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 ECONOMIC ANALYSIS 

A. Introduction 

1. The project economic analysis was conducted in accordance with Asian Development Bank 
(ADB) guidelines on economic appraisal of projects.1 The costs and benefits were measured in 
2019 constant prices using the domestic price numeraire. Financial prices of project inputs and 
outputs were converted to economic prices by applying appropriate conversion factors. The 
economic internal rate of return (EIRR) was calculated by comparing the with- and without-project 
scenarios. A sensitivity analysis was conducted to ascertain the investment’s robustness. 

B. Rationale 

2. The government launched the Ujwal DISCOM Assurance Yojana (UDAY) to improve the 
financial performance of distribution companies (DISCOMs) through debt restructuring and 
operational improvement. The Uttar Pradesh DISCOMs are implementing the following strategies 
to achieve the targets set under the UDAY program: (i) curtailing electricity supply for water pumping 
to 8−10 hours per day, depending on the agriculture season, compared with the 18-hour supply at 
present; (ii) providing electricity for household and commercial activities for at least 20 hours per 
day in rural areas; (iii) converting the low-voltage network from bare conductors to aerial bundled  
conductors (ABC) and replacing service wires with armored cables to prevent illegal tapping and 
electricity theft; (v) ensuring collection of bills in rural areas; and (vi) converting all residential 
connections to metered connections with measures to prevent meter tampering  of authorized 
connections. 

C. Demand Analysis 

3. The largest state in India by population (more than 220 million), Uttar Pradesh has recently 
significantly increased access to electricity. Since 2017, more than 8 million rural households (about 
50 million people) were provided household electricity connections, doubling the total number of 
rural household connections. The duration of electricity supply has been increased from 12–13 
hours per day to 18 hours per day. The government intends to further increase the supply duration 
in rural areas to 22 hours per day by 2024. 

4. Because of natural population growth, consumers in the project area are likely to increase 
slightly every year. However, for the economic analysis, this gradual increase in demand is ignored 
and the benefits are valued based on current consumer numbers, avoiding any uncertainty of 
project viability based on growth in consumer numbers. The average household consumption in 
rural areas is assumed to be 110 kilowatt-hours (kWh) per month, including electricity illegally stolen 
from the network.2 Household consumption is assumed to increase by 2% per annum until 2024 
and then by 1% until 2031. 

5. Output 1: Rural electricity distribution network improved. Electricity consumption per 
household is conservatively assumed to be reduced by 6% because the conversion of low-voltage 
networks to ABC under the project will prevent illegal connections. The reduced demand is assumed 
to be wasteful consumption encouraged by unmetered and illegal connections and will not result in 
a reduction in consumer utility or economic benefits. This project component has no other impact 
on demand. 

 
 
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
2 Estimated based on socioeconomic surveys undertaken as part of project preparation. 

http://www.adb.org/Documents/RRPs/?id=51395-002-3


2 
 

 
6. Output 2: Systems for separate electricity distribution for agriculture consumers 
and residential consumers established. Electricity supply duration for agriculture consumers 
could be curtailed from 18 to 10 hours per day and supply duration for residential consumers 
increased from 18 to 20 hours per day as a result of this. The change in supply duration would have 
the following impacts on demand. 

(i) Residential consumers. It is assumed that 60% of energy consumption will not be 
affected by the increase in supply duration. The remaining 40% of energy 
consumption is assumed to increase in proportion to the increase in supply duration. 

(ii) Agriculture consumers. It is assumed that reduced electricity supply duration will 
result in the coincidence factor (percentage of agriculture consumers operating at 
any given time) increasing from 30% to 40%.3  However, the reduction in supply 
duration from 18 to 10 hours will offset this increase in coincidence factor, resulting 
in a net reduction in electricity demand for water pumping. The reduced demand is 
assumed to be wasteful consumption encouraged by unmetered connections and 
that a reduction in this consumption will not result in a reduction in economic output. 

D. Cost–Benefit Analysis 

7. Assumptions. Cost–benefit analysis was separately carried out for the two outputs. The 
following were assumed: 
 

(i) All costs and benefits are expressed in 2019 constant prices. 
(ii) The project is implemented in phases, over 2020–2028. Because of the project’s 

modular nature, benefits proportional to project implementation progress are 
assumed. 

(iii) Keeping 2019 as the reference year, the analysis was conducted from 2020 to 2054, 
covering the 9-year staggered implementation of 2020–2028 and the 33-year benefit 
period of 2021–2054. 

(iv) All costs and benefits were valued using the domestic price numeraire in India. 
Tradable inputs were adjusted by the shadow exchange rate factor of 1.04,4 while 
unskilled labor was adjusted by the shadow wage rate factor of 0.89 for India.5 

(v) The value of avoided carbon dioxide (CO2) emissions was calculated based on 
$36.3 per ton in 2016 prices and increased by 2% annually in real terms.6  

 
1. Economic Benefits 

8. Output 1. By project completion in 2029, the project will replace existing bare conductors 
with ABC in about 50,000 low-voltage distribution networks in rural villages, with 9.4 million 
residential consumers. ABC networks provide electricity more safely and reliably, with lower 
technical losses and reduced operation and maintenance (O&M) costs than conventional bare 

 
 
3 Change in coincident operation of water pumps estimated based on the pump operating data collected from the field 

survey conducted among existing agriculture electricity consumers as part of the due diligence process. 
4 The shadow exchange rate factor was estimated based on trade statistics from FY2012–FY2013 to FY2016–FY2017. 

World Integrated Trade Solution. India Product Exports by Country and Region 2012 (accessed 1 May 2018). 
5 Shadow wage rate factor = ₹224/day (minimum wages in 2019 for unskilled laborers)/₹252/day (practiced labor wage 

rate paid by contractors to unskilled laborers). Paycheck.in. Minimum Wage—Tripura. 
6 ADB. 2019. Greenhouse Gas Emissions Accounting for ADB Energy Project Economic Analysis—Guidance Note. 

Manila.  

https://wits.worldbank.org/CountryProfile/en/Country/IND/Year/2012/TradeFlow/Export/Partner/all/Product/Total
https://paycheck.in/salary/minimumwages/21875-tripura
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conductor networks.7 More importantly, ABC networks will prevent electricity theft through illegal 
tapping. 

9. Preventing electricity theft resulting from conversion of low-voltage networks to ABC is 
assumed to have the following economic benefits: 

(i) The portion of electricity stolen under the without-project scenario will be converted 
