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Constructive use of project appraisal 
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Three ways of evaluating rural electrification projects are described: the financial appraisal, the 
economic appraisal and the socioeconomic appraisal. These appraisals are respectively from the 
point of view of the electric utility, the national income and the national welfare. Past experiences 
with project appraisal in Tanzania are critically assessed. A methodological framework for im- 
proved project appraisal is presented with emphasis on socioeconomic benefit measurement. The 
three types of appraisal are applied in a constructive way to a Tanzanian case. Measures are formu- 
lated to solve the main bottlenecks, being ineffective electricity tariffs and low power factors. Copy- 
right © 1997 Elsevier Science Ltd. 
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In order to solve rural energy problems and to increase the 
quality of  life in its rural areas, the Tanzanian government 
puts great emphasis on the role of rural electrification. In this 
respect the policy document (TANESCO, 1989c), which has 
been made by the state owned Tanzania Electric Supply 
Company (TANESCO) in 1989 can be considered as the 
most recent documentation of the comprehensive objectives 
and priorities of TANESCO and the govemment of Tanzania. 
In this document the following socioeconomic objectives of 
rural electrification are mentioned: 

(1) avoiding deforestation by means of substitution of hy- 
dropower based electricity for present non-sustainable 
firewood consumption; 

(2) improving rural energy supply by sending power to iso- 
lated areas; 

(3) promotion of performance of agro-based industry; 

(4) establishment of a base for small scale industries; 
(5) improving the standard of living in the rural areas; and 
(6) improving the situation for women. 

The impacts which have been achieved up to now appear to 
be quite disappointing, as indicated in a recent study with 
respect to rural electrification in Tanzania (KjellstrOm et al., 
1992). Very moderate success could be recorded in the im- 
provement in the quality of  life, with respect to improved 
health care quality, improved security and improved em- 
ployment for women in the commercial sector. Because of 
the limited switch from fuelwood to electricity for cooking 
in electrified areas, rural electrification had hardly any im- 
pact on deforestation. Rural energy supply in general was 
only marginally improved because up to now only 44% of 
the district headquarters and less than 1% of the 8600 rural 
villages have been electrified. Therefore, the progress of 
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rural electrification in Tanzania, which started in the early 
1970s, can be called very modest. Finally, no expansion of 
agro-based industries or small scale industries in townships 
was identified in electrified rural areas. (5) 

In the study mentioned above the suggestion is made 
that a more intensive use of economic cost~enefit criteria 
in the ranking of projects could improve the performance of 
rural electrification in future (Kjellstrrm et al., 1992). 

Past experiences with cost~enefit  analysis in rural elec- 
trification projects in Tanzania, as discussed in the follow- 
ing section, show important failures and shortcomings. 
Therefore a different approach is needed. The objective of 
this article is to develop, discuss and apply a better ap- (1) 
proach based on a general theoretical framework with re- 
spect to rural electrification project appraisal. 

First, some experiences in Tanzania with rural electrifi- (2) 
cation project appraisal are described. Thereafter, a theoret- 
ical framework is discussed for constructive appraisal of  
rural electrification projects with the focus on socio economic 
benefit measurement. This framework is adapted to Tan- 
zanian circumstances and applied to a rural electrification 
case in Tanzania. Finally, conclusions are given on the the- 
ory and the results of  the application to the Tanzanian case. 

Past experiences in Tanzania with rural 
electrification project appraisal 

Project appraisal studies with respect to rural electrification 
in Tanzania, which have been made during the last ten 
years, almost without exception show a positive financial 
outcome or at least favourable impact for the national econ- 
omy. In actual practice, however, the exploitation of rural 
electricity networks are loss-making and can only be main- 
tained through cross-subsidies. This makes one suspect that 
there is something wrong with the general approaeh of pro- 
ject evaluation. 

Documents concerning rural electrification reveal vari- 
ous questionable basic assumptions and calculation meth- 
ods. Remarkable facts from the rural electrification policy 
document (TANESCO, 1989c), which gives the guidelines 
to be used in the appraisal of electrification projects, are: 

(1) appraisals are limited to macroeconomic impacts of  
electrification projects, which completely ignores 
TANESCO's own financial interests; 

(2) non-quantifiable benefits are said to be compensated for 
by a "social discount rate' which is set lower than the nor- 
mal discount rate. No indication is given how the value of 
such a social discount rate should be determined; 

(3) when calculating the macroeconomic benefits only cost 
savings and productivity increases of the industrial sec- 
tor are considered to be quantifiable. Since benefits 
which are thought not to be quantifiable are only 
marginally dealt with, additional benefits because of in- 
creased quantity or quality of end use are grossly ig- 
nored. These benefits can be considerable especially 
where households are concerned. 

(4) when determining the demand, forecasting factors are 

mentioned which influence electricity demand, but no 
indication is given which method should be used to esti- 
mate the final electricity demand. 
in a discussion of  the supply system design, certain 
standard conductor sizes are suggested for certain volt- 
age levels without mentioning the need to assess differ- 
ent cases by means of load flow analysis. 

The absence of a suitable framework for project appraisal 
becomes clear when looking at feasibility studies made by 
TANESCO: 

studies have been made in which financial revenues of 
the electric utility have been interpreted as macroeco- 
nomic benefits (TANESCO, 1989b); 
in another study macroeconomic benefits were repre- 
sented by shadow electricity prices (per kWh), without 
mentioning how these were determined (TANESCO, 
1989a). The problem of not knowing the background of 
such a calculation becomes clear if one notices that in 
another study (TANESCO, 1987) costs for small scale 
diesel based power generation are used as a shadow 
price when calculating economic benefits for house- 
holds. This leads to an overestimation of economic ben- 
efits, for an average Tanzanian household is not able to 
pay for the investment and operating costs of  such a 
generator. 

