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Appendix 3.1
Estimating the SDR Using the  
Weighted Average Approach12

According to the weighted average approach, also known as Harberger 
approach, the SDR can be expressed as

SOC + (1 – – ) if + SRTP (1)

where  denotes the SDR, if is the government’s real long-term foreign 
borrowing rate,  is the proportion of funds for public investment 
obtained at the expense of private investment,  is the proportion of 
funds obtained at the expense of current consumption, and (1 – – ) 
is the proportion of funds from foreign borrowing. SRTP and SOC are 
measured, respectively, by the rate of real return on savings exclusive of 
(ii) and investments inclusive of (rj). Expressing the weights attached to 
different funding sources in terms of elasticities of demand and supply 
of funds with respect to changes in interest rates, equation (1) becomes:

(2)

where i f j are elasticities of savings, supply of foreign capital, and 
private investment with respect to the interest rate. Si /St and Sf /St are 
the shares to the total savings by various groups of domestic savers and 
foreign savers. Ij /It is the investment share of various business sectors.

Using Equation (2) and 1988–1989 data for Papua New Guinea, 
Harberger and Jenkins (2002) present an example of calculating the 
SDR, which they call economic opportunity cost of capital. The example 
assumes that there are four savers groups: households, business, 
government, and foreign. The assumptions and results of calculations 
are given in Table A3.1.1.

The real return on savings for each domestic saver group is calculated 
by removing the respective tax rates from the nominal market interest 
rate and then removing in�ation:

Real return on savings (ii) = [im * (1 – ti) – g] / (1 + g) (3)

12 This Appendix draws from Harberger and Jenkins (2002).
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For the foreign savers group, the same procedure is applied as for 
domestic savers, but with a further adjustment to re�ect the effect of 
additional foreign borrowing on the country’s overall borrowing costs. 
The adjustment involves the elasticity of supply of foreign funds ( f) as 
well as the rate of change in the foreign borrowing cost as the country 
becomes more indebted—which is assumed to be 0.6 by Harberger  
and Jenkins.

Real marginal cost of foreign borrowing (if ) = 
{[if * (1 – tw ) – g] / (1 + g)} * [1 + 0.6 * (1 / f   (4)

The example further assumes that there are �ve groups of investors 
or demanders of funds: housing, agriculture, manufacturing, government, 
and mining. See Table A3.1.2 for the assumptions and calculations.

The real return on investment is calculated by adjusting the nominal 
pre-tax rate of return on investment for each sector (i.e., the nominal 
market interest rate) with tax rates and then taking out in�ation, using 
the following formula:

Real return on investment (rj) = 
[im * (1 – tj ) – g] / (1 + g)    (5)

Following equation (2), the SDR, which is the economic cost of 
capital, for Papua New Guinea is estimated at 11.76%.

Table A3.1.1 Savers by Group

Assumptions Households Business Government Foreign

Share (Si /St) 33.70% 44.90% 7.80% 13.60%

Elasticity ( ) 0.5 0.5 0 2

Nominal market 
interest rate (i

m 
)

14.50% 14.50% 14.50%

Nominal cost of 
foreign borrowing 
(i

f 
)

9.30% 30.00% 0% 18.00%

Tax rate (t
i
, t

w 
) 9.30% 30.00% 0% 17.00%

Rate of in�ation (g) 5.00% 5.00% 5.00% 5.00%

Real return of 
savings (i

i
)

7.76% 4.90% 9.05%

Real marginal cost 
of foreign borrowing

12.31%

Source:  Zhuang, et al. (2007).
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scenario will be determined by price (or the cost increase), and 
availability of substitute routes, not the income elasticity.

(iii)  The scale of diverted and generated traf�c (which in total is 
“induced traf�c”) will also be determined by price elasticity, 
which is likely to vary between vehicle types, and with the 
nature of the journey and time of travel.

 One of the major weaknesses of demand forecasting in the current 
practice of transport project evaluation is the exclusion of the price 
effects on demand. The combination of income and price elasticity in 
forecasting can be seen in a simple equation for future traf�c for traf�c 
type x in year t:

Txt = (Tx0*[1+gt]
y) * (Cxt/Cx0)

n (3)

where Txt is traf�c �ow (AADT) for type x, t is a future year, 0 is the base 
year, g is GDP per capita growth rate, y is income elasticity of demand, 
C is generalized travel costs including any toll payments, and n is a 
constant price elasticity 

Both price and income elasticities will in turn vary between vehicle 
type and trip purpose with the usual assumption that work-related 
demand will be less responsive to price than demand for leisure travel. 
Therefore, estimation of future traf�c should be done separately for 
different vehicle types and trip purposes. For illustration, base traf�c is 
set at 100 and GDP per capita growth at 4%, with an income elasticity 
of demand of 1.2, and a vehicle operating cost reduction of 20%. Price 
elasticity of demand n is taken as −0.6. 

Putting these values into the elasticity formula gives:

Txt = (100 *[1.04]1.2) * (0.8/1.0)−0.6

Txt = 100*1.048*1.143
Txt = 119.8 

The above illustration shows that traf�c grows by about 20%, with 
income and price having a multiplicative rather than an additive effect 
(i.e., growth is 19.8%, not the sum of the separate effects 4.8% plus 14.3%).

The use of price and income elasticities in this type of exercise is only 
an approximate substitute for model-based forecasting (see Box 7.1). 
Price elasticities will not normally be known with any accuracy, and for 
simplicity this formulation assumes constant elasticity. The important 
general point is that transport appraisals typically de�ne bene�ts in terms 
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(resource cost savings) as illustrated by the shaded area (P2baP1) in 
Figure 8.4 and they accrue to the electricity authority, not the users. If 
the tariff is reduced to P1 after replacing the old or higher cost plants, 
and the new plant has the capacity to produce additional electricity, 
there will be incremental output (Q2−Q1

be equal to area Q1bcQ2 which has a revenue component [P1*(Q2−Q1)] 

2baP1) accrue to consumers who enjoy the 
lower-priced electricity. Data issues in the application of these methods 
are similar to those described earlier.

equipment, and labor should be measured in economic prices. For 
generation equipment and fuel, which are largely traded, the economic 
prices are their border prices. Non-traded goods (and labor services) are 
valued at market prices, adjusted by the appropriate conversion factors 
to take into account market distortions and government interventions. 
Saved labor costs generally account for a very small portion of resource 
cost savings in power generation projects.
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Figure 8.4 Benefits of Cost-Reducing Power Projects
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8.2.3  Power Generation: Improvement in  
System Reliability

The quality of electricity supply is broadly de�ned by the reliability 
of service, which is further de�ned by frequency and duration of 
interruptions, and the extent of voltage and frequency variations 
(Munasinghe 1990). The demand for service reliability in the electricity 
sector is largely characterized by outage costs (Caves et al. 1990), which 
refer to loss of consumer welfare as a result of the power outage. Power 
shortages manifest at the consumer level in several ways, including 
complete supply interruptions (blackouts), frequency and voltage 
reductions (brownouts), and sudden sharp �uctuations in frequency and 
voltage. Improvements in reliability often constitute the main reason for 
having power rehabilitation or displacement projects, particularly when 
unreliable power supply imposes substantial costs on consumers.

