
South Asia Subregional Economic Cooperation Power Transmission and Distribution System Strengthening Project 
(RRP NEP 50059-003) 

 

ECONOMIC ANALYSIS 

 
A. Background and Approach 
 
1. Economic evaluation of the proposed project was carried out in accordance with 
guidelines for economic analysis of the Asian Development Bank (ADB) using a with-project and 
without-project framework to compare each subproject cluster’s investment economic internal 
rate of return (EIRR) against an assumed hurdle rate of 9%.1 
 
2. The first two outputs of the project are composed of a number of subprojects. For analysis, 
subprojects were grouped by outcome, rather than by component. The subproject clusters for 
economic (and financial) analysis are as follows: 

 
(i) Kathmandu Valley supply augmentation. Upgrading Barhabise, Lapsiphedi, and New 

Khimti substations from 220 kilovolts (kV) to 400 kV; constructing a new 132 kV substation 
at Koteshwor; and reconstructing 11 kV and 0.4 kV circuits in nine distribution centers 
across Kathmandu, Lalitpur, and Bhaktapur. The capital and operating costs of charging 
infrastructure for electric vehicles are included in this subproject cluster. 

(ii) Province 2 supply augmentation. Adding nine 33/11 kV substations, plus associated 33 
kV, 11 kV, and 0.4 kV line and substation upgrades and reinforcement; upgrading the 
existing 132 kV double-circuit transmission lines from Pathlaiya substation to the 
Parwanipur substation; and constructing a new 132/33 kV substation at Pokhariya to 
enhance supply to Province 2. 

(iii) Pokhara and Bharatpur distribution centers supply augmentation. Reconstructing 11 
kV and 0.4 kV circuits in Pokhara and Bharatpur distribution centers. 

 
B. Demand and Supply Balance 
 
3. The compound average electricity demand growth rate in the country over the past 20 
years from 2019 has been 9%, and over the last 5 years it has increased to about 15% as supply 
constraints have been removed. In lieu of specific demand forecasts for the subproject areas, an 
average growth rate of 9% was adopted. To be conservative and in recognition of other 
investments that will be required to meet demand, cumulative load growth has been capped in 
this analysis at 300%. Nepal has historically experienced significant shortages in electricity 
supply, particular in the dry winter months (late October to early May) when output from run-of-
river hydropower plants is curtailed. Consequently, Nepal Electricity Authority (NEA) has had to 
resort to load shedding to match available supply to demand. Through more effective and efficient 
demand-and supply-side management, NEA has gradually reduced load shedding; during fiscal 
year (FY) 2017 (ended 15 July 2017), load shedding was entirely avoided in the important 
commercial and tourist cities of Kathmandu and Pokhara. During FY2019, 62% of Nepal’s 
electricity (energy and power) came from domestic hydropower plants, with the balance imported 
from India and with domestic load shedding reported by NEA to be less than 1% of demand. With 
the anticipated commissioning of new hydropower plants over the next 2–3 years by 2023,2 
coupled with augmentation of cross-border transmission capacity with India, NEA expects it will 
be able to meet electricity demand all year round, and certainly in the project areas (if not in more 
remote parts of the country where transmission and distribution capacity is still limited). This 

 
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; and ADB. 2013. Cost–Benefit Analysis for 

Development: A Practical Guide. Manila. 
2 Hydropower capacity of more than 1,000 megawatts (MW) is currently under construction and financial closure has 

been achieved for a further 700 MW of capacity. 
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economic analysis therefore assumes no constraints on supply of electricity to the grid once the 
proposed project is fully commissioned in 2025. 
 
C. Alternatives Analysis 
 
4. The transmission output of the project forms part of the overall least-cost transmission 
master plan for Nepal. Analysis as part of a previous loan confirmed the choice of 11 kV as the 
most efficient distribution voltage for Kathmandu.3 The Province 2 distribution augmentation 
subproject and the Pokhara and Bharatpur distribution centers supply augmentation subproject 
displace alternative (and far more expensive) energy sources that are typically used in the 
absence of a reliable grid electricity supply. The levelized cost of supply from these subprojects 
was estimated to be NRs7.5–NRs9.5 per kilowatt-hour (kWh) (calculated by dividing the present 
value of capital, operating, and upstream supply costs by the present value of incremental output). 
This compares favorably with the levelized cost of likely alternative energy sources: small diesel 
generators (NRs45 per kWh) and kerosene lamps (NRs54 per kWh). 
 