A recent study made by a Western consultant had a better 
financial framework, but here also shortcomings can be no- 
ticed. 

(1) The assumption was made that the project under con- 
sideration was supposed to be too small to have any im- 
pact on TANESCO's supply system (Kennedey and 
Donkin Power Systems, 1989). Therefore, only variable 
costs of hydro generation (estimated at US$0.004 per 
kWh) were used as bulk supply costs of power and en- 
ergy. In this way the costs which have to be made by 
TANESCO are heavily underestimated. This is particu- 
larly strange since in the same study in the macroeco- 
nomic analysis marginal cost of grid supplied electricity 
were used of US$0.108 per kWh. 

(2) Electrification of a particular township is justified by 
stating that this would make a significant contribution 
to the economic and social benefits of the project with- 
out even trying to quantify the domestic contribution to 
the benefits. 

The assumptions and methods mentioned do not all have 
the same impact on the results, but in general they lead to 
a systematic overestimation of  financial and economic 
indicators. 

Moreover, all appraisal reports only looked at making a 
judgement about the project under consideration, without 
properly pinpointing the underlying problems, identifying 
possible ways to solve them and comparing different means 
to reach a solution. 
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Figure 1 Sequence of main activities and direction of data flows of the rural electrification project appraisal process 

From these experiences it becomes clear that there is a 
high need for a suitable framework which allows for sound 
appraisals of  electrification projects in a developing coun- 
try context. It is also necessary to make an explicit distinc- 
tion between the assessment on the electric utility level and 
the different possible assessments on the national level. 

Theoretical framework 

First, the overall theoretical framework for constructive 
project appraisal for rural electrification is discussed. 
Thereafter, we focus in on the topic of  socioeconomic be- 
nefit analysis. 

Constructive project appraisal 

The need for an ex ante evaluation of  projects is based on 
the fact that limited economic resources, have to be allo- 
cated in the best possible ways, especially in the context of 
developing countries. The decision to finance a rural elec- 
trification project implies that scarce resources used will 
not be available for some other purpose, such as a school or 
a hospital. Therefore, it is necessary to have criteria with 
which different rural electrification projects can be ranked 
and compared with other types of  projects, A project ap- 
praisal can be useful both for the electric utility which has 
to make the investments and for the country as a whole. The 
electric utility, or any other agency which undertakes a rural 
electrification project, has to determine whether it is attrac- 

tive to invest in the project under consideration compared 
with investing in other projects or not investing at all. Such 
an assessment will be called the 'financial' appraisal. From 
the perspective of the country as a whole an appraisal can 
be made directed at the maximization of  the national in- 
come. Such an analysis is most commonly based on the 
value added of a project and will here be referred to as the 
'economic' appraisal. However, it is also possible to look at 
the maximization of the welfare of  a country. An assess- 
ment with such a goal will be labelled as 'socioeconomic' 
appraisal. 

Criteria in a project evaluation which can be used to 
evaluate and rank projects are (among others) the net pre- 
sent value (NPV), the internal rate of  return (IRR) and the 
benefit--cost ratio (BCR). These are all well established 
cos t -  benefit criteria (Munasinghe, 1987; UNIDO and 
IDCAS, 1986). In the financial, the economic and the 
socioeconomic appraisal these criteria are used in a compa- 
rable way but they represent different quantities which are 
based on distinct calculations. 

If  the cost~enefi t  criteria, as presented above, indicate 
negative results, this does not automatically mean that a 
project will not be implemented. Private utilities, for in- 
stance, may have cross-subsidization to subsidize rural 
electrification projects with a negative financial NPV. Also, 
a government (or government agency) can have other reasons 
than the ones presented by the outcomes of the feasibility 
study to electrify an area or to give support to its electrifica- 
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tion. An example might be that one wants to focus on rural 
development and therefore support rural electrification. In 
these cases, the project appraisal shows the economic price 
for the country as a whole or the financial costs for the elec- 
tric utility when a negative project is undertaken anyway. In 
this way the decision makers can take their decision in full 
awareness of the magnitude of the financial and economic 
burden which the project causes. 

The results of a cost-benefit analysis are not necessarily 
confined to go or no-go decisions. The analysis can be di- 
rected at identifying bottlenecks which threaten a success- 
ful implementation of the project. The project can then be 
adapted in order to avoid the thus identified problems. Pro- 
ject appraisal with this twofold task will be referred to as 
'constructive project appraisal'. 

A characteristic for an appraisal of a rural electrification 
project is its multidisciplinary character. In the system de- 
sign step, financial subjects are interwoven with engineer- 
ing topics, while social-economic problems play an 
important role in the measurement of socioeconomic costs 
and benefits. 

The sequence of  the essential steps in rural electrifica- 
tion project appraisal, as identified by many authors 
(Menon and Rao, 1986; Munasinghe, 1987; Siyambalapi- 
tiya et al, 1991), is systematically represented in Figure 1. 
From this scheme it can be seen that the activities which 
have to be undertaken are basically the same for all three 
appraisals as distinguished above. A common principle is 
that the difference has to be assessed between the situation 
in which the project will be implemented and the situation 
in which the project will not be implemented. The main dif- 
ference between the three approaches can be found in the 
interpretation of  what has to be considered as costs and 
benefits. 

For the financial analysis one should include all costs 
and benefits for the utility which supplies electricity at pre- 
vailing market prices. 

For the other two analyses the benefits and costs of  all 
actors in a country should be looked at. In the economic 
analysis the benefits are the incremental economic rev- 
enues, in monetary terms, which result from the consump- 
tion of electricity. At the benefit side of the socioeconomic 
analysis not only monetary benefits, but all contributions to 
the increase of  welfare are accounted for. For both assess- 
ments on the national level the cost side is the same, but dif- 
ferent from the costs as calculated in the financial analysis: 
inputs, as far as national economic resources are concerned, 
have to be valued at their economic opportunity costs. 