While new power generation projects with the sole objective of 
improving reliability are uncommon, many projects may have a sub-
objective of improving the reliability of the system. When an energy 
project has a distinct component of reliability improvement, the bene�t 
of avoided outage costs can be added to the bene�t stream of the project. 

Outage costs can be estimated using various methods. One of the 
most common in practice is the cost of back-up generators, so that, if 
reliability improvements displace back-up generating facilities, the cost 
of back-up generators can be considered as resource cost savings.9 
Survey methods have also been employed to establish the actual costs 
incurred by a household or business during power interruptions. A direct 
survey method produces reasonably good estimates of outage costs for 
industrial and commercial customers but its application is dif�cult for 
residential customers, who may �nd it dif�cult to put a monetary value 
on the inconvenience created by power interruptions.

In addition, estimated demand functions can be used to estimate 
outage costs and this method is preferred by many. In fact, the reliance 
on other methods is often due to lack of demand information for 
estimating these costs. Figure 8.5 depicts the conceptual framework 
for using consumer surplus to estimate outage cost. The outage forces 
the consumer to reduce consumption from Q2 to Q1. This effect is 

9 Caves et al. (1990) categorize methods of estimation of outage costs into three: (i) proxy methods, 
(ii) survey methods, and (iii) reliability demand methods and give examples of each.
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conceptually equal to the increase in price from P1 to P2. Total welfare 
loss due to a reduction in consumption is equal to the area under the 
demand curve between Q2 and Q1 (the area Q2cbQ1). Of this total welfare 
loss, consumers incur only the loss of consumer surplus (area abc) 
because they save part of the electricity bill (area Q2caQ1). 

The main advantage of this method is that it is based on the actual 
behavior of consumers and the method can estimate the cost of a partial 
outage. Its limitation lies in its inability to take into account short-run 
responses to outages and the warning time involved. The demand curves 
usually available (such as DD in Figure 8.5) are based on the assumption 
of advanced warning on price changes so that consumers have time to 
adapt. Consumer response to outage and a price change is similar and 
response to an outage is best represented by a short-run demand curve 
like D1D1.

8.2.4  Power Transmission

Power transmission projects link generation capacity with a distribution 
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Figure 8.5 Estimation of Outage Cost

Source: Adapted from Caves et al. (1990).
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users and can create no value independent of other parts of the power 
supply network. A transmission project may be designed to: (i) evacuate 
power from a plant to the grid, (ii) open a new area to the supply of 
electricity from the grid (often in rural electri�cation programs),  
(iii) increase supply capability in an area already connected to the 
grid, (iv) provide an alternative route for the transmission of power,  
(v) provide interconnection between two grids, and (vi) rehabilitate and 
replace transmission lines to reduce transmission losses. In most of these 
cases, the bene�ts of the transmission line cannot be separated from the  
power system.

It is common to appraise power expansion programs considering the 
entire system without separating returns to transmission, on the grounds 
that all aspects of the program are interrelated and transmission cannot 
function in isolation. Generally, a two-step procedure can be used to 
analyze the power system: First, by the determination of the least-cost 
expansion plan given the existing con�guration of the power system, 
demand forecast, and available alternative system expansion plans; and 
then a CBA to assess the economic viability of the least-cost expansion 
program (see Ali 1991).

Identi�cation of the least-cost expansion plan over a given period 
should in principle allow for interactions among costs, tariffs, and 
demand. In the systems analysis, even if the concerned component is a 
major part of the expansion plan, the project calculations will give the 
return to the program as a whole, not to a single component—whether 
transmission, generation, or distribution.10 Hence, over a given time 
horizon, program j should be the least-cost form of meeting an output 
target and the net present value (NPV) of the incremental investment 
involved in the expansion should exceed zero at the given discount rate. 
This requires:

PV(Bnij+Bij) - PV(CAPj+OMj+Ej+Dj) > PV(Bnin+Bin) - 

PV(CAPn+OMn+En+Dn)(6)

where j refers to the scenario with the expansion and n to the without-
expansion case; Bni and Bi are non-incremental and incremental 
bene�ts, respectively; CAP, OM, E, and D stand for capital, operating and 
maintenance, energy, and distribution costs, respectively; and PV refers 
to discounted present value.

10Stand-alone power distribution projects also can be appraised using the systems approach.



    PV(CAPk + OMk + Ek + Dk) > PV(CAPt + OMt + Et + Dt)

CAP 

OM

   

CBA LCA



Munasinghe, 1990

(

/

Chapter 8. Appraising Electricity Projects295

are both substantial. Overestimation of electricity demand leads to 
economic waste—a large amount of capital with high opportunity costs 
will be wasted for a long period of time. Underestimation of electricity 
demand results in continuous under-provision of power and a lost 
opportunity for improving social welfare. The costs of underestimation 
or overestimation are generally much higher than the cost of undertaking 
a rigorous demand study (Munasinghe 1990).

However, forecasting electricity demand with a high degree of 
precision is dif�cult since demand for electricity is highly correlated with 
the economic performance of a country, which in turn is determined by 
a variety of factors.11 In the power sector, a distinction is made between 
demand for energy (electricity expressed in terms of kilowatt-hours, 
megawatt-hours, etc.) and for power (capacity to deliver energy expressed 
in terms of kilowatts, megawatts, etc.). Meeting demand for electrical 
energy at all times requires power or capacity to meet peak demand. The 
load or capacity factor—the ratio between total energy produced and 
delivered and the capacity to deliver that energy (also speci�ed as the 
ratio of the average load to the peak load)—is an important variable in 
demand forecasting. Generation losses, transmission losses, distribution 
losses, and theft (in some countries) should also be taken into account in 
forecasting electricity demand, particularly the demand for power. 

