis on and recognition given to new construction 
is partly due to its political visibility. The provision of a water supply to many developing world 
communities is a vote winning exercise, while good operation and maintenance receives few political 
accolades.30 
 
Another remark on the attitude of policymakers is that it varies greatly. Since the mid 70s Tanzania 
leads a policy of decentralisation. First all water projects (and other fields of other ministries) were 
organised by the central government. After that Regional Governments were installed. They were 
responsible for the water projects and the policy in the respective regions. After 1984 the 
decentralisation was increased with the installation of District Governments. Now, decisions on water 
projects are made by District Water Engineers. Because of this decentralisation, there are a lot of 
separate government bodies with small areas (districts) as their responsibility. As a result, all these 
bodies have their own attitudes towards water projects and in this case towards wind pumps. So the 
choice for water projects is also influenced by the affinity of the District Water Engineer with wind 
pumps. 
 
11.2.6 Practices 
 
Since the Water Policy of 1992, every village with a water system is obliged to have a water fund. In 
this fund communities put the money received from payments for water. In Manyoni district, for 
example, on average was Tshs. 182,469 in the water fund.31 This is an average of 22 villages in the 
district. This however is not an indication of the money available for O&M, because it is only the 
amount of money available at a certain moment.  

                                                            
30 World Health Organisation, (2002). Constraints affecting the development of the water supply and sanitation 

sector. http://www.who.int/docstore/water_sanitation_health/wss/constraints.html 
31 Statistics derived from Manyoni Water engineer’s office. 2003. 



 

PART II: Socio- economic capabilities 

107 

To calculate the money which should be available in a year for O&M, the water use should be known. 
A study on household water resources and rural productivity in Sub-Saharan Africa reviewed the 
quantity of water used in rural areas.  

“The four “best available studies” suggest that a rough average for the use of water in rural 
areas is on the order of 10 litres per person per day. There is very great variation, however, 
between countries, between villages, and even between households within the same 
village...Within villages, household size is one of the most accurate predictors of per capita 
water use. In eastern Africa, households with 4-5 members averaged a little over 10 
litres/person/day, while those with more than 12 members averaged just 7 litres/person/day. 
While some of the difference can be attributed to economies of scale in domestic hygiene, a 
limit to the number of adult women available to carry water (often just one) is probably the 
main reason for the lower per capita use in larger households” (Rosen, 2001, pg. 13). 

With an average household size of 4.9 in Tanzania32 the water use should be about 50 litres per 
household. From the field-study in Tanzania it appeared that most villages with a tariff paid 10 
shillings per bucket (this is 20 litres). This means a household should pay 25 shillings per day for their 
water. It should be noted here that in some villages the water is for free in the rainy season (in most 
parts about 3 months). For a village with 888 households (average of the villages in the field-study) this 
means every year (25x888x273) Tshs. 6.062.306 should be available for the water system, when 
allowing for non-payment in rainy season.  
 
Members of the water committee collect the money for water. With this collection some problems can 
occur. TASAF noticed in their annual report of 2001/2002: 

“a need to strengthen the local leadership’s management capabilities in sustaining the 
services from the facilities by effectively collecting the user fees as per community agreed. 
This is an issue which community members in communities where assessment was conducted 
lamented out.” (TASAF 2002, pg. 24) 

In an interview with the District Water Engineer in Dodoma Rural the problem of corruption appeared.  
Members of the water committee don’t put all the collected money into the bank account. They keep 
some of the contributions themselves. In Dodoma Rural they introduced a new policy in 13 villages, a 
private organisation, or a person collects the money. This person is in charge of the community. He 
pays a certain fixed amount of money to the bank account of the water committee and the rest is for 
this person. This system seemed to be a success.33 
 
 
11.2.7 Budgets of institutions 
 
TASAF budget 
 
TASAF in November received 2000 US$ 60.000.000 from the World Bank for a period of 4 years. 
This period will supposedly be extended with another period of 4 years. From this communities can get 
subsidies for, among others, water projects. The contribution of communities for these is 5 percent. The 
ceiling for the subsidy for a project is Tshs. 25.000.000. If the costs of the sub-project are higher, the 
National Steering Committee should approve the sub-project. From the 31 project files investigated in 
the study on budgets of communities (see paragraph 11.2.8) only one water project exceeded this 
ceiling.  
 
Furthermore, the District Government can provide additional funds for TASAF projects in 
communities. In this case, communities still have to contribute the obligatory 5 percent, but projects 
can be more expensive in this way. 
 
11.2.8 Budgets of communities 
 
Because TASAF serves the most deprived communities, among the most deprived districts in 
Tanzania, it’s not useful to base economic capabilities on national statistics. Therefore, the economic 
capabilities are based on the capabilities of the communities served in the past with water projects by 
TASAF. In this way it can be seen how expensive water projects were in general, what costs are for 
drilling of boreholes and what a community can contribute in cash and labour.  
                                                            
32 Population and Households Census 2002. http://www.tanzania.go.tz/census/ 
33 Interview keyperson: Mr. Kalli –District Water Engineer and Mr. Buhoro –Planning Design Sector.  Dodoma 
Rural District. 20-01-03 
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The contribution in past project gives of course no guarantee for contributions of future projects, 
however, it gives an indication for possible contribution. 
 
Method 
 
TASAF has started 160 water projects up to December 2002 in the CDI sub-component. Most of these 
projects are not finished yet. . In most cases the costs tend to increase during the implementation of the 
projects due to unexpected delays, etc. When the third tranche (the last part of the contribution of 
TASAF) is given, the projects are already in the last stage of implementation, so the budget for the 
project can be seen as realistic. However sometimes extra money is requested after this tranche. 
After this selection 38 projects could be included in the sample. For each of the projects the files 
available in the headquarter of TASAF were investigated as well as available statistics. The available 
statistics appeared to be rather unreliable. TASAF has an own TASAF Management Information 
System, but they don’t co-operate with the CDI sub-component. For this reason, the information of 
both statistics differs. Statistics from the CDI sub-component were found to be reliable, but not very 
detailed. The contribution of the communities was not documented at all. So, the only option left is to 
search for information in the files of the projects. Among the 38 projects, 1 file was lost, and 6 files 
were not complete and not reliable. In the end 31 project-files have been analysed on project costs, 
contributions and specific costs for water systems. 
 
The data of these files used for the analysis is given in appendix I. 
 
Results 
 
The total costs of TASAF water projects differs very much as can be seen in figure 11.2. The average is 
Tshs. 19.503.001 for one complete TASAF water project. 
 
Figure 11.2: Total costs / population 

 
Now, for all projects a community contribution is necessary. From these contributions the capabilities 
to pay and willingness to pay a certain amount can be seen. The average value of the contribution is 
Tshs. 2.898.488. This is a contribution of Tshs. 6.812 per household. The contribution differs with the 
source of the water, in case of boreholes the average contribution is Tshs. 3.102.597. Compared to the 
total project costs, the communities contribute on average 15%. The following figure shows the total 
costs, community contributions and cash contributions of the water projects where all this information 
was available. 
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Figure 11.3: Total costs and contributions 
 

From figure 11.3 it can be seen that the cash contribution is rather low in most communities. Average 
cash contribution is Tshs. 266.452 which is an average of Tshs. 87 per person, or Tshs. 618 per 
household. To be able to calculate the costs for a wind pump project, some data of TASAF projects are 
necessary. This because TASAF projects are often in remote areas, which means that costs can be 
higher. This especially applied to drilling of boreholes in remote areas. Information on costs of drilling 
was not available for all projects, but the costs don’t differ much when calculated as costs per meter 
drilled borehole, as can be seen in table 11.4. 
 
Table 11.4: Costs for drilling of boreholes in TASAF projects 
 
Village Drillingcosts # Total meters Costs/meter 

(Tshs.) 
Engusero Sedani 8.760.000 1 100 87.600 
Tatanda 11.450.000 3 172 66.570 
Bugogo 3.375.000 1 45 75.000 
Muze 8.810.000 2 109 80.826 
Mao 11.400.000 3 137 83.212 
Average    78.641 
 
Summarising: 
• communities are able to contribute on average 15% of the total project costs of Tshs. 19.503.001; 
• average contribution is Tshs. 2.898.488, from which only Tshs. 266.452 is cash (on average); 
• on average, a cash contribution of Tshs. 618 per household is feasible; 
• drilling of a borehole costs on average Tshs. 78.641 per metre for TASAF projects. 
 
 
 
11.2.9 Conclusions 
 
In recent years the poverty situation in Tanzania only slightly improved. Despite the Poverty Reduction 
Strategy this situation is not expected to change very much, especially for the rural population. This 
rural population will remain poor for the coming years. Poverty means a rural population with little 
under 40 percent of the people living under the basic needs line and about 20 percent under the food 
poverty line. 
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This is the population served by TASAF projects. Results from a survey of project files of TASAF 
show that communities are able to contribute on average Tshs. 6812 per household of which, on 
average Tshs. 618 is cash. For TASAF projects, a community contribution of 5 percent is necessary. 
The average community contribution is Tshs. 3.102.597 in case of boreholes. This means that costs of a 
wind pump project may go up to Tshs. 62.051.940. But this amount of money would be far beyond the 
ceiling for CDI sub-projects. Next to the TASAF subsidies, the communities can occasionally also get 
subsidies from the District Government. Part of the costs of a water project are the costs for drilling the 
borehole. In TASAF projects, average costs for drilling is Tshs. 78.641 per metre. For the costs of 
O&M, the communities should pay full costs, according to the National Water Policy 2002. The real 
costs of O&M are not known because none of the institutions for O&M relate the contributions to real 
costs. In Tanzania, people pay for their water to the water fund. In some cases this is a tariff per bucket, 
most of the times 10 Shilling per 20 litres. In an average village (888 households) about Tshs. 
6.062.306 per year should be in this water fund. However, this is less in most cases due to the limited 
local leadership’s management to collect the money effectively and due to corrupt water committee 
members. The choice for a project with a wind pump is greatly influenced by the attitudes of 
policymakers specifically, with the affinity of the District Water Engineer with wind pumps. The 
attitude of the policymakers toward O&M is in general that O&M receives low attention due to 
political reasons. Another problem is the low availability of technicians, although TASAF also 
remarked that districts provided adequate training and technical support to the villages. Also the low 
level of literacy, certainly for English, of the population, especially in rural areas, can impede the 
activities for O&M (to be able to read a manual for example). 
 
 
11.3 Community organisation and development methods 
 
 
11.3.1 Traditional community organisation  
 
Before colonisation, the traditional African family lived according to some basic principles. Its 
members did this unconsciously and without conception of what they were doing in political terms. 
They lived together and worked together. The basic goods of life were ‘our food’, ‘our land’ and ‘our 
cattle’. The first basic principle is respect. Each member of the family recognised the place and the 
rights of the other members. The second is related to property. It was that all the basic goods were held 
in common, and shared among all members of the unit. Within the extended family, and even within 
the tribe, the economic level of one person could never get too far out of proportion to the economic 
level of others. Finally there was the fact that everyone had an obligation to work. The work done by 
different people was different, but no one was exempted. However, in relation to these principles, some 
inadequacies existed. One of them was that, although every individual was joined to his fellows by 
human respect, there was, in most parts of Tanzania, an acceptance of human inequality, namely 
inequality between men and women. The other inadequacy is its poverty. Certainly there was an 
attractive level of economic equality, but it was equality at a (very) low level. 
 
After colonisation some things started to change in the Tanzanian society. First there was a general 
acceptance of the social attitudes and ideas of the colonial power. They developed the idea of 
individualistic social attitudes in Tanzania.  This resulted in the growth of urban centres (opportunities) 
and wage employment (Nyerere, 1968, pg. 106-144). A result of this was that young and active men 
have often left the homestead to go to towns or to seek elsewhere for the modern world. This effects 
the organisation at the local level, because elders have fewer people to enforce the decisions that they 
make (Huggins, 2000, pg. 22-24). Second, another factor that influenced the local organisation, was the 
policy of the colonial power. The British colonialists used a system of indirect rule, which meant they 
used the existing organisational structure of chiefs, but supplemented it with (British) District 
Commissioners. These two parties were supposed to work together, but in practice the Commissioners 
turned against the chiefs. The local chiefs had to follow the Commissioners, which made them loose 
their power in the villages which saw the chiefs as collaborators of the colonial power. Another 
important fact was that a new elite developed in Tanzania of people who got educated within the 
colonial system. Many of these people stayed abroad for many years and most of them distrusted the 
village chiefs and were far removed form the village. All this resulted in a society with people with the 
formal power, the former power of chiefs and the new elite of educated people who didn’t get along 
with both powers. In this way the colonial policy undermined and destroyed the traditional 
organisational system. 
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The basic difference after colonisation, however, stems from the widespread introduction of cash crop 
farming. In the process the old traditions of living together, working together and sharing the proceeds, 
were often abandoned. Farmers tended to work as individuals, in competition and not in co-operation 
with their neighbours. In this way, some hardworking peasants have invested their money in clearing 
more land, extending their acreage and so on. To do this they started to employ other people to work 
for them. Here, a beginning of a class system in rural areas can be seen.  
To stop this break-up of the traditional concepts of human equality based on sharing all the necessities 
of life and on universal obligation to work, the government under Julius Nyerere introduced African 
socialism in Tanzania.  From 1964, the social policies pledged to prioritise basic needs and to 
encourage equitable development, especially in rural areas. From 1967, the African socialism, called 
Ujamaa was introduced with the Arusha Declaration. During the mid-late 1970s, the government 
relocated millions of people into new settlements, called Ujamaa villages, to facilitate service provision 
and the practise of communal labour. 
This communal production appeared to be unsuccessful. In fact, by 1972 the communal production in 
the villages was so low that the Government issued a directive which permitted block farming in 
addition to individual and communal farming. Thus the villages established after 1973 were 
development villages created to facilitate infrastructure delivery rather than socialist villages 
undertaking collective production.  
The government’s failure to stimulate communal production and services was one of the causes which 
facilitated the growth of the second economy. In the first place, the lack of emphasis on communal 
production provided a loophole for relatively wealthy peasants to acquire administrative powers in the 
organisational structures of the villages. Secondly, as peasants concentrated more on individual and 
block farming it became increasingly difficult, particularly for the less interested village governments, 
to monitor what was being produced by individual peasants, and even more difficult to ensure that the 
agricultural surplus was being marketed through the officially established marketing channels. 
Government’s failure to implement fully the Ujamaa programme is another clear indication of its 
declining social controls over the economy (Maliyamkono, 1990, pg. 64-66). 
 
A concluding remark is that both colonisation and the Ujamaa programme undermined the traditional 
rural live in Tanzania. People tend to live more individually, in competition with each other and the 
traditional leadership system is often destroyed by government systems.  
 
11.3.2 Policies since independence 
 
With respect to the organisation of water supply in Tanzania there are two aspects which caused 
constant changes in the policy. 
 
Since Tanzania became independent in 1961, the government has given high priority to the 
development of rural water supply. In the early 1960s most projects were carried out at the request of 
local authorities who were expected to pay 25% of construction costs, with the government providing 
the remaining 75%. The contribution of local authorities to construction costs was abolished in 1965 to 
enable the government to spread the development of supplies more evenly over the country (not only 
villages who could pay the contributions). The provision of free water supplies by the central 
government to the villages also fitted well in the ideology of state provision of basic services as 
expressed in the Arusha Declaration of 1967. User contributions to operation and maintenance costs 
were abolished in 1970. 
Improved water schemes had been installed in half of the village areas of Tanzania by the end of the 
1970s, but by the middle of that decade problems of operation and maintenance were increasingly 
evident. In the early 1980s, it was estimated that more than half the improved water schemes were no 
longer operational. 
This disappointing course of events forced the government to redefine its strategy and to opt for 
increased community involvement in the planning, operation and maintenance of water supplies. The 
following key elements characterised the new water policy of 1992:  
• cost recovery from users by the establishment of water communities and water funds;  
• community participation in construction and contributions for maintenance and operation;  
• use of low-cost appropriate technology, with special emphasis on shallow wells and handpumps; 
• training and involvement of women for maintenance of water supplies;  
• rehabilitation of existing and development of new water supply schemes (Netherlands 

Development Cooperation, 1994, pg. 134-136). 
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So after a policy with contribution, community participation and contribution to O&M, water was 
given completely free, and after that the policy was changed again in the direction of the first. 
  
