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Executive summary 

The subject ofthis thesis is 'the possibilities for exploiting windenergyin Tanzania by means of wind 
pumps andlor wind turbines'. The main objective ofthis research was the identification ofregions with 
potential markets for wind pumps andlor wind turbines. 
In order to investigate where promising regions for the exploitation of wind pumps andlor wind turbines 
are located in Tanzania, a framewerk bas been used. This framewerk identifies four groups with 
variables, which together give boundary conditions to the possibilities for wind energy in Tanzania. These 
four groups are: 

+ Physical Environment, consiclering the variables water resources, wind power resources and the 
matching ofrainfall pattems and wind pattems. 

+ Demographical Environment, consiclering the variables population distribution and population 
density. 

+ Technological Environment, consiclering the variables existing types of wind pumps and wind 
turbines and existing types of wind pumps and wind turbines in Tanzania. 

+ Politica/ Environment, consiclering the variables policy objectives, policy instruments and 
available means. 

Basedon the analysis ofthe boundary conditions set by these four groups, regions with potentials for 
wind pumps andlor wind turbines are identified. It appeared that there is a potential in a number of 
regionsin Tanzania with regard to possibilities for wind pumps. The most important boundary condition 
for the exploitation of wind pumps, is that the average wind speed is at least 3 m/s. However, in most 
regions this criterion is met. The regions with insuftleient wind power resources are located in the south
east of Tanzania at about 10 degrees south latitude (lringa, Morogoro and Lindi) and Kagera and 
Kigoma. Although there were no data available for the regions Rukwa, Shinyanga and Singida, it is 
expected that these regions have potentials for wind pumps too, based on the wind regimes of the 
surrounding regions and the experiences with wind pumps in especially Singida. 
The possibilities fortheuse of wind turbines in Tanzania are less positive. In almost all regions the 
average wind speeds are too low (i.e. less than a bout 4 m/s) forstand alone wind turbines. Only two 
regions show wind pattems that indicate potential forstand alone wind turbines. Possibilities for 
exploiting (stand alone) wind turbines might by found in Dodomaand Mtwara, but not on the short term. 
For large scale electricity generation the average wind speed should at least be about 5 m/s. There are no 
regions where the average wind speed exceeds this value. 
In order to come toa condusion with regard to the possibilities fortheuse of wind pumps in Tanzania, 
additional factors were taken into account: 

+ User 's considerations, consiclering the variables water requirement and the financial attractiveness 
of a wind pump versus an engine driven pump and a hand pump. 

For three main applications, the water requirements were determined. These three applications were 
comrnunity water supply, livestock water supply and water supply for irrigation. Each of these 
applications were subdivided into a three or four subtypes, based on the scale of application. 
From a financial point of view, the wind pump is the least costoption over the whole range of application 
(from 100 m4/day up to 2,500 m4/day) when the average wind speed is at leastabout 4 rn!s. But also 
when the wind speed is 3 rnls, the wind pump is an attractive option for a number of applications. 
Basedon the results ofboth the environmental analysis and the user's considerations, wind pumps have a 
potential in Tanzania for the smalland medium scale comrnunity water supply (up to comrnunities o 
about 1,000 inhabitants), livestock water supply and water supply for small scale irrigation (up to 2 
hectares). Fora more detailed overview ofthe results per region refer to table 13.1. on page 78). 
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A number of recommendations have been made both for activities that should be undertaken for further 
exploitation ofthe wind pump potential in Tanzania and for additional research. The recommendations 
are given below, in order ofpriority. 

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

Before starting activities in the field of wind energy it is necessary to know the wind climate. However, 
although the necessary wind data are gathered in Tanzania, they are not fully available to third parties. 
This is a major constraint forstarting activities in the field of wind energy. 

+ 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 ofthe regionfor 
Tanzania. 

At the moment, the attitude ofthe Ministry of Water, Energy and Minerals with regard to wind energy is 
rather passive. By doing promotion activities and setting up demonstratien projects in order to develop a 
market for wind pumps, the Ministry can address more attention to wind energy. These activities should 
start in Dodoma. Funds for this should be obtained by actively lobbying by non-govemmental 
organisations. 

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

Another constraint with regard to the availability of wind data is that notall regionsin Tanzania are 
covered with at least one meteorological station. This applies to the regions Singida, Shinyanga and 
Rukwa. Because it is expected that especially Singida and Shinyanga have good potentials for wind 
pump, it is valuable to get insight in the wind regimes in these regions. 

+ Studies should be executed on the possibility of starting local production of (parts of) wind 
pumps in Tanzania. This should be done in close cooperation with a foreign manufacturer of 
wind pumps, for example Bob 's Harries Engineering Limited. 

It might be attractive tostart local production of wind pumps in Tanzania. For this, a foreign 
manufacturer with the means and experiences necessary for developing the market for wind pumps in 
Tanzania should be made interested. Bob's Harries Engineering Limited in Thika, Kenya, manufacturer 
ofthe Kijito-wind pump seems an interesting option. This company has already indicated that it is in 
principle interested in Tanzania. 

+ Research should be carried out with re gard 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. 

Before actually starting production, a closer look should be taken at why so many wind pumps in 
Tanzania are out of order. Possible causes for the malfunctioning of wind pumps are lack of maintenance 
and lack of infrastructure, but can also be connected with cultural aspects like acceptation of wind 
pumps. Field visits to Singida have leamt that engine driven pumps are often preferred because they are 
regarcled as status symbols. 

i i 
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PART I PROBLEM SETTING 

Chapter 1 Tanzania 

Tanzania is an East-African country, lying between 1° and 12° southem latitude and 29° and 41° eastem 
longitude. In the east, Tanzania borders the lndian Ocean. In total, Tanzania bas eight neighbouring 
countries : In the north-east, Tanzania borders Kenya . In the north, Tanzania borders Uganda. In the 
north-west, the neighbouring countries are Rwanda and Burundi and in the west it is Zaire. In the south
west, Tanzania borders Zambia and Malawi and in the south, the neighbouring country is Mozambique. 
Figure 1.1. on page 4 shows a map of Tanzania and its neighbouring countries . 

1.1. History of Tanzania 

The influences of other, non-African cultures are evident in Tanzania . This is not strange consiclering the 
history ofthis country. Up to the nineteenth century, the Arabs were emphatically present in Tanzania: 
they built trading posts along the coast and in Zanzibar. In 1729, these parts ofthe country even became 
part ofthe sultanate of Oman. 
In the 19th century, the influence ofthe European countries increased. The trading of slaves was a 
prosperous business . In 1890, the rnaintand of Tanzania, Tanganyika, became a German colony and 
Zanzibar became a British protectorate. However, the first world war made an end to the German power 
in Tanganyika: Tanganyika also came under British authority. 
In 1961, Tanganyika got its independenee and from 1962 Tanganyika was a republic with Julius 
Nyerere as president. Zanzibar got its independenee in 1963, two years after Tanganyika. In 1964, after 
the revolt in Zanzibar ofthe African population against the Arab authority, Tanganyika and Zanzibar 
formed the United Republic of Tanzania. 
One of the first politica! actions of president Nyerere was the establishment of a one-party state, with the 
CCM (Chama Cha Mapinduzi 1) as the only party. Another very well-known action ofNyerere was the 
forming ofthe so-called Ujamaa-villages in the beginning ofthe seventies . These Ujamaa-villages 
harmonise with old, Tanzanian family traditions like the obligation of care for each other. The most 
important feature of the Ujamaa-villages was the joint possession of land. 
President Nyerere was succeeded by Ali Hassan Mwinyi in 1985 . In 1995, the first free elections were 
held in Tanzania . For the first time in the history of Tanzania, the CCM was not the only party that 
could he voted for. However, the CCM won the election and Benjamin Mkapa became the new president 
of Tanzania. 
Another aspect of the history of Tanzania, is that in general Tanzania has been a stabie country over the 
years . This in contrary tosome other East-African countries where for example civil wars have been 
fought and are still going on. 

1 Party of the Revolution 
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1.2. Figures of Tanzania 

Tanzania covers an area of883,749 square kilometres, which is about 22 times the area ofthe 
Netherlands. The estimation for the total population in 1996 is about 29 millions (see table 7.1. on page 
38); the average growth rateis 2.8 %, according tothelatest population census ofTanzania2

. 

To provide better insight in the specific situation of Tanzania, Tanzania is compared with Kenya and 
Zaire, two neighbouring countries of Tanzania. In table l.I. below, important figures are given forthese 
three countries. In this table, also averages for all African countries and averages for the group of Least 
Developed Counties (LDC's)3 are given in order to get a picture of Tanzania as a developing country. 
Kenya is chosen for comparison with Tanzania, because they are similar in size (both with regard to 
land area as total population) and have similar starting points (both are former British colanies and both 
are hordering the lndian Ocean). Zaire is similar to Tanzania in a more economie respect: table l.I. 
shows that the GDP (Gross Dornestic Product4

) per capita is approximately the same for both countries. 
Just for reference purposes, the same figures as for Tanzania, Kenya and Zaire are given for a developed 
country, the Netherlands is this case. 

Table 1.1.: Some Earameters for Tanzania, Ken~a, Zaire, Africa, ~rouE ofLDC's and the Netherlands 

Tanzania Kenya Zaire Africa LDC's The 
(average) (average) Netherlands 

Area 1 883,749 580,367 2,344,858 527,788 405,132 
[km2] 
Estimated popuiatien in 1993 1 28,019 28,113 41,231 12,048 11,564 
['000] 
GDP at current prices 1 2,720 8,366 3,714 8,076 3,767 
['000 000 US$] 
GDP per capita 1 98 332 93 1,076 484 
[US$] 
Expectation of life at birth 2 53 42. 52 52 50 
[years] 
Percentage of illiterates 1 9.6 31* 28.8. 52.3 56.4 
[%] 

• Estimate ofthe United Nations 
.. N ot reported 

Sources: 
1 Statistica/ Yearbook 1993, Fortieth issue, United Nations department for economie and social 

in formation and policy analysis, Statistica! division, New Y ork, 1995, tables 8, 12, 21. 
2 Statistica/ Yearbook 1992, Thirty-ninth issue, United Nations department for economie and 

social information and policy analysis, Statistica! division, New York, 1994, table 14. 

2 1988 Population Census: preliminary report, 1989, p21. 

40,844 

15,298 

320,284 

21,130 

77 

3 According to the classification system of the United Nations, which is organised mainly around economie and 
trade interests in regionat associations, Tanzania belongs to the group of Least Developed Countries, together 
with 46 other countries. Source: United Nations ('Statistica/ Yearbook 1993 '), 1995, p823. 

4 Total value of output (goods and senices) produced within a country over a twelve month period. 

5 
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economy 
Table 1.1. shows that Tanzania is a very poor country. Even compared with the average ofthe Least 
Developed Countries, the GDP per capita is very low. 

education 
A surprising figure in table 1.1. is the very low percentage of illiterates, which is far below the average 
for African countries and LDC 's. This is caused by the good education system of Tanzania, which 
originates from the time ofthe Ujamaa-policy ofNyerere: it was one ofthe goals ofthe Ujamaa-policy 
to integrate school with every-day-life5

. Nowadays, especially the importance of elementary education is 
stressed. According to official sources, practically all children between 6 and 12 years old attend school. 
This is probably a too optimistic figure (the world bank's estimate is 66 %), but it indicates that 
education is in deed one of the fields where Tanzania has been doing well. 

re ligion 
The two main religions in Tanzania are Christianity and Islam. Most ofthe Islamic people are found in 
Zanzibar and along the coast. There are also many tribes who follow neither of these religions, but 
prefer to worship the ancient spirit oftheir choice. 
In Tanzania, as in many other African countries, religion plays an important part in the availability of 
educational and medica! facilities. This is shown by the number of schools, clinics and hospitals attached 
to mosques and churches. It is claimed, however, that no religious bias exists in the country's politica! 
and civil administration6

. 

5 Kussendrager, 1991, p66. 
6 Cro'"ther & Finlay, 1994, p502. 

6 
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Chapter 2 The energy sector of Tanzania 

2.1. Energy resources in Tanzania 

Tanzania is endowed with various sourees of energy such as biomass, natoral gas, coal, hydropower, 
solar, wind and geothermal energy7

. All these sourees play a role in the energy sector of Tanzania; each 
toa different extent. They will be discussed below. 

biomass 
An important energy resource of Tanzania is biomass. Trees are the main souree ofbiomass-based fuels. 
The total forested area of Tanzania is 28 million hectares (or 280,000 knl), mainly savannah and inter
mediate woodland. A problem with trees as an energy resource is that at the moment the harvesting rate 
of forest areas is higher than the regene ration rate of forests. Even with very optimistic assumptions 8, the 
Ministry of Water, Energy and Minerals estimated the biomass fuel balance to be negative in 1990 for 
the regions Dar es Salaam, Kilimanjaro, Mara, Mwanza and Shinyanga. In these regions, the problem of 
negative biomass balanceis especially acute around urban centres9

. Therefore fuelwood can not be 
categorised as a renewable energy souree in Tanzania under present practices. 
Besides fuelwoods, the country has considerable biomass resources in the forms of agricultural and 
forest residues. Presently limited agricultural and forest residues are being used for electric and 
mechanica! power generation as wellas fuelwood substitute in various parts ofthe country. The current 
size of forest and erop residues are estimated at 1.1 million tonnes and 15 million tonnes respectively per 
annum and could, according to the Ministry ofWater, Energy and Minerals, account for at least 10% of 
T . ' . 10 anzania s energy reqmrement . 

commercial energy sourees 
Coal and natoral gas are the other indigenous fuels of high potential. Coal reserves are estimated at 
about 1,200 million tonnes ofwhich 304 million tonnes may be considered proven. Natoral gas exists at 
Songo Songo and Mnazi Bay. At Songo Songo, a field with 29.02 billion cubic metres of proven, 
probable and possible recoverable high quality natoral gas has been discovered. The Mnazi Bay 
discovery is to be delineated, but is 'potentially an important resource of indigenous energy' 11 

other renewable energy sourees 
Hydroelectric energy is an important renewable energy souree in Tanzania: about 95% ofthe electricity 
produced in the country is generated in hydro-stations. In 1993, the net installed capacity12 in Tanznia 
was 439 MW13

. 

Solar, wind and geothermal energy are virtually untapped energy sources. The global solar energy 
density is in the order of 4.5 kWh per square metre per day, 'an indication of a good potential for use 
as an energy souree '. As far as wind energy is concemed, 'low speed windmi/Is have a potential in the 
country' 14

, according to the Ministry of Water, Energy and Minerals. 

7 Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 
8 These assumptions are: 

1. 80% of the mean annual increment can actually be harvested. 
2. All agricultural residues can actually be used as fuel. 

9 MWEM ('The energy policy'), 1992, p7. 
10 MWEM ('The energy policy'), 1992, p4. 
11 MWEM ('The energy policy'), 1992, p4. 
12 Net installed capacity is measured at the terminals ofthe stations, i.e. after deduction ofthe power absorbed 

by the auxiliary installations and the losses in the station transformers, if any. 
13 United Nations ('Energy stafistics yearbook 1993 '), 1995, p376. 
14 MWEM ('The energy policy'), 1992, p4. 
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2.2. Production and consumption of energy in comparison with Kenya and Zaïre 

In this paragraph, the figures for production and consumption of energy for Tanzania are given. These 
figures are compared with the figures of, again, Kenya and Zaire. Also the figures of Africa as a whole 
are given and, again for reference purposes, ofthe Netherlands. The figures have been tabulated in table 
2.1.. 

Table 2. I.: Production and consumption of commercial energy sourees in 1992 

Production Consumption Consumption 
total total per capita 

[thousand TJ/year] [thousand TJ/year] [GJ/capita/year] 

Tanzania 2 29 1 
Kenya 20 85 3 
Za i re 82 73 2 
Africa 21,160 8,430 13 
The Netherlands 3,064 3,164 209 

Source: Energy Stafistics Yearbook 1993, Department for economie and socia1 information and policy 
analysis, Statistica! division, United Nations, New York, 1995, table 3. 

The first thing that leaps to the eye is the large discrepancy between total production and total 
consumption for both Tanzania and Kenya. This is caused by the liquid fuels: both countries import 
large quantities ofthis energy source. Africa as a whole shows an opposite pattem: the production 
exceeds the consumption, thus the exports exceed the imports. The largest contribution to the exports 
comes from the liquid fuels. 
A remark that has to be made, is that these figures in table 2.1. are not specified by source, but are the 
sum of commercial fuels (solid fuels, liquid fuels, gas and electricity). Traditional fuels havenotbeen 
taken into consideration. This gives a distorted picture, because this energy souree can contribute 
considerably to the total energy consumption in a country, especially indeveloping countries. This is 
illustrated by table 2.2 .. In this table, the total energy requirement for the same countries as mentioned in 
table 2.1. has been given. The total energy consumption is the sum ofthe consumption of commercial 
energy sourees (see table 2.1.) and the consumption of traditional fuels. 

Table 2. 2.: Total energy consumption in 1992 

Tanzania 
Kenya 
Zaire 
Africa 
The Netherlands 

Energy consumption 
total 

[thousand TJ/year] 

353 
445 
467 

13,397 
3,565 

Traditional fuels 
contri bution 

91.6% 
80.4% 
84.4% 
36.3% 
0.1% 

Energy consumption 
per capita 

[GJ/capita /year] 

13 
17 
12 
20 

209 

Source: Energy Stafistics Yearbook 1993, Department for economie and social information and policy 
analysis, Statistica! division, United Nations, New York, 1995, table 4. 
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It is generally accepted that there is a relation between the per capita energy consumption of a country 
and its level of development. Stating that the GDP per capita gives an indication ofthe level of 
development in a country, it is expected that the lower the GDP per capita of a country, the lower the 
energy consumption per capita. Therefore, it lies within the line of expectation that Tanzania and Zaire 
have a lower energy consumption per capita than Kenya and that for all three countries the figure is 
much lower than fora developed country as the Netherlands. This trend can both beseen in table 2.1. 
and table 2.2., although in table 2.1. the energy consumption per capita in Zaire is higher than in 
Tanzania. lfthe contribution of traditional fuels is taken into account, the reverse occurs. This is due to 
the very high share of traditional fuels in the total energy consumption of Tanzania (91. 6 %) . 

2.3. Energy consumption pattern of Tanzania 

Tanzania's energy consumption pattem is characteristic fora developing country. Traditional fuels (like 
fuelwoods and other forms ofbiomass) dominate the energy balance. Data in various reports give notice 
ofthis effect, although the data ofthe various reports with regard to the structure ofthe energy sector 
arenotconsistent (refer to table 2.3.). The discrepancy is not caused by the different year ofpublication, 
because they both claim to give the figures ofthe same year (1992). An explanation for the difference in 
contributions of the various energy sourees rnight be that different assumptions underlie the estimates of 
the contributions. This is especially true fortheshare of traditional fuels (fuelwoods and other forms of 
biomass). It is very difficult to make an estimation ofthe share ofthis energy source, because there is no 
insight intheuse ofthis source: people obtain traditional fuelwoods to the extent they need in a non
commercial way. Therefore, estimations are made for the per capita consumption oftraditional fuels and 
this figure is multiplied with the total population of Tanzania. lt is obvious that a small difference in the 
estimate ofthe per capita consumption oftraditional fuels results in a large difference in total 
consumption. 

Table 2. 3.: Contribution of different energy sourees to the total energy consumption in 1992 in Tanzania 

Contri bution to the total energy consumption 
UN 1 MWEM 2 PC & MoF 3 

Traditional fuels and solid fuels 
(e.g. biomass and coal) 

Commercial fuels 

Total 

+ liquid fuels 
+ electricity 

91.6% 92.0% 

7.7% 7.2% 
0.6% 0.8% 

100% 100% 
(353,000 TJ) 

• On the same page in the document, another figure for petroleum is given: 7.2 %. 

Sources: 

89.5% 

8.2%. 

1.7% 

99.4% 

1 
1993 Energy stafistics yearbook, Department of economie and social information and policy analysis, 
Statistica} division, United Nations, New York 1995. 

2 The Energy Policy ofTanzania, Ministry ofWater, Energy and Minerals, April1992, p4. 
3 The Rolling Plan and Forward Budgetfor Tanzaniafor the period 1994195-1996197, 

Volume I, Joint pubheation by Planning Commission and Ministry ofFinance, 
Govemment Printer, Dar es Salaam, Tanzania, July 1994, p53. 
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The group traditional fuels and solid fuels consists offuelwoods and other forms ofbiomass and coal. 
The contribution of solid fuels to the totalshare ofthis group is less than 1%, thus negligible. The group 
'commercial fuels' cernprises liquid fuels and electricity. The liquid fuels consumed in Tanzania consist 
of petroleum products, like diesel oil, kerosene, etc. As said before, 95% ofthe electricity is generated by 
hydro-stations in Tanzania. There is no consumption ofgases in Tanzania. Therefore, table 2.3. can also 
beseen as a table in which the contributions ofthe primary energy sourees (traditional fuels, solid fuels, 
liquid fuels) to the total energy consumption are given. 
Although consumption of liquid fuels accounts for only 7 % to 8 % of the total energy consumption, oil 
imports consume about half ofthe foreign exchange eamings every year15

. Another problem ofthe above 
described energy consumption sector is the 'detrimental effect it has on the environment; it wil! not 
guarantee a sustainable development of the economy'. This is the reason that 'various measures such 
as use of efficient technologies and alternative sourees of energy are being encouraged' 16

. 

15 
Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 

16 
Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 
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2.4. Performance of the energy sector 

The overall performance ofthe energy sector can be said to he 'unsatisfactory' 17
. This is evidenced by 

the over-exploitation ofbiomass. In principle, it does oot have to be a problem if a country's energy 
balance is dominated by biomass, but in Tanzania the harvesting rate of forest areas is higher than the 
regeneration rate. Another aspect ofthe disappointing performance ofthe energy sector is that the 
imparts of liquid fuels accounts for a bout half of foreign exchange eamings of Tanzania every year. 
Furthermore, it can be stated that Tanzania does not exploit the potential of alternative energy sourees 
available in the country, like wind energy and solar energy. The only exception in this regard is the use 
ofhydropower for electricity generation. 
In table 2.4., an overview is given of some important figures per energy source. Although the table does 
not give a complete picture, the large share oftraditional fuels in the total consumption is obvious, 
assuming that all the fuelwood producedis consumed. Another important condusion from table 2.4. is 
that Tanzania depends completely on imparts with regard to (crude) petroleum. 

Table 2. 4.: Overview ofproduction, imports, exports, changes in stock and consumption per energy 
souree (all figures in thousand TJ/year) 

Energy resource Production Imparts Exports Changes in stocks Consumption 

Solid fuels 

Crude petroleum 

Traditional fuels 

• Fuelwood 

• Charcoal 

• Bagasse 

Electricity 

. . Not applicable 
... Not available 

0.1 

24.6 

374.4 

12.4 

2 

0.1 

0 

0.1 

24.5 

2 

Source: Energy Stafistics Yearbook 1993, Department for economie and social information and policy 
analysis, Statistica! division, United Nations, New York, 1995, tables 3, 5, 13, 14. 

For the period 1991/92 - 1993/94, the 'major constraints ofthe energy sector are identified: 

• Drought which continued to lower the water levels in the main hydrapower dams ofMtera and 
Kidatu, necessitating hydrapower shedding. To mUigate the problems of power shortages, 
thermal generation had to be stepped up, increasing the country 's fuel bil/ .. 

• Inadequate Junding coupled with the de precianon of the local currency caused delays in the 
implementation of development projects. 

• Overdependence on biomass fuel had negative impact on the environment such as soil erosion, 
changes in the weather, etc' 18

. 

Despite these problems, there were some achievements, including the promulgation ofthe National 
Energy Policy (see paragraph 6.2.), which sets forth the sector's objectives, the country's energy 
potential, policies and strategies for developing the sector. Another achievement was that 'e.fficient 
woodjitel technologies gained popularity which wil/ help to dece/erate biomass use' 19

. 

17 
Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 

18 Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 
19 

Planning Commission & Ministry ofFinance ('The rolling plan andforward budget ... '), 1994, p53. 
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Chapter 3 Wind energy in Tanzania 

3.1. Introduetion 

The utilisation of wind energy has proven to be a viabie option in many countries all over the world, 
both in developed and indeveloping countries. Generally, two basic applications fortheuse of wind 
energy are identified: generation of mechanica! power and generation of electrical power. In general it 
can be said that the technology for wind powered electricity generation is more complex than the 
technology for generating mechanica! power. 
The most common application of mechanica! wind powered systems is pumping water for various 
purposes. Systems for this application are called wind pumps. Because the technology can be kept quite 
simple, it is often possible to produce wind pumps locally. The maintenance required forthese systems 
can also be kept simple, which has the advantage that the maintenance can be done in the village itself, 
'at village level'. In this report, the only application for mechanica! wind powered systems that is 
considered, is water pumping by wind pumps. 
The other application ofusing wind energy is the generation of electricity. Generation of electricity can 
be doneon different scales. Large scale electricity generation (> 50 kW) is in general grid-connected and 
thus for public use. An example of a country in which this application is seen in Mrica is Egypt. In 
Egypt, a total of about 4MW has been installed. However, large scale electricity generation by wind 
energy is not frequently seen in Africa. 
Systems generating electricity on a smaller scale ( < 10 kW) are usually not grid-connected: the 
electricity generated is for dornestic use. These systems fall under 'stand-alone systems'. Another type of 
stand-alone system is, for example, a solar home system. A typ i cal application of small scale electricity 
generation is battery charging. 
A kind ofintermediate form is an electricity generation system (10-200 kW), in most cases connected to 
a smalilocal grid. These systems are used in combination with another energy supply system. The most 
common combination fora wind system is with a diesel motor. In these cases, the wind system is a fuel
saver. Such a system has already been introduced in Marsabit, Kenya. 
Because Tanzania has a very low-key tradition of wind energy0 and thus little experience with wind 
technologies, large scale grid-connected systems have been excluded from this research. Wind-diesel 
systems have also been excluded, because oftime constraints. 
For an introduetion to the theory of substracting energy from wind, refer to appendix F. 

3.2. Wind pumps in Tanzania 

The tradition of using wind pumps in Tanzaniagoes back to the early 1950's, when several systems were 
reported in Kilimanjaro, Dodoma, Arusha and Mara21

. These systems were ofthe slow-running, multi
bladed type22

. Most of these wind pumps have been installed for community water supply in rural areas. 
In only very few cases they were used for cattie watering or irrigation23

. 

According to studies performed in 1990 and 1994, there were more than 140 wind pumped water 
schemes in Tanzania, but a bout one quarter is not working. In table 3 .1. on the next page an overview is 
given ofthe installed wind pumps per region. The years ofinstallation are not exactly known, but it is 
clear that most wind pumps were installed in the seventies. 

~0 Roek & Hoevenaar, 1989, Annex B. 
21 Mwihava & Towo, 1994, p60. 
22 Parkes, 1974, p1-2. 
23 Huisman & Leusink, 1989, p35. 
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Table 3.1.: Overview of installed wind EumEed water schemes 

Number of schemes 
Region Operating Non -operating Total 

Arusha 2 2 
Dar es Salaam 1* 1 
Dodoma 10 3 13 
lringa 4 3 7 
Kagera 1 1 
Kilimanjaro 1 1 
Ma ra 3 1 4 
Mbeya 1 1 
Mtwara 1 1 
Mwanza 2 1 3 
Rukwa 3 3 
Shinyanga 2 5 7 
Singida 72 17 89 
Tabora 3 1 4 
Tanga 1 6 7 

Total 103 41 144 

• Demonstratien unit at Rwegalurira Water Resources lnstitute. 

Note: Mwandosya and Luhanga make mention offour projectsin Singida district with regard to water 
pumping. But on inquiry at the organisations involved, it appeared that one project was mentioned twice: 
once with the Tanzanian-Australian co-operation as the responsible agency and once with the TCRS. 
However, the TCRS took over from the Tanzanian-Australian co-operation in 1984. The project is 
accounted for just once in the table. 

Sources: 
- Mwihava, Ngosi C.X. & Towo, Amold, A study and assessment of energy projects and their e.ffective 

utilization in Tanzania, March 1994, Tanzania, p60-61. 
- Mwandosya, M.J. & Luhanga, M.L., Energy- Research, Development and Extension Projectsin 

Tanzania, IDRC-MR257e, Department ofElectrical Engineering, University of Dar es Salaam, 
Tanzania, April1990, p50-57. 

3.2.1. Probierus with wind pumps in Tanzania 

Table 3 .1. shows that almost 30% of the installed wind pumped water schemes is not working. The main 
reasons for malfunctioning as indicated by Mwihava and Towo24

: 

+ InstaBation ofthe wind pumps and wind turbines without accurate and well analysed wind data. 
+ Vandalism of wind pump- and wind turbine-parts. 
+ Lack of local trained and skilled persennel to operate and maintain installations. 
+ Lack of spare parts. 
+ Inadequate local capability to manufacture (parts of) wind pumps. 

24 Mwihava & Towo, 1994, p61. 
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Tanzania lacks reliable and detailed data, on which it would he possible to base sound conclusions. 
Having the disposal of high quality and reliable data is especially essential when making decisions on the 
feasibility of a wind pump in a certain area or on a specific site. This, because small variations in wind 
speed result in large variations in output. Thus, it is very important that detailed and reliable data are 
available with regard to the wind pattem ( average wind speed, diumal pattems, etc.) 
Insome cases, wind pumps have been demolisbed through human interference. For example by people 
throwing stones at the wind pump or by other forms of vandalism, but also by people stealing parts of 
the wind pump, because those parts (like screws) are not available intheshops in the villages. 
That leads to the next problem: lack of spare parts. This is a common problem in Tanzania, which 
effects many (industrial) activities in the Tanzanian society. 
The problem of lack of adequately skilied people to operate and maintain wind pumps and the problem 
of inadequate local capability to manufacture (parts of) wind pumps are related with each other. 
Obviously wind pump technology is not widely spread in Tanzania: there are no local manufacturers of 
wind pumps in Tanzania at the moment. Thus there are very few people in Tanzania with sufficient 
knowledge and skilis to be able to operate and maintain wind pumps 

3.2.2. Loc al production of wind pumps in Tanzania 

Basically all the wind pumps installed in Tanzania are imported. There has been one recorded attempt in 
Tanzania to manufacture wind pumps locally on a commercial basis. 
In 1976, a co-operative company in Arusha called Ujuzi Leo Industries Arusha started production of 
wind pumps. The first produced wind pumps were prototypes, designed by the Arusha Appropriate 
Technology Project (AATP). However, production ofthose wind pumps was stopped in the early 
eighties, because the machines showed severe construction shortcomings to withstand strong winds and 
occurring turbulence. With assistance ofthe Steering Committee Wind Energy Developing Countries 
(CWD) from the Netherlands, the Centre of Agricultural Mechanisation and Rural Technology 
(CAMARTEC), former AATP, improved the design and developed a ULI5000 25

. Ujuzi Leo has 
manufactured and sold 40-50 ofthese units in various parts ofthe country, mainly in Arusha, Singida, 
Dodoma, Mara and Shinyanga26

. 

In 1988 the production of wind pumps by Ujuzi Leo was stopped. 'The obstacles fora widespread use 
ofthe ULI5000 are: 

+ Lack ofraw materials, mainly steeland hearings 
+ High initia! investment cast ofthe wind pump, which was toa highfor individuals 
+ The quality ofthe wind pump was nat very good due to insufficient skilis ofthe manufactures. 

Many wind pumps broke down regularly, setting a bad example'27
. 

It should be mentioned that the insufficient skilis of the manufacturers were not the only reason for the 
poor quality ofthe wind pump; its poor design was also one ofthe bottlenecks. 

~: Mwihava & Tow?, 1994, p61-62 and Mwandosya & Luhanga, 1990, p53 and Kadete, 1992, p12. 
- Hmsman & Leusmk, 1989, p9. 
27 Huisman & Leusink, 1989, p9. 
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3.3. Wind turbines in Tanzania 

Historically, there have been no more than three projects on wind electricity generation in Tanzania. The 
:first two projects concerning wind turbines for electricity generation were in Tabora, the Sikonge 
Moravian Mission project and the Kili Windmill Project at Bukene, Tabora. The third project was at the 
Saint Gaspar's Hospita! of Itigi in Manyoni district, Singida Region. This pilot project in Itigi started in 
1980. The wind turbine was used to charge 12Volt-batteries, but 'due to instability ofthe wind regime' 
the prototype failed28

. At present there is no known operational wind turbine in the country. 'The major 
reason for unpopularity of this technology is the Jack of reliable wind data to properly identify are as 
suitable for electricity generation' 29

. 

3.3.1. Problems with wind turbines in Tanzania 

None ofthe three wind turbines is operating There are two main reasons for the failure of electricity 
generation by wind turbines in Tanzania. The :first one is the underestimation of technica! problems 
associated with the application which led to failure of the wind turbines. The second reason is that the 
wind turbines were installed without having collected wind data, evaluated it and correlated it to wind 
turbine design30

. 

Both reasons cao be carried back to one point: lack of infonnation. According to Kadete31
, 'the major 

information gaps as far as wind electricity generation is concerned are as follows: 

1. The wind data available are nol sufficient. 
The most important missing wind characteristic is wind duration curves. 

2. Methodology of selection of wind turbines. 
In formation on selection of suitable wind turbines to match specific sites is still not readily 
available. 

3. Design and development of wind turbines using locally available materials. 
There is no readily available information to assist and guide those who wish to develop wind 
turbines. 

-1. Design and development of wind starage equipment32 

Different ways of storing the stochastic wind energy are not very familiar'. 

The fourth reason seems a little weird, especially because in the same report Kadete claims that there has 
been done some research in Tanzania with regard to storage systems33

. He probably means that due to 
poor availability of existing systems for storing energy generated by wind energy in Tanzania, these 
systems are not well known in Tanzania outside the walls ofthe research institutions. 

~8 Luhanga & Mwandosya, 1990, p57. 
29 M\\ihava & Towo, 1994, p60. 
3° Kadete, 1992, p11. 
31 Kadete, 1992, p24-25. 
32 The term 'wind storage equipment' probably refers to the storage of energy generated by wind energy, for 

example in the form ofbatteries. In principle, 'wind' can not be stored. 
33 Kadete, 1992, p11. 
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3.4. Research and development on wind utilisation 

Several institutions and individuals have been involved in research and development activities in the field 
of wind energy. These activities concemed both wind pumps and wind turbines and concentrated on 
development of suitable design (both for wind pumps and for wind turbines), use oflocal materials, 
storage systems and coneetion and analysis of wind speed characteristics34

. 

The faculties of mechanica! engineering and electrical engineering of the University of Dar es Salaam 
have tried to develop prototypes for both a wind pump and a wind turbine. However, both projects were 
abandoned because prototypes failed and researchers involved in the projects left the country. 
The Centre for Agricultural Mechanisation and Rural Technology (CAMARTEC) in Arusha did some 
improvements on the wind pumps produced by a company in Arusha (Ujuzi Leo Industries). But also 
this project came to an end. See also paragraph 3.2.2. 
The Institute of Production Innovation (lP I) and the National Engineering Company (NECO) fabricated 
jointly in 1984 a demonstratien prototype of a Savonius wind pump 35

, but the project came to an end in 
1985 due to lack of funds. 
Not only have efforts been done in the field of building prototypes and improving existing design, also 
studies have been done regarding the possibilities for windenergyin Tanzania. An overview ofthe 
available reports on the subject ofwind energy in (some regions of) Tanzania is given in table 3.2. 
below. Only one ofthe four reports mentioned in table 3.2. was written in Tanzania. This is alsothe 
oldest report and is the only one that tries to give a complete picture of Tanzania with regard totheuse 
of wind pumps. The other three reports have been written by people ofthe Consultancy services Wind 
energy Developing countries (CWD) or its predecessor, Steering committee Wind-energy Developing 
countries (SWD)36

. 

Table 3.2.: Overview ofpublished reports on windenergyin Tanzania 

Author Title Y ear Remarks 

Parkes, M.E. The use of windmills in 
Tanzania 

Beurskens, H.J.M. Feasibility study of 
windmills for water 
supply in Mara region, 
Tanzania 

Costa, J.L. A market study on local 
production of 
windpumps in Tanzania 

Huisman, M.I.M. Pre-feasibility study 
& Leusink, F.J. application water-

pumping windmills 
in Tanzania 

34 Kadete, 1992, pll. 

1974 

1978 

1988 

1989 

Description ofthe use ofwindmills in Tanzania in 
past and present and a general exposition of the 
future possibilities for windmills. 

Detailed and thorough overview of the 
possibilities for windmills in Mara region, 
in cl u ding the selection of some possible sites for 
the instanation ofwindmins. 

Very concise touching on items conceming local 
production ofwindpumps. More a summary than 
a report. 

The regions Arusha, Dodoma, Musoma, 
Mwanza, Shinyanga and Singida are discussed 
with regard to experiences with windmins. 
The report is descriptive, giving a rough 
indication for the future possibilities for the use 
ofwindmins in these regions. 

35 
A vertical axis wind pump ha ving two or three blades in the shape of 'half oil drums'. 

36 The Dutch SWD was founded in 1975, but later the name was changed to CWD. In 1990, the CWD was 
discontinued. 
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PARTil METHODOLOGICAL ISSUES 

Chapter 4 Relevanee of this research 

4.1. Social relevanee 

One general advantage of using alternative energy sourees is that they are less harmful to the environment 
and that they are part ofthe solution to sustainable development. The use of stand alone wind energy 
applications raises the possibility of promoting self-reliance of rural cornrnunities. When acquiring wind 
technology and keeping it in own control, this can contribute to sustainable development ofthe 
cornrnunity. 
The target ofthe Ministry of Water, Energy and Minerats of Tanzania with regard to water supply is that 
every village should have a reliable souree of water within a distance not exceeding three kilometres and 
70% rural coverage to within a walking distance of 400 metres of each household by the year 2002. For 
urban coverage this figure is set on 75%. Wind pumpscan be used as an instrument in achieving this 
target. 
Toa lesser extent, using wind technology or any other alternative energy source, results in fossil-fuel 
savings. Fossil-fuels like oil are limited intheir availability; in only a small number of countries fossil
fuel resources are found. In Tanzania, there are coal and gas reserves, but oil is imported in large 
quantities. According to the Tanzania Petroleum Development Co-operation (TPDC), about 640,000 
metric tonnes crude oil were imported in 1995 and about 386,000 metric tonnes finished products. The 
total amount of foreign currency spent on these imports is almost 170 million US dollars, which is a bout 
halfthe foreign exchange eamings ofTanzania. The advantages on macro level ofsaving fuel by using 
alternative energy sourees is therefore two-fold. The first advantage is that Tanzania becomes less 
dependent on foreign countries as far as their fuel supply is concemed and the second one is the savings 
on foreign exchange. The implementation of alternative energy sourees on a large scale would result in a 
considerable fuel sa ving, which in turn results in a considerable sa ving of foreign currency and in more 
independenee on foreign countries. On micro level, the use of alternative energy sourees has the 
advantage of more self-reliance in the sense ofbecoming less dependent from fuel supply. 
In the case that the wind pumps or other wind technologies can be manufactured locally, this will result in 
creation of employment37

. It is recognised that this effect of employment creation will only be marginal on 
macro level. However, on micro level it can have an impact. 