Demand forecasting is normally done using one of three methods: 

(i)  trend analysis, 
(ii)  end-use models and customer surveys, and
(iii)  econometric methods (Sanghvi et al. 1989). 

Trend analysis extrapolates the future demand using time series 
data on peak demand for power (kW) and annual demand for electricity 
(kWh). This method extrapolates future electricity demand based 
on past growth trends, assuming there will be little change in the 
pattern of major determinants of demand such as prices, incomes, and  
consumer tastes.  

Forecasts are either on aggregate demand for the entire country 
or separately for different sectors. The main advantage of this method 
is its simplicity and modest requirements of both data and analytical 

11 Recent experience shows that the over-optimistic outlook assumed in demand forecasts of some 
Asian countries in the 1990s resulted in a long period of excess power supply after the 1997/98 
Asian �nancial crisis. Unexpected economic slowdown due to the �nancial crisis reduced the 
demand for electricity signi�cantly in some countries and demand forecasts had to undergo major 
revisions as a result.
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skills. The major disadvantage is that this method does not attempt to 
understand the causes of past trends and may simply assume that the 
same trend will continue in the future. 

Alternatively, as popularly used in practice, one can borrow 
results from trend analysis on economic growth and apply the income 
elasticity of demand for electricity to the forecast economic growth. 
The income elasticity of demand for electricity—de�ned as the ratio 
of the percentage change of electricity consumed to the growth rate 
of gross domestic product (GDP) or income—quantitatively measures 
the relationship between electricity demand and economic growth. The 
elasticity of demand for electricity can be calculated using historical 
observations. The approach, while as straightforward as multiplying 
forecast economic growth with the demand elasticity, is subject to 
uncertainty. More sophisticated projections are based either on surveys 
of different consumer groups or on econometric estimates.

The econometric method is theoretically the most rigorous in 
that it identi�es a systematic and statistically signi�cant relationship 
between demand and its determinants. Using historical observations, 
the econometric models estimate the relationship between electricity 
consumption and a variety of other variables such as population, 
per capita income, prices of electricity and its substitutes, stock of 
appliances, industrial output, and weather conditions. Re searchers 
have used a variety of models of electricity demand, sometimes 
using simultaneous equa tions to jointly estimate demand for stock of 
appliances and electricity use.12 A commonly used time series model is 
the autoregressive distributed lag (ADL) model, represented as follows. 

logQt = 0 + 1logPt + 2logQt-1 + 3logIt + Xt + t (8)

where Q is demand; P is electricity tariff;13 I is household income; 
X is a vector of other factors such as stock of appliances, household 
demographics, output or sales, cost of substitute energy, and 
technological factors that affect energy ef�ciency;  is the corresponding 
coef�cient vector; and t is time. Selection of variables in the X vector 
depends on the user sector.

The ADL model often �ts the data quite well and yields reasonable 
price and income elasticity estimates. Time series models of this type 

12See Espey and Espey (2004) for a detailed review of econometric modeling of electricity demand.
13Given ADL estimates, one can calculate short-run price elasticity as sr1, long-run price elasticity 

as lr
1        , and income elasticity as y3.
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Appendix 8.2  Electricity Demand 
Forecasting in the Philippines
The Manila Electric Company (MERALCO) is the largest distributor 
of electricity in the Philippines. Its methods for short-term demand 
forecasting for both electrical energy and power provide a relatively 
good practice example. 

MERALCO has used four demand models for short-term forecasting: 
for residential energy demand; commercial energy demand; industrial 
energy demand; and peak load. All the coef�cients in the models presented 
below meet the standard statistical signi�cance requirements, but the 
details are suppressed for brevity. Economic growth �gures are obtained 
from forecasts of government agencies and private research institutions. 
Projected customer numbers are based on population growth forecasts 
while real price projections are based on trend analysis.

Residential demand model
lnQr = 3.38 + 0.48 ln ( GNP ) - 0.43lnPr +1.03lnRcust -1.15% Loss

where

Qr = billed residential sales
GNP/n = real gross national product per capita (using GNP de�ator, 

base 1985, P18,257 for 2011)
Pr = real residential price of electricity (indexed to the consumer 

price index in Metro Manila, P1.4/kWh for 2011)
Rcust = number of residential customers in millions (4.418 in 2011)
%Loss = percentage distribution losses (0.89 in 2011)

By substituting the 2011 values for the explanatory variables in the 
residential demand equation, residential electricity demand for 2011 is 
projected at:

Qr2011 = 5,762,998.3 GWh

Commercial demand model
lnqc = -9.722 + 0.757lnGNP - 0.06lnPc + 0.656lnCCust - 1%SLoss - 

0.092PCrisis

n

Qr

GNP/n
(

/ Pr

(
( Rcust

(
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energy because of its abundant water resource and physical location 
between rapidly growing economies. 

For Thailand, demand for power had been growing rapidly and at the 
time the project was planned, large capacity in the order of 1,500 MW and 
9,500GWh per year were estimated to be required up to 2010 (see Table 
9.1). The NT2 project will supply part of this and help diversify Thailand’s 
power supply and in particular to reduce dependence on natural gas as 
an energy source. 

From a regional perspective, it is potentially ef�cient for Lao PDR, 
through this project, to make use of its comparative advantage in natural 
resource availability, while helping Thailand meet its growing power 
demand. The trend toward closer regional cooperation and regional 
grid interconnections opens up opportunities for Lao PDR to develop 
hydroelectric power projects—otherwise not viable for the domestic 
market—to serve the rapidly growing regional power market. 

Recognizing institutional capacity constraints, the project was 
developed as a public-private partnership (PPP) under a build-own-
operate-transfer scheme. The NT2 facilities will be transferred to the 
government free of charge at the end of the concession period of 31 
years. The advantages put forward for the private sector undertaking 
the project were: (i) ef�cient, effective, and on-target implementation; 
(ii) access to global capital; and (iii) access to state-of-the-art technology. 
The challenge for the government and NTPC is to maximize bene�ts while 
ensuring that potential adverse social and environmental impacts of the 
project are fully addressed through a detailed program of mitigation, 
compensation, rehabilitation, and offset measures.