Second, an issue which is stated earlier, is the political decentralisation. 
This administrative decentralisation of 1972 meant that the Ministry of Water (formerly the Ministry of 
Energy, Minerals and Water) lost a substantial part of its control over project planning and 
implementation, budgets and manpower to the regions and to other central ministries. Regional water 
Engineers (RWE) were put in charge of actual implementation of activities. The so-called 
decentralisation of 1972 effectively restricted participation. It removed the village authorities from their 
leading role in self-help projects and replaced them by regional bureaucrats.  The institutional setting 
changed again in 1984 when District Councils were reintroduced. Almost all relevant functions of 
central government were then delegated to local government authorities at district and village levels, 
including the operation and maintenance of domestic water supply schemes (Netherlands Development 
Cooperation, 1994, pg. 237). 
 
These two factors caused difficulties in implementation of the water supply policy. Next to this the 
procedures for planning and implementation within the institutional framework were complicated. 
These procedures became a mixture of top-down and bottom-up processes without proper division of 
tasks or clear delimitation of responsibilities, and with little intra-and inter-sectoral co-ordination 
(Netherlands Development Cooperation, 1994, pg. 237). 
Furthermore, although the Ministry of Water supports the principles of contribution to costs, they are 
acted upon to varying degrees. Many rural schemes are heavily subsidised. And more importantly, the 
top-down philosophy remains amongst some government officials, which limits the participation of 
communities (Huggins, 2000, pg. 15-16). 
 
11.3.3 Administrative structures 
 
At the local level, the administrative system in Tanzania is based around the structure of sub-villages, 
villages, wards, divisions and districts. At the village level, the Village Assembly, which consists of all 
persons aged 18 and over, elects members of the Village Council. In this Council all sub-villages are 
represented, just as the lowest administrative unit, the representatives of every ten households. 
Next to this, each village has a number of committees. The water user association or water committee 
is one of them. This committee may exist outside the committee system and it may or may not have 
strong links with the Village Council. The official Ministry of Water policy is that a village is not 
eligible for state funding for water projects unless it has a water user association or water committee. 
Another requirement is the existence of a water fund, with money available before projects are 
implemented.  
The next administrative step is the Ward Development Committee which generally includes a Ministry 
of Water employee. However, it is possible that poor monitoring and intermittent links with the District 
Water Office combine to reduce the morale of the Ministry of Water representation at this level. There 
is also a divisional level, which represents approximately eight wards. This level does not seem to be 
particularly involved in water issues, though its influence will vary widely. 
At the District level, there is a District Development Committee which receives reports, proposals and 
requests from the Ward Development Committee, or directly from the Village. The District 
Development Committee, like the District Water Engineer, report to the District Executive Director. 
There is general optimism in Tanzania that the village structure provides “an unique and viable 
institutional basis for locally-based management of natural resources”. This optimism is somewhat 
muted, however. The responsibilities or development goals of the village leaders are frequently poorly 
defined. In addition, councils may attempt to take control of development projects – in order to control 
resources and gain status, for example – against the wishes of the section of the community that have 
initiated them. Furthermore, men dominate in many of the village committees. The Water Act states 
that at least half of all Committee members must be female, but this isn’t always followed (Huggins, 
2000, pg. 21-22).  
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11.3.4 Conclusions 
 
In general, Tanzania has a good institutional basis for locally-based management of natural resources. 
There are, however, some problems that need mentioning.  
 
• A conclusion on the organisational structures in Tanzania is that the policy changes with regard to 

organisation, the cultural changes due to Ujamaa-policies, colonialism and migration and the 
current administrative structure undermined the traditional structures of leadership. There’s no 
demarcation of boundaries between, for example, the traditional leaders and the village councils.  

 
There are advantages and disadvantages for both systems. First, existing social structures have proven 
their ability to organise and motivate people in order to fulfil the aims of those institutions and 
evidence shows that building upon existing customs, laws, and authority structures is more successful 
than attempting to impose new, ‘alien’ structures. On the other hand, it is also possible to make the 
mistake of assuming that all indigenous systems will bring sustainable resource use. There are a few 
problems affecting traditional resource management and conflict resolution mechanisms within the 
Tanzanian context. If a village consists of more than one cultural group, the various different 
indigenous institutions may have ceased to be effective, as none had power over more than a segment 
of the village population. It’s also possible that traditional structures tend to neglect certain cultural 
groups. 
 
• Conclusion is not to dispose a priori the traditional structures, but to pay attention to the potential 

advantages of these. Traditional social structures have proven to be successful, but might not bring 
sustainable development in all situations. 

 
It is possible, for example, that a ‘water committee’ with a ‘modern’ structure – an executive, a bank 
account, a constitution, etc. - could in fact be a continuation of a traditional institution’s values and 
methods. It is particularly relevant in this context that traditional systems are often “ subject to constant 
revision and adaption” and are noted for their “ dynamism”. Analysts who have looked into common 
property theory assert that while existing indigenous institutions can provide useful ‘social capital’ – 
‘common understandings’ between people, which enhance co-operative activities – successful 
management institutions can also be ‘crafted’. When ‘crafting‘ institutions, attention must be paid to 
the perceptions and interpretation of rules at the local level. Lack of such attention has led to a 
mismatch between local demands in natural resource management and ‘top-down’ policies which 
embody the ‘command and control’ philosophy (Huggins, 2000, pg. 22-24). 
 
• This leads to the second conclusion, that the government officials don’t always follow the new 

procedures of the policies. The top-down philosophy remains amongst some people, just as old 
principles of contribution. This is partly due to policy changes and administrative changes. 

 
• An overall conclusion of the organisational structure, at all levels, is the lack of clear 

understanding of responsibilities. 
 

• At the local level, councils attempting to take control of development projects and men dominating 
village committees may hamper smooth locally based management. 
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12 Geophysical capabilities 
 
12.1 Wind resources 
 
12.1.1 Sources of wind data in Tanzania 
  
Wind measurements are one of the unexplored topics in renewable energy resources in Tanzania. 
Available information with respect to this area is not only scattered but also unreliably documented and 
quoted. 
 
Available wind measurement data in Tanzania are owned by two individual institutions: the Ministry of 
Water and the Tanzanian Meteorological Agency. The latter is the successor of the Directorate of 
Meteorology, which was a department of the Ministry of Communications and Transport. Both the 
Tanzanian Meteorological Agency and the Ministry of Water use wind-run-counter anemometers for 
wind speed measurements. 
 
The Ministry of Water has a total of 918 hydrological stations countrywide, of which only 79 are 
equipped with a wind-run-counter. According to a Ministry of Water (hydrological section) estimate 
for the year 1995, a quarter to a third of the wind-run-counters was defective (Wit, de, 1996). The data 
collected from these stations are obtained at wind-run-counter cup heights of 1.80 metres and the wind 
measurements are taken once a day at 9.00 a.m. For the stations of the Ministry of Water, it should be 
noted that for some reason no stations are situated in the regions Rukwa, Singida and Sinyanga 
(Tatedo, 1998). 
 
The Tanzanian Meteorological Agency, the successor of the Directorate of Meteorology, measures 
wind characteristics in Tanzania. The agency has 22 stations over the country, most of them at airports. 
Measurements are taken every three hours, but only the measurements at 06:00 and 12:00 are available 
for third parties. Reports of the stations can be bought for Tshs. 15.000 per station. This report includes 
wind frequencies, wind speeds, directions and monthly averages. Measurements are taken at 10 metres 
above the ground.34 
 
In the future, another source for some wind data is the DANIDA/TANESCO Wind Atlas Project. This 
project assesses the wind energy resources for some selected sites. The four sites have been identified 
as Gomvu in Dar es Salaam region, Karatu in Mtwara region, Mkumbara in Tanga region and Itembe 
in Mtwara region (Kimambo, 2002). It’s not clear when the results of this assessment can be 
expected.35 
 
12.1.2 Reliability of wind data 
 
Wind speed data measured at 1.80 metres above ground level are used for evaporation calculations. 
They are not suitable for wind pump applications, as, at this height, the wind is susceptible to 
obstruction disturbance. This implies that wind speed data from the Ministry of Water cannot be used 
for the purpose of wind pumps. The World Meteorological Organisation recommends anemometer 
heads/sensors to be located at heights in excess of 10 metres above the terrain. The disturbances at 
these heights are believed to be minimal. 
 
Although the measurements of the Directorate of Meteorology are done at a height of 10 metres, the 
data might still be not reliable. This is because the instruments which are used are very old (about 30 
years). These instruments are outdated, worn out and break down frequently. De Wit (1996) during her 
research visited the measurement station at the airport of Dar es Salaam.  
                                                            
34 Interview Key-person Mr. E.J. Mpeta, Director Data Services Division, Tanzanian Meteorology Agency. 24-03-

03. 
35 Different estimates in: Dr. C.Z.M. Kimambo, (nov. 2002). Kimambo, C.Z.M., New and ongoing initiatives for 

development renewable energies in Tanzania. (Presentation on Renewable Energies in the Development 
Cooperation Workshop, Hamburg – Tanzania, 2002); Mwamunyange, J., (June 2001). Government Studying 
Wind Power Project. In The East African. http://my.reset.jp/~adachihayao/010615ZW.htm; Interview Key-
person Sawe, Executive Director Tatedo. 08-11-02,  
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The mast on which the anemometer was fixed was almost rusted through and the wires which were 
supposed to fix the mast were stolen. As a consequence the mast was slightly tilting. If such 
shortcomings occur at Dar es Salaam airport, it is to be expected that matters are even worse at the 
other stations (Wit, de, 1996, pg. 31). Another anomaly was found in the measurements of Dr. 
Kainkwa. He did measurements in Moshi for one year with his own instruments and results were 
higher than those of the Directorate were36. 
 
12.1.3 Options of wind data collection 
 
The best way to evaluate the wind at a prospective site is to monitor it for at least a year. Data should 
be summarised at least monthly. This, however, is often impossible. The most practical approach may 
be to obtain wind data from the nearest weather station (for reference) and try to correlate these with 
those at the proposed wind pump site. If at all possible the station should be visited to ascertain the 
placement and conditions of the measuring instrument (anemometer) and its calibration. Many times 
anemometers are placed too close to the ground or are obscured by vegetation and thus underestimate 
the wind speed. The correlation with the proposed site is best done by placing an anemometer there for 
a relatively short time (at least a few weeks) and comparing resulting data with those taken 
simultaneously at the reference site. A scaling factor for the long-term data can be deduced and used to 
predict wind speed at the desired location (Manwell, 1988).  
 
When the wind speed measurements are found to be reliable with respect to equipment and siting, and 
local measurements are not possible, there is another method. 
The wind speed data at 2 metres (V2) can be extrapolated to height of 20 metres (V20) using the 
extrapolation model 
 
V (20) = V (2) / 0,77 
 
as derived by Kisamo and Stigter (1977). In this model 0.77 is a correction factor for Tanzanian 
conditions (Kisamo, 1977). 
It should be noted of course that the future site for a wind pump should minimally meet the same 
conditions as the site where the measurement equipment is installed. 
 
A last option to get information on wind resources is to look at other wind pumps in the near villages. 
When the conditions are about the same, information from this wind pump can be obtained. 
 
12.1.4 Wind characteristics in relation to season and siting 
 
Some general information is available about wind resources in Tanzania: 
• Winds are generally stronger during the dry season, which is from July until December. This, 

among others, is why water pumping can be a good application for windmills in Tanzania.37 
• In general the winds of Africa are fairly predictable throughout the year, blowing steadily during 

daylight hours and dropping off to near calm at night. 
• Plateaus at around 1500 metre will tend to affect local wind patterns. 
• Coastal areas will tend to have higher windspeeds than inland areas. 
• The type of surface affects the way the wind is slowed down, and the height above the surface for 

which it is affected (trees, grass). Because of this, the wind pump should be sited in such a way 
that it is clear of obstacle wakes in the normal upwind direction. Also the feet of hills should be 
avoided. 

 
In Appendix J some quantitative information is presented on the wind resources in Tanzania. However, 
the following should be kept in mind: 
• Data used cover the period from 1936 to 1970. Although the equipment was more than at present, 

the equipment is still outdated.  
• Data are collected at one site in the region, it is not an average for the whole region. For this reason 

data are not presented on a map of Tanzania, to avoid misunderstanding on the coverage of the 
data. 

• No data were available for the towns or places nearby Singida, Shinyanga and Rukwa. 
                                                            
36 Interview Key-person Dr. Kainkwa. University of Dar es Salaam, Faculty of Physics. 23-04-2003. 
37 Interview Key-person Dr. Kainkwa. University of Dar es Salaam, Faculty of Physics. 23-04-2003. 
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• As argued earlier, wind speed can vary greatly as a result of the local environment. The data 
presented in the Appendix are only intended to give an impression of the resources in Tanzania. 

• Regimes in the tables cover the period 1930-1970.It is unknown whether regimes have changed 
significantly. 

 
 
 
12.2 Water resources 
 
12.2.1 Water availability 
 
Water for wind pumps comes from groundwater at various depths. Ground water depth is not stable 
and fluctuates not only throughout the seasons, but also from year to year. Little if any reliable 
information is available regarding ground water depths and fluctuations in Tanzania. This, however, is 
not surprising since only a few countries in the world have detailed and nation wide ground water level 
fluctuation maps available. The Netherlands is one of these countries and nation wide ground water 
level fluctuation maps were available by the end of the 1970s (Bergman, 1977). Some work to gain 
insight in ground water depths and ground water fluctuations was carried out during the initial soil 
survey of Tanzania by Sombroek and others in the late 1960s, early 1970s (Sombroek, 1969, 1973). 
Although some areas are indicated where ground water can only be found at great depth (exceeding 
150 m), the information is too general to be of any use when considering to install wind pumps.  
 
The only possible way to gather information on ground water depth, fluctuation and sustainability of 
water yield is to collect it from wells and bore holes in nearby sites and villages, since making trial 
wells and bore holes will inevitably be too expensive. Care should be taken in coastal areas, and 
particular in strips of land bordering the ocean, not to make wells and bore holes too deep. Sweet water 
is usually overlying saline or brackish water and drilling or digging too deep (more than 5 m) will 
inevitably bring in saline or brackish water.  
 
Summarising, little can be said in a structural manner regarding wells and boreholes for wind pumps in 
Tanzania. Village people should be questioned carefully about their water supplies and successful 
techniques in tapping them. Information should be gathered in surrounding villages.   
 
 
12.2.2 Water quality (Siegers, 2004) 
 
Water quality concerns bacterial and physio-chemical quality.  
 
Bacterial quality 
 
The principal purpose of micro-biological examination of water is to identify the possible 
contamination by human and animal excreta (faecal contamination). This because the ingestion of 
faecal polluted water is the principal risk associated with infectious diseases like diarrhoea and 
dysentery. Both are one of the major causes of child mortality in Tanzania. The direct determination of 
the presence of pathogenic micro-organisms is a difficult, costly and time consuming analysis. For this 
reason an indirect and less costly determination  should be applied. Pathogenic micro-organisms are 
always accompanied by coliform bacteria. These bacteria can be detected and enumerated relatively 
easily.  
 
Although most coliform bacteria do not cause diseases themselves, they are a good indicator of 
pathogens. In view of the above it is recommended to test all water from wells and bore holes on faecal 
coliform bacteria (FC). The guideline value in this respect is around 49 FC  bacteria per 100 ml of 
water. A FC bacteria count is, of course, only an indication at a particular period in time. After drilling 
a borehole or digging a well, a bad quality septic tank may be constructed near the pumping site, and 
contaminate the water. FC counts should, therefore, be made regularly. 
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Physio-chemical quality 
 
The physio-chemical water quality involves temperature, clarity and dissolved solids. 
 
In itself the temperature of water does usually not impose a health risk to consumers and for that 
reason it is more of an aesthetical importance: the temperature should be acceptable to the consumer of 
the water. In order, among others, to prevent the growth of bacteria, the World Health Organisation 
recommends to keep the temperature of (drinking) water below 200 Cel.  Ground water from any depth 
is not likely to have a temperature in excess of 200 Cel. and the problem is, therefore, not one of the 
water source but of the storage techniques.  
 
Clarity of the water is a qualitative phenomenon that is caused by, among others, suspended or 
dissolved solids such as silt or clay, organic materials, micro-organisms and compounds containing 
colours. Nobody likes to drink dark or muddy water and the World Health Organisation states that 
(drinking) water should not have an excess of 5 NTUs (Nephelometric Turbidity Units). A NTU-test is 
easy to perform and not expensive.  
 