4.2. Scientific relevanee 

Although in the past, some studies have been performed on the possibilities for wind technologies in 
Tanzania (see table 3 .2.), there are no detailed studies covering the whole country. This study willlook at 
the possibilities for wind technologies in Tanzania in a broad context; not only physical aspects will be 
taken into account, but also demographical, technologicaland politica! ones. Furthermore, attention will 
be given to user's considerations like water requirements and the fmancial attractiveness ofusing wind. 
Another aspect ofthe scientific relevanee ofthis paper is to give a first country-covering analysis of wind 
data, which does not yet exist, as far as known. 
Therefore, the scientific merit of this study consists of a contribution to insight and understanding of the 
possibilities for using wind energy for different applications in Tanzania by providing an overview ofthe 
wind potential in Tanzania and a screening ofthe potential markets for wind pumps and wind turbines. 

37 Beurskens, 1978, p35. 
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Chapter 5 Theoretica! and empirica) issues 

5.1. Theoretica) issues 

5.1.1. Research problem 

The fact that a country-covering study on the possibilities for using wind energy in Tanzania for different 
applications bas never been performed (see paragraph 3.4. and paragraph 4.2.), is the underlying 
justification for this study. The main research problem is consequently formulated as: 

What are the possibilities for exploiting wind energy by means of wind pumps andlor wind turbines in 
Tanzania? 

In order to come to conclusions with regard to the main research problem, the answers to some 
subquestions need to be found. These subquestions are: 

• What are the boundary conditions set by physicall, demographical, technological andpolitical 
aspects ofthe Tanzanian society for the exploitation of windenergyin Tanzania? 

+ Given these boundary conditions, where in Tanzania can potential markets for wind pumps 
and!or wind turbines be expected to be located'? 

+ What are the potentia/users in each region and what is the range of appropriate sizes of wind 
pumps for these users? 

+ lfusing wind energy is in principle an option worth considering in a certain region in Tanzania, 
what is the jinancial competitiveness ofthis option in comparison withother alternatives? 

5.1.2. Research aims 

The research aims follow logically from the research problems as formulated in the previous paragraph: 

+ Gaining insight in the boundary conditions of exploiting windenergyin Tanzania due to the 
politica!. physical, demographical and technological aspect ofthe Tanzanian society. 

+ Jdentifoing regions in Tanzania with potential markets for wind pumps and/or wind turbines. 

+ Getting an impression of the jinancial competitiveness of wind pumps and wind turbines versus 
other systems. 

5.1.3. Theoretica! framework and conceptual definitions 

For the determination ofthe nature and the size ofthe market for wind technologies in a country, many 
parameters must be taken into account. These parameters can be grouped to make the analysis more 
comprehensive. Basedon a literature study, six environments are identified, which influence the potential 
market for wind pumps and wind turbines. These environments are graphically shown in figure 5.1. on 
page 20. 
All environments are given in a box. A dasbed box border implies that it is acknowledged that the 
environment is important in the analysis, but is not considered in the context of this paper due to time, 
money and information constraints. Only the environments in solid boxes will be discussed in this report. 
The same is valid forthelines between the boxes. A line indicates that it is expected that there is a 
relation between the two boxes the line connects. Only the relations indicated withsolid lines are 
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discussed in this paper. The six environments containing variables that deterrnine the potential market are 
given below. For each environment a conceptual definition and the variables ofthe environment that are 
examined in this report are given. It is possible to identify a large number of relevant variables for each 
environment. Here, a selection of variables has been madebasedon a literature study and this selection is 
investigated in this paper. It is, of course, assumed that these variables are the most important ones for 
each environment. Also this selection of variables is given per environment (see also appendix D): 

1. Physical environment 
Group of variables related to the climatological and geological conditions38

. 

variables considered: 
+ water resources 
+ wind power resources 
+ matching rainfall patterns and wind patterns over the year 

2. Demographical environment 
Group ofvariables related to characteristics of a specific population 39

. 

variables considered: 
+ population density 
+ population distribution 

3. Technological environment 
Group of variables related associated with the distinction between the different types of wind 
pumps and wind turbines. 
variables considered: 

+ existing types of wind pumps and wind turbines 
+ existing types of wind pumps and wind turbines in Tanzania 

4. Politica! environment 
Group of variables related to the aims and course of action foliowed by a government or 

. . 40 
orgamsat10n . 
variables considered: 

+ policy objectives 
+ policy instruments 
+ available means 

5. Socio-cultural environment 

6. Economie environment 

The socio-cultural environment and the economie environment are both not subject to research in this 
paper, although it is acknowledged that they can have considerable impact on the outcome ofthis study. 
The socio-cultural environment contains variables like social structure and stratification, indigenous 
organisation, land tenure and inheritance, househeld structures/functions and attitudes. These factors are 
situation specific and difficult to assess on a macro-level. This environment needs in-depth investigation 
on the specific site and because the research aim is to give an overview ofthe possibilities for Tanzania 
as a whole (see paragraph 5.1.2.}, it falls outside the scope ofthis paperto investigate this environment. 
The economie environment is the second environmentleftout of consideration in this paper. Variables 
that could he included in this environment are prices and pricing, market structure and terms oftrade. In 
an economie analysis the national profitability of a project is assessed. It gives an indication of the 

38 basedon Morris, 1992. 
39 basedon Morris, 1992. 
40 basedon Reading, 1977, p154. 
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contribution ofthe project to the realisation ofpolicy objectives, both econornical and non-economical. 
The most important effects that can be expected from a wind energy project are with regard to foreign 
exchange eamings and creation of employment41

. In order to notice these effects, the wind pumps and/or 
wind turbines should be produced locally. However, there are no producers of wind pumps and/or wind 
turbines in Tanzania (see paragraph 3.2.2.). In this report the manufacturers point of view is only 
discussed very marginally (in appendix R, the subject is dealt with in a very general way) and it is 
therefore not possible to quantify the effects mentioned above for Tanzania. 
Thus, excluding these two environments from the analysis, that leaves us with four environments of 
variables. All these four environment have impacts on the potential market for wind pumps and/or wind 
turbines. How they influence the market is assessed in the environmental analysis in part lil ofthis paper. 
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Figure 5.1.: Theoretica! framework~2 

41 " see 10r examp1e Beurskens, 1978, p1 and Jacobs, 1992, p40. 
42 

basedon Jacobs, 1991, pl3 and Halcrow Gilbert Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, 
1993, p99. 
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In part N, the potential market will he examined more closely. The potential market can heseen from 
different points of view. Here, a distinction is made between the user's point of view (the 'demand-side') 
and the manufacturer's point of view (the 'supply-side'). As has been mentioned before, the 
manufacturer's side is not included in the analysis; only user's considerations are investigated. This can 
also beseen as an 'environment' inside the potential market and comprises accordingly a number of 
variables as given below: 

7. potenhal market 
Regions in Tanzania where it would in principle he possible to exploit wind energy by means of 
wind pumps and/or wind turbines, given the boundary conditions set by political, physical, 
demographical and technological groups ofvariables. 

8. user 's considerations 
Groups of variables related to the needs and wishes ofthe potential user of a wind pump or wind 
turbine. 
Variables considered: 

+ (hydraulic) energy requirements 
• financial attractiveness wind pump/turbine versus alternative systems 

5.1.4. Operationalisation 

Starting point ofthis descriptive research is, of course, the theoretica} frameworkas given in figure 5 .1 .. 
The four environments (political, physical, demographical and technological) all have impact on the 
potential market for wind pumps and/or wind turbines in Tanzania. The most important environment is 
the physical one. Every study on the possibilities for wind energy should begin with analysing the 
physical varia bles. For it is obvious that ifthere are, for example, no winds, the wind pump/turbine 
option does not need to he considered. The physical environment includes the most important variable, 
wind speed. With regard to this variable, quantitative boundary conditions can he set to the potential 
market. For the exploitation of wind energy by wind pumps, a minimum average wind speed of 3 m/s is 
required and for the exploitation of wind energy by small wind turbines 4 mis. These small wind turbines 
(<10 kW) are stand-alone systems, for example for battery charging. For large scale electricity generation 
(>50 kW), a minimum average wind speed of 5 mis is required. The variables in other environments only 
contribute in a more qualitative way, which mean that they can not he quantisized for the purpose of 
determining the potential market. 
The next most important environment is the demographical one. Ifthere are winds, but no human 
activities in a region, a wind pump or wind turbine is superfluous. When these two environments are 
analysed, an inventarisation of available technologies should he clone. Decisions on the most appropriate 
type for Tanzania will hebasedon technica} characteristics ofthe technology. The fourth environment, 
the politica} environment, sets the boundary condition for the potential market. The (objectives ofthe) 
policies ofthe govemment determines what is possible and what is not. 
Refer to appendix D for the research instrument. 

5.2. Empirical issues 

For the writing ofthis paper, both information sourees in the Netherlands and information sourees in 
Tanzania have been used. In general it can he said that for the theoretica} parts ofthis paper information 
gathered in the Netherlands has been used and for the more practical parts information has been gathered 
in Tanzania. 
In appendix E, an overview is given ofthe methods of data gathering and an indication ofthe reliability of 
the data used. 
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PART lil ENVIRONMENTAL ANALYSIS 

Chapter 6 Physical environment 

6.1. Geography 

--------'------r---, 

Polmiol Marl«< 

' ' ' 
' 
' 
' ' 
' 
' 

Roughly, Tanzania can be subdivided into three types of landscape. The first one is the coastal belt 
(altitude not exceeding 200 m.), which is narrow, except to the south of Dar es Salaam and along rivers. 
The second type is the 'East-African Rift'. The East-African Rift bas two armsin Tanzania. The 
western one coincides more or less with the western border of Tanzania. Theeasternone runs right 
through Tanzania, from the Kilimanjaro viaDodomaand Mbeya to the south. Between these two armsis 
a highland plateau, the third landscape type. This highland plateau covers the bulk ofTanzania's area. 

6.2. Climate 

Tanzania's widely varying geography accounts for its variety of elirnatic conditions. Therefore, it is very 
hard to give one description that covers the elimate ofwhole Tanzania. It is more convenient to split up 
the country into three elimate zones (A up to C), covering five areas (1 up to 5)43

: 

A: 'Temperate 'elimate zones (two areas) 
1. 'Southern highlands' 
2. 'Northern highlands' 

B: 'Warm and humid' elimate zones (two areas) 
3. 'Around the lakes' 
4. 'Coastal plateau' 

C: 'Hot and dry' elimate zones (one area) 
5. 'Inland plateaus' 

In appendix I, a figure is given with the locations ofthe five areas and a table with some elirnatic 
features of each area. These factors are: location, altitude, rainfall, temperature, humidity and wind. 
Rainfall will be discussed in more detail in paragraph 6. 3 .1. and wind in paragraph 6. 4. 5 .. 

6.3. Water resources 

There are different types of water resources that are important when consiclering possibilities for water 
pump ing. The first one is rainfall. The importance of rainfall is most obvious for the application of 
irrigation, for it is not necessary to irrigate when there is enough rainfall. Another aspect of rainfall is 
that it is collected and used for cattie watering and sometimes also for dornestic water supply, especially 
in very dry areas. 

43 Dankers, 1995, p26-29. 
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Figure 6.1.: Rainfall in Tanzania 
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The second very important water resource is ground water. All over Tanzania, one can find (drilled) 
boreholes with a pumping device to pump up the water. Other possible resources where water can be 
extracted from, are surface waters like lakes and ponds. Although these resourcescan play significant 
roles in cattie water and also irrigation, they are not considered in this paper. lt should be noted that the 
quality ofthe surface waters is often questionable, which makes these resources in most cases less 
appropriate for dornestic water supply. 

6.3.1. Rainfall 

The ditterences in rainfall between the regions in Tanzania can be explained by the ditterences of 
altitude ofthe regions. Most ofthe rainfall falls in the mountains44

. 

In figure 6.1. on page 24, the mean total annual rainfall for each region is indicated. This is done by 
identifying four classes ofmean total annual rainfall ( < 750 mm., 750-1000 mm., 1001-1250 mm., > 
1250 mm.). The lowest border, 750 mm., is the critica! boundary for the cultivation of crops45

. In figure 
6.1. the rainfall distribution over the regions in Tanzania is given. The data, on which figure 6.1. has 
been based, are also given in table form; see table 6.1 .. Fora more comprehensive overview of rainfall 
data for Tanzania, refer to appendix J. 

Table 6.1.: Mean total annual rainfall for each region 

< 750mm. 

Dodoma ( 5 66) 
Iringa (673) 
Kilimanjaro (713) 
Singida (672) 

750-1000 mm. 

Arusha (927) 
Kigoma (965) 
Lindi (917) 
Mbeya (905) 
Morogoro (908) 
Mara (826) 
Tabora (932) 
Shinyanga (856) 

1001-1250 mm. 

Dar es Salaam/Pwani (1135) 
Mtwara (1166) 
Mwanza (1 083) 
Ruvuma (1149) 

>1250 mm. 

Kagera (2081) 
Tanga (1338) 
Zanzibar (1381) 
Pemba (1565) 

Source: Climatological stafistics for East-Africa, Part JIJ, Tanzania, East African Meteorological 
Department, EA Community, Nairobi, September 1975, pl-38. 

6.3.2. Groundwater 

6.3.2.1. Introduetion 

As will become clear in the following paragraphs, groundwater levels can vary considerably between 
regions. It is, however, important to note that groundwater levels also show significant variations within 
a region (see table 6.2.). 
The groundwater level is assumed to be the same as the static water level (swl) in a borehole. However, 
when pumping is started, the pressure head at the well is lowered which has the consequence that water 
starts flowing towards the well. This lowering ofthe head is called drawdown (dd)46

. Drawdown depend 

44 Kussendrger, 1991, p71. 
45 Kussendrager, 1991, p71. 
46 McGraw-Hill Encyclopedia of Science and Technology, 1992, volume 19, p334. 
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toa large extent on the intensity ofpumping: the drawdown will for example be more when pumping 
with an engine driven pump than when pumping with a wind pump. The sum ofthe static water leveland 
the drawdown is the dynarnic water level (dwl). 

6.3.2.2. A vailability of data 

The groundwater level in Tanzania is monitored by measuring the water levels in boreholes. The 
hydrology unit ofthe Ministry ofWater, Energy and Minerats keeps recordsofthese water levels in 
bareholes that are drilled all over the country. In this paper, the thirty most recently drilled bareholes in a 
region are used to deterrnine the average static water level and the average drawdown ( or dynarnic water 
level). The sample size is thirty, because with this size the mean ofthe sample may be expected to give 
the mean ofthe population47

. This is valid as long as the sample is random. 
Two problems were met with regard to sampling thirty bareholes for which both static water level and 
drawdown or dynarnic water level are known. The first one is that of all bareholes drilled, only the static 
water level (swl) is known. The drawdown (dd) or dynamic water level (dwl) is only measured ifthe 
necessary equipment is available, which is often not the case, especially in remote areas. Therefore, the 
number ofboreholes ofwhich both water levels are known, is limited. The second problem is that in 
some (scarcely populated) regions very little bareholes have been drilled. Thus, for even fewer bareholes 
all the necessary parameters are known. Due tothese two problems, one must go back in time quite a 
number ofyears in order to come up with thirty suitable boreholes. Forsome regions there were not 
sufficient data to be able to draw a sample ofthirty suitable boreholes. But alsoforthese regions (Iringa, 
Kigoma, Mbeya and Ruvuma), the mean ofthe sample is used for getting an estimate ofthe static water 
level and the drawdown or dynarnic water level. 
It is clear from the above that the sample is not randomly drawn from the total population ofboreholes. 
First, only the bareholes for which both static water level and drawdown or dynarnic water levels are 
known can be included in the sample. It can, however, be assumed that the drawdown or the dynamic 
water level was measured randomly in time, which means that the bareholes for which these parameters 
are known are a random selection of all bareholes drilled. Second, the thirty most recently drilled 
bareholes for which the necessary parameters are known, form the sample. This is done, because it is 
expected that the most recent data describe the actual situation most accurately (see also the next 
paragraph). 

6.3.2.3. Reliability of data 

As already said in the previous paragraph, it was difficult to find thirty suitable bareholes for some 
regions. Sometimes, it was necessary to use data ofboreholes that were drilled many years ago. It is 
difficult todetermine whether these old data give a correct picture ofthe present situation and are thus 
still useful. It is possible that the water levels have dropped in the past years, for example as a result of 
overexploitation ofthe borehole. However, no data are available with regard toa possible 
overexploitation ofboreholes and the possible effect on the groundwater levels in the region. Because no 
information was available on possible changes in water levels (due to for example overexploitation), the 
old data are assumed to be useful for getting insight in the groundwater levels ofthe regions. 

47 Mendenhall & Sincich, 1989, p257,306. 
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6.3.2.4. Analysis of the groundwater resources in Tanzania 

Fora more detailed overview ofthe data on dynamic water levels in the regions, refer to appendix K. In 
table 6020, a summary is given with regard to both the static water level (swl) and the dynamic water 
level (dwl) in each region, including the standard deviationo As said in paragraph 60302010, the water 
levels fluctuate considerably within a region, demonstrated by the high values for the standard 
deviationso In figure 6020 on page 28, the average static water levels in the regions have been giveno The 
static water level gives an indication ofthe groundwater level. The total pumping head is the static water 
level plus drawdown plus the lifting height above ground level plus the head lossesin the pipeso The total 
pumping head will be discussed in more detail in paragraph 11 010 2 0 0 
It is not known how the drawdown is determined or, in other words, which method is usedo The method 
used is of influence on the measured drawdowno As already said above, the drawdown depends on the 
way water is pumpedo Because ofthis uncertainty with regard to drawdown and because water levels 
fluctuate within a region, it is very difficult ifnot impossible to draw firm conclusions about the 
(dynamic) water levels in a regiono 
Another important point is the quality ofthe groundwater. However, there was no information available 
with regard to the quality of the water 0 

Table 6.20 : Static water levels (swl) and d~amic water levels (dwl) in drilled bereholes in Tanzania 

Region Period Number of Average Standard Average Standard 
bereholes swl deviation dwl deviation 

[m] [m] [m] [m] 

Arusha 1979- 1993 30 21 15 39 16 

Dodoma 1978- 1992 30 13 11 36 14 

Dar es Salaam 1987- 1995 30 12 10 26 12 

Iringa 1972- 1994 24 7 7 30 18 

Kagera • 1994 30 11 5 35 10 
Kigoma 1971- 1990 11 8 6 16 9 

Kilimanjaro 1975- 1993 30 26 18 45 23 
Mar a 1975- 1993 30 8 5 22 13 
Mbeya 1977- 1983 12 5 5 34 19 
Morogoro 1979- 1993 30 9 8 23 11 
Mtwara 1976- 1991 30 6 6 27 8 
Mwanza 1974- 1989 30 8 7 23 11 
Ruvuma 1984- 1986 7 3 3 32 18 
Tabora 1974- 1994 30 9 12 40 21 
Tanga 1971- 1881 30 12 8 34 16 

The boreholes drilled in Kagera were drilled by a contractor; not by Majio The data used were all from 
boreholes recently drilled in 19940 

Source: Drilling Unit ofthe Hydrological Section ofMajio 
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6.4. Wind power Resources 

6.4.1. Introduetion 

Winds are caused by the rotation ofthe earth and differences in temperature and barometric pressure 
between two points . Wind speed pattems (speed, frequency and/or direction) therefore vary between day 
and night and from season to season. Wind pattems are further affected by a site's proxirnity to a body 
of water or to hills and mountains. Sites on the coast, on lake shores, on the windward sides ofhills, on 
ridges or in mountain passes have wind speeds which are generally higher than those over open territory. 
Wind speeds also increase with height above the ground. 
When assessing wind energy, there are two important features : the average wind speed and the wind 
speed frequency distribution. The mean wind speed is the average wind speed over a given period. For 
the wind speed frequency distribution, the whole speed range occurring during a certain time period is 
subdivided into a number of smaller wind speed ranges . Then, the wind speed frequency distribution 
gives the number (or percentage) ofhours in a certain time period (e.g. day or month) that the wind 
speed falls in each ofthe small speed ranges. The wind speed frequency distribution is often given as a 
cumulative probability distribution, which shows the probability that the wind speed equals or is less 
th . 'd d48 an a eertam wm spee . 
While the average wind speed is important in determining whether there is a potential for wind pumps 
and/or wind turbines, it is the number ofhours above the threshold speed that determines the amount of 
energy that can be extracted from the wind and thus the amount of water that can be pumped or 
electricity that can be generated. Both the average wind speed and the wind speed frequency distri bution 
must therefore betaken into account when assessing potentially viabie applications of technologies using 
wind energy. 

6.4.2. The Meteorological Department and Maji 

In Tanzania, there are two institutions which take wind measurements: Maji, a department ofthe 
Millistry of Water, Energy and Minerals and the Meteorological Department, a department ofthe 
Ministry ofWorks. These two institutions used to work independently of each other, but at the moment 
they seem to become aware ofthe advantage ofknowing the information available to the other. In 
reality, the collaboration ofthe two departments consists ofMaji sending reports totheMD and the MD 
giving data to Maji, ifMaji asks for them. 
One of the differences between the two institutions is the number of stations they operate: Maji runs 
a bout four tirnes as much stations as the Meteorological Department The stations are spread all over the 
country, though some regions are badly covered. In appendix H, a map shows the location of stations of 
the Meteorological Department and the most important hydrometeorological stations of Maji. 
There arealso major differences in methods of data gatbering ofthe two institutions. These differences 
are shown in table 6.3., in which some characteristics ofboth Maji and the Meteorological Department 
are tabulated. 
For the stations ofthe Meteorology Department, a standard layout ofthe station applies, which is given 
in appendix H. However, almost all stations ofthe Meteorological Department are situated at airports . 
In those cases, the anemometer is not situated at the station, but along the runway. A guideline hereis 
halfway the runway, at a sideways distance of about 20 meters. 
The wind speed data are only used for informing the airport control and thus only read whenever the 
airport control needs the inforrnation. For record purposes, only three hourly data are written down. 

48 Technische Universiteit Eindhoven ('Blijvende energiebronnen), 1994, p6.12 & Technische Universiteit 
Delft ('windenergie conversiesystemen) 1994, pA47. 
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These data are sent to the Directorate of Meteorology in Dar es Salaam. But although the Directorate of 
Meteorology bas thus access to three hourly data, only the wind speed data for one time a day (12 .00 
GMT) are processed with a computer and used (e.g. for calculation purposes and analysing trends). 
Basically this means that only the wind speed data of 12.00 GMT are used and the data ofthe other 
hours are lying unused in record offices, not available to third parties . 

Table 6.3.: Some characteristics ofthe two institutions in Tanzania concemed with wind data gatbering 

Meteorological Department Maji 

Number of stations 19 79. 

Measuring instrument windruncounter windruncounter 

Cup height lOm. 1.80 m. 

Measuring frequency Every 3 hours •• Once a day at 9.00 a .m. 

In total, 918 hydrometeorological stations are operated by MAJI, ofwhich 79 are meteorological stations and 
thus equipped with a windruncounter. Of the 918 hydrometeorological stations, 382 are out of order 
( 42%)49

. According to an estimate for the year of 1995 of the MAJI hydrological section, a quarter up to a 
third of the windruncounters was defective. 

at 0.00, 3.00. 6.00, 9.00, 12.00, 15.00, 18.00 and 21.00 Greenwich Mean Time (GMT). East African 
Standard Time is GMT plus 3 hours. 

6.4.3. A vailability of wind data 

Wind speed data measured at 1.80 meters above ground level are used for making calculations on 
evaporation. It is generally accepted that wind speed data measured at this height are not suitable for 
calcu1ations on wind energy applications, because at this height, the wind is too much distuebed by 
obstacles such as for example agricultural crops50

. This means that wind speed data from Maji can not 
be used for the purpose ofthis paper. 
The W orld Meteorological Organisation recommends that anemometer heads or sensors shall be 10 
meters above terrain height. Since the disturbances by small objects in the surroundings are much 
smaller at this height and the rotor axis of a wind pump or turbine is often situated at 10 meters height, 
these wind speed data are considered useful for calculations on the wind pump/turbine. Thus, the data of 
the Meteorological Department can indeed be used. 
Although Tanzania bas her own Meteorological Department, the availability of wind data is poor. This 
problem is acknowledged in many reports on the subject51

. The data that are available for third parties 
are old and not exhaustive. The most important wind characteristics missing in the information sourees 
available are wind speed frequency distributions . As already indicated in paragraph 6.4 .1., this feature 
ofthe wind regime is very important for determining the amount of power that can be extracted from the 
wind. As aresult ofthis lack of data, only general statementscan be made about potentially good 
regions for wind applications by making some assumptions. Another aspect ofthe availability of wind 
data is that, although large parts of the country are covered with meteorological stations (refer to 
appendix H), not in all regions stationsoftheMD can be found . Regions for which no wind data are 

49 Ministry of Water, Energy andMinerals, October 1995, p31. 
5° Costa, 1988, annex 7 & SADCC (Wind and sol ar resources ... ), 1991, p5. 
51 e.g. Kadete, 1992, p24 & SADCC (Wind and so/ar resources ... ), 1991, p8 . 
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available are Rukwa, Shinyanga and Singida. Especially the lack of data for the last two regions is a 
painful gap in the availability of data, because these two regions are, according to Costa, regions where, 
with regard to physical conditions, wind pumps can be applied sz. It is not clear on which data Costa 
based these conclusions. Another reason why it is a pity that wind data for Singida are not available, is 
that in this region a bout two third ofthe wind pumps installled in Tanzania are found (see table 3 .1.) . 
This strongly suggests favourable conditions in this region. 
The Ministry of Water, Energy and Minerals and some foreign consultancy bureaux have taken some 
initiatives to carry out a national wind regime study, but all these trials have stranded on lack offundss3

. 

6.4.4. Reliability of wind data 

The data on average wind speeds used for this research are data on wind speeds measured befare 1970 
by the East-African Meteorological Department, the predecessor ofthe Meteorological Department 
It can and must be questioned to what extent these old data are still representative for the present 
situation. There was, however, no choice. Because recent data were notmade available for this research, 
the old data are used. Thus, it is implicitely assumed that the wind regime has oot changed significantly 
in 25 years . 
Even if recent data could have been used, the reliability would still be questionable. The equipment used 
nowadays for the wind measurements is basically the same as 25 years ago. When an anemometer 
breaks down, it is repaired and ifnecessary some parts are replaced. Thus, the equipment installed is 
old. This should not be a problem ifthe equipment was checked and calibrated regularly. However, this 
is not the case in Tanzania. Ifthe anemometer is sent to the lnstruments Office ofthe Meteorological 
Department in Dar es Salaam for repairs, it is also calibrated, but this occurs only incidentally. 
During a visit of the station at the international airport of Dar es Salaam, it became clear that the mast 
on which the anemometer was fixed, showed some shortages . The mast was almast rusted through at one 
leg and the wires which were supposed to fix the mast were stolen. These two defects were the cause of 
the slightly out ofplumb position ofthe mast. Ifthis is already the case in Dar es Salaam, it is to be 
expected that it is even worse at the other stations, where there is less access to maintenance services and 
spare parts. This gives reason the more to use the old data. 

6.4.5. Analysis of the wind power resources in Tanzania 

First of all, it must be stated that with the data available, it is only possible to indicate in which regions 
of Tanzania it is likely to fmd suitable sites for wind pumps and/or wind turbines . As one can conclude 
from paragraph 6.4.1 ., wind pattemscan vary considerably from one site toanother as aresult of 
varying surrounding conditions. lf installation of a wind pump or wind turbine is considered, it is 
necessary to obtain more accurate wind data, preferably by in stalling an anemometer at the intended site. 
In order to classify the regions with regard to the wind regime, it is necessary to know the average wind 
speed. Todetermine this, daily pattems over the year of wind speedsneed to be known. However, as 
already indicated in paragraph 6.4.3 ., these data are not available in Tanzania . This means that 
estimates need to be made. Huisman and Leusink assumed that the average wind speed was the average 
ofthe values at 6.00 hours and 12.00 hourss4

. This seems to be a too optimistic assumption. According 
to data for daily pattems for five stations in Tanzania (Dar es Salaam, Kigoma, Mbeya, Mwanza and 
Tanga), a more realistic estimate for the daily average wind speed is the value for the wind speed at 6.00 

52 Costa, 1988, p4. 
53 Ekono Energy, 1994 & COWIConsult, 1984. 
54 Huisman & Leusink, 1989, p31. 
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hours. This estimate is used for all regionsin Tanzania, although it is recognised that this generalisation 
is not justified by the little data on which it is based. In appendix L the justification for the assumption 
conceming the average wind speed is given, together with more detailed wind data for each region. 

6.4.5.1. General description of the wind regime in Tanzania 

Tanzania is a country with a large coastal zone, which implicates that sea-land winds occurss. At this 
coastal strip, there are two main seasonal airstreams. The influences of these airstreams can be found 
throughout Tanzania, insome regions toa greater extent than in others. 
During the months of May up to August the prevailing wind is a south-east monsoon and from 
November up to February, a north-east monsoon is blowing. Transition occurs during the intervening 
monthss6

. 

6.4.5.2. Classification of regions with regard to potentials for wind pumps and/or wind turbines 

It is generally excepted that a wind speed of approximately 3 mis is the minimum speed required to 
exploit wind energy by wind pumpss7

. For the exploitation of wind systems for small scale electricity 
generation, a wind speed of at least a bout 4 mis is required. 
Keeping in mind these two threshold wind speeds, the following guidelines are used for classifying the 
regions with regard totheir wind regimes: 

Poor 
Fair 
Good 
Very good 

<3 mis 
3-4 mis 
4-5 mis 
> 5 mis 

In table 6.4 . on the next page, the results for the regions are tabulated. In figure 6.3. on page 34, the 
results are given in graphical form. The classification ofthe regions with regard to wind regimes is based 
on the average annual wind speed at 06.00 GMT, assuming that this value gives an approximation ofthe 
average annual wind speed (see paragraph 6.4.5 .) The average annual wind speed at 06.00 GMT 
according to the Meteorological Department is given in brackets behind the regionsin table 6.4 .. As said 
before, it is a lso possible to make a classification of regions using the average annual wind speeds of 
06.00 GMT and 12.00 GMT. This method will give more optimistic results; perhaps the results will 
even be too optimistic. 
The measured wind speeds should be multiplied by a conversion factor to get the wind speeds that are 
likely to be found at the sites where the wind pumps and wind turbines are to be installed. This 
conversion factor depends on the differences in terrain roughness of both sites and the differences in 
heights ofthe anemometer and the rotor axiss8

. The height ofthe anemometer is 10 meters. It is assumed 
that the rotor axis will be installed at the same height, which is a comrnon height fora rotor axis . But the 
terrain roughness will differ: in general the terrain roughness is low at the site ofthe anemometer, which 
is often an airport, and higher at the site ofthe wind pump/turbine, resulting in a lower wind speed there. 
However, the value ofthe terrain roughness fluctuates from site to site and it is therefore di:fficult 
toassume a specific value for the regionsin Tanzania. Besides that, the conversion factor will only be 
slightly less than one and will therefore only marginally influence the value ofthe wind speed, which is 

55 Huisman & Leusink, 1989, pl5. 
56 Parkes, 1974, plO. 
57 e.g. The World Bank, 1988, p34. 
58 Technisch Universiteit Delft, 1994, pA42. 
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not measured with such an accuracy that introducing the conversion factor is justified. Forthese reasons, 
the used wind speeds in this paper are the wind speeds as they are measured at the meteorological 
stations, without using conversion factors. 
As said before, the required minimum wind speed for using wind pumps is approximately 3 mis; for 
wind turbines approximately 4 mis . Thus, for wind pumps at least a fair regime is required (see table 
6.4 .) and for wind turbines at least a good regime. 

Table 6. 4.: Classification of regions with regard to wind regimes 

Poor regime Fair regime Good regime 
(< 3 mis) (3 - 4 mis) (4- 5 mis) 

Kagera (2.2) 
Iringa (1. 8) 
Lindi (2 .6) 
Morogoro (0.9) 
Kilimanjaro (1.8) 

Arusha (3.2) 
Dar es SalaamiPwani (3 .1) 
Kigoma (3 .1) 
Mbeya (3.5) 
Mara (3.0) 
Ruvuma (3 .6) 
Tabora (3 .8) 
Tanga (3.6) 
Pemba (3 .2) 
Zanzibar (3 .1) 

Dodoma (4.8) 
Mtwara ( 4. 7) 
Mwanza (4.1) 

Very good regime 
(> 5 mis) 

Source: Climatological stafistics for East-Africa, Part 111, Tanzania, East African Meteorological 
Department, EA Community, Nairobi, September 1975, p1-38 

Note: No wind data were available for the regions Rulm·a, Shinyanga and Singida. It is expected, basedon the 
location of these regions, that Rukwa has a fair regime and Shinyanga and Singida both at least a fair regime. 

The results ofthe analysis basedon data ofthe Meteorological Department of Tanzania as shown in 
table 6.4 ., has been compared with the Battelle-rnap ofthe World Meteorological Organisation. The 
Battelle-rnap is a map ofthe world, giving expected wind speedsbasedon studies ofmeteorological 
features in the atmosphere. In appendix L, a part ofthe Battelle-rnap is given. According to the Battelle
map, the regions with the highest wind speeds are located in central Tanzania and in the south on the 
coast. This coincides in a qualitative way with the results basedon the data ofthe Meteorological 
Department of Tanzania . However, according to the Battelle-map, the wind speeds in Tanzania are 
much higher than the figures shown in table 6.4 .. Keeping in mind that the Battelle-rnap is notbasedon 
wind speed measurements, it is very well possible that the Battelle-rnap gives too optimistic figures. 

6.5. Matching of rainfall pattern with wind regimes 

Knowing the rainfall distribution over the months and the average wind speed in each month, it is 
possible to compare the annual patterns ofthe two parameters . Because rainwater can be considered as 
an additional souree of water, it is favourable ifthe annual patterns ofrainfall and wind speed are 
complementary. In other words : in dry periods the average wind speed should be high enough to be able 
to cover the total water requirernent, but in rainy periods the wind speed may be low, because rainwater 
can be used as a water source. 
This interaction is most straigtforward in the case of irrigation: when it is raining, there is no need to 
irrigate, thus no wind is necessary to pump water. Rainwater can also be used for cattie watering and 
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TANZANIA 
Classification of regions 

with regard to wind regimes 

D Poer regime(< 3 m/s) 

~ Fair regime (3. 4 m/s) 

• Goed regime (4 . 5 mis) 

• Very good regime(> 5 mis) 

150Mles 

Figure 6. 3.: Classi.fication of regions with re gard to wind regimes 

Notes: 

Part lil 

PEMBA 
J <3.2) 

- It is asswned that the wind speed at 06.00 GMT is a good approximation ofthe daily average wind speed (see 
also appendix L). 
- Souree of the wind data: C/imato/ogica/ stafistics for East-Africa, Part JIJ, Tanzania, East African 
Meterological Department, EA Community, Nairobi, September 1975, pl-38. 
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dornestic water supply. One needs, however, to be carefull with regard to the safeness ofthe water when 
water is used forthese two applications: rainfall is aften captured in open tanks, which can cause the 
development of diseases. 
Camparing the annual pattems of rainfall (see appendix J) and wind speeds (see appendix K) in the 
regionsof Tanzania, some regionscan be categorised as having a 'good match' and some as having a 
'bad match'. Regions with, at first sight, good matches are Dodoma, Iringa, Kagera, Kigoma, Mara and 
Tabora. As an example, the rainfall pattem and wind speed pattem for Dodona are given in figure 6.4 .. 
As figure 6.4. shows, the two pattems are complementary, which means a 'good match'. 
Regions with, on the other hand, bad matches, are Dar es Salaam/Pwani, Kilimanjaro, Lindi, Morogoro, 
Mtwara and Tanga. It must, however, be recognised that the demarcation lines between the categories 
are very vague. There are, therefore, many regions that fall into the dim area; they have neither good nor 
bad match of ra in fall and wind speed pattems. 
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Figure 6. 4.: Matching of rainfall pattem and wind pattem for Dodoma 
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6.6. Conclusions with regard to the physical environment 

Although the ground water levels show a large spread within regions, the average static water level in the 
bereholes are rather closetoeach other for the regions. Only two regions, Arusha and Kilimanjaro have 
a static water level of more than 20 meters below ground level. The regions with the lowest static water 
levels are situated in soutb-west and central Tanzania. The range of dynarnic water levels is from about 
15 meters (Kigoma) below ground level up toabout 45 meters (Kilimanjaro) below ground level. 
Roughly speaking, the average dynarnic water levels for the regions lie in the range 25 up to 40 meters 
below ground level. The lowest dynarnic water levels are found around Lake Victoria (Mwanza) and the 
south (Mtwara and Ruvuma). In central Tanzania, the drawdowns are relatively large. However, this 
problem is more acute for other pumping systems like engine driven pumps. It can be concluded that in 
none ofthe regions, water levels are a eenstraining factor. 
With regard to the wind power resources in Tanzania, a large number of regions can be identified with a 
fair to good wind regime. The most proruising regionscan be found in the south of Tanzania (Mtwara 
and Ruvuma), the nothem part ofthe coast line (Tanga), along Lake Victoria (Mwanza) and in central 
Tanzania (Dodoma, Tabora and Mbeya). Although there were no data available for Singida and 
Shinyanga, it is very likely that these regions also have very favourable wind regimes, because of their 
location with regard to the most promising regions. 
Regions around Lake Victoria have good matching of rainfall - and wind speed patterns. The same is 
applicable for regionsin central Tanzania. Another advantage ofthe regionsin central Tanzania is that 
they are very dry. 
The results with regard to potentials for wind pumps and wind turbines are given in table 6.5 .. 