9.3.1  Demand Analysis

Demand for electricity in Thailand has been growing strongly with 
the recovery of economic growth after the Asian �nancial crisis of the 
late 1990s. Table 9.1 summarizes the two separate “Medium Economic 
Growth” load forecasts for Thailand that formed the basis for planning 
the project, which were presented in the Power Development Plans 
(PDP) for 2003 and 2004.1 

1 The demand forecasts are based on income elasticity and GDP growth estimates.
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Table 9.1 Thailand: Load Forecasts

SourceYear

Net 
Generation

Load 
Factor

Maximum 
Demand

Reserve 
Margin

Average Annual 
Additions

(GWh)(%)(MW)(%)(MW)(GWh)

Thai PDP
(FY 2003)

2003114,7547317,84335

2005130,2327320,295251,2267,739

2010178,0797327,711171,4839,569

2015236,3647336,754151,80911,657

Thai PDP
(FY 2004)

2003116,7437418,121(n/a)

2005136,7847421,143(n/a)1,51110,020

2010193,5307529,308(n/a)1,63311,349

2015265,7887540,478(n/a)2,23414,452

FY = �scal year, GWh = gigawatt-hour, MW = megawatt, n/a = not available, PDP = power development plan.
Source: Thailand Load Forecast Subcommittee, August 2002 and January 2004.

The Lao PDR electricity supply system is small in comparison with 
the Thai system. It consists of four grids, which are not interconnected. 
When the project was planned, demand was characterized by relatively 
low per capita consumption (211/kWh/year) and a low electri�cation 
rate (40%) compared to other countries in the region. Historically, 
domestic consumption was small in relation to total production and 
exports; however, this situation changed over the 1990s with imports 
increasing as a share of total domestic production, and the share of 
exports declining. The NT2 project was designed to reverse this and to 
increase exports by at least 5,354GWh annually, while also generating an 
additional 200-300GWh for domestic use.

9.3.2  Least-Cost Analysis

For Thailand, the World Bank and EGAT conducted an evaluation with 
the NT2 project competing for a place in the sector expansion plan along 
with fossil-based alternatives—oil-�red steam, coal-�red steam, gas-
�red combined cycle gas turbines (CCGT)—and reconditioned thermal 
units otherwise scheduled for retirement over the 2004–2014 investment 
period.2 The evaluation found that NT2 was the cheapest alternative 

2World Bank, 2004. Nam Theun 2 Project Economics Interim Summary Report.
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costs, NTPC administration, and O&M costs (including O&M of the Thai 
transmission line) were estimated to be at $16.83−23.08 million. In the 
pre-operating phase of the NT2 in 2009, the operating cost, without O&M 
of the transmission line, was estimated at $2.36 million. O&M costs of 
the transmission line (1% of the capital expenditure for the line) and the 
substations (2%) were estimated at $1.98 million per year. System losses 
in Thailand are excluded from the analysis since they are common in the 
with- and without-project cases on the assumption that the NT2 project 
would not change the existing system losses in Thailand. However, losses 
on the dedicated NT2 project transmission line (assumed at 1% per year) 
are incremental to the existing losses, and are therefore incorporated in  
the analysis.

Investment and O&M costs in �nancial prices are adjusted to 
re�ect the economic resource cost of project inputs in terms of the 
domestic price numeraire. Costs are allocated into traded goods, non-
traded goods, foreign skilled labor, local skilled labor, local unskilled 
labor, fuel, and transfer payments, and are adjusted by the appropriate 
conversion factors. Non-traded goods and skilled labor are assumed to 
re�ect their economic prices, hence, no conversion is applied. Traded 
costs (including fuel) are multiplied by the shadow exchange rate factor 
(SERF), and unskilled labor costs are multiplied by the shadow wage rate 
factor (SWRF). Transfer payments and price contingencies are excluded 
from the economic analysis. The original analysis used a single SERF of 
1.05 for both Lao PDR and Thailand, but here for illustration different 
SERFs of 1.08 for Lao PDR and 1.0 for Thailand are applied. The SWRF 
for Lao PDR is based on an estimate of the average income (cash and 
non-cash income) in the project area (Kip15,010/day) and an estimate of 
project wage for unskilled labor (Kip21,200/day).3 This gives a SWRF of 
0.71. Application of these conversion factors to the �nancial costs gives 
an overall economic cost of $1,042.5 .5 million (Table 9.3).

9.3.4  Project Bene�ts

Project bene�ts include incremental bene�ts (pertaining to project sales 
to Thailand, valued at WTP and non-incremental bene�ts (pertaining to 
domestic sales, valued at resource cost savings). 
3 The case study assumes that all unskilled labor comes from Lao PDR. In general, if migrant labor 

from within the region is involved, the opportunity cost of labor in the country of origin should be 
used for the relevant portion of the labor component.
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A: Incremental Bene�ts: Thailand 
Project output sales to Thailand will go to the national grid. Given the 
rapid demand growth in the Thai market due to rising incomes, it is 
assumed that the load growth for all customer segments is incremental 
consumption. Therefore NT2 sales to Thailand—representing 97% of 
sales—are assumed to be incremental. This situation corresponds to the 
bene�ts depicted in Figure 8.3 so that with rising power demand due to 
income growth we can apply equation (5) from Chapter 8.4 

Incremental bene�ts of electricity to Thailand consist of the sales 
revenue of EGAT and the consumer surplus. Sales revenue is the product 
of the incremental sales in GWh (less 1% of transmission line losses) and 
the average retail tariff of $0.0535/kWh. Note that the retail tariff is higher 
than the levelized power purchasing agreement (PPA) tariff negotiated 

4The price elasticity of demand for electricity in Thailand was obtained from Ang (1988) who 
applied two log linear equations using national level data covering all the sectors from 1960 to 
1984. The �rst equation used price and GDP per capita as independent variables and the second 
equation used lagged electricity consumption in addition to price and GDP per capita. The long-
run elasticities from these two equations were estimated to be −0.64 and −0.81. The average of 
these two estimates (−0.725) was used here in the application of equation (5) from Chapter 8. 