The total dissolved solids concentration (TDS) is not a specific constituent but is a variable and 
complex mixture of cations and anions. Since TDS does not discriminate between the different kind of 
salts in solution it is an a-specific, but nevertheless very important, indicator of drinking water quality. 
In theory a tremendous variety of different salts can dissolve in water. In practice, however, the types 
of dissolved salts in ground water are confined to a limited number of principal constituents: the major 
ions. The major ions are: sodium, potassium, calcium and magnesium. Major anions are chloride, 
sulphate and bicarbonate.  In Tanzania, with a number of volcanic areas, the cation fluoride may also 
play a role. A common method for the measurement of TDS is by means of a conductivity meter. The 
higher the electrical conductivity (EC), the more salts the water contains. Via a simple conversion 
table, EC values can be translated in mg/litre dissolved salts. With respect to the palatability of water, 
water is perceived as good with concentrations up to 500-600 mg/litre (World Health Organisation). 
 
 
12.3 Conclusions 
 
• In Tanzania, winds are generally stronger during the dry season, which is from July until 

December. This, among others, is why water pumping can be a good application for windmills in 
Tanzania 

• Available information with respect to wind data is not only scattered but also unreliably 
documented and quoted. 

• Winddata should be measured, ideally at 10 metre above the ground. This implies that wind speed 
data from the Ministry of Water cannot be used for the purpose of wind pumps. Although the 
measurements of the Directorate of Meteorology are done at a height of 10 metres, the data might 
still be not reliable. This due to the use of outdated, often broken and worn out instruments.  

• Options left for collection of windata are: 
• Measuring locally with own instruments for a year 
• Measuring locally for a short time (at least a few weeks) and correlate the data with data from 

the nearest weather station. 
• When local measurements are not possible, and wind speed measurements of the nearest 

weather station are found to be reliable with respect to equipment and siting, the data can be 
extrapolated with the constant Kisamo and Stigter. 

• Gathering information of other wind pumps in the near villages. 
 

• Little can be said in a structural manner regarding wells and boreholes for wind pumps in 
Tanzania. Village people should be questioned carefully about their water supplies and successful 
techniques in tapping them. Information on water resources should be gathered in surrounding 
villages. 

• With regard to water quality it’s important to check the water in the borehole on: 
• possible contamination by human and animal excreta by testing the FC bacteria; 
• clarity by an NTU-test; 
• the total dissolved solids concentration by measurement of TDS by means of a conductivity 

meter. 
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• With regard to water quality it’s important to check the water in the tank regularly on: 
• possible contamination by human and animal excreta by testing the FC bacteria; 
• the temperature. 
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13 Preconditions for sustainable TASAF wind pump projects 
 
Table 13.1: Preconditions for sustainable TASAF wind pump projects 

Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

• Some kind of wind measurements should be gathered • For wind speeds >2.5 m/s a wind pump can be a feasible option, 
depending on the desired quantity of water and the depth. 

• Wind data for Tanzania are hatdly available and not reliable. 
Options left for collection of wind data are: 
• Measuring locally with own instruments for a year. 
• Measuring locally for a short time (at least a few weeks) and 

correlate the data with data from the nearest weather station. 
• When local measurements are not possible, and wind speed 

measurements of the nearest weather station are found to be 
reliable with respect to equipment and siting, the data can be 
extrapolated with the constant Kisamo and Stigter. 

Or, instead: 
• Gathering information of other windpumps in the nearby 

villages. 

• Wind speed should be more than 2.5 m/s, this 
should minimally be determined by information of 
other windpumps in the nearby villages or, if 
possible, by measuring or extrapolation.  

A good geo-physical survey • Wind pumps are often applied at boreholes of 10 -100 m. but 
possibly to 300 m. 

Little can be said in a structural manner regarding the depth of wells and 
boreholes for wind pumps in Tanzania. Information on water 
resources should be gathered in surrounding villages. 

Information on water resources should be gathered in 
surrounding villages, to determine the depth of the 
groundwater, which can vary for a wind pump 
from 10 to 300 m.  

A design of the system in which the contamination possibility 
and proper handling of wastewater has been taken care of. 

• A well constructed tank can reduce the: 
• contamination possibility by human and animal excreta by 

testing the FC bacteria; 
the temperature (should be less than 20° Cel). 

• Proper handling of wastewater in the design of the 
water system should be taken care of. 

The tank should be constructed well with regard to 
contamination possibilities. 

Good initial construction quality. • Knowledge on the installation of windpumps is available at an 
international producers of wind pumps, at CPPS, LVIA, some 
DWEs and RWEs. 

• Installation of a wind pump should be done by a qualified 
organisation with experience. 

Windpumps have a robust nature of their construction. They run with 
little maintenance for many years, typically 25-30 years. 

A good initial construction quality should be ensured by 
proper installation by qualified organisation like 
an international producer, CPPS, LVIA, some 
DWEs and RWEs.  

Technical 
aspects  

Physical 
condition 

Safety arrangements for the system. First and second generation wind pumps have an automatic safety system 
to prevent damage from high speeds. 

Safety arrangements in the design to protect the water 
system should be taken care of. 
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Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

Training for households on health and hygiene topics as well as 
operational issues for the windpump. 

• Training on operational issues can be provided by CPPS, DWEs or 
RWEs, TASAF and possibly by LVIA. 

TASAF can give training on health and hygiene topics. 

• Training on operation should be given to the 
households by CPPS, LVIA, DWEs, RWEs or 
TASAF. 

Training on health and hygiene topics should be given 
to the households by TASAF. 

Attention has to be paid to rust and noisiness  The community should take action in case of corrosion 
or noisiness. 

  

Attention has to be paid to defects in masonry and pipes.  The community should take action in case of defects in 
masonry or pipes. 

• The community should be capable to perform the operation 
tasks and simple maintenance. A system operator should be 
appointed who: 
• has access  to a manual of the windpump;  
• has access to tools to perform maintenance; 
• is capable of doing: 

• operation tasks 
• guard the wind pump; 
• direct the windmill into the wind when 

water is needed; 
• furl the windmill when the storage tank is 

full; 
• man the tap house at the hours of water 

distribution; 
• certify any malfunctions and call assistance 

for repair; 
• simple maintenance 

• greasing or oiling moving parts; 
• tightening the pump rod sealing; 
• cleaning.   

• Training for the operation can be provided by CPPS, DWEs or 
RWEs and possibly by LVIA. 

• Training for maintenance can be provided by CPPS, some DWEs or 
RWEs and possibly by LVIA. 

• There is a low availability of technicians, although TASAF also 
remarked that districts provided adequate training and technical 
support to the villages. 

• Low level of English of the population and literacy in general, 
especially in rural areas, can impede the activities for O&M. 

• A system operator should be appointed. 
• Training on operation and maintenance should be 

given to the operator by CPPS, LVIA, DWEs, or 
RWEs. 

• A plan for O&M should be defined, which 
includes access to tools and manuals for the 
operator. 

• When the operator is not fully capable of doing 
maintenance, the options for a maintenance 
company as a backup should be checked. 

• People who are responsible for the system should 
be able to communicate in a language which is 
necessary to perform O&M activities. 

Training for water committees, or system operator, on 
operational and maintenance issues. 

• Training for the operation can be provided by CPPS, DWEs or 
RWEs and possibly by LVIA. 

Training for maintenance can be provided by CPPS, some DWE’s or 
RWEs and possibly by LVIA. 

Training on operation and maintenance should be 
given to the operator or the water committee by 
CPPS, LVIA, DWEs, or RWEs. 

Institu- 
tional 
aspects 

O&M 

Villages should be as self-supporting as possible.  Villages should be as self-supporting as possible. 



 

PART II: Preconditions for sustainable TASAF wind pump projects 

121 

Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

• A maintenance organisation is needed for advanced 
maintenance tasks and repairs. The organisation should: 

• have access to spares; 
• have access to tools; 
• be able to perform advanced maintenance and repair 

tasks: 
• Changing the gearbox oil. 
• Inspection of bolts, and tightening if necessary. 
• Repair of broken pump rods. 
• Replacement of cup leathers.  
• Corrosion protection.  
• Overhaul. 

• be able to manage the specific problems e.g. 
• Laziness. 
• That some actions have to take place, even when 

somebody is against it. 
Involving women. 

A maintenance company as a backup can be the office of the DWE or 
RWE. Again CPPS and LVIA can be approached to provide this 
services.  

• It should be ensured on the forehand that a DWE, 
RWE, CPPS, LVIA or another qualified 
maintenance organisation will function as a 
backup. 

The maintenance company should be able to manage 
the specific problems. 

A water committee, which is capable of organising the 
windpump projects. 

• The amount of money in the Water Fund is less in most cases due to 
the limited local leadership’s management to collect the money 
effectively and due to corrupt water committee members. 

• Tanzania has a good institutional basis for locally-based 
management of natural resources. 

• In the organisational structure, at all levels, there is a lack of clear 
understanding of responsibilities. 

• At the local level, councils attempting to take control of 
development projects and men dominating village committees may 
hamper smooth locally based management. 

• In the organisational structures in Tanzania the traditional structures 
of leadership are undermined due to the policy changes with regard 
to organisation, the cultural changes due to Ujamaa-policies, 
colonialism and migration. 

TASAF can provide training and support for the management of the 
project. 

• Traditional structures should not be disposed a 
priori. Traditional social structures have proven to 
be successful, but might not bring sustainable 
development in all situations. 

• It should be ensured that TASAF rules are 
followed. 

• Training on management issues should be given to 
the water committee by TASAF. 

Attention should be paid to corruption. 

  

• The community should be able to deal  with the following 
issues: 

• to speak the same language as the maintenance 
organisation; 

• to inform the maintenance organisation in time;  
to  be able to pay the costs, 

 A plan for O&M should be defined which solves 
communication problems with maintenance 
company as well as availability of money to pay 
the maintenance company. 
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Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

Training for households on health and hygiene topics as well as 
operational issues for the windpump. 

• Training on operational issues can be provided by CPPS, DWEs or 
RWEs, TASAF and possibly by LVIA. 

TASAF can give training on health and hygiene topics. 

• Training on operation should be given to the 
households by CPPS, LVIA, DWEs, RWEs or 
TASAF. 

Training on health and hygiene topics should be given 
to the households by TASAF. 

 

It should be ensured that an operator passes on his knowledge to 
a new operator in case of leaving. 

 It should be ensured that an operator passes on his 
knowledge to a new operator in case of leaving. 

Beneficiaries at the community level should actively participate 
in the prioritisation of needs, identification and selection of 
activities for TASAF funding, implementation, monitoring 
and finally maintaining and operating the asset created. 

At the local level, councils attempting to take control of development 
projects and men dominating village committees may hamper 
smooth locally based management. 

It should be ensured that TASAF rules are followed. 

• A tariff for the water with: 
• clear criteria for the tariff and arrangements of 

paying, so the tariff is seen as a contribution to the 
type and level of service; 

• sanctions for non-payment, within the arrangements 
(in participation with the community); 

a tariff which is based on real costs of operation, 
maintenance and repair. 

• When a person uses 10 litres a day, and people don’t pay in the 
rainy season (3 months), TShs. 6.062.306 should be available for 
the water system every year or an average village of 888 
households. 

• The real costs of O&M are not known  because none of the 
institutions for O&M relate the contributions to real costs. 

Costs for spares are not known for Tanzania. 

• The real costs of O&M for the communities 
should be known as well as the estimated use of 
water to determine the needed tariff.  

A plan for O&M should be defined, which includes 
arrangement of paying. 

Training for households on health and hygiene topics as well as 
operational issues for the windpump. 

• Training on operational issues can be provided by CPPS, DWEs or 
RWEs, TASAF and possibly by LVIA. 

TASAF can give training on health and hygiene topics. 

• Training on operation should be given to the 
households by CPPS, LVIA, DWEs, RWEs or 
TASAF. 

Training on health and hygiene topics should be given 
to the households by TASAF. 

 

Financial 
manage- 
ment 

Training for water committees, or system operator, on 
operational and maintenance issues. 

• Training for the operation can be provided by CPPS, DWEs or 
RWEs and possibly by LVIA. 

• Training for maintenance can be provided by CPPS, some DWEs or 
RWEs and possibly by LVIA. 

TASAF can provide training and support for the financial management of 
the project.  

• Training on operation and maintenance should be 
given to the water committee or system operator 
by CPPS, LVIA, DWEs, RWEs. 

TASAF should provide training for the water 
committee on financial management. 

• Understanding of the linkage between wind and 
availability of water. 

• Training on the working of wind pumps can be provided by CPPS, 
DWEs or RWEs, TASAF and possibly by LVIA. 

• Training on the working of wind pumps should be 
given to the households by CPPS, LVIA, DWEs, 
RWEs or TASAF. 

Social 
aspects 

Consumer 
satisfaction 

Flexible design standards for the water system, which allow for 
adaptations on the tank and outlets. 

 Possibilities for future adaptations in the design of the 
water system. 
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Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

A good geo-physical survey to prevent problems with water 
quality as for example saline or hard water. 

• With regard to water quality it’s possible to check the water in the 
borehole on: 

• possible contamination by human and animal excreta by 
testing the FC bacteria; 

• clarity by an NTU-test; 
the total dissolved solids concentration by measurement of TDS 

by means of a conductivity meter. 

The water quality should be checked in the geo-physical 
survey. 

Attention has to be paid to the desired quantity of water. A wind pump can pump up to 2000 m4, depending on wind speed and 
diameter of the rotor. 

• The desired amount of water has to be calculated 
before an appropriate pumping system can be 
chosen.  

Up to 2000m4 a wind pump should be considered. 
Alternative water sources, in case of no wind have to be taken 

into account. 
• A water storage tank can buffer water in case of no wind, storage up 

to 2 days is normal. 
Winds are generally stronger during the dry season in Tanzania. This, 

among others, makes water pumping a good application for 
windmills in Tanzania. 

• A storage tank is needed. 
Alternative safe sources could be useful for periods 

with no wind, longer than 2 days. 

  

• The operation of TASAF should be demand-driven and 
should follow a bottom up planning and decision-making 
approach. 

• The projects are to support demand-driven initiatives from 
communities. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created. 

• For each proposed sub-project the benefiting community 
must have a participatory planning meeting to be attended 
by at least 70 per cent of the intended beneficiaries of 
voting age. 

Communities should be responsible for maintenance and 
operations. Communities have to submit a proposal for this 
before  the project implementation. 

• Government officials don’t always follow the new procedures of the 
policies. The top-down philosophy remains among some people, 
just as old principles of contribution. This is partly due to policy 
changes and administrative changes. 

• At the local level, councils attempting to take control of 
development projects and men dominating village committees may 
hamper smooth locally based management. 

In the organisational structure, at all levels, is a lack of clear 
understanding of responsibilities. 

It should be ensured that TASAF rules are followed at 
all levels. 



 

PART II: Preconditions for sustainable TASAF wind pump projects 

124 

Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

• Most deprived communities among the most deprived 
districts all over Tanzania based on level of poverty, 
diversity of economic activities etc. are the target group for 
CDI sub-projects. These communities should pay 5% of 
the water projects, in cash or in labour. 

Communities should be able to pay $100,- in cash on forehand 
of the implementation of the project. 

• TASAF serves the most deprived groups, which will be the little 
under 40 percent of the population living under the basic needs line 
(TShs. 7.253) and the about 20 percent under the food poverty line 
(TShs 5.107 for rural areas in 2000/01). 

• TASAF communities are able to contribute on average TShs. 
3.102.597 (in case of boreholes) for a water project. The portion of 
cash in this is on average TShs. 266.452. 

• Households are able to contribute on average TShs. 6812 of which 
on average TShs. 618 is cash. 

• An installed wind pump costs about $7.500 ex overhead costs. 
Possible contribution of labour and materials is not known for a wind 

pump project. 

• Contribution should be minimal $375, extra 
overhead costs should be calculated by TASAF. 

The possibilities of solving the expected lack of cash 
with contribution in labour and materials should 
be determined by TASAF. 

A good initial construction quality • Knowledge on the installation of windpumps is available at  
international producers of wind pumps, at CPPS, LVIA, some 
DWEs and RWEs. 

• Installation of a wind pump should be done by a qualified 
organisation with experience. 

Windpumps have a robust nature of their construction. They run with 
little maintenance for many years, typically 25-30 years. 

A good initial construction quality should be ensured by 
proper installation by qualified organisation like 
an international producer, CPPS, LVIA, some 
DWEs and RWEs. 

 

Training for households on health and hygiene topics as well as 
operational issues for the windpump. 

• Training for the operation can be provided by CPPS, DWEs or 
RWEs and possibly by LVIA. 

TASAF can give training on health and hygiene topics. 

• Training on operation should be given to the 
households by CPPS, LVIA, DWEs, RWEs or 
TASAF. 