In the evaluations on the macroeconomic level, intra- 
national transactions such as taxes and subsidies should be 
disregarded. International transactions should be included. 
Therefore, all services and goods should be priced by 
means of efficiency shadow pricing to determine their true 
economic values. This concept of shadow pricing is partic- 
ularly important in developing countries, where generally 
many market distortions, like subsidies and taxes, are pre- 
sent. These distortions cause prices of goods and services to 
diverge from their true economic values. Methods of  

shadow pricing have already been explained and applied in 
other studies (Broek, 1993; Munasinghe, 1987). 

From the activities as presented in Figure 1, the power 
market survey, the load forecasting and the supply system 
design are specific for an evaluation of electrification pro- 
jects. Although the methodology and techniques for these 
activities are well established, they have to be adapted to 
specific circumstances. For more details on these items, the 
interested reader is referred to the underlying literature 
(Broek, 1993; Menon and Rao, 1986; Munasinghe, 1981; 
Munasinghe, 1987; Munasinghe, 1990; Siyambalapitiya et 
al., 1991; UNIDO and IDCAS, 1986). The step of the iden- 
tification of bottlenecks together with the possible improve- 
ment (see Figure 1) is characteristic for the constructive 
approach in project appraisal. 

The other steps in Figure 1 are well known from cost- 
benefit practice, except for the measurement of  socio- 
economic benefits. These are the benefits for the national 
welfare, which result from the electrification project. They 
include monetary and non-monetary revenues. This subject 
is rather complex and has been dealt with relatively rare in 
literature. Therefore this subject will be discussed here in 
more detail. 

Socioeconomic benefit analysis 

The starting point for the discussion of  the theoretical 
framework will be the supply~lemand graph in Figure 2. In 
this figure the stylized demand curves are presented for 
electricity (curve DE) and for the alternative energy source 
(curve DA), which is to be substituted by electricity if the 
electrification will be undertaken.l Basically, these curves 
are only representative for one kind of  electrical end-use. 
The quantities of  energy used on both axes are given in 
units of consumed output. 2 The graph represents the aver- 
age behaviour of a single consumer in a group of consumers 
of the same type (for instance households). Assumptions 
made in this figure are: 

(1) consumers that switch from an alternative source to 
electricity, switch completely; 

IAs mentioned, the figure is stylized. This means that prices and quantities 
do not represent realistic values. The choices for the various points in the 
figure have been made, so that the principle can be visualized clearly. 
Therefore, one should not draw conclusions from the sizes of  the areas in 
the figure. Connection charges are not included in the demand graph, for 
they are considered not to influence the consumption pattern (i.e. the de- 
mand curve) once a household is connected. They do, however, influence 
the amount of  households that get connected to the grid, which is reflected 
in the load forecast. In this context the term 'alternative energy' does not 
refer to sustainable energy, but to the form of energy supply which is sub- 
stituted by electricity, because of  the electrification. 
~Some examples of  this are: electricity for lighting and kerosene for light- 
ing in kilo lumen hour, electric and diesel motors in the mechanical energy 
which is supplied by the axis and cooking in heat supplied to the pan. An 
alternative, but basically identical method, is used by Munasinghe (1987). 
The quantity of  alternative energy consumed is represented here in the 
quantity of  electricity (in kWh) required to produce the equivalent output 
(for instance a certain number of  kilo lumen hour for lighting). 
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Figure 2 Supply~lemand graph representing net economic benefit of electricity consumption 

(2) a switch to electricity increases the quality of  the ser- 
vice, reflected by D E shifted outwards. In the situation 
that there is no significant increase in quality of  the out- 
put, both curves overlap. This assumption does not in- 
fluence the general principle; 

(3) the price of  electricity per consumed unit o f  output is 
lower than the price of  the alternative energy source, re- 
flected by PA being higher than PE. 3 This assumption 
will have no influence on the underlying principle 
which will be illustrated; 

(4) the supply curves (S A and S e in Figure 2) are assumed 
to be horizontal lines, because it is believed that one 
single rural electrification project will not influence the 
marginal costs o f  electricity supply. 

It should be realized that normally the shape of  the two de- 
mand curves is not known. The only point which can actu- 
ally be known is point G, represent ing the present 
consumption of  a | temative energy. Point I can be estimated 
based on the load forecast. 

Point G marks the parameters: 

QA = quantity o f  alternative energy consumed per 
month in units o f  consumed output per month 

PA = price o f  alternative energy consumed per unit 
o f  consumed output 

Point I marks the parameters: 

3One should bear in mind that D E and D A are demand curves. Thus, the 
higher position of the line D E does not point at a higher price of electricity, 
but at the fact that at a certain level of consumption consumers are willing to 
pay more for electricity than for the alternative source, because of the higher 
quality of electricity. 

QE = quantity of  electrici ty expected to be con- 
sumed in units o f  consumed output per month 

PE = price of  electricity per unit o f  consumed out- 
put 

An important starting point o f  the calculation of  the socio- 
economic benefits is the next principle of  conventional mi- 
croeconomic theory (Munasinghe, 1987, pp. 79--82): 

The economic benefit (in this article called the socio-eco- 
nomic benefit) derived from consuming a good or service can 
be measured by the area under the demand curve 

The incremental benefit (total shaded area in Figure 2) (IB) 
is the benefit o f  the energy consumption with implementa- 
tion of  the project minus the benefit without implementa-  
tion o f  the project. Related to the areas in Figure 2, this 
becomes  IB = [OEIJ] - [OAGK] = [AEIJKG]. A more  
mathematical presentation of  the theory can be found in the 
appendix (Equations (1) and (2)). 

