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The Theory
The theory of calculating the benefits of RE as the

increase in consumer surplus is relatively straight-

forward. The difficulties come in applying that

theory.

Electricity supply lowers the cost of energy to

the user, resulting in an increase in consumer

surplus, which is the difference between what

the consumer is willing to pay and what they ac-

tually do pay. Assume that before electricity, en-

ergy is supplied from a single source, kerosene,

at price Pk with consumption Qk (figure H.1).

Once electricity is available at lower price Pe,
con-

sumption rises to Qe. Using these two points, the

demand curve may be interpolated; exactly how

this is done is one of the important issues con-

sidered below. 

The amount the consumer is willing to pay for a

quantity Q is the area under the demand curve

from 0 to Q. Hence the consumer is willing to pay

A + B + D for consumption of Qk but actually pays

B + D (= Pk Qk), leaving a consumer surplus of

A. Once electricity becomes available, the con-

sumer surplus is A + B + C, so the increase in con-

sumer surplus as a result of electrification is B +

C. This consumer surplus has two parts: that aris-

ing from the reduction in the price of the Qk

units already being consumed and that associ-

ated with the new consumption, Qe – Qk. 

The benefit to the consumer is B + C. It is com-

mon in project analysis to also include areas D +

E, sometimes referring to the whole area B + C

+ D + E as the willingness to pay (WTP), which

is not quite correct because WTP includes area A

also. It is perfectly acceptable to include areas D

+ E. This is the amount paid by the consumer,

which is simply a transfer payment to the utility

and so a neutral flow for economic analysis.1 The

cost side of the analysis will capture the cost of

consumption. Assuming that the average cost of

supply (Ce) is less than the tariff rate, there will

be a positive producer surplus, which is being cap-

tured in this calculation (figure H.2). The alter-

native is to deduct the payments (D + E) from

consumers but then add them to producers, so

when summing across all flows, these pay-

ments/receipts cancel out.

A complication in the above is that, in drawing the

demand curve between the two observed points,

it is assumed that other characteristics that affect

demand are the same for those households for

which (Pk,Qk) is observed and those for which

(Pe,Qe) is observed. This is almost certainly not the

case. Electrified households have higher incomes

than nonelectrified, and the average income in

electrified communities is higher than that in non-

electrified ones. Energy is a normal good, demand

for which rises with income, so (Pe,Qe) in fact lies

on a higher demand curve than does (Pk,Qk). 

The consumer surplus for customers who are al-

ready connected is thus underestimated by this

approach. But the consumer surplus for those

who will become connected (if they do despite

their lower income) is overestimated. In addi-

tion, when benefits are projected into the future,

real income growth will shift the demand curve

to the right over time so that consumer surplus

is increasing. The value of this additional con-

sumer surplus can be calculated if the income elas-

ticity of demand for energy is known. If this

elasticity is known, along with the average in-

come of currently connected and unconnected

households, then different demand curves can
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also be drawn for these different groups to more

accurately measure consumer surplus.

Issues in Applying the Theory
There are several complications in applying this

approach in practice: data availability, the common

metric to be used on the horizontal axis, the

shape of the demand curve, and the way in which

consumer surplus is expressed.

Data availability
Although the analysis is based on just four pieces

of information (Pk, Qk, Pe , and Qe), these are not

readily come by. A recent energy household sur-

vey (or expenditure survey with a good energy

module) is necessary to estimate average prices

and quantities for electrified and unelectrified

households. But it is also necessary to control for

income differences between these two groups.

The simplest way to do this is to restrict the sam-

ple to communities whose average income is

within a certain range or to take a small number

of subsamples with different average incomes,

which is a better approach if future RE will ben-

efit communities with a different profile than

those that have already been electrified.