Training on health and hygiene topics should be given 
to the households by TASAF. 

Flexible design standards for the water system, which allow for 
adaptations on the tank and outlets. 

 Possibilities for future adaptations in the design of the 
water system.  

 

Willingness 
to sustain 
the system • Most deprived communities among the most deprived 

districts all over Tanzania based on level of poverty, 
diversity of economic activities etc. are the target group for 
CDI sub-projects. These communities should pay 5% of 
the water projects, in cash or in labour. 

Communities should be able to pay $100,- in cash on forehand 
of the implementation of the project. 

• TASAF serves the most deprived groups, which will be the little 
under 40 percent of the population living under the basic needs line 
(TShs. 7.253) and the about 20 percent under the food poverty line 
(TShs 5.107 for rural areas in 2000/01). 

• TASAF communities are able to contribute on average TShs. 
3.102.597 (in case of boreholes) for a water project. The portion of 
cash in this is on average TShs. 266.452. 

• Households are able to contribute on average TShs. 6812 of which 
on average TShs. 618 is cash. 

• An installed wind pump costs about $7.500 ex overhead costs. 
Possible contribution of labour and materials is not known for a wind 

pump project. 

• Contribution should be minimal $375, extra 
overhead costs should be calculated by TASAF. 

The possibilities of solving the expected lack of cash 
with contribution in labour and materials should 
be determined by TASAF. 
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Category Sub-
category 

Requirements for sustainable TASAF windpump projects Capabilities Preconditions 

The real costs of operation, maintenance and repairs should be 
known on the forehand. 

• The real costs of O&M are not known not known because none of 
the institutions for O&M relate the contributions to real costs. 

CPPS, LVIA and some DWEs and RWEs are likely to know the costs of 
operation, maintenance, repairs. 

Before starting a wind pump project, the real costs of 
operation, maintenance and repairs have to be 
found out.  This is likely to known by CPPS, 
LVIA, some DWEs and RWEs. 

• The operation of TASAF should be demand-driven and 
should follow a bottom up planning and decision-making 
approach. 

• Beneficiaries at the community level should actively 
participate in the prioritisation of needs, identification and 
selection of activities for TASAF funding, implementation, 
monitoring and finally maintaining and operating the asset 
created. 

• For each proposed sub-project the benefiting community 
must have a participatory planning meeting to be attended 
by at least 70 per cent of the intended beneficiaries of 
voting age. 

Communities should be responsible for maintenance and 
operations. Communities have to submit a proposal for this 
on forehand of the project implementation. 

• Government officials don’t always follow the new procedures of the 
policies. The top-down philosophy remains among some people, 
just as old principles of contribution. This is partly due to policy 
changes and administrative changes. 

• At the local level, councils attempting to take control of 
development projects and men dominating village committees may 
hamper smooth locally based management. 

In the organisational structure, at all levels, is a lack of clear 
understanding of responsibilities. 

It should be ensured that TASAF rules are followed. 

  

Training for households on health and hygiene topics as well as 
operational issues for the windpump. 

• Training on operational issues can be provided by CPPS, DWEs or 
RWEs, TASAF and possibly by LVIA. 

TASAF can give training on health and hygiene topics. 

• Training on operation should be given to the 
households by CPPS, LVIA, DWEs, RWEs or 
TASAF. 

Training on health and hygiene topics should be given 
to the households by TASAF. 

TASAF  • The projects should fit into the organisational structure of 
TASAF. Projects should be part of the CDI component 
possibly with support of the Training and Support sub-unit. 
The actual responsibility of the water projects should lie in 
general on the TPC, the district water engineer and the 
CPC. 

• Implementation of the projects have to be done by the 
community, with assistance of the district, and other 
agencies, deployed by the community. 

• The projects can get support of the Ministry of Water, 
Regional Water Engineers, District Water Engineers, 
CBOs and NGOs in the regions. 

• Sub-projects should be within the community’s capacities 
and capabilities. 

• Sub-projects should adhere to sector norms and standards. 

• TASAF has a lot of experience with water projects. Wind pump 
projects require the same organisation, but support for the project is 
needed from a qualified maintenance organisation. 

• There’s enough knowledge on windpumps in the network in 
Tanzania for installing, maintaining and operating of windpumps. 
However, due to weak linkages, the knowledge is not always 
transferred effectively. 

• Support for wind pump projects can be provided by CPPS, LVIA, 
DWEs, RWEs as well as international producers of wind pumps and 
TASAF. 

• Training for the communities can be given by CPPS, LVIA, DWEs, 
RWEs and TASAF (for households). 

• It should be ensured that TASAF rules are 
followed at all levels. 

• Communities should make arrangements for 
support of their projects on forehand, by CPPS, 
LVIA, DWEs or RWEs. 

• Training should be provided to the communities. 
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PART III: Major policy guidelines 

14  Major policy guidelines for sustainable TASAF wind 
pump projects 
 
Major policy guidelines are formulated according to the project components as defined in paragraph 
5.5.8: 
• Water supply facilities. 
• Training. 
• Water resource management. 
• Institution building/strengthening. 
 
 
 
 
 
 
 
 

 
 

 
 
When the community meetings, guided by TASAF, result in a need for a water supply system for 
the respective community, an appropriate technology choice has to be made. When the community 
considers a wind pump some specific information has to be gathered and based on this information 
it has to be determined whether certain preconditions are met.  
• Specific information should be gathered on: 

• wind resources. These should minimally be determined by information of other wind 
pumps in nearby villages or by measuring or extrapolation38; 

• local depth of the groundwater. The most accurate information should be found from 
nearby boreholes. For example in surrounding villages; 

• desired quantity of water that should be pumped has to be calculated; 
• organisations willing to provide technical support (CPPS, LVIA, DWEs or RWEs39). 

 
• With this information it should be determined whether the following preconditions are 

met: 
• average annual wind speed is more than 2.5 m/s; 
• desired quantity of water does not exceed 2000m4; 40 
• depth of a borehole does not exceed 300 m.; 
• project can get the needed qualified support for information, supply, backup maintenance, 

training and repairs. 
 

• When the preconditions are met, the community can conclude that a wind pump system 
can be an appropriate technology choice. 

 
 

                                                            
38 More information on measuring of wind resources can be found in paragraph 12.1. 
39 More information on these actors can be found in chapter 4. 
40 Explanation of the unit m4 can be found in paragraph 3.5.1 

Water supply facilities 
Objective is access to safe, adequate and sustainable water supplies 
 

Appropriate technology choice 
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It is important that the communities contribute to the initial project costs and that the contribution 
is linked to the level of service. In this way the project is demand-responsive and leads to a sense 
of ownership. Both the willingness to sustain the system and the consumer satisfaction will be 
enhanced. TASAF rules for this are that the communities should contribute 5 % of the total project 
cost, in cash, materials or labour, with a minimum of $100 in cash. 
 
For wind pump this means: 
• Contribution should minimally be $375 for an installed wind pump. Overhead costs for 

the project should be calculated by TASAF41; 
• The possibilities of solving the expected lack of cash42 for wind pump projects with 

contribution in labour and materials should be determined by TASAF43. 
 
In Tanzania winds are generally stronger during the dry season. This, among others, makes water 
pumping a good application for windmills. However, in the rainy season, and other (shorter) 
periods with no or less wind, there could be a need in the community for safe water. Other sources 
of safe water can be, for example, hand pumps and protected wells. 

 
• Alternative safe sources could be useful for long periods with no wind. 
 

 
 
 

When the community decides to install a wind pump and when it appears from the gathered 
information that a wind pump system is an appropriate technology choice, a wind pump can be 
chosen. With the needed quantity of water and the average wind speed, the size of the rotor should 
be determined. This has to be done along with a qualified organisation (a qualified organisation on 
wind pumps, like CPPS, LVIA, DWE or RWE). It is also possible to use the wind pump 
information gathered from nearby villages. When the performance of their wind pump(s) is 
satisfactory to the own community, the size of the wind pump can be copied. This, however, could 
also be done in co-operation with a qualified organisation. The siting of the wind pump is a job to 
be executed with care, because it has to be taken into account that an optimal situation has to be 
created with respect to the wind. Here, it should also be taken into account that the site should be 
in accordance with the demands from the community (for example: at a reasonable distance from 
their houses). The community should make these choices in co-operation with a qualified 
organisation.  
 
• So to choose a pump and site, a community should, together with qualified organisation: 

• determine the rotor size44; 
• determine an optimal site with respect to the wind; 
• decide the siting in accordance with the demand of the community. 

 
• When a wind pump and a site is chosen, one can start with designing the rest of the 

construction, which includes: 
• proper handling of wastewater, similar to other TASAF water projects; 
• a storage tank for water should be constructed. Large enough to meet village demand and 

protecting the water from contamination45.  
• level of service demanded by the village with respect to water outlets and pipelines; 
• a fence should be designed for safety reasons: 

• for health and hygiene protection (for example to bar animals from the water); 

                                                            
41 For calculations of this amount, see paragraph 3.9. 
42 For the economical situation of the rural poor, see paragraph 11.1 and 11.2. 
43 For information on the expected lack of cash see paragraph 11.2.8. 
44 Wind pump brand Tozzi & Bardi is strongly recommended 
45 More specific information on this can be found in paragraph 9.4 and 12.2.2. 

Community management of construction of water supply facilities 

Construction of water supply facilities 
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• against damaging the water system; 
• to prevent people to hurt themselves. 

• possibilities for future adaptations, on the tank and the number of outlets, in the design of 
the water system. 

 
First and second-generation wind pumps generally have a long lifetime, up to 30 years, with little 
maintenance needed46. A proper installation is necessary to safeguard a good construction quality. 
  
• A good initial construction quality should be ensured by proper installation by qualified 

organisations like an international producer, CPPS, LVIA, DWEs or RWEs. 
 
 
 

 
 
 

Wind pump systems can be used on existing boreholes when the water system which was, or is, in 
place does not function according to community needs. This, however, does not lead to special 
policy guidelines. 

 
 
 
 
 

 
When a community wants a sustainable water supply facility, owned by the community, the 
community has to take certain responsibilities to safeguard the continuance of the project. 
 
• Before starting a wind pump project, information should be gathered by the community: 

• The real costs of operation, maintenance and repairs have to be found out. This is likely to 
be known by CPPS, LVIA, DWEs and RWEs. 

• The real costs of O&M for the communities should be known, as well as the estimated 
use of water to determine the water tariff, needed for payments for the water system. 

• It should be ensured that a DWE, RWE, CPPS, LVIA or another qualified maintenance 
organisation will function as a backup. 

• People who are responsible for the system should be able to communicate in a language 
which is necessary to perform O&M activities. 

 
• With this information, the community should formulate a plan for operation and 

maintenance which includes: 
• the appointment of a system operator; 
• access to tools and manuals for the operator; 
• arrangements for paying47, 48; 
• solutions for communication problems with the maintenance organisation;  
• solutions for the availability of money to pay the maintenance organisation; 
• arrangements with CPPS, LVIA, DWEs or RWEs to function as a maintenance 

organisation as a backup for the wind pump project. 
 

                                                            
46 For more information on these wind pump types, see paragraph 3.6.  
47 Arrangements should include: 

• Tariff 
• Non-payment arrangements 
• Costs which are covered (this can be operation, maintenance, repairs, replacement). 
• Different levels of service with for example connection fees for domestic taps.  
• Collection and controlling of the money by means of the Water Fund, for more information see 11.2.6. 

48 An indication of the average amount of money available for O&M can be found in paragraph 11.2.6. 

Rehabilitation of existing water supply facilities 

Community management of O&M of water supply facilities for sustainability 
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• With respect to community management, throughout the project attention should be 
paid to ensure that: 
• immediate action is taken in case of corrosion or noisiness of the wind pump; 
• immediate action is taken in case of defects in masonry or pipes; 
• attention is paid to corruption49; 
• an operator passes on his knowledge to a new operator in case of leaving. 

 
 
 
 
 
 

A system operator is appointed by the community. The main taskof a system operator is to make 
the functioning of the wind pump optimal. He or she is end-responsible for the functioning or non-
functioning, so that there is a clear understanding of responsibility inside the community. The 
system operator should take a course or training in operating and maintaining wind pumps and 
should, therefore, ideally have a technical education level, a technical background or affinity with 
technical matters.  
 
• To make the community as self-supported as possible in a reasonable way50, a system 

operator should conduct the following tasks: 
• operation tasks: 

• guard the wind pump; 
• direct the windmill into the wind when water is needed; 
• furl the windmill when the storage tank is full; 
• furl the windmill when there is a storm (when the wind pump has no safety 

arrangement for this occasion); 
• man the tap house at the hours of water distribution; 
• certify any malfunctions and call assistance for repair. 

• simple maintenance: 
• greasing or oiling moving parts; 
• tightening the pump rod sealing; 
• tightening bolts; 
• refasten rotor blades when fallen off; 
• cleaning. 

 
• The more advanced maintenance and repair tasks should be done by a qualified 

organisation chosen to provide technical support. This organisation should: 
• have access to spares; 
• have access to tools 
be able to perform advanced maintenance and repair tasks: 
• changing the gearbox oil; 
• inspection of bolts and tightening if necessary; 
• repair of broken pump rods; 
• replacement of cup leathers; 
• corrosion protection; 
• overhaul; 
be able to manage possible problems with regard to co-operation with communities: 
• laziness; 
• decisiveness in case of actions which have to take place, even when somebody is 

against it; 
• involvement of women. 

                                                            
49 A way to deal with corruption is explained in paragraph 11.2.6. 
50 More general information on knowledge of the population can be found in paragraph 11.2.4. 

System for O&M of water supply facilities 
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Training is important for all aspects of sustainability of the projects. Training is needed for 
different actors. First training for households, which increases the knowledge of how to operate the 
wind pump and how to prevent major problems as well as knowledge that the responsibility of 
maintaining the system lies with them. Second, training the operator should teach him/her how to 
operate and maintain the system. Third, training for the water committee should make them 
capable to organise the project. With regard to the household’s training, this can best be done by 
TASAF because they have the knowledge and the experience. The training for the water 
committee is also given for other TASAF water projects. TASAF, therefore, can do the same for 
wind pump projects. 
 
• TASAF should provide the training for the households on: 

• operational issues; 
• the working of wind pumps. 
 

• CPPS, LVIA, DWEs or RWEs or any other qualified actor should provide the training 
for the operator on: 
• operation;  
• maintenance51.  
 

• TASAF should (just as for normal TASAF water projects) provide the training for the 
water committee on: 
• management issues; 
• financial management. 

 
 
 
 

 
 
Hygiene promotion is important because it educates people about potential health benefits of 
protecting the water source and thus enhances their willingness to sustain the system and thereby 
also the other aspects of sustainability. TASAF already supplies training on health and hygiene 
topics. For wind pumps, this training is especially important, because the water might not be 
available at any time. Therefore, people have to be conscious of the value of safe water, because 
there is a possibility that people will use unsafe traditional water sources instead. 
 
• Training on health and hygiene topics should (just as for normal TASAF water projects) 

be given to the households by TASAF. 
 

                                                            
51 For items to be addressed in the training see the tasks for the operator defined in the sub-programme component 

System for O&M of water supply facilities. 

Training 
Objective is increased knowledge and improved practices of hygiene and water use behaviour 
of community, family and individual 

Hygiene promotion 

Training for operation and maintenance 
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• TASAF projects should adhere to sector norms and standards.  

For this reason, wind pump projects should follow the same policy as other TASAF water projects 
with regard to water resource management. 

 
 
 

 
 
 
 
 

 
 

 
 
 

 
No special policy from TASAF is needed for wind pump projects. They can be implemented in the 
same organisational structure as other TASAF water projects. 
 
• Wind pump projects will be part of the CDI component, possibly with support of the 

Training and Support sub-unit. 
• Main responsibility can lie, just as in other TASAF water projects, on the TPC, the 

community and the District Water Office. 
 
 
 
 
 
 

TASAF should be able to provide training for households on operational issues, the working of 
wind pumps and health and hygiene aspects. Training on health and hygiene aspects is already 
given by TASAF to communities. 
 
• The training for households on operational issues and the working of wind pumps will 

have to be the task of the staff of TASAF for community development (sub-unit Training 
and Support). 

 
 
 
 
 
 

No special staff development is needed for wind pump projects, other than used for normal 
TASAF water projects. 
 

 

Water resource management 
Objective is management of water resources for sustainability 
 

Institution building/strengthening 
Objective to ensure the organisation capable of managing and implementing the programme 
and its projects 

Policies and procedures 

Management and personnel capabilities 

Staff development for community liaison, development, management and 
hygiene promotion 
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No special monitoring and evaluation is needed for wind pump projects, other than used for 
normal TASAF water projects. 