Table 9.3 Investment Costs

Summary of Costs by Year (US$, million)

Total2004200520062007200820092010

Investment Costs, constant 2004 Prices, excluding price contingencies 
(Financial Prices)

A. Pre-operating costs218.823.071.621.728.520.253.8–

B. Construction cost682.450.0140.8177.2172.9102.239.2–

C. Thai transmission135.01.46.36.128.869.215.67.4

Total1,036.274.4218.7205.1230.2191.7108.77.4

Investment Costs, constant 2004 prices (Economic prices)

A. Pre-operating costs220.423.272.121.928.720.454.2–

B. Construction cost687.250.4141.8178.5174.1102.939.5–

C. Thai transmission134.91.46.36.128.869.215.67.4

Total1,042.574.9220.2206.5231.6192.5109.37.4

Source: ADB (2005a).
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with NTPC of $0.039/kWh at constant 2004 prices.5 The margin will accrue 
to EGAT and forms part of the bene�ts to Thailand, which in principle 
could be passed on to consumers at a later date or used for reinvestment 
and expansion. 

The aggregate annual incremental electricity (primary and secondary 
electricity) sales in Thailand are estimated at 808 GWh and 5,438 
GWh in 2009 and 2010, respectively and 5,354 GWh for the rest of the  
project period. 

Consumer surplus (CS) is calculated using equation (5) from  
Chapter 8:

 CS = 0.5[PE (∆Q)2/ (ed Q1)].

where PE is the retail tariff of $0.0535/kWh, ∆Q is incremental sales (less 
transmission line losses), ed is equal to −0.725 which is taken as the 
average price elasticity of demand for power in Thailand, and Q1 is the 
forecast net generation for Thailand for 2009 based on the EGAT forecast 
in 2004 (see Table 9.4). 

To illustrate for year 2010:

Consumer surplus = 0.5 x    (average retail tariff x project output2)                                                

   (price elasticity of demand x without-
                           project output)

 = 0.5 x     (0.0535 x 5,3842) 
    (0.725 x 193,530)

 = $5.5 million
  

B: Non-incremental Bene�ts: Lao PDR
The electricity system in Lao PDR is comprised of four major unconnected 
grids. The CR2 grid serves the region in which the NT2 project is located. 
The primary source of electricity for the area is imports from Thailand, 
both directly to some large customers, and indirectly through sales to 
local area grids. Direct cross-border sales take place between EGAT 
and EdL for larger grid off-take while the Thailand Provincial Electricity 
Authority (PEA) sells to large industrial customers and town grids at 
both medium and low voltage levels. Once NT2 electricity is available 
both these two sources will be replaced by the remaining 3% of sales 

5 Sales to Thailand are valued at the levelized PPA tariff, at constant 2004 prices, calculated 
by dividing the present value of the revenues by the present value of GWh sales (at a 12%  
discount rate).
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The operation of the NT2 project has the additional effect of 
displacing generation of 275 GWh from the existing Theun Hinboun IPP 
hydro project (THH), which shares the catchment area with the NT2 
project. Conceptually this production loss is similar to a power outage 
and hence corresponds with the situation depicted in Chapter 8 Figure 
8.5. The total loss in bene�t is equal to the area under the demand curve 
bounded by the production loss. However, since consumers no longer 
have to pay for the 275 GWh of electricity, the loss in sales revenue will 
be a bene�t for the Lao economy. That is, consumers can spend that 
amount on purchasing other goods or services. Therefore, the real loss 
from this reduced production is the loss of consumer surplus (area abc 
in Figure 8.5).  The loss of consumer surplus is considered as a cost to the 
Lao PDR economy and it can be estimated using equation (5) of Chapter 
8. In the absence of any speci�c price elasticity estimates for Lao PDR the 
average price elasticity for Asian developing countries (−0.43) is used for 
estimating consumer surplus.6 

In applying equation (5) of Chapter 8, the electricity tariff in Lao PDR 
is taken as the weighted average cost from THH of $0.024/kWh. Total 
generation without the project (Q1 in equation [5] of Chapter 8) is annual 
generation of 686 GWh with the project plus the loss of 275 GWH. Putting 
these values into equation (5) of Chapter 8 gives:

CS =  0.5* {( 0.024* (275)2) / (0.43*686+275)}

Thus, the loss in consumer surplus to Lao PDR is estimated at $5.1 
million. This is shown as a negative bene�t item in Table 9.5.

9.3.5  Regional Cost-Bene�t Analysis

One of the major assumptions in regional economic analysis is that costs 
and bene�ts can be aggregated to estimate regional project indicators. 
From the regional perspective, the project economic cost includes all the 
costs in the two countries, that is, the pre-development and construction 
costs for the NT2 project, plus the cost of the associated transmission 
line in Thailand, and the operating and maintenance costs of both 
NT2 and the Thai transmission line. Bene�ts include sales of energy 
to Thailand (incremental bene�ts) and to Lao PDR (non-incremental 

6 Sensitivity analysis using the maximum and minimum values of the elasticity show that regional 
and Lao PDR economic indicators do not change signi�cantly.
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to the participating countries are determined by a combination of the 
�nancial effects of the project (dividend payments, taxes, and royalties) 
and the deviations between �nancial and economic prices.

Lao PDR is affected as follows:

(i) The government of Lao PDR as an investor in NT2 gains its 
share (25%) of the dividends. It also gains the royalty payments 
negotiated as part of the project, which are 48% of net �nancial 
bene�ts and all of the tax payments made by the project on its 
operations. Sales to Thailand are valued at the levelized PPA 
tariff at constant 2004 prices.7 The transmission losses are not 
included in the analysis because the revenue to Lao PDR is 
based on total sales.

(ii) Consumers in Lao PDR lose the consumer surplus due to the 
lower production from THH, which is included as a cost of the 
project. However it is assumed that the non-incremental bene�ts 
of avoided costs due to displaced power imports from Thailand 
are passed on fully to consumers, so they gain the reduction in 
cost due to the displacement of higher cost imports.

(iii) Unskilled workers in Lao PDR obtain jobs at a wage above 
their opportunity cost and their net gain is determined by the 
difference between the project wage and their opportunity cost. 
Given the SWRF of 0.71, their net gain is 29% of the wage paid.