The area representing IB can be split in two areas with a 
different economic interpretation: IB = [KGLM] + [AEI- 
JML]. The area [AEIJML] (dark shaded) represents the in- 
cremental socioeconomic benefits as a result o f  the higher 
quality of  electricity supply in comparison with the alter- 
native supply. Similarly, this area can be divided in a part 
which represents the increased sales revenues as a result o f  
the higher quality (area [MLIJ]) and a part which represents 
the increased consumer  surplus as a result o f  the higher 
quality (area [AEIL]). The area [KGLM] (light shaded) rep- 
resents the incremental socioeconomic benefits as a result 
o f  the lower price of  electricity in comparison with the al- 
ternative source. This area can also be split up in sales rev- 
enues (area [KHLM]) and consumer surplus (area [HGL]). 
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Table I Lamp output and efficiency of the most common kerosene and electric lamps a 
Nominal output 

Type of lamp Nominal input consumption of luminous flux Luminous efficiency 

Incandescent filament lamp 60 W 730 Im 12 lm/W 
60 W (electric bulb) 

Fluorescent lamp, TL 8 W/29 15 W 410 Im 27 Im/W 
(electric tube light) 

Kerosene wick lamp 400 W or 0.041 I/h 40 Im 0. I lm/W or 0.99 klm h/I b 
Coleman pressurized kerosene lamp 500 W or 0.051 I/h 400 lm 0.8 Im/W or 7.9 klm h/I 

aW = watt; kW = kilowatt; lm= lumen; klm = kilo lumen; 1 = litre; h = hour 
bThe most convenient way of expressing the luminous efficiency for kerosene lamps is by using klm h/I, for kerosene consumption is normally measured in 
litres. To make a comparison possible with electric lamps, the efficiency of the kerosene lamps can also be expressed in Im/W by converting with the help 
of the energy content of kerosene, namely 35 MJ/I (which equals 9.7 kWh/I). 

Source: Plas and Graaff(1988) 

The incremental cost (IC) o f  energy supply is the differ- 
ence between the total marginal cost for electricity minus 
the total marginal cost for the alternative source (see ap- 
pendix, Equation (3)). The net benefits o f  the project can 
now be expressed as the difference between the incremental 
benefits and the incremental costs (appendix Equation (4)). 
The marginal costs for electricity are already included in 
the project cost analysis, resulting from the supply system 
design procedure. Therefore, to arrive at the actual project 
benefits (B), the marginal costs for electricity supply have 
to be excluded from the equation o f  the net benefits (ap- 
pendix Equation (5).The total project costs and the total 
project benefits will be weighted against each other in the 
final costqgenefit analysis (see Figure 1). 

In addition to the substitution o f  electricity for alterna- 
tive forms o f  energy, the introduction o f  electricity may 
also lead to new possibilities o f  energy consumption. Ex- 
amples are the use o f  television and air conditioning, which 
are hardly possible if electricity is not available. Because 
these are more luxurious items (especially in developing 
countries), it first has to be estimated whether these types of  
consumption are occurring on a scale which warrants pay- 
ing large attention to them. I f  one wants to quantify the 
socioeconomic benefits here, the demand curve for this 
type o f  end use has to be drawn. In this case the curve o f  the 
alternative source does not exist, so the incremental socio- 
economic benefits can be represented by the total area 
under the demand curve. 

The presented theory has to be applied to each type o f  
end use o f  energy for which electricity is substituted. In ap- 
plying this theory it may well be possible that the electricity 
demand curve can not be estimated by the straight line from 
Figure 2. In these cases estimations have to be made for the 
electricity demand curve to quantify the socio-economic 
benefits. To illustrate this, in the next section two segments 
o f  the socioeconomic benefit measurement as used in the 
Tanzanian case study, will be discussed (Broek, 1993). 

A p p l i c a t i o n  o f  t h e  t h e o r y  t o  a c a s e  i n  T a n z a n i a  

First, the method o f  socioeconomic benefit analysis is 
adapted to Tanzanian circumstances.  Thereafter, the se- 
lected Tanzanian case will be described, followed by the re- 

suits and recommendations for improvement. 

Socioeconomic benefit analysis in Tanzanian circumstances 

Two examples o f  socioeconomic benefits will be discussed. 
First, we will discuss the socioeconomic benefit which oc- 
curs when residential consumers change from kerosene 
light to electric light and afterwards when cotton ginneries 
switch from self-generation by diesel generators to grid 
electricity. 

Households switching to electric lighting In the lighting 
case, both quantity and quality o f  the consumption of  light 
is expected to increase when one changes from kerosene 
lighting to electric lighting. Quality increase is mainly 
formed by increased convenience, more equal light emis- 
sion throughout the area, less smell and less heat (Plas and 
Graaff, 1988). 4 By means o f  Table 1, the commonly used 
units can be transformed into units which can be conve- 
niently used in the demand graph, namely units o f  the quan- 
tity o f  light consumed. From this table it can be seen that 
the efficiency of  the electric tube is more than two times as 
high as that of  the bulb. For kerosene the Coleman pressur- 
ized lamp appears to be much more efficient than the wick 
lamp. Further it can be seen that electric lighting in general 
is much more efficient than kerosene lighting. The kerosene 
wick lamp stands out o f  the four lamps mentioned because 
o f  its very low output. 

The data which set the points G and I (see Figure 2) are 
based on experiences from the past with respect to the 
kerosene consumption (Katyega et al, 1993) and on the 
load forecast, made in the project appraisal o f  the case 
which will be presented later (Brock, 1993). It appears that 
rural households consume on average for lighting purposes 
25 kWh per month when they have access to electricity and 
8 litres of  kerosene per month when they do not have access 
to electricity. 