 
 

 
 

 
 
TASAF has a lot of experience with water projects. Wind pump projects require, however, 
technical support from a qualified organisation for advanced maintenance and repairs, installation 
and training. When the District Water Engineer (DWE) is not capable to provide this support, 
other organisations should be approached. It appeared, however, that none of the actors involved in 
wind pumps worked fully with the same principles as TASAF. The top-down philosophy remains 
amongsome people, just as old principles of contribution. Therefore, it is particularly important to 
follow TASAF rules. 
 

• Because co-operation is needed in some cases between the TASAF projects and a 
maintenance organisation, installing organisation and an organisation for training, it is 
particularly important that it is ensured that TASAF rules are followed. 

 
There are some difficulties in the network of wind pumps in Tanzania, which might be given attention 
when implementing wind pump projects by TASAF. 

 
• It should be taken into account that the gathering of information can be a time consuming 

task.  
There’s enough knowledge on wind pumps in the network in Tanzania for installing, maintaining 
and operating wind pumps. However, due to weak linkages, the knowledge is not always 
transferred effectively.  

• Projects should be as self-supporting as possible, however, it is also important that projects 
are not dependent on one single actor, such as for example CPPS.  
CPPS has an ambiguous role as a key actor in the whole network. Dependency of the projects on 
this one actor can be a weakness. 

• It is also important to keep up with new developments in the wind pump network of 
Tanzania.  
For example, at this moment production of windmills in Tanzania is not feasible. This might, 
however, change in the future. 

Monitoring and evaluation 

Co-ordination and co-operation 
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15 Afterthoughts   
 
All project goals are, by and large, reached and the major findings of the research are brought together 
in the previous chapter:  “Major policy guidelines for sustainable TASAF wind pump projects”.  
Nevertheless, there are some findings and reflections which do not directly or not only reflect on 
TASAF. These we briefly deal with in this last chapter.  
 
15.1 Towards the project 
 
Water pumping with wind mills can be a sustainable option in Tanzania. From our research it appeared 
that there are, at least, 151 functioning wind pumps and out of our field survey it became clear that 
sometimes a wind pump could serve over 4000 people. The best option for Tanzania are first or second 
generation wind pumps with piston pumps, because there is some experience with these types and 
because of the low maintenance costs, the more efficient energy conversion (compared to traditional 
low-cost wind pumps), long life (typically 25-30 years), the possibility of high pumping heads (even up 
to 300m), the start-up at low wind speeds, the low rotation speeds and an automatic safety system to 
prevent damage from high speeds. Wind pumps from Tozzi & Bardi are recommended for Tanzania, 
because they are the most installed wind pumps in the last two decades.  
 
Wind pump projects can meet TASAF requirements. The adaptation of wind pumps to their water 
projects should entail minimal efforts. Also the finance and the contribution from the villagers seem to 
be no real problem.  
 
Although it is possible to install wind pumps without proper wind data, the importance of wind data 
should not be underestimated. With proper wind data it is possible to determine more precisely the 
performance of a wind pump.  
 
 
15.2 Towards sustainable wind pumping in general 
 
Regarding sustainable wind pumping in general, some conclusions can be drawn.    
First, for a sustainable implementation of wind pumps in TASAF supported water projects the major 
policy guidelines should be followed.  Second, one major and recurring precondition which is already 
met by the TASAF approach, but is still important for wind pump projects in general, is that a demand-
responsive approach should be followed. It appeared to be important that communities initiate the 
project, participate in decision-making and can make informed choices themselves. The government of 
Tanzania also supports this bottom-up approach. Tanzania has a good institutional basis for locally 
based management of natural resources. The degree of demand-responsiveness is, however, limited due 
to: 
• the fact that government officials, at the national level, don’t always follow the newly established 

policies; 
• the fact that councils (at the local level) often attempt to take control of development projects and 

men dominate village committees. 
• the fact that at all levels there is a lack of clear understanding of responsibilities; 
• the organisational structure in Tanzania in which the traditional structures of leadership are 

undermined due to the recent policy changes.  
Third, another major precondition is the importance of communities to have responsibilities towards 
the safeguarding of continuance of their projects. The government in its policy endorses this, but in the 
network of wind pumps it appeared to be almost non-existing. This is also due to actors in the network, 
because they work with other principles. With the recommended issues for training for communities, 
the tasks appointed to the community are expected to be reasonable. 
 
The collective objective of the network of wind pumps in Tanzania can be defined as: the introduction 
of wind pumps in Tanzania to fulfil user needs of quantity and quality of water at a given price. It 
turned out that the most important actors in the network were the Suppliers and Maintainers of wind 
pumps. However, the potential of the Public Authorities turned out to be significant with regard to 
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fulfilment of the collective objective. Their contribution to the functioning of the network, however, is 
limited due to: 

• a lack of clear understanding of responsibilities in the organisational structure of Tanzania due 
to policy changes on water supply and on organisation of institutions; 

• personal interests affecting the efforts of the public authorities, instead of a coherent policy 
towards wind pumps; 

• decentralisation in which there are a lot of separate government bodies with small areas 
(districts) under their responsibility. As a result, all these bodies have their own attitudes 
towards water projects and in this case towards wind pumps; 

• a low and usually inferior profile of Operation and Maintenance in water supply agencies as 
compared to new construction and system extensions. The emphasis on and recognition given 
to new construction is partly due to its political visibility; 

• lack of information of policy makers on wind pumps. There is enough knowledge on wind 
pumps in the network in Tanzania for installing, maintaining and operating wind pumps. 
However, due to weak linkages, the knowledge is not always transferred effectively.  

 
 
15.3 Possible developments 
 
At this moment, production of windmills in Tanzania is not feasible. This, however, might change in 
future. Production in Tanzania could be feasible when the network becomes more coherent. This could 
happen due to: 
• New projects are planned and the proposals for these are very positive towards possibilities of 

production of wind pumps;  
• a renewed interest (as well as by the Tanzanian actors as by the international donors).  Wind 

pumps can become more a core-business for the actors. This can cause the network of windpumps 
to become more coherent. At the moment the individual objectives of the actors in relation to wind 
pumps are in most cases no core objective for them. This effects the efforts to reach the objectives. 

• According to IPI, wind pumps gain popularity in Tanzania. When this happens, the actors should 
get more interest in it. This popularity can become bigger if the intended projects of IPI and the 
DANIDA/TANESCO Wind Atlas project are implemented. 
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Appendix A: List of key-persons 

 
Key persons 
 
 
• Eng. N.C.X. Mwihava (P. eng) 

Assistant commissioner Renewable energy. 
Ministry of energy & minerals 

 
• Prospective College of Engineering & Technology 

Technology development & Transfer Centre (TDTC) 
Dr. Cuthbert L. M. Kimambo 
Ag. Director 

 
• Faculty of Engineering 

Prof. A. H. Nzali (BSc, MSc, Phd, R.Eng (T)) 
Head 
Electrical Engineering Department 

 
• Tanzania Social Action Fund 

A.M. Kamagenge 
Capacity building and Training Co-coordinator 

 
• Ministry of Water 

Eng. E.C. Mziray 
Asst. Director 
Rural Water Supply Department 

 
• Tanzania Traditional Energy Development and Environment Organization (TaTEDO) 

Estomih E. Sawe (BSc., MSc., Eng) 
Executive Director 

 
• Dhr. Salie 

Mede auteur Phase I Rapport (18) 
Economist Ministry of Water 

 
• Mr. Yunusu 

Regional Water Engineer Dodoma 
 

• LVIA 
Italian NGO involved in windpumps. 
Kongwa, Dodoma. 
 

• CPPS Water project 
Dodoma 
 

• J.S. Magingo 
Director of Community Development Initiative 
TASAF. 
 

• Prof. Njau 
Physics Department  
University of Dar es Salaam 
 

• Dr. R.M. Kainkwa 
Physics Department 
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University of Dar es Salaam. 
 

• E.F.K. Nahozya 
Resident Hydrogeologist 
Ministry of Water and Livestock Development 
 

• Ing. P.T. Smulders 
Expert windpumps 
Technical University of Eindhoven, Netherlands 
 

• IT-Power 
Leading company development of windpumps 
United Kingdom 
 

• Mr. E.J. Mpeta 
Data Service Division 
Tanzania Meteorological Agency. 
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Appendix B: Scores on efforts to reach individual objectives. 
 
Information is needed to define the individual objectives of the actors and to estimate the efforts of the 
actors to reach this individual objective. The information on objectives is gathered by open interviews 
with representatives and scaled on a checklist to estimate these efforts: 
 
• Hidden objectives present 
• Individual objective as core business 
• Problems seen  attitude towards wind introduction 
• Past performance 
• Individual objective is feasible for the actor. 
 
Efforts to reach an objective are influenced, first, by the presence of other objectives of the actor. So, 
the first two indicators are the presence of hidden objectives and the fact if it’s the core business of the 
actor. If the individual objective is not the real objective the actor will not put effort in the first. Also, if 
the actor has also other objectives, he/she will have little time to put effort in it.  
Thirdly, the attitude towards the introduction of wind pumps is an indicator. This is because the focus 
here is on individual objectives on the introduction of wind pumps. So, their attitude towards this topic 
will influence the efforts to reach the objective. The attitude will be influenced by the identified 
problems. 
Another indication for the estimated efforts is the past performance, if known. If the actor, for example, 
performed badly in the past, the efforts will possibly be small for every objective. 
The fact if the actor, as perceived by the researchers has feasible objectives, is the last indication. If one 
puts great efforts in reaching an objective which is not feasible, these efforts are useless.  
 
In table 1 the scoring is defined: 
 
Table 1: Scoring on indicators 
Indicator Value Score 

Yes -1 Hidden objectives 
present No 0 

Yes +1 Core business 
No -1 
Positive +1 
Neutral 0 

Attitude 

Negative -1 
Good +1 
Bad -1 

Past performance 

Mixed / Not 
known 

0 

Yes +1 Within reach 
No -1 

 
With this checklist the actors can be scaled. To estimate the efforts, the scores on the indicators in table 
1 are added up.  
 
Group: PUBLIC AUTHORITIES 
Organisation: TASAF 
Representative: Kamagenge, Magingo 
Aims:  
General aim of TASAF is poverty reduction. 
Kamagenge: 
Specific aim for wind pumps is to solve problems people have with time and costs of other pumping systems. 
Magingo: 
Providing money and assistance to communities with a sustainable plan. Follow policies of the government and 
the World Bank. Projects depend on needs of the people and their contribution. 
People ask for water. Survey should determine the possibilities. 
Hidden objectives No 0 
Core business No -1 
Attitude No knowledge, neutral attitude, but interested in possibilities. +1 
Past performance Good +1 
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Within reach Yes +1 
 2 
Source: Interview key-persons 
 
Group: PUBLIC AUTHORITIES 
Organisation: Ministry of Energy and Minerals 
Representative: Mwihava 
General aims: 
• Develop domestic energy resources which are shown to be least cost options 
• Improve energy reliability and security and enhance energy efficiency.  
• Encourage commercialisation and private sector participation.  
• Develop human resources. 
Hidden objectives No 0 
Core business No, core business is to protect the domain of the Ministry -1 
Attitude Mwihava identified in a previous study a lot of problems with 

capabilities, knowledge, maintenance, etc. but he is still interested. 
0 

Past performance Performed research on wind mills in the past as an employee of 
Costech. 

+1 

Within reach Yes, on the long term. +1 
 1 
Source: internet pagina? 
 
Group: PUBLIC AUTHORITIES 
Organisation: Ministry of Water 
Representative: Mziray 
Aims: 
General objective of the Ministry is to improve health and alleviate poverty of the rural population 
through improved access to adequate and safe water. 
Promote use of environmentally friendly technologies including gravity, solar and wind power for pumping. 
Hidden objectives No 0 
Core business No, core business is to protect the domain of the Ministry -1 
Attitude Positive attitude.  +1 
Past performance Relatively good +1 
Within reach Yes +1 
 2 
Source: National Water Policy, July 2002. Ministry of water and livestock development. 
 
Group: PUBLIC AUTHORITIES 
Organisation: Regional Water Engineers 
Representative: RWE Yunusu, Dodoma, RWE Malanga, Muheza. 
Aims: 
Yunusu: 
Provide water to villages in Dodoma region. Create ownership in these projects. People should contribute 12.5 % 
in the policy of the region. People should pay this in cash. Organisations like TASAF spoil their policy, 
contribution in labour is too easy. Own company for maintenance would not be feasible, because there is a lack of 
demand. 
Remarks: mentioned as important person with windmills by Mziray, and others. 
Malanga: 
Provide water to villages. No plans with windmills, was involved with windpumps in the past with GTZ. Now 
decisions about water projects are at district level. Also missionaries are involved in this in the region. 
No fixed percentage for contribution in the past. 
Hidden objectives No 0 
Core business Yes +1 
Attitude Mixed, Yunusu is negative, because of reliability (wind), spare 

parts and the needed specialised knowledge. Mills don’t have 
enough power, maybe an option when technique would improve. 
Malanga is positive, but communities have to feel responsible. 

0 

Past performance Mixed, did good work, but relied heavily on the NGO’s. 0 
Within reach Yes +1 
 2 
Source: interview key-persons 
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Group: PUBLIC AUTHORITIES 
Organisation: District Water Engineers 
Representative: DWE Kalli, Dodoma rural, DWE Anderson, Manyoni, DWE Khandisi, Muheza 
Aims: 
Kalli: 
Intention to provide water to all villages. If this is with a wind pump is dependent on situation and contribution of 
the people. People are happy with windmills, less breakdowns than diesel engines. Supporting windmills, creative 
in making own spareparts.  
Anderson: 
Provide water to villages. District is link between villages and CPPS in case of windpumps. Problems in the 
district with reliability of windpumps in the rainy season. This year very little rain so there are not too many other 
sources available. Prefers both windmills and dieselengines. Combination of both is the best. But windpumps are 
the cheapest option. 
Khandisi: 
Provide water to villages. No plans with windmills. Windpumps aren’t a big issue in the district. Sees a problem 
with efficiency because windpumps don’t operate 24 hours per day. 
Hidden objectives No 0 
Core business Yes +1 
Attitude Kalli is positive, Anderson is neutral and Khandisi is negative. 0 
Past performance Differs, not exactly known. 0 
Within reach Yes +1 
 2 
Source: interview key-persons 
 
Group: PUBLIC AUTHORITIES 
Organisation: Tanzanian Meteorological Agency 
Representative: Director Data Service Division Mpeta 
Aims: 
Organisation collecting of data, takes care of dissemination, control, processing and archiving of the data. 
Hidden objectives No 0 
Core business Yes +1 
Attitude Neutral, everybody has to pay for data. 0 
Past performance The Agency is still using old measuring stations, with low 

reliability. 
-1 

Within reach Yes +1 
 1 
Source: interview key-person, http://www.meteo.or.tz, Wit, B. de (1996). Possibilities for exploiting wind energy 
in Tanzania. Technological University Eindhoven, University Press. Pg. 16. 
 