Table 6.5.: Overview ofthe regionsin order of attractiveness with regard to the potential for wind 
pumps and wind turbines 

Region Average annual Matching Potential for Potential for 
wind speed rainfall pattem windpumps wind turbines 

and wind pattem 
[mis] 

Dodoma 4.8 + x x 
Mtwara 4.7 x x 
Mwanza 4.1 x x 
Tabora 3.8 + x 
Ruvuma 3.6 x 
Tanga 3.6 x 
Mbeya 3.5 x 
Arusha 3.2 x 
Pemba 3.2 x 
Mar a 3.1 + x 
Kigoma 3.1 + x 
Zanzibar 3.1 x 
Dar es Salaam 3.1 x 
Lindi 2.6 
Kagera 2.2 + 
Iringa 1.8 + 
Kilimanjaro 1.8 
Morogoro 0.9 
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Chapter 7 Demographical environment 

Potenttal Market 

7.1. Introduetion 

The most recent data with regard to demographical aspectsof Tanzania are from 1988, when the last 
population census was held. Of course, the population has increased since then, so the figures of 1988 
do not represent the present situation. In order to compensate for this, it is assumed that the population 
has increased according to the growth rates as they were determined in 1988. 

7.2. Demographical aspects of the population in Tanzania 

An important characteristic ofthe population in a region, is the population density. The advantage of 
more densely populated regionsis two-fold. First, the potential market is more concentrated, which 
makes it more attractive from a commercial point of view to start activities. Second, it can be expected 
that in more densely populated regions, one finds more infrastructural provisions, like roads and 
communication means. These aspects are important for determining whether it would be possible tostart 
commercial activities, including developing a market for wind pumps and wind turbines. Important 
aspects, for which a good system of infrastructural provisions is in fact indispensable, are for example 
distribution, maintenance and repairs, after sales services and the availability of spare parts 
In table 7.1. on the next page, a summary is given ofthe demographical characteristics of Tanzania, like 
population density and distribution in each region. These data are of course very general and not 
sufficient to get insight in the population distribution of Tanzania. However, genera!, qualitative 
conclusions can be drawn with regard to demographical aspectsof Tanzania. This will be done in the 
next paragraph. 
In the population census, a distinction is made between three types ofwards: urban, rural and mixed, but 
there is no clear definitions ofthe three types in Tanzania. The classification of a wardis left to regionat 
and district authorities. Because only some very vague guidelines are given for the classification (like for 
example that in a rural ward the most important activity ofthe people is agricultural), it is very well 
possible that a rural ward in region A would have been classified as mixed in region B. Another item 
that is used in the population census, but of which is not properly explained what the term means, is the 
term 'ward'. Probably this is a convenient grouping of small villages, say for a group of a bout ten 
villages. For more detailed information on demographical aspects ofthe population of Tanzania refer to 
appendix M. 

7.3. Conclusions with regard to the demographical environment 

The most populated areasof Tanzania are around Lake Victoria (Mwanza, Mara and Kagera), in the 
north-west of Tanzania (Kilimanjaro and Tanga) and in the south along the coast (Mtwara). The most 
scarcely populated areas in Tanzania are located in central Tanzania (Rukwa, Tabora and Singida) and 
in the south (Lindi and Ruvuma). 
The advantages of densely populated areas is that there is more infrastructure, which is favourable for 
maintenance andrepairs and the availability of spare parts. But wind pumps are also very well possible 
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in remote, scarcely populated areas, because in principle, they do not need human interference to operate. 
Another aspect is that pumping systems like engine driven pumps become less attractive in remote areas, 
because the availability offuel is less and the prices for fuel are higher. 

Table 7.1.: Summa!l: ofthe most imeortant demo~aehical variables of Tanzania 

Region Growth rate Projected Projected Projected average number ofpeople 
population in density in per type of ward in 1996 

1996 1996 

[personslkrn2
] Rural Urban Mixed 

Arusha 3.8% 1,821,592 22 12,211 12,393 19,769 
Pwani 2.1% 638,015 23 9,747 10,856 15,135 
Dar es Salaam 4.8% 1,980,161 1,422 11,468 50,200 47,571 
Dodoma 2.4% 1,496,431 36 12,345 10,031 15,704 
Iringa 2.7% 1,496,094 26 13,424 6,920 17,615 
Kagera 2.7% 1,641,221 58 14,405 7,104 21,568 
Kigoma 2.8% 1,066,149 29 13,287 8,672 18,438 
Kilimanjaro 2.1% 1,309,241 83 11,745 7,729 15,603 
Lindi 2.0% 757,536 11 5,787 4,134 9,863 
Mar a 2.9% 1,220,440 62 16,188 6,667 29,396 
Mbeya 3.1% 1,884,578 31 12,707 11,637 23,539 
Morogoro 2.6% 1,501,454 21 10,281 8,661 22,565 
Mtwara 1.4% 1,044,519 63 10,360 5,038 20,670 
Mwanza 2.6% 2,306,413 118 13,248 14,737 21,775 
Rukwa 4.3% 973,292 14 14,992 10,374 24,256 
Ruvuma 3.4% 1,023,546 16 12,033 9,954 19,914 
Shinyanga 2.9% 2,228,031 44 19,109 7,565 19,520 
Singida 2.5% 964,748 20 11,014 8,041 18,091 
Tabora 2.4% 1,252,801 16 9,137 10,035 18,813 
Tanga 2.1% 1,515,821 57 10,421 10,927 16,751 

Tanganyika 2.8% 28,237,489 32 12,165 13,882 19,390 

Pemba 2.6% 325,453 359 4,997 5,511 
Zanzibar 3.3 % 486,739 313 2,165 5,095 

Is lands 3.0% 812,193 330 3,052 5,116 

Tanzania 2.8% 29,049,682 33 11,339 12,168 19,390 

Source: 1988 Popu/ation Census; preliminary report, The United Republic ofTanzania, 1989, p29-
200. 

Note: The annual average population grm.,th rateis based upon a period of 11 years (1978- 1988). 
Two assumptions are made: 
1. The growth rates for the period 1988-1996 is the same as it was in the period 1978-1988. 
The growth rates for all three types ofwards within a region are the same. 
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Chapter 8 Technological environment 

Potentîal Milket 

8.1. Wind pump technologies 

Because a variety of wind pumps exists, it is possible to make different classifications. A classification 
can for example be basedon the type of transmission between the wind rotor and the pumping device. 
However, by far the most common type of wind pump is the one where the rotor is mechanically coupled 
with a piston pump. 
Another classification that is more suitable, is basedon the different types oftechnologies. In this case, 
wind pumps are generally divided into three basic types. These three types are: 

1. Classica} multi-bladed wind pumps, also called first generation wind pumps 
2. Second generation, modem, lightweight wind pumps 
3. Low cost wind pumps 

All these types have horizontal axes. Although wind pumps with vertical axes do exist (a famous type is 
the Savonius), they havenotled to practical applications59

. 

In the following paragraphs, the three types will be discussed as far as their appearance and technica! 
features are concemed60

. In table 8 .1., the strong and the weak points for each type are summaris ed. A 
note must be made on the blurring ofthe distinctions between the three types of wind pumps, as 
manufactures have adapted features of the first generation wind pumps and low cost wind pumps into 
designs for second generation models61

. 

Table 8.1.: Overview ofthe strong and weak points ofthe three types of wind pumps 

Type of wind pump Strong points Weak points 

Classica! multi-bladed • highly reliable • heavy weight 

• long life time (over 20 years) • high cost 
+ easy maintenance • complicated instanation 

Second generation • light weight • often not so reliable 

• easier to produce • technology often not fully 

• more applications mature 

• cost effective • fast running models limited to 
low heads 

Low cost • low initial costs • much maintenance required 

• resources locally available • short life time 

• user is highly involved • unit water costs are high 

59 Meel & Smulders, 1989, p25. 
60 The description ofthe three types of pumps is largely basedon paragraph 3.2 of" Windpumps indeveloping 
countries: a view ofthe markets, final report", Halcrow Gilbert Associates Ltd, Main authors: R.J. Hacker & 
J.A. de Jongh, Project No. WW/911741, Ministry ofForeign Affairs, Government ofthe Netherlands, October 
1993, p7-11. 
61 Halcrow Gilbert Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, 1993, p88. 
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8.1.1. Classical multi-bladed wind pump 

The classica} multi-bladed design, also known as American or first-generation wind pump, was 
developed in the 1880-1930 period in the USA and Australia. lt was designed to pump water for large 
cattie ranches and dornestic use over medium to high heads. The design goals were high reliability and 
minimum and easy maintenance. 
One ofthe most famous brands ofthe classica! multi-bladed wind pump is the Southern Cross, from 
Australia. This type is also frequently seen in Tanzania, especially in Singida-region, where about fifty 
pumps ofthis make are installed. As an example of a classica} multi-bladed wind pump, the Southern 
Cross is shown in figure 8.1.. 
The designs ofthe first generation wind pump have horizontal axes and a multi-bladed rotor and usually 
a reduction gear box. Typical components in these designs include galvanised rolled steel sections bolted 
tagether with the transmission being made of large castings or forgings lubricated by an oil-bath. The 
large number ofblades on the rotor results in a high starting torque, allowing the machinetostart 
pumping at a low threshold wind speed andlor operate at a high head and a fairly slow rotational speed. 
The wind pump drives a slow moving reciprocating pump. 

Figure 8.1.: The Australian Southern Cross Wind pump 

Source: Windpumps indeveloping countries: a view ofthe markets, final report, Halcrow Gilbert 
Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, Project No. WW/91/741, Ministry of 
Foreign Affairs, Government ofthe Netherlands, October 1993, p8. 
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8.1.2. Second generation wind pumps 

The second generation, modern lightweight wind pump type was developed from the nineteen seventies 
onwards by institutes both in developed and indeveloping countries. The machines have been designed 
for a variety of applications, such as for example irrigation, cattie ranches and village water supply. 
In comparison to the first generation type, the second generation is lighter in weight, easier to 
manufacture, assembie and instaU and therefore more cost effective than a first generation multi-blade 
type. Because of these features, this type of wind pump can be locally produced indeveloping countries, 
as was the goal for development ofthe second generation. It is hardly surprising that this type of wind 
pump is the dominating model indeveloping countries62

. 

Two examples ofthis type are given in figure 8.2.; a design ofthe Dutch CWD and a Kenyan Kijito. As 
one can see, the design of a second generation wind pump can vary considerably. Some ofthe modern 
designs rotate faster than traditional multi-bladed types due to ha ving fewer blades on the rotor, 
sometimes as few as six or eight blades. However, wind turbines having two or three blades, are not 
suitable for water pumping directly, because oftwo reasons63

. The first reason is that they cannot 
produce enough torque tostart the piston pump. The second reason is that they rotate too quickly to 
drive a reciprocating pump. 
The modern lightweight wind pump is characterised by the use of standard materials such as angle irons, 
hall hearings, pipes and steel plate and the absence of heavy castings and reduction gear boxes. Virtually 
all second generation type wind pumps use a mechanically-driven reciprocating piston pump. 

Figure 8.2.: The CWD2000 and the Kijito Wind pumps 

Source: Windpumps indeveloping countries: a view ofthe markets, final report, Halcrow Gilbert 
Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, Project No. WW/91/741, Ministry of 
Foreign Affairs, Government ofthe Netherlands, October 1993, p9. 

62 Halcrow Gilbert Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, 1993, p88. 
63 Lancashire, Kenna & Fraenkel, 1987, p3. 
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8.1.3. Low cost wind pump 

A low cost wind pump is a wind pump with an initia} investment cost which is a fraction ofthe cost fora 
comparable first or second generation wind pump. The low cost ofthe wind pump is due to simplicity of 
the product, sirnplicity ofthe manufacturing and the use oflocal cheap materials. This means that 
maintenance can also be done locally. 
This type of wind pump is designed for typical third world applications which include salt production, 
irrigation, etceteras, ondertaken by farmers who lack money but have cheap Iabour. An example ofthis 
type is given in tigure 8. 3., the Thai Bamboo-rnat wind pump. 
In most cases the low cost wind pump has wooden hearings rather than in dustrial roller or bush 
hearings. Wood, sailcloth or steel is often used as materiaL No lathes etcetera are used for production, 
only sirnple tools. Although material costs can be restricted, the rnan-hours required for maintenance can 
be considerable. 

Figure 8. 3.: The Thai Bamboa-mat Wind pump 

Source: Windpumps indeveloping countries: a view ofthe markets, final report, Halcrow Gilbert 
Associates Ltd, Main authors: R.J. Hacker & J.A. de Jongh, Project No. WW/911741, Ministry of 
Foreign Affairs, Government ofthe Netherlands, October 1993, p10. 
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8.1.4. Wind pump types in Tanzania 

In total, there areabout 150 wind pumps installed in Tanzania (see table 3.1.). Ofthe majority of these 
wind pumps it is not reported of what type they are, but it is obvious that most of these wind pumps in 
Tanzania are first generation types. An estimate for the contribution ofthis type to the total number of 
installed wind pumps is 65 %64

. The second generation wind pump is also well known in Tanzaniaandis 
assumed to take account for the remaining 35 %. As at march 1996, 17 Kijito wind pumps have been 
installed in Tanzania, which is a bout half of the total number of installed secoud generation wind pumps. 
No low cost wind pumps are reported to be used in Tanzania. Basically all wind pumps installed in 
Tanzania are imported; there are no local manufaeturers (see also paragraph 3.2.2.). 
From the wind pumps installed more recently (say in the past 10 years), the majority was second 
generation wind pumps. Most ofthe first generation wind pumps installed in Tanzania were Southern 
Cross wind pumps, bought by the Tanzanian-Australian Cooperation in Singida. These Southern Cross 
wind pumps were installed in the seventies and eighties. 

8.2. Wind turbine technologies 

For the satisfaetion ofthe energy requirements, different systems can be chosen. Below, a short 
introduetion is given with regard tosome basic systems involving wind turbines65

. These systems are: 

1. Wind turbine stand alone system for battery charging. 
2. Wind turbine with back-up system, e.g. a diesel generator. 
3. Wind turbine conneeted to a grid. 

The systems are already mentioned in paragraph 3 .1 .. In this paragraph it is a lso explained that in this 
paper only stand alone wind turbine systems are considered. For the sake of completeness, the other two 
types will also be discussed very shortly. 
As already said before, attempts have been made in Tanzania to install wind turbines, but all these 
attempts failed (see paragraph 3.3.). At the moment, there are no working wind turbine systems in 
Tanzania. There arealso no local manufaeturers of wind turbines in Tanzania. 

8.2.1. Wind turbine stand alone system for battery charging. 

Systems for battery charging are generally used to supply power in remote places. This power supply 
can be used for all kinds of applications. Some examples of applications are rural eleetrification such as 
lighting, radio stations, meteorological stations, scientific and/or other research measurement stations 
and light beacons. 
In figure 8.4., a stand alone wind turbine system is shown. In this figure, a number of elements, ofwhich 
a wind battery charging system mainly consists, can he identified. These elements are discussed below: 

1. wind turbine with AC output 
2. reetifier 
3. over-voltage proteetion with dumpload 
4. battery bank 
5a. inverter for AC appliances 
5b. special DC appliances 

64 Basedon a description of wind energy projects by Mwandosya & Luhanga, 1990. 
65 Based on the LMW System Guide. 
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wind turbine with AC output 
Wind turbines are available with rated outputs of up toabout 10 kW. Ifhigher loads are required, it is 
possible to put two or more wind turbines parallel. Standard DC voltages are 12 and 24 Volt. 

rectifier 
The output of generator is in AC, so to transform this output into a DC output, a rectifier is required. 

over-voltage proteetion with dumplaad 
The voltage control prevents the batteries from over-charging. lfthe batteries are charged and only a 
smallload is available, the excess power from the wind is transferred to the dumpload. The dumpload is 
for example an air-heating coil. 

battery bank 
The required battery bank depends on local circumstances. 

inverter for AC appliances 
For AC load an inverter of sufficient capacity is required. Standard inverters available on the market, 
have in general12 or 24 V DC input. 

special DC appliances 
It is more efficient to use equipment which can run on DC power. And in general, many dornestic 
appliances are available in 12 and 24 V DC. But these appliances are more expensive than the 220 V AC 
equipment and you have less choice. Therefore, it is convenient to have an AC output as well. 

~-J euront VOLTAGE 

'--~RPM=--1 CONTROL 

12-120~ 

POWER CONTROL 
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L. 

Figure 8. 4.: Diagram of a stand afone wind turbine system 
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8.2.2. Wind turbine with diesel back-up system 

Basically, there are two ways in which wind/diesel systems can best be used: 

1. To reduce diesel consumption in the already existing power supply system. The wind turbine can 
be seen as a 'fuel-saver' in this case. 

2. To use the wind turbine to cover the main load and the diesel generator as a back-up system to 
cover the peak loads or periods of low wind speed. The advantage is that the wind turbine can be 
kept smaller when it does not have to cover the high peak loads (two to ten times higher than the 
average), which occur maybe for only one or two hours a day. 

Because these systems where excluded from the research, they are not discussed in more detail here. 

8.2.3. Wind turbine connected to a grid 

Wind turbines can supply energy to the grid, provided that a suitable inverter is used. This is necessary, 
because the output ofthe wind turbine has a variabie voltage and variabie frequency. It is not possible to 
conneet this directly to the grid. One ofthe advantages of grid-connected systems is that the grid can be 
used as storage. As the grid does not require maintenance or investment, it is a cheap way of storing 
power. 
Grid-connected systems are especially found in developed countries in Europe, like for example the 
Netherlands and Germany. These system range in power up to 750 kW; a 1 MW turbine is in the 
experimental phase. 
As is the case for the wind/diesel system discussed in the previous paragraph, also the grid-connected 
system was left out of consideration and will not be discussed here in more detail. 

8.3. Conclusions with regard to the technological environment 

The two types of wind pumps that can be found in Tanzania are ofthe tirstand second generation. There 
is no known low cost wind pump installed in Tanzania. A very common wind pump in Tanzania is the 
Southem Cross wind pump, a classica! multi-bladed wind pump (see tigure 8.1.), although also second 
generation wind pumps can be found, like for example the Kijito wind pump from Kenya (see tigure 
8.2.). The tirst generation wind pumps have some important advantages like a high reliability and easy 
maintenance, but a very big disadvantage ofthis typefora poor country like Tanzania is the high initia! 
in vestment cost. Another point is that in the past ten years, the popularity of second generation wind 
pumps like the Kijito has grown at the cost of tirst generation wind pumps. 
So, although second generation wind pumps also have limits (see table 8 .1.), it probably has a better 
potential in Tanzaniatoenter the commercial market. Another advantage ofthis type is that it is easier 
to produce than the classica} type, so this type is also more appropriate when it comes to local 
production of wind pumps. 
As already said before, there are no local manufacturers of wind pumps and/or wind turbines. This 
means that the technology is rather unknown and knowledge and skilis regarding the technology will 
have to be developed in order to come to local production. 
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Chapter 9 Political environment 

9.1. Ministry of Water, Energy and Minerals 

Up to 1985, there was nodepartmentor ministry in Tanzania concemed with energy-related subjects. 
'Energy' just referred to two components: petroleum and electricity. The Tanzania Petroleum 
Development Co-operation (TPDC) was in charge of everything related to petroleum and the Tanzania 
Electric Supply Company Limited (T ANESCO) of subjects related to electricity. In that time, there were 
only oil and electricity policy plans in the form of Five-Year Development Plans. 
Early in the eighties, the awareness grew that tb ere should be a govemmental department concemed with 
all issues related to energy. In 1985 this task was assigned to the Planning Commission. However, this 
was only a temporary situation: in 1988 the Ministry ofWater, Energy and Minerats (MWEM) was 
formed. Since 1992, the MWEM has the structure as given in appendix G. It is only since then that the 
Ministry ofWater, Energy and Minerals has a special section for renewable energy. 

9.2. The energy policy of Tanzania 

9.2.1. Structure of the energy policy in past and present 

Up to 1981, mainland Tanzania had implemented since her independenee in 1962 three Five-Year 
Development Plans. These three successive plans were part ofthe first long term perspective plan 
(1964/65-1980/81). The second long term perspective plan (1981-2002) was launched in 1981, also 
subdivided in five year plans. For various reasons, the objectives ofthe first five year plan (1980/81-
1985/86) were not realised. Two programmes were instituted in its place: the Structural Adjustment 
Programme (SAP) and the National Economie Survival Programme (NESP). Onder these programmes, 
which were in effect supplements to the Plan, all new development projects were postponed or cancelled 
except for those whose positive impacts on the national economy would be feit soonest. However, these 
expected positive impacts did not occur: the economy of Tanzania was still going downhill. In order to 
arrest this trend, the Economie Recovery Programme (ERP) 1986/87-1988/89 was adopted in 1986. 
The second Five-Year Development Plan 1988/89-1992/93 bas been prepared taking into account the 
experiences ofthe severe economie situation in the years 1981-1986 and draws heavily on the ERP. In 
this Development Plan, the main objective in the energy sector is development and use of indigenous 
energy sourees and efficient utilisation of energy66

. 

Up till this point in time, policy guidelines with regard to energy were integrated in Five-Year 
Development Plans, as already explained in the previous paragraph. But at the end ofthe eighties, the 
new Ministry of Water, Energy and Minerats started with the formulation ofthe first energy policy in 
the history of Tanzania. 
With regard to the process offormulating the energy policy, three important doeurneuts were written. 
The first one is 'The Rolling Plan and Forward Budget for Tanzania for the period 1994/95-1996/97'. 
This plan is the major annual statement ofthe govemment's development strategy, economie targets and 

66 MWEM ('The energy policy of Tanzania), 1992, pl-3. 
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budgetary projections. It covers a three-year period, but is revised every year. It replaces the Five Year 
Plans and Annual Plans that were the main guidelines up to 1993. Because of the linkage of the energy 
sector withother sectors ofthe economy, it is especially important for the energy policy to be consistent 
with national economie planning. National economie policies and plans, which are presented in 'The 
Rolling Plan and Forward Budget for Tanzania for the period 1994/95-1996/97', should therefore be the 
basis for etaboration ofthe energy policy. 
The second document is 'The Energy Policy of Tanzania', which was publisbed in 1992. This document 
addresses the actual situation in the sector and states the policy objectives, but without a thorough 
etaboration on how to achieve these goals. As already said before, this is the first elaborated energy 
policy in Tanzania. 
The third document is 'The Energy Master Plan and Programme 1990-2005 ', in which the strategy is 
described for the implementation of the energy policy by determining the projects that fit into this policy. 

9.2.2. General policy objectives 

According to the energy policy of Tanzania, the importance ofthe energy sector for the development and 
stimulation of other sectors is recognised: 'Energy is a prerequisite for the proper fimctioning of nearly 
all sub-sectors ofthe economy. lt is an essential service whose availability and quality can determine 
the success or failure of development endeavors [. . .} Energy is a critica! input info the development 
process. There cannot be sustainable development and the satisfaction of basic needs of society 
without sufficient and efficient supply and use of energy. '67 

In harrnony with these statements, the overall policy objective ofthe energy sector is forrnulated as 
follows: 'To provide an input into the development process ofthe country through establishment of an 
efficient energy production, procurement, transportation, dis tribution and end-use system in an 
environmentally sound manner and with due regard to gender issues. ' 68 

This overall policy objective is specified and shaped with the following subgoals ofthe National Energy 
Policy: 

1. to exploit the abundant hydro-electric sources; 
2. to develop and utilise natura! gas resources; 
3. to develop and utilise coal resources; 
4. to step up petroleum exploration activities; 
5. to arrest woodfitel depletion byevolving more appropriate land management practices and 

more efficient woodfoei technologies; 
6. to develop and utilise forest and agricultural residue for power and cooking energy production; 
7. to minimise energy price jluctuations in order to contribute to stability of prices in general 

through strengthening and rationalisation of energy supply sourees and infrastructure and a 
rational energy pricing structure; 

8. to develop human resources for development of energy technologies development and 
9. to ensure the continuity and security of energy supplies. 69 

In order to achieve these goals, the MWEM also forrnulated a long term strategy ofthe National Energy 
Policy, which is 'the reduction of dependenee on extemal energy sources' ((imported) petroleum 
products) and 'rational managementand utilisation ofindigenous energy resources'70 (coal, natural 
gas, hydropower and biomass in the forrn offorestry and agricultural wastes). 

6
: MWEM ('The energy policy of Tanzania'), 1992, p1,5. 

68 MWEM ('The energy policy of Tanzania'), 1992, p5. 
69 MWEM ('The energy policy of Tanzania'), 1992, p5. 
70 MWEM ('The energy policy of Tanzania'), 1992, p6. 
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9.2.3. The energy policy with regard to renewable energy sourees 

There are very few statements with regard to renewable energy sourees like wind and solar energy. The 
only renewable energy souree to which considerable attention is paid in the energy policy, is 
hydropower, although it is not classified as a renewable energy souree in the policy. lt is not surprising 
that much attention is given to hydropower, looking at the important role ofhydropower in the 
generation of electricity in Tanzania (see paragraph 2.1.). 
With regard to renewable energy sources, it is stated that 'renewable energy technologies wil! be 
developed to ensure e.fficient utilisation of fuelwood and charcoal and where possible to substitute for 
petroleum products'71

. To achieve this, the 'new and renewable energy development programme' was 
implemented. The objective ofthis programme is 'to develop and promotetheuse ofindigenous 
renewable energy sources'12

. In the context ofthis programme, projects have been proposed to 
contribute to the realisation ofthe objective ofthe programme. These projects cover the following 
items73

: 

1. Establishing a data bank with regard to renewable energy sourees including fuelwood. 
2. Expansion of biogas development activities and promotion efforts. 
3. Expansion of solar energy development activities and promotion efforts. 
4. Executing studies on the u se of wind energy for water pumping and electricity generation. 

According to the MWEM, the development of renewable energy sourees depends on initiatives and 
efforts of communities and Non-Governmental Organisations (NGO's) due to 'the decentralised nature 
of [ . .] renewable energy sourees'. Therefore, 'NGO 's wil/ be encouraged and assisted in their efforts 
to initiate and implement decentralised energy projects'74

. An example ofthis encouragement and 
assistance is that the Tanzanian Govemment tries to lower the threshold for importing renewable energy 
technologies when these technologies are not produced in Tanzania itself. This is done by minirnising 
import duties in those cases from 60% toabout 5%75

. 

Organisations like the UNDP are interested in projects conceming the use of alternative energy sources, 
especially in biogas and solar energy. The UNDP, for example, considers solar energy to be a more 
reliable souree in Tanzania than wind energy76

. 

9.2.3.1. The energy policy with regard to wind energy 

In the energy policy, wind energy is indicated as a 'virtually untapped energy source' though 'low speed 
windmills have a poten ti al in the country m. It is, however, not to be expected that the Govemment will 
be the driving force in the processof developing this potential. Successful exploitation of wind energy 
will depend on enterpreneurship on the part of local organisations when it comes to developing sound, 
local designs and a market forthem and creating a national wind data base. So, although the 
'government wil! assist in these endeavors'78

, the initiative will have to come from NGO's and/or the 
private sector. This is, at first sight, Contradietory with the previous paragraph where mention was made 
of a proposed wind energy development project. 

71 MWEM ('The energy policy ofTanzania '), 1992, p12. 
72 MWEM, ( 'Energy master plan and programme '), 1991, p18. 
73 

MWEM, ( 'Energy master plan andprogramme '), 1991, p19-20. 
74 MWEM ('The energy policy of Tanzania'), 1992, p28. 
75 

Interview with Mrindoko, head of the Renewable Energy Section of the MWEM. 
76 Interview \vith Montelius, UNDP, Tanzania. 
77 MWEM ('The energy policy ofTanzania '), 1992, p4. 
78 MWEM ('The energy policy of Tanzania'), 1992, pl3. 
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The aim ofthis wind energy development project wastomeet energy needs by using wind energy where 
it is found uneconomical to use other alternatives. It was the intention to carry out feasibility studies on 
the use of wind energy for water pumping and electricity generation in areas far away from the grid. The 
next step in this project would be the implementation of pilotand demonstration projects 79

. However, the 
wind energy development project was never implemented due to lack of funds 80

. Thus, it is in deed very 
unlikely that activities in the field of wind energy will be imposed from a nationallevel. lnitiatives will 
have to come from, for example, NGO's. But as already indicated in the previous paragraph, there are 
hardly any initiatives regarding wind energy coming from NGO's . Missionaries are the only institutions 
in Tanzania that occasionally undertake activities in this field. 

9.2.4. The energy policy with regard to rural electrification 

The objective ofTanzania Electric Supply Company Limited (TANESCO) is to supply electricity for 
various economie activities in all parts ofthe country. In order to achieve this objective, T ANESCO has 
planned new generation and transmission projects. With regard to the generation of electricity, emphasis 
is put on the exploitation of Tanzania' s large hydropower resources in order to reduce dependenee on 
biomass fuels and imported petroleum. As far as transmission is concerned, Tanzania has planned 
expansion of the national grid81

. In figure 9 .1. on page 50 the national grid system of Tanzania is given, 
with the existing transmission lines and the planned expansion. The situation with regard to rural 
electrification in 1988 is given in table 9 .1. on page 51 . 
At the moment, all regionat headquarters have been electrified, as was planned. Now, efforts will be 
focused on the electrification of all district headquarters . This should be completed by the year 2005 . 
This process of electrification of all district headquarters will be executed according to priorities as 
given in the energy policy. 'First priority wil! be given to districts and areas which are within an 
economie break-even distance from the grid in order to use relatively cheaper hydropower. Second 
priority will be given to 'districts and areas with agro-based industries and other community 
productive power needs, but which are outside the break-even distance from the grid' 82

. For districts 
where it is uneconomic to obtain electricity from the grid, alternative electric power sourees will be 
sought. In this regard, preferenee will be given to the exploitation of micro- and mini-hydro sites83

. 

According to the policy, the Tanzanian Government will finance part ofthe rural electrification projects 
that are found to be uneconomic. 

9.3. Conclusions with regard to the Political Environment 

Although the policy is to stimulate alternative energy sourees like biogas, solar energy and wind energy, 
in reality little not to say nothing has happened in this respect. The most important reason for this is lack 
of funds. Little money is assigned to the Energy department ofthe Ministry ofWater, Energy and 
Minerals, because energy is not one ofthe priority areas and within the energy department wind energy 
is not the most important area. More attention is given to biomass and hydropower development. This is 
not surprising if you take into account the contri bution of these two energy sourees to the total energy 
consumption and the electricity generation respectively. In short, activities in the field of wind energy are 

79 MWEM, ( 'Energy master plan and programme '), 1991, p20. 
80 Interview with Mrindoko, head of the Renewable Energy Section of the MWEM. 
81 MWEM ('The energy policy ofTanzania '), 1992, p11. 
82 MWEM ('The energy policy of Tanzania'), 1992, pll. 
83 MWEM ('The energy policy ofTanzania '), 1992, pl2 . 
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appreciated and will be stimulated, but no active initiatives from the Ministry of Water, Energy and 
Minerals are to be expected. 
In 1988, only 1% ofthe rural population had access to electricity. Although this percentage will be 
higher now, it is to be expected that it is stilllow. Wind power might be an attractive altemative, but is 
not considered seriously as one ofthe possible energy sourees for the generation of electricity. 

Table 9.1.: Overview ofrural electrification in Tanzania 

Region number of rural electricity electricity not not stated 
households available available 

Arusha 217,405 1.4% 98.5% 0.1% 
Pwani 111,227 0.8% 99.2% 0.0% 
Dar es Salaam 32,391 3.9% 96.0% 0.0% 
Dodoma 218,166 0.5% 99.4% 0.1% 
Iringa 225,642 0.8% 99.2% 0.0% 
Kagera 252,903 0.4% 99.6% 0.0% 
Kigoma 131,429 0.7% 99.3% 0.0% 
Kilimanjaro 169,373 4.2% 95.7% 0.0% 
Lindi 115,494 0.4% 99.6% 0.0% 
Mar a 120,695 0.8% 99.2% 0.0% 
Mbeya 23,534 1.1% 98.9% 0.0% 
Morogoro 181,132 0.7% 98.7% 0.6% 
Mtwara 169,482 0.5% 99.5% 0.0% 
Mwanza 7,448 0.7% 99.2% 0.1% 
Ru kw a 113,789 0.5% 99.5% 0.0% 
Ruvuma 120,467 0.7% 99.3% 0.0% 
Shinyanga 254,666 0.5% 99.4% 0.0% 
Singida 136,815 0.3% 99.6% 0.0% 
Tabora 152,027 0.7% 99.3% 0.0% 
Tanga 195,468 1.6% 98.4% 0.1% 

T otal Mainland 2,949,553 1.0% 99.0% 0.1% 

Pemba 49,876 3.6% 96.4% 0.0% 
Zanzibar 45,525 3.1% 96.9% 0.0% 

Is lands 95,401 3.4% 96.6% 0.0% 

Tanzania 3,044,954 1.0% 98.9% 0.1% 

Sou rees: Popu/ation Census 1988- Regional Profiles, Bureau of Statistics, Dar es Salaam, Tanzania. 
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Chapter 10 Conclusions with regard to the environmental analysis 

As already explained in paragraph 5.1.4., the most important environment is the physical one. In this 
environment, the variables considered were wind climate, groundwater levels and rainfall. With this 
environment it is possible to indicate whether it would in principle be possible to exploit wind energy in a 
certain region. 
The most important variabie in the physical environment is the wind climate. Using average wind data of 
06.00 GMT as an estimate for the average annual wind speed (see paragraph 6.4.5.), regions with poor, 
fair and good regimescan be identified (refer to table 6.4. and tigure 6.3.). 
Also groundwater resources need to be considered when looking at the possibilities for wind pumps. 
Although fluctuations are considerable within the regions, it is possible to indicate what deptbs can be 
expected in a region (see table 6.2.). The results ofthe groundwater analysis is that groundwater 
resources are not the restraming variabiefora region. 
For dry regions, thus where water is scarce, wind pumpscan especially he an attractive way to get 
water, for rainfall is too little to fulfil the water demands. An additional advantage is the matching of 
rainfall- and wind pattems (see paragraph 6.5). 
The conclusions with regard to the political and technological environment are uniform for each region. 
The politica} environment analysis shows that the circumstances in Tanzania with regard to this respect 
are not negative, but also not stimulating. With regard to the technological environment it can be stated 
that knowledge ofthe technology bas to be developed. The same can be said regarding skilis (for . 
example when it comes to maintenance and repairs). 
Based on the environmental analysis, a number of regions with potentials for wind pumps have been 
identified. The most 'windy' regions are located in the south of Tanzania (Mtwara and Ruvurna), the 
nothem part ofthe coast line (Tanga), along Lake Victoria (Mwanza) and in central Tanzania (Dodoma, 
Tabora and Mbeya). Although there were no data available for Singida and Shinyanga, these regions are 
also expected to have large potentials for wind pumps. 
F or the exploitation of wind turbines, three regions can be identified that rnight have a potential for wind 
turbines. These regions are Dodoma, Mtwara and toa lesser extent Mwanza. 
Fora more detailed overview ofthe results, refer to table 6.5. on page 36. 
Because Tanzania bas little experience with the exploitation of wind energy as an energy souree and 
because there are only bad examples of using wind turbines in Tanzania, attention should be focussed on 
the use of wind pumps. Therefore, the possibilities for wind pumps will be elaborated in part IV ofthis 
paper. 
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Chapter 11 Energy requirements 

Potenti:alMarkct 

11.1. Use of wind pumps 

11.1.1. Water supply 

In the following three paragraphs, three different applications of water supply will be discussed: 
community water supply, livestock water supply and water supply for irrigation purposes. As far as 
relevant, the policies ofthe govemment with regard to water supply for the specific application will be 
discussed as wellas the water requirements for each application. 
In general can be stated that in the past, the govemment paid both for the instanation of water supply 
schemes and the operation and rnainterrance costs. Now, the policy has changed and the users ofthe 
schemes are requested to contribute to the costs. The costs for large schemes are still completely covered 
by the govemment. But for the instanation of ordinary, small schemes, the rural communities are asked 
to contribute 25% ofthe instanation costs. When this amount has been raised, the govemment brings in 
the remaining 75%. The operation and maintenance costs are on the account ofthe villages themselves. 
The way they collect the fees for the consumption of water is up to them. The objective is that in the 
future, all costs will be covered by the villages. 

11.1.1.1. Community water supply 

To get an estimate ofthe water requirements, it is necessary not only to state the per capita consumption 
:figures, but also the percentage ofthe population served by public taps and those served by house 
connections. 
In the rural areas the :first target is to reach as many persons as possible with a controlled water supply. 
In order to make the most efficient use ofthe limited :financial and technica} resources available, the :first 
phase of any rural water supply should be designing public taps and, for the same reason, shallow wells 
should be used as a souree wherever possible84

. This target is operationalised in the Water Policy of 
Tanzania as 'providing a souree of clean and safe water to each household within a walking distance 
of 400 metres by the year 2002' 85

. At the end of 1993, the rural water supply coverage was 46.0%86
. 

The remaining rural population gets either clean water from distances further than the stipulated 400 
metres or from traditional sourees such as lakes, ponds, dug wells, rivers, streams and springs, which 
are not safe87

. Ofthe rural people having accesstoawater supply scheme, 60% is served by public 
taps 88

, each serving 200 to 250 people89
. 

In urban areas the :final target is to provide house connections for every dwelling90
. Figures about water 

supply coverage in urban areas are not consistent. One souree claims that all urban eentres in Tanzania 

84 Ministry of Water ('JVater supply design mamtal '), February 1988, p7. 
85 Ministry of Water ('The water policy'), 1991, p14. 
86 MWEM ('Water and Sanitation sector review'), October 1995, p30. 
87 MWEM ('TVater and Sanitation sector review'), October 1995, p28,39. 
88 Ministry of Water ('JVater supply design manual '), February 1988, p8. 
89 Ministry of Water ('The water policy'), 1991, p15. 
90 Ministry of Water ('JVater supply design manual '), February 1988, p7. 
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have been provided with piped water suppl/\ but another souree states that 68% ofthe people living in 
urban areas has access to piped water supply92

. The reason forthese Contradietory figures can partly be 
attributed to the vaguenessof definitions ofurban eentres and rural areas: neither one ofthe two sourees 
gives a clear definition. Nevertheless, it can be stated that it is very unlikely that all people in urban 
eentres have access to a piped water scheme. This statement is supported with data of a third document 
ofthe Ministry ofWater. In this source, definitions are given for 6 types ofrural and urban settlements 
(village centre, rural service centre, urban centre, town centre, municipality and city centret3

. Here, an 
approxirnation of 50% is given for an urban centre94 when it comes to piped water coverage. 
The rate of water consurnption depends on the level of service provided. The lowest water consurnption 
occurs in the situation when water is distributed through public taps within a certain walking distance 
from the house. When water is brought to the house by piping, the consurnption rate increases 
considerably. Also facilities like flushing toilets and high standard ofinside installations (e.g. bath, 
washing machine, etc.) have big impacts on the water consumption: the per capita water consurnption 
may beten tirnes more than what is got at a public tap95

. 