Units for the horizontal axis
The above example puts energy on the horizon-

tal axis. To apply the approach, a common met-

ric is needed. Nonelectrified households rely on

a variety of energy sources, often woodfuel for

cooking, kerosene for lighting, and, among the

better off, car batteries for TV. The mix among

these varies by household. In principle, total en-

ergy consumption can be converted to a common

metric such as kilowatt hour or kilograms of 

oil equivalent, and the average price can be cal-

culated by dividing total consumption by energy

expenditure. 

There are two problems in this approach. First,

the energy consumption mix varies across house-

holds, so taking a representative household might

be misleading as coverage expands and different

households become connected to the grid. Sec-

ond, electrified households typically still use other

energy sources, so the comparison is not a

straightforward one between electricity and an al-

ternative energy source. These problems might

be partially sidestepped by valuing consumers

separately by end use. In this case, end use-

specific units can be used for the horizontal axis,
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Figure H.1: Consumer Surplus
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Figure H.2: Producer Surplus
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such as lumens for lighting (see below) or hours

for TV watching.

Shape of the demand curve
The value of area C in figure H.1 clearly depends

on the shape of the demand curve. The simplest

assumption is to assume a linear demand curve

(that is, a straight line) between the two observed

points, making the calculation of area C very

straightforward = 0.5(Pk – Pe)(Qk – Qe). But if the

demand curve is convex to the origin, as theory

suggests, then the linear demand curve overesti-

mates the amount of consumer surplus. An al-

ternative functional form is a constant elasticity

(that is, log linear) demand curve. The equation

for this demand function can be written as follows:

where � is the elasticity and K a constant. The elas-

ticity can then be calculated as

Once the parameters � and K are obtained, then

area C may be calculated as

Note that the deducted amount (Qe – Qk)Pe (the

amount paid for incremental consumption =

area E in figure H.1) is usually included in proj-

ect benefits (because the economic costs of pro-

duction are deducted separately) so the second

term need not be deducted, the first term giving

C + E.

Expressing consumer surplus
The example given here uses either the market

demand curve or that for a representative house-

hold. Assume the latter. The calculation therefore

gives the value (in local currency) of the increase

in consumer surplus from connecting to the grid. 

To calculate total project benefits, this value can

be multiplied by the cumulative number of house-

holds connected to the grid each year. The analy-

sis can be a bit more sophisticated if there are

different household types with different levels of

consumer surplus, but this is quite a demand in

terms of data. There is also the problem that not

all consumption is residential, so these calculations

need to be repeated for different end users (com-

mercial, agricultural, and so forth).

The alternative approach is to express consumer

surplus per kilowatt hour and then multiply the

resulting value by total electricity sales each year.

This approach does not, of course, bypass the

problem of their being different types of con-

sumer: the average consumer surplus per kilowatt

hour should be a weighted average for the dif-

ferent end users. There are two problems here:

(1) if the share of end users varies over time, the

weighted average is no longer the appropriate one,

although the resulting bias is unlikely to be large;

and (2) the calculation of the average consumer

surplus/kilowatt hour is itself biased, though again

probably not by much. 

Consider the case of three households shown in

table H.1; consumer surplus rises with con-

sumption but at a diminishing rate, a fact that

arises from the shape of the demand curve. Av-

erage consumption is 25 kWh/month, the same

as household 2, and corresponds to an average

consumer surplus of Rs 2/kWh. Because total con-

sumption is 75 kWh, applying this average suggests

a total consumer surplus of 150, whereas the true

figure is 145. The inaccurate result comes be-

cause the method of calculation implies a constant
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Table H.1: Consumer Surplus for
Different Households

Consumption Consumer 
Household (kWh/month) surplus (Rs)

1 20 40

2 25 50

3 30 55

Total 75 145
Note: Rs = rupees.



increase of consumer surplus with respect to con-

sumption. The same problem arises if multiply-

ing the number of connections by the consumer

surplus per connection; such an approach also

yields an estimate of a total consumer surplus of

150 in this example.