(iv) The government of Lao PDR is treated as the bene�ciary of the 
exchange rate misalignment. This is the conventional procedure 
on the assumption that misalignment is caused by taxes and 
that more foreign exchange will allow higher expenditure that 
will generate higher trade tax revenue for the government. This 
means that it gains 8% of the foreign exchange revenue of the 
project from sales to Thailand, but loses 8% of the dividend 
payments from the project to the Thai investors. As intraregional 
�ows, gains to Lao PDR from the misalignment of the Baht and 
the Kip are matched by losses to Thailand of the same size and 
vice versa. 

When sales to Thailand are valued at the base case levelized PPA 
tariff and adjusted by the SERF of 1.08, the economic NPV accruing to 
Lao PDR is $178 million or approximately 46% of total net bene�ts to the 
7 Levelized tariff is calculated by dividing the present value of the revenues by the present value of 

GWh sales (at a 12% discount rate).
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region. This �gure is around 8% of GDP for Lao PDR indicating that the 
project is clearly non-marginal.

Similarly, Thailand is affected as follows:

(i) Consumers in Thailand gain the consumer surplus on sales from 
the project. Lost Thai exports to Lao PDR are not considered as 
a cost to the Thai economy because the quantity of electricity 
exported to Lao PDR without the project can be used within 
Thailand. If there is a difference in tariff charged in Lao PDR 
and Thailand, this may result in net resource transfer from one 
country to another. For example, if EGAT or PEA charges higher 
tariffs for exported electricity, compared to what they charge in 
Thailand, it may result in some loss to Thailand. Given that only 
3% of the NT2 outputs are used to displace Thai exports, this 
potential loss is very small and is ignored here.

(ii) EGAT gains the difference between the sales price to Thai 
consumers and the negotiated price it pays to the project. 
However EGAT meets all of the extra investment cost 
in transmission within Thailand. For simplicity the low 
transmission operating costs are included as part of operating 
cost and are not allocated to EGAT, The loss to Thailand created 
by the exchange rate misalignment is shown as a cost to EGAT, 
since without the misalignment it would have paid less Baht-
equivalent to receive the power from the project. 

(iii) The Thai project investors who hold 40% of the equity receive 
40% of the dividends declared by the project. As this is a 
dollar payment these investors gain from the exchange rate 
misalignment relative to Lao investors as they will receive 
dollars that are worth more than the exchange rate suggests.   

The economic NPV for Thailand is $212 million or 54% of the total net 
bene�t to the region.

The key determinant of the distribution of gains between the two 
countries is the negotiated export price (re�ected here by the levelized 
PPA tariff). If this is altered without changing the prices to �nal consumers 
in Thailand the intra-regional distribution alters without changing the 
total regional economic NPV.8 If the negotiated price is reduced, Lao 
PDR loses relative to Thailand and conversely, when it is increased, Lao 

8 This assumption implies that any loss to Thailand created by a higher negotiated price reduces the 
surplus to EGAT, not consumer welfare, which remains unaffected as the power tariff is treated as 
constant.
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9.3.7  Sensitivity Analysis

Sensitivity analysis of the regional NPV and EIRR is undertaken with 

viability of the project (Table 9.7). The project is not sensitive to changes 
within an expected range with switching values of around %55 for a 
capital cost increase and around %50 for a fall in sales to EGAT. 

Table 9.7  Sensitivity Analysis: Regional

Change

NPV 

($ million)

EIRR

(٪)

Switching 

Value

Base case 389.4 17.5

Capital cost %20 248.5 15.1 %55

Price elasticity 
(Thailand)

From 0.725 to 
0.81

387.1 17.5 2.74

Price elasticity 
(Lao PDR)

From 0.43 to 
0.81

399.0 17.6 0.02

Sales to EGAT 20-% 233.3 15.4 %50-

Capital+Sales 20-/%20+% 92.4 13.2

EGAT = Electricity Generating Authority of Thailand, EIRR = economic internal rate of return, Lao PDR = Lao 
People’s Democratic Republic, NPV = net present value.
Source:  ADB (2005a).
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Figure 9.1. Distribution of Gains and Losses 

Lao PDR = Lao People’s Democratic Republic.
Source:  ADB (2005a)
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9.3.8  Risk Analysis 

Risk analysis was undertaken from the regional perspective using the 
@Risk software. Four variables were allowed to vary, including: capital 
cost, sales to EGAT during peak hours and price elasticities for both 

two variables and triangular distributions to the price elasticities. Within 

these variables fall close to a 0.1 standard deviation from the mean.
Risk analysis was conducted based on 10,000 iterations, with the 

output variable being the probability-weighted NPV. Figure 9.2 indicates 
that the expected NPV is 384.2$ million, slightly below the calculated 
NPV in Table 9.7. There is a %90 chance that the NPV will fall to 211$ 
million or rise to 558$ million, indicating that the project is robust against 
simultaneous changes in key variables. The key result is the probability 

indicating a very low risk. 

-

 

NPV / $ million

 

           NPV / $ million

Minimum  36.2743-
Maximum  733.3429
Mean  384.2020
Std Dev  106.7438
Values  10,000

Figure 9.2 Risk Results

NPV = net present value, Std Dev = standard deviation. 
Source: ADB (2005a).
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9.4  Case Study: Power Transmission 
Expansion Project
Based on an actual project, the case study sets out a with- and without-
project scenario and looks at Viet Nam’s power investment program over 
2015–2007. The project involves individual subprojects, including a -500

provided. The new transmission line will allow the transmission of power 
from the proposed large hydro projects in the south of the country to the 
load centers in northern Viet Nam, which are predicted to face power 
shortages without the project. As the transmission lines and substations 
are not stand-alone investments, a “time-slice’” approach is used looking 
at the return to the overall investment in the northern region over the 
period 2015–2007 (see Figure 9.3).

is linked to two factors: (i) the natural monopoly nature of power 
transmission; and (ii) the necessity to allow all competing power 
generators equal access to transmission and distribution facilities. The 
second reason is particularly relevant since the government plans to 
establish competition in power generation in Viet Nam, with a majority 

No Investment Case

With Investment Case

Load Forecast

Losses Due to 
Capacity Constraints 
and Lost Sales due 
to Lack of Generation

No r the r n
Demand , MW

Figure 9.3 Time-Slice Analysis 

MW = megawatt.
Source: ADB (2005b).