The proposed figures for water consumption rates as listed in table 11.1. on the next page are guidelines 
when designing water supply systems. These guidelines may be adjusted as necessary after consiclering 
the particular conditions and consumption trends ofthe area. With these guidelines, total water 
requirements for comrnunities can be assessed. Because the water requirement for a comrnunity depends 
on the nurnber of inhabitants, three types of comrnunities are identified96

: 

+ Small size comrnunities less than 500 inhabitants 

+ Medium size comrnunities 
+ Large size comrnunities 

between 500 and 1,000 inhabitants 
between 1, 000 and 5, 000 inhabitants 

In table 11.2. below, an overview is given ofthe ranges of water requirements for each type of 
comrnunity. 

Tab ie 11. 2.: Overview of water requirement for different types of comrnunities 

Type ofcomrnunity Nurnber ofinhabitants Total water requirement 

Small comrnunity 
Medium comrnunity 
Large comrnunity 

< 500 
500- 1,000 

1,000- 5,000 

91 Ministry of Water ('The water policy'), 1991, p16. 
92 MWEM ('TVater and Sanitation sector review'), October 1995, p28. 

[m3/day] 

< 12.5 
12.5- 25 
25 -125 

93 Ministry of Water ('Water supply design manual '), February 1988, p1,2. 
94 

Urban centre: a settiement having a population above 5,000; 10% ofwhich are on non-agricultural 
occupations. It has facilities like a primary school(s), dispensary, police post, daily market, postal agency. 

95 Ministry of Water ('Water supply design manual'), February 1988, p6. 
96 Basedon Roek & Hoevenaars, Annex B, p4. 
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Table 11.1.: Dornestic and institutional water reguirements 

Consumer Unit Rural areas Urban areas Remarks 

Dornestic 

People using kiosks or Litres per 25 25 Minimum 
public taps capita per day 

People with house Litres per 70 70 LIG; 
conneetion capita per day no inside installation; 

pit latrine. 
Litres per (130) 130 MIG; 

" capita per day sewer or septic tank. 
Litres per 200 HIG; 

" capita per day sewer or septic tank. 

Public institutions 

Schools 

• Day school Litres per 10 10 with pit latrine. 
student per day 25 with wc. 

• Boarding school Litres per 70 70 with wc. 
student per day 

Health care 

• Dispensaries Litres per 10 10 Out patients only 
visitor per day 

• Health eentres Litres per bed 50 50 
per day 100 100 with wc and sewer. 

• Hospitals Litres per bed 400 regionat with surgery. 
per day 

Source: Water supply design manual, Chapter 5: Design ofpiped water supply system, The United 
Republic of Tanzania, Ministry ofWater, February 1988, p6,11. 

Note: Defmitions ofthe different types ofhousing97
: 

Low income group housing [LIG]: This group includes squatter and urban areas. Generally high density 
development. Houses are normally furnished with very simple piping. No inside installations. Outside 
water point for dish and cloth washing. Pit latrines are provided. 
Medium income group housing [MIG]: Generally lower density development than LIG housing.Houses 
are normally furnished with at least internat piped cold water, gas or electric cooker, shower, wc and 
internat arrangement for dish washing and a splash area outside for cloth washing. Sewer or septic tanks 
are provided. 
High income group housing [HJG]: Generally lower density development than MIG housing.Houses 
are normally furnished with internat piped cold and hot water systems, electricity supply, bathrooms, wc 
and internat arrangements for cloth and dish washing. Sewer or septic tanks are provided. 

97 Ministry of Water ('Water supply design manual '), February 1988, p2-3. 
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11.1.1.2. Livestock water supply 

When assessing the water requirements for livestock, different figures can be used. Here, the guidelines 
are used as they are formulated by the Ministry of Water, Energy and Minerals. This is done by making 
a grading of dornestic animals in terms of livestock unit. The daily water demand per one livestock unit 
per day is set at 25litres. Table 11.3. shows the gradation of livestock and consequentlythe water 
demand. 
While catering for the water requirements of livestock, serious consideration should be given to natura! 
watersourees like ponds, streams and waterholes in the neighbourhood, that can be used for cattie 
watering. When doing so, the water demands on the water supply system can be eased and the overall 
flow and consequently the cost can be reduced. In this context, it is necessary to indicate the maximum 
di stance cattie may be expected to walk for water. 

Table 11. 3.: Livestock water requirements 

Consumer 

Cattie 
High grade diary cattie 
Goat 
Sheep 
Poultry 

Number of livestock units 

1.00 

1.00 
2.00 
0.20 
0.20 
0.03 

Water requirement 
[litres per capita per day] 

25.0 

25.0 
50.0 
5.0 
5.0 
0.8 

Source: Water supply design manual, Chapter 5: Design ofpiped water supply system, The United 
Republic of Tanzania, Ministry of Water, February 1988, p6, 11. 

Most ofthe population in the drought stricken regions are livestock keepers. The most important 
livestock-keeping regions are Arusha, Dodoma, Shinyanga and Singida. Nearly 98 percent ofthe 
livestock is found in villages98

. In table 11.4. on the next page, an overview is given ofthe average 
number of cattle, goats, sheep and chickeus in each livestock keeping household in each region and the 
average water requirement per household, basedon the figures oftable 11.3 .. One has to keep in mind 
that the averages are largely influenced by households having only a few animals. However, the averages 
indicate that in Mtwara, Ruvuma and Kigoma large scale livestock keeping is not to be expected. 
The next step is to identify different types of livestock keeping household and to assess the range of 
water requirements for each of them. This is done in table 11.5 .. 

Table 11.5.: Overview of water requirement for different types of livestock keeping households99 

Type of livestock keeping household Total water requirement 

Small scale farm 
Large scale farm 
Large scale ranch 

98 Ministry of Water ('The water policy'), 1991, p15. 
99 Basedon Roek & Hoevenaars, Annex B, p7. 
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Table 11.4.: Average number of cattle, goats, sheep and chickensper livestock keeping household by 
re~ion and the avera~e water reguirement Eer household 

Region Total number of Average Average Average Average Average water 
livestock keeping cattie goats sheep chickens requirement 

households per household 
[litres/ day] 

Dodoma 82,955 19.29 11.51 3.31 14.55 568 
Mtwara 25,028 2.32 7.27 1.03 27.04 121 
Mwanza 116,535 14.18 5.38 1.24 18.51 402 
Tabora 43,675 12.53 6.28 2.52 23.12 376 
Ruvuma 48,008 1.09 5.95 0.69 20.23 77 
Tanga 79,540 13.67 7.62 2.22 12.04 401 
Mbeya 94,048 9.69 3.12 0.65 17.32 275 
Arusha 147,030 9.52 8.42 3.19 6.38 301 
Ma ra 62,467 11.96 5.82 2.24 17.53 353 
Kigoma 30,185 1.06 7.64 0.68 13.63 79 
Coast/DSM 5,035 10.19 6.76 0.89 156.41 418 

Singida 82,134 16.83 8.24 4.59 15.36 497 
Shinyanga 151,060 12.35 7.37 2.68 12.96 369 
Rukwa 26,619 20.59 5.44 0.64 20.77 562 

Source: National Sample Census of Agriculture 199311994, Tanzania Mainland, Report Volume 11 
(Household Characteristics, Livestock Count, Implementation and Storage), Statistics Unit (Ministry 
of Agriculture) and Bureau ofStatistics (Planning Commission), The United Republic ofTanzania, July 
1994, p18. 

Nomadie herrlsmen are kept leftout of consideration, because they are not an interesting group ofusers. 
Experiences show that nomadie herrlsmen hardly seem interested in investing in a wind pump. This is not 
surprising, because most nomadie herrlsmen live at subsistenee level. Another constraint is the control 
over the wind pump and its users when installed in remote areas. 
In 1989, Leusink and Huisman concluded that 'under these probiernatie and indistinct circumstances it 
hardly seems a viabie op ti on tostart wind energy activities for cattie water-supply on the short 
term' 100

. With these probiernatie and indistinct circumstances the situation is meant that the 
government had set priority areas with regard to the agricultural sector, that did notencourage the 
development of water supply schemes for cattle. The main goal ofthe govemment was the destocking of 
the total amount of cattle, because the problems caused by overgrazing were enormous 101

. 

Overgrazing is still one ofthe most important problems ofthe agricultural sector 102
. Therefore, the 

Tanzanian government still aims at destocking the total amount of cattle. However, in the period of 1985 
to 1992, the total cattie number in Tanzania has increased with an average of 0. 7 %per year103

. Another 
additional problem is that nowadays the govemment is not fully funding the construction of water supply 
schemes any more. In that respect the prospects of starting wind energy activities for cattie water supply 
have deteriorated compared to 1989, when water supply schemes were usually constructed by 
govemment funding104

. Interesting alternatives for wind energy activities with regard to cattie watering 
might he big farms, owned by rich farmers or a group of smaller farms. 

100 Huisman & Leusink, 1989, p25. 
101 Huisman & Leusink, 1989, p24. 
102 Bureau of Statistics ('Environmental stafistics in Tanzania Afainland'), April1994, p8. 
103 Ministry of Agriculture ('Basic data agriculture and livestock sector 1986187- 1991192 '), May 1993, pl33. 
104 Huisman & Leusink, 1989, p24. 
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11.1.1.3. Water requirements for irrigation 

According to the database ofthe irrigation department ofthe Ministry of Agriculture, 149,712 hectares 
are currently irrigated. This tigure corresponds both with the tigure for 1993 published by the FAO of 
150,000 hectares10s as with the tigure of 150,000 hectares ofthe Ministry ofWater, Energy and 
Minerals106

. 

Approximately 60% ofthe say 150,000 hectares currently under irrigation is used for paddy (rice) 
cultivation and the rest for other crops, like maize, vegetables and beans. 
Figures about the undeveloped potential irrigable area vary. The database ofthe irrigation department 
gives a tigure of 1,15 7, 608 hectares, while the Water and Sanitation Sector Review gives an estimate of 
700,000 hectares. Both tigures are from the year 1995. It is not clear what the reason for the 
discrepancy is; probably different definitions ofpotential irrigable area. The irrigation department 
de:fines potential irrigable area as that area that could be used for cultivating crops and is thus potentially 
irrigable. The definition ofthe Ministry ofWater, Energy and Minerats is not clear. 
The water requirements for irrigation of a certain area depends on various factors. The most important 
ofthese are107

: 

• the nature of crops and erop growth cycles 
• in which phase ofthe growth cycle theerop is 
• elirnatic conditions e.g. temperature, rainfall and evapotranspiration 
• type and conditions of soil 
• topography ofthe terrain (flat or hilly) 
+ field application efficiency 
+ water quality 

In table 11.6., an overview is given ofthe present situation in Tanzania with regard to irrigation. As one 
cao see in table 11.6., there is a large potential area for irrigation that is not yet irrigated. The only 
region for which this is not applicable is Arusha. 
An important aspect of irrigation is that it can increase the income ofthe farmer directly, because the 
yield per harvest is higher when properly irrigated and often there are two harvests possible instead of 
one. 
For calculating water demands, the crops are divided into two categories108

: 

• Category A: Paddy rice, bananas Water requirements: 100 m3/day*ha. 
• Category B: Vegetables, maize, etc. Water requirements: 50 m3/day*ha. 

The water requirements for category A can be considered to be constant during the growth phase of the 
crops. Although the water requirements vary considerably during the growth phase for category B, for 
simplicity it cao be assumed that the water requirements are constant during the growth phase109

. In 
appendix N, a tableis given with an overview ofthe planting and harvesting seasons ofthe three most 
important crops (rice, vegetables and maize) for each region. 

105 
FAO ('FAO Yearbook- Production '), 1995, p15. The figure was indicated as being an unofficial figure. 

106 MWEM ('TVater and Sanitation sector review'), October 1995, p29. 
107 Meel & Smulders, July 1989, p51. 
108 Beurskens, 1978, pl5. 
109 Beurskens, 1978, p15. 
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Table 11.6.: Irrisated area and crOES Eer resion 

Region Potential area Irrigated area In percentages Irrigated crops 
for irrigation 

[Ha] [Ha] % 

Dodoma 21,000 2,500 12% paddy. beans, vegetables 
Mtwara 100,000 2,917 3% paddy, maize 
Mwanza 53,800 4,600 9% paddy, maize, beans, vegetables 
Tabora 33,240 5,800 17% paddy, vegetables 
Ruvuma 3,600 560 16% paddy, beans, vegetables 
Tanga 42,000 9,300 22% paddy, maize, beans, vegetables 
Mbeya 245,500 35,600 15% paddy, maize, vegetables 
Arusha 22,850 10,428 46% paddy (rice), maize, beans, 

vegetables, flowers 
Ma ra 89,500 3,200 4% paddy, maize, beans, vegetables 
Kigoma 5,000 850 17% paddy, maize, beans, vegetables, 

fruits (oranges) 
Coast 102,000 1,600 2% paddy 
Dar es Salaam 2,825 500 18% vegetables, flowers 

Singida 70,000 5,900 8% paddy, vegetables 
Shinyanga 139,760 20,400 15% paddy 
Rukwa 11,100 878 8% paddy, beans, vegetables, sugarcane 

Source: Database Irrigation Department ofthe Ministry of Agriculture 

A bout 91% of the farms cultivates areas less than 2 hectares and only 1% an area covering more than 5 
hectares110

. These borders are used for the identification oftwo types ofirrigation in order to get an 
estimate for the water requirement. Besides this first distinction with regard to scale, a second distinction 
has been made with regard to cultivated crops. The results ofthe assessment ofthe water requirements 
for irrigation is given in table 11.7 .. 

Table 11.7.: Overview of water requirement for different types of irrigation 

Type of irrigation 
+ Crop 

Small scale 
+ Paddy rice, bananas 
+ Vegetable, maize, etc. 

Medium scale 

• Paddy rice, bananas 
+ Vegetable, maize, etc. 

Area 

[hectare] 

<2ha. 

2-5 ha. 

Water requirement 

< 200 
< 100 

200-500 
100-250 

110 Statistics Unit (Ministry of Agriculture) & Bureau of Statistics (Planning commission) ('National sample 
censusofagriculture 1993/1994'), July 1995. 
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11.1.2. Determining the total pumping head 

For making an assessment ofthe most suitable size ofthe wind pump, information ofthe total head over 
which water is to be pumped is necessary. The total pumping head includes 111

: 

+ pumping height 
- static waterlevel ofthe water souree below ground level 
- drawdown ofthe water source, i.e. the lowering ofthe water level due to pumping 
- static lifting height above ground level, e.g. for pumping into a starage tank 

+ head lossesin the piping (due to friction) 

The build-up ofthe total pumping head is graphically shown in figure 11.1 .. 
In part lil, the environmental analysis, the average static waterlevel and the average drawdown have 
been assessed for each region. Again, it is stressed that considerable variations are possible both between 
and within the regions; the figures are used to get a rough impression. The static lifting height above 
ground level is set on 3 meters, because this is a common height in comparative situations in Kenya. lt is 
assumed that the head lossesin the piping due to friction is 10% ofthe pumping lifting height. 
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Figure 11.1.: Composition oftotal pumping head 
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Source: Meel, J. van & Smulders, P., Wind Pumping: a Handbook, World Bank technica! paper 
number 101, Industry and energy series, Washington O.C., United States, July 1989, p6. 

111 Meel & Smulders, July 1989, p54. 
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When all these data are known, the total pumping head can be determined for the regions interesting for 
the use of wind pumps. Very low pumping is pumping over less than about 3 meters. Low head pumping 
is considered to be less than 10 meters head, medium head pumping covers the range from 10 to 30 
meters and high heads applies for pumping from deeper water resources up to 100 meters or more in 
some cases 112

. 

From part 111, the average wind speeds and the average static and dynamic water levels are known for 
each region. Now, the total pumping heads can be determined and with the water requirements assessed 
for each application in the previous paragraphs ofthis chapter, the appropriate size ofthe wind pump 
can be determined. This has been done for community water supply and livestock water supply113

. 

Because the costs for irrigation will have to be kept low in order to be attractive, medium heads are often 
not acceptable. Therefore, it is assumed that for irrigation purposes the pumping head is not more than 
1 0 meters 114

. 

The results with regard to the most appropriate rotor size for each application are given in table 11.8 .. 
The maximum diameter of a wind pump is in most cases 8 meters. lf a rotor diameter of more than 8 . 
meters is required, it is indicated by a minus-sign (-)in the table. The calculation method for determining 
the appropriate size ofthe wind pump is explained in appendix 0. 

Table 11. 8.: Indication of appropriate rotor size for each application in each region 
[diameter rotor in m.] 

Application ofwater supply 

Region Community Livestock Irrigation 
small medium large small large large small scale medium scale 

farm farm ranch nee other nee other 

Dodoma < 6.5 6.5-8 < 4.5 4.5-6 6-8 <8 < 5.5 5.5-8 
Mtwara < 3.5 3.5- 4.5 4.5-8 <2 2- 3.5 3.5-5 <8 < 6.5 6.5-8 
Mwanza <5 5-7 < 3.5 3.5 -4.5 4.5 -7 <8 <6 6-8 
Tabora <8 <8 <8 
Ruvuma <8 < 6.5 6.5 - 8 <8 
Tanga <8 < 6.5 6.5 - 8 <8 
Mbeya <8 <8 <8 <8 
Arusha <8 <6 6-8 <8 
Pemba· 
Ma ra <7 7-8 <4 4-5.5 5.5- 8 <8 
Kigoma <8 <5 5-8 <8 
Zanzibar • 

DSM/Pwani <8 < 5.5 5.5- 8 
Singida • 
Shinyanga • 

Rukwa· 

• Not possible to indicate the potential of wind pumps for the different applications, because of lack of data on 
water levels and/or average wind speeds. 

112 
Halcrow Gilbert Associates Ltd, Main authors: RH. Hacker & J.A. de Jongh, October 1993. p6. 

113 
For the wind speed, the average wind speed in the design month has been used. . 

114 
For the wind speed, the wind speed in the planting season has been used (see appendix N). 
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11.1.3. Conclusions with regard totheuse of wind pumps for the three applications 

In table 11.9. on the next page, an overview is given for the potential of a wind pump with regard to 
each application in the regions, which were identified as being proruising regionsin part lil. The 
potential of a wind pump for a certain application depends, besides the average wind speed, on the water 
requirement and the pumping head. 
F or the calculations of table 11.9., the total pumping head in each region has been taken into account, 
except for irrigation. As already said before, pumping for irrigation will only be attractive when the 
pumping head does oot exceed say 10 meters. Thus, for irrigation, this upper limit with regard to 
pumping head will be used in stead ofthe specific total pumping head in each region. 
Knowing the water requirement and the pumping head for each application in each region, the required 
hydraulic power output cao be deterrnined115

. This required hydraulic power output should fall in the 
hydraulic power output range of a wind pump, which is from a bout 100 m 4/day up to about 2,500 
m4/dayll6. 
Because the average wind speed is known for each region, the required rotor diameter cao be 
deterrnined117

. As a rule ofthumb, a maximum rotor diameter of 8 meters is accepted, which is in 
general the largest wind pump available. 
The above mentioned lirnitations with regard to the potential for wind pumps for a certain application in 
a certain region (required hydraulic power output between about 100 m4/day and 2,500 m4/day; rotor 
diameter oot exceeding 8 meters), are valid for all three application. 
According to table 11.4., large scale livestock keeping is not to be expected in the regions Mtwara, 
Ruvuma and Kigoma. This is indicated in table 11.9. by a minus-sign (-), because large scale water 
supply for livestock is oot an interesting application in these regions. 
For irrigation, the matching between the rainfall pattem and the wind pattem should not be 'bad' (see 
paragraph 6.5.). This leaves at the applicaiton ofirrigation for the regions Mtwara, Tanga and Dar es 
Salaam/Pwani. Secondly, at least 75 % ofthe irrigable area should not yet be irrigated (see table 11.6.). 
Thus, also Arusha is excluded with regard to the potential for wind pumps for irrigation. 
Table 11.9. shows that in most regions, wind pumps have potential when it comes to community water 
supply (small and medium size communities), livestock water supply and small scale irrigation ifthe 
matching of rainfall pattem with wind pattem is not 'bad'. 

11.2. U se of wind turbines 

Power requirements depend on the purpose for which the power is to be used. Therefore, different 
groups ofusers cao be identified. However, because wind turbines are oot expected to have a potential in 
Tanzania at the moment, power requirements will not be discussed here in detail. In appendix P, a short 
introduetion is given with regard to power requirements for different groups ofusers. 

115 
The required hydraulic power output is the water requirement in m3/day multiplied by the pumping head in m. 

116 Smulders, June 1995, p4. 
117 For the calculation methods, refer to appendix 0. 
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Table 11.9.: Overview ofthe potential for wind pumps for each application in each region 

Region Community 
small medium large 

Dodoma x x 
Mtwara x x x 
Mwanza x x 
Tabora x 
Ruvuma x 
Tanga x 
Mb eva x 
Arusha x 
Pemba· 
Ma ra x x 
Kigoma x 
Zanzibar • 

DSM/Pwani x 
Singida· 
Shinvanga • 
Rukwa· 

Application ofwater supply 

small 
farm 

x 
x 
x 
x 
x 
x 
x 
x 

x 
x 

x 

Livestock 
large 
farm 

x 

x 

x 
x 
x 

x 

x 

large 
ranch 

x 

x 

x 

Irrigation 
small scale medium scale 
nee other nee other 

x x x 

x x x 
x 
x 

x 

x 
x 

• Not possible to indicate the potential of wind pumps for the different applications, because of lack of data on 
water levels and/or average wind speeds. 
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Chapter 12 Financial Analysis 

12.1 Introduetion 

A fundamental question before deciding to in vest in a project, is whether the in vestment in the project is 
justified. Justified in the sense that the benefits exceed the costs. There are two ways tolook at this cost
benefit problem. The first one is on a macro or nationallevel with the national community as 
beneficiary. The other one is on a lower level, on micro level, with the community, institution or farmer 
as the beneficiary. The first one is called the economie analysis, the second one the financial analysis. 
Thus: 

+ Economie analysis (or macroeconomie analysis): Assessing the impacts of a project on the level 
ofthe society as a whole. 

+ Financial analysis (or microeconomie analysis): Assessing the impact of a project on the level of 
the investor(s) and/or user(s). 

Important aspects ofthe macroeconomie analysis are for example the employment effect and the net 
foreign exchange effect118

. However, in order to be able to calculate these effects, detailed data are 
needed with regard to for example the number of wind pumps to be installed and whether they are 
imported or locally produced. It is very difficult to make predictions about the number of wind pumps 
that is likely to be installed in Tanzania in the near future. Because the wind energy sector is still in its 
in fancy in Tanzania, it is expected that the number of installed wind pumps will be low and will thus 
bear little influence on a national scale to employment creation and foreign exchange earnings. Ifthe 
market for wind pumps would be developed, it is possible that the effect of employment generation and 
foreign exchange earnings will be noticed on a national scale, especially ifthe wind pumps will be 
produced locally. Due to time constraints and because too many assumptions would have to be made to 
perform an economie analysis and these assumptions can not yet be soundly based on existing 
information in Tanzania, the economie analysis will not be performed bere. 

12.2. Financial analysis 

The financial analysis determines, as said before, whether the investment is profitable from the point of 
view ofthe user(s)119

. The fmancial analysis can be split up into two parts 120
: 

+ Cash-flow analysis: Cantheuser finance bis investment? 
+ Cast-Benefit analysis: Is the investment profitable, i.e. do the total benefits exceed the costs over 

a eertaio period of time? 

In the cash-flow analysis, it is checked whether all expenditures within one year can be covered by the 
receipts in that same year. Ifthis is not the case, the user can get into financial difficulties. A problem 
with wind pumps, is that the initia! investment costs are relatively high. Thus, the user must have enough 
financial reserves to be able to make this high investment. Although the cash-flow analysis is important, 
it is left out of consideration bere. Reason for this is that for the execution of a cash flow analysis, 
detailed information about the specific situation are needed, for example the user's own capita!. Only the 
cost-benefit analysis will be discussed bere. 

118 Lemmens, 1994, p73,76. 
119 For the sake of simplicity, it is assumed that the investor is the user. Therefore, when referred totheuser in 

this chapter, it is assumed that heisalso the investor. 
120 Meel & Smulders, 1989, p88. 
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12.2.1. Cost-Benefit analysis 

A complete cost-benefit analysis is divided into two parts 121
: 

+ Analysis of costs related to things like purchase, operation & maintenance, repair, spareparts and 
(in the case of an engine-driven pump) fuel. 

+ Analysis of benefits such as for example the sale of agricultural products or water and increased 
value of life. 

Thus, in order to performa cost-benefit analysis, one has to determine the costs and the benefits of an 
investment. However, the benefits are difficult to determine, because they depend on the specific 
application and local situation. Another important aspect ofthe benefits is that they aretoa certain 
extent of a qualitative kind (e.g. increased value of life) and thus difficult to express in quantitative 
terms. It is, however, possible to assume that the benefits are equal for all pumping systems serving the 
same purpose. The benefits result from the fact that the water is available; it does not matter how the 
water is pumped. How (i.e. with what pumping system) the water is pumped is, however, important for 
the determining of the costs. Therefore, the benefits will be left out of consideration and the analysis 
clone here will be more like a "least cost analysis". 
In order to make investment and recurrent cost comparable, one can distinguish two different 
approaches 122

: 

+ Annuity method 
Convert the investment into an equivalent yearly cost called the annuity. This is the amount of 
money that would have to be paid every year during the (economie) lifetime ofthe installation, if 
the investment was financed through a loan. 

+ Present value method 
Convert the recurrent costs into an equivalent capital, the present value. The present value of 
future costs is the amount of capita! that should be reserved at the moment of in vestment in order 
to cover all future costs. 

In principle, the two metbods are comparable: the conclusions drawn from both metbods are practically 
identical, although the annuity metbod is somewhat more lirnited with respect to future cost escalation. 
Although cost escalations are not expected, the metbod used here is the present value metbod, because 
this metbod very commonly used. 

121 Meel & Smulders, 1989, p88. 
122 Meel & Smulders, 1989, p89. 
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12.2.2. Description of the systems and assumptions 

12.2.2.1. Introduetion and general assumptions 

The following systems are used for comparison: 

• windpump 
• engine driven pump 
• handpump 

It would have been possible to include an electric pump and a solar pump in the analysisas well These 
two systems are, however, both left out. Electric pumps are in general connected to a (local) grid. In 
Tanzania, however, there is a low infrastructure when it comes to electricity distribution through the 
grid. And if it would be possible on a certain site, this would most likely be the least cost option 123

. The 
technology of solar pumps is still quite unknown in Tanzania. There is also little information a bout the 
application of these systems in Tanzania. Therefore, this option is leftout of consideration as well. 
An important point is that the different pumping systems all have their specific boundaries with regard to 
output. Therefore, the different pumping systems are often not so much 'competitive' as 'complementary'. Of 
course, the boundaries between the pumping systems are not very clearly de:fined, but overlap each other. In 
:figure 12.1., the range in which the different pumping technologiescan be used is given. 
At the lower end of the scale, hand pumps are the obvious solution and are used up to 100 m 4/day, although 
examples are known where wind pumps are used for requirements down to 20 m4/day, for example in the 
Philippines. Engine driven pumps are uneconomical at very low requirements, also due tothefact that these 
pumps are often not made for low powering ratings. As is clear from :figure 12.1., the output ranges ofthe 
three pumping systems considered overlap each other. Up to requirements of about 30 m4/day, the hand pump 
is the only ahemative. For requirements in the range from about 30 m4/day up toabout 100 m4/day, both a 
hand pump and a wind pump can in principle be used. In the range from a bout 100 m 4/day up to a bout 2,500 
m4/day, one can choose between a wind pump and an engine driven pump. And for requirements exceeding 
2,500 m4/day, an engine driven pump is in principle the only option. 
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Figure 12.1.: An overview of the hydrau/ie power ranges in which the diffèrent pumping technologies can be 
used. 

Source: Smulders, P.T., Wind water pumping: the forgotten option, BWENRAL Workshop- "Technology 
and lmplementation Issues Related to Renewable Energy Systems inDeveloping Countries", June 1995, p4. 

123 Meel & Smulders, 1989, p91. 
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For the execution ofthe analysis, some general assumptions that apply for all three systems have been 
made. These assumptions are: 

+ Water pumped is used for community water supply or cattie water supply. 
+ Benefits are equal for all pumping systems considered. 
+ Time period ofthe analysis is 10 years. 
+ Interestrateis 12 %124 and constant over time. 
+ Relative prices are expected to remain constant over time and equai for all costs. Thus, intlation is 

kept out ofthe calculations. 
+ No back-up pumping systems are used. 
+ The discharge capacity of the well is sufficient to meet the water requirements. 
+ No costs due to failure. 
+ Costs for attendants and operators are equai for all pumping systems considered 125

. 

In the Ieast-cost analysis, the common costs (e.g. costs of drilling) are not included. This is justified if 
the amounts ofuseful water pumped are equal for the systems considered126

. Here, the financial analysis 
is based on costs per unit pumped water for a specific water requirement, thus the common costs are not 
considered. This means that comparison is based on costs of pumping only and not on total costs of 
water. 
Beiow, the three pumping systems are discussed and the resuits ofthe anaiysis are given. For each 
pumping system a set of assumptions is made on which the analysis has been based. With these 
assumptions the present situation is outlined. This initia! set of assumptions for each system is referred 
to as the 'base-case'. In the sensitivity analysis in paragraph 12.3.2., some ofthe initial assumptions of 
the base-case are changed and the effect ofthis on the resuits are discussed. 
For more details on the calculation methods ofthe analysis, refer to appendix Q. 

12.2.2.2. Wind pump 

The first system considered is the wind pump. The water output ofthe wind pump depends on a number 
of factors, Iike for exampie the rotor diameter and of course the wind speed. How these factors influence 
the water output is outlined in appendix F. 
Because wind energy is a stochastic energy source, one has to account for an uncertainty with regard to 
water output. Depending on the reguiarity ofthe wind regime, the kind of appiication and, related to this, 
the chances of not ha ving water one is prepared to accept 127

, one can dec i de on whether or not to instaU a 
storage tank and if so, on its capacity. When the water is used for irrigation purposes, storage tanks are 
often not required, because ofthe costs involved and because the land can often be used as 'storage 
tank'. For community and cattie water suppiy, however, a storage tank is necessary, thus costs for 
storage will have to betaken into account here. 
According to Parkes, the storage capacity that is commonly recommended by wind pump manufacturers 
is three times the average daily suppiy128

. The costs for water storage can, however, be considerable, 
depending on the type of storage tank. Meel and Smuiders suggest for dornestic water suppiy a storage 
capacity that covers 1 to 2 days129

. 

124 Figure for interest according to theEast African Development Bank. 
125 Although fora \\ind pump an operator/attendant is notper se necessary, there was one in Tanzania in most 

of the cases. 
126 Meel & Smulders, 1989, p91. 
127 Beurskens, 1978, p30. 
128 Parkes, 1974, pl3. 
129 Meel & Smulders, 1989, p45. 
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The assumptions used with regard to the wind pump in the financial analysis are: 

+ The specific casts of a wind pump is 350 US$ per square meter rotor area130
. 

+ Lifetime ofthe wind pump is J5 years; scrap value after JO years is J/3 of initia! value. 
+ A steel starage tank which can contain 2 days of de mand is used up toa maximum of J5 m3 131

, 

assuming a pumping he ad of J 0 m. 
+ The specific investment ofthe starage tank is J 00 US$ per m3 contents132

. 

+ Lifetime ofthe starage tank is 30 years 133
; scrap value after JO years is 213 of initia! value. 

+ Annual casts for maintenance andrepairs of the wind pump are a fixed amount of 50 US$ and 
a variabie amount of 2% ofthe initia/investment costs 134

. 

+ Annual casts for maintenance ofthe starage tank is J% ofthe investment costs135
. 

+ Quality factor ofthe wind pump f3 is 0.08136
. 

+ Output range: 30 m4/day- 2, 500 m4/day137
. 

+ Pumping heads up to about 40 m. 
+ Diameter of rotor maximum 8 meters 138

. 

These assumptions represent the base-case for the wind pump. 

12.2.2.3. Engine driven pump 

There are different types of engine driven pumps according to the fuel they use. The most common fuel 
used for engine driven pumps are petrol, kerosene and diesel. The engine driven pump considered here is 
a petrol pump, because this type is the most commonly available in Tanzania. 
The assumptions used to describe the base-case for the engine driven pump are 139

: 

+ The engine driven pump is a petrol pump. 
+ The specific casts of an engine driven pump is 250 US$ per kW rated power140

. 

+ A steel starage tank which can contain J day of de mand is used up to a maximum of J5 m3 14
\ 

assuming a pumping head of J 0 m. 
+ Lifetime of the engine driven pump is 5, 000 operating hours; no scrap value. 
+ Annual casts for maintenance andrepairs ofthe engine driven pump estimated to be 300 US$ 

per J 000 operating hours. 
+ Combined efficiency of pump and lines l]pl]t is 40% (medium). 
+ Overall efficiency !]tot (from jitel input to water output) is 5%. 
+ De ratingfactor d (power demanded by pump over rated engine power) is 0. 5. 
+ 365 Operation days per year; 4 hours per operation day. 

130 Basedon prices for the Kijito-wind pumps from Kenya. 
131 Maximum size of storage tank available in Tanzania. 
132 Based on local prices for Steelco tanks. 
133 Meel & Smulders, July 1989, p 103. 
134 Based on e":periences with Kijito wind pumps. 
135 Meel & Smulders, July 1989, p 103. 
136 Basedon e:\.-periences with Kijito wind pumps. 
137 Smulders. June 1995, p4. 
138 Largest Kijito wind pump. 
139 Qualitative assumptions are largely basedon figures given in Wind Pumping: a Handbook, Meel & 

Smulders, July 1989. 
140 Basedon locai Tanzanian prices for Kubota pumps (Japan). 
141 Maximum size of storage tank available in Tanzania. 
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+ Petrol price is 0.65 US$ per litre142
; energy content is 10 kWh per litre. 

+ Output range: 100 m4/day -10,000 m4/day. 
+ Pumping heads up to about 40 m. 

12.2.2.4. Hand pump 

Fora hand pump, no specific costs are used, but a lumpsum investment. A hand pump has been chosen 
that can pump water over a vertical distance of 40 meters. 
Assumptions for the base-case ofthe hand pump are143

: 

+ The lump sum investment for the hand pump is 2, 486 US$144
. 

+ Lifetime of the hand pump is 10 years145
; no scrap value. 

+ Annual casts for maintenance andrepairs of a hand pump are a fixed amount of 10 US$. 
+ Output range: 1 m4/day -100 m4/day. 
+ Pumping heads up to about 40 m. 

The lump sum investment for the hand pump is very high. There are hand pumps that are much cheaper, 
like for example the very simple rope and washer. However, the hand pump chosen bere is more often 
used in Tanzania. 

12.2.2.5. Results of the analysis 

The results are given in graph-form with the costs per m4146
, calculated over the considered time span of 

10 years, as a function ofthe daily water requirement in m4/day. See figure 12.2. on the next page for 
the results. For more details conceming the results ofthe fmancial analysis, refer to appendix Q. 
Before looking at the results ofthe financial analysis, it must be said once again very explicitly that the 
figures are meant to give a basisfora qualitative comparison ofthe three pumping altematives. It is not 
possible to draw quantitative conclusions with regard to the financial attractiveness of a pumping system 
because oftwo reasons. First, nobenefits are taken into account in the analysis. Second, many costs are 
also leftout of consideration (like for example the costs of drilling a borehole), because they are 
expected to be equal for all systems considered. See also paragraph 12.2.2.1.. 
A remark has to be made conceming the results of the hand pump. The initia! in vestment of a hand pump 
has not been related to the hydraulic power requirement, as has been done both for the wind pump and 
for the engine driven pump. Therefore, forsmaller requirements, the hand pump is not the least-cost 
option. It is however possible to choose a smallerand thus cheaper hand pump for those requirements, 
which will make the hand pump a more attractive alternative than figure 12.2. suggests. 
For requirements less than 30 m4/day, the hand pump is in principle the only option. And for 
requirements exceeding 2,500 m4/day, the engine driven pump is in principle the only option. When the 
requirement falls between those two values, there is a choice between two altematives: for the range 

142 Overview fuel prices ofthe Tanzania Petroleum Development Corporation. Fuel prices vary from one region 
toanother (from 0.60 US$/liter in Dar es Salaam to 0.71 US$/liter in Bukoba, Kagera). The price of0.65 
US$/liter is an average. 

143 Assumptions largely basedon figures given in Wind Pumping: a Handbook, Meel & Smulders, July 1989. 
144 Basedon local prices for Tanira hand pumps (type: NIRA AF-2000); one ofthe two most used brandsof 

hand pumps in Tanzania. 
1 ~5 Ex-periences have shO\vn that a lifetime of 10 years is more realistic for a Tanira handpump than 5 years as is 

the general expected lifetime of a hand pump according to Meel & Smulders (July 1989). 
146 Pumped volume multiplied by the total pumping head. 
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from a bout 30 m4/day up toabout 100 m4/day, the two alternatives are the hand pump and the wind 
pump. And for requirements ranging from about 100 m4/day up toabout 2,500 m4/day, the two 
alternatives are the wind pump and the engine driven pump. 
The attractiveness of wind pumps depends on the average wind speed. For average wind speeds of 3 mis, 
wind pumping is the most attractive option for demands in the range from about 30 m4/day up toabout 
60 m4/day. From 60 m4/day up to 100 m4/day, the hand pump becomes more attractive than the wind 
pump. When the average wind speed is 4 rn/s or more, the wind pump stays the least-costoption over the 
whole range from about 30 m4/day up toabout 100 m4/day. 
For requirements in the range from about 100 m4/day up toabout 2,500 m4/day, the choice is between a 
wind pump and an engine driven pump. Again, the attractiveness ofthe wind pump depends on the 
average wind speed. When the average wind speed is 3 rn/s, the wind pump is the least-cost option for 
requirements up to about 250 m4/day. For average wind speeds of 4 rn/s or more, the wind pump is the 
most attractive alternative over the whole range from 100 m4/day up to 2,500 m4/day. 
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}/gure 12. 2.: Results of the financial analysis jor the base-case 

12.2.3. Sensitivity analysis 

I 

The purpose of a sensitivity analysis is to analyse the effect of a certain parameter on the results ofthe 
analysis, or, in other words, to what extent the results ofthe analysis are sensitive toa change of a 
certain parameter. The results ofthe sensitivity analyses are given in so-called 'Spider-diagrams'. In 
these diagrams, the relative value ofthe parameter (new value divided by old value) is given on the x
axis. On the y-axis, the relative value ofthe present value ofthe costs (new present value ofthe costs 
divided by old present value ofthe costs) is given. Thus, it can very easily beseen what the effect on the 
present value ofthe costs are ifthe value ofthe parameter for example doubles. 
For each pumping system, a sensitivity analysis has been carried out for those parameters that are 
subject to changes and for those parameters that are not well known. The results are given in the 
following paragraphs. 
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12.2.3.1. Wind pump 

Starting point for the sensitivity analysis for the wind pump is the case when the average wind speed was 
4 mis. For this sensitivity analysis, the following parameters were taken into account: 

+ Interest rate 
+ Specific costs of the wind pum/41 

+ Specific costs of the storage tank 
+ Variabie part of the costs for maintenance andrepairs 
+ Average wind speed 
+ Lifttime ofthe wind pump 

The results are shown in figure 12.3 .. 

sensitivity analysis wind pump 
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Figure 12. 3.: Spider diagram of the sensitivity analysis for the wind pump 

4 

From figure 12.3., it becomes clear that the results for the wind pump-case are very sensitive to changes 
in average wind speed and to changes in specific costs for both the wind pump itself and the storage 
tank. The sensitivity with regard to wind speed also became clear from the base-case analysis (see figure 
12.2.). The results are less sensitive to changes in interest rate, costs for maintenance andrepairs and 
lifetime ofthe wind pump. Because the costs for maintenance andrepairs are very small compared with 
the total in vestment costs, the effect of a change in these costs has hardly any consequences for the 
results. Because the yearly recurring costs like costs for maintenance and repairs are so small, the results 
are hardly sensitive to changes in interest rate. 