In summary, the preferred method would be to

calculate consumer surplus by end user (possibly

even different categories of each type of end

user) and thus calculate consumer surplus based

on cumulative connections for each type of end

user. In practice, however, the data requirements

for this approach are substantial, so a more com-

mon approach is to estimate consumer surplus

per kilowatt hour (though this should be a

weighted average of different end users) and mul-

tiply this amount by sales. This approach suffers

from an unknown bias from the sales composition

effect and an upward bias from ignoring dimin-

ishing consumer surplus as consumption rises.

This bias is offset by the downward bias from ig-

noring growing consumer surplus as income rises.

Although the balance is not known, the two can-

cel each other out to some extent, so the net

bias will not be too great. 

Applying the Theory: Examples

Lighting
Lighting is the main use of RE (see appendix D)

and has been the focus of Bank efforts to calcu-

late the consumer surplus from electricity. In-

deed, the lighting benefits are often the only ones

valued for residential consumption. In the 1990s,

project documents typically compared the cost of

lighting using a kerosene lamp with the cost of the

same amount of lighting from electricity. But the

ESMAP Philippines study (ESMAP 2003) proposed

a new approach based on lumens, which is a

measure of emitted light. Table H.2 shows the lu-

mens emitted by some typical light sources. 

Using these conversion factors and data from a

household energy survey, it is possible to obtain

estimates of Qk and Qe (quantity of lumens con-

sumed for kerosene and electricity, respectively)

and the corresponding prices (Pk and Pe). This ap-

proach finds that the consumption is far higher

(by a factor of 2.5 or more) and the price far

lower (by a factor of X or more) for electricity than

for the next lighting source (see table H.3 for

examples).

Once these data are available it is a straightforward

matter to calculate the change in the consumer

surplus and the WTP. Table H.3 shows the results

of this calculation, assuming both a linear and a

log-linear demand curve, showing that assuming

a linear demand curve can overestimate increase

in the consumer by a factor of up to eight times.

Overview of Bank Approaches to
Measuring Electrification Benefits
Bank project documents adopt a range of ap-

proaches to valuing electricity benefits. The focus

here is on approaches based on consumer surplus.

A detailed review is presented in the table of ERR

calculations beginning on page 136.

As noted earlier, studies commonly estimate area

B + C + D + E as the benefit, calling this WTP. The

same terminology is used here, noting that WTP

should in fact also include area A, but that area A

is not part of the project benefits (that is, it is the

terminology that is slightly wrong, rather than a

conceptual error in the method of calculation). The

following main approaches can be identified:

• Estimate WTP assuming a nonlinear demand

curve or assuming a linear demand curve but

taking only a percentage of the estimate for

area C to allow for the overestimation. This ap-

proach conforms with what is considered by this

review as best practice, although allowance

should also be made for the different income
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Table H.2: Wattage of Common
Household Appliances /Tools

Appliance Resistive load (watts)

Clock radio 5

Computer-PC 300

Deep fryer 1,800

Iron 1,200

TV, color 300

Fan 30–70



of current and future consumers and income

growth among consumers.

• Estimate WTP assuming a linear demand curve.

This approach results in an overestimate of

project benefits.

• Estimate WTP based on the alternative energy

source, and then value the whole of expected

energy consumption with electricity at that

level. This approach neglects the downward

sloping demand curve, resulting in a substan-

tial overestimate of project benefits. 

• Estimate benefits as the cost savings on current

consumption levels (that is, area B in figure

H.1). This approach underestimates project

benefits, as it ignores additional consumer sur-

plus from new consumption (area A). 
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Table H.3: Demand for Lumens from Different Energy Sources

Ratio
Grid Grid Linear linear/log

Country Kerosene connection Kerosene connection curve Log-linear linear

Bolivia 7 90 0.48 0.04 21.3 8.6 2.5

Lao PDR 20 435 0.195 0.003 43.7 9.9 4.4

Peru 5 363 0.57 0.01 102.9 12.5 8.2

Philippines 4 204 0.36 0.0075 36.8 5.8 6.3
Source: Project documents.

Quantity (kilolumens) Price (US$ per lumen) Consumer surplus
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