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EXECUTIVE SUMMARY 
In Tanzania there are numerous villages and townships that can not count on getting 
electricity from the national grid in the near future. To some of these sites, TANESCO 
provides access to electricity by installing small diesel power plants as a temporary solution. 
This study focuses on small townships where the forecasted power demand stays below 500 
kW during the ten first years. In an earlier study, TANESCO found that for many of those 
townships, a small diesel power plant would be the most viable solution. 

This comparative evaluation of small standardized diesel power plants concludes that 
installing three small, high speed generator sets is preferable to installing two larger, medium 
speed generator sets. This is the result of some case study calculations where two hypothetical 
load centres form the base. Each load centre is assumed to be supplied by two alternative 
standardized diesel power plants. One option is a power plant consisting of two medium speed 
(750 rpm) generator sets, each with a generating capacity of 425 kW and with one always on 
stand-by. Alternatively, a power plant consisting of three high speed (1500 rpm) generator 
sets is evaluated for each hypothetical load centre. There are two designs available of the high 
speed power plant considered. At the site called the Low Load Centre each generator set has 
a generating capacity of 157 kW. At the site called the High Load Centre each generator set 
has a generating capacity of 217 kW. One of the three gen sets is a stand-by unit. The firm 
capacity of the plants are therefor 314 kW and 434 kW. 

The cost for generating one kWh electricity is used two decide which of the to power plant 
options is preferable. To a great extent, the costs are independent of power plant type. Only 
the costs differing between the options have therefor been dealt with in the comparison. 
Figures 1 and 2 below show the contribution of different costs have to the total cost per kWh 
generated. Even though all costs are left out, that are considered independent of the diesel 
power plant type, i.e. freight, salaries etc., the cost per kWh generated is in the range of 10-25 
US cents. This can be compared to the average revenue of TANESCO per kWh delivered, i.e. 
5 US cent in 1990 (Luhanga and Mwandosya, 1992). The present, uniform tariff is apparently 
not enough to pay for the operation and capital costs of these local power plants. 

The calculations clearly show that the high speed, three unit option comes out cheaper than 
the two unit, medium speed option in all the considered cases. Figures 1 and 2 also show that 
choosing the medium speed, two unit plant means that capital costs dominate, especially over 
five years. For the high speed, three unit option the capital costs would be only half the fuel 
costs, over five years. Over ten years, capital costs are only 35% of fuel costs. The fuel costs 
per kWh generated are almost the same in all the cases studied, i.e. between 6 and 7 US 
cents. The medium speed engine tends to consume more fuel per kWh generated than the high 
speed, as it runs more often on part load. Consequently, the fuel costs will be slightly higher 
for this option. 
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Low Load Centre. Two sets means 2x^25 kW, medium speed, three sets means 
3x157 kW, high speed. 
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Figure 1. Contributions to the total price per kWh delivered, Low Load Centre, five and ten years. 
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The fuel costs can be modified as the two engines have different fuel requirements. If the 
high speed engine only uses gas oil and the medium speed industrial diesel oil, IDO, the 
difference in consumption can be levelled out by the difference in fuel price. To get equal 
fuel costs for the two options the cost ratio between IDO and gas oil will have to be 87-92%. 
The ratio in May 1990 was 91%. 

Even with modified fuel costs, the medium speed, two unit option comes out more costly. 
This is because of its high investment costs. If these costs are unchanged, the option will 
never show sufficiently low total costs to compete with the high speed option. 

As it happens, standardized power plants of the two unit, medium speed type with an installed 
capacity of 425 kW have been donated to Tanzania, which changes the situation. The costs 
for the medium speed option exclusive of capital costs are smaller than those for the high 
speed alternative inclusive of capital costs. In this case, a price reduction for the high speed 
option would not make it financially competitive to the two unit option, unless the reduction 
is substantial. The break even point between the two unit, medium speed power plant, 
recieved as a gift, and the bought three unit, high speed, power plant is when the capital costs 
of TANESCO for the three unit option is reduced to 29-74% (five year period: 29-34%, ten 
year period: 63-74%). This estimate is based on the assumpiton that both options run on the 
same fuel. 

It is also of interest to compare the the plant failure rate of the to options. In this study no 
proper probability evaluation has been made, but some general reflections can be worth 
considering. The availability of spare parts in Tanzania is doubtful. Many small diesel power 
plants presently operating have to wait indefinitely, when a failure appears that requires spare 
parts. As long as the individual sets have die same, or nearly the same failure rate, a three 
unit plant has lower probability for total loss of generating capacity than a two unit plant. 

The main conclusion of this evaluation is that for electricity generation in rural Tanzanian 
villages, power plants with three small, high speed generator sets are preferable to plants with 
two, medium speed gen sets. A power plant made out of small sets requires less capital, 
consumes less fuel and is not as likely to loose its generating capacity totally. 
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1. INTRODUCTION 
1.1. Background 
Tanzania is a developing country where rural electrification is in progress. The electricity 
supply in rural areas depends on grid connection or on local power plants, which are normally 
isolated from the national grid. The national grid covers only some parts of Tanzania, 
including the main urban centres. Within the grid, electricity is generated by hydro and diesel 
power plants. The map on page iii shows the national grid and the important power plants. 

When establishing a small local power plant there are several kinds of energy technologies 
that might be considered. Despite the variety of existing alternative power sources such as 
small hydro, wood fuel, solar and wind power plants, diesel power plants has been the most 
frequently chosen in previous and ongoing rural electrification programs. The reason why 
diesel power is chosen in so many cases is complex. Most of the electrification process so 
far has been guided, or at least highly impacted by western world aid agenceis, and aid has 
to a large extent been a question of donating equipment. In short terms, because diesel power 
is a mature technology in the western world, it has become one of the most wellknown 
options for power supply in Tanzania. Even if other possibilities are known of, it often turns 
out more convinient to choose diesel power because there are experience on the field, there 
is a trade market for diesel fuel, etc.. Diesel generator sets are often installed within projects 
concerning i.e. education or health, where power is needed, but the nature of the power source 
is not debated. 

In 1986, a feasibility study on the electrification of rural townships in Tanzania was initiated 
by TANESCO, see Sheya et al. The aim of the study was to find out what supply 
technologies were justified in different types of rural townships. The results showed that in 
40% of the cases evaluated, installation of a local diesel power plant was feasible. Most of 
the diesel power plants would be viable only as temporary solutions followed by grid 
connection or by a minihydro power plant. For only 5% of the cases studied, the local diesel 
power plant would be the least cost long term solution. For the sites where diesel power was 
found advantageous, the initial power demand mainly ranges between 140 kW and 500 kW, 
but a few townships had initial demands close to 1000 kW. 

This study aims at shedding light on the importance of choosing an appropriate diesel power 
plant model as a temporary power supply. 

In a recent rehabilitation program, standardized diesel power plants equipped with two 750 
rpm, medium speed, engines have been introduced. Each generator set has a power output of 
425 kW, giving an installed capacity of 850 kW at each site. This, however, is quite large in 
comparison to the power demands of many of the considered sites. 

In this study, an alternative standardized power plant with three 1500 rpm, high speed 
generator sets is proposed. Each set would then have a lower output power (157-217 kW). 
The power plant types are compared from a financial point of view. 
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1.2. Methodology 
The study considers rural townships where a local diesel power plant is installed as a 
temporary solution and where the maximum peak demand will be 500 kW or less during this 
initial period. Ten years is chosen as the maximum length of the 'short period'. Financial 
calculations are made over both a five year and a ten year period. The assessment is based 
on a number of selected case studies. In order to compare the two unit, medium speed plant 
and the three unit, high speed plant, two typical sites are defined. They are referred to as the 
"Low load centre", with a forecasted peak demand of 314 kW ten years after electrification 
and the "High load centre", with a forecasted peak demand of 425 kW ten years after 
electrification. Their demand characteristics are chosen to be typical of those for the sites 
evaluated by TANESCO. In Chapter 2, the two hypothetical model sites are defined. 

Two types of standardized power plants will be compared at each hypothetical model site. 
One is the 425 kW, 750 rpm, two unit plant, i.e. the plant option that has recently been 
installed in a number of rural villages. The other is a 1500 rpm, three unit type, proposed as 
a comparable alternative to the two unit plant. The three unit plant evaluated for the Low 
Load Centre will have a firm capacity of 314 kW. At the High Load Centre, the sets will be 
assumed equipped with intercoolers, giving a capacity of 434 kW. A summary of the main 
technical features of the power plant options is presented in Table 1. A more detailed 
presentation of the standardized power plants is made in Chapter 3. Additional information 
on the different diesel engines and their connected generators is found in Appendix B. 