Group: RESEARCH 
Organisation: Tatedo 
Representative: Sawe 
Aims:  
Evaluate wind resources in Tanzania, with assistance of DANIDA (Study is already started, now analysing the 
data). More interested in electricity production with wind energy. Aim of the study is the assessment and 
recommendation on potential areas for using wind energy. 
Another objective is the obtaining of funds for the NGO. 
Performed in the past a study on wind energy. 
Hidden objectives NGO needs money from projects. -1 
Core business Also other projects, but it is important. +1 
Attitude Positive, interested, but problems with institutions, attitudes and 

infrastructure 
+1 

Past performance This research is already delayed -1 
Within reach Yes +1 
 1 
Sources: interview key-person 
 
Group: RESEARCH 
Organisation: pCET 
Representative: Kimambo 
Organise research with SIDA assistance with aim for local production of windmills for water and electricity. Tries 
to organise a great deal of institutions to co-operate in the research. 
Hidden objectives Not known 0 
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Core business Yes +1 
Attitude Positive, sees the need for local manufacturing and tries to do 

something about it. 
+1 

Past performance Not known 0 
Within reach No, at least, not in three years, which is the plan. -1 
 1 
Source: interview key-person 
 
Group: RESEARCH 
Organisation: COSTECH 
Representative: Nzali 
Aims: 
Investigate experiences with windmills in Tanzania, and available knowledge. 
Project should have been ready in 1997, still going on. Nzali doesn’t seem to be in a hurry to finish the project.  
According to Nzali most pumps in the country are the Southern Cross type… 
Aim of third phase of the project is not clear yet. 
Hidden objectives No 0 
Core business No, other jobs to get money. -1 
Attitude Very positive. No problems with windpumps, also spares are 

available. 
+1 

Past performance Research is delayed since 1997, bad past performance -1 
Within reach  Yes +1 
 0 
Source: interview key-person 
 
Group: RESEARCH 
Organisation: UDSM, Faculty of Physics 
Representative: Njau, Kainkwa 
Aims (Njau): 
Working with meteorological data in Tanzania. Performed research on wind characteristics. 
Aims to improve meteorological data. 
No specific aims towards wind pumps or other practical applications for the wind data, just doing research is 
enough. 
Aims (Kainkwa): 
Research on wind speed characteristics in Tanzania. 
No specific aims towards wind pumps or other practical applications for the wind data, just doing research is 
enough. 
Hidden objectives To lead an easy life. -1 
Core business No. Also other jobs to get money, other projects.  -1 
Attitude Kainkwa thinks windpumps are a good technique to combine dry 

season with energy availability. 
+1 

Past performance Done some research. +1 
Within reach Yes +1 
 1 
Source: interview key-person 
 
Group: RESEARCH 
Organisation: Ministry of Water  
Representative: Mziray 
Aims: 
Planned to develop a wind pump with assistance of the Netherlands, UNICEF and the World Bank. The ministry 
already developed a hand pump. 
Hidden objectives No 0 
Core business No, not even project outline available. -1 
Attitude Costs are problem, people don’t think about operational costs of the 

machines. 
+1 

Past performance Successfully developed a hand pump in the past. +1 
Within reach No, not without concrete plans -1 
 0 
Source: interview key-person 
 
Group: RESEARCH 
Organisations: CEEST (Centre for Energy Environment Science and Technology);  
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ESRF (Economic and Social Research Foundation); CAMARTEC (Centre for Agricultural Mechanisation and 
Rural Technology) 
Representative: - 
Aims: 
CEEST: 
Develop and sustain expertise and a capacity for independent policy analysis, research and information 
dissemination in the fields of energy, environment, water and sanitation and natural resource use and 
management. 
Research Programmes o.a.: Energy Development and Management Programme, water and Health and Sanitation 
Development and Management Programme. 
But they have never done anything with wind pumps in the past. 
Aims towards wind pumps: no aims, no plans, no proposal or writings on the topic 
ESRF: 
To build and strengthen human and institutional capacity in economic and social policy analysis and decision 
making and to enhance the understanding of policy options within the Government, public sector, donor 
communities and in the growing national non-governmental sector. 
One expected output of the organisation is closer and stronger linkages between policy makers/analysts and 
researchers. 
Aims towards wind pumps: they don’t directly deal with wind pumps, no direct aims. 
CAMERTEC 
CAMARTEC's mission is to develop and disseminate improve technologies suitable for agricultural and rural 
development. The activities are aimed at boosting agricultural production and improving the quality of life and 
alleviation of rural poverty. 
One function of the Centre is To carry out and promote the carrying out of applied research designated to facilitate 
the designing, adoption and development of machinery and equipment suitable for use in agricultural and rural 
development.  
In the past involved in the design and manufacturing of a Tanzanian wind pump. 
No plans known with respect to wind pumps. 
Hidden objectives Not known 0 
Core business Windmills aren’t a core business 0 
Attitude Neutral 0 
Past performance Not known, except CAMARTEC, who has developed a prototype 

of a windmill 
0 

Within reach n.a. 0 
 0 
Source: http://www.ceest.com; email Stephen, on behalf of prof. M.L. Luhanga. 
http://www.esrf.or.tz; email Mashindano, ESRF. 
http://www.tanzania.go.tz/carmatec.htm 
 
Group: PRODUCERS 
Organisation: - 
Representative: - 
Aim: 
To make profit by selling wind pumps. 
No specific objectives for Tanzanian market. 
Hidden objectives No 0 
Core business Windmills are their core business, but Tanzanian market is not. -1 
Attitude Neutral towards Tanzanian market. 0 
Past performance Not known for all producers 0 
Within reach Yes +1 
 0 
Source: Chapter state of technology? 
 
Group: SUPPLIERS 
Organisation: Brothers of Precious Blood – CPPS 
Representative: technical manager CPPS 
Aims: 
‘Help people help themselves’ is the aim, with Christianity a basis. 
Still installing new windpumps and plans to install more wind pumps 
Active in more regions, depth and size of the village don’t matter. 
Hidden objectives No 0 
Core business Yes +1 
Attitude They try, but people are not capable to do it themselves. No 

knowledge, they want everything for free, everybody speaks 
0 
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different languages, corruption etc. 
Past performance Good, installed many pumps +1 
Within reach Yes +1 
 3 
Source: interview key-person, Yunusu 
 
Group: MAINTAINERS 
Organisation: District Water Engineers 
Representative: DWE Kalli, Dodoma rural, DWE Anderson, Manyoni, DWE Khandisi, Muheza. 
Aims: 
Kalli: 
Supporting windmills, creative in making own spareparts. People are happy with windmills, less breakdown than 
diesel engines. 
Anderson: 
CPPS does the maintenance. 
Problems in the district with reliability of windpumps in the rainy season.  
Khandisi: 
Windpumps aren’t a big issue in the district, villages do their own maintenance 
Hidden objectives No 0 
Core business Yes +1 
Attitude Differs. 0 
Past performance Bad, DWE’s didn’t do a lot of maintenance -1 
Within reach Yes +1 
 1 
Source: interview key-persons 
 
Group: MAINTAINERS 
Organisation: Brothers of Precious Blood – CPPS 
Representative: technical manager CPPS 
Aims: 
‘Help people help themselves’ is the aim, with Christianity a basis. 
No training because people don’t’ know enough, they can hurt themselves. Idea is to show by example. Trained a 
maintenance team. 
For maintenance they charge Tshs. 20.000,- per service. 
Hidden objectives No 0 
Core business Yes +1 
Attitude Positive, although people are not capable to do it themselves, the 

maintenance team can.  
+1 

Past performance Good  +1 
Within reach No, people can’t help themselves without training. -1 
 2 
Source: interview key-person, Yunusu 
 
Group: MAINTAINERS 
Organisation: LVIA, Italian NGO 
Representative: Engineer Daniel Saibene 
Aims:  
Aims to do self-sustaining projects, among others with water. Train people to maintain own windmill.  
Only install windmill when village has less than 5000 people and when the borehole is less than 70 metres, 
otherwise diesel engine. Do only projects in Dodoma-region. 
Contribution village: mill = Tshs. 500.000; pipe = Tshs. 1000.000 
Maintenance: Tshs. 40.000 Tshs per service. 
Agreed with policy of Dodoma, contribution should be 12.5 %. 
Hidden objectives No 0 
Core business Yes +1 
Attitude They are negative towards installing new windpumps, because the 

population of villages expands and windpumps are not capable for 
that. However, for maintenance they are fairly positive, they think 
people can maintain a wind pump by themselves. 

0 

Past performance Good +1 
Within reach Yes +1 
 3 
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Source: interview key-person, Yunusu, village Handali. 
 
Group: FINANCERS 
Organisation: District Water Engineers 
Representative: DWE Kalli, Dodoma rural, DWE Anderson, Manyoni, DWE Khandisi, Manyoni. 
Aims: 
To convince people to pay the contributions. Different financial policies per district. 
Kalli: 
Intention to provide water to all villages. If this is with a wind pump is dependent on situation and contribution of 
the people.  
Anderson: 
District is link between villages and CPPS in case of windpumps. Problems with reliability, but wind pumps are 
the cheapest option. 
Khandisi: 
No plans with windmills. Sees a problem with efficiency because windpumps don’t operate 24 hours per day. 
Hidden objectives No 0 
Core business Yes +1 
Attitude Differs 0 
Past performance Bad, most of the wind pumps are financed by the NGO’s. -1 
Within reach Yes +1 
 1 
Source: interview key-person 
 
Group: FINANCERS 
Organisation: Brothers of Precious Blood – CPPS 
Representative: technical manager CPPS 
Aims: 
‘Help people help themselves’ is the aim, with Christianity a basis. 
Contribution village: depends on size of the village, money available etc. (and Christianity, according to the 
RWE). For maintenance they charge Tshs. 20.000,- per service. 
Spoil the policy of the region of Dodoma because the lack of contribution of the villages (according to Regional 
Water Engineer) 
Hidden objectives No 0 
Core business Yes +1 
Attitude Positive, but problems with knowledge, they want everything for 

free, everybody speaks different languages, corruption etc. 
0 

Past performance Good +1 
Within reach Yes -1 
 3 
Source: interview key-person, Yunusu 
 
Group: FINANCERS 
Organisation: DANIDA 
Representative: - 
Aims: 
Overall objective is funding of projects to reduce poverty. 
Recommendation of a consultant team of Danida for their Danish Environmental and Disaster Relief Fund in 
Tanzania was to develop wind data, maps and wind energy pilot projects in the country. After this they funded the 
DANIDA/Tanesco Wind Atlas Project to evaluate the wind characteristics to find the possibilities of electricity 
generating from wind energy. 
Hidden objectives No 0 
Core business No -1 
Attitude Neutral towards wind pumps. 0 
Past performance Good, funded many projects +1 
Within reach Yes +1 
 1 
Source: http://www.danida.dk; Draft version of deskstudy on available wind data in Tanzania for DANIDA. 
Tatedo, 1998. 
 
Group: FINANCERS 
Organisation: SIDA-research co-operation Tanzania-Sweden 
Representative: - 
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Aims: 
Finance research in the field of science and technology is getting priority. Technological skills, implementation 
and communication of projects and increased participation of women are aims. 
Attitude: COSTECH is an important co-ordinating organisation for implementation of this strategy. The state 
universities have shown to be capable of doing advanced research and evaluation. 
Hidden objectives No 0 
Core business No -1 
Attitude Neutral towards wind pumps 0 
Past performance Financed many projects, also at University of Dar es Salaam +1 
Within reach Yes +1 
 1 
Source: http://www.sida.se/sida/jsp/crosslink.jsp?d=438&a=7546 
 
Ranking method 
 
With respect to the data, two things are of interest: 
• Which groups are most important for the collective objective? 
• Which actors inside the groups contribute most to the collective objective? 
 
To find these outcomes, the data have to be ranked. First, to find the relative contributions of the 
groups, percentages are calculated for each score in a group. For example in the group Public 
authorities, the score 2 occurs 4 times, which is 67%. To rank these occurrences, the group with the 
highest percentage on score 3 gets rank 1. After that, the second highest percentage for score 3 gets 
rank 2 etc. When no other groups have a score 3, the percentages for score 2 are used. In this way a 
ranking can be made for each parameter. The sum of these ranks of parameter 1 and 2 is again ranked, 
which gives the final ranking of the relative contribution of actor groups to the collective objective. 
To find the relative contribution inside the groups of the individual actors, the scores are simply ranked 
for each parameter, summed and ranked again. 
Calculations are shown in table 3 and 4. 
 
Table 3: Relative contribution of actor groups to the collective objective. 

Parameter 1 Parameter 2 
Occurrence of 
scores inside 
groups (%) 

Occurrence of 
scores inside 
groups (%) 

Actor-group 

Score Occurr
ence  

Ranking 

Score Occurr
ence 

Ranking 
Σ (ranking 1,2) Final ranking 

3 0 3 67 
2 67 2 0 
1 33 1 33 

Public authorities 

0 0 

4 

0 0 

5 9 5 

3 0 3 17 
2 0 2 17 
1 50 1 17 

Researchers 

0 50 

5 

0 50 

6 11 6 

3 0 3 100 
2 0 2 0 
1 0 1 0 

Producers 

0 100 

6 

0 0 

2 8 4 

3 100 3 100 
2 0 2 0 
1 0 1 0 

Suppliers 

0 0 

1 

0 0 

2 3 1 

3 33 3 100 
2 33 2 0 
1 33 1 0 

Maintainers 

0 0 

2 

0 0 

2 4 2 

3 25 3 75 
2 0 2 0 
1 75 1 0 

Financers 

0 0 

3 

0 25 

4 7 3 
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Table 4: Relative contribution of actors per group to the collective objective. 
Parameter 1 Parameter 2 Actor group Actor 
Score Ranking Score Ranking 

Σ(ranking 
1,2) 

Final 
ranking 

TASAF 2 2.5 3 2.5 5 2.5 
MEM 1 5.5 1 5.5 11 5.5 
MoW 2 2.5 3 2.5 5 2.5 
RWE’s 2 2.5 3 2.5 5 2.5 
DWE’s 2 2.5 3 2.5 5 2.5 

Public 
authorities 

Tanz. Met. 
Dept. 

1 5.5 1 5.5 11 5.5 

Tatedo 1 2 0 4.3 6.3 2.5 
PCET 1 2 3 1 3 1 
Costech 0 5 2 2 7 4 
UDSM 1 2 0 4.3 6.3 2.5 
MoW 0 5 1 3 8 5 

Researchers 

Other 0 5 0 4.3 9.3 6 
Producers  0 - 3 - - - 
Suppliers CPPS 3 - 3 - - - 

DWE’s 1 3 3 2 5 3 
CPPS 2 2 3 2 4 2 

Maintainers 

LVIA 3 1 3 2 3 1 
DWE’s 1 3.5 3 2 5.5 3 
CPPS 3 1 3 2 3 1 
DANIDA 1 3.5 0 4 7.5 4 

Financers 

Sida/SAREC 2 2 3 2 4 2 
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Appendix C: Operationalisation of the research framework 
 
Variable Dimensions Sub-dimensions Method 

Geographical area   
Target user groups   
Programme components   
Timescale of the programme   
Department responsible   
Other min. and dep. With resp. or 
involvement in sector 

  

Implementing agencies   
Other support agencies   
Coverage   
Maintenance systems   
Arrangements for cost-sharing   

TASAF project rules 

Hygiene   
Technical aspects Conditions Koen  

CPPS-researchOperation and maintenance 

Village survey 

State of techn. 

Institutional aspects 

Financial management 
Village survey 

Consumer satisfaction Village survey 

Requirements for 
sustainability 

Social aspects 
Willingness to sustain the 
system 

Village survey 

State of technology    
State of the art    

Plans, policies, 
procedures 

 

Population  
O&M status  
Technologies  
Knowledge, att. Practices  
Health/hygiene education 
implementation 

 

Finance & budgets of 
institutions 

 

Wealth/poverty 

Economic capabilities 
TASAF projects 

Sub-study 
water projects 
TASAF 

Plans, policies, 
procedures 

 

Community organisation, 
structures, committees 

 

Socio-economic 
capabilities 

Community organisation and dev. 
Methods 

O&M status  
Policies  
Population  
Coverage  
Technologies  
Hydrology data  

Ground water potential 

Groundwater data  

Geo-physical capabilities 

Wind resources   
Water supply facilities   
Hygiene promotion   
Water resource management   

Preconditions for 
sustainable TASAF wind 
projects 

Institution building/strengthening   
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Appendix D: Operationalisation of field-study 
 
Variable Dimensions Indicators Question/Observations/Statistics Answer 

possibilities 
Score 

source of project 
initiative 

Q1 From where came the idea to install 
a windmill? 

inside community  
project  
local govt  
others  
don't know  

2 
0 
1 
0 
0 

participation in decision Q5a Did the community participate in 
the decision about the project? 

Yes 
No 

2 
0 

Project 
initiation 

can identify fund source Q8 Who funded the project? 
 

Knowledge of 
assistance: 
Yes 
No 

 
 
2 
0 

Choice of technology Q5b Did the community participate in 
the decision about the technology 

Yes 
No 
Don’t know 

2 
0 
0 

Choice of siting**) Q5c Did the community participate in 
the decision about the siting 

Yes 
No 
Don’t know 

2 
0 
0 

facility options   Q5d Did the community participate in 
the decision about facility options? 
(distribution, outlets) 

Yes 
No 
Don’t know 

2 
0 
0 

Q9 Was there something arranged about 
responsibility of operation and 
maintenance? 

Yes 
No 
Don’t know 

2 
0 
0 

Informed 
choice*) 

O & M responsibility 

Q9a Who is responsible for O&M open  
Cash contribution per 
household 

Q8 Who funded the project? 
Did the community contribute in cash / 
labour? 

Contribution in cash: 
Yes 
No 

 
2 
0 

Demand 
responsiveness 

Contribution*
**) 

Labour contribution 
(community) 

Q8 Who funded the project? 
Did the community contribute in cash / 
labour? 