147 According to Meel & Smulders (July 1989, pl04), the specific costs for an 'innovative wind pump' can be as 
low as about 200 US$/m2 rotor area. 
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12.2.3.2. Engine driven pump 

For the engine driven pump, a sensitivity analysis bas been executed in order to check the sensitivity of 
the results for the engine driven pump to the following parameters: 

+ Interest rate 
+ Specific costs of the engine driven pump 
+ Specific costs ofthe starage tank 
+ Variabie part of the costs for maintenance andrepairs 
+ Fuel costs148 

The results are given in figure 12.4 .. 
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Figure 12. -1.: Spider diagram of the sensitivity analysis for the engine driven pump 

Figure 12.4. shows that the results for the engine driven pump are sensitive to changes in interest rate 
and to changes in fuel prices. The opposite ofwhat applied to the wind pump, is applicable bere. The 
yearly recurring costs for fuel are considerable, thus changes in both fuel costs and interest rate have 
considerable impact on the results ofthe financial analysis. 
The results of the financial analysis are less sensitive with regard to changes in specific costs of both the 
pump itself and the storage tank and to changes in costs for maintenance and repairs. 

148 
Fuel prices vary considerable within Tanzania (see also footnote 142). Another aspect is that fuel prices are 
low in Tanzania, which might change in the future. 
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12.2.3.3. Hand pump 

In the sensitivity analysis for the hand pump, only two parameters have been taken into account. These 
parameters are: 

+ Interest rate 
+ Initia! investment costs of the hand pum/49 

The results of the sensitivity analysis with regard to these two parameters is given below in figure 12.5 .. 
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Figure 12.5.: Spider diagram of the sensitivity analysis jor the hand pump 

The results ofthe sensitivity analysis show that the results for the hand pump are very sensitive to the 
initial in vestment costs for the pump. This is of course very logic, because these are almost the only 
costs involved in pumping with a hand pump; the yearly recurring costs for maintenance and repairs are 
negligible. The fact that the yearly recurring costs for a hand pump are so small also explains why the 
results are not sensitive to changes in interest rate. 

149 As already explained before, the analysis bas beenbasedon investment costs for large hand pumps. For 
smaller demands, however, it is better to choose a smaller and thus cheaper hand pump. 
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PART V CONCLUSIONS AND RECOMMENDATIONS 

Chapter 13 Conclusions and recommendations 

13.1. Conclusions 

The main research problem was formulated as: 

What are the possibilities for exploiting wind energy by means of wind pumps andlor wind turbines in 
Tanzania? 

To findan answer to this question, three subquestions were formulated. These three subquestions and 
the conclusions with regard tothem are given below. 

Subquestion 1: 
What are the boundary conditions set by political, physical, demographical and technological 
aspects ofthe Tanzanian society for the exploitation of windenergyin Tanzania? 

Politica! aspects 
The energy policy of Tanzania states that the exploitation of wind energy will be stimulated. However, in 
practice little not to say nothing is done. The most important reasou for this passive attitude ofthe 
govemment is lack of fundsforstarting activities in the field of wind energy. Thus, the initiative for 
those activities should come from the private sector and/or Non-Govemmental Organisations. 

Physical aspects 
With regard to the physical aspects, the most important variables considered were wind climate, 
groundwater levels and rainfall. Of these three variables, the wind elimate is the most important one. 
Foor types of wind regimes were identified: poor regime ( average wind speed less than 3 m/s), fair 
regime (3 - 4 mis), good regime (4- 5 m/s) and very good regime (over 5 m/s). For wind pumps, at least 
a fair regime is required and for wind turbines at least a good regime. 
Regions with poor regimes are: Kagera, Iringa, Lindi, Morogoro and Kilimanjaro. Regions with fair 
regimes are: Arusha, Dar es Salaam, Kigoma, Mbeya, Mara, Ruvuma, Tabora, Tanga, Pemba and 
Zanzibar. And the regions with good regimes are: Dodoma, Mtwara and Mwanza. There are no regions 
with a very good regime. For the regions Rukwa, Shinyanga and Singida, no wind data were available. 
However, basedon the location of these regions, it is expected that Rukwa has a fair potential and 
Shinyanga and Singida fair to good potential. Another aspect that indicates at least a fair potential in 
Singida is the experiences with wind pumps in this region 
Ground water resources have been examined by looking at water levels in drilled boreholes all over the 
country. Roughly speaking, the average dynamic water levels in Tanzania vary from 25 to 40 meters. 
Although considerable fluctuations were found both between regions and within regions, it can be 
concluded that in none ofthe regions considered ground water levels are a constraining factor for the 
possibilities to exploit wind energy. 
Regionsin central Tanzania are very dry (less than 750 mm per year), but they have a good matching of 
wind- and rainfall pattems. The same with regard to the matching ofthe two pattems is applicable for 
regions around Lake Victoria. This indicates good potential for irrigation purposes forthese regions. 
See also tables 7.2., 7.3. and 7.5. and figures 7.2., 7.3. and 7.4. 
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Demographical aspects 
Demographical aspects are not eenstraining factors for the exploitation of wind pumps or wind turbines. 
The advantage in densely populated regions is that there is more infrastructure, which is favourable for 
maintenance andrepairs and the availability of spare parts. The advantage of scarcely populated areas is 
that engine driven pumps or generators become more expensive, due to higher costs for fuel. 

Technological aspects 
Both classica! multi-bladed wind pumps and second generation wind pumps are installed in Tanzania. In 
the past ten years, the popularity of second generation wind pumps has grown. Another advantage of this 
type of wind pump over a classica! multi-bladed type is the lower initia! investment costs. 
Therefore, it is expected that second generation wind pumps will have a better potential in Tanzania than 
classica! multi-bladed ones. 
However, no wind pumps are locally produced in Tanzania. Therefore, knowledge and skilis regarding 
the technology will have to be developed before a local market can successfully be exploited. 

Subquestion 2: 
Given these boundary conditions, where in Tanzania can potential markets for wind pumps 
and/or wind turbines be expected to be located? 

The condusion with regard to possibilities for wind pumps is that there is a potential in a large number 
ofregions in Tanzania, basedon the analysis ofphysical aspects. Almost all regionsin Tanzania have at 
least a fair regime, which is in principle sufficient for the exploitation of wind pumps. The regions with 
poor regimes are situated in the south east of Tanzania at a bout 10 degrees south latitude (Iringa, 
Morogoro and Lindi) and Kagera and Kilimanjaro. 
The possibilities fortheuse of wind turbines are less favourable. In almest all regions the average wind 
speeds are too low (i.e. less than about 4 m/s) forstand alone wind turbines. Only three regions show 
wind pattems that indicate potential forstand alone wind turbines. These three regions are Dodoma, 
Mtwara and Mwanza. For large scale electricity generation the average wind speed should at least be 
about 5 m/s. There are no regions where the average wind speed exceeds this value. 
The few projects with regard to electricity generation by wind turbines that have been executed in 
Tanzania all failed. Due tothese bad examples, electricity generation by wind turbines is often not 
considered as an alternative worth considering. Other constraints for the possibilities for wind turbines 
are the lack of (reliable) wind speed data and the present passive (and sometimes even sceptic) attitude 
ofboth politica! institutions and NGO's with regard to wind energy. Therefore, it is not wisetostart 
wind turbine activities on the short term in Tanzania. 

Subquestion 3: 
What are the potential users in each region and what is the range of appropriate sizes of wind 
pumps forthese users? 

For the regions that were identified as having potential for wind pumps, the possibilities for using wind 
pumps for three different applications were determined: community water supply, livestock water supply 
and water supply for irrigation purposes. For each application, different scales of application were 
determined with the water requirements to match (refer to tables 11.2., 11.5. and 11.7.). 
The results of the potential for wind pumps in each region is given in table 11.9. on page 63. In general 
it can be said that with regard to community water supply, all regions have a potential for wind pumps 
forsmalland medium communities (up to communities with 1,000 inhabitants), with the exception of 
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Arusha, which has only a potential for small communities (up to 500 inhabitants). With regard to 
livestock water supply, all regions have potentials for all three types of livestock keeping householcts 
(small farm, large farm and large ranch), with the exception of Mtwara, Ruvuma, Arusha and Kigoma. 
And with regard to water supply for irrigation, all regions have potential for small scale irrigation (<2 
hectares) for all types of crops, with the exception of Mtwara, Tanga, Arusha and Pwani/DSM. Dodoma 
and Mwanza also have a potential for medium scale irrigation (2- 5 hectares) for crops other than rice 
and bananas. 

Subquestion 4: 
Ifusing wind energy is in principle worth consiclering in a certain region in Tanzania, what is 
the financial competitiveness of this option in comparison with other alternatives? 

The competitiveness of wind pumps has been examined by performing a 'least cost analysis' basedon 
the present value of costs that can be attributed to a certain pumping system. Benefits were considered 
equal for all systems and common costs like the drilling ofthe borehole and costs for attendants and 
operators were leftout of consideration. 
The alternatives considered were a wind pump, an engine driven pump and a hand pump. For each 
alternative a set ofinitial assumptions was formulated. The results ofthe analysis are shown in figure 
12.2. on page 70. 
For hydraulic energy requirements up toabout 30 m4/day, the hand pump is the only option. For 
requirements ranging from about 30 m4/day toabout 100 m4/day, there are two alternatives: the hand 
pump and the wind pump. When the average wind speed is 3 mis, the wind pump is the least-costoption 
for requirements up toabout 60 m4/day. After this point, the hand pump is the most attractive pumping 
system up to requirements of 100 m4/day. When the average wind speed is at least 4 mis, the wind pump 
is the least-costoption for requirements up to 100 m4/day150

. 

For hydraulic power requirements ranging from 100 m4/day up to 2,500 m4/day, there are also two 
alternatives: the wind pump and the engine driven pump, in this case a petrol pump. For average wind 
speeds of a bout 3 mis, the wind pump is the least-cost option for requirements from 100 m 4/day up to 
about 250 m4/day. For average wind speeds of at least 4 mis, the wind pump is the most attractive 
alternative for requirements in the whole range from 100 m4/day up to 2,500 m4/day. 
For hydraulic power requirements over 2,500 m4/day, the petrol pump is the only option, due to 
limitations in output ofthe wind pump. 
A sensitivity analysis has been performed for a number of parameters 151

. The results for the wind pump 
are very sensitive to the average wind speed and the specific costs for both the wind pump 152 and the 
storage tank153

. The specific costs determine the total initia! investments. The results for the petrol pump 
are very sensitive to the interest rate and the fuel prices. The results for the hand pump are only 
influenced by the initia! investment. 

150 The hand pump chosen for this analysis was a very expensive one. Especially when the pumping head is not 
very high, it is possible to use a much cheaper hand pump. In that case, the hand pump will be much more 
competitive with a wind pump in the range from 30 m4/day up to 100 m4/day. 

151 These parameters were: interest-ratio, specific costs of the \Vind pump and the petrol pump, maintenance and 
repair costs for the wind pump and the petrol pump, average wind speed, lifetime of the wind pump, fuel 
prices and initial investment of the hand pump. 

15~ Specific costs for the wind pump are the investment costs per m2 swept rotor area. The total investment for a 
wind pump is thus the specific costs for the \\ind pump multiplied by the rotor area. 

153 Specific costs for the storage tank are investment costs per m3 capacity. The total investment for a storage 
tank is thus the specific costs for the tank multiplied by the capacity of the tank. 
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Thus, depending on the average wind speed in a region, the wind pump is the least-cost option for 
hydraulic power requirements ranging from about 30 m4/day up toabout 2,500 m4/day when the average 
wind speed is at least 4 m/s. When the average wind speed is about 3 mis, the wind pump is the most 
attractive option in the ranges from 30 m4/day up toabout 60 m4/day and from 100 up toabout 250 
m4/day. 

Having answered the four subquestions, the main research questions can be answered. 

Main research problem: 

What are the possibilities for exploiting wind energy by means of wind pumps andlor wind 
turbines in Tanzania? 

Based on the results of the environmental analysis, a number of regions has been identified as ha ving, in 
principle, potential for wind pumps. These regions are: Dodoma, Mtwara, Mwanza, Tabora, Ruvuma, 
Tanga, Mbeya, Arusha, Pemba, Mara, Kigoma, Zanzibar, Singida, Shinyanga and Rukwa. 
Forthese regions, a market analysis has been executed, taking into account the water requirements ofthe 
different types of users and the financial attractiveness of a wind pump versus a hand pump and an 
engine driven pump. 
The conclusions with regard to the possibilities for exploiting wind energy by wind pumps in Tanzania is 
given in table-form in table 13 .1. on the next page. lt is stressed that table 13 .1. provides indications 
with regard to potentials for each application in each region (x). A minus-sign (-) indicates that wind 
pumps are very likely not the most appropriate pumping system for that specific application in that 
specific region. 
Possibilities for exploiting (stand alone) wind turbines might be found in Dodoma, Mtwara and toa 
lesser extent in Mwanza, but certainly not on the short term. 

When consiclering exploiting wind energy in Tanzania, the following aspects need to betaken into 
account: 
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+ The Tanzanian govemment lacks funds. Funds have to come from the investor bimself or from 
foreign development organisations. 

+ The attitude of the govemment is rather passive, thus all initiatives will have to come from the 
private sector. 

+ All wind data accessible for third parties have been used for this research. However, more detailed 
data do exist and these data are necessary in order to make better founded conclusions. For an 
indication ofthe reliability ofthe data used, refer to appendix E. 

+ Skilis and knowledge with regard to wind pumps are not locally available and have to come from 
abroad. 



Possibilities for exploiting wind energy in Tanzania Part V 

Table 13.1.: Final results ofthe possibilities for exploiting windenergyin Tanzania 

Region Community 
small medium large 

Dodoma x x 
Mtwara x x 
Mwanza x x 
Tabora x 
Ruvuma x 
Tanga x 
Mbeya x 
Arusha x 
Pemba· 
Mar a x 
Kigoma x 
Zanzibar • 

Pwani/DSM x 

Singida· 
Shinyanga • 

Rukwa* 

Application of water supply 

small 
farm 

x 
x 
x 
x 
x 
x 
x 
x 

x 
x 

x 

Livestock 
large 
farm 

x 

x 

x 
x 

x 

x 

large 
ranch 

x 

x 

Irrigation 
small scale medium scale 

nee other nee other 

x x 

x x 
x x 
x x 

x 

x 
x 

x 

x 

x 

• Not possible to indicate the potential of wind pumps for the different applications, because of lack of data on 
water levels and/or average \vind speeds. 
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13.2. Recommendations 

13.2.1. Recommendations with regard to wind pumps 

One of the constraints of the development of a market for wind pumps in Tanzania is the lack of wind 
data. Before starting wind energy projects, the local wind elimate should be well known. For this 
purpose, recent and reliable wind data are required. Available wind data in Tanzania are old. Although 
recent data are gathered by the Meteorological Department of Tanzania, nothing is done to process them. 
It is also not possible for third parties to get insight in the data. 

Recommendation 1: 

+ The Meteorological Department should make wind data available for persons and 
organisations interested instarting activities in the field of wind energy. Here lies a taskfor the 
Mi nistry of Water, Energy and Minera is to mediate. 

This would be a first, very cheap step to the development of a market for wind pumps in Tanzania. Of 
course, when consiclering the instaBation of a wind pump, the reliability of the data should be checked. It 
is also recommendable to take additional measurements on the specific site. 
Another eenstraint with regard to the availability of wind data, is that notall regionsin Tanzania are 
covered with at least one meteorological station. No station ofthe Meteorological Department exists in 
the regions Singida, Shinyanga and Rukwa. It is expected that especially Singida and Shinyanga have 
good potentials for wind pumps. 

Recommendation 2: 

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

At the moment the attitude ofthe Ministry of Water, Energy and Minerals with regard to wind energy is 
rather passive. 

Recommendation 3: 

+ The Mi nistry of Water, Energy and Minera is should more explicitly and actively stimulate the 
use of wind energy for water pumping. 

This can be clone by doing promotion activities and setting up demonstratien projects. Funds for this 
should be obtained by actively lobbying by non-govemmental organisations like foreign development 
organisations. 
There is a large potential market for wind pumps, but it has to be developed. This has to be clone in 
phases, taking for example one region at the time. 

Recommendation 4: 

+ The development of a market for wind pumps should start in Dodoma, because of its favourable 
wind cl i mate, its tradition with re gard to wind pumps and the importance of the region for 
Tanzania. 

First of all, a foreign manufacturer with the means and experiences necessary for developing the market 
for wind pumps in Tanzania should be made interested. Bob' s Harries Engineering Lirnited in Thika, 
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Kenya, manufacturer ofthe Kijito-wind pump seems an interesting option. This company has already 
indicated that it is in principle interested in Tanzania. 

Recommendation 5: 

+ Studies should be executed on the possibility of starting local production of (parts of) wind 
pumps in Tanzania. This should be done in close cooperation with a foreign manufacturer of 
wind pumps, for example Bob 's Harries Engineering Limited. 

Before actually starting production, a closer look should be taken at why so many wind pumps in 
Tanzania are out of order. Possible causes for the malfunctioning of wind pumps are lack of 
maintenance and lack of infrastructure, but can also be connected with cultural aspects like acceptation 
of wind pumps. Field visits to Singida have learnt that engine driven pumps are often preferred because 
they are regarcled as status symbols. 

Recommendation 6: 

+ Research should be carried out with re gard to possible causes of malfimctioning 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. 

13.2.1.1. Priorities of the recommendations 

In order to make the list of recommendations more useful, priorities are given to each recommendation, 
basedon costs, benefits and time aspects. 

Priority 1: Recommendation 1. 

+ 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 mediale. 

With the execution ofthis recommendation, practically no costs are involved. This can also be clone on a 
short term and the benefits, getting a better insight in the wind regime of Tanzania, will be very valuable. 

Priority 2: Recommendation 3 in combination with recommendation 4 

+ The Mi nistry of Water, Energy and Minera is 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 ofthe regionfor 
Tanzania. 

The recommendation basically means additional tasks for people ofthe Ministry of Water, Energy and 
Minerals. However, the contacts with non-governmental organisations have already been made. Thus, 
there will hardly be additional costs. The benefits are expected in the form of more attention for wind 
pump from NGO's on the short term (a few months), resulting in more projects with regard to wind 
energy on the medium term (1 to 2 years). The most suitable region for starting these projects is 
Dodoma, as explained in recommendation 4. 
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Priority 3: Recommendation 2 

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

The costs involved in the establishment of a wind measurement station are moderate (in the order of 
1,000 US$). A wind measurement station in Singida has priority number 1, followed by Shinyanga, 
because in these two regions good potential are expected. 
People have to be trained to take measurements, but this does not require advanced skills. Therefore, the 
costs for operation can also be kept low. Although the establishment of a wind measurement station can 
be realised on a short term, the benefits have to be expected on a long term (in principle after a few years 
of measurements). 

Priority 4: Recommendation 5 

+ Studies should be executed on the possibility of starting local production of (parts of) wind 
pumps in Tanzania. This should be done in close cooperation with a foreign manufacturer of 
wind pumps, for example Bob 's Harries Engineering Limited. 

Costs for research are usually very high. This study can be carried out in a few weeks time (say 6- 10 
weeks), which keeps the costs relatively low. However, research is always expensive; costs are estimated 
in the order of someten thousands US$. This study can mean the :first step towards local production of 
wind pumps, depending on the results ofthe study. Thus, performing such a study will be very 
interesting. 

Priority 5: Recommendation 6 

+ Research should be carried out with regard to possible causes ofmal.functioning ofso 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. 

A research ofthis type is often very comprehensive, with regard to both time and money. This research 
will take a few months, which will also be reflected in money. Thus, this researchwilleven be more 
expensive than the study mentioned in recommendation 5. Because ofthe comprehensiveness ofthe 
research, the research should be focused on a small area. However, in that case, one has to be careful 
with the interpretation ofthe results. The results might not be applicable toother areas. 

13.2.2. Recommendations with regard to wind turbines 

At the moment, no activities should be ondertaken with regard to the exploitation of wind energy by 
wind turbines. First, wind energy as an energy souree must become more common in the Tanzanian 
society. This can be done by stimulating the use of wind pumps. Then maybe in the future, studies 
should be performed on the feasibility of generating electricity by wind turbines. These studies should 
start in the regions Dodomaand Mtwara, because oftheir promising wind potentials. 
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APPENDIX A: 

AATP 
BoS 
CAMARTEC 
CCM 
CWD 
dd 
dwl 
ERP 
GDP 
GJ 
GMT 
IPI 
kW 
kWh 
LOC 
MD 
MoF 
MW 
MWEM 
NECO 
NESP 
NGO 
PC 
SADCC 
SAP 
SWD 
swl 
TANESCO 
TCE 
TCRS 
TJ 
TOE 
TPDC 
UN 
Wh 
WMO 

LIST OF ACRONYMS 

Arusha Appropriate Technology Project 
Bureau of Statistics 
Centre for Agricultural Mechanisation and Rural Technology 
Chama Cha Mapinduzi (Party ofthe Revolution) 
Consultancy services Wind-energy Developing countries (successor of SWD) 
drawdown 
dynamic water level 
Economie Recovery Programme 
Gross Dornestic Product 
Gigajoules 
Greenwich Mean Time 
Institute of Product lnnovation 
kilowatt 
kilowatthom 
Least Developed Country 
Meteorological Department 
Ministry of Finance 
Megawatt 
Ministry ofWater, Ehergy and Minerals 
National Egineering Company 
National Economie Survival Programme 
Non-Governmental Organisation 
Planning Commission 
Southem African Development Coordination Conference 
Structural Adjustment Programme 
Steering committe Wind-energy Developing countries (predecessor of CWD) 
static water level 
Tanzania Electric Supply Company Limited 
T onne Coal Equivalent 
Tanganyika Christian Refugee Services 
Terajoules 
Tonne Oil Equivalent 
Tanzania Petroleum Development Co-operation 
United Nations 
Watthour 
World Meteorological Organisation 
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APPENDIXB: 

Bagasse 

Charcoal 

Community 
-smal!-
- medium-
- large-

Cup anemometer 

Design month 

Drawdown 

Dynamic head 

GLOSSAR V 

The cellulosic residue left after sugar is extracted from sugar cane. 

Solid residue consisting mainly of carbon obtained by the destructive 
distillation of wood in absence of air. 

Number ofinhabitants less than 500. 
Number ofinhabitants between 500 and 1,000. 
Number ofinhabitants between 1,000 and 5,000. 

Conventional instrument to measure horizontal wind speed independent of 
direction. 

The 'worst' month, i.e. the month with the highest ratio of power demand (for 
ping) to power resources (wind). 

Lowering ofthe water table inside a well due to pumping. 

Total pumping head, including static head, drawdown and pressure loss in 
p1pes. 

Dynamic water level Water level in a well below ground level when pumping, i.e. the sum ofthe 
static water leveland the drawdown. 

Farm 
-smal!-
- large-

Fue!wood 

GDP 

Head!oss 

Livestock keeping household. 
Water requirement less than 5 m3/day. 
Water requirement between 5 m3/day and 10 m3/day. 

All wood in the rough used for fuel purposes. 

Total value of output (goods and services) produced within a country over a 
twelve month period. 

Pressure drop over pipes (transporting water) due to friction. 

Irrigation Any process, other than natura! precipitation, which supplies water to crops. 
-smal! scale- Irrigation of areas with size less than 2 hectares. 
- medium scale- Irrigation of areas with size between 2 hectares and 5 hectares. 

Height of center of rotor of wind pump/turbine above ground level. 

Power needed to pump water. 

Hub height 

Hydrau/ie power 

Pumping head Pressure difference to be overcome by a pump, expressed in units of equivalent 
height. 

- very low-
-low-
- medium-
- high-

Ranch 

Less than 3 meters 
Between 3 meters and 10 meters. 
Between 10 meters and 3 0 meters. 
More than 30 meters. 

Livestock keeping household with water requirements between 10 m3 /day and 
25 m3/day. 
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Renewable energy sourees Any naturally occuring souree of energy that is theoretically 

Static head 

Static water level 

Tanzania 

Wind 

Windpower 

Windpump 

Wind regime 
- poor-
- fair-
- good-
- very good-

Wind turbine 

inexhaustible, such as solar, wind, tidal and hydroelectric power, as opposed to 
sourees such as fossil fuels, which have finite supply levels that can not be 
replenisbed exceptover a geologie time scale154

. 

The vertical height over which water bas to be pumped. 

Water level in a well below ground level when not pumping. 

Mainland Tanganyika and Zanzibar. 

The motion of air relative to the Earth' s surface. 

The extraction of kinetic energy from the wind and conversion of it into a useful 
type of energy, either thermal, mechanica! or electrical. 

Water pumping device driven by wind power. 

Average wind speed less than 3 m/s. 
Average wind speed between 3 m/s and 4 m/s. 
Average wind speed between 4 m/s and 5 m/s. 
Average wind speed more than 5 m/s. 

Electricity generating device driven by wind power. 

154 Academie Press Dictionary ofScience and Technology, Morris, Christopher (editor), Harcourt Brace 
Jovanovich Publishers, United Statesof Arnerica, 1992. 

92 



Possibilities for exploiting windenergyin Tanzania Appendices 

APPENDIXC: CONVERSION TABLES 

Table C.l.: Unitprefixes 

Prefix es Name Factor 

fJ. micro 10-6 

m milli 10-3 

k kilo 103 

M Mega 106 

G Giga 109 

T Tera 1012 
p Peta 101S 

1 Joule (J) 
Basic energy units: 1 Watt (W) = ----

1 second (s) 

Tab ie C. 2.: Energy unit conversion factors 

Unit Convert into MJ Convert into kWh Convert into TCE Convertinto TOE 

1 MJ 1 0.28 3.4*10-S 2.3*10-S 
1 kWh 3.6 1 1.2*104 8.4*10-S 
1 TCE 2.9*104 8.2*103 1 0.69 
1 TOE 4.3*104 1.2*104 1.45 1 

Table C. 3.: Power unit conversion factors 

Unit Convert into W Convert into J/year Convert into Wh/year 

1W 1 3.2*107 8.8*103 

1 J/year 3.2*10"8 1 2.8*104 

1 Wh/year 1.1 *104 3.6*103 1 

Table C. 4.: Conversion of units of wind speed 

Unit Convertinto mis Convert into km/h Convert into mph Convert into knots 

1 m/s 1 3.60 2.24 1.94 
1 km/h 0.28 1 0.62 0.54 
1 mph 0.45 1.61 1 0.87 
1knot 0.51 1.85 1.15 1 
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APPENDIXD: RESEARCH INSTRUMENT 

For this research on the possibilities for the exploitation of windenergyin Tanzania, a number of 
'environments' bas been studied. For each environment, a number of variables bas been identified that 
was subject to the environmental analysis. These variables are given below. 

physical environment 
variables considered: 

+ water resources 
- rainfall (rnillimetres per year) 
- ground water (statie water leveland dynarnic water level) 

+ wind power resources (average monthly wind speeds) 
+ matching rainfall pattems and wind pattems over the year 

demographical environment 
variables considered: 

+ population density (number of inhabitants per km 2) 

+ population distribution (number ofpeople per type ofward per region) 

technological environment 
variables considered: 

+ existing types of wind pumps and wind turbines 
+ existing types of wind pumps and wind turbines in Tanzania (percentage installed wind 

pumps/turbines of each type ofthe total number number of wind pump/turbines installed) 

politica! environment 
variables considered: 

+ policy objectives 
+ policy instruments 
+ available means 

The result of the environmental analysis was the identification of a number of regions with potential for 
wind pumps. These regions were subjecttoa 'market analysis'. In this analysis, the following variables 
were studied: 

user 's considerations 
variables considered 

+ hydraulic energy requirement (water requirement in m3/s multiplied by the pumping head 
in meters, the density of water (998 kg/m3

) and the gravitational acceleration (9.8 rn/s2
). 

+ financial attractiveness of a wind pump versus alternative pumping systems like an engine 
driven pump and a hand pump ( costs per total pumped m 4) 
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APPENDIXE: INDICATION OF THE RELIABILITY OF THE DATA USED 

Table E.i.: Indication ofthe reliabilit~ ofthe data used 

Environment Principle metbod of Reliability Additional metbod(s) of data 
data gatbering gatbering 

• variabie 

Pbysical 

• rainfall Data used are Data are averages over a large 
measured by tbe East- number of years and measured 
African with reliable and valid 
Meteorological instruments. Furtbermore, it is not 
Department over to be expected that tbe rainfall 
decades of time, up to pattem bas changed significantly 
about 1975. over the last decades. 

• ground- Data are used from the For each region, a limited number The reliability has been 
water Drilling Unit ofthe (30) ofboreholes bas been checked checked by additional 

Hydrological Section on static water level and drawdown conversations with a local 
of Maji files or dynamic water level. It is, expert. 
concerning drilled however, expected that it is 
boreholes. possible to get a picture of the 

groundwater levels in each region. 

• wind Data used are Data are averages over a large The reliability bas been 
measured by the East- number of years and measured checked by additional 
African \\ith reliable and valid conversations with foreign 
Meteorological instruments. Furthermore, it is not experts. 
Department over to be expected that the wind The BateHe-map of the 
decades of time, up to pattem has changed significantly World Meteorological 
about 1975. over the last decades. Organisation bas been used 

However, too little data were for a qualitative comparison 
available (e.g. \\ith regard to daily with the results obtained by 
wind pattems) to draw rigid the data of the EA 
conclusions wi.th regard to the Meteorological Organisation. 
wind regimes in each region. 

Demographical 

• population Demographical data The census has been executed with 
density have been taken from foreign existance and is expected 

• population reports of the Bureau to give a reliable picture of 
distribution of Statistics with demographical characteristics in 

regard to the Tanzania. 
Population Census 
that was held in 
Tanzania in 1988. 

- continued -
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- continued -

Technological 

• existing Literature study. 
types of 
wind 
pumps and 
wind 
turbines 

• existing In Tanzania, a report 
types of was available with an 
wind overview of projects 
pumps and with regard to the use 
wind of wind energy. This 
turbines in report was written in 
Tanzania 1990 by Mwandosya 

and Luhanga .. 

Poli ti cal 

• policy Policy doeurneuts 
objectives provided by the 

• policy Ministry of Water, 
instruments Energy and Minerats 

• available and the Planning 
means Commission have 

been studied. 

User's 
considerations 

• hydraulic The hydraulic energy 
energy requirements have 
require- been based on figures 
ments for water demands 

used by the Ministry 
of Water, Energy and 
Minerals for daily 
practice. 

• finandal Data on prices were 
attractive- provided by 
ness manufacturers. 

Additional 
assumptions have 
been based on sirnilar 
cases as described in 
the literature. 
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The consulted literature gives a 
complete and reliable overview of 
existing technologies. 

Not all projects were deseenbed in 
great detail, but the report provides 
a reliable picture of the wind 
pumps and wind turbines installed 
in Tanzania. 

The doeurneuts provide a good 
picture of the polides of the 
Ministry of Water, Energy and 
Minerals. 

The figures used give a reliable 
indication of the actual water 
demand for various purposes in 
Tanzania. 

A number of assumptions has not 
been checked with the actual 
situation in Tanzania. However, 
by performing a sensitivity 
analysis for those assumptions, it 
is possible to give an indication of 
the financial attractiveness of a 
wind pump versus a petrol pump 
and a hand pump in Tanzania. 

Appendices 

The quality of the report has 
been checked by a discussion 
with one of the authors. 

Additional information has 
been obtained through 
discussions with the head of 
the renewable energy section 
of the Ministry of Water, 
Energy and Ministry. These 
additional conversations 
were useful in obtaining 
insight in the daily practice 
of the polides and their 
effects. 

The usefulness of the figures 
is checked by talks with 
people working at Maji. The 
figures are regularly tested 
by the present situation. 

The assumptions have been 
discussed with foreign 
experts. 
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APPENDIX F: INTRODUCTION TO THE THEORY OF SUBTRACTING ENERGY 
FROMWIND 

F.l. Hydraulic power requirement 

The hydraulic power requirement is the power needed to pump the desired volume of water. For calculating 
this hydraulic power requirement, two factors need to be determined fust: 

+ the head H, i.e. the total distance over which the water has to be pumped. 
+ the waterdemand q. 

In formula form, the hydraulic power requirement is: 

Phydr = Pw * g * H * q 

with: 
Phydr : Hydraulic power requirement [W] 
Pw : Density of water [998 kg/m3

) 

g : Gravitational acceleration [9.8 m/s2
] 

H : Total pumping head [m] 
q :Water demand [m%] 

The water demand depends on the application for which the water is to be used. Thus, when the water 
requirements are known and the pumping head is determined, the hydraulic power requirement can be 
calculated. 

F.2. Power in the wind 

In a wind pump, the kinetic energy in the wind is transformed into mechanica! energy, which is used for 
driving the pump. 
The amount of energy in the wind depends on two factors: 

(1) 

+ the mass ofthe air that flows through the area swept by the rotor blades, perpendicular to the direction 
ofthewind. 

• the wind speed. 

In formula: 

(2) 

with: 
~ind : (Kinetic) energy in the wind [J] 
m. : Ma ss of the air that flows through the area swept by the rotor blades, perpendicular to the 

direction of the wind [kg] 
Vw :Wind speed [m/s] 
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The mass ofthe air Illa that flowsper second through the area swept bythe rotorblades is the product ofthis 
area, the density ofthe air and the wind speed. In order to calculate the power in the wind, the rnass flow of air 
must he determined. For this, fommla (3) can he used: 

Illa = A * Pa * Vw (3) 

with: 
Illa : Mass flow of air [kgls] 
A : Rotor area [ m2

] 

p. : Density ofthe air [kglm3
]. The density of air varies with altitude, but a value of 1.2 kg/m3 

can he used in most cases. 

Combining formula (2) and formula (3), the eventual formula for the power in the wind becomes: 

(4) 

with: 
P wind : Power in the wind [W] 

As one can see, the wind speed is cubed in the formula for the power in the wind. Thus, ifthe wind speed is 
twice as much, the power in the wind is 8 times as much. The wind speed is therefore a very important factor 
in determining the available power to pump water. In order to make reliable output predictions, reliable wind 
speed data need to he available. The best way for determining the exact wind speed at a particular site is to 
instaU an anemometer. A short cut is to use wind data from a meteorological station near by. It is obvious that 
it is often a problem to obtain useful data, especially in developing countries where the network of measuring 
stations is not dense and the available equipment often of low quality. 

F.3. Wind power for pumping water 

Due to losses, formula ( 4) for calculating the power in the wind has to he adjusted before it can he used to 
determine the available power that can he used for purnping water. Notwithstanding the difficuhies, associated 
with the variability ofthe wind, it is possible to estimate the average power effectively available for lifting 
water on the basis ofthe average wind speed at a site. This relation is given in formula (5) and is more a rule 
ofthumb than a exact relation. 

(5) 

with: -
Phydr : Average hydraulic power output 
P : Quality factor 
Vw : Average wind speed 

Again, the sensitivityto the value ofthe (average) wind speed is noticeable. 
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APPENDIXH: METEOROLOGICAL STATIONS 
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Figure H.l .: Map of Tanzania showing the stations run by the Meteorological Department and the 
most important hydrometeorological stations ofMaji 

Source: Climatological stafistics for East Africa, Part liJ, Tanzania, East African Meteorological 
Department, EA Community, Nairobi, Kenya, September 1975, pv. 
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APPENDIX I: CLIMATE 

Climate zones 

l :•:lï:î:i~:;iJ'iï'!l -
[jjJ . ...... 

111111111 

Temperature zones: 
1: 'Southem Highlands' 

2: 'Nothern Highlands' 

Warm and humid zones: 
3: 'Around the lakes' 

4: 'Coastal plateau' 

Hot and dry zones 
5: 'Inland plateaus' 

Lakes and Sea 

Figure 1.1 : The elimate zones in Tanzaniam 

155 Dankers, 1995, appendix C-8, pl8. 
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~ ITable 1.1.: Some elirnatic features of different areas in Tanzania 
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Temperature 
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.S + Diurnal range 
6"il + Annual range 
t 
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"0 

·~ Wind 

.Ëf :::: 
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Cl) 

.... 

+ Direction 

Southern highlands Northern highlands 'Around the lakes' Coastal belt 

Mbeya, Iringa, northern mountains lying around Lake Victoria, Lake 
part of Morogoro Arusha Tanganyika, Lake 

Rukwa, Lake Malawi 

1000 - 2500 m. 

on the windward side 
more than 1000 mm. 
January up to April 

15 ° Celsius 

high 
high 

low 

upto 6000 m. 

on the windward side 
more than 1 000 mm. 
November-Marchand 
April- August 

varies greatly (frost 
possible) 

high 
high 

low 

about 500 m. 

varies from dry up to 
2000 m. 