D. Project Economic Costs 
 
5. Project costs were provided by NEA and were formulated on the basis of recent 2019 bid 
prices and reflect a price level as of the second quarter of 2019. Cost components were broken 
down into equipment, civil works and construction, land, preparatory work, external project 
management, and environmental and social mitigation. The domestic price numeraire was used. 
Traded inputs and fuel were valued at their border price equivalent values and then adjusted to 
the domestic price numeraire by multiplying by a shadow exchange rate factor of 1.07 (which was 
based on values used in other recently approved projects in Nepal) (footnote 3). It was assumed 
that there are no significant distortions in the wage rates for skilled labor. In the case of unskilled 
labor, underemployment exists in the economy, and a shadow wage rate of 0.75 was adopted 
(based on values used in other recently approved projects in Nepal) (footnote 3). Land is a small 
component of project cost (about 3%) and therefore the estimated market cost of land, as provided 
by NEA, was adopted as a proxy for its economic opportunity cost. Average operation and 
maintenance costs of 1.5% of the capitalized project cost were adopted for the transmission 
component, and 2% for the distribution component, reflecting international experience and the 
typical benchmarks set by jurisdictional regulators.4 
 
6. Contracted seasonal electricity purchase rates from independent power producers (IPPs) 
and from the 456-megawatt (MW) Upper Tamakoshi project (expected to be commissioned by 
Dec 2020 and designed to provide dry season peak energy and capacity to Kathmandu) were 
adopted as proxies for the long-run economic cost of electricity supply. Even though almost all 
IPP offtake rates are designed to decrease in real terms over time, to be conservative, rates were 
assumed to be constant in real terms from 2024 onwards. 
 
E. Project Economic Benefits 
 
7. Quantification of benefits. The project is principally designed to improve NEA’s ability to 
meet demand growth in the project areas. The Kathmandu Valley supply augmentation subproject 

 
3 ADB. 2017. Report and Recommendation of the President to the Board of Directors: Proposed Loan and 

Administration of Technical Assistance Grant to Nepal for the Power Transmission and Distribution Efficiency 
Enhancement Project. Economic Analysis (accessible from the list of linked documents in Appendix 2) Manila. 

4 In practice, it is likely that the investment in the proposed investment in the Kathmandu Valley, Pokhara, and 
Bharatpur distribution systems will result in lower expenditure on operation and maintenance than is currently 
required on the dilapidated networks. 
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cluster will add 370 megavolt-amperes (MVA) of primary substation capacity to the Kathmandu 
Valley (a 45% increase over existing and under-construction primary substation transformer 
capacity). NEA will not be able to utilize all of this incremental capacity until corresponding 
downstream investments are made to increase the capacity of the distribution network in the 
Kathmandu Valley. The proposed project includes reinforcement and modernization of nine of 
NEA’s distribution centers in the Kathmandu Valley (covering Kathmandu, Lalitpur, and 
Bhaktapur). Based on the intended capacity of the upgraded medium-voltage circuits in these 
distribution centers and on an assessment of spare distribution capacity elsewhere in the 
Kathmandu Valley, it is estimated that the project will allow NEA to supply an additional 150 MVA 
of demand to be served in the Kathmandu Valley. This translates to incremental annual electricity 
sales of about 1,000 gigawatt-hours (GWh) by 2035, most of which is incremental consumption. 
 
8. The Province 2 supply augmentation subproject will add 80 MVA of primary substation 
capacity (a 21% increase over existing and under-construction 33/11 kV substation transformer 
capacity). Given other upgrades and reinforcements taking place in Province 2, it was assumed 
that all 80 MVA of this capacity is usable to generate additional sales (an estimated 440 GWh by 
2035). The Pokhara and Bharatpur subproject cluster focuses primarily on improving NEA’s ability 
to meet demand in these key urban centers, and to reduce outages and improve visual amenity. 
To this end, the subproject will add 9 MVA of feeder capacity in Pokhara and 24 MVA in Bharatpur, 
resulting in an additional 70 GWh of sales by 2034. 
 