Results from field studies in Tanzania serves as a basis when transforming performance data 
given by the diesel engine manufacturers into expected values at site. The field studies are 
presented in Appendix A. They where focused on measurements and data collection regarding 
consumption of fuel and lubrication oil. 

Using the demand characteristics of the two hypothetical model sites over a ten year period 
and the performance and cost data of the different standardized power plants, the financial 
comparison can be carried out. Investment and running costs for the power plants when 
supplying the Low Load Centre and the High Load Centre respectively have been estimated. 
In the comparative calculations it is assumed that both power plant options are using the same 
fuel. A sensitivity analysis is then carried out, where it is taken into consideration that the 425 
kW, 750 rpm option is less sensitive to low quality fuel. The financial comparison is 
presented in Chapter 4. In Appendix C, some background information on the choice of 
financial data are presented. Appendix D consists of four tables, one for each of the financial 
scenarios discussed. 
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Table 1. Main technical features of the power plant options. 

Two unit Three unit Three unit 
plant plant at plant at 

Low Load Centre High Load Centre 

Engine speed: 750 rpm 1500 rpm 1500 rpm 

Rated power output 
of each generator set, 
/it site, in Tanzania: 425 kW 157 kW 217 kW 

(At test conditions, 
according to 
manufacturer): (500 kW) (194 kW) (270 kW) 

Number of 
generator sets 
installed at 
the power plant: 2 3 3 

Max. number of 
generator sets 
running 
simultaneously 
at the plant1: 1 2 2 

The firm capacity of 
the entire plant, 
at site, in Tanzania1: 425 kW 314 kW 434 kW 

Installed capacity: 850 kW 471 kW 651 kW 

1) In extreme situations, all the generator sets can be connected to the local grid in parallel. They will then be running 
simultaneoulsy and have a maximum capacity of 850 kW (471 kW and 651 kW). This is not expected to be needed at either High-
or Low Load Center during the ten first years . 



Small Standardized Diesel Power Plants for Rural Electrification in Tanzania 4 

2. DEFINITION OF THE TWO MODEL SITES 
2.1. General Reference Data 
The definition of the two hypothetical model sites is based on data collected and presented 
in various reports on rural electrification experiences. The experiences are gained both in 
Tanzania and elsewhere. In Gerald Foleys compendium 'Electricity for Rural People' the 
process of electrifying a rural township or village is discussed. It should be remembered that 
it is a long process from the day when a local power plant is installed, or a branch of the 
national grid drawn to the site, to the day when the local grid actually covers the village area, 
and the vast majority of people have access to electricity. A lot of investments has to be 
made, during this period. The consumers has to be identified in order to forecast the demand. 
The tariffs has to be set. In addison to the expenses and organizational challanges that fall on 
the supply side, each consumer normally has to make new investments to be able to use 
electricity properly. They might need to improve their roofs for security reasons, they will 
need new equipment such as electric stoves and lightning. Also, it will take some time before 
people have digested what possibilities they have with access to electricity. 

When forecasting the demand development in a township or village, a value for the annual, 
percentage demand growth is usually used. A recent feasibility study (Sheya et al, 1986) 
identifies the rural townships and villages in Tanzania where diesel power would be 
preferable. These would have an initial peak power demand in the range 140-360 kW if 
electrified. As a matter of fact, they are assumed only to reach 25%, 50%, 75% and finally 
100% of this load during the 1st, 2nd, 3rd and 4th year respectively. After that, a steady 
annual rise at an average rate of 6.6% is expected for the coming six years. The two 
hypothetical sites in this study are both assumed to have an annual demand growth rate of 7% 
from year one to year ten. Given the data of the considered power plant options, the initial 
peak power demands for the sites are chosen so that after ten years, the peak power demand 
matches the capacity of the one power plant with the lowest capacity. 

2.2. Peak Demand Growth 
As discussed above, the peak power demand, or peak load is likely to increase the first years 
after electrification. In a recent report (Kadete, Katyega and Kjellström, 1989) on a technical 
fact collection visit to Tanzania, a peak power demand diagram as well as an electricity 
production diagram is given. Using the information in these diagrams, a straight line was 
adjusted to fit the power demand range of this study. An annual growth rate of 7% supports 
the data. 

Normally, the expected peak demand in the end of a project period defines the lower limit 
for the installed power plants' firm capacity. Since in this study, the sites are hypothetical and 
the standardized power plants specified, the peak power demand in year ten was chosen with 
respect to the firm capacity of the power plants. At the Low Load Centre the comparison is 
between the high speed power plant with a firm capacity of 314 kW, and the medium speed 
power plant with a firm capacity of 425 kW. The peak demand in year ten is chosen to be 
314 kW which matches the lowest of the two. At the High Load Centre the comparison is 
between the high speed power plant with a firm capacity of 434 kW, and the medium speed 
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power plant with a firm capacity of 425 kW. Therefor the peak demand in year ten is chosen 
to be 425 kW. The assumed peak demand development of the two sites is presented in Table 
2. 

2.3. Load Variation and Load Duration Curves 
Most rural sites in Tanzania have low industrial consumption and high residential and 
commercial consumption. A typical daily load variation in a rural township in Tanzania can 
be found in the report on a technical fact collection visit to Tanzania mentioned above. It is 
an average load variation curve for five days in the first half year of 1989. The characteristic 
shape of this daily load variation curve is used for both the Low Load Centre and the High 
Load Centre, although with different absolute values. From the daily load variation curve a 
load duration curve for the whole of the year can be determined. This duration curve serves 
as a basis for determination of the variation in energy demand at the sites. 

In Table 2, the total electricity consumption is shown for the two model sites during a ten 
year period. On page 6, the daily load variation- and load duration curves of the two sites are 
shown for year one (Figure 3 and 4). 

Table 2. Load development at the Low Load Centre and the High Load Centre. 

Low Load Centre High Load Centre 

Year Peak 
Load 

kW 

Total 
Electricity 
Consumption 
MWh 

Peak Total 
Load Electricity 

Consumption 
kW MWh 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

171 
183 
196 
209 
224 
240 
257 
275 
294 
314 

869 
930 
995 
1064 
1139 
1219 
1304 
1395 
1493 
1597 

231 
247 
264 
283 
303 
324 
347 
371 
397 
425 

1174 
1256 
1344 
1438 
1538 
1647 
1761 
1885 
2017 
2158 
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Figure 4. Load duration, curve at the Low Load, and the High Load Centre, year one. 
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3. PRESENTATION OF THE STANDARDIZED DIESEL POWER PLANTS 
3.7. Discussion on Standardization 
There are a number of small, standardized diesel power plants on the market. They consist 
of diesel engines, generators and all other equipment needed, such as control equipment, fuel 
injection system and cables for linkage to the local distribution grid. Installing standardized 
power plants is preferable to purchasing the different parts separately. One reason is that a 
standardized product often has a lower price, another is that the availability of spare parts is 
likely to be better if there are many power plants of the same kind within the area. In a 
broader perspective, choosing a standardized power plant simplifies the organisation of 
operator training. It also more quickly leads to a local bank of operating and maintenance 
experiences. 

The crucial question for this evaluation is what kind of standardized diesel power plant is the 
most viable for a rural township where the peak power demand will be less than 500 kW in 
the next ten years. The discussion is based on comparisons made at two hypothetical model 
sites (high speed, three unit and medium speed, two unit power plants). 

3.2. Optimizing the Level of Installed Capacity 
At many load centres, a standardized two unit plant has recently been installed, with one unit 
kept on stand-by. The engine speed is 750 rpm, (medium speed), which indicates an engine 
with relatively high capacity. One set has a generating capacity of 425 kW. Such a power 
plant can supply demands from 90 kW to 425 kW. At the considered sites, the load very 
often is below half the capacity of this 425 kW unit, especially in the beginning of the period. 
The power plant then has a relatively high fuel consumption per kWh produced, because 
diesel engines are more fuel efficient at high loads than at low loads. This power plant that 
consists of two 425 kW sets, also has a relatively high investment cost. 