23 ° Celsius 

low 
low 

high 

eastern part of Tanga, 
Coast, Lindi, Mtwara 

less than 500 m. 

varies around 
considerably 
March-May and 
November-December 

26 ° Celsius 

low 
low 

high 

north-western part of 
Tanzania, Ruvurna, 
southern part of Morogoro 

a bout 1000 m. 

mean value: < 500 mm. 

annual mean max.: 
28 ° -31 ° Celsius 
annual mean min .: 
16 ° -19 ° Celsius 
high 

varies, but mainly south- north-east monsoon: varies, mostly offshore north-east monsoon: vanes 
east November-March November-March 

south-east monsoon: south-east monsoon: 
April- August 

not to be expected possibility of cyelones not to be expected 
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. --·- -· .... ·-.... -....... ........ _,. ___ -· ·- ·-·· -· ···-····· 
January February March April May June July August September October November 

Tanzania Mainland 

Arusha 71 88 145 249 66 18 11 7 10 25 139 

Bukoba (Kagera) 146 164 246 373 317 83 50 79 109 138 184 

DSM/Pwani 74 83 143 273 152 34 32 28 26 60 122 

Dodoma 143 114 120 51 5 1 0 0 1 4 20 

lringa 124 118 135 75 7 0 0 1 1 5 26 

Kigoma 130 120 153 153 51 5 2 2 15 53 130 

Lindi 142 137 168 177 36 10 9 8 13 18 58 

Mbeya 199 171 162 113 16 1 1 1 3 15 56 

Morogoro 95 102 167 215 91 26 15 11 18 29 61 

Moshi (kilimanjaro) 39 45 118 282 162 31 13 14 14 36 54 

Mtwara 213 195 171 195 45 13 16 10 42 21 53 

Musoma (Mara) 61 71 123 175 109 23 22 21 26 41 85 

Mwanza 99 105 157 177 77 11 14 27 32 80 138 

Same (Kilimanjaro) 43 61 87 122 68 8 6 11 13 30 53 

Songea (Ruvuma) 246 250 243 97 8 1 5 1 1 9 63 

Tabora 147 158 176 110 25 0 0 0 6 20 110 

Tanga 28 36 106 257 268 70 68 80 85 110 154 

Tanzania lslands 

Pemba 58 64 144 312 285 52 27 31 40 67 166 

!Zanzibar 75 74 136 388 241 60 49 42 47 90 207 

Source: Climatological statistics for East Africa, Part 111, Tanzania, East African Meteorological Department, EA Community, Nairobi, Kenya, September 1975, p1-38. 
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lOR 

Fi ure J.1 .: Annual rainfall attem for Arusha 
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Fi ure J.3.: Annual rainfall attem for Dar es Salaam/Pwani 
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Fi ure J.4. : Annual rainfall attem for Dodoma 
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Fi ure J.5.: Annual rainfall attem for lrin a 
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Fi ure J.7.: Annual rainfall attern for Kiliman·aro 
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Lindi 
400 ~----------------------------------~ 

350 

300 
E 
E 250 
c 
·- 200 
~ 
.S 150 
ro 
1... 

100 

50 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Appendices 

111 



Possibilities for exploiting wind energy in Tanzania 

112 

Fi ure J.9.: Annual rainfall attem for Mbe a 
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Fi ure J.10.: Annual rainfall attem for Moro oro 
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Fi ure J.11 .: Annual rainfall attem for Mtwara 
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Fi ure J.13.: Annual rainfall attem tor Mwanza 
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Fi ure J.15.: Annual rainfall attem for Tabora 
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Fi ure J.16.: Annual rainfall attem forTan a 
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Fi ure J.17 .: Annual rainfall attem for Pemba 
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Fi ure J.18.: Annual rainfall attern for Zanzibar 

Zanzibar 
400 .---------~------------------------~ 

350 

300 
E 
E 250 
c 
·- 200 
~ 
-~ 150 
~ 

100 

50 ••••••OOOOOO 0 H -

0 ~--~--~-r--r--r--+--+--+--+--+-~~ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Appendices 



Tsble K.1. : Static water levels in drilled bereholes in Tanzania 

Arusha Dodoma Dar es I ring a Kagera* Kigoma Kiliman- Ma ra Mbeya Morogoro Mtwara Mwanza Ruvurna Tabora Tanga 
Salaam jaro 

( ' 79-'93) ('78 -'92) ('87 -'95) ('72- '94) ( 1994) (' 71-. 90) ('75 -'93) (' 75 - '93) ( ' 77- ' 83) ('79 - ' 93) (' 76-' 91) ('74 -' 89) ( ' 84 -' 86) ('74 -'94) (' 71 -' 81) 

19.1 10.5 8.7 3.0 20 14.8 29.8 1.2 7.3 4.7 4.5 25.9 2.3 1.5 5.5 
6.2 2.1 3.2 7.5 10 15.2 37.0 1.5 1.2 10.2 31 .3 6.1 1.6 2.5 26.4 
10.7 13.6 13.1 10.1 8 14.6 57.4 5.4 overflow 11 .2 10.4 14.0 0.7 3.7 10.4 
34.7 4.8 8.0 11 .3 18 10.7 45.1 13.4 4.6 7.8 2.4 17.2 9.2 7.9 2.1 

> ~ 
~ "' "' ~ ëT ,_.. -~ 

,_. . 
::::-. 
(1) 

"' ~ Ö' ..... 
~ (1) .. 

-[ 
2.0 10.1 2.2 10.1 18 12.2 19.4 3.8 0.3 3.8 4.0 2.4 3.7 4.7 14.4 

s 14.4 17.9 3.8 22.3 9 0.6 28.3 14.0 18.3 2.5 9.1 26.3 1.0 3.0 2.4 

0 ,_.. 
::::-. 
= t 9.0 13.2 10.7 1.5 6 0.0 38.0 3.5 2.6 2.7 6.3 16.5 0.7 4.3 6.0 

a 5.2 4.5 16.7 10.7 9 2.4 47.8 6.1 9.4 2.4 1.7 7.6 2.4 19.5 
t 16.0 7.8 20.5 7.6 15 3.0 5.6 5.5 4.0 9.0 3.9 3.1 3.0 21 .9 

(J"Q 

~ ~. 

~ 5. 
i 10.0 49.0 10.9 9.1 10 3.7 3.3 12.0 6.0 35.0 5.6 22.9 1.3 11 .6 
c 52.8 4.0 18.5 6.1 8 11.4 5.3 0.4 4.0 5.0 1.9 12.8 20.8 28.7 

15.8 5.5 54.0 3.0 28 13.3 15.0 3.5 5.0 13.6 3.9 1.5 25.2 
w 51 .6 5.2 28.2 30.5 18 57.1 8.2 11.8 6.8 0.6 56.4 1.8 
a 40.9 14.0 1.2 7.6 9 13.8 5.0 15.5 6.9 6.1 12.8 9.4 
t 11 .6 2.4 9.9 0.3 8 3.9 9.0 4.0 6.1 9.3 28.0 10.7 
e 6.4 18.0 12.2 4.6 8 57.2 7.0 5.0 1.3 1.5 0.9 0.3 
r 32.6 3.5 1.4 1.5 8 41 .3 2.0 0.5 0.2 3.0 19.0 20.4 

10.7 15.0 9.0 1.5 9 17.7 12.8 2.1 1.6 3.0 7.9 7.7 
L 12.0 6.7 6.0 9.1 7 19.1 18.4 13.7 1.4 3.7 9.4 1.1 

~ 
~ ,_. . 

= > ....J 
~ 

~ t_'!!j 
:= ë. ~ SI) 

> 
~ 

e 23.8 16.0 16.0 3.0 10 63.4 7.6 1.2 8.9 6.1 3.2 overflow 
V 13.7 6.0 3.0 3.0 8 36.6 10.4 9.1 5.0 19.0 3.3 17.7 
e 11 .0 2.9 10.0 4.2 8 24.5 15.6 3.7 4.0 1.5 4.9 17.8 
I 16.8 15.8 1.0 2.1 9 4.0 12.2 16.8 7.6 1.8 0.6 7.0 
s 31 .1 21.0 16.0 1.8 8 9.0 0.7 overflow 4.9 2.4 3.4 16.0 

43.0 40.0 7.4 10 21.9 19.8 13.7 6.4 4.0 2.1 14.3 
(SWL) 38.0 22.0 15.0 11 25.0 1.5 21 .8 2.7 3.3 1.5 16.9 

45.7 0.5 12.0 6 5.4 9.1 5.7 8.2 4.6 1.5 19.6 
15.2 28.9 13.0 6 8.8 4.6 11 .2 6.0 4.9 21.3 13.2 
1.5 15.8 5.0 7 16.5 11 .5 1.8 3.7 3.0 8.2 1.9 

14.3 3.0 14.0 8 14.3 5.5 30.8 1.5 2.7 30.2 20.1 

Average 21 13 12 7 11 8 26 8 5 9 6 8 3 9 12 
SWL 

Standard 15 11 10 7 5 6 18 5 5 8 6 7 3 12 8 
Deviation 

* drilled by a contractor; not by the government f e: ... 
--.1 

Sou ree: Drilling Unit of the Hydrology Sectien of MAJI ~ 
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Teble K.2.: D ··-····- ··-;ter levels in drilled boreholes in T -··--···-
Arusha Dodoma Dar es lringa Kagera* Kigoma Kil i man-

Salaam jaro 
(. 79 - . 93) (. 78-. 92) ('87 -'95) ('72 - '94) ( 1994) (. 71-. 90) ( ' 75 -' 93) 

39.7 29.7 12.9 10.8 30 16.6 53.3 
60.4 15.6 23.2 21 .1 35 23.6 44.0 
41.8 42.6 37.8 36.0 44 25.0 70.4 
70.0 37.5 14.5 24.9 30 20.4 53.3 

D 27.4 35.5 10.7 53.3 40 25.7 59.4 
y 45.0 34.4 51 .1 68.3 14 9.1 50.0 
n 12.0 58.3 15.8 18.3 32 3.0 n.3 
a 17.4 20.5 19.8 35.1 52 4.9 82.5 
m 26.7 12.3 40.8 29.0 53 11 .6 18.8 
i 39.6 62.9 13.3 24.4 30 7.3 8.8 
c 54.4 34.0 22.8 27.4 16 27.1 24.1 

38.6 10.7 54.2 18.3 35 13.4 
w 61.9 23.2 29.1 36.6 32 70.0 
a 56.8 45.8 40.2 68.6 43 71 .0 
t 44.6 30.7 15.3 12.5 40 26.4 
e 23.8 43.0 39.2 32.0 45 72.6 
r 44.9 33.5 36.7 29.6 35 86.2 

12.8 35.0 32.0 67.1 44 30.2 
L 16.9 36.7 16.0 14.0 43 34.3 
e 44.0 56.0 25.8 23.5 30 64.4 
V 31.4 31 .0 9.1 25.9 20 42.4 
e 50.0 21 .3 35.0 22.5 36 57.5 
I 29.0 60.7 17.5 7.0 30 7.4 
s 43.5 54.0 37.0 9.1 35 27.5 

67.1 43.4 21.0 30 23.5 
(DWL) 46.8 45.0 16.6 50 59.4 

48.8 49.8 26.2 34 19.4 
29.0 29.6 14.3 35 22.9 
12.2 33.8 12.5 20 34.7 
30.2 22.9 27.0 40 40.8 

Average 39 36 26 30 35 16 45 
DWL 

Standard 16 14 12 18 10 9 23 
Deviation 

* drilled by a contractor; not by the govemment 

"' Source: Drilling Unit of the Hydrology Section of MAJI 

Ma ra Mbeya Morogoro Mtwara 

('75 - ' 93) ('77 -'83) ( ' 79 -'93) (' 76-. 91) 

9.4 16.9 22.8 10.3 
2.9 8.8 32.6 32.9 
11.4 23.8 23.8 19.3 
19.0 17.4 15.2 5.5 
7.8 51 .5 11 .0 6.2 
44.2 36.9 8.6 12.3 
4.8 60.8 5.4 15.7 
12.4 12.5 15.5 26.7 
27.7 15.6 13.4 11 .2 
17.4 60.0 35.4 13.9 
4.9 58.5 16.8 4.3 

34.0 40.1 13.7 18.7 
21 .3 43.8 9.1 
11 .5 46.3 8.7 
17.2 24.0 13.6 
15.5 25.5 12.0 
18.6 6.1 16.2 
16.0 20.5 19.6 
20.4 18.9 18.4 
15.7 17.1 14.7 
16.2 32.9 24.3 
25.0 16.8 35.1 
48.4 35.8 13.7 
40.7 15.8 26.8 
25.0 43.0 35.1 
31 .1 30.2 12.8 
27.4 28.9 21 .0 
45.8 23.4 17.6 
43.9 16.8 12.8 
34.3 36.2 7.9 

22 34 23 17 

13 19 11 8 

Mwanza Ruvuma Tabora 

('74-'89) ( ' 84 - '86) ('74-'94) 

25.9 10.6 20.5 
13.4 8.2 37.5 
15.5 42.3 35.8 
35.7 56.7 64.6 
5.1 52.9 24.7 

32.8 18.2 12.5 
34.6 36.9 14.5 
15.5 29.5 
10.1 9.9 
22.9 23.0 
12.8 23.6 
26.5 46.3 
6.7 59.7 

25.7 18.5 
23.9 31.0 
47.2 61.9 
12.2 44.0 
10.7 60.4 
35.1 30.8 
15.2 30.2 
40.0 26.2 
12.2 68.9 
20.4 64.6 
18.0 47.5 
48.2 35.4 
9.4 30.0 

32.0 25.3 
35.1 76.8 
19.8 n.7 
22.3 82.9 

23 32 40 

11 18 21 

Tanga 

( . 71 -. 81) 

26.2 
59.4 
37.1 
4.3 

38.5 
22.4 
42.3 
39.6 
51.3 
58.1 
63.9 
57.4 
22.8 
46.9 
27.4 
7.9 

25.8 
19.4 
29.9 
15.7 
44.2 
42.2 
14.9 
31.9 
42.1 
51.4 
26.0 
26.3 
14.5 
31.3 

34 

16 

:? 
Cl> 
f!l. 
g: -..... ~
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TaD/e L. 1.: wmaspeeg_s m tTVS oer n 101on oor monrn 

GMT January February March April May June July August September October 

ITanzama Mainland 

1 Arusha 06.00 1.5 3.1 2.6 3.1 3.6 3.6 4.1 4.1 4.1 4.1 
(' 60 -· 70) 12.00 3.1 3.6 3.6 3.6 3.6 3.6 4.1 4.6 5.1 5.1 

2 Bukoba (Kagera) 06.00 1.5 1.5 1.5 2.1 2.6 3.6 3.6 3.1 2.1 1.5 
('36-'70) 12.00 2.6 3.1 3.1 3.1 3.6 4.1 4.1 3.6 3.1 2.6 

3 OSM/Pwani 06.00 3.6 3.1 2.1 2.6 3.6 4.1 3.6 3.1 2.6 2.6 
(' 55-. 70) 12.00 5.1 5.1 4.1 3.6 5.1 5.7 6.2 5.7 6.2 6.2 

4 Dodoma 06.00 3.1 3.1 3.6 4.1 4.6 4.6 5.1 6.2 6.7 6.7 
(' 36-. 70) 12.00 2.6 2.6 3.1 3.6 4.1 4.1 4.1 5.1 5.1 5.7 

5 lringa 06.00 1.0 0.5 0.5 1.5 2.6 2.6 3.1 2.6 2.6 2.1 
(' 60-. 70) 12.00 4.1 4.1 3.6 3.6 3.6 4.1 5.1 5.1 5.7 6.2 

6 Kigoma 06.00 2.6 2.1 2.6 2.6 3.1 4.1 4.1 4.1 3.6 3.1 
(' 36-. 70) 12.00 3.6 4.1 3.6 4.1 4.1 4.6 5.1 6.2 5.7 4.6 

7 Lindi 06.00 2.1 2.1 2.1 3.1 3.6 3.6 3.1 3.1 2.6 2.1 
(' 38-. 55) 12.00 4.1 4.1 3.6 3.1 3.6 4.1 4.6 5.1 5.7 5.7 

8 Mbeya 06.00 2.1 1.5 2.6 2.6 2.1 2.6 2.6 4.1 6.2 6.7 
('63-'70) 12.00 3.6 3.6 4.1 4.6 5.7 6.7 6.7 7.2 7.7 6.7 

9 Morogoro 06.00 1.0 1.0 0.5 0.5 0.5 0.5 0.5 1.0 0.5 0.5 
(' 47-. 60) 12.00 2.1 2.1 2.1 1.0 1.0 1.0 2.1 2.6 2.6 3.1 

10 Moshi (Kilimanjaro) 06.00 1.5 1.5 1.0 1.5 1.0 1.0 1.0 1.0 1.5 1.5 
(' 38-. 70) 12.00 3.1 3.1 3.1 2.1 1.5 1.5 2.1 2.6 3.1 4.1 

11 Mlwara 06.00 3.6 3.6 3.6 5.1 6.7 6.7 6.7 5.1 4.1 4.1 
(' 57-. 70) 12.00 5.7 5.1 4.1 4.6 5.7 5.7 6.2 6.2 6.7 6.7 

12 Musoma (Mara) 06.00 2.6 2.6 2.6 2.6 2.6 3.1 3.6 3.6 3.6 3.6 
(' 38-. 70) 12.00 4.6 4.6 4.6 3.6 3.6 3.6 4.1 4.6 4.6 4.6 

13 Mwanza 06.00 3.6 3.1 3.6 3.6 4.1 4.1 5.1 4.6 5.1 4.6 
(' 50-. 70) 12.00 4.1 4.6 4.6 4.6 4.6 4.6 5.1 5.1 5.7 5.7 

14 Same (Kilimanjaro) 06.00 3.6 2.6 2.1 1.5 1.5 1.5 1.5 1.5 1.5 2.1 
(' 57-. 70) 12.00 4.6 4.6 3.6 2.6 2.6 3.1 3.6 3.6 3.6 3.6 

15 Songea {Ruvuma) 06.00 2.6 2.1 2.6 3.1 3.1 3.1 3.6 4.1 5.1 5.7 
(' 57-. 70) 12.00 4.1 4.1 4.1 4.1 4.1 4.1 4.6 4.6 5.7 5.7 

16 Tabora 06.00 1.5 1.5 2.1 3.6 4.6 4.6 5.1 5.7 6.2 5.7 
(' 52 -· 70) 12.00 2.6 2.6 2.6 3.6 3.6 3.6 3.6 3.6 3.6 3.1 

17 Tanga 06.00 3.6 3.1 2.6 3.6 4.6 5.1 5.1 4.1 3.6 2.6 
(' 50-. 70) 12.00 7.2 7.2 6.2 5.7 6.2 7.2 6.7 6.2 5.7 6.2 

Tanzania lslands 

18 Pemba 06.00 3.1 3.1 2.6 2.6 3.6 3.6 3.6 3.6 3.6 3.1 
('38-'51) 12.00 4.6 4.6 3.6 3.1 4.1 4.1 4.1 4.1 4.1 3.6 

19 Zanzibar 06.00 3.1 2.6 2.6 2.6 3.6 3.6 3.6 3.1 3.1 3.1 
(' 52-. 70) 12.00 4.1 4.1 3.1 3.6 4.6 5.1 5.1 5.1 5.1 4.6 

-~ -- -

Source: Climato/oglca/ stalistics for East Afrlca, Part 111, Tanzania, East Afrlcan Meteoro/oglca/ Department. EA Commun/ty, Nairobi, Kenya, September 1975, p1-38. 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Fi ure L.1.: Annual wind attem for Arusha 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Fi ure L.3.: Annual wind attern for Dar es Salaam/Pwani 
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Fi ure L.4.: Annual wind attern for Dodoma 
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Fi ure L.S.: Annual wind attem for lrin a 
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Fi ure L.6.: Annual wind 

Kigoma 
10,-------------------------------------~ 

9 

~ 8 i' 
E 7 
c 
"0 6 
Q) 5 
Q) 

g- 4 

"0 3 :.··················:.···········~ 

·~2·····~························ 1 

o~~-r--+-~--~--~-+--+--1---r--r--+~ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 ~ o6.oo --6-12.oo 1 

Appendices 



Possibilities for exploiting \\ind energy in Tanzania Appendices 

Fi ure L.7.: Annual wind attem for Kiliman·aro 
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Fi ure L.S.: Annual wind attem for Lindi 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Fi ure L.9.: Annual wind attern for Mbe a 
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Fi ure L.10.: Annual wind attern for Moro oro 
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Possibilities for exploiting windenergyin Tanzania Appendices 

Fi ure L.11.: Annual wind attern for Mtwara 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Fi ure L.13.: Annual wind attem for Mwanza 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Fi ure L.15.: Annual wind attern for Tabora 
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Fi ure L.17.: Annual wind attem for Pemba 
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Fi ure L.18.: Annual wind attern for Zanzibar 
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Table L.2.: Dailv patterns of five stations 

IGMT IKigoma Mbeya Mwanza Tanga Dar es Salaam 

00.00 0 0 0 3.084 0.7 

03.00 0 0 0 3.084 0.6 

06.00 2.57 4.112 4.112 6.168 2.8 

09.00 5.14 9.252 9.252 7.71 3.9 

12.00 5.14 9.252 9.252 10.28 4.4 

15.00 4.112 10.28 10.28 5.14 3.2 

18.00 0 5.14 5.14 4.112 0.7 

21.00 0 0 0 2.57 0.6 

average 2.12025 4.7545 3.341 5.2685 2.1125 

Sou rees: 
- Kigoma, Mbeya, Mwanza, Tanga: Directorate of Meteorology, june 1995. 
- Dar es Salaam: Huisman & Leusink, application water-pumping windmills 

in Tanzania, p17, dry season 1986. 
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CLASSES OF WIND ENERGY FLUX (WEF) 
WIND 

ENEAGV 
CLASS 

10 m 133ft) 50 m (164ft) 
WEF SPEED WEF SPEED 
W/m2 m/s mph W/m2 m/s mph 

0 -- 0 - 0 --- 0 -- 0 - 0 
2 1----+---100--4.4- 9 .8--200--5.6-12.5 
3 150--5.1-11.5--300--6.4-14.3 

---200--5.6-12.5--400--7.0-15.7 
4 
5 
6 

7 
8 
9 

10 

--- 250 --6.0-13.4---500 --7.5-16.8 
---300--6.4-14.3--600--8.0-17.9 
---400--7.0-15.7--800--8.8-19.7 
---800--8.8-19.7--1600--10.1-22.6 

1200--10.1-22.6--2400--12.7-28.4 
---1 600--11.1-24.9---3200--14.0-31.3 

1600 -->11 .1- >24.9-->3200-->14.0->31 .3 

c:::> RIDGE CREST ESTIMATES (RELIEF > 1500 m) 

Appendices 

Figure L.24.: Detail of the Bauelle-map (Africa) 
134 Source: Meteorological aspects of the utilization of wind as an energy source, World Meteorological 

Organization, Secretarial of the WMO, Geneva, Switzerland, 1981. 
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APPENDIXM: DEMOGRAPHICAL DATA 

Table M.1.: Population Density in the regions 

Region Area Population Projeeteel popu- Density 

in 1988 lation in 1996 in 1988 

[km"2] [persons I km"2] 

Tanzania Mainland 

Dodoma 41,311 1,237,819 1,496,431 

Arusha 82,306 1,351,675 1,821,592 

Kilimanjaro 13,309 1,108,699 1,309,241 

Tanga 26,808 1,283,636 1,515,821 

Morogoro 70,799 1,222,737 1,501,454 

Coast 32,407 638,015 753,419 

Dar es Salaam 1,393 1,360,850 1,980,161 

Lindi 66,046 646,550 757,536 

Mtwara 16,707 889,494 1,044,519 

Ruvuma 63,498 783,327 1,023,546 

lringa 56,864 1,208,914 1,496,094 

Mbeya 60,350 1,476,199 1,884,578 

Singida 49,341 791,814 964,748 

!Tabora 76,151 1,036,293 1,252,801 

Rukwa 68,635 694,974 973,292 

Kigoma 37,037 854,817 1,066,149 

Shinyanga 50,781 1,772,549 2,228,031 

Kagera 28,388 1,326,183 1,641,221 

Mwanza 19,592 1,878,271 2,306,413 

Ma ra 19,566 970,942 1,220,440 

Tanzania lslands 

~anzibar 1,554 375,539 486,739 

Pemba 906 265,039 325,453 

!Tanzania 883,749 23,174,336 29,049,682 

Source: 1988 population census; preliminary report, p29-200. 

Note: The annual average population growth rateis based upon 11 years (1978-1988). 
Two assumptions are made: 

1. The growth rates for the period 1988-1996 is the same as it was for 1978-1988. 

2. The growth rates for all three types of wards within a region are the same. 
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Table M.2.: Population Distribution in the regions 

Region Annual average Type Total Total of Average number Projeeled average 
population growth Population wards of people number of people 

perward per ward in 1 996 

anzania Mainlanc 

Dodoma 2.4% Rural 1,072,213 105 10,212 12,345 
Urban 74,677 9 8,297 10,031 
Mixed 90,929 7 12,990 15,704 

V., rus ha 3.8% Ru ral 1,078,213 119 9,061 12,211 
Urban 82,761 9 9,196 12,393 
Mixed 190,701 13 14,669 19,769 

Kilimanjaro 2.1% Ru ral 845,428 85 9,946 11,745 
Urban 104,718 16 6,545 7,729 
Mixed 158,553 12 13,213 15,603 

anga 2.1% Ru ral 979,536 111 8,825 10,421 
Urban 148,059 16 9,254 10,927 
Mixed 156,041 11 14,186 16,751 

!Morogoro 2.6% Ru ral 865,437 104 8,322 10,218 
Urban 155,163 22 7,053 8,661 
Mixed 202,137 11 18,376 22,565 

Coast 2.1% Ru ral 462,207 56 8,254 9,747 
Urban 9,193 1 9,193 10,856 
Mixed 166,615 13 12,817 15,135 

Dar es Salaam 4.8% Ru ral 126,096 16 7,881 11,468 
Urban 1,103,963 32 34,499 50,200 
Mixed 130,771 4 32,693 47,571 

Lindi 2.0% Rural 523,563 106 4,939 5,787 
Urban 38,811 11 3,528 4,134 
Mixed 84,176 10 8,418 9,863 

Mtwara 1.4% Ru ral 723,049 78 9,270 10,360 
Urban 45,078 10 4,508 5,038 
Mixed 166,445 9 18,494 20,670 

Ruvuma 3.4% Ru ral 653,809 71 9,209 12,033 
Urban 68,558 9 7,618 9,954 
Mixed 60,960 4 15,240 19,914 

lringa 2.7% Ru ral 1,030,489 95 10,847 13,424 

Urban 50,322 9 5,591 6,920 
Mixed 128,103 9 14,234 17,615 

Mbeya 3.1% Ru ral 1,035,130 104 9,953 12,707 
Urban 127,614 14 9,115 11,637 

Mixed 313,455 17 18,439 23,539 
Singida 2.5% Ru ral 677,974 75 9,040 11,014 

Urban 39,598 6 6,600 8,041 
Mixed 74,242 5 14,848 18,091 

abora 2.4% Ru ral 838,940 111 7,558 9,137 
Urban 107,911 13 8,301 10,035 
Mixed 89,442 10 8,944 10,813 

Rukwa 4.3% Ru ral 568,763 55 10,705 14,992 
Urban 88,891 12 7,408 10,374 
Mixed 17,320 1 17,320 24,256 

ki9oma 2.8% Ru ral 681,805 84 10,653 13,287 
Urban 69,530 10 6,953 8,672 
Mixed 103,482 7 14,783 18,438 

Shinyan9a 2.9% Rural 1,459,431 96 15,202 19,109 
Urban 18,056 3 6,019 7,565 
Mixed 295,062 19 15,530 19,520 

Ka9era 2.7% Rural 1,105,775 95 11,640 14,405 
Urban 28,702 5 5,740 7,104 
Mixed 1g1,706 11 17,428 21,568 

Mwanza 2.6% Ru ral 1,337,854 124 10,789 13,248 

Urban 168,021 14 12,002 14,737 
Mixed 372,396 21 17,733 21,775 

Ma ra 2.9% Ru ral 837,130 65 12,879 16,188 
Urban 63,652 12 5,304 6,667 
Mixed 70,160 3 23,367 29,396 

anzania lslands 

~nzibar 3.3% Ru ral 198,723 119 1,670 2,165 

Urban 176,816 45 3,929 5,095 
Mixed 0 0 -

Pemba 2.6% Ru ral 215,671 53 4,089 4,997 
Urban 49,368 11 4,488 5,511 

Mixed 0 0 

anzania 2.8% Ru ral 17,337,236 1,907 9,091 11,339 
Urban 2,819,482 289 9,756 12,168 
Mixed 3,062,696 197 15,547 19,390 

136 Source. 1988 population census, prehmmary report. 
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APPENDIXN: GROWTH PHASES OF CROPS 

Table N 1.: Overview of ~rowth Ehases of different t~es of croEs for each re~ion 

Region Rice Vegetables Ma i ze 
Planting Harvesting Planting Harvesting Planting Harvesting 
season season season season season season 

Arusha 1 3-4,9-10 5-8,12 1,7,10-12 4,8 
Coast 12-1 10-12 3,8-10 
Dar es Salaam 12 7 
Dodoma 12 5-7 
Iringa 1,11-12 3,4,9-12 4,8,12 7,11-12 8 
Kagera 3-4,9-11 1,5,7-8 1-2,11 5,7,11-12 
Kigoma 11-1 3-4,9-11 5,6,8,12 7-8,11-1 4,12 
Kilimanjaro 1 3-4,9-10 5,7,12 1,10-11 4,8 
Lindi 12,1 1 5 
Mar a 12,1 3-4,9 1,5,6,8,12 1-2,7-11 3-4,7,8-12 
Mbeya 11-12 3-4,9-12 6,8,12 7-8,11-12 4,8 
Morogoro 11-1 3-4,9 6-12 2,10-12 3,4,8-10 
Mtwara 11-1 3,11 4-8 5 
Mwanza 12-1 1,7,11 3-5,7,12 
Rukwa 11-1 3-4,9-10 12 1 8 
Shinyanga 11-1 4,12 
Singida 3-4,9-11 4-8,12 1,7,11 5 
Tanga 1 3-4,9-10 4-9,11-12 11-1 4 

Notes: 
1. Number represent the number ofthe month (1: January; 12: December) 
2. No information was available on the harvesting season of rice. 

Source: Basic Data Agriculture and Livestock Sector 1986187- 1991/92, Ministry of Agriculture, 
Statistics Unit, Planning and Marketing Division, United Republic ofTanzania, May 1993, p22-25. 
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APPENDIXO: SIZING OF WIND PUMPS 

For deterrnining the most appropriate wind pump ('sizing ofthe wind pump'), a number of stepsneed to 
be taken. These steps are shown in figure 0 .1. below. 

Choose Step 1 
application 

~ 
Assess water Step 2 

requirements 

Assess ground- Step 3 
water level 

I 
7 

\ 

Determine hydraulic Step 4 

power requirements 

Assess wind- Step 5 

power resources 

~ 
.., 

V \ 

Identify design month 
Step 6 

~ 
Size the main components 

Step 7 

Figure O.i.: Steps tobetaken for sizing a wind pump156 

156 Basedon Meel & Smulders, July 1989, p49. 
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0.1. Determining the hydraolie power reqoirements (step 4) 

First of all, the hydraolie power requirement must be calculated. For determining the power needed to 
pump water from a certain depth, the so-called hydraulic power requirement Phydr, the following 
parameters need to be known m: 

+ the required flow rate or water requirement, Wr (step 2). For determining the water requirement, 
the application for which the wind pump will be used is very important. Therefore, first the 
application needs tobechosen (step 1). 

+ the depth from which water has to be pumped, the total head H (step 3). 

To calculate the hydraulic power requirement Phydr, the following formula can be used: 

Phydr = Pw * g * H * q (1) 

with: 
Phyc1r : Hydraulic power requirement [W] 
Pw : Density of water [998 kglm3

] 

g : Gravitational acceleration [9.8 m/s2
] 

H : Totalpumpinghead [m] 
q :Water demand [m3/s] 

It is more convenient to express the water requirement in m3 per day insteadof per second. However, 
the most appropriate dimension ofthe hydraulic power requirement is Watts. So the formula has to be 
rewritten. 

Pw * g * H * q (2) 

60 * 60 * 24 

Filling in the values for Pw (998 kg/m3
) and g (9.8 m/s2

), the formula becomes: 

Phyclr = 0.113 * H *q (3) 

157 See also appendix F. 
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0.2. Determining the specific wind power (step 5) 

For detennining the specific wind power Pwmd, the following parametersneed to be known: 

+ the density ofthe air, Pa· 
+ the monthly average wind speed, Vw. 

The density ofthe air changes with attitude. At sea level the density of air amounts about 1.2 kg/m3
. 

Assuming that the air is dry and has a temperatur of 20 °e, the density of air at different attitudes is 
given in table 0.1. below. 

Table O.I.: Density ofthe air at different attitudes above sea level 

Attitude above sea level Density of dry air at 20 °e 

0 1.204 
500 1.134 

1000 1.068 
1500 1.005 
2000 0.945 
2500 0.887 
3000 0.833 
3500 0.781 
4000 0.732 
4500 0.686 
5000 0.642 

The wind speeds are measured with a anemometer on 10 meters height and in an open field, which 
means that the wind is not disturbed by surrounding obstacles. However, it is very likely that the 
surroundings of the sites where wind pumps are to be installed will not be as smooth as on an airport, 
thus resulting in a lower wind speed. Therefore, a conversion factor should be used to compensate for 
this. However, because only rough calculations are done here and the conversion factor will only slightly 
be less than 1, the conversion factor is leftout bere. For the sake of completeness, the formula to 
calculate the conversion factor is given below. 

v (z) In (60 I Z01) In (h I Zo) (4) 
= 

with: 
v (z) : windspeed at site [rnls] 
v (Zr) : windspeed at reference location (where the windspeed is measured) [mis] 
Zo : roughness height of site [ m] 
Zor : roughness height ofreference location [0.03 m] 
h : height at site [m] 
hr : height of reference location [ 10 m J 
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Now, the specific windpower can be calculated with the following formula: 

Pwind = Yz * Pa*.; 

with: 
Pwind : specific windpower [W/m2

] 

Pa : density of air [kg/m3
] 

v : average windspeed at site 

0.3. Determining the design month (step 6) 

The design month is that month in which the quotiënt ofthe hydraulic power rerquirement and the 
specific wind power is the highest. This quotiënt is the reference area ofthe rotor. In formula form: 

Ar 
Phydr 

Pwind 

with: 
Ar : reference area [ m2

] 

0.4. Determining the optimal rotor size (step 7) 

(5) 

(6) 

The parameter for the optima} rotor size is the rotor diameter. To come from the reference area to the 
rotor diameter, the nomogram in figure 0.2. is used. 
Because it is assumed that the wind pump is a wind pump driving a piston pump, installed above a 
classical deep well pumping water from 20 meters and deeper, the energy production coefficient Ce is set 
on 0.4 and the peak overall power coefficient (Cp rt)max is set to 0.3158

, giving a quality factor p1s9 of 
0.07. 

Note with regard to the tables on the next pages: 

On the pages hereafter, the same calculations made for each region are given. It is assumed that the 
waterdemand is 12.5 m3/day, which is 25 liters per person per day fora community of 500 people. For 
data on total head, refer to appendix K; for data on wind speeds, refer to appendix L. 