9. Given the large installed captive generation base (an estimated 500 MW nationally, the 
majority of which is in the Kathmandu Valley) the increase in supply capacity is expected to result 
in some resource cost savings because of displacement of self-generation, i.e., in the without-
project case, some demand for electricity that cannot be met from the grid would instead be met 
through the use of alternative energy sources. Further benefits are expected to accrue from the 
expected improvement in quality of supply that the investment will bring, particularly a reduction 
in the frequency and duration of medium- and low-voltage outages in the distribution centers to 
be rebuilt. At present, faults and overloads occur frequently as a consequence of poor network 
condition and inadequate capacity, resulting in prolonged outages for NEA’s customers in the 
Kathmandu Valley and Province 2. To quantify this benefit (i.e., a reduction in unserved energy), 
the estimated average outage frequency and duration on medium-voltage feeders was derived 
from raw data provided by NEA, and an 80% reduction was then assumed as a result of the 
investment. 
 
10. Loss reduction is expected to be significant in the distribution centers included in the 
investment for the Kathmandu Valley and Province 2. Average energy losses in Province 2 are 
historically about 30% (of energy input) and about 15% in Kathmandu Valley. Total losses in the 
Pokhara and Bharatpur distribution centers are about 9%. Based on technical analysis 
undertaken over a 10-year time frame, a 25% reduction in technical losses is expected. With the 
adoption of underground cables and aerial bundled conductors for medium- and low-voltage 
networks and the introduction of smart metering technology enabled for remote reading, 
commercial losses are also expected to decrease significantly, particularly in the Kathmandu 
Valley, where a 50% reduction has been assumed, and in Province 2, Pokhara, and Bharatpur, 
where a 25% reduction has been assumed, with 75% of this reduction being converted to sales 
(and 25% resulting in a reduction of NEA’s electricity purchases). Only the loss reduction that 
reduces NEA’s electricity purchases has been ascribed economic value; the net economic output 
was assumed to be unchanged as a consequence of the conversion from commercial losses to 
sales. Loss reduction that occurs in periods when grid capacity would be adequate to meet 
demand in the without-project case would result in a reduction generation into the grid in the with-
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project case (a non-incremental output in the form of resource cost savings). At other times, loss 
reduction would result in additional demand being served (an incremental output). 
 
11. By displacing generation from alternative sources, the project will reduce greenhouse gas 
emissions by an estimated 255,000 tons of CO2 equivalent per year (once the project’s output 
has reached full capacity). 
 
12. Valuation of benefits. Non-incremental output that is expected to occur as a 
consequence of the increase in substation capacity was valued at the estimated fuel cost of 
energy from small diesel generating sets and lighting from kerosene lamps. Non-incremental 
output from the reduction in short-term outages was also valued using the fuel cost of energy from 
these sources. Fuel was valued using the World Bank’s projections for international crude oil 
prices, converted to border price equivalent values for kerosene and diesel fuels and shadow 
priced.5 
 
13. Non-incremental output arising from loss reduction was valued at the average cost of 
purchases from IPPs as a proxy for the variable cost of generation. Incremental consumption was 
valued by estimating willingness to pay using the approach outlined in ADB’s Cost Benefit 
Analysis for Development.6 The average unit cost of energy in the with-project case was taken 
as NEA’s expected weighted average consumer tariff in each of the subproject areas. Consumers’ 
average unit cost of energy in the without-project case was estimated on the basis of the total 
cost paid for alternative energy sources and electricity from the grid. For simplicity, a linear 
demand function was assumed. For the expected reduction in short-term outages in the with-
project case, the cost of energy not served was also based on the fuel cost of backup generation 
from diesel generating sets and lighting from kerosene lamps. 
 
F. Economic Internal Rate of Return, and Sensitivity and Risk Analysis 
 
14. A period of 30 years has been used for economic evaluation. Investment is assumed to 
take place during 2020–2024, and benefits are assumed realized from 2025. Asset residual 
values have been ignored. The EIRRs are estimated to be 13.5% (Kathmandu Valley), 15.1% 
(Province 2), and 14.5% (Pokhara and Bharatpur), with an aggregate EIRR of 13.9% (12.8% 
excluding environmental benefits). The aggregate EIRR calculation is shown in Table 1. All EIRRs 
are above the assumed hurdle rate of 9%, reflecting the high economic values of investing to 
remove capacity constraints and improve supply quality in the project areas. 
 