An alternative solution could be to choose a standardized power plant consisting of multiple 
generator sets, each of a lower capacity. In this study, three unit plants will be discussed. At 
a three unit plant, one or two sets run simultaneously, whereas the third is used as a stand-by 
unit. The engine speed is 1500 rpm, (high speed), for the generator sets in this option. The 
higher speed implies lower power output capacity. The 1500 rpm sets chosen as examples 
here, each have a power output capacity of 157 kW or 217 kW, depending on performance. 
Two times 157 kW is 314 kW and is suitable at the Low Load Centre. Two times 217 kW 
is 434 kW and is suitable at the High Load Centre. 
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3.3. Description of the Medium Speed Generator Sets 
The standardized power plants that were recently installed in Tanzania, consist of two 750 
rpm, medium speed, generator sets. The medium speed generator set is presented in Appendix 
B. Each generator set has a rated output power of 500 kW. For different reasons, the rated 
power output can not quite be achieved in Tanzania. The capacity of the generator set is 
affected by the altitude1 as well as by the irregular and often low fuel quality. The combined 
effect is a reduction of the generating capacity of each set to 425 kW. 

Since each generator set is capable of supporting the full demand, the generator sets are 
operated alternatly, always keeping one unit on stand-by. 

Recommended fuels for the medium speed generator set are gas oil and industrial diesel oil 
(IDO) but the engine can also run on heavy fuel. Heavy fuel is normally only half as 
expensive as gas oil and IDO2. Using heavy fuel for diesel engines in developing countries 
is however not recommended by the manufacturer. Special equipment would be needed to 
preheat3 the oil, the pumps would need to be better percolated and also shifted regularly. 
Also, filters and other spare pans would need to be changed more often. The 'preheater 
module' is relatively expensive and the additional maintenance required is considered to be 
an unrealistic burden to rural power plants in developing countries. 

According to the manufacturer, the fuel consumption is in the range of 208 to 211 g/kWh 
when considering loads between 50 and 100% of the rated output. Measurements at site 
though, show that the fuel consumption is higher, especially for loads as low as 20% of the 
rated output. The fuel consumption then reaches 280 g/kWh. In Chapter 4, where the financial 
comparison is made, the assumed fuel consumption for the power plant at different load 
intervals is presented as part of Table 3. The fuel consumption at different loads is further 
discussed in Appendix A, where the field studies are presented. 

The specific consumption of lubrication oil is given as 0.6-1.4 g/kWh by the manufacturer. 
However, measurements indicate consumption of 2 g/kWh. For the financial evaluation the 
latter consumption will be assumed. A change of lubrication oil is recommended every 100 
h. 

The price for the entire power plant in May 1990 was US$744 000. 

1 1500 m above sea level. 

*The price of heavy fuel(l%) was 49% of the price of gas oil on the world trade market in May 1990, (USS 0.178/kg 
resp. USS 0.087/kg)./Statens pris och konkurrensverk, Sweden./ 

'Heavy fuel has a high viscosity at low temperatures and will therefore need to be heated before pumped. 
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3.4. Description of the High Speed Generator Sets 
The proposed, standardized, alternative power plant consists of three 1500 rpm, high speed, 
generator sets. Two of the generator sets are supposed to manage the peak power demand, 
while the third is a stand-by unit. The third unit is also used for spreading the operation hours 
equally between the three sets. Service and maintenance can then be carried out according to 
the service manual for all three generator sets. The high speed generator sets have a rated 
capacity of 194 kW, or 270 kW if equipped with an intercooler. 

The power output reductions due to fuel, ambient environment etc. are assumed to be the 
same as for the medium speed generator set. This gives rated power outputs of 157 kW and 
217 kW respectively. 

Suitable fuel is gas oil, or sometimes IDO4, but not heavy fuel. The fuel consumption 
observed under manufacturers' test conditions differs slightly between the two high speed 
models. The consumption is about four grams less per kWh for the intercooler equipped 
model at 100% load, i.e. 203 g/kWh and 199 g/kWh. The consumption then increases with 
decreasing load. At 25% load it ends at 212 g/kWh for the ordinary model whereas the 
intercooler equipped model stays at 200 g/kWh, according to the manufacturer. On basis of 
the results from the field studies, the fuel consumption is here assumed to range between 227 
g/kWh and 280 g/kWh. In Table 3, Chapter 4, the fuel consumption used for the calculations 
is shown. The reasons for assuming a higher fuel consumption than given by the 
manufacturer, are found in Appendix A. 

The lubrication oil consumption for the high speed engine is given as less than 0.4 g/kWh by 
the manufacturer. When assessing the sets they however will be expected to consume 0.8 
g/kWh. A change of lubrication oil is recommended every 200 h. 

The asking prices in May 1990 for the entire power plants are US$134900 for 471 kW 
installed capacity, and US$187781 for a capacity of 651 kW. 

^The main difference between IDO and gas oil is that for IDO the quality restrictions are less strict than for gas oil. 
Where IDO is accepted, gas oil will always be accepied. If a barrel of IDO happens to be of an high quality, it can naturally 
be used where gas oil is recommended. 
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3.5. Electricity Generation under Different Conditions 
The annual electricity consumption, and peak load for a ten year period, are shown in Table 
2 (see page 5). The efficiency of the power plant, however, depends on at what load level the 
engines work. The same energy production will require more fuel if the total efficiency of the 
plant is low than if it is high. In order to predict the fuel consumption, it is therefore of great 
important to determine the fraction of the operating time spent in each load interval. This is 
illustrated in Figure 5. 

For both the power plants it is assumed that only one engine is running as far as its capacity 
is sufficient As soon as the demand exceeds the capacity of one engine, it will be 
supplemented by another and the load will be divided equally between them. Annual values 
of the amount of electricity produced in different load level intervals are given in Appendix 
D. The load levels are expressed as percent of the maximum output power for the engine at 
site. 

Over a period of time, the amount of electricity produced is divided into the six intervals. 
When two generator sets, each of a lower capacity, carry the demand, they more often run 
at a fuel efficient load level than when one set, of a higher capacity runs continuously. Figure 
3 is based on data from Appendix D for a ten year period at the Low Load Centre and shows 
how the electricity production is distributed between different load intrevals. 

7000-

6000-

5000 

< 20% ^ ^ f e - — / 
load 20%- ^ " ^ ^ 

30% 30%- ^ 
load 40% 40%-

load 50% 
load 

Two units installed 

Three units installed 

75%-
100% 
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Figure 5. Load division over a ten year period at the Low Load Centre. 
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4. FINANCIAL COMPARISONS 
4.1. Structure of the Financial Comparison 
Both the defined sites can be supplied by the two unit, 425 kW power plant, but they also 
each have a three unit alternative. In this Chapter the financial consequences of choosing one 
or the other are discussed. 

The study only considers townships where the installed diesel power plant is a temporary 
solution. Therefore the financial calculations are limited to concern five and ten years. It is 
not taken into consideration tfiat the diesel power plant could be used even after local 
connection to the national grid. 

In the comparison, not all costs are inlcuded, but only those differing between the two power 
plant options. Labour costs, both when building up the plant and when running it, are 
assumed equal. Other service related costs, such as fixed costs for transporting and storing 
fuel and lubrication oil are also assumed equal. The decisive factors in the financial 
comparison are the capital costs, i.e. investments, the expected running costs for fuel and 
lubrication oil and the expected running costs for maintenance and overhaul (labour excluded). 
The items that are included in the comparison are: 

Investment equal to the price of the entire power plant in the 
year of commissioning. 

Fuel determined from the expected fuel consumption and the fuel 
price, given as an annual expense. 

Lubrication oil determined from the expected consumption of lubrication oil and 
the price of lubrication oil, given as an annual expense. 

Service and given as an expense per kWh produced, or as an expense per 
overhaul running hour. Some expenses occur frequently and are summed 

up as annual expenses, others are related to overhauls made only 
once or twice during the concerned period and are addressed to 
the year they occur. 

In Table 3, the inputs used in the financial comparison are presented. In Appendix C, a 
background discussion of the financial inputs is given. 
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Table 3. Financial Inputs 

Initial peak load: 

Annual load growth: 

Maximum power 
output/unit: 

Investment costs: 

314 kW for the Low Load Centre. 
425 kW for the High Load Centre. 

7% 

425 kW for the 750 rpm unit (two-unit plant, one stand-by unit). 
217 kW for the 1500 rpm unit equipped with an intercooler (three-unit plant, 
one stand-by unit). 
157 kW for the ordinary 1500 rpm unit (three-unit plant, one stand-by unit). 

US$744 000 for the entire, standardized 425 kW diesel power plant. 
US$187 800 for the entire, standardized 434 kW diesel power plant. 
US$134 900 for the entire, standardized 314 kW diesel power plant. 