The larger part o f  the electric lights in Tanzanian house- 
holds are electric bulbs and the larger part o f  kerosene 

4A kerosene wick lamp, which is used most in Tanzanian household, is 
characterized by a light emission only in the horizontal plane, while an 
electric light has about the same light emission in all directions (Plas and 
Graaff, 1988). 
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lights are wick lamps. To enable mutual comparison, these 
data are transformed with the help of Table 1 (with the 
index K filled in for the alternative energy, namely 
kerosene): 

=25[ k w h  ],12[lm1=300[ klm.h 1 
Pe Lm°nthJ L wJ  L m---~nth J (1) 

8[ / 1,099Fktm'h]=79[ klm'h ] 
QK = Lm--~nth_j • k - - - ~ j  " C month J (2) 

Financial (market) prices of electricity are US$0.0021/kWh 
(Broek, 1993) 5 and the kerosene market price is US$0.28/I 
(Hosier and Kipondya, 1993). However, the prices which 
are used in the socioeconomic benefit analysis have to be 
shadow priced, which gives an electricity price of 
US$0.05 l/kWh and US$0.46/1. 6 Again, with the help of 
Table 1 these values can be converted to enable mutual 
comparison: 

[ s ]  
PE'ec-O'05112 kW.h=lm 0"0043[ k/-~h 1. (3)  

[v] 

PK'ec-0"460.99 klm.hl _ 0.46(k/~.h ] (4) 

With these values, we get the demand graph of Figure 3. 
This figure shows that this is a quite extreme case. The con- 
sumer undergoes a change of consuming a very small quan- 
tity of  very expensive light to consuming a very large 
quantity of very cheap light. It is quite reasonable to as- 
sume here that the increase in consumption is mainly 
caused by the extremely low price of electric light per 
klm.h. 

Three estimations can now be made to facilitate the as- 
sessment of the socioeconomic benefits. 

(la) When people are willing to spend the amount PE*QE 
(US$1.29 per month, see Equations (1) and (3)) per 
month on electric lighting, they are also willing to 
spend at least the same total monthly amount of money 
for this purpose, at higher prices (per unit of electric 
light). 

(lb)The kerosene consumption is assumed to be con- 
strained by the maximum amount which people want to 
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spend each month on lighting. This amount thus is 
PK*QK (US$3.60 per month, see Equations (2) and (4)). 
Therefore, it can be expected that the people are not 
willing to spend more on lighting even if  it concerns 
electric lighting 

5The electricity price is based on the heavily cross-subsidized average tariff 
I (residential) price of  January 1990, Tsh 9.2, at an exchange rate of  380 
Tsh per US$ (Broek, 1993). 
6As economic supply costs the average tariff rate (January 1993) in Tanza- 
nia is taken to eliminate cross-subsidization, The economic supply costs of  
kerosene is obtained by separating local and foreign cost components and 
thus border pricing it. 

The result of this estimation is that (at least), for the de- 
mand of light in the range between QK and QE, an upper 
and a lower limit can be given for the demand curve for 
electric lighting (see appendix Equation (6)). Therefore, 
this leads to a range in which the demand curve for electric 
lighting is situated. This is illustrated in Figure 4. 
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(2) Although we do not know the shape of  D K (it is not 
shown in Figure 4), the difference between the area 
under the demand curve of electric light (De) and the 
area under the demand curve of kerosene light (DK) in 
the range between Q = 0 and Q = Qx is very small in 
comparison with the total area under the demand curve 
for electric light in the range between Q = QK and Q = 
QE (see appendix Equations (7) and (8)). Therefore it 
will be neglected. If this is related to Figure 2, we could 
say that the area [AEFG] is very small in comparison 
with the area [KFIJ]. On the one hand this is caused by 
the fact that QK (representing QA of Figure 2) is very 
small in comparison with Qe and on the other hand by 
the relatively small difference in quality of  light (at 
equal quantity levels). 

(3) The marginal economic supply costs of  kerosene are 
equal to the economic (shadow priced) price of 
kerosene (appendix Equation (9)). This economic price 
can be seen as the average economic supply costs. 
There is no reason to assume, contrary to the situation 
with electricity supply, that average and marginal sup- 
ply costs of kerosene will differ. 

By including these three estimations into the equation that 
describes the project benefits (appendix Equation (5)), we 
can estimate a maximum and minimum value of the socio- 
economic project benefits (B'ma x and B'min) for residential 
lighting in Tanzania. The total quantified socio-economic 
project benefit related to electric light consumption for a 
Tanzanian household is therefore believed to be in the range 
of  US$8.28-16.6 per month (see appendix Equations (10) 
and (11)). 

Diesel generator owners switching to grid electricity The 
second illustration is the switch of cotton ginneries from 
diesel based self-generation to grid electricity. From infor- 
mation of  the side of the ginneries and from reliability data 
of  the Tanzanian electricity supply, it was concluded that 
the supply quality increase was not significant. The main 
reason for this is that the present diesel turbines were relat- 
ively reliable. Therefore, the bottleneck in logistics was not 
the power supply, but the availability of spare parts for the 
production system. Furthermore, it was clear that in this 
case the demand elasticity for energy prices was negligible, 
within the limits of the cost of the diesel generation and the 
grid electricity. Energy demand was determined by other 
factors, like availability of cotton and spare parts. There- 
fore, the additional area under the demand curve could best 
be estimated as zero. This only leaves the (shadow priced) 
saved costs of diesel consumption (MCdiesel * Qdiesel) as the 
socioeconomic benefit for the ginneries. These data could 
relatively easily be obtained at the ginneries themselves. 

Here we see that for this purpose the results of the socio- 
economic benefit analysis are equal to those of  the eco- 
nomic benefit analysis, because there is no increase in 
welfare above the increase in national income. 

However, if the power supply before the electrification 
project would have been a logistical bottleneck and if the 

reliability of power supply after the electrification project 
was significantly increased, this could have resulted in 
lower production costs and/or a higher turnover. In that 
case, there would have been additional economic benefits, 
in the form of a higher value added of the production pro- 
cess in the ginneries. 

To illustrate the constructive task of a rural electrifica- 
tion project appraisal, the next three sections describe the 
application of the method to the Tanzanian case. 