 
 



 

 

- -



 

 



-

 

 



IPP

-



FIRR

 

 ( )  
 ( )  
 ( )  

 ( )  

 ( )  



 ( )  

 P0  

Q0

 

0P0AQ0

 

Q0 P0) =  

 = ( ) =  



336

Table 9.11  New Residential Customers: Non-incremental Benefits

Q
٠

(kWh)
P

٠

(VND) New customers

Non-incremental 
consumption

(GWh)
Non-incremental 

14  121,592  2008 119 5,127 74,185 

29  246,234  2009 119 5,127 150,231 

45  73,999   2010 119 5,127 228,182 

60  504,970  2011 119 5,127 308,089 

76  639,225  2012 119 5,127 389,999 

92  776,846  2013 119 5,127 473,964 

109  917,919  2014 119 5,127 560,034 

126  1,062,528     2015 119 5,127 648,262 

GWh = gigawatt-hour, kWh = kilowatt-hour, Mn = million, VND = Vietnamese dong.
Source:  ADB (2005b).

electricity usage of new customers. The magnitude of these will vary 

P0

P1

0

Price

QuantityQ0 Q1

B

A

Figure 9.4  Demand Curve for New Residential Customers

Po : Price of alternative source of energy
P1 : Electricity tariff 
Q0 : Energy consumption per household in the absence of electricity
Q1 : Electricity consumption per household at the prevailing tariff.

-
Q0 

P0 

ABQ1Q0

-

P0

P1

Q0

Q1



Q1 P1

( )        B = Q1(P1 – 1/  ) – Q0(P0 – 1/  ) 

P1 Q1 P0 Q0

 +  P
 P1

Q0 = 119 P0 Q1

 
Q1 P1

 = (lnQ1 – lnQ0)/(P1 – P0)

  = (ln 1,351 – ln 119)/(768 – 5,127)

         = -0.00056

P1  

B = 1,351 * (768 – 1/-0.00056) – 119 * (5,127 – 1/-0.00056) 

B = 2,637,926 

lnQ1 =  + 1 lnQ0 =  + 0

 = (lnQ1 – lnQ0)/(P1 – P0)  (P1 – P0) = (lnQ1 – lnQ0)  = lnQ0 – 0 = lnQ1 – 1
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with the electricity tariff. They are represented graphically by the area 
ABQ1Q0 in Figure 9.4, where P1 is the tariff charged to new customers 
and Q1 is their demand at this charge. Where non-linear demand-price 
relations are involved (as shown in Figure 9.4), incremental bene�ts are 
valued based on the procedure suggested in Choynowski (2002). The 
formulation expresses WTP for incremental power (B) as:

B = Q1(P1 – 1/  ) – Q0(P0 – 1/ ) (1)

where Q0 and P0 are the without-expansion consumption and price 
points, and Q1 and P1 are the corresponding with-expansion points.  is 
the coef�cient from a semi-log demand relation ln.Q =  +  P. The solution 
of equation (1) requires a value for . When econometric estimation of 

 is not available, it can be inferred from the planned price P1 and an 
approximate estimate of with-expansion demand Q1. In this analysis 
the without-expansion points are P0 = 5,127 and Q0 = 119 re�ecting the 
usage without the project. Approximate estimates imply a planned tariff 
in 2008 of VND768 (P1), and usage per new customer of 1,351 kWh (Q1). 
The average usage for new customers was obtained through a survey of 
recently electri�ed similar villages. With these four points, a value of 
can be inferred, as  = (lnQ1 – lnQ0 )/(P1 – P0).9 Therefore,

 = (ln 1,351 – ln 119)/(768 – 5,127)
   = -0.00056 

In calculating incremental bene�ts over 2008–2025, real residential 
tariffs are assumed to remain the same (so, P1 is constant). The 
bene�t per consumer, using equation (1), is calculated as follows (see  
Table 9.12):

B = 1,351 * (768 – 1/-0.00056) – 119 * (5,127 – 1/-0.00056)
B = VND2,637,926

Multiplying this bene�t with the number of additional customers for 
2008 of 121,592 gives a total incremental bene�t of VND320,751 million; 
similar calculations are done for subsequent years. This approach 
assumes that the new customers consume the same quantity throughout 
the project period. This is not realistic as consumption may increase 
with an increase in income. However, since the demand function using 
the two data points does not include income as a variable, it is not 

9 This follows since: lnQ0 =  + .P0 and lnQ1 = + .P1 
 Rearranging,  = lnQ0 –.P0 = lnQ1 – .P1 and (P1 – P0) = (lnQ1 – lnQ0). So,  = (lnQ1 – lnQ0)/(P1 – P0).
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possible to account for the increased consumption. This simpli�cation 
underestimates the bene�ts but if, as here, the EIRR is greater than the 
cut-off point without adjustment for an income effect, the simpli�cation 
does not alter the decision on acceptance of the project based on 
economic viability. 

Table 9.12  New Residential Customers: Incremental Benefits
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20085,127 1197681,351 121,592 150 2,637,926 320,751 

20095,127 1197681,351 246,234 303 2,637,926 649,547 

20105,127 1197681,351 373,999 461 2,637,926 986,582 

20115,127 1197681,351 504,970 622 2,637,926 1,332,073 

20125,127 1197681,351 639,225 788 2,637,926 1,686,228 

20135,127 1197681,351 776,846 957 2,637,926 2,049,262 

20145,127 1197681,351 917,919 1,131 2,637,926 2,421,402 

20155,127 1197681,351 1,062,528 1,309 2,637,926 2,802,870 

GWh = gigawatt-hour, kWh = kilowatt-hour, P0 = price point without the project, P1 = price point with the 
project, Q0 = consumption point without the project, Q1 = consumption point with the project, VND = 
Vietnamese dong.
Source: ADB (2005b).