Real interest rate: 

Fuel consumption at 
different 
load intervals: 

< 20% 
20%-30% 
30%-40% 
40%-50% 
50%-75% 
75%-100% 

Fuel price: 

Consumption of 
lubrication oil: 

Price of 
lubrication oil: 

Service and overhaul 
expenses: 

Service for the 
1500 rpm unit: 

Overhaul for the 
1500 rpm unit: 

7% 

The 750 rpm unit: The 1500 rpm unil 
kg/kWh kg/kWh 
0.280 0.280 
0.269 0.270 
0.259 0.260 
0.246 0.246 
0.233 0.230 
0.234 0.228 

US$0.26/kg (Average of IDO: US$0.25/1 

2 g/kWh for tho 750 rpm unit. 
0.8 g/kWh for the 1500 rpm unit. 

US$2.3/kg 

US$3.77/MWh for the 750 rpm unit 
(Service and Ov.h. together). 

US$166/1 OOOh 

US$5713/15000h 

All costs are expressed in US dollars, May 1990, since TANESCO must use foreign currency 
when buying diesel engines. The real interest rate, which is determined to be 7%, is based on 
the international money market. Prices for fuel are based on the Tanzanian, May 1990, 
whereas the price on lubrication oil is assumed to be the same as on the Swedish market. 

In the financial comparison, US$0.26/kg will be used as fuel price in all cases. It is an 
average of the Tanzanian price of gas oil and the Tanzanian price of IDO in May 1990. In 
the sensitivity analysis that is given in section 4.3, fuels will be further discussed. The fuel 
consumption in different load intervals for the alternative engines is discussed at Appendix 



Small Standardized Diesel Power Plants for Rural Electrification in Tanzania 13 

A. The investment costs are obtained from contacts with potential vendors. 

4.2, Results from the Financial Comparison 
For each case, i.e. load centre/plant combination, the annual expenses of each item for a ten 
year period are listed in tables included in Appendix D. 

From those Tables, the present value of an item over a certain period, can be calculated. This 
is done for both 5 and 10 years in each one of the Tables Dl-4. The present values of the 
total, differing expenses for each case are presented in Table 4. 

Table 4 is an extract from Appendix D. In the. column at the far right, the ratio of present 
value5 of the two unit plants as compared to three unit plants, are also shown. As can be 
seen, the two unit plant is more expensive than the three unit plant in all the considered cases. 

Table 4. Present values of costs differing between the power plant options 

Town ship Period of time Power plant option Present value ($) Ratio of present 
value of vo sets 
as compared 
to three sets 

5 years 

5 years 

10 years 

10 years 

5 years 

5 years 

10 years 

10 years 

Two 425 kW sets 

Three 157 Kw sets 

Two 425 kW sets 

Three 157 kW sets 

Two 425 kW sets 

Three 217 kW sets 

Two 425 kW sets 

Three 217 kW sets 

1 009 000 

364 700 

1 265 000 

584 800 

1 129 200 

523 600 

1 497 700 

850 900 

In Tables Dl-4, the contribution to the total price of each item is calculated. These values are 
presented in Figures 4 and 5. The actual total price/kWh is never calculated, as all expenses 
are not considered. TANESCOs price per kWh delivered ni 1990 was 5 US cents. The local 
diesel power plants are heavily subsidized. This is clearly shown in Figures 1 and 2 where 
the bars, even if they only show a part of the costs, are much higher than what corresponds 
to 5 US cents. The method of calculating a special cost item's contribution to the total price 
per kWh electricity produced, when using present values, is presented in Appendix D. 

Low Load Centre 

High Load Centre 

'Only differing expenses. 
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4.3. Financial Sensitivity Analysis 
4.3.1. Different fuels 
In the previous calculation of the present value of each load centre/plant combination it is 
assumed that both options are using the same fuel. The fuel price used, US$0.26/kg, is an 
average of the Tanzanian prices for gas oil and IDO respectively at the time of the study 
(May 1990). In this context, it was found that the two unit, 750 rpm plant has higher fuel 
expenses than the three unit, 1500 rpm plant. 

Both options preferably use gas oil since the quality of gas oil is higher and more stable. The 
official quality restrictions on IDO are looser than on gas oil. For a fuel sensitive engine like 
the 1500 rpm model considered in this study it is therefore justified to assume it will consume 
gas oil exclusively. For the 750 rpm engine which is less sensitive, one can choose IDO in 
order to reduce the fuel expenses. 

If IDO is used for the medium speed, two unit plant whereas gas oil is used for the high 
speed, three unit plant, the fuel expenses can become more equal. If all other assumptions are 
unchanged, the price per unit for IDO has to fall below a certain percentage of the price per 
unit for gas oil before the present values of the fuel expenses for the two power plant options 
are equal. In Table 5 the fuelprice ratio required is shown for equal fuel expenses as well as 
equal total running costs. The ratio between IDO and gas oil was 0.91 in Tanzania in May 
1990. 

Table 5. The fuelprice ratio that gives equal fuel expenses, and equal total running costs for 
the two options. 

Load Centre 

Low Load Centre 

High Load Centre 

Period 

5 years 
10 years 
5 years 
10 years 

Price ratio required 
for equal fuel expenses, 
IDO/gas oil 

87% 
88% 
90% 
92% 

Price ratio required 
for equal running costs, 
IDO/gas oil 

86% 
86% 
87% 
88% 

In this particular evaluation it is not likely that a change in fuel prices would affect the main 
conclusions. Nevertheless, it is interesting to note the trend in Tanzanian fuel pricing policy. 
The official goal of TPDC is to provide full cost recovery. Subsidisation however exists as 
an effect of the efforts to obtain uniform prices all through the country and because of 
product based subsidies that arise from different policies. The Tanzanian fuel prices during 
the period 1985-1992 are shown in Table 6. The current IDO/gas oil ratio is also calculated. 
The prices in the Table 6 are from a report on an energy research project at the University 
of Dar es Salaam (Luhanga, Mwandosya, 1992). The original sources are Ministry of Water, 
Energy and Minerals and TPDC. The prices are given in Tanzanian Shillings but are also 
expressed in current US dollars converted at the official exchange rate. Implicitly, Table 6 
also illustrates the Tanzanian inflation by presenting a more dramatic increase of the price in 
Tanzanian shilling than in US dollars, over the years. 
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Table 6. Tanzanlan fuel prices. (Tanzanlan Shillings per kg, Tsh/kg, US$/kg in parentheses, 
converted at the current, official exchange rate). 

Goods Year 
1985 1986 1987 1988 198S 1990 1991 1992 

gas oil 1Ö2 16^ 23̂ 2 232 46\4 109.5 109.5 140.5 
(0.60) (0.42) (0.30) (0.30) (0.33) (0.52) (0.48) (0.44) 

IDO 8.9 14.1 22.0 25.4 39.6 101.2 101.2 140.5 
(0.52) (0.36) (0.29) (0.21) (0.27) (0.49) (0.44) (0.44) 

ratio, IDO/gas oil 87% 84% 95% 109% 85% 92% 92% 100%. 

4.3.2. Donated 425 kW units 
Irrespective of equal fuel expenses, the two times 425 kW option is more expensive, with the 
premises in the financial comparison presented in sector 4.2. This is because of its costly 
equipment. In reality however, TANESCO sometimes can purchase a power plant for less 
than .the asking price. In the extreme case, the power plant may be donated. It may be of 
some interest to compare the case of a donated two unit, 750 rpm power plant, to a bought 
three unit, 1500 rpm plant. The cost of both options would then be equal only if the capital 
investment for the 1500 rpm plant is also reduced by a certain factor. The necessary reduction 
is given in Table 7. 

Table 7. Required price on the three unit option for equal expenses between the two 
considered power plant options, given as a percentage of the original asking price of the three unit 
option, and based on the case that the two unit option is donated. 

Load Centre Period Required price on 
the three unit option1', 
% of asking price 

Low Load Centre 

High Load Centre 

5 years 
10 years 
5 years 

10 years 

34% 
63% 
29% 
74% 

1) The same fuel price as in the first, financial comparison is used, i.e. US$0.26/kg. The two plants uses the same fuel here. 