Case description 

The project under consideration in this section is the agro- 
based rural electrification project in Shinyanga region in Tan- 
zania (Broek, 1993). The main consumers were four cotton 
ginneries, an oil mill, a water supply plant and three town- 
ships. The townships all together only accounted for 22% of 
the total forecasted electric energy consumption. The fore- 
casted total maximum (active) power demand was 2 MW and 
the forecasted annual energy consumption 10 GWh. 

For the purpose of this study, the project was evaluated ex 
post. The project had already been implemented at the time 
of evaluation. With respect to the least supply cost option, 
we therefore limited ourselves to the option of a central grid, 
that had also been chosen in practice. The optimization, 
however, led to different dimension as the ones actually 
used. The grid was connected to the substation near 
Shinyanga, with a sub-transmission voltage of 33 kV. In 
total almost 200 kilometres of 33 kV line was needed. 

Normally, at ex ante evaluations of  rural electrification 
projects in such areas with low population densities, much 
more attention should be paid to decentral power supply op- 
tion eg improved diesel sets, small scale power generation 
from gasification of biomass residues, or solar home systems. 

Results 

The socioeconomic benefits are calculated as described 
above, including the saved costs for batteries. 

In the calculation of the economic benefits for house- 
holds the saved kerosene costs are also increased with the 
saved costs (MC A*QA) of batteries (seven batteries per con- 
sumer per month with US$0.39 as economic costs per bat- 
tery). For the industrial consumers the economic and 
socioeconomic calculation were equal, as described above. 
As project lifetime a period of 12 years is used, including 2 
years for construction. The discount rate used is 12%. 

In total amounts the discounted costs and benefits were: 

Financial costs 
Financial benefits 
(Socio)economic costs 
Economic benefits 
Socioeconomic benefits 

: US$5.8 million 
: US$3.8 million 
: US$6.0 million 
: US$3.9 million 
: US$4.1 to US$4.4 million 

As indicated in the beginning of this article, the estimated 
non-quantifiable benefits are relatively limited. A non- 
quantifiable benefit which basically should be added is the 
fact that those people who change towards electricity also 
change towards sustainable energy supply in the form of  
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hydro power. This may lead to reduced environmental ex- 
ternal costs. 

The resulting cost~enefit  parameters were: 

Financial NPV 
Economic NPV 
Socioeconomic NPV 
Financial BCR 
Economic BCR 
Socioeconomic BCR 

US$---2.0 million 
US$--2.1 million 
US$--1.9 to US$--1.6 million 
0.66 
0.65 
0.74 to 0.68 

Main results from the sensitivity analysis were: 

(1) if the initial investment costs would have been reduced 
with 50%, the NPV's would still remain considerably 
negative; 

(2) to make the project financially viable, the electricity 
tariffs should be raised (in constant US$ terms) with 
53% on average; 

(3) a rise of at least 40% of  the (shadow priced) fuel prices 
would be necessary to make the project economically 
viable; 

(4) the range in socioeconomic benefits for residential 
lighting has limited influence because of the limited 
share of  household consumption in the total project 
consumption; and 

(5) when TANESCO would only undertake the most finan- 
cially viable part of the project (which gets a positive 
NPV at ginnery electricity tariff increases of 47%), the 
government could decide to support the electrification 
of the townships. When the 33 kV line is available, the 
electrification of  these townships showed an almost 
positive (socio)economic NPV. To make the distribu- 
tion of electricity to the townships also financially vi- 
able, the electricity tariffs of the township consumers 
on average have to be raised by 77%. 

Therefore, it can be seen that we are confronted with quite 
poor results of the project. The main underlying reasons for 
this will be more clear in the constructive part of the appraisal. 

To get insight in the main problems and find solutions 
for them, two main bottlenecks were selected for discussion 
in this section: 

(1) Ineffective electricity tariff system, which resulted in 
insufficient tariff revenues earned by TANESCO; relat- 
ively low economical benefits because of low connec- 
tion rates; and less non-quantifiable benefits than 
expected. 

(2) Low power factors. 

Possible means for improvement 

The electricity tari f f  system Some measures which will 
lead to improvements in the performance of rural electrifi- 
cation projects are to: raise electricity tariffs to long-run 
marginal supply costs; adjust lifeline blocks; and spread 
connection charges over more years. 

If the tariffs are not raised to the long-run marginal sup- 
ply costs of electricity, there will be no incentive at all for 
TANESCO to undertake rural electrification. It can be ex- 
pected that especially for those people who are already sup- 
plied by cheap electricity, tariff increases may raise a lot of 
protest. However, if rural electrification in Tanzania should 
have any perspectives, price increases are likely to be un- 
avoidable. Such a conflict in the power supply policy be- 
tween economic efficiency and affordability is present in 
many developing countries. 

A good compromise can be found in a suitable system of 
lifeline tariffs. This is a tariff system which allows people 
to obtain a portion of cheap electricity to meet their basic 
demands. Demands above this level are much more expen- 
sive in lifeline tariff systems. 

Officially the approach of lifeline tariffs is already used 
at the moment in Tanzania. However, as has been indicated 
by Hosier (1993), the way in which it is implemented is 
very ineffective. With the present system residential con- 
sumption up to 1000 kWh per month is heavily subsidized. 
This would allow for extensive electric lighting, cooking 
and refrigerating. 7 A more rational lifeline tariff could lead 
to much more conscious use of electricity and more tariff 
revenues for TANESCO. TANESCO, in cooperation with 
the government, has to make a choice what kind of activi- 
ties have to be subsidized by means of a lifeline tariff. Life- 
line tariffs should be consciously directed on these choices. 
When the subsidy is meant for lighting purposes only, a 
lifeline block of  25 kWh per month will be sufficient 
(Foley, 1992). When a subsidy for cooking is also consid- 
ered suitable (for instance to reduce deforestation), a life- 
line block of about 150 kWh per month will be sufficient. 
Above these lifeline blocks the consumers should have to 
pay the long-run marginal costs for electricity supply or 
even a bit more to compensate for the lifeline subsidies. 