Contribution of labour 
Yes 
No 

 
2 
0 

Training households Q10 Did the community receive training 
for the project? 

Yes 
No 

2 
0 

Training  

Training water 
committee 

Q10 Did the community receive training 
for the project? 

Yes 
No 

2 
0 

Water 
committee 

Water committee S6 Water Committee Yes 
No 

2 
0 

Performed a survey for 
water resources 

Q6 Has there been a survey for water 
resources? 

Yes 
No 
Don’t’ know 

2 
0 
0 

Performed a survey for 
wind resources**) 

Q7 Has there been taken measurements 
for wind resources? 

Yes 
No 
Don’t know 

2 
0 
0 

Siting O12 How is the wind-pump situated? Place according wind 
Place according water 
Stand outs of the place 

 

O7 Type of well Open  Depth of borehole 
O8 Depth of bore hole # of metres  
O6 Tower height # of metres  Size of windmill 
O3 Rotor diameter # of metres  
Type of distribution Open  Distribution 
Size of distribution # of metres  

Other project 
rules 

Construction 
quality 

Brand Brand Open  
Distance from 
major city 

Distance to major city S4 Distance to major city # of km.  

Q13a Period needed to fill the storage 
tank 

# hours  

Q13b Period water in storage tank can 
be used when no wind 

# hours  

Alternative 
sources used 
when no 
wind**) 

Alternative sources used 
when no wind 

Q14 Are there alternative sources you 
use when there’s no wind?  

Open 
 

 

Distance from 
alternative 
sources**) 

Distance from alternative 
sources 

Q14a At what distance are the 
alternative sources? 

# of km.  

External factors 

Source before 
the project 

Source before project Q4 Which source did the community 
use for water before the project?  

Open  
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Distance from 
previous 
source 

Distance from previous 
source 

Q4a At what distance was the previous 
source?  

# of km.  

Population 
size 

Amount of people using 
the system 

Q11 How many people use the 
windmill? 

# of people  

Area of the community S3 Area of the community # of km2   Population 
density 

Population S1 Population # of people  

Age of the 
system 

Year of installation Q2 When as the windmill installed? Year  

Wind 
regime**) 

Average # of days 
without suff. Wind 

Q12 How many days in a year there is 
not enough wind to pump the water? 

# of days  

 

Education 
level 

Literacy rate S6 Literacy rate %  

Contamination poss. O13 Contamination possiblity 
 

Yes 
No 

0 
2 

quality of construction O14 Condition of windmill (rust, noise) Good 
Fair 
Bad 

2 
1 
0 

system functioning O15 System functioning Yes 
No 

2 
0 

defects in wells O16 Defects in wells Yes 
No 

0 
2 

defects in masonry 
(tanks, etc.) 

O17 Defects in mansonry (tanks, etc) Yes 
No 

0 
2 

leaks from exposed pipe O18 Leaks from exposed pipes Yes 
No 

0 
2 

Wastewater around 
pump 

O19 Accumulation of wastewater 
around well sites. 

Yes 
No 

0 
2 

Physical 
condition 

Safety arrangements O20 Safety arrangements Yes 
No 

2 
0 

system operator Q16a Is there a system operator? Yes 
No 

2 
0 

# of breakdowns/year Q17 Number of breakdowns of the 
water supply? Causes? 

# of breakdowns 0 = 2 
1-3 = 1 
4+ = 0 

Community could do all 
repairs 

Q19 Who did the repairs? Why? No 
Yes 
None have been 
required 

2 
0 
2 

days to repair Q18 How long did it take to repair? Short (+/- 1-3 days) 
Long  
Not known 
Not known but 
maintenance done by 
LVIA/CPPS 

2 
0 
0 
 
1 

operators have capacity 
to op. 

Q19 Who did the repairs? Why? Yes 
No 

2 
0 

Q20 Does the operator have access to 
tools? 
 

Yes  
No 

2 
0 

operator has access to 
tools & spares 

Q21 Where do spare parts come from? Yes 
No 

2 
0 

operator has done major 
repair 

Q19 Who did the repairs? Why? Yes 
No 

2 
0 

operator can get help Q19 Who did the repairs? Why? Yes 
No 

2 
0 

Operation and 
maintenance 

operator has manuals Q22 Does the operator have manuals for 
the windpump? 

Yes 
No 

2 
0 

Q23a Are there some arrangements for 
payment for the water? 

Open  

Q23b Is there a differential tariff 
structure? 

Yes 
No 

2 
0 

Q23c Is there a service cut-off for non-
payment? 

Yes 
No 

2 
0 

Sustainability 

Financial 
management 

Arrangements for 
payment for water 

Q23d Is there a connection fee charged? Yes 
No 

2 
0 
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Criteria for tariff setting Q24 Why this amount? (O&M in it?) O&M + replace 
O&M + repair 
O&M, no savings 
Operations only 
No tariff 
Does not cover 
operations. 

2 
2 
1 
0 
0 
0 

Participation in decision 
amount 

Q25 Did the community participate in 
decisions on the amount of payment? 

Yes 
No 

2 
0 

Existence of 
treasurer/bookkeeper 

Q27 Does the project have a 
bookkeeper? 

Yes 
No 

2 
0 

Community bank 
account 

Q28 Is there a community bank account 
for the project? 

Yes 
No 

2 
0 

 

Can community replace 
system 

Q30 If the system would break down 
completely, would the community be 
able to replace the system?  

Yes 
No 
Don’t know 

2 
0 
0 

water use Q31 Does the community use more or 
less water than before the installation of 
the windpump? 

More 
Less 
Same 
Don’t know 

2 
0 
1 
0 

Q11:  How many people use the 
windpump 

continued use of 
alternative sources 

Q12:  Is there a period when there’s not 
enough wind to pump the water? 

No alternative sources 
Seasonally other 
sources 
Alternative safe 
sources 
Alternative traditional 
sources 

2 
2 
1 
0 

satisfied with # of time 
avail 

Q32 Are you satisfied with the time the 
water is available? 

Yes 
No  

2 
0 

satisfied with quantity Q33 Are you satisfied with the available 
quantity of water? 

Yes 
No 

2 
0 

Perception of quality Q34 Are you satisfied with the quality 
of the water? 

Yes 
No 

2 
0 

overall satisfaction with 
service 

Q35 Are you satisfied with the overall 
service of the water project? 

Yes 
No 

2 
0 

Consumer 
satisfaction 

time to stand in line Q15 Do people have to wait long before 
getting water? 

Yes 
No 
Depends on the season 

0 
2 
1 

Problems in paying tariff 
(ability to pay) 

Q26 Do some people have problems to 
pay this amount? 

Yes 
No 

0 
2 

Perception where to 
obtain money for repairs 

Q29 If the windmill would need extra 
money for big reparation, who should 
pay that? 

Tariff 
Additional 
contribution 
Local gov. 
Outside community 
Others 

2 
2 
1 
0 

Perception of ownership Q3 Who owns the windmill? Community 
Local gov 
National gov 
Other 
Don’t’ know 

2 
1 
0 
0 
0 

Willingness to pay for 
desired improvements 

Q36 If improvements on the system are 
desired, you think the community would 
be willing to pay that? 

Yes 
No 
Don’t’ know 

2 
0 
0 

 

Willingness 
to sustain the 
system 

Perception of health 
improvements 

Q37 Do you think the health of the 
people in the community has improved 
due to the water supply project? 

Yes 
No 
Don’t know 

2 
0 
0 

 
 
*)  Informed choice can also be seen as information about the choice of the projects, so the community 

understood and participated in the choices made for the project. Different because here’s no distinction in 
multi-sectoral projects. 

**)  Specific for windpumps, not included in World Bank study. 
***)  Contribution is seen in the World Bank study as a project-related factor, but in here it is a demand-

responsiveness factor.
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Appendix E: Questionnaire fieldwork  
 
 
 
Name of the village: 
 
 
1. Population of the village: 

 
 

2. Adult population: 
 
 

3. Households: 
 
 

4. Area of village: 
 
 

5. Distance to major city: 
 
 

6. Number of literate adults: 
 
 

7. Existence of Water Committee: 
 

 
Attendance: 
 
 
 
 
 
Start of the project 
 
1. From where came the idea to install a windmill? 

 
 
2. When was the windmill installed? 

 
  

3. Who owns the windmill? 
 
 

4. Which source did the village use for water before the project? At what distance? 
 
 

5. Did the village participate in the decision about  
a) the water project? 

 
b) the technology 
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c) the site 
 

d) facility options? (distribution, outlets) 
 

 
6. Has there been a survey for water resources? 

 
 

7. Has there been taken measurements for wind resources? 
 
 

8. Who funded the project? 
 
 
Did the village contribute in cash / labour? 
 
 

9. Was there something arranged about responsibility of operation and maintenance? Who is 
responsible? 
 
 

10. Did the village receive training for the project? 
 

Water committee training: 
 
Household training: 
 

 
Performance 
 
11. How many people use the windmill? 

 
 

12. How many days in a year there is not enough wind to pump the water? 
 
 

13. A. How long does it take on average to fill the storage tank? 
 
 
B. For what period the water in the storage tank can be used? 
 
 

14. Are there alternative sources you use when there’s no wind? What distance? 
 

 
15. Do people have to wait long before getting water?  

 
 
 

 
Operation and maintenance 
 
16. Who is responsible for the maintenance? Is there a system operator? 
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17. Number of breakdowns of the water supply?  
 
Causes? 
 
 

18. How long did it take to repair? 
 
 

19. Who did the repairs?  
 
Why? 
 

Village could do all repairs: 
Operators have capacity to operate: 
Operator has done major repair: 
Operator can get help: 
 

20. Does the operator have access to tools? 
 
 

21. Where do spare parts come from? 
 
 

22. Does the operator have manuals for the windpump? 
 
 

 
Financial management 
 
23. Are there some arrangements for payment of the water? 

 
Amount: 
Differential tariff structure: 
Service cut-off for non-payment: 
Connection fee charged: 
 

24. Why this amount? (O&M in it?) 
 

 
25. Did the village participate in the decision of the tariff? 

 
 

26. Do some people have problems to pay this tariff? 
 
 

27. Does the project have a bookkeeper? 
 
 

28. Is there a village bank account for the project? 
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29. If the windmill would need extra money for big reparation, who should pay that? 
 
 

30. If the system would break down completely, would the village be able to replace the system? 
 
 
 

Satisfaction 
 
31. Does the village use more or less water then before the windpump? 
 
 
32. Are you satisfied with the time that the water is available? 

 
 

33. Are you satisfied with the available quantity of water? 
 
 

34. Are you satisfied with the quality of the water? 
 
 

35. Are you satisfied with the overall service of the water project? 
 
 

36. If improvements on the system are desired, you think the village would be willing to pay that? 
 
 

37. Do you think the health of the people in the village has improved due to the water supply project? 
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Observations at the site 
 
Technical specifications 
 
1. Brand 

 
2. Type 

 
3. Rotor diameter 

 
4. Number of blades 

 
5. Transmission [gearbox; direct driven] 

 
6. Tower height 

 
7. Type of well 

 
8. Depth of bore hole 

 
9. Type of pump 

 
10. Type of distribution [storage tank; pipeline etc.] 

 
11. Size of distribution facility [in meters] 

 
12. How is the wind-pump situated? (wind, water, standouts) 
 
 

Physical condition 
 
13. Contamination possibility 

 
14. Quality of construction (rust, noise) 

 
15. System functioning 

 
16. Defects in wells 

 
17. Defects in mansonry (tanks, etc) 

 
18. Leaks from exposed pipes 

 
19. Accumulation of wastewater around well sites. 

 
20. Safety arrangements 
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Appendix F: Selection of communities 
 
Sample frame for windmills in Tanzania 
 
From the recorded 149 windpumps in Tanzania, 48 are not working. In addition, some windpumps are 
replaced by diesel engines due to population growth (LVIA) which are not included in the table below. 
 
 

Costech phase 1 
report 
1994 

Costech phase 2 
information 
2003 

Socio-economic 
profile Singida 1997 

Information 
Dodoma 
2002 

TOTAAL Region 

O
perating 

schem
es 

N
ot operating 

Total 

O
perating 

schem
es 

N
ot operating  

Total 

O
perating 

schem
es 

N
ot operating 

Total 

O
perating 

schem
es 

N
ot operating 

Total 

O
perating 

schem
es 

N
ot operating  

Total 

12 ? 12 Dodoma 10 3 13       
7/9 ? 7/9 

19 /21 3 19/21
*) 

Arusha - 2 2 - 4 4       - 4 4 

Iringa 4 3 7 16 - 16       16 - 16 

Kagera 1 - 1          1 - 1 

Mara 3 1 4          3 1 4 

Mtwara 1 - 1          1 - 1 

Rukwa 3 - 3          3 - 3 

Shinyanga 2 5 7 4 2 6       4 2 6 

Singida 53 17 70    47 24 71    47 24 71 

Tanga 1 6 7 3 3 6       3 3 6 

Tabora 3 1 4          3 1 4 

Kilimanjaro - 1 1          - 1 1 

Mbeya - 1 1          - 1 1 

Musoma    1 8 9       1 8 9 

Dar es 
Salaam 

1 - 1          1 - 1 

 82 40 122 25 18 41 47 24 71 19 / 
21 

? 19 / 
21 

102/ 
104 

48 147/ 
149  

 
*) data only available for districts Kongwe and Dodoma rural. 
 
To select a sample, first a selection of regions was made. Due to time and money limitations it was 
necessary to select communities which are in only 3 regions. 
 
A first selection criterion was that the regions in the sample should have more than one windmill. This 
is because a region with only 1 windmill was not worth travelling all the way. This means that the 
regions Kagera, Mtwara, Kilimanjaro, Dar es Salaam and Mbeya were not visited. 
Furthermore, according to the information of Prof. Nzali, the 4 windmills in Arusha were all not 
working because of vandalism. Reason of not working is known, and the region is not worth a visit for 
this reason. In Mara region it is known that only one windpump is working. The rest of the windmills 
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were placed for irrigation in a program of the Ministry of Agriculture. This program stopped its 
activities which is seen as the cause of non-working of the windmills nowadays. Because this is already 
known, Mara region is not expected to be worth the visit.  
 
Remaining are: Dodoma, Tanga, Singida, Sinyanga, Iringa, Tabora and Rukwa. 
 
To further narrow the sample, only windmills that are owned by a community will be selected. For this 
reason, Iringa is out, because here only one windmill is owned by a community.  
 
Due to time and money limitations, not all suitable regions can be visited. Therefore most interesting 
regions will be selected. 
 
First region selected is Dodoma, because of the relatively big amount of windmills in the region.  
Second region is Tanga. In Tanga are 6 windmills, of which 3 are not working. All the systems are 
used for community water supply. Furthermore, Tanga is not known to be supported by the Precious 
Blood organisation. 
Third region is Singida, where most of the windmills are situated. In this region, the maintenance team 
of Precious Blood is situated, which makes the region interesting.  
 
In each of these regions, districts which are supported by TASAF are selected. 
 
In region Dodoma the districts Dodoma Rural and Kondoa are under TASAF support. Dodoma Rural 
was most convenient for a visit because this could be combined with a visit to the Ministry of Water in 
Dodoma. 
In region Tanga only one district, Muheza was under TASAF support. 
In region Singida were two TASAF supported districts, Singida rural and Manyoni. In the latter 
district, most wind mills were situated, so this district was most suitable for a visit. 
 
Within these districts communities with windpumps were selected with the district water engineer. 
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Appendix G: Village characteristics 
 
 
 
Region Village 

Population 

# of 
households 

A
dult 

population 

# of literate 
adults 

D
istance to 

m
ajor city 

Attendance interview Remarks 

Dodoma Ikoa 2229 879 594  45 3 men: 
1 pump attendant 
1 counciler 
1 chairman 
 

Holiday, whole village drinking, 
not too many people to avoid 
messy interview 

Dodoma Mgunga 5108 3467 1496  60 4 men, 1 woman. (Very 
young): 
1 village executive officer
1 chairman 
1 member of water 
committee 
2 water users 

Windmill broke down last year, 
august 2002 
 

Dodoma Handali 4351  1233  60 6 men, 2 women, (2 
elderly): 
1 Ward executive officer  
1 Counsellor 
1 Chearman of the Water 
Committee 
5 villagers. 