Note that in Table 7., the assumptions made on running costs and fuel costs are still 
unmodified. This is not necessarily the case. As the power plant is donated, the generator set 
type is probably a discontinued line and will no longer be produced. The spare pans will also 
not be produced. In a fair evaluation, the running costs must be modified to take into 
consideration this fact. Servicing a power plant is more costly when spare parts are difficult 
to purchase. The required modifications in running costs due to such a situation is not 
discussed in this study. 
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5. FINAL COMMENT 
As part of the nations struggle for economically viable power supply, this study suggests it 
is important to optimize the design of small isolated diesel power plants. The goal, that 
TANESCO and the Tanzanian Government share, is to have the national grid cover the whole 
of Tanzania, and to generate electricity in such a cost efficient way that the tariffs can be kept 
decent without ruining the nations economy. Still, many rural district townships, get their 
electricity from small, relatively expensive, local power plants, while awaiting the grid to be 
extended. 

The choice of power supply technology is, as discussed in Chapter 1, not at all obvious. This 
study has shown that it might be a good idea to install high speed diesel generator sets in 
groups of three, rather than medium speed diesel generator sets in pairs, to achieve power 
supply in rural districts townships in Tanzania. The investment costs for the three unit, high 
speed power plant is lower than for the two unit plant, medium speed, and it consumes less 
fuel per generated kWh. In other words, each kWh generated will be less costly. 
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A. FIELD STUDIES 
A.l Fuel consumption 
Information from the ongoing project, Rural Electrification in Tanzania, 
concerning power demand and fuel consumption has been used to map out the 
specific problems and performance demands on a diesel power plant. As a basis 
for a comparison between the two options, a fuel consumption graph was 
calculated (Fig A.l). This graph is the result of recordings done at site as well as 
figures given by manufacturers. From log sheets kept at the power station in 
Mwapwa, equipped with two 750 rpm engines of the same make as regarded in 
this report, a specific fuel consumption graph for the last three years was made 
(Fig A.2). 
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Figure A.1. Fuel consumption at different load levels. Recommended values and 
calculated values for the two set options. 

The average fuel consumption for these years is 273 g/kWh. However, the trend 
for fuel consumption indicates lower figures for the last year. For this reason a 
graph considering 1989 was extracted and shows that the average fuel consump
tion during this period was 258 g/kWh (Fig A.3). 
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Figure A.2. Fuel consumption according to log sheets, (the two times 425 kW option). 

The load curve for the same period (Fig A.4) has an average load that is only 40% 
of the power output for one 425 kW, 750 rpm set. There is a noticable relation 
between increasing fuel consumption and decreasing load and vice versa. 

A.2 The fuel consumption graph (Figure A.1) 
The manufacturers give the fuel consumption at 50, 75 and 100% of maximum 
power output from one generator set. Since the option of 425 kW, 750 rpm 
engines often operates at a power demand below 50%, the fuel consumption at 
that load is interesting for this comparison. 

Measurements were carried out at the power station in Mwapwa, during the low 
demand hours on a Monday in April 1990. At a load of 36% of available capacity, 
a fuel consumption of 260 g/kWh was determined. 

The fuel consumption at peak power demand was also measured on a Tuesday in 
March the same year and gave the figure 233 g/kWh. The load was at that time 
80% of available capacity. 

In Table A.l. below the measurements done so far are summerized. It also states 
the figures given by manufacturers. 
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Figure A.3. Fuel consumption 1989, data from figure A.2. 

Table A.1. Measurements on fuel consumption, compared to manufacturers data. 

Load 
(% of max. 

100% 
80% 
75% 
50% 
40% 
36% 

output) Manufacturer 

211 

208 
211 

Measured 

233 

258 
260 

Assuming the fuel consumption at 75% and 80% load to be the same, the ratio 
between the data for measured fuel consumption and those given by manufacturers 
equals 1.12. The fuel cost calculations for option B will therefore be based on a 
12% adjustment of the fuel consumption data given by the manufacturers. 

The fuel consumption at site for the proposed, 157-217 kW, 1500 rpm engines is 
as well assumed to differ from the measurements done by the manufacturers. For 
loads bigger than 50% of the maximum output, the figures are being scaled with 
the same factor as discussed above. For loads smaller than 50%, the consumption 
is set equal to those determined by measurements on the 425 kW engine at site. 
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Figure A.4. Load curve for 1989 according to log sheets. 

Fuel consumption for both options is given in Table A.2. For loads below 36% 
there is no data available, but the straight line between 40 and 36% load (Fig A.l.) 
is assumed to continue down to 20% load and thereafter increase. This indicates 
a specific consumption of 280 g/kWh at 20% load. 

Table A.2. Final assumptions on fuel consumption, both options. 

Load 
(% of max. output) 

100 
75 
50 
40 
36 
20 

157-217 kW 
(g/kWh) 

227 
228.5 
237 
256 
261 
280 

Option 
425 kW 
(g/kWh) 

236 
233 
236 
255* 
260 
280 

*255 is a scaled figure. It compares well with the measured 258. 

A.3 Lubrication oil consumption. 
Information taken from log sheets at power stations in Tanzania indicates that the 
consumption varies a lot. This is not surprising since most of the engines are old 
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and in poor condition. It is also likely that lubrication oil consumption varies with 
the load level of the engine. In this report though, no attempts are made to render 
the effect of load variations on the lubrication oil consumption. 

In the township mentioned above, the average lubricant consumption between 
January 1987 and January 1990 was measured and indicates approximately 2 
g/kWh (Figure A.5). The rated consumption given by manufacturers is 0.6-1.4 
g/kWh. To estimate the consumption from these figures a factor of 2 was used. 
The rated consumption given by the manufacturers of the proposed option is less 
than 0.4 g/kWh. The factor 2, current for the 425 kW engine at site, will also be 
used for the 157-217 kW option. See Table A.3. 

Table A.3. Lubrication oil consumption. 

Lub.oil consumption Rated 
(g/kWh) 

Scaled 
(g/kWh) 

157-217 kW, 1500 rpm option 
425 kW, 750 rpm option 

<0.4 
1 +- 0.4 

0.8 
2.0 

0,008 
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Figure A.5. Lubrication oil consumption according to log sheets. 
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B. TECHNICAL DATA 
B.l. Manufacturers technical data on the 500 kW, 750 rpm set. 
All the facts on the 500 kW engine are from Wärtsilä, Finland. 

Table B.1. Data on the engine. 

WD is a turbocharged watercooled, 4-stroke, 

Number of cylinders 
Displacement 
Bore/Stroke 
Compression ratio 
Rotation seen from flywheel end 

Engine speed 
Gross power, at rating for: 
Prime duty 
Specific fuel consumption 
Prime duty 
1/1 load 
3/4 load 
1/2 load 
Spec, lube oil consumption 

direct injected diesel engine. 

4 in line 
56.10 dm3 

240/310 mm 
11.4:1 
Clockwise 

rpm 

kW 

g/kWh 
g/kWh 
g/kWh 
g/kWh 

750 

500 

211 
208 
211 
1.0+-0.4 

B.l A. Fuel system. 
1 daily fuel tank of 2500 litres mounted on a supporting frame, including: 

-2 alarm switches for high and low level. 
-1 sight glass with shut off cocks. 
-1 manhole. 
-1 transfer pump unit including: 
-2 electrically driven transfer pumps. 

(capacity 30 1/min, 2 bar) 
(el. motor 0.55 kW, 415 V, 50 Hz) 

-1 Hand operated transfer pump. 
-1 duplex strainer on suction side of transfer pumps, 

mesh width 0.2 mm. 
-1 control centre for automatic/hand operation. 
-1 common base frame of steel. 
-1 set of interconnection pipes and valves. 
-1 return fuel unit 250 litres. 
-1 fuel oil separator unit. 
-1 fuel unloading pump (mobile) 4500 litres. 

B.l.2. Lubricating oil system. 
The lubrication system has all the necessary equipment built on the engine. To 
enjoy a safe start, an electrically driven pump has to be activated before revolving 
the engine.The engine has a built on lubrication oil cooler of the tube type. 
Temperature is regulated by a thermostatic valve. 

-1 Transfer pump unit built together with the fuel oil transfer pump unit. 
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B. 1.3. Cooling system. 
The diesel engine is cooled by two separate water circuits. One for cooling the 
cylinders and the other for cooling the lubrication oil and charge air. The cooling 
circuits are cooled by a radiator cooler driven by electrical fans. 

-2 sets of radiator coolers. 
-2-2 expansion tanks, one for each circuit, 

capacity: 75 1 each 
equipment: level indicator 

low-level alarm 
drain valve 

1 Maintenance water tank of 1000 litres built together with the fuel oil auxiliary 
unit, including: 

-1 electrically driven transfer pump 
capacity: V = 33 

p = 2 
P = 0.37 
f= 50 
U = 415 

1/min 
bar 
kW 

Hz 
V 

-1 hand operated transfer pump. 
-1 control centre for hand operation built together with control centre for 

fuel oil transfer pump unit. 
-1 set of interconnection pipes and valves. 
-2 sets of temperature switches for the control of radiator fans. 
-2 thermostatic valves built on engine. 