B. Bene�ts to Existing Residential Consumers
Without the project, existing residential customers consume 1,351 kWh 
(= Q1) and pay the without-project tariff of VND804/kWh (= P1). With 
the project, they will pay the with-project tariff of VND768/kWh (= P3) 
and their consumption is projected to increase by 6.5% per year over 
the project life. This is an approximate estimate based on past trends 
in consumption that re�ect rising household income over the project’s 
lifetime. Thus by 2009, consumption of these existing consumers will be 
1,439 kWh (= Q3). The new higher demand line re�ects greater demand 
at every tariff level due to this income effect. Graphically, the WTP for 
existing residential customers is re�ected in the area Q1beQ3 in Figure 
9.5,10 where P3 and Q3 are the tariff and usage with the expansion while P1 
and Q2 are the tariff and usage without the expansion. 
10Taken from Figure 8.3 in Chapter 8.
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comprises of the incremental revenue (area Q1deQ3) and consumer 
surplus (area dbe). Incremental revenue is the product of the with-
project tariff and incremental consumption. For example, the incre- 
mental consumption revenue in 2009 is derived by multiplying the 
difference in the with- and without-project consumption (1,351 – 1,439) 
with the number of without-project customers of 19,563,751 to get 1,718 
GWh. This result is then multiplied by the with-project tariff of VND768/
kWh to get VND1,319,417 million (see Table 9.13).

As discussed in Chapter 8, where there is an outward shift in the 
demand curve due to an income effect, calculation of consumer surplus 
requires an estimate of the market-clearing price in the without-project 
case at the new level of demand (that is, P2 rather than the observed price 
of P1). Since P2 is unknown, consumer surplus (CS) can be approximated 
using equation (5) from Chapter 8. Thus in this case total consumer 
surplus for all existing residential users is calculated using the equation 

CS = 0.5[PE (∆Q)2/ (ed Q1)] (2)

where PE is the without-project tariff of VND804/kWh, ∆Q is incremental 
consumption, ed is equal to 0.43− which is an average price elasticity of 
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demand for power,11 and Q1 is the without-project consumption. To 
illustrate for year 2009:

Consumer surplus =           0.5 x   (804 x 1,7182)
  0.43 x (1,351 x 19,563,751)
 =   VND98,026 million

Similar calculations are done for subsequent years.

 

C: Bene�ts to Non-Residential Consumers
Existing non-residential consumers consist of producers in the industry, 
commerce, and agriculture sectors. A survey conducted by EVN shows 
that on average an industrial customer uses 9,000 kWh per year but only 
4,000 kWh of electricity is obtained from the grid. Thus, 5,000 kWh is 
generated by small diesel generators to meet the total demand. Similarly, 
about 1,200 kWh and 120 kWh of self-generated electricity are used by 
commercial and agricultural customers, respectively. Thus, the average 
producer �nds only part of their electricity needs supplied by the grid. 

Without the project, given the high expected rate of economic 
growth and the binding constraint on additional generating capacity, it is 
assumed that the increased power needs of existing non-residential users 
would have to be self-generated. The cost of self-generated electricity is 
estimated12 at VND2,400/kWh. Based on previous trends, it is assumed 
that, without the project, self-generation needs of existing businesses 
will increase at 9% for industry, 6% for commerce, and 4% for agriculture.

 Without the project in 2008, it is estimated that there would be 894 
GWh of high-cost self-generated electricity from industrial users, 151 
GWh from commercial users, and 21 GWh from agricultural users. The 
bene�t to the economy is therefore the resource cost saving of VND2,400/
kWh multiplied by the self-generated electricity that will be substituted 
by the project.  

Table 9.14 shows the total self-generation by industry, commerce, 
and agriculture and the estimated non-incremental bene�ts (valued at 
resource cost savings) under the project. For illustration in 2008, bene�ts 
in industry are: 

VND2,400/kWh x 894 GWh = VND2,145,600 million

11 This elasticity is based on the average for Asian developing countries (see Appendix 8.1 in Chapter 
8). Note that this equals the implied elasticity in the application of equation (1) above, since in the 
semi-log form of demand equation price elasticity equals .P1. Here .P1 = −0.00056*768 = −0.43.

12 EVN Tariffs: Interim Report, Economic Consulting Associates, Robert Vernstorm Associates, 
September 2003. 
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9.5  Conclusions
This chapter has illustrated the application of economic analysis 
techniques to the appraisal of two different types of power project—a 
power generation project for export which has regional characteristics 
and a transmission line project that is part of a wider expansion program. 
The key focus of the power generation project is on the regional aspect 
and on estimating the distributional effect between the two participating 
economies in the region and foreign investors. The emphasis in the 

from incremental consumption using elasticity-based estimates of WTP.

Distribution for NPV

      - - 

Values in Billion

Mean = 38.39963

Figure 9.6 Risk Analysis

NPV = net present value.
Source: ADB (2005b).
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Appendix 9.1  Incremental Bene�ts to New  
Non-Residential Customers

It is assumed that 10% of the total of existing industrial and commercial 
customers will establish new businesses as a result of the project. The 
bene�ts from new non-residential customers can be estimated using the 
approach in Choynowski (2002) with a slight modi�cation. In the case 
of new customers, the gross bene�t is equal to the total area under the 
demand curve since their starting consumption is zero. Therefore, the 
demand function should be integrated between zero and Q3 (see Figure 
8.3 in Chapter 8). In the case where a customer uses an alternative source 
such as kerosene, the consumer surplus portion under the without-
project situation is the same as in the with-project situation. Therefore, 
this is not included in the bene�ts. However, in this case where the new 
customer does not consume alternative energy sources, the total area of 
the demand curve bounded by zero and Q3 constitute the bene�ts. 

For illustration purposes, only the industry and commerce sectors 
are considered in the analysis. Based on survey information, P0 and 
Q0 for industry are considered to be VND2,400/kWh and 5,000 kWh, 
respectively. P3 and Q3 for the same are VND768/kWh and 9,000 kWh, 
respectively. These points on the demand curve are used to establish 
the demand function13 for the industry sector:

lnQ = 9.38 – 0.0003602*P 

In order to use this equation for estimating incremental bene�ts, the 
price at zero quantity is required. However, since the price at zero quantity 
is not de�ned in the semi-log demand function, a price corresponding 
to a quantity close to zero (0.1) was estimated at VND32,441.3.14 This 
price and quantity of 0.1 was used to obtain the bene�t per new 
industrial customer at VND 31,897,136. The same approach is followed 
in estimating the bene�ts for commercial customers. The bene�ts per 
customer are then multiplied by the estimated number of new non-
residential customers to get the incremental bene�ts. Table A9.1.1 shows 
the results. Inclusion of this additional bene�t in the sensitivity analysis 
raises the EIRR to over 19%.

13 See Chapter 8 for the procedure.
14 This price is estimated as (ln[0.1] – a)/b, where 0.1 is the quantity close to 0, a is the intercept, and 

b is the slope.
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