158 Figures basedon Meel & Smulders, July 1989, p40. 
159 ~ = Yz *Pa* (Cp TJ)max * C •. See also appendix F. 
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Region: ARUSHA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping He ad Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m] [m] [m] {W] 

January 12.5 42 4.2 46.2 65 
February 12.5 42 4.2 46.2 65 
March 12.5 42 4.2 46.2 65 
April 12.5 42 4.2 46.2 65 
May 12.5 42 4.2 46.2 65 
June 12.5 42 4.2 46.2 65 
July 12.5 42 4.2 46.2 65 
August 12.5 42 4.2 46.2 65 
September 12.5 42 4.2 46.2 65 
October 12.5 42 4.2 46.2 65 
November 12.5 42 4.2 46.2 65 
December 12.5 42 4.2 46.2 65 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,387 m 
Hub height 10 m 
Terrain roughness 
Combined correction factor for hub height and roughness nol applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [mis] [kg/m3] [W/m2] 

January 1.5 1.5 1.0 1.7 
February 1.5 1.5 1.0 1.7 
March 2.6 2.6 1.0 8.8 
~ril 3.1 3.1 1.0 14.9 
May 3.6 3.6 1.0 23.3 
June 3.6 3.6 1.0 23.3 
July 4.1 4.1 1.0 34.5 
August 4.1 4.1 1.0 34.5 
September 4.1 4.1 1.0 34.5 
October 4.1 4.1 1.0 34.5 
November 3.1 3.1 1.0 14.9 
December 1.5 1.5 1.0 1.7 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub helght Pwind Phydr/Pwind 
{W] [mis] [W/m2] [m2) 

January 65 1.5 1.7 38.7 x 
February 65 1.5 1.7 38.7 x 
March 65 2.6 8.8 7.4 
April 65 3.1 14.9 4.4 
May 65 3.6 23.3 2.8 
~une 65 3.6 23.3 2.8 
~uly 65 4.1 34.5 1.9 
lAugust 65 4.1 34.5 1.9 
!September 65 4.1 34.5 1.9 
pctober 65 4.1 34.5 1.9 
November 65 3.1 14.9 4.4 
December 65 1.5 1.7 38.7 x 
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Region: DAR ES SALAAM 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day) [m] [m] [m] (W] 

IJanuary 12.5 29 2.9 31.9 45 
February 12.5 29 2.9 31.9 45 
!Mar eh 12.5 29 2.9 31.9 45 
jAprH 12.5 29 2.9 31.9 45 
May 12.5 29 2.9 31.9 45 
June 12.5 29 2.9 31.9 45 
July 12.5 29 2.9 31.9 45 
jAugust 12.5 29 2.9 31.9 45 
September 12.5 29 2.9 31.9 45 
Joctober 12.5 29 2.9 31.9 45 
November 12.5 29 2.9 31.9 45 
joecember 12.5 29 2.9 31.9 45 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 55 m 
Hub height 10 m 
jT errain roughness 
!Combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mis] [m/s] (kg/m3] (W/m2] 

IJanuary 3.6 3.6 1.2 28.0 
February 3.1 3.1 1.2 17.9 
March 2.1 2.1 1.2 5.6 
fA pril 2.6 2.6 1.2 10.5 
fMay 3.6 3.6 1.2 28.0 
June 4.1 4.1 1.2 41.4 
IJuly 3.6 3.6 1.2 28.0 
ft\ugust 3.1 3.1 1.2 17.9 
September 2.6 2.6 1.2 10.5 
pctober 2.6 2.6 1.2 10.5 
November 2.6 2.6 1.2 10.5 
December 2.6 2.6 1.2 10.5 

DESIGN MONTH 

Month Average hydraulic Average Specific Reference Design 
powér requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[WJ [mis] (W/m2] [m2] 

January 45 3.6 28.0 1.6 
February 45 3.1 17.9 2.5 
March 45 2.1 5.6 8.1 x 
fA-pril 45 2.6 10.5 4.3 
May 45 3.6 28.0 1.6 
June 45 4.1 41.4 1.1 
~uly 45 3.6 28.0 1.6 
~ugust 45 3.1 17.9 2.5 
September 45 2.6 10.5 4.3 
Pctober 45 2.6 10.5 4.3 
November 45 2.6 10.5 4.3 
December 45 2.6 10.5 4.3 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: DODOMA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

(m3/day] (m) (m] [m] [WJ 

January 12.5 39 3.9 42.9 61 
February 12.5 39 3.9 42.9 61 
Mar eh 12.5 39 3.9 42.9 61 
April 12.5 39 3.9 42.9 61 
May 12.5 39 3.9 42.9 61 
June 12.5 39 3.9 42.9 61 
~uly 12.5 39 3.9 42.9 61 
~ugust 12.5 39 3.9 42.9 61 
September 12.5 39 3.9 42.9 61 
October 12.5 39 3.9 42.9 61 
November 12.5 39 3.9 42.9 61 
December 12.5 39 3.9 42.9 61 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,119 m 
Hub height 10 m 
Terrain roughness 
pombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
(m/s) [m/s] [kg/m3) [W/m2] 

~anuary 3.1 3.1 1.1 16.4 
February 3.1 3.1 1.1 16.4 
March 3.6 3.6 1.1 25.7 
~pril 4.1 4.1 1.1 37.9 
May 4.6 4.6 1.1 53.5 
~une 4.6 4.6 1.1 53.5 
~uly 5.1 5.1 1.1 73.0 
~ugust 6.2 6.2 1.1 131.1 
~eptember 6.7 6.7 1.1 165.4 
October 6.7 6.7 1.1 165.4 
November 5.7 5.7 1.1 101.9 
December 4.1 4.1 1.1 37.9 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[WJ (mis) [W/m2] [m2] 

January 61 3.1 16.4 3.7 x 
February 61 3.1 16.4 3.7 x 
March 61 3.6 25.7 2.4 
~pril 61 4.1 37.9 1.6 
May 61 4.6 53.5 1.1 
June 61 4.6 53.5 1.1 
~uly 61 5.1 73.0 0.8 
~ugust 61 6.2 131.1 0.5 
~eptember 61 6.7 165.4 0.4 
Pctober 61 6.7 165.4 0.4 
November 61 5.7 101.9 0.6 
December 61 4.1 37.9 1.6 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: IRINGA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss he ad power requirement 

[m3/day] [m] [m] [m] [W] 

January 12.5 33 3.3 36.3 51 
February 12.5 33 3.3 36.3 51 
March 12.5 33 3.3 36.3 51 
jApril 12.5 33 3.3 36.3 51 
May 12.5 33 3.3 36.3 51 
IJune 12.5 33 3.3 36.3 51 
July 12.5 33 3.3 36.3 51 
jAugust 12.5 33 3.3 36.3 51 
jseptember 12.5 33 3.3 36.3 51 
loetober 12.5 33 3.3 36.3 51 
November 12.5 33 3.3 36.3 51 
December 12.5 33 3.3 36.3 51 

Total yearly water requirement 4562.5 m31year 

WIND POWER RESOURCES 

Height above sea level 1,426 m 
Hub height 10 m 
Terrain roughness 
!combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mts] [m/s] [kg/m3] [W/m2] 

~anuary 1.0 1.0 1.0 0.5 
February 0.5 0.5 1.0 0.1 
March 0.5 0.5 1.0 0.1 
~ril 1.5 1.5 1.0 1.7 
May 2.6 2.6 1.0 8.8 
~une 2.6 2.6 1.0 8.8 
~uly 3.1 3.1 1.0 14.9 
ll\ugust 2.6 2.6 1.0 8.8 
September 2.6 2.6 1.0 8.8 
October 2.1 2.1 1.0 4.6 
November 2.1 2.1 1.0 4.6 

1

December 1.0 1.0 1.0 0.5 

DESIGN MONTH 

Month Average hydraulic Average Specific Reference Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [mts] [W/m2] [m2] 

January 51 1.0 0.5 102.7 
February 51 0.5 0.1 821.8 x 
March 51 0.5 0.1 821.8 x 
f.pril 51 1.5 1.7 30.4 
May 51 2.6 8.8 5.8 
June 51 2.6 8.8 5.8 
July 51 3.1 14.9 3.4 
August 51 2.6 8.8 5.8 
September 51 2.6 8.8 5.8 
pctober 51 2.1 4.6 11.1 
November 51 2.1 4.6 11.1 
December 51 1.0 0.5 102.7 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: KAGERA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day) [m] [m] [m) [W) 

January 12.5 38 3.8 41.8 59 
February 12.5 38 3.8 41.8 59 
March 12.5 38 3.8 41.8 59 
lApril 12.5 38 3.8 41.8 59 
May 12.5 38 3.8 41.8 59 
l!une 12.5 38 3.8 41.8 59 
July 12.5 38 3.8 41.8 59 
~ugust 12.5 38 3.8 41.8 59 
September 12.5 38 3.8 41.8 59 
October 12.5 38 3.8 41.8 59 
November 12.5 38 3.8 41.8 59 
~ecember 12.5 38 3.8 41.8 59 

~otal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

~eight above sea level 1,147 m 
Hub height 10 m 
Ir errain roughness 
lcombined correction factor for hub height and roughness not appllcable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s) [m/s) [kg/m3) [W/m2) 

~anuary 1.5 1.5 1.1 1.9 
February 1.5 1.5 1.1 1.9 
March 1.5 1.5 1.1 1.9 
lAPril 2.1 2.1 1.1 5.1 
May 2.6 2.6 1.1 9.7 
~une 3.6 3.6 1.1 25.7 
July 3.6 3.6 1.1 25.7 
lAugust 3.1 3.1 1.1 16.4 
!september 2.1 2.1 1.1 5.1 
October 1.5 1.5 1.1 1.9 
November 1.5 1.5 1.1 1.9 
December 1.5 1.5 1.1 1.9 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W) [mis) [W/m2] [m2) 

January 59 1.5 1.9 31.9 x 
February 59 1.5 1.9 31.9 x 
March 59 1.5 1.9 31.9 x 
April 59 2.1 5.1 11.6 
May 59 2.6 9.7 6.1 
June 59 3.6 25.7 2.3 
July 59 3.6 25.7 2.3 
August 59 3.1 16.4 3.6 
September 59 2.1 5.1 11.6 
October 59 1.5 1.9 31.9 x 
November 59 1.5 1.9 31.9 x 
December 59 1.5 1.9 31.9 x 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: KIGOMA 

HYDRAULIC POWER REQUIREMENTS 

DeliVeJY pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping He ad Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m] [m] [m] [W] 

January 12.5 19 1.9 20.9 30 
February 12.5 19 1.9 20.9 30 
March 12.5 19 1.9 20.9 30 
April 12.5 19 1.9 20.9 30 
May 12.5 19 1.9 20.9 30 
June 12.5 19 1.9 20.9 30 
July 12.5 19 1.9 20.9 30 
August 12.5 19 1.9 20.9 30 
September 12.5 19 1.9 20.9 30 
October 12.5 19 1.9 20.9 30 
November 12.5 19 1.9 20.9 30 
December 12.5 19 1.9 20.9 30 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 882 m 
Hub height 
Terrain roughness 

10 m 

Combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [m/s] [kg/m3] [W/m2] 

January 2.6 2.6 1.1 9.7 
February 2.1 2.1 1.1 5.1 
March 2.6 2.6 1.1 9.7 
April 2.6 2.6 1.1 9.7 
May 3.1 3.1 1.1 16.4 
June 4.1 4.1 1.1 37.9 
,July 4.1 4.1 1.1 37.9 
f.ugust 4.1 4.1 1.1 37.9 
September 3.6 3.6 1.1 25.7 
October 3.1 3.1 1.1 16.4 
November 2.6 2.6 1.1 9.7 
December 2.6 2.6 1.1 9.7 

DESIGN MONTH 

Month Average hydraulic Average Specific Reference Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [m/s] [W/m2] [m2] 

January 30 2.6 9.7 3.1 
February 30 2.1 5.1 5.8 x 
~arch 30 2.6 9.7 3.1 
~pril 30 2.6 9.7 3.1 
May 30 3.1 16.4 1.8 
June 30 4.1 37.9 0.8 
~uly 30 4.1 37.9 0.8 
fA-u gust 30 4.1 37.9 0.8 
~eptember 30 3.6 25.7 1.2 
October 30 3.1 16.4 1.8 
November 30 2.6 9.7 3.1 
December 30 2.6 9.7 3.1 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: KILIMANJARO 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

~onth Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

(m3/day] [m] (m] [m) [W] 

January 12.5 48 4.8 52.8 75 
February 12.5 48 4.8 52.8 75 
March 12.5 48 4.8 52.8 75 
f,pril 12.5 48 4.8 52.8 75 
May 12.5 48 4.8 52.8 75 
June 12.5 48 4.8 52.8 75 
July 12.5 48 4.8 52.8 75 
f,ugust 12.5 48 4.8 52.8 75 
September 12.5 48 4.8 52.8 75 
October 12.5 48 4.8 52.8 75 
November 12.5 48 4.8 52.8 75 
December 12.5 48 4.8 52.8 75 

~ otal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 863 m 
Hub height 10 m 
IT errain roughness 
lcombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mis) [mis] [kg/m3] (W/m2) 

January 2.6 2.6 1.1 9.1 
February 2.1 2.1 1.1 4.7 
March 1.6 1.6 1.1 2.0 
A_Pril 1.5 1.5 1.1 1.9 
May 1.3 1.3 1.1 1.1 
~une 1.3 1.3 1.1 1.1 
~uly 1.3 1.3 1.1 1.1 
lAugust 1.3 1.3 1.1 1.1 
!september 1.5 1.5 1.1 1.9 
lOetober 1.8 1.8 1.1 3.2 
November 2.6 2.6 1.1 9.7 
December 2.8 2.8 1.1 12.1 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [m/s) [W/m2) (m2) 

January 75 2.6 9.1 8.2 
February 75 2.1 4.7 15.8 
March 75 1.6 2.0 36.5 
April 75 1.5 1.9 40.2 
May 75 1.3 1.1 69.5 x 
~une 75 1.3 1.1 69.5 x 
~uly 75 1.3 1.1 69.5 x 
lAugust 75 1.3 1.1 69.5 x 
September 75 1.5 1.9 40.2 
Pctober 75 1.8 3.2 23.3 
November 75 2.6 9.7 7.7 
December 75 2.8 12.1 6.2 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Region: MARA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss he ad power requirement 

[m3/day) [m] [m) [m] [W] 

~anuary 12.5 25 2.5 27.5 39 
February 12.5 25 2.5 27.5 39 
March 12.5 25 2.5 27.5 39 
~pril 12.5 25 2.5 27.5 39 
May 12.5 25 2.5 27.5 39 
~une 12.5 25 2.5 27.5 39 
July 12.5 25 2.5 27.5 39 
!August 12.5 25 2.5 27.5 39 
September 12.5 25 2.5 27.5 39 
October 12.5 25 2.5 27.5 39 
November 12.5 25 2.5 27.5 39 
December 12.5 25 2.5 27.5 39 

1T otal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,147 m 
Hub height 10 m 
Terrain roughness 
lcombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [mis) [kg/m3) [W/m2] 

January 2.6 2.6 1.1 9.7 
February 2.6 2.6 1.1 9.7 
March 2.6 2.6 1.1 9.7 
!APril 2.6 2.6 1.1 9.7 
May 2.6 2.6 1.1 9.7 
June 3.1 3.1 1.1 16.4 
July 3.6 3.6 1.1 25.7 
!August 3.6 3.6 1.1 25.7 
!september 3.6 3.6 1.1 25.7 
Pctober 3.6 3.6 1.1 25.7 
November 3.1 3.1 1.1 16.4 
December 2.6 2.6 1.1 9.7 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [mis] [W/m2] [m2] 

~anuary 39 2.6 9.7 4.0 x 
February 39 2.6 9.7 4.0 x 
March 39 2.6 9.7 4.0 x 
~ril 39 2.6 9.7 4.0 x 
May 39 2.6 9.7 4.0 x 
~une 39 3.1 16.4 2.4 
July 39 3.6 25.7 1.5 
~ugust 39 3.6 25.7 1.5 
!september 39 3.6 25.7 1.5 
October 39 3.6 25.7 1.5 
November 39 3.1 16.4 2.4 
December 39 2.6 9.7 4.0 x 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Region: MBEYA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumplng Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day) [m) [m) [m) [W) 

January 12.5 37 3.7 40.7 58 
February 12.5 37 3.7 40.7 58 
March 12.5 37 3.7 40.7 58 
April 12.5 37 3.7 40.7 58 
May 12.5 37 3.7 40.7 58 
llune 12.5 37 3.7 40.7 58 
July 12.5 37 3.7 40.7 58 
~ugust 12.5 37 3.7 40.7 58 
September 12.5 37 3.7 40.7 58 
October 12.5 37 3.7 40.7 58 
November 12.5 37 3.7 40.7 58 
December 12.5 37 3.7 40.7 58 

T otal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,704 m 
Hub height 10 m 
Terrain roughness 
~ombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tentlal wind speed at of air wind power 

speed at 10 m hub height 
[m/s) [mis) [kg/m3) [W/m2) 

January 2.1 2.1 1.0 4.6 
February 1.5 1.5 1.0 1.7 
March 2.6 2.6 1.0 8.8 
~ril 2.6 2.6 1.0 8.8 
May 2.1 2.1 1.0 4.6 
June 2.6 2.6 1.0 8.8 
July 2.6 2.6 1.0 8.8 
f,ugust 4.1 4.1 1.0 34.5 
~eptember 6.2 6.2 1.0 119.2 
pctober 6.7 6.7 1.0 150.4 
November 5.7 5.7 1.0 92.6 
December 3.1 3.1 1.0 14.9 

DESIGN MONTH 

Month Average hydraulic Average Specific Reference Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W) [mis] [W/m2] [m2] 

January 58 2.1 4.6 12.4 
February 58 1.5 1.7 34.1 x 
March 58 2.6 8.8 6.6 
~pril 58 2.6 8.8 6.6 
May 58 2.1 4.6 12.4 
~une 58 2.6 8.8 6.6 
July 58 2.6 8.8 6.6 
~ugust 58 4.1 34.5 1.7 
September 58 6.2 119.2 0.5 
Pctober 58 6.7 150.4 0.4 
November 58 5.7 92.6 0.6 
December 58 3.1 14.9 3.9 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: MOROGORO 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipa length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m] [m] [m] [W] 

January 12.5 26 2.6 28.6 40 
February 12.5 26 2.6 28.6 40 
!March 12.5 26 2.6 28.6 40 
April 12.5 26 2.6 28.6 40 
May 12.5 26 2.6 28.6 40 
June 12.5 26 2.6 28.6 40 
July 12.5 26 2.6 28.6 40 
!August 12.5 26 2.6 28.6 40 
September 12.5 26 2.6 28.6 40 
October 12.5 26 2.6 28.6 40 
November 12.5 26 2.6 28.6 40 
December 12.5 26 2.6 28.6 40 

ITotal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 579 m 
Hub height 10 m 
Ir errain roughness 
lcombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [mis] [kg/m3] [W/m2] 

January 1.0 1.0 1.1 0.6 
February 1.0 1.0 1.1 0.6 
March 0.5 0.5 1.1 0.1 
!April 0.5 0.5 1.1 0.1 
May 0.5 0.5 1.1 0.1 
June 0.5 0.5 1.1 0.1 
July 0.5 0.5 1.1 0.1 
!August 1.0 1.0 1.1 0.6 
September 0.5 0.5 1.1 0.1 
pctober 0.5 0.5 1.1 0.1 
November 1.5 1.5 1.1 1.9 
December 2.1 2.1 1.1 5.1 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [m/s] [W/m2] [m2] 

January 40 1.0 0.6 73.6 
February 40 1.0 0.6 73.6 
March 40 0.5 0.1 588.6 
April 40 0.5 0.1 588.6 x 
May 40 0.5 0.1 588.6 x 
June 40 0.5 0.1 588.6 x 
July 40 0.5 0.1 588.6 x 
August 40 1.0 0.6 73.6 
September 40 0.5 0.1 588.6 x 
October 40 0.5 0.1 588.6 x 
November 40 1.5 1.9 21.8 
December 40 2.1 5.1 7.9 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: MTWARA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m] [m] [m] [W] 

~anuary 12.5 20 2 22 31 
February 12.5 20 2 22 31 
March 12.5 20 2 22 31 
April 12.5 20 2 22 31 
May 12.5 20 2 22 31 
June 12.5 20 2 22 31 
July 12.5 20 2 22 31 
f.ugust 12.5 20 2 22 31 
~eptember 12.5 20 2 22 31 
pctober 12.5 20 2 22 31 
November 12.5 20 2 22 31 
December 12.5 20 2 22 31 

r-otal yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 113 m 
Hub height 10 m 
Ir errain roughness 
Combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mts] [m/s] [kg/m3] [W/m2] 

January 3.6 3.6 1.2 28.0 
February 3.6 3.6 1.2 28.0 
March 3.6 3.6 1.2 28.0 

~ril 5.1 5.1 1.2 79.6 
May 6.7 6.7 1.2 180.5 
June 6.7 6.7 1.2 180.5 
July 6.7 6.7 1.2 180.5 
f.ugust 5.1 5.1 1.2 79.6 
~eptember 4.1 4.1 1.2 41.4 
pctober 4.1 4.1 1.2 41.4 
November 3.6 3.6 1.2 28.0 
December 3.6 3.6 1.2 28.0 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [mts] [W/m2] [m2] 

~anuary 31 3.6 28.0 1.1 x 
February 31 3.6 28.0 1.1 x 
March 31 3.6 28.0 1.1 x 
jApril 31 5.1 79.6 0.4 
May 31 6.7 180.5 0.2 
June 31 6.7 180.5 0.2 
July 31 6.7 180.5 0.2 
August 31 5.1 79.6 0.4 
September 31 4.1 41.4 0.8 
October 31 4.1 41.4 0.8 
November 31 3.6 28.0 1.1 x 
December 31 3.6 28.0 1.1 x 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: MWANZA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] (m] [m] [m] [W] 

January 12.5 26 2.6 28.6 40 
February 12.5 26 2.6 28.6 40 
Mar eh 12.5 26 2.6 28.6 40 
April 12.5 26 2.6 28.6 40 
May 12.5 26 2.6 28.6 40 
June 12.5 26 2.6 28.6 40 
July 12.5 26 2.6 28.6 40 
August 12.5 26 2.6 28.6 40 
September 12.5 26 2.6 28.6 40 
October 12.5 26 2.6 28.6 40 
November 12.5 26 2.6 28.6 40 
December 12.5 26 2.6 28.6 40 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,140 m 
Hub height 10 m 
Terrain roughness 
Combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [m/s] (kg/m3] [W/m2] 

January 3.6 3.6 1.1 25.7 
February 3.1 3.1 1.1 16.4 
March 3.6 3.6 1.1 25.7 
April 3.6 3.6 1.1 25.7 
May 4.1 4.1 1.1 37.9 
June 4.1 4.1 1.1 37.9 
July 5.1 5.1 1.1 73.0 
f.ugust 4.6 4.6 1.1 53.5 
September 5.1 5.1 1.1 73.0 
October 4.6 4.6 1.1 53.5 
November 3.6 3.6 1.1 25.7 
December 3.6 3.6 1.1 25.7 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[WJ [mis] [W/m2] [m2] 

~anuary 40 3.6 25.7 1.6 
February 40 3.1 16.4 2.5 x 
March 40 3.6 25.7 1.6 
~pril 40 3.6 25.7 1.6 
May 40 4.1 37.9 1.1 
June 40 4.1 37.9 1.1 
~uly 40 5.1 73.0 0.6 
~ugust 40 4.6 53.5 0.8 
September 40 5.1 73.0 0.6 
pctober 40 4.6 53.5 0.8 
November 40 3.6 25.7 1.6 
December 40 3.6 25.7 1.6 
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Reg ion: RUVUMA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day) [m] [m) [m) [W] 

~anuary 12.5 35 3.5 38.5 54 
February 12.5 35 3.5 38.5 54 
March 12.5 35 3.5 38.5 54 
jApril 12.5 35 3.5 38.5 54 
May 12.5 35 3.5 38.5 54 
~une 12.5 35 3.5 38.5 54 
July 12.5 35 3.5 38.5 54 
[August 12.5 35 3.5 38.5 54 
!september 12.5 35 3.5 38.5 54 
October 12.5 35 3.5 38.5 54 
November 12.5 35 3.5 38.5 54 
December 12.5 35 3.5 38.5 54 

/Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 1,067 m 
Hub height 10 m 
,tr errain roughness 
'jcombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[m/s] [m/s] [kg/m3] [W/m2) 

~anuary 2.6 2.6 1.1 9.7 
February 2.1 2.1 1.1 5.1 
March 2.6 2.6 1.1 9.7 
jApril 3.1 3.1 1.1 16.4 
May 3.1 3.1 1.1 16.4 
~une 3.1 3.1 1.1 16.4 
~uly 3.6 3.6 1.1 25.7 
~ugust 4.1 4.1 1.1 37.9 
fseptember 5.1 5.1 1.1 73.0 
Pctober 5.7 5.7 1.1 101.9 
November 4.6 4.6 1.1 53.5 
December 3.1 3.1 1.1 16.4 

DESIGN MONTH 

Month Average hydraulic Average Specific Reference Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W) [mis) [W/m2] [m2) 

January 54 . 2.6 9.7 5.6 
February 54 2.1 5.1 10.7 x 
March 54 2.6 9.7 5.6 
[April 54 3.1 16.4 3.3 
May 54 3.1 16.4 3.3 
June 54 3.1 16.4 3.3 
~uly 54 3.6 25.7 2.1 
~ugust 54 4.1 37.9 1.4 
September 54 5.1 73.0 0.7 
Pctober 54 5.7 101.9 0.5 
November 54 4.6 53.5 1.0 
[December 54 3.1 16.4 3.3 
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Reg ion: TABORA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

Month Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m) [m] [m) [WJ 

January 12.5 43 4.3 47.3 67 
February 12.5 43 4.3 47.3 67 
March 12.5 43 4.3 47.3 67 
April 12.5 43 4.3 47.3 67 
May 12.5 43 4.3 47.3 67 
~une 12.5 43 4.3 47.3 67 
July 12.5 43 4.3 47.3 67 
August 12.5 43 4.3 47.3 67 
September 12.5 43 4.3 47.3 67 
October 12.5 43 4.3 47.3 67 
November 12.5 43 4.3 47.3 67 
December 12.5 43 4.3 47.3 67 

Total yearly water requirement 4562.5 m3iyear 

WIND POWER RESOURCES 

Height above sea level 1,181 m 
Hub height 10 m 
Terrain roughness 
Combined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mis) [mis) [kg/m3] [Wim2] 

January 1.5 1.5 1.0 1.7 
February 1.5 1.5 1.0 1.7 
March 2.1 2.1 1.0 4.6 
April 3.6 3.6 1.0 23.3 
May 4.6 4.6 1.0 48.7 
June 4.6 4.6 1.0 48.7 
July 5.1 5.1 1.0 66.3 
August 5.7 5.7 1.0 92.6 
September 6.2 6.2 1.0 119.2 
October 5.7 5.7 1.0 92.6 
November 3.1 3.1 1.0 14.9 
December 1.5 1.5 1.0 1.7 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requlrement wind speed wind power area month 

Phydr at hub height Pwind PhydriPwind 
[W) [mis) [Wim2) [m2] 

January 67 1.5 1.7 39.7 x 
ebruary 67 1.5 1.7 39.7 x 

March 67 2.1 4.6 14.5 
April 67 3.6 23.3 2.9 
May 67 4.6 48.7 1.4 
June 67 4.6 48.7 1.4 
July 67 5.1 66.3 1.0 
August 67 5.7 92.6 0.7 
September 67 6.2 119.2 0.6 
October 67 5.7 92.6 0.7 
November 67 3.1 14.9 4.5 
December 67 1.5 1.7 39.7 x 

157 



Possibilities for exploiting wind energy in Tanzania Appendices 

Reg ion: TANGA 

HYDRAULIC POWER REQUIREMENTS 

Delivery pipe head loss 10% 
Delivery pipe length m 

~nth Pumping Pumping Head Total Average hydraulic 
requirement height loss head power requirement 

[m3/day] [m] [m] [m] (W] 

~anuary 12.5 37 3.7 40.7 58 
February 12.5 37 3.7 40.7 58 
March 12.5 37 3.7 40.7 58 
jApril 12.5 37 3.7 40.7 58 
May 12.5 37 3.7 40.7 58 
June 12.5 37 3.7 40.7 58 
~uly 12.5 37 3.7 40.7 58 
August 12.5 37 3.7 40.7 58 
September 12.5 37 3.7 40.7 58 
October 12.5 37 3.7 40.7 58 
November 12.5 37 3.7 40.7 58 
December 12.5 37 3.7 40.7 58 

Total yearly water requirement 4562.5 m3/year 

WIND POWER RESOURCES 

Height above sea level 39 m 
Hub height 10 m 
IT errain roughness 
lcombined correction factor for hub height and roughness not applicable 

Month Average po- Average wind Density Specific 
tential wind speed at of air wind power 

speed at 10 m hub height 
[mts] [m/s] (kg/m3] (W/m2] 

January 3.6 3.6 1.2 28.0 
February 3.1 3.1 1.2 17.9 
March 2.6 2.6 1.2 10.5 
jApril 3.6 3.6 1.2 28.0 
May 4.6 4.6 1.2 58.4 
June 5.1 5.1 1.2 79.6 
July 5.1 5.1 1.2 79.6 
jAugust 4.1 4.1 1.2 41.4 
jseptember 3.6 3.6 1.2 28.0 
!October 2.6 2.6 1.2 10.5 
November 2.1 2.1 1.2 5.6 
December 3.1 3.1 1.2 17.9 

DESIGN MONTH 

Month Average hydraulic Average Specific Raferenee Design 
power requirement wind speed wind power area month 

Phydr at hub height Pwind Phydr/Pwind 
[W] [mts] [W/m2] [m2] 

~anuary 58 3.6 28.0 2.1 
February 58 3.1 17.9 3.2 
March 58 2.6 10.5 5.5 
jApril 58 3.6 28.0 2.1 
May 58 4.6 58.4 1.0 
June 58 5.1 79.6 0.7 
~uly 58 5.1 79.6 0.7 
!August 58 4.1 41.4 1.4 
September 58 3.6 28.0 2.1 
pctober 58 2.6 10.5 5.5 
November 58 2.1 5.6 10.4 x 
December 58 3.1 17.9 3.2 
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APPENDIXP: ELECTRIC POWER DEMAND 

Power requirements depend on the purpose for which the power is to be used. Therefore, different 
groups ofusers can be identified. Here, a classification with four groups is used: dornestic users, 
commercial users, light industries and public lighting160

. Withinthese groups, different consumers are 
identified and for all these consumers T ANESCO has assumed a certain maximum power demand. 
These guidelines for maximum power demands form the basis for the design of new power plants. In 
table P .1. these guidelines per consumer group are given. 

Table P.J.: Maximum electric power de mand per consumer group 

Consumers Maximum demand 

Dornestic consumers 

Small houses 
Medium houses 
Bighouses 

Commercial consumers 

Light industrial 

Public lighting 

Hospita! 
Primary school 
Secondary school 
Colleges 
Community Centres 
Post office 

Workshop 

Church 
Mosque 
Street lights 

[kW] 

0.32 
2.0 
4.0 

6.0 
5.3 

30.0 
30.0 
16.0 
2.5 

50.0 

4.0 
4.0 
0.3 

Source: Feasibility study for electrification of Urambo district in Tanzania, United Republic of 
Tanzania, Tanzania Electric Supply Supply Company Limited (T ANESCO), Dar es Salaam, September 
1989,pll. 

The exact power demand of a consumer depends of course on the equipment installed. In the case the 
consumer is a household, how many lightbulbs are installed in the house? Is there a radio and/or other 
appliances? It is therefore important to take a close look at the future consumers before instaHing a wind 
turbine: what equipment are they going to use and what is the diumal pattem oftheir power demand? 
Because it is not expected that there is a potential for wind turbines in Tanzania on the short term, 
electricity consumption is not discussed here in detail. 

160 Classification based on data from T ANESCO. 
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APPENDIXQ: FINANClAL ANAL YSIS 

Q.l. General 

General assumptions for all three considered pumping systems are: 

+ Water pumped is used for community water supply or cattie water supply. 
+ Benefits are equal for all pumping systems considered. 
+ Time period ofthe analysis is 10 years. 
+ Interestrateis 12 %161 and constant over time. 

Appendices 

+ Relative prices are expected to remain constant over time and equal for all costs. Thus, intlation is 
kept out ofthe calculations. 

+ No back-up pumping systems are used. 
+ The discharge capacity ofthe wellis sufficient tomeet the water requirements. 
+ No costs due to failure. 
+ Costs for attendants and operators are equal for all pumping systems considered 162

. 

Q.l.l. Calculating a present value 

Two types of costs can be identified: 

+ Single casts 
These costs involve single in vestment costs like the initia! in vestment at the start of the project and 
interim investments for any reptacement of items. 

+ Recurring casts 
These costs involve yearly recurring costs, like for example costs of maintenance and repairs and 
fuel costs. 

In order to calculate the Present Value (PV) ofthe costs, the costs must be discounted, which means that 
the value of future costs will be reduced to their present worth. Important in this regard is the interest 
rate r. The interest rate determines whether an investment in a projector asset over a fixed period of time 
is more favourable than banking the capita!. 
The Present Value ofthe costs can now be presented algebraically as: 

n 

PV = L Ct* (1+ryt 

with: PV 
c 

1=1 

: Present value of costs 
: Cost 

t : Time [year] 
r : Interest rate [0.12 = 12%] 
n : Lifetime ofthe project [10 years] 

161 Figure for interest according to theEast African Development Bank. 

(1) 

162 Although fora wind pump an operator/attendant is notper se necessary, there was one in Tanzania in most 
of the cases. 
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The start of the analysis is setting up a range of daily water requirement Q. Th en, the hydraulic power 
requirement is determined. The relation between the water requirement Q and the hydraulic power 
requirement Ph is as follows: 

Pw*g*Q 
(2) ph == 

24 * 60 * 60 

with: ph : Hydraulic power requirement [W] 

Pw : Density afwater [998 kg/m3
] 

g : Accelaration of gravity [9. 8 m/s2
] 

Q :Water requirement [m4/day] 

F or a range of water requirements the PV of the casts is calculated. This PV divided by the total pumped 
m4 (total pumped volume of water multiplied by the pumping head) during the lifetime ofthe project 163

, 

is the basis for the comparison ofthe different pumping systems. The total pumped m4 during the 
lifetime ofthe project is: 

Qtot = Q * 365 * 10 (3) 

with: Qtot : Total pumped m4 

(total pumped volume [m3
] of water multiplied by the pumping head [m]) 

lt is stressed that notall casts are included in the analysis: common casts for all pumping systems are 
left out of consideration, for example the casts of drilling the well. 

Q.2. Wind pump 

Set of assumptions with regard to the wind pump system: 

• The specUic casts of a wind pump is 350 USS per square meter rotor area164
. 

• Lifetime ofthe wind pump is 15 .vears: scrap value after 10 years is 113 of initia! value. 
• A steel starage tank which can contain 2 days of demand is used up toa maximum of 15m3 165

, 

assuming a pumping he ad of 10 m. 
• The specific investment of the starage tank is 100 US$ per m3 contents166

. 

• Lifetime ofthe slorage tank is 30 years 167
; scrap value after JO years is 213 ofinitial value. 

• Annual casts for maintenance andrepairs of the wind pump are a .fixed amount of 50 US$ and 
a variabie amount of 2 % of the initia! investment costs168

. 

• Annual costs for maintenance of the slorage tank is 1% of the investment costs169
. 

+ Quality factor of the wind pump f3 is 0. 08170
. 

• Output range: 30 m4/day- 2, 500 m4/day171
. 

163 Product ofthe water requirement in m3 and the pumping head in m. 
164 Basedon prices for the Kijito-wind pumps from Kenya. 
165 Maximum size of storage tank available in Tanzania. 
166 Basedon local prices for Steelco tanks. 
167 Meel & Smulders, July 1989, p 103. 
168 Basedon e:-.-periences with Kijito ''ind pumps. 
169 Meel & Smulders, July 1989, p 103. 
170 Based on e:-.-periences with Kijito wind pumps. 
171 Smulders, June 1995, p4. 
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• Pumping heads up to about 40 m. 
+ Diameter of rotor maximum 8 meters171

. 

Q.2.1. Single costs 

Windpump 
The initial in vestment costs for a wind punip are assumed to be directly proportional to the rotor area of 
the wind pump, given in formula form as: 

Iw = SCw *A 

with: Iw 
SCw 
A 

: Initial in vestment cost of a wind pump [US$] 
: Specific investment of a wind pump [350 US$/m2 rotor area] 
: Rotor area [ m2

] 

(4) 

The rotor area depends on the bydraulic power requirement and the average wind speed. The calculation 
bas been executed for three different average wind speeds: 3 m/s, 4 m/s and 5 m/s. The relation between 
the rotor area and the bydraulic power requirement and the average wind speed is as follows: 

ph 
A= (5) 

13 * v3 

with: 13 : Quality factor [0.08] 
V : Average wind speed [mis] 

Starage tank 
Because wind energy bas a stocbastic cbaracter, a storage tank is necessary. The required volume ofthe 
tank can be determined as follows: 

Q * d 
V= 

with: V 
d 
b 

b 

:Volume ofthe storage tank [m3] 
: Required covering of days [2 days] 
: Pumping bead [ 10 m] 

(6) 

The initial investment costs for the storage tank are assumed to be directly proportional to the volume of 
the tank. In formula form: 

(7) 

: lnitial investment cost of a storage tank [US$] 
: Specific investment of a storage tank [ 100 US$/m3 tank volume] 

The lifetime ofthe storage tank is assumed to be 30 years. This means that after the lifetime ofthe 
project, wbicb is assumed to be 10 years, the storage tank still bas a value. This value is assumed to be 
two-third ofthe initial value. 

172 Largest K.ijito wind pump. 
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Q.2.2. Recurring costs 

windpump 
The variabie costs ofthe wind pump consists of maintenance andrepair costs. These costs consist of a 
fixed part and a variabie part, which depends on the initia! investment costs. In algebraical form: 

MRw = MRw,flx + MRw,var 

with: MRw : Maintenance and repair costs for a wind pump [US$] 
MRw,r.x : Fixed maintenance andrepair costs fora wind pump [50 US$] 
MRw,var : Variabie maintenance andrepair costs fora wind pump [US$] 

For the variabie maintenance andrepair costs, the following formula is applicable: 

MRw,var = rnrw,var * Iw 

with: mrw,var : Maintenance andrepair costs as percentage ofinitial investment (4%) 

starage tank 

(8) 

(9) 

The maintenance and repair costs for the storage tank only consists of a variabie part; there are no fixed 
costs. The variabie maintenance andrepair costs depend, as was the case with the wind pump, on the 
initia! investment costs ofthe tank. In formula: 

M"Ru. = MR.k,var = mrtk,var * ltk 

with: MRu. : Maintenance and repair costs for a storage tank [US$] 
MRtk,var : Variabie maintenance andrepair costs fora storage tank [US$] 
mrtk,var : Maintenance andrepair costs as percentage of initia! in vestment (1 %) 

Q.2.3. Present value 

(10) 

The present value ofthe costs involved with a wind pumping system can be calculated with the following 
formula: 

10 

PVw = Iw + ltk- 2
/3 * ltk * (l+r)"10 + L ((MRw + M~) * (l+r)"1

) 

t=O 

with: PVw :Present value ofthe wind pump system [US$] 
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Q.3. Engine driven pump 

The assumptions used to describe the base-case for the engine driven pump are 173
: 

+ The engine driven pump is a petrol pump. 
+ The speci.fic costs of an engine driven pump is 250 US$ per kW rated power174

• 

Appendices 

+ A steel starage tank which can contain 1 day of demand is used up toa maximum of 15m3 m, 
assuming a pumping he ad of 10 m. 

+ Lifetime of the engine driven pump is 5, 000 operating hours; no scrap value. 
+ Annual costs for maintenance andrepairs of the engine driven pump estimated to be 300 US$ 

per 1000 operating hours. 
+ Combined efficiency of pump and lines l]pl]t is 40% (medium). 
+ Overall efficiency 1]101 (from Ju el input to water output) is 5%. 
+ Deratingfactor d (power demanded by pump over rated engine power) is 0.5. 
+ 365 Operation days per year; 4 hours per operation day. 
+ Petrol price is 0.65 US$ per litre176

; energy content is JO kWh per litre. 
+ Output range: 100 m4/day -10,000 m4/day. 
+ Pumping heads up toabout 40 m. 