B.1.4. Starting air system. 
An air compressor driven by the engine or an electric motor supplies air to the air 
bottles. Working air outlet is connected to the compressed air supply via a pressure 
regulator of 6 bars. 

1 Starting air unit including: 
-1 electrically driven air compressor. 

capacity: 
el. motor: 

V s 19 Nm3/h 
P = 5.5 kW 
f= 50 Hz 
U = 415 V 

or: 

-1 Diesel driven air compressor. 
capacity: V = 19 Nm3/h 

-1 pressure switch for starting and stopping the electrically driven air 
compressor, 24/30 bar. 

-1 alarm switch for too low starting air pressure to engine, 18 bars. 
-1 oil and water separator. 
-1 control centre for automatic/hand operation. 
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-1 common base frame of steel. 
-1 set of interconnection pipes and fittings. 
-2 air bottles, capacity 250 1 • 30 bars equipped with all necessary 

accessories. 

B. 1.5. Exhaust gas system. 
-2 exhaust gas silencers with spark arrester and soot trap, noise attenuation 
25 dB. 

-2 sets of prefabricated pipes. 
-2 sets of flexible bellows. 

B.1.6. Generator. 
The generator is self-cooled with air, generates 3-phase and is brushless and 
synchronous. 
Data: 

-Voltage 
-Capacity 
-Rated power 
-Power factor 

400 V 
625 kVA 

500 kW 
0.8 

B.1.7. Power output 
-At 1500 m above sea level the power factor due to altitude is 0.89. 
-At an ambient temperature of 300oC the power factor is 1.0. 
-Power factor due to fuel temperature at 30-400oC is 1.0. 

The engine power output considering the power factors is now reduced to 445 kW. 

The generator efficiency is assumed to be 97%. According to TANESCO the fuel 
quality used is irregular and the standard of the fuel is often of a lower class. 
Therefor the power output is reduced by a factor 0.95. 

Power output from one unit: 425 kW. 
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B.2. Manufacturers technical data on the 190-270 kW, 1500 rpm sets. 
All data in the following Tables are taken from the brochure "Diesel Engines for 
Power Generation"(ll), Scania Diesel power, September 1991. 

Table B.2. Basic data. 

DS11 and DSC11 are watercooled, 4-stroke, direct injected diesel engine. 

DS11 -Turbocharged 
DSC11 -Turbocharged and charge-air cooled, air to air 

Number of cylinders 
Displacement 
Bore/Stroke 
Compression ratio 
Rotation seen from flywheel end 
Moment of inertia, with standard flywheel 
Coolingwater temperature: 
Normal 
Max. permitted without pressure cap 
Max. permitted with pressure cap 
Weight excl. oil and water: 
DS11 
DSC11, incl. cooling equipment 

6 in line 
11.02 dm3 

127/145 mm 
15:1 
Counter clockwise 
3.08 kgm2 

75-85°C 
98°C 
105°C 

930 kg 
1020 kg 

Table B.3. Test conditions. 

Ambient temperature 
Barometric pressure 
Humidity 
Diesel fuel according to 
Density of fuel 
Energy content of fuel 
Viscosity of fuel 
Temperature of fuel 

+25°C 
100 kPa (750 mmHg) 
60% 
ECE R24 Annex 6 
0.840 kg/dm3 at 15°C 
42 700 kJ/kg 
3.0 cSt at 40°C 
35°C 
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Table B.4. Engine types. 

DS11 DSC11 

Engine speed 
Gross power, at rating for: 
Stand-by duty" 
Prime duty2' 
Prime duty, 10% overload3' 
Power absorbed by cooling fan* 
Specific fuel consumption 
Stand-by duty 
Fuel stop power 
3/4 load 
1/2 load 
Prime duty 
10% overload 
1/1 load 
3/4 load 
1/2 load 
Spec, lube oil consumption 
Effective mean pressure 
Stand-by duty 
Prime duty 
Max. combustion pressure 
Stand-by duty 
Prime duty 
Air consumption 
Stand-by duty 
Prime duty (10% overload) 
Exhaust flow 
Stand-by duty 
Prime duty (10% overload) 
Exhaust temperature 
Stand-by duty 
Prime duty (10% overload) 

r p m " 

kW 
kW 
kW 
kW 

g/kWh 
g/kWh 
g/kWh 

g/kWh 
g/kWh 
g/kWh 
g/kWh 
g/kWh 

bar 
bar 

bar 
bar 

rrrVmin. 
rrrVmin. 

rrvVmin. 
m3/min. 

°C 
°C 

1500(50 Hz) 

194 
213 

4 

-

204 
203 
204 
212 
<0.4 

14.1 

124 

16 

43 

530 

1500(50 Hz) 

310 
270 
297 
7 

203 
197 
200 

202 
199 
198 
200 
<0.4 

22.5 
19.6 

145 
134 

22 
22 

62 
59 

515 
510 

* Stand-by duty +35°C 

"Speed variations according to ISO 3046/IV, Class A1. 
"Corresponds to continuous power according to ISO 3046, B.S. 5514, DIN 6271, ABGSM rating A. 
^Corresponds to overload power according to ISO 3046,. B.S. 5514, DIN 6271, ABGSM rating B. 
"Corresponds to fuel stop power according to ISO 3046, B.S.5514, DIN 6271, ABGSM rating C. 
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B.2.L Common features 
Standard equipment that goes with the engines: 
-Injection pump with RQV govenor 
-Side mounted turbo charger with separate lubricant and oil filter 
-Twin fuel filters 
-Patented cyclone and centrifugal lubricant oil cleaner 
-Oil cooler 
-Alternator one pole 35 A 28 V 
-Starting motor one pole 6.6 kW 24 V 
-Oil pressure switch 2-pole 
-Flywheel for standard truck clutch 16 1/2" 
-Flywheel housing SAE 1 of silumin 
-Front mounting brackets 
-Operators manual and anti corrosion fluid 

B.2.2. Fuel systems 
The fuel system consist of day tanks, main tank, pump/hand pump, feed pump, 
pre-filter, fuel filter, injection pump with governor and overflow valves as well as 
injectors and return lines. 

The pump/hand pump draws fuel through the main tank filter to the day tanks. The 
feed pump draws fuel trough the day tank filter and pre-filter and there after 
presses the fuel through the fuel filter to the injection pump. Via delivery pipes 
and injectors, the injection pump provides the engine cylinders with metered doses 
of fuel, timed to correspond to the output of the engine. 

Excess fuel is relieved by the overflow valve and this fuel, together with leak off 
fuel from the injectors, is returned to the day tank. If the day tank is full, the fuel 
is drained to the main tank from the day tank. 

The day tanks are placed on top of the gen sets to save spacing and to make sure 
that fuel is supplied to the injection pump without to much pressure drop. All 
pipes are made of steel because of the high sulphur content of the fuel. 
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The fuel system consists of: 
-Suction line with strainer 
-Return lines 
-Level gauges and indicator 
-Air diverter 
-Valve 
-Three way valve 
-Fuel filter 
-Pre filter 
-Extra fuel filter 
-Day tank 
-Main inflow pipe 
-Injection pump inc. feed pump 
-Main pump 
-Hand pump 
-Inspection hole 
-Fuel meeter 
-Main tank 

B.2.3. Lubrication system 
The complete lubrication system is supplied with the engine. 

B.2.4. Cooling system 
The cooling system operates with over pressure. The circuit cools the lubrication 
oil, cylinder block and cylinder heads. Normal temperature of the water circuit is 
75-85°C. The thermostat starts to open at 75°C and is fully opened at 90°C. The 
alarm goes of at a temperature of 98°C and the engine will be stopped at 105°C. 
For the DSCl 1 engine the air from the turbocharger is cooled by air in the charge 
cooler. 