15. The risk that the proposed investment does not achieve satisfactory economic returns was 
identified from both the cost and benefit sides. For each of the risks identified, the sensitivity of 
the aggregate project EIRR was tested and switching values were calculated.7 Sensitivity results 
are shown in Table 2. The EIRR exceeds 9% for all single contingencies, but it does fall below 
the 9% hurdle rate in the combined downside scenario. 
 
16. Sustainability. The proposed investment is only a small part of the sector’s overall 
investment need; however, it will make a discernable difference to the quantity and quality of 
electricity supply received by many consumers within the project areas. The higher load densities 
and revenue yield in Kathmandu Valley compared to the rest of the country, the current poor 

 
5 World Bank. 2019. Commodity Markets Outlook, October 2019. Washington, DC. 
6 ADB. 2013. Cost–Benefit Analysis for Development: A Practical Guide. Manila. 
7 A switching value measures the percentage change in the variable required to reduce the EIRR to the assumed 

hurdle rate. 
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quality of electricity supply in Province 2, and the burgeoning growth of electricity demand in the 
industry sector mean that project is financially viable, sustainable, and will improve NEA’s financial 
performance and position (so long as the planned introduction of an automatic tariff adjustment 
mechanism is implemented). Furthermore, Nepal passed the Electricity Regulatory Commission 
Act, 2017, paving the way for the formation of the Electricity Regulatory Commission to determine 
cost-reflective end-use electricity tariffs for the country (among other things). 
 
G. Conclusion 
 
17. The economic analysis confirms that the proposed project is least cost and economically 
viable. The analysis yields an overall EIRR of 13.9%. Sensitivity analysis demonstrates that the 
project’s expected economic performance is robust and not particularly exposed to any specific 
risks. The historical risk associated with generation shortages, particularly during the dry winter 
season, now appears to be resolved, further deepening consumer demand for grid electricity and 
increasing willingness to pay. 
 

Table 1: Economic Internal Rate of Return Calculation: Aggregate Project 
(NRs million) 

    Benefits   Costs   Net 
Economic 
Benefits 

 
Year 

  Non-
Incremental 

Output 

Incremental 
Output 

Avoided 
Emissions 

  Capital: 
Project 

Capital: 
Other 

Supply O&M   

2020  0 0 0  3,021 0 0 0  (3,021) 

2021  0 0 0  8,037 0 0 0  (8,037) 

2022  0 0 0  8,902 0 0 0  (8,902) 

2023  0 0 0  8,653 0 0 0  (8,653) 

2024  0 0 0  4,901 247 0 0  (5,148) 

2025  858 2,305 162  0 0 976 619  1,731 

2026  1,245 3,128 232  0 0 1,287 619  2,698 

2049  6,180 10,500 2,107  0 0 7,998 619  10,171 

         EIRR:  13.9% 

         ENPV:  20,589  

( ) = negative, EIRR = financial internal rate of return, ENPV = economic net present value, O&M = operation and 
maintenance. 
Note: Selected years shown for brevity. 
Source: Asian Development Bank estimates. 

 
Table 2: Sensitivity Analysis: Aggregate Project 

Sensitivity Parameter  Variation EIRR Switching Value 
 Base case   13.9  

1 Capital cost increased  +20% 12.3 59 

2 Willingness to pay reduced  –20% 11.7 (43) 

3 Cost of alternative energy sources reduced  –50% 11.7 (109) 

4 O&M increased  +50% 13.4 487 

5 Demand growth lowera   –25% 10.5 (36) 

6 Fuel prices decreased  –20% 13.1 (123) 

7 Delay  1 year 12.7  

8 Combined (1–6)     (0.6)   

EIRR = economic internal rate of return. O&M = operation and maintenance. 
a The base case assumed 9% annual demand growth. Demand growth of 75% of 9% (6.75%) was tested here. 
Source: Asian Development Bank estimates. 