Q.3.1. Single costs 

The investment in a petrol pump is related to the rated power output. The rated power output is related 
to the hydraulic power output. The hydraulic power output is given in formula (2), but bas to be 
multiplied by a factor because the pump is only working fora few hours per day. Thus, formula (2) is 
changed into: 

Ph,p = 

with: Ph,p 
pu 

Pw*g*Q 
* 

24 

24 * 60 * 60 pu 

: Hydraulic power requirement when using a petrol pump 
: Pumping hours per day ( 4 hours) 

(12) 

With Ph,p, the power level at which the engine actually operates can be calculated with the following 
formula: 

With: P. 

l'\p 
l'\1 

l'\p *l'lt 

: Power level at which engine actually operates [W] 
: Efficiency ofthe pump 
: Efficiency of suction and delivery lines 

173 Qualitative assumptions are largely basedon figures given in Wind Pumping: a Handbook, Meel & 
Smulders, July 1989. 

174 Basedon local Tanzanian prices for Kubota pumps (Japan). 
175 Maximum size of storage tank available in Tanzania. 

(13) 

176 Overview fuel prices of the Taw.ania Petroleum Development Corporation. Fuel prices vary from one region 
toanother (from 0.60 US$/liter in Dar es Salaam to 0.71 US$/liter in Bukoba, Kagera). The price of0.65 
US$/liter is an average. 
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Now, the rated power output ofthe engine can he calculated with formula (14): 

with: Pr 
d 

P. 

d 

: Rated power output [W] 
: Derating factor (0.5) 

Appendices 

(14) 

As said before, the in vestment costs of a petrol pump are directly related to the rated power output as 
shows formula (15): 

lp = SCP* Pr (15) 

with: lp : Initial in vestment cost of a petrol pump [US$] 
SCP : Specific investment of a petrol pump [250 US$ per kW rated power] 

The lifetime ofthe petrol pump is assumed to be 5,000 eperating hours. This lifetime must be calculated 
to years in order to see ifthere are replacement costs within the project lifetime of 10 years. This should 
be clone with the following formula: 

L= 

with: L 
I 
pd 

pu *pd 

: Lifetime [years] 
: Lifetime in eperating hours (5,000 hours) 
: Pumping days per year (365 days) 

(16) 

Filling in the values voor I, pu and pd in formula (16), the lifetime ofthe petrol pump in years is about 
3Yz years. This means that the petrol pump needs to be replaced after 3Yz years and after 7 years. At the 
end ofthe lifetime ofthe project, the pump still has a value of 1/ 7 ofits initia! value (for 1

/ 7 ofthe lifetime 
ofthe pump is left) 

Q.3.2. Recurring costs 

There are two different recurring costs with regard to the petrol pump. These two costs are the costs for 
maintenance andrepairs and the fuel costs. 

costs for maintenance andrepairs 
The costs for maintenance andrepairs are given as a specif1c value per eperating hour. Thus, for each 
year the total number of operating hours must be determined and multiplied by the specific costs per 
operating hour. For this, formula (17) can be used: 

MRp = mr p.var * pd * pu (17) 

with: MRp : Maintenance andrepair costs fora petrol pump [US$] 
mrp,var : Maintenance andrepair costs per eperating hour (300 US$/1,000 operating hours) 
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fuel casts 
The first step in calculating the fuel costs, is todetermine the costs per Wh with formula (18): 

f = 
fp 

ec * lltot 

with: f : Price per kWh [US$/Wh] 
fp : Price offuel per liter (0.65 US$/litre) 
ec : Energy content offuel (10*103 Wh/litre) 

lltot : Overall efficiency (5%) 

The next step is to multiply the price per kWh with the total Wh requirement in one year. For this, 
formula (19) can be used: 

F = f * Pb,p * pd * pu 

with: F : Fuel costs per year [US$/year] 

Q.3.3. Present value 

(18) 

(19) 

The present value ofthe costs involved with a petrol pump system can be calculated with the following 
formula: 

10 

PVp =lp+ lp* (1 +rr3 ·~, +lp* (1 +rr7 + 1/1 * lp* (1 +rr10 + L ((MRp + F) * (1 +rr') (20) 
t=D 

with: PVP :Present value ofthe petrol pump system [US$] 
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Q.4. Hand pump 

Assumptions for the base-case ofthe hand pump are: 

• The lump sum investment for the hand pump is 2, 486 US$
171

. 

• Lifetime ofthe hand pump is 10 years178
; no scrap value. 

• Annual costs for maintenance andrepairs of a hand pump are a fixed amount of 10 US$. 

• Output range: 1 m4/day -100 m4/day. 
+ Pumping heads up to about 40 m. 

Q.4.1. Single costs 

As said before, the initia! investrnent costs for a hand pump is a lump sum investment. 

Q.4.2. Recurring costs 

Also for a hand pump, maintenance and repair costs are required. These costs for mr are fixed, thus 
there is no variabie part. Thus: 

MRb = M~fL'< 
with: MRh : Maintenance and repair costs for a hand pump [US$] 

M~rL" : Fixed maintenance andrepair costs fora hand pump [10 US$] 

Q.4.3. Present value 

(21) 

The present value ofthe costs involved with a hand pump system can be calculated with the following 
formula: 

10 

PVh = Ih + L (M~ * (l+r)"') (22) 
t=O 

:Present value ofthe hand pump system [US$] 
: Initia} in vestment costs for a hand pump [US$] 

Q.5. Sensitivity analysis 

For each one ofthe pumping systems, a sensitivity analysis has been performed fora number of 
parameters. This is done by changing the relative value ofthe parameter by dividing the new value by 
the old (base-case) value and checking the effect on the results ofthe analysis by dividing the new 
(average) value ofthe results by the old (base-case) value. 

17 ~ Basedon local prices for Tanira hand pumps (type: NIRA AF-2000); one ofthe two most used brandsof 
hand pumps in Tanzania. 

178 E~-periences have shown that a lifetime of 10 years is more realistic for a Tanira handpump than 5 years as is 
the general expected lifetime of a hand pump according to Meel & Smulders (July 1989). 
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PUMPING SYSTEM: 
AVERAGE WIND SPEED: 

Q water requirement 

WIND PUMP 
3 MIS 

Ph hydraulic power requirement 
A rotor area 
Iw initial investment of a wind pump 
ltk initial investment of a starage tank 

For assumptions and formulas, refer to pages 161-168 

Q Ph A diameter Iw 
[mJ\4/day) [W] [mJ\2] [m] [US$] 

30 3.40 1.57 1.41 550 
40 4.53 2.10 1.63 734 
50 5.66 2.62 1.83 917 
60 6.79 3.14 2.00 11101 
70 7.92 3.67 2.16 1,284 
80 9.06 4.19 2.31 1,467 
90 10.19 4.72 2.45 1,651 

100 11.32 5.24 2.58 1,834 
150 16.98 7.86 3.16 2,751 
200 22.64 10.48 3.65 3,668 
250 28.30 13.10 4.08 4,586 
300 33.96 15.72 4.47 5,503 
350 39.62 18.34 4.83 6,420 
400 45.28 20.96 5.17 7,337 
450 50.94 23.58 5.48 8,254 
500 56.60 26.20 5.78 9,171 
600 67.92 31.44 6.33 11,005 
700 79.24 36.68 6.83 12,840 
800 90.56 41.93 7.31 14,674 
900 101.88 47.17 7.75 16,508 

1000 113.20 52.41 8.17 18,342 
1500 169.80 78.61 10.00 27,514 
2000 226.40 104.81 11.55 36,685 
2500 283.00 131.02 12.92 45,856 

ltk 
[US$] 

600 
800 

1,000 
1,200 
1,400 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

BASE-CASE 

ltotal total initial investment 
MRw maintenance and repair casts fora wind pump 
MRtk maintenance and repair casts fora starage tank 
PVw present value of the wind pump system 
Qtot total pumped mJ\4 

ltotal MRw MRtk PVw Qtot 
[US$] (US$/year] [US$/year) [US$) [mJ\4] 

1,150 61 6 1,341 109,500 
1,534 65 8 1,694 146,000 
1,917 68 10 2,047 182,500 
2,301 72 12 2,400 219,000 
2,684 76 14 2,752 255,500 
2,967 79 15 3,021 292,000 
3,151 83 15 3,205 328,500 
3,334 87 15 3,390 365,000 
4,251 105 15 4,312 547,500 
5,168 123 15 5,235 730,000 
6,086 142 15 6,157 912,500 
7,003 160 15 7,079 1,095,000 
7,920 178 15 8,002 1,277,500 
8,837 197 15 8,924 1,460,000 
9,754 215 15 9,846 1,642,500 

10,671 233 15 10,769 1,825,000 
12,505 270 15 12,613 2,190,000 
14,340 307 15 14,458 2,555,000 
16,174 343 15 16,303 2,920,000 
18,008 380 15 18,147 3,285,000 
19,842 417 15 19,992 3,650,000 
29,014 600 15 29,215 5,475,000 
38,185 784 15 38,439 7,300,000 
47,356 967 15 47,662 9,125,000 

casts 
(UScntsfmJ\4) 

1.22 
1.16 
1.12 
1.10 
1.08 
1.03 
0.98 
0.93 
0.79 
0.72 
0.67 
0.65 
0.63 
0.61 
0.60 
0.59 
0.58 
0.57 
0.56 
0.55 
0.55 

(d > 8m.) 
(d > 8m.) 
(d > 8m.) 
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PUMPING SYSTEM: WIND PUMP 
4 M/S AVERAGE WIND SPEED: 

a 
Ph 
A 
Iw 
ltk 

water requirement 
hydraulic power requirement 
rotor area 
initial investment of a wind pump 
initial investment of a slorage tank 

For assumptions and formulas, refer to pages 161-168 

a Ph A diameter Iw 
[m"4/day) [W] [m"2] [m] [US$] 

30 3.40 0.66 0.92 232 
40 4.53 0.88 1.06 310 
50 5.66 1.11 1.19 387 
60 6.79 1.33 1.30 464 
70 7.92 1.55 1.40 542 
80 9.06 1.77 1.50 619 
90 10.19 1.99 1.59 696 

100 11.32 2.21 1.68 774 
150 16.98 3.32 2.05 1 '161 
200 22.64 4.42 2.37 1,548 
250 28.30 5.53 2.65 1,935 
300 33.96 6.63 2.91 2,321 
350 39.62 7.74 3.14 2,708 
400 45.28 8.84 3.36 3,095 
450 50.94 9.95 3.56 3,482 
500 56.60 11.05 3.75 3,869 
600 67.92 13.27 4.11 4,643 
700 79.24 15.48 4.44 5,417 
800 90.56 17.69 4.75 6,191 
900 101.88 19.90 5.03 6,964 

1000 113.20 22.11 5.31 7,738 
1500 169.80 33.16 6.50 11,607 
2000 226.40 44.22 7.50 15,476 
2500 283.00 55.27 8.39 19,346 

ltk 
[US$] 

600 
800 

1,000 
1,200 
1,400 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

BASE-CASE 

ltotal 
MRw 
MRtk 
PVw 
atot 

ltotal 
[US$) 

832 
1 '11 0 
1,387 
1,664 
1,942 
2,119 
2,196 
2,274 
2,661 
3,048 
3,435 
3,821 
4,208 
4,595 
4,982 
5,369 
6,143 
6,917 
7,691 
8,464 
9,238 

13,107 
16,976 
20,846 

total initial investment 
maintenance and repair costs fora wind pump 
maintenance and repair costs for a slorage tank 
present value of the wind pump system 
total pumped m"4 

MRw MRtk PVw atot 
[US$/year] [US$/year) [US$] [m"4] 

55 6 1,021 109,500 
56 8 1,267 146,000 
58 10 1,513 182,500 
59 12 1,760 219,000 
61 14 2,006 255,500 
62 15 2,168 292,000 
64 15 2,246 328,500 
65 15 2,324 365,000 
73 15 2,713 547,500 
81 15 3,102 730,000 
89 15 3,491 912,500 
96 15 3,880 1,095,000 

104 15 4,269 1,277,500 
112 15 4,658 1,460,000 
120 15 5,047 1,642,500 
127 15 5,436 1,825,000 
143 15 6,215 2,190,000 
158 15 6,993 2,555,000 
174 15 7,771 2,920,000 
189 15 8,549 3,285,000 
205 15 9,327 3,650,000 
282 15 13,219 5,475,000 
360 15 17,110 7,300,000 
437 15 21,001 9,125,000 

costs 
[UScnts/m"4] 

0.93 
0.87 
0.83 
0.80 
0.79 
0.74 
0.68 
0.64 
0.50 
0.42 
0.38 
0.35 
0.33 
0.32 
0.31 1 

0.30 I 

0.28 
0.27 
0.27 
0.26 
0.26 
0.24 
0.23 
0.23 

g 
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PUMPING SYSTEM: 
AVERAGE WIND SPEED: 

Q water requirement 

WIND PUMP 
5 M/S 

Ph hydraulic power requirement 
A rotor area 
Iw initial investment of a wind pump 
ltk initial investment of a starage tank 

For assumptions and formulas, refer to pages 161-168 

Q Ph A diameter Iw 
[m"4/day] [W] [m"2] [m] [US$] 

30 3.40 0.34 0.66 119 
40 4.53 0.45 0.76 158 
50 5.66 0.57 0.85 198 
60 6.79 0.68 0.93 238 
70 7.92 0.79 1.00 277 
80 9.06 0.91 1.07 317 
90 10.19 1.02 1.14 357 

100 11.32 1.13 1.20 396 
150 16.98 1.70 1.47 594 
200 22.64 2.26 1.70 792 
250 28.30 2.83 1.90 990 
300 33.96 3.40 2.08 1,189 
350 39.62 3.96 2.25 1,387 
400 45.28 4.53 2.40 1,585 
450 50.94 5.09 2.55 1,783 
500 56.60 5.66 2.68 1,981 
600 67.92 6.79 2.94 2,377 
700 79.24 7.92 3.18 2,773 
800 90.56 9.06 3.40 3,170 
900 101.88 10.19 3.60 3,566 

1000 113.20 11.32 3.80 3,962 
1500 169.80 16.98 4.65 5,943 
2000 226.40 22.64 5.37 7,924 
2500 283.00 28.30 6.00 9,905 

ltk 
[US$] 

600 
800 

1,000 
1,200 
1,400 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

BASE-CASE 

ltotal 
MRw 
MRtk 
PVw 
Qtot 

ltotal 
[US$] 

719 
958 

1,198 
1,438 
1,677 
1,817 
1,857 
1,896 
2,094 
2,292 
2,490 
2,689 
2,887 
3,085 
3,283 
3,481 
3,877 
4,273 
4,670 
5,066 
5,462 
7,443 
9,424 

11,405 

total initial investment 
maintenance and repair casts fora wind pump 
maintenance and repair castsfora starage tank 
present value of the wind pump system 
total pumped m"4 

MRw MRtk PVw Qtot casts 
[US$/year] [US$/year [US$] [m"4] [UScnts/m"4] 

52 6 907 109,500 0.83 
53 8 1 '115 146,000 0.76 
54 10 1,324 182,500 0.73 
55 12 1,532 219,000 0.70 
56 14 1,740 255,500 0.68 
56 15 1,864 292,000 0.64 
57 15 1,904 328,500 0.58 
58 15 1,944 365,000 0.53 
62 15 2,143 547,500 0.39 
66 15 2,342 730,000 0.32 
70 15 2,541 912,500 0.28 
74 15 2,741 1,095,000 0.25 
78 15 2,940 1,277,500 0.23 
82 15 3,139 1,460,000 0.22 
86 15 3,338 1,642,500 0.20 
90 15 3,538 1,825,000 0.19 
98 15 3,936 2,190,000 0.18 

105 15 4,334 2,555,000 0.17 
113 15 4,733 2,920,000 0.16 
121 15 5,131 3,285,000 0.16 
129 15 5,530 3,650,000 0.15 
169 15 7,522 5,475,000 0.14 
208 15 9,514 7,300,000 0.13 
248 15 11,506 9,125,000 0.13 
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PUMPING SYSTEM: ENGINE DRIVEN PUMP 

Q water requirement 
Ph hydraulic power requirement 
Ph,p hydraulic power requirement when using a petrol pump 
Pe power level at which engine actually operates 
Pr rated power output 
lp initial investment of a petrol pump 
ltk initial investment of a storage tank 

For assumptions and formulas, refer to pages 161-168 

lla I Ph IPh,p Pe IPr lip 
1[m"4/day] [W] [W] [W] [W] [US$] 

I 100 11.32 67.92 170 340 85 
150 16.98 101.88 255 509 127 
200 22.64 135.84 340 679 170 
250 28.30 169.80 424 849 212 
300 33.96 203.76 509 1,019 255 
350 39.62 237.72 594 1,189 297 
400 45.28 271.68 679 1,358 340 
450 50.94 305.64 764 1,528 382 
500 56.60 339.60 849 1,698 424 
600 67.92 407.52 1,019 2,038 509 
700 79.24 475.44 1,189 2,377 594 
800 90.56 543.36 1,358 2,717 679 
900 101.88 611.28 1,528 3,056 764 

1000 113.20 679.19 1,698 3,396 849 
1500 169.80 1,018.79 2,547 5,094 1,273 
2000 226.40 1,358.39 3,396 6,792 1,698 
2500 283.00 1,697.99 4,245 8,490 2,122 
3000 339.60 2,037.58 5,094 10,188 2,547 
3500 396.20 2,377.18 5,943 11,886 2,971 
4000 452.80 2,716.78 6,792 13,584 3,396 
4500 509.40 3,056.38 7,641 15,282 3,820 
5000 566.00 3,395.97 8,490 16,980 4,245 
6000 679.19 4,075.17 10,188 20,376 5,094 
7000 792.39 4,754.36 11,886 23,772 5,943 
8000 905.59 5,433.56 13,584 27,168 6,792 
9000 1,018.79 6,112.75 15,282 30,564 7,641 

10000 1,131.99 6,791.94 16,980 33,960 8,490 
-- -

BASE-CASE 

ltotal total initial investment 
MRp maintenance andrepair costs fora petrol pump 
MRtk maintenance and repair costs for a storage tank 
F fuel costs 
PVp present value of the petrol pump system 
Qtot total pumped m"4 

lltk litotal IMRp IMRtk IF IPvp 
[US$] [US$] [US$/year] [US$/year] [US$/year] [US$] 

1,000 1,085 438 10 129 4,222 
1,500 1,627 438 15 193 5,095 
1,500 1,670 438 15 258 5,547 
1,500 1,712 438 15 322 6,000 
1,500 1,755 438 15 387 6,452 
1,500 1,797 438 15 451 6,905 
1,500 1,840 438 15 516 7,357 
1,500 1,882 438 15 580 7,810 
1,500 1,924 438 15 645 8,262 
1,500 2,009 438 15 773 9,167 
1,500 2,094 438 15 902 10,072 
1,500 2,179 438 15 1,031 10,977 
1,500 2,264 438 15 1,160 11,881 
1,500 2,349 438 15 1,289 12,786 
1,500 2,773 438 15 1,934 17,311 
1,500 3,198 438 15 2,578 21,835 
1,500 3,622 438 15 3,223 26,359 
1,500 4,047 438 15 3,867 30,884 
1,500 4,471 438 15 4,512 35,408 
1,500 4,896 438 15 5,156 39,933 
1,500 5,320 438 15 5,801 44,457 
1,500 5,745 438 15 6,446 48,981 
1,500 6,594 438 15 7,735 58,030 
1,500 7,443 438 15 9,024 67,079 
1,500 8,292 438 15 10,313 76,128 
1,500 9,141 438 15 11,602 85,176 
1,500 9,990 438 15 12,891 94,225 

- -- ··- -- -- ___ L__ --

latot 
[m"4] 

365,000 
547,500 
730,000 
912,500 

1,095,000 
1,277,500 
1,460,000 
1,642,500 
1,825,000 
2,190,000 
2,555,000 
2,920,000 
3,285,000 
3,650,000 
5,475,000 
7,300,000 
9,125,000 

10,950,000 
12,775,000 
14,600,000 
16,425,000 
18,250,000 
21,900,000 
25,550,000 
29,200,000 
32,850,000 
36,500,000 

lcosts 
[UScflts/m"4] ! 

1.16 
0.93 
0.76 
0.66 
0.59 
0.54 
0.50 
0.48 
0.45 
0.42 
0.39 
0.38 
0.36 
0.35 
0.32 
0.30 
0.29 
0.28 
0.28 
0.27 
0.27 
0.27 
0.26 
0.26 

0.261 
0.26 
0.26 

I 
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Possibilities for e:-.:ploiting wind energy in Tanzania Appendices 

PUMPING SYSTEM: HAND PUMP BASE-CASE 

Q water requirement 
Ph hydraulic power requirement 
lh initia! investment of a hand pump 
MRh maintenance and repair costs for a hand pump 
PVh present value of the hand pump system 
Qtot total pumped mA4 

For assumptions and formulas, refer to pages 161-168 

Q Ph lh MRh PVh Qtot costs 
[mA4fday) [W] [US$) [US$/year] [US$) [m"4] [UScnts/m"4] 

1 0.11 2,486 10 2,543 3,650 69.66 
2 0.23 2,486 10 2,543 7,300 34.83 
3 0.34 2,486 10 2,543 10,950 23.22 
4 0.45 2,486 10 2,543 14,600 17.41 
5 0.57 2,486 10 2,543 18,250 13.93 
6 0.68 2,486 10 2,543 21,900 11.61 
7 0.79 2,486 10 2,543 25,550 9.95 
8 0.91 2,486 10 2,543 29,200 8.71 
9 1.02 2,486 10 2,543 32,850 7.74 

10 1.13 2,486 10 2,543 36,500 6.97 
20 2.26 2,486 10 2,543 73,000 3.48 
30 3.40 2,486 10 2,543 109,500 2.32 
40 4.53 2,486 10 2,543 146,000 1.74 
50 5.66 2,486 10 2,543 182,500 1.39 
60 6.79 2,486 10 2,543 219,000 1.16 
70 7.92 2,486 10 2,543 255,500 1.00 
80 9.06 2,486 10 2,543 292,000 0.87 
90 10.19 2,486 10 2,543 328,500 0.77 

100 11.32 2,486 10 2,543 365,000 0.70 
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Possibilities for e:-.:ploiting wind energy in Tanzania Appendices 

Sensitivity analysis for the wind pump (wind speed 4 m/s) 

relative value relative value of costs for parameter 
of parameter r SCw set mr(w,var) V L 

0.1 0.86 0.49 0.70 0.94 571.83 
0.2 0.89 0.54 0.73 0.95 71.85 
0.3 0.91 0.60 0.76 0.96 21.59 
0.4 0.93 0.66 0.80 0.96 9.36 
0.5 0.95 0.71 0.83 0.97 5.00 
0.6 0.96 0.77 0.86 0.97 3.07 
0.7 0.97 0.83 0.90 0.98 2.09 1.05 
0.8 0.98 0.89 0.93 0.99 1.54 1.03 
0.9 0.99 0.94 0.97 0.99 1.21 1.01 

1 1.00 1.00 1.00 1.00 1.00 1.00 
1.1 1.01 1.06 1.03 1.01 0.86 0.99 
1.2 1.01 1.11 1.07 1.01 0.76 0.98 
1.3 1.02 1.17 1.10 1.02 0.69 0.97 
1.4 1.02 1.23 1.14 1.03 0.64 0.97 
1.5 1.02 1.29 1.17 1.03 0.60 0.96 
1.6 1.03 1.34 1.20 1.04 0.57 0.95 
1.7 1.03 1.40 1.24 1.04 0.54 0.95 
1.8 1.03 1.46 1.27 1.05 0.53 0.95 
1.9 1.03 1.51 1.30 1.06 0.51 0.94 

2 1.03 1.57 1.34 1.06 0.50 0.94 
3 1.03 2.14 1.68 1.13 0.45 0.92 
4 1.02 2.71 2.01 1.19 0.44 0.91 

Refer to figure 12.3. on page 71. 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Sensitivity analysis for the engine driven pump 

relative value relative value of costs for parameter 
of parameter r SCp set mr(p,var) fp 

0.1 1.50 0.88 0.91 0.81 0.50 
0.2 1.43 0.89 0.92 0.83 0.56 
0.3 1.36 0.91 0.93 0.85 0.61 
0.4 1.29 0.92 0.94 0.88 0.67 
0.5 1.23 0.93 0.95 0.90 0.72 
0.6 1.18 0.95 0.96 0.92 0.78 
0.7 1.13 0.96 0.97 0.94 0.83 
0.8 1.08 0.97 0.98 0.96 0.89 
0.9 1.04 0.99 0.99 0.98 0.94 

1 1.00 1.00 1.00 1.00 1.00 
1.1 0.96 1.01 1.01 1.02 1.06 
1.2 0.93 1.03 1.02 1.04 1.11 
1.3 0.90 1.04 1.03 1.06 1.17 
1.4 0.87 1.05 1.04 1.08 1.22 
1.5 0.84 1.07 1.05 1.10 1.28 
1.6 0.81 1.08 1.06 1.12 1.33 
1.7 0.79 1.09 1.07 1.15 1.39 
1.8 0.76 1.11 1.08 1.17 1.44 
1.9 0.74 1.12 1.09 1.19 1.50 

2 0.72 1.13 1.10 1.21 1.56 
3 0.57 1.27 1.20 1.42 2.11 
4 0.48 1.40 1.31 1.62 2.67 

Refer to tigure 12.4. on page 72. 
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Possibilities for exploiting wind energy in Tanzania Appendices 

Sensitivity analysis for the hand pump 

relative value relative value of costs for parameter 
of parameter r lh 

0.1 1.01 0.12 
0.2 1.01 0.22 
0.3 1.01 0.32 
0.4 1.01 0.41 
0.5 1.01 0.51 
0.6 1.01 0.61 
0.7 1.00 0.71 
0.8 1.00 0.80 
0.9 1.00 0.90 

1 1.00 1.00 
1.1 1.00 1.10 
1.2 1.00 1.20 
1.3 1.00 1.29 
1.4 1.00 1.39 
1.5 1.00 1.49 
1.6 0.99 1.59 
1.7 0.99 1.68 
1.8 0.99 1.78 
1.9 0.99 1.88 

2 0.99 1.98 
3 0.99 2.96 
4 0.99 3.93 

Refer to tigure 12.5. on page 73. 

176 



Possibilities for exploiting wind energy in Tanzania Appendices 

APPENDIXR: CASEMENTS AFRICA LIMITED 

R.l. Introduetion to Casements Africa Limited 

Casements Africa Limited (CAL) is a company in Dar es Salaam, Tanzania. The factory of CAL is 
Iocated in Dar es Salaam on Nyerere Highway (former Pugu Road), close to the international airport of 
Dar es Salaam. The plot is part ofVingunguti Industrial Area. 
CAL produces building and packaging products, both for dornestic as for commercial/industrial 
applications. The product range of CAL consists of: 

+ Aluminium doors and windows 
+ Steel doors and windows 
+ Collapsible gates 
+ Adjustable Iouvre windows 
+ F al se ceilings 
+ Blinds 
+ Partition materials 
+ Storage shelvings 
+ Strapping materials and tools 
+ Styropor products 

R.l.l. Market for the products of CAL 

The objected market for the products of CAL is whole Tanzania, but in practise only a few regions are 
covered. The market of CAL is the Coast-region (Dar es Salaam, Morogoro, etc.) and Lake Victoria
region (Mwanza, Bukoba, Musoma and Shinyanga). 

R.1.2. Marketing department of CAL 

At the marketing/saJes department of CAL, five people are employed. At the moment, business are not 
going well, so the most important activity ofthe department is to get in (more) orders. Besides that, they 
are occupied with giving feedback from customer to the management about the quality ofthe products, 
complaints, etc. 

R.1.3. Marketing instruments of CAL 

The most important and most frequently used instrument for promoting CAL is advertisements in 
newspapers. Besides this medium, CAL also has putupsome billboards along the roads. However, the 
fee that has to be paid every month for these boards is very high. But according to the marketing 
department, the billboards show effects. Another instrument, although it is only rarely used, is a leaflet. 
For keeping informed about the wants and needs ofthe market, the department uses questionnaires to 
costomers and occasionally visits them personally. This is also the way in which information is obtained 
about the satisfaction ofthe costomers with regard to the obtained products and CAL in generaL This 
feedback is passed on to the management. 
In the past, also seminars etc. were visited, but due to budgetary constraints this is not possible anymore. 
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Possibilities for exploiting wind energy in Tanzania Appendices 

R.2. Project Background 

CAL is interested instarting production ofwindtechnologies. However, they don't have any experience 
in this kind of work. 
There are various possibilities for Casements tostart production. Because oflack ofknowledge and 
know-how, it doesnotseem wisetostart on their own. Therefore, the possiblity ofbeing licensed by an 
established manufacturer of windpumps is investigated. 
For an inventarisation ofthe interested companies, a letter wassend to companies in Europe and Africa. 
Only one company was seriously interested in a technology transfer: Bobs Harries Engineering Ltd 
(BHEL) in Thika, Kenya, rnanufactueer of, amongst others, the Kijito-windpump. Kijito-windpumps 
have a good reputation and because BHEL is situated in Kenya, this was a good starting point for 
investigating a possible technology transfer. A first meeting was arranged with Mr. Mike Harries, 
rnanaging directer of BHEL. 

R.2.1. The Kijito-windpumps 

The Kijito series are direct drive mechanica! windpumps. They are a modem design further developed by 
Bobs Harries Engineering Limited from original simple plans received from the Intermediate Technology 
Development Group in the UK. The Kijito windpumps are available with four different rotor diameters: 
12ft (3.7 m), 16ft (4.9 m), 20ft (6.1 m) and 24ft (7.4 m). For all four different sizes, the standard 
tower height is 30 feet (10 meters), but an extension of 10ft (3 m) is possible. 
At the moment, the 12 feet windpump is the least popular. BHEL is busy to scale it down, so that the 12' 
windpump can become halfthe price. Mr. Harries expects this down-sealing to be finished in 6 to 9 
months. 
The most important customers ofBHEL are church- and aidorganizations. Together with the windpump, 
the customer gets a training course to impart an understanding of windpumps and their basic 
maintenance. 
There is already a company in Canada heeneed to manufacture the Kijito-design. And at the moment, 
BHEL is trying to establish a manufacturing unit ofKijito-windpumps in Uganda. As far as Tanzania is 
concemed, BHEL has just started negociations with a company in Arusha that is interested in 
manufacturing the Kijito-windpump. 
The first Kijito-windpump in Tanzania was installed in 1981, in Musoma. Since then, another 23 Kijito
windpumps are installed in Tanzania and 2 are yet to be installed. So, as at march 1996, in total 26 
Kijito-windpumps were exported to Tanzania. 
An overview ofthe installed Kijito-windpumps in Tanzania is given in table R.l.. Most ofthe 
windpumps are installed by missions or development aid organizations. 
As one can see in this table, the windpumps installed are in the regions that are identified as regions with 
a proruising windregime. 
The annual number of sold Kijito-windpumps in Tanzania is not very large. CAL doesnothave 
experiences with exporting; they focuss on the national market. It is therefore unrealistic to include 
foreign markets in the study. In order to make it worth starting production for the Tanzanian market, this 
market must be developed. 
CAL does have a marketing/sales department which most importanttaskit is to do market research. 
Therefore and because BHEL was especially interested in knowing more about the abilities ofthis 
department, an inventarisation ofthe marketing abilities of CAL will bemadein the folowing paragraph. 
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Table R.l.: Overview of Kijito wind EUmE installations in Tanzania (as at march 1996) 

Date Size Place name Region 
[year] [feet] 

1981 16 Bariadi Shinyanga 

1984 20 Baraki Mar a 

1988 12 Tanga Tanga 

1988 20 Tanga Tanga 

1988 20 Tanga Tanga 

1988 24 Sikonge Tabora 

1989 12 Makoko Mar a 

1989 20 Suguti Ma ra 

1989 20 Suguti Mar a 

1990 20 Baraki Ma ra 

1990 24 Manyatta Dodoma 

1990 24 Kibaigwa Dodoma 

1990 24 Itigi ? 

1990 24 Itigi ? 

1992 24 Igabiro Bukoba 

1992 16 Kahunda Shinyanga 

1992 16 Kijima Shinyanga 

1992 16 Meatu Shinyanga 

1993 24 Msagali Dodoma 

1993 24 Kurio Dodoma 

1993 24 Katangulu Shinyanga 

1993 24 Masonga Ma ra 

1994 24 Kongwa Dodoma 

1994 24 Itigi ? 

1996. 24 Ruhija Bukoba 

1996. 24 Masonga Mar a 

• Y et to be installed 

Source: Bobs Harries Engineering Limited. 
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R.3. Technology Transfer 

In the case of a technology transfer, there is a choice oftwo packages. The first one camprises the two 
smaller windpumps (12 ft and 16 ft); the second one camprises the two larger windpumps (20 ft and 24 
ft). The technology ofthe whole windpump will be transferred, except for the transrnission. The 
windpumps are drawn up on computer and the computerdrawings form part ofthe package. Training is 
alsopart ofthe deal. Altough it is also possible to do the training in Dar es Salaam, they prefer to do it 
at their factoryin Kenya. This is probably also the cheapest option for Casements. 

R.3.1. Procedure 

Important points for BHEL is the machinery installed at Casements and ifthere is a possiblity for 
galvanising. Furthermore, BHEL wants information about the marketing abilities of Casements. The 
next step therefor is that Casements informs BHEL about their machinery and equipment, their 
marketing abilities and their interests. 
lfthis is positive and opens possibilities for the technology transfer, a meeting will have to take place 
between BHEL and Casementsin Dar es Salaam to getto know each other and to inspeet the machinery. 

R.3.2. Financial si de of the technology transfer 

For the technology as a whole, BHEL asks a lump-sum. Additionally, they want 2-5% royalties for each 
sold machine. The percentage depends on the type of windpump and is subject to bargaining. 
Furthermore, BHEL asks an assurance for the number of sold machines of per year. 
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R.4. Project Engineering 

R.4.1. Civil engineering works 

Casements Africa Limited is situated at plot number 21 in Vingunguti lndustrial Area. On the site, four 
buildings are constructed: the factory building, the administration block, carport and sentry box. Of 
these four, the first are the most essential for the company. In table E2, below, somebasic features ofthe 
buildings are given. In these table, the Current Reptacement Cost (CRC) and the Depreciated 
Replacement Cost (DRC) ofthe building are given. The CRC of a property or asset is essentially the full 
cost (as new) ofthe asset in question, or a substitute, due account being taken of all costs, fees and taxes 
necessary to put the asset into operation and no regard being paid to rebates that may possible be 
available toa company due to its purchasing policy or any other reason. The DRC is a proxy for market 
value and it heavily rests on the hypothesis that a prudent purchaser of a given asset, would re late its 
purchase bid to the reptacement cost ofthe asset as defined as above and make due allowance for age, 
condition and obsolescence to which the asset in question has been subjected. The DRC depends on the 
number ofyears an asset already lived (Life Lived, LL) ofthe Expected Lifetime (EL) ofthe asset. 

Table R.2.: Engineering works o(Casements Africa Limited 

Building Area CRC EL LL DRC 
[m/\2] ['000 TSh] [y] [y] ['000 TSh] 

Administration Block 221.84 55,460 50 16 37,713 

Factory Building 4,538.82 430,544 40 16 258,326 

Centry Box 17.10 1,904 30 16 1,034 

CarPort 166.92 6,677 ? ? 3,338 

Sou ree: Report on the valuation of jixed assets: plot no. 21 - Vingunguti industrial area, Dar es 
Salaam, Casements Africa Limited - Proper Consult (T) Ltd., December 1994. 

R.4.2. Technology and equipment 

For manufacturing a windpump, a company is to be equipped with tools and machinery. The required 
tools and machinery depends, of course, on the type of the windpump or windturbine to be 
manufactured. To get a first impression ofthe machinery that is necessary to manufacture a windpump, 
the machine requirements for building a CWD2000 or a CWD2740 is taken and compared with the 
installed machinery at Casement. See table R.3. for the results. 
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Table R. 3.: Comparison of the required machinery for producing a CWD windpump and the 
machinery instaled at Casements Africa Limited 

Operation 

Cutting 
Rolling 
Sawing 
Drilling 
Thread Cutting 
Tuming 
Bending 
Electric Welding 
Measuring 

R.4.3. Determination plant capacity 

Possible at Casements 

Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Because of a lack of orders, the capacity utilisation ofthe installed machinery is only 20% at the 
moment, according to an estimation ofthe Works Manager. 

R.S. Rough organizationallayout 

CAL is owned by a British company, which owns companies in different sectors all over the world. The 
headquarters ofthe Mrican department is located in Kenya, so in practice CAL is only confronted with 
the people there. 
The post of General Manager is vacant. At the moment, the W orks Manager and the Chief Accountant 
are the two responsible men. 
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R.6. Inventarisation of human resources at CAL 

As statedat february 1996, a total of 120 people were workingat CAL. A distinction can he maid 
between employes with a temporary job and employees that have a permanent job. Another distinction is 
between people workingin the factory and people workingat the administration. In table R.4. an 
overview is given ofthe man-power available at Casementsper department and per type. 

Table R.4.: Human resources at Casements Africa Limited at February 1996. 

Department Permanent Temporary Total 

Factory 

Administration 

Total 

44 

26 

70 

46 

4 

50 

R.6.1. Estimated human resources needed for production of windpumps 

90 

30 

120 

Of course, the necessary manhours to build a windpump depends on several factors. The most important 
factors are: 

+ type of windpump 
+ skilis and experience ofthe workers 

There are no data available for the required number ofmanhours for manufacturing a Kijito-windpump. 
However, there are data avaible for the required human resources to manufacture a CWD-windpump. 
Altough there are differences in the two designs, these data can be used as a starting point. 
One ofthe major construction differences between the CWD and the Kijito is the number ofblades. For 
example: the CWD5000 with a diameter of5 meters has 8 blades; the KIJITO 16ft (is about 4.9 meters) 
has 20 blades. It is assumed that the number ofblades influences the required manhours to manufacture 
the windpump. 
In a study performed in 1989, the assumption is made that the number ofmanhours needed in the 
Netherlands to build a CWD-design should be increased by 50% to account for the lower productivity in 
Tanzania [LHP, p36]. F or this pre-feasibility study, the same assumption is used, because the two 
situations are comparable. In both cases the windpumps are to be manufactured in a well organised and 
well equipped workshop on a commercial basis and in both cases there is no experience with regard to 
the manufacturing ofwindpumps. 
For the construction of a CWD5000 in Netherlands, a total of 330 manhours is required. For Tanzania, 
this amount is increased with 50%, resulting in a 495 manhours-requirement. Because the Kijito is 
assumed to take more time, the total number of manhours required to produce the Kijito 16ft is estimated 
to be 550 manhours, the Kijito 20ft 570 manhours and the Kijito 24ft 580 manhours. 
The average wage of a person workingin the factory is TSh 30,000. With a working day ofnine hours 
for five days a week, this comes down to a total of TSh say TSh 160 per hour. 
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ERRATUM 

p79, table 13.1.: The table should have been as follows: 

Table 13.1.: Final results ofthe possibilities for exploiting windenergyin Tanzania 

Region Community 
small medium large 

Dodoma x x 
Mtwara x x 
Mwanza x x 
Tabora x 
Ruvuma x 
Tanga x 
Mbeya x 
Arusha x 
Pemba* 
Ma ra x 
Kigoma x 
Zanzibar • 

Pwani/DSM x 

Singida* 
Shinyanga * 

Rukwa* 

Application of water supply 

small 
farm 

x 
x 
x 
x 
x 
x 
x 
x 

x 
x 

x 

Livestock 
large 
farm 

x 

x 

x 
x 

x 

x 

large 
ranch 

x 

x 

Irrigation 
small scale medium scale 

nee other nee other 

x 

x 

x 

x 
x 
x 

x 

x 

x 

• Not possible to indicate the potential of wind pumps for the different applications, because of lack of data on 
water levels and/or average \vind speeds. 