The cooling system consists of: 
-Radiator with expansion tank and pressure cap. 
-Oil cooler for engine lubrication oil. 
-Temperature gauge and level indicator. 
-Fan .and coolant pump. 
-Coolant jacket in cylinder block and cylinder head. 
-Thermostat housing with thermostat and bypass line. 
-Coolant filter. 
-Pipes and houses. 
-Intercooler, air to air, only for DSCl 1. 
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in: 

Diameter DS11 
Diameter DSC11 
Speed 
Power demand DS11 

711 mm 
787 mm 
1650 rpm 
4kW 

Power demand DSC11 7 kW 

Radiator: 
Make Blackstone 
HeightxWidth 1029x730 mm 

B.2.5. Starting system 
The electric starting system is powered by 24 V DC lead accumulators 135 Ah, 
mounted with cover on the frame. 

B.2.6. Exhaust system 
The exhaust system is delivered with all necessary pipes, bends, supports, 
expansion joints and silencer. The exhaust gas flow and temperature at 100% load 
and the recommended dimension of the exhaust pipe is given below. 

Diameter pipes 88 mm 
Exhaust gas flow DS11 43 m3/min 
Exhaust gas flow DSC11 62 m3/min 
Temperature DS 11 530°C 
Temperature DSC11 515°C 
Max recommended pressure drop is 500 mmWc 
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B.2.7. Air system 
It is of importance that the ventilation in the engine room is satisfying in order to 
provide the engines with cooling and combustion air. The maximum recommended 
pressure drop at the air inlet is 500 mmwe. 

Required air flow for the combustion: 

Required free air flow: 

DS11 
DSC11 

DS11 
DSC11 

16 mVmin 
22 mVmin 

283 m3/min 
390 m3/min 

B.2.8. Control cubicle 
For manual operating with all necessary relays and supervision for easy and safe 
running. 

Instruments on the panel: 
-3 amp. meters 
-Frequency meter 
-Cool water temp, meter 
-Volt meter with selector switch 
-Running hours meter 
-Lub oil pressure meter 

Supervision of: 
-High cool water temp 
-Low cool water level 
-Abnormal voltage 400 V AC 
-Low lub oil pressure 
-Overcurrent 
-Charging fault 24 V DC 

Potential free switching contacts at fault for remote supervision. Compact circuit. 
Easy outgoing feeder connections. 

B.2.9. Frame 
The frame is made of iron girder, quality SIS 1312. Blasted and painted in the 
tropical standard. Anti-vibration rubber dampers between the direct flange diesel 
engine generator and the frame. 
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B.2.10. Generators 
For the DS11 set: Brushless compound generator. Direct flange one bearing 

sy item. Isolation class F/H, ambient temp. 40°C. Continuous 
output of 225 kVA, 400 V, 50 Hz at 1500 rpm. 

For the DSCl 1 set: Brushless compound generator. Direct flange one bearing 
system. Isolation class F/H, ambient temp. 40°C. Continuous 
output of 350 kVA, 400 V, 50 Hz at 1500 rpm. 

B.3. Power output from the generator sets 
Engine output at continuous uninterrupted service, not over loadable. No limitation 
in running hours. ISO 3046. 

DS11 194 kW 
DSCl 1 270 kW 

-At 1500 m above sea level the Power factor due to altitude is 0.89. 
-At an ambient temperature of 30°C the power factor is 1.0. 
-Power factor due to fuel temperature at 30-40 is 1.0. 
-Fan power demand 4 kW DS11, 7 kW DSCl 1. 

The engine power output considering the power factors and fan is now reduced to: 

DS11 168 kW 
DSC11 233 kW 

The generator efficiency is assumed to be 97 %. According to TANESCO, the 
quality of the gas oil used is acceptable. However the quality is irregular and the 
standard of fuel is often of a lower class. Therefor the power output is reduced by 
a factor 0.95. 

Power output at site, per generator set: 
DS11 157 kW 
DSC11 217 kW 
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C. FINANCIAL DATA 
Cl. General financial matters 
All expenses are given in US Dollars, May 1990. The real interest rate, 7%, is based on the 
international money market (East African Bank). Crucial expenses when comparing the two 
power plants economic consequences are investment costs, costs for fuel and lubrication oil 
consumption and costs for spare parts and services. 

The costs are dependent on the social structure in which the commissioning and servicing are 
carried out. Investment costs can be dramatically reduced as a result of aid from a donor 
agency or manufacturer. Running costs for the power plant are on the other hand often much 
higher in a developing country than in an industrial country. This is partly because of low fuel 
quality and difficulties to find required spare parts. But also other factors, such as waste of 
goods that are especially liable to be stolen or waste of goods that are not satisfactory stored, 
affect the optimal running condition and leads to higher running costs. 

C.2. Equipment costs 
With help from potential vendors in industrial countries and from TANESCO, the price in US 
Dollars for a complete power plant was estimated. This means two or three totally equipped 
generator sets, an appropriate shelter and space for storage and labour. The prices are from 
May 1990. 

Table C.1. Equipment costs for different power plant options. 

Power plant option Equipment cost, May -90 

Two 750 rpm generator sets, 
each having a max. output power US$744 014 
of 425 kW. 

Three 1500 rpm generator sets, 
each having a max. output power US$134 924 
of 157 kW. 

Three 1500 rpm generator sets, 
each having a max. output power US$187 781 
of 217 kW. 

C.3. Fuel and lubricant costs 
The price of fuel varies from time to time. In this study, the Tanzanian prices of gas oil and 
IDO from May 1990 are used. They are presented in Table C.2. The fluctuation of the price 
of gas oil from 1985 to 1992 was within the range US$0.25-0.50 (Mwandosya and Luhanga, 
1992). For lubrication oil, the Swedish market price was used (Johansson, Svenska Shell, 
1990). 
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Table C.2. Fuel and lubrication costs, May 1990. 

Goods Price, $/metric tonne, May 90 

gas oil 

Industrial Diesel Oil (IDO) 

Lubricant oil 

252 

277 

2300 

C.4. Service- and maintenance costs 
The real costs for operating and maintenance are often higher than those according to the 
vendor, especially in developing countries. The reasons are many. Fuel and spare parts are 
expensive to distribute due to bad roads and none or few retailers. Spare parts and lubrication 
oil fetch high prices on the black market and are therefore liable to theft. Lack of spare parts 
sets back the operating reliability and is very common because of the poor distribution system 
and because of the fact that foreign currency often is needed. 

The service and maintenance costs in this study are expressed in two different ways for the 
two different option types. For the 425 kW, 750 rpm generator set a certain amount of money 
is required per MWh produced. This amount is an average, estimated when running a 425 
kW, 750 rpm engine 4000 hours per year (Tuija Mäntynen, Wärtsilä). It does not include any 
unpredicted expenses. For a 157/217 kW, 1500 rpm generator set the cost is connected to the 
running time. Service is required every 1000 running hours, and an overhaul is requiredevery 
15000 running hours. When determining the expenses for service and overhaul in this study, 
only the costs for material are considered. 

Table C.3. Expenses for service and overhaul. 

Option 

A 425 kW, 750 rpm 
generator set 

A 157/217 kW, 1500 rpm 
generator set 

A 157/217 kW, 1500 rpm 
generator set 

Item 

Service and 
overhaul 

Service 

Overhaul 

Expense 

US$3.8/MWh 

US$166/1000 h 

US$5710/15000 h 
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D. BACKGROUND DATA FOR PRESENT VALUES 
D.l. The Method of Calculating the Cost per kWh Produced, When Using Present Values. 
In year n, the total expenses of the power plants are Z US$. The same year, Y kWh electricity 
is produced at the power plant. For that year, the cost per kWh produced is Z/Y US$/kWh. 

However, for a five or ten year survey, the present value of the expenses over the period are 
used. The present value of Z is expressed as: 

Zp = Z/(l+i)n, where i is the real interest rate, and p is an index for present value. 

To express the cost per kWh that specific year, n years from now, it is as well necessary to 
express the produced electricity as a 'present value'. 

Z/(l+i)n • (l+i)7Y = Z/Y 

The so called present value of the electricity produced in year n, is not an interesting Figure 
in itself and is not shown in the Tables Dl-4. 
In Figures 4 and 5, page 15, the results of the calculated contributions to the costs per kWh 
delivered are summarized. Figure 4 concerns the Low Load Centre and Figure 5 the High 
Load Centre. Each bar concerns one specific load centre/time period combination. 

D.2. Presentations of tables D 1-4. 
In this Appendix four Tables are presented. They are: 

Table Dl. Low Load Centre, Two unit plant. 
Table D2. Low Load Centre, Three unit plant. 
Table D3. High Load Centre, Two unit plant. 
Table D4. High Load Centre, Three unit plant. 

Each Table contains all data needed for determining annual expenses over a ten year period1. 
The present value of each item as well as the items together, is calculated over both a five 
and a ten year period. Each item's contribution to the total price per kWh is calculated as 
well. 