Further, as can be seen from Figure 3 and as has been in- 
dicated by Kjellstrrm et al. (1992), in the present situation 
the money spent by non-electricity consumers is much 
higher than that of the subsidized electricity consumers. 8 If 
subsidies, like in the lighting case discussed above, lead to 
a total amount spent on electricity for a certain purpose 
which is much lower compared with the alternative energy 
source, the subsidy can be considered as too high. One 
should keep in mind that the original aim generally is just 
to make electricity available. Lifeline subsidies should not 
be directed at considerable cost savings of  the residential 
consumers at the expense of other (for instance industrial) 
consumers. 

7The average residential (mainly urban) consumption in Tanzania (con- 
sumed by those who can allow the connection charges) is about 350 kWh 
per month and will be considerably lower in rural areas. Data from the 
research of KjellstrOm et  al. (1992) showed average energy consumption 
of residential consumers of about 150 kWh per month. Looking at these 
figures it will be clear that the size of the two very cheap lifeline blocks of 
1000 kWh per month does not make any sense. 
8Households in rural areas which were able to afford an electricity connec- 
tion end up with costs for cooking which were in a range of 4--I 5 times as 
high compared with cooking on electricity (Kjellstr6m et  al . ,  1992). 
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Another way of  making electricity available to more 
people can be found in the structure of  the connection 
charges. 

At this moment the electricity consumers have to pay 
connection charges at the moment of  taking a connection. 
For many people in rural areas in Tanzania this appeared to 
be one of the main reasons for not taking a connection at all 
(Kjellstrrm et al., 1992). 9 Paying a relatively large amount 
of  money (about three times as large as the monthly mini- 
mum wage) at one time is an insurmountable barrier to get 
an electricity connection for many Tanzanian people who 
are hardly able to meet their basic daily needs and therefore 
can not save money. Saving money is even more discour- 
aged by poor banking facilities and high inflation rates. 

Together with the low percentage of people that can actu- 
ally be expected to cook on electricity, these connection 
charges are the main reason that the large non-quantifiable 
benefits, as mentioned in the rural electrification policy (like 
avoiding deforestation and improving the situation of 
women) could not be expected to occur (KjellstrOm et al., 
1992). Because of the high connection rates, even some neg- 
ative non-quantifiable 'benefits' can be found in the form of 
less equal income distribution because of  the fact that only 
those people who can afford the connection charges are 
able to profit from the (cross-)subsidized electricity. 

To solve this problem two approaches could be used. 
The first approach is to treat the connection costs made by 
TANESCO in the same way as the other capital costs, thus 
to recover them by slightly higher kWh-tariffs. The second 
approach is to spread these connection costs over a number 
of  years (so that the discounted present value remains the 
same) in the form of a fixed amount which has to be paid 
each month by the consumers. These approaches will be es- 
pecially useful for the residential consumers. 

This problem is quite general in developing countries 
and many authors have already pointed at it (Broek, 1993; 
Foley, 1992; Kjellstrrm et al., 1992; Munasinghe, 1981; 
Munasinghe, 1990). However, up to now this remains one 
of the main bottlenecks in the electrification of Tanzania. 

It should be stated that the tariff measures cannot be im- 
plemented separately from each other. When the possibili- 
ties for households to obtain a connection become higher 
because of spread payments of  connection charges, drastic 
modifications as described under the first two points be- 
come even more essential. On the other hand, when tariffs 
are increased without adapted connection charges and suit- 
able lifeline tariffs, this may lead to a lower load growth, 
which may have an even more negative effect on electrifica- 
tion projects. 

Beside these three measures, some additional measures 
could be undertaken to solve the ' tariff  system' related 
problems. 

People should be enabled to wire their houses cheaply. 

Beside the high connection charges, the people who want to 
take a connection also have to pay high amounts for their 
house wiring. The government (in cooperation with 
TANESCO) should set standards for house wiring which is 
safe but as cheap as possible. Experiences in other countries 
learned that appropriate technology for house wiring which 
may deviate from Western standards can function well and 
save lots of  money (Holland, 1989; Mackay, 1990). Credit 
facilities to pay for these initial investments would enable 
more people to take a connection once their village is elec- 
trified. 

I f  the Tanzanian government is serious about avoiding 
deforestation by means of rural electrification, it is abso- 
lutely necessary that people are enabled to buy electric 
cookers. This could be in the form of credit facilities or reg- 
ulations which enable spread payments. Without these mea- 
sures people will in many cases not be able to cook on 
electricity and rural electrification will hardly have any in- 
fluence on deforestation. 

When calculations (using discounting techniques) show 
that shifting to electricity for lighting or cooking saves 
money for the consumer, this does not automatically mean 
that those people, who have to make the decision whether 
to take a connection or not, realize these financial conse- 
quences. It is very difficult for many consumers to make a 
rational comparison between options with different variable 
and fixed costs. Therefore, supply of information to con- 
sumers is essential. 

Another additional measure which could be taken to 
stimulate the use of  electricity for cooking purposes is to 
demonstrate to the villagers the way traditional cooking 
practices can be adapted for convenient cooking with elec- 
tric cookers (Mackay, 1990). I 0 

Low power  factors The power factors at the cotton ginner- 
ies (which were previously supplied by own diesel genera- 
tion) were very low, namely just above 0.6. This was 
mainly caused by the large number of  small electric motors 
and the under-utilization of many motors. In the project ap- 
praisal it has been assumed that the ginneries will invest in 
capacitor installations to improve this power factor. This 
appeared to be a very cost--effective measure (Broek, 1993). 
However, in practice these investments have not yet been 
made. Because of  the fact that there is quite little experi- 
ence in Tanzania with power factor correction, future elec- 
trification programmes could benefit a lot from attention 
paid to this subject. Research should be initiated by the 
government or TANESCO, probably in cooperation with 
experienced consultants, to make an inventory of  the possi- 
bilities and the consequences of power factor correction at 
company level. Guidebooks could be made to enable other 
firms to measure and, if desired, to correct their power fac- 

°In a field study undertaken by SEI and TANESCO it appeared that 50% of 
the people who had no electricity connection in an electrified area, blamed 
this on the fact that they were not able to pay for the connection charges 
(Kjellstrrm et aL, 1992). 