 

Dodoma Chinangali II 4019 1111 872  40 5 men, 3 women (2 
elderly): 
1 village executive officer
2 member of Water 
Committee 
4 local people 
later 1 technician of wind 
pump 

 

Singida Aghondi 530 185 122 166 16 9 men, 2 women.: 
1 Chairman  
1 bookkeeper of TASAF 
CPC project 
1 secretary of Water 
Committee 
Financial people from 
village 
Members of Water 
Committee  
Water users. 

2 windpumps in the village 

Singida Kashangu 909 446 160 >70,80 
years 
can't 

20 6 men, 6 women. (later 
another 3 people, 1 old 
lady, 1 women, 1 man) 
Village chairman 
Some people from Water 
Committee 
Some water users. 

 

Singida Mbugani 1175  226  60 13 men, later another 10 
men, and 8 children. (only 
13 involved in the 
interview) 
Village leaders 
Members of Water 
Committee 
Water users 

No women, because it was 
cooking time, the children came 
home from school. 
 

Singida Msemembo 2616 1581 547 1531 32 6 men, 2 women, 2 youth:
Village secretary / 
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Chairman 
2 members of Village 
Committee  
Chairman of Water 
Committee  
Secretary of Water 
Committee 
Member of Water 
Committee 
Chairman of tabacco  
organisation 
3 water users. 

Singida Saranda 3642  854  31 7 men, 3 women (later 1 
elderly): 
Village secretary 
Village assistant 
Treasurer of Water 
Committee 
8 users 

 

Singida Sukamahela 2416 1096 526 most 
people

26 13 men, 9 women: 
1 chairman 
1 ward executive director 
3 members of village 
government 
1 nurse 
10 users 
2 chairmen of sub-villages
4 people with lepra (not 
involved in interview) 

After 5 p.m. whole village 
appeared to be drinking, young 
people in the interview were 
quite drunk. 

Tanga Kigombe 2240 1308  +/- 
420 

31 3 men: 
Chairman of the village 
Education organiser 
Water technician 

Windpump is not functioning 
anymore, stored somewhere 
already. Chairman thought it 
was not necessary to include 
water users in the interview. 

Tanga Moa 1500 500 270  49 5 men, 2 women: 
1 chairman  
1 ward executive 
administrator 
3 members of Community 
Development Committee 
2 water users 
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Appendix H: External factors 
 
For the external factors used in the World Bank / UNDP, not all information could be gathered. On the 
indicator poverty it can be concluded that all districts belong to the most deprived districts because they 
are selected for TASAF support. No data were available for the separate villages. This indicator is left 
out for this reason. The indicator population density also appeared to be a problem because no single 
village could tell us the area of the village.  
The data on external factors is given with the purpose to be complete, but no conclusions could be 
drawn on this data. 
 
 
Region Village S5 Q13a Q13b Q14 Q14a Q4 Q4a S1 Q2 S6 

Dodoma Ikoa 45 no tank no tank local wells around 
village 

Local wells Around the 
village 

2229 1995  

Dodoma Mgunga 60 no tank no tank local wells around 
village 

Local wells Around the 
village 

5108 1973  

Dodoma Handali 60 not known 1 day handpump, 
rainwater 
harvesting, 
local wells 

in 
village 

Diesel, 
handpump 

0 4351 1992  

Dodoma Chinangali II 40 not known 1 day for 
45.000 l. 

local wells around 
village 

diesel, than 
handpump 

0 4019 1986  

Singida Aghondi 16 3 hours 
with good 
wind 

not 
known 

local wells 4 km Local wells 4 km 530 1979 and 
1980s 

166 

Singida Kashangu 20 2 hours for 
4000 l. 

never 
empty 
except 
dry 
period 

springs, 
local wells 

3 km Local wells, 
seasonal 
streams 

 909 1982 >70,80 
years 
can't 

Singida Mbugani 60 12 hours for 
4000l 

1 day local wells around 
village 

Local wells 5 km 1175 1986  

Singida Msemembo 32 Not known 1 day for 
45.000 l. 

local wells 1 km No source, 
new village 

 2616 1976 1531 

Singida Saranda 31 2-3 days for 
45.000 l. 

1 day for 
45.000 l. 

railway 
station, 
lcoal wells 

1 km Dieselengine 
at same place 

 3642 1984  

Singida Sukamahela 26 8 hours for 
20.000 l. ? 

3-5 hours 
for 
20.000 l.?

local wells 2 and 3 
km 

First diesel, 
then shallow 
wells 

3 km then in 
village 

2416 1995 most 
people 

Tanga Kigombe 31 not known 2 days for 
45.000 l. 

Amboni 
Sisal Camp 

1 km Amboni Sisal 
Estate 

5 km 2240 1982 +/- 420 

Tanga Moa 49 not known 3 days for 
50.000 l. 

local wells 4 km Diesel engine 
at same place 

0 1500 1992  

S5:   
Q13a:    
Q13b:  
Q14:  
Q14a:  
Q4:  
Q4a:  
S1:  
Q2:  
S6:  

Distance to major city 
Period needed to fill the storage tank 
Period water in storage tank can be used when no wind 
Alternative sources when no wind 
Distance to alternative sources 
Source before wind pump projects 
Distance to previous source 
Population 
Year of installation 
Number of literate adults 
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Appendix I: Data from TASAF project files 
  population 

households 

total costs 

com
m

unity 

cash 

com
m

./pop 

com
m

/ 
household 

cash/pop 

cash/ 
household 

Pemba Mnazi 436 ? 11.708.720 2.625.000 ? 6020,64    
Chekeni 
Mwasonga 

783 350 14.078.280 2.301.000 0 2938,70 6574,29 0,00 0,00 

Selengoma 931 181 25.715.000 1.285.750 ? 1381,04 7103,59   
Kabondo 1058 345 12.759.482 2.442.452 50.000 2308,56 7079,57 47,26 144,93 
Tatanda 1083 ? 17.879.260 1.350.000 216.000 1246,54  199,45  
Ndomoni 1296 ? 14.003.645 809.000 0 624,23  0,00  
Mbugani 1354 ? 21.038.640 ? 106.200   78,43  
Engusero 
Sedani 

1356 342 21.302.143 4.376.143 266.700 3227,24 12795,74 196,68 779,82 

Ngundangali 1367 264 8.996.157 1.484.175 100.000 1085,72 5621,88 73,15 378,79 
Mwanyagula 1510 172 12.398.112 2.442.452 72.000 1617,52 14200,30 47,68 418,60 
Bugogo 1575 ? 8063680 955.680 ? 606,78    
Matale 1714 ? 31.001.300 5.527.600 100.000 3224,97  58,34  
Usiulize 1730 270 13.212.252 2.442.452 416.000 1411,82 9046,12 240,46 1540,74 
Mwongozo 1862 ? 15.744.000 787.200 0 422,77  0,00  
Kikadini Shehia 1894 425 22.241.000 2.941.000 105.400 1552,80 6920,00 55,65 248,00 
Lyapona 1986 ? 13.729.700 2.686.000 0 1352,47  0,00  
Makoongwe 
Shehia 

2115 ? 26.186.170 5.692.000 220.000 2691,25  104,02  

Mgongoni 2334 ? 38.898.820 6.520.000 220.000 2793,49  94,26  
Muze 2399 683 15.370.900 814.400 764.000 339,47 1192,39 318,47 1118,59 
Azimio 2413 418 19.635.230 5.042.730 1.041.730 2089,82 12063,95 431,72 2492,18 
Mao 2468 365 25.365.447 1.884.822 100.000 763,70 5163,90 40,52 273,97 
Nhobola 2495 454 19.596.000 383.000 100.000 153,51 843,61 40,08 220,26 
Ngandinda 2544 442 15.562.410 3.000.000 170.000 1179,25 6787,33 66,82 384,62 
Iramba Ndogo 2560 365 13.212.252 2.442.452 416.000 954,08 6691,65 162,50 1139,73 
Chinamili 2707 302 19.170.480 ? 160.100   59,14 530,13 
Bukulu 2856 ? 35.775.150 3.287.950 0 1151,24  0,00  
Kilwa 2860 ? 17.514.100 3.756.000 50.000 1313,29  17,48  
Nyengedi 3347 836 14.442.000 2.442.000 0 729,61 2921,05 0,00 0,00 
Sagata 3538 459 20.205.850 1.835.540 100.000 518,81 3999,00 28,26 217,86 
Busale 3700 ? 18.136.544 3.573.450 200.000 965,80  54,05  
Ndagoni Shehia 5863 ? 41.650.300 8.925.900 100.000 1522,41  17,06  
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Appendix J: Winddata 
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Appendix K: M.Sc. Theses in Technology and Development Studies 
since 2001 
 
 
M.Sc. Theses in Technology and Development Studies: 2001  
 
01.01 Piet Hein Breeuwsma: The Demand-led Approach to Vocational Skill Training: The 

Cosdec Programme Namibia. 
 
01.02 Eduard J. Boonstra: Establishment of a Calcium-silicate unit Industry in Indonesia. 
 
01.03 Arjan van Dal: Assessment of a more Sustainable Sanitation Technology System for a 

Harijan Community in India. 
 
01.04 Benoit Chamuleau: Energy Efficient Low Cost Housing in South Africa. 
 
01.05 Arnoud van Bemmelen: Energy Conservation Opportunities in Hotels in Costa Rica. 
 
01.06 Herwich Hobbelen: Assessment of Domestic Liquid Waste Runoff, Dar es Salaam, 

Tanzania. 
 
01.07 Sander Gelsing: Solar Home Systems in the Caprivi. Evaluation of the Technology 

Choice and the Implementation of Small-scale Electricity Technologies in rural Namibia. 
 
01.08 Ilse Oosterlaken: Industry Study: Thai Building Material Industry (1960 - 2000) - 

"Opportunities for SMEs Producing Building Materials: Case of Northeast Thailand. 
 
01.09 Joost Ossevoort: Systematic Assessment of Water Pollution in Ebrié Lagoon, Ivory 

Coast. Modelling eutrophication, followed by an inquiry into the causes and impacts of 
this phenomenon. 

 
01.10 Jeroen Steman: Pre-feasibility Study on Centrifugal Pump Manufacturing in Zambia. An 

identification of feasible production technologies. 
 
01.11 Krista Jansen: Future Supply and Demand for Petroleum Products in Indonesia; 

Challenges and Options for the Refining Sector. 
 
01.12 Marieke de Ruijter de Wildt: The Searching Enterprise. Information Usage of Small 

Enterprises and Business Development Services.El Salvador. 
 
M.Sc. Theses in Technology and Development Studies: 2002 
 
02.01 Jeannette Klein: Water Pollution in the Accra-Tema Metropolitan Area. Sources and 

Impacts.  
Ghana. 

 
02.02 Shila de Vries: Bamboo Construction Technology for Housing in Bangladesh. 

Opportunities and constraints of applying Latin American bamboo construction 
technologies for housing in selected rural villages of the Chittagong Hill Tracts, 
Bangladesh. 

 
02.03 An Nguyen: The Introduction of Digital Terrestrial Television in Vietnam. An 

opportunity study.  
     
02.04 Martijn Jonker: Building Technological Capabilities to Improve Performance. A case 

study of the paper industry in West Java, Indonesia. 
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02.05  Jeroen Nuijten: Sustaining the Basic Research Program of the International School of 
Photonics. Cochin, Kerala. India. 

 
02.06 Brecht Mommen: Changes in the Basic Needs Situation due to Hydro-projects in Nepal. 

A case study of Kali Gandaki project. 
 
02.07 Roy Vink: Assessment of Impacts of Hydro-project Balsa Superior on Economic 

Activities in the Canton San Ramón de Alajuela, Costa Rica. 
 
02.08 Svend Minderhoud: Technological Performance in Indonesian Paper Industry. A case 

study. 
 
02.09 Mirjam Pronk: Sustainable Building Systems for Low-cost Housing in Guayaquil, 

Ecuador. 
 
02.10 Thijs Gilde: “Save Water”- An assessment of the major causes of non-revenue water in 

the drinking water distribution system of SEMAPA in Cochabamba, Bolivia. 
 
02.11 Mark van Stiphout: What are the costs of wetland pollution? Integrating the 

environmental effect chain and the total economic value for a coastal wetland in Ghana. 
 
02.12 Rick Boellaard: Op weg naar ontwikkeling.CFAR-Kasangulu, Zaïre. 
 
02.13 Petra Hofman: The effects of the Formalization of Urban Informal Property on the 

Quality of low- Income Housing in Lima, Perú. Problems and Solutions.  
 
02.14 Issmaïl Nnafie: Internet cafés in Dar es Salaam: Problems and Opportunities. 

Recommendations for e Think Tank Tanzania. 
 
02.15 Loek Daemen: The Socio-Economic Effects of Road Maintenance in Iringa Rural and 

Mufindi Districts, Tanzania. An explorative case study into the input-functions for the 
calculation of maintainable core-networks. 

 
02.16 Christian Rademaker: Anti-Seismic Information Transfer. Assessment of a more 

appropiate information transfer method for implementing anti-seismic construction 
solutions in El Salvador.  

 
 
 
M.Sc. Theses in Technology and Development Studies: 2003 
 
03.01   Maartje van Dalen: Role and Performance of the Indonesian Construction Sector. 
 
03.02 Wouter Zegwaard: Distance Learning Solutions to Bottlenecks in Indonesian Education. 
 
03.03 Dennis Bours: The dissemination of amorphous solar PV panels for rural households in 

the Manaus region, Amazonas, Brasil. 
 
03.04 Henri Heine: Cleaner Production in Industry: Measurement of the total energy saving 

potential and cost saving potential of small and medium enterprises in the plastic 
industry in Santiago, Chile. 

 
03.05 Ursula Kirchholtes: The important Crops of Andalusia in relation to Super Absorbent 

Polymers. Spain. 
 
03.06 Carin Bouwman: Wrestling with Development: “Arriving where we started?” A structured 

overview and analysis of 177 TDS MSc research projects in developing countries: their 
characteristics, goals and development relevance. 
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03.07 Ellen Geurts: South African development plans and the performance of South African 
construction industry: Constraints of small emerging contractors in the city of Tshwane. 

 
03.08 Bram Saeijs: Science Parks in South Africa: Characteristics and Analysis of Success 

Factors. A preliminary method for potential success ranking of science parks. 
 
03.09 Saskia Dalman: Measurement of sustainability of primary schools in rural areas in 

South Africa. Development of a tool to measure the sustainability of the Thulani Primary 
school, Limpopo Provine, South Africa. 

 
03.10 Bernadette Huizinga: A roof over your head. A Quatitative Housing Need Assessment 

for Tanzania. 
 
03.11 Marloes Kerklaan: Possibilities for development co-operation between developing 

countries and the Eindhoven University of Technology. An instrument for project 
appraisal and an analysis of development co-operation projects. 

 
03.12 Mark Vlok: Flood Risk Reduction Strategies: Recommendations for flood risk reduction 

in the Limoncito watershed in Puerto Limón, Costa Rica. 
 
03.13 Jimmy Murli: Diffusion of Technology from University to Manufacturing Firms in Kerala, 

India. 
 
03.14 Tijs den Uijl: Values of Cultural Heritage: Identification of a Cultural Heritage Building 

Rehabilitation Methodology applied in the Case of the Convent Santa Catalina of 
Collpaciaco, Bolivia. 

 

M. Sc. Theses In Technology and Development Studies: 2004 
 
04.01 Saskia Ruijsink: Urban upgrading needs in an informal settlement in Dar es Salaam, 

Tanzania. An analysis based upon the interaction between urban space and the 
people’s livelihood strategy, the case of Keko Magurumbasi A.    
 

04.02 Moniek Vulink: Technology Transfer in the Construction industry of Ghana. Human 
resource development through international collaboration between foreign and local 
contractors in the Greater Accra region. 
 

04.03 Jaap Bosch: Improvement Possibilities for refugee Shelters; a case study in Mtendeli 
Refugee Camp, Northwest Tanzania. 
 

04.04 Maarten van Oosterhout: Adoption and Diffusion of Natural Gas in the Small-scale 
Rural Industry of Bolivia. The cases of the Stucco Sector and the Chicha Sector in 
Cochabamba. 
 

04.05 Marieke Pluk: Economic growth and the environment in developing countries. The 
case of cement consumption and related carbon dioxide emissions in the construction 
industry in Chile. 
 

If you would like to receive a copy of one of the above indicated M.Sc. theses, please contact:  
 
Department of Technology and Development Studies 
Eindhoven University of Technology 
M.Sc. research co-ordinator  
Mrs Dr.Ir. E.L.C. Van Egmond 
DG 1.02 
PO Box 513 
5600 MB Eindhoven 
The Netherlands 
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