'Only differing expenses are considered. See Chapter 4. 
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Table D1. Scenario when having the Low Load Centre power supplied by two 425 kW units. 

Year Energy produced, 
totally, 
MWh 

Energy produced in 
different load intervals, 
MWh/interval 

<20% 20% 
30% 

30% 
40% 

40% 
50% 

50% 
75% 

75% 
100% 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

868 
929 
994 

1 063 
1 137 
1 217 
1 302 
1 393 
1 491 
1 595 

235 
232 
124 
111 
47 
25 
0 
0 
0 
0 

489 
542 
601 
621 
617 
609 
353 
349 
187 
166 

127 
116 
145 
177 
285 
381 
598 
610 
715 
699 

18 
39 
124 
155 
142 
76 
163 
203 
342 
333 

0 
0 
0 
0 
47 
127 
190 
233 
249 
399 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Year Inv. Fuel Lubr. Serv.S O.h. Total 
costs exp. exp. exp. expenses 
USS/year US$/yearUS$/year USS/year US$/year 

(commissioning year) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

744 000 
61 900 
66 200 
69 900 
74 500 
78 900 
83 900 
88 200 
94 000 
99 700 
105 800 

4 000 
4 300 
4 600 
4 900 
5 200 
5 600 
6 000 
6 400 
6 900 
7 300 

3 300 
3 500 
3 700 
4 000 
4 300 
4 600 
4 900 
5 300 
5 600 
6 000 

744 000 
69 200 
73 900 
78 200 
83 400 
88 500 
94 100 
99 100 
105 700 
112 200 
119 100 

Present value 
over a 5 year 
period, US$: 

Present value 
over a 10 year 
period, US$: 

744 000 

744 000 

285 800 18 700 15 300 

559 400 37 400 30 600 

1 063 800 

1 371 400 

Contribution to 
the total price, 
US$/kWh, 5 year 
period: 0.183 0.070 0.005 0.004 0.262 

Contribution to 
the total price, 
US$/kWh, 10 year 
period: 0.092 0.069 0.005 0.004 0.169 
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Table D2. Scenario when having the Low Load Centre power supplied by three 157 kW units. 

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Year 

Energy produced, 
totally, 
MWh 

868 
929 
994 

1 063 
1 137 
1 217 
1 302 
1 393 
1 491 
1 595 

(commissioning year) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10» 

Present value 
over a 5 year 
period, US$: 

Present value 
over a 10 year 
period, US$: 

Contribution to 
the total price, 
US$/kWh, 5 year 
period: 

Contribution to 
the total price, 
USS/kWh, 10 year 
period: 

Inv. 
costs 
USS/year 

134 900 

134 900 

134 900 

0.033 

0.017 

<20% 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Fuel 
exp. 
USS/year 

53 600 
56 900 
60 800 
64 700 
69 000 
73 800 
78 900 
84 400 
90 300 
96 800 

248 000 

493 700 

0.061 

0.061 

20% 
30% 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Lubr. 
exp. 

Energy produced in 
different load intervals, 
MWh/interval 

30% 
40% 

36 
19 
0 
0 
0 
0 
0 
0 
0 
0 

Serv. 
exp. 

40% 
50% 

145 
77 

104 
44 
24 
0 
0 
0 
0 
0 

Overh. 
exp. 

USS/year US$/yearUSS/yeai 

1 600 
1 700 
1 800 
2 000 
2 100 
2 200 
2 400 
2 600 
2 700 
2 900 

7 500 

14 900 

0.002 

0.002 

1 500 
1 500 
1 500 
2 000 
1 500 
2 000 
2 000 
2 000 
2 000 
2 500 

6 500 

12 600 

0.002 

0.002 

0 
0 
0 
0 

17 100 
0 
0 
0 

17 100 
0 

12 200 

21 500 

0.003 

0.003 

50% 
75% 

579 
717 
725 
754 
688 
609 
625 
494 
653 
998 

75% 
100% 

109 
116 
166 
266 
427 
609 
679 
901 
840 
599 

Total 
expenses 
USS/year 

134 900 
56 700 
60 100 
64 100 
68 700 
89 800 
78 000 
83 300 
88 900 

112 200 
102 200 

409 100 

677 700 

0.101 

0.083 
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Table D3. Scenario when having the High Load Centre power supplied by two 425 kW units. 

Year Energy produced, 
totally, 
MWh 

Energy produced in 
different load intervals, 
MWh/interval 

<20% 20% 
30% 

30% 
40% 

40% 
50% 

50% 
75% 

75% 
100% 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 175 
1 257 
1 345 
1 439 
1 540 
1 647 
1 763 
1 886 
2 018 
2 159 

49 
26 
0 
0 
0 
0 
0 
0 
0 
0 

611 
523 
364 
300 
160 
103 
73 
39 
0 
0 

318 
498 
616 
689 
737 
652 
404 
353 
210 
225 

147 
26 
168 
210 
385 
446 
734 
746 
640 
629 

49 
183 
196 
240 
256 
377 
477 
471 
672 
944 

0 
0 
0 
0 
0 
69 
73 
275 
294 
360 

Year 

(commissioning year) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Inv. Fuel Lubr. Serv.& O.h. Total 
costs exp. exp. exp. expenses 
USS/year US$/yearUS$/year USS/year USS/year 

744 000 
81 300 
86 000 
91 000 
96 800 
102 500 
108 300 
114 400 
121 400 
128 500 
136 500 

5 400 
5 800 
6 200 
6 600 
7 100 
7 600 
8100 
8 700 
9 300 
9 900 

4 400 
4 700 
5 100 
5 400 
5 800 
6 200 
6 600 
7 100 
7 600 
8 100 

744 000 
91 100 
96 600 
102 200 
108 800 
115 400 
122 000 
129 100 
137 100 
145 300 
154 600 

Present value 
over a 5 year 
period, US$: 744 000 

Present value 
over a 10 year 
period, US$: 744 000 

Contribution to 
the total price, 
US$/kWh, 5 year 
period: 0.136 

Contribution to 
the total price, 
US$/kWh, 10 year 
period: 0.068 

372 300 25 200 20 700 

725 500 50 500 41 400 

0.068 0.005 0.004 

0.066 0.005 0.004 

1 162 200 

1 561 300 

0.212 

0.142 



Appendix D - Background data for present values 

Table D4. Scenario when having the High Load Centre power supplied by three 217 kW units. 

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Year 

Energy produced, 
totally, 
MWh 

1 175 
1 257 
1 345 
1 439 
1 540 
1 647 
1 763 
1 886 
2 018 
2 159 

(commissioning yoar) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Inv. 
costs 
US$/year 

187 800 

<20% 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Fuel 
exp. 
USS/yeat 

72 600 
77 000 
82100 
87 600 
93 400 
99 800 

106 600 
114 000 
122 000 
130 600 

20% 
30% 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Lubr. 
exp. 

Energy produced lin 
different load intervals, 
MWh/interval 

30% 
40% 

49 
26 
0 
0 
0 
0 
0 
0 
0 
0 

Serv. 
exp. 

40% 
50% 

245 
131 
140 
90 
32 
0 
0 
0 
0 
0 

Overh. 
exp. 

USS/year US$/yearUSS/year 

2 200 
2 300 
2 500 
2 600 
2 800 
3 000 
3 200 
3 500 
3 700 
4 000 

1 500 
1 500 
1 500 
2 000 
1 500 
2 000 
1 500 
2 000 
2 500 
2 000 

0 
0 
0 
0 

17 100 
0 
0 
0 

17 100 
0 

50% 
75% 

734 
916 
980 

1 018 
1 026 
1 097 

844 
746 
840 
989 

75% 
100% 

147 
183 
224 
330 
481 
549 
917 

1 139 
1 176 
1 169 

Total 
expenses 
USS/year 

187 800 
76 300 
80 700 
86 100 
92 200 

114 800 
104 800 
111 300 
119 400 
145 300 
136 500 

Present value 
over a 5 year 
period, US$: 187 800 

Present value 
over a 10 year 
period, US$: 187 800 

Contribution to 
the total price, 
US$/kWh, 5 year 
period: 0.034 

Contribution to 
the total price, 
US$/kWh, 10 year 
period: 0.017 

335 400 10 100 6 500 12 200 

667 300 20 200 12 300 21500 

0.061 0.002 0.001 0.002 

0.061 0.002 0.001 0.002 

552 100 

909 200 

0.101 

0.083 
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