10In the case of Nepal motivators demonstrated the new cooking practices. 
When cookers were broken, the motivators take care of  the repair and re- 
turn them to the consumers and explain again how to use it properly 
(Mackay, 1990). 
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tor. When many factories in Tanzania have power factors 
like the studied cotton ginneries, a national programme 
with respect to power factor improvement on company 
level could be very cost--effective for both TANESCO and 
the consumers under consideration. 

Conclusions 

Project appraisal can be undertaken both from the point of 
view of the electric utility, which is called the financial anal- 
ysis, and from the point of view of the national economy, 
which can either be a economic or socioeconomic analysis. 
In all types of  appraisal, the most important steps which 
have to be taken are the power market survey, load forecast- 
ing, supply system design including cost calculation, benefit 
measurement, the cost~enefi t  analysis and the sensitivity 
analysis. Of these steps the socioeconomic benefit measure- 
ment gives the most theoretical problems. Partly, the socioe- 
conomic benefits can be calculated by the values of the 
previous energy consumption and the expected electricity 
consumption. For the estimation of  the socio- economic 
benefits representing the consumer surplus the shape of the 
demand curves has to be known or has to be estimated. This 
shape will be different for each type of end use of energy, 

Beside just using the project appraisal for a 'go' or 'no- 
go' decision, it is possible to give it a constructive function. 
With help of  the knowledge which is gained during the ap- 
praisal process (especially in the sensitivity analysis) the 
main bottlenecks of the project can be identified. This can 
be completed by looking for ways to eliminate the bottle- 
necks, which will result in a more viable project and in bet- 
ter performances of future projects. 

In the Tanzanian case which was studied, the main bot- 
tlenecks were rooted in the tariff system. Tariffs should be 
raised to long-run marginal cost levels to enable TANESCO 
to pay for their costs. This should be accompanied by more 
rational lifeline tariffs. If lifeline tariffs have to enable elec- 
tric lighting the present lifeline block of 1000 kWh per 
month could be reduced to 25 kWh per month. The major 
discouragement for consumers in taking an electricity con- 
nection were the high connection charges. If rural electrifi- 
cation in Tanzania is meant to play a role in avoiding 
deforestation, new electricity consumers should also be en- 
abled to pay for electric cookers, probably by means of  
spread payments. Consumers should be enabled to spread 
their payments for these charges. Another bottleneck was 
the situation of bad power factors of the cotton ginneries. 

Corrective measures appeared to be very cost-effective. 
This signal of bad power factors justifies further research in 
this subject with other industrial consumers. 
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A p p e n d i x  

The two demand curves of Figure 2 can be 
presented as the energy price as a function 
of the consumed quantity: 

DE ~ PE =.f~Q) 

DA -+ PA =L(Q) 
(1) 

The incremental benefits can now be writ- 
ten as the difference between two inte- 
grals, representing the surfaces [OEIJ] and 
[OaGK]. 

Q=QE Q=QA 

Q=O Q=0 

The incremental costs can be written as: 

IC=MCE*QE-MCA*QA (3) 

With: 

MCE * QE : 

MCA *QA : 

total (economic) marginal 
supply costs of electricity 
total (economic) marginal 
supply costs of the alter- 
native energy source 

This results in the net benefit (NB) of the 
project: 

Q=QE 

NB = IB-  IC = S.(E(Q)dQ 
Q=0 

Q=~'A (4) 
- ] f A ( Q ) d Q + M C , * Q ,  

Q=0 

- M C E  * QE 

The term MC E * QE is usually referred to 
as the total project costs (C). These are the 
costs that result from the supply system 
design procedure. Therefore to arrive at 
these total project benefits (B), the total 
project costs have to be excluded from the 
equation of the net benefits. The project 
benefits (B) can now be written as : 

Q=QE Q=QA 

B-- IS (O)dO- ].rA( )dQ 
Q=0 Q=0 

+ M C A * Q  A 

(5) 

The mathematical presentation of the three 
estimations made in the assessment of the 
socioeconomic benefits is as follows: 

Estimation 1: for Qk < Q < QE: 

PE *QE <_fE(Q)< - PK *QK (6) 
Q Q 

For the second estimation it is necessary 
first to rewrite Equation (5) into : 

B= 
Q=Qe 

[.fE(Q)dQ 
Q=QK 

Q=QK 
+ I{fE(Q)-IK(QI}dQ 

Q=0 

+ MCK * QK 

(7) 

Note that the suffices again refer to the al- 
ternative energy option of kerosene. The 
second estimation now becomes: 

Q=Qx 

Q=O 

Q=QE 

<< ~ fE(O)dQ 
Q=QK 

(8) 

The third estimation can be expressed as: 

MCK = Px,ec (9) 

With the help of these three estimations 
we can fill in Equation (5) and thus calcu- 
late a lower and higher estimation of  the 
socio-economic benefits of  residential 
light consumption per month: 

Q=QE 
t~m,x=Px.v,.Qh'* S I d a + P X .  ecQ, 

Q=QK Q 
0=300 

=3.60" j" QDQ+3.60 (10) 
Q=8 

3o(i 

= 3.60 * lnQ I + 3.60 
8 

= 13.0+3.60= 16.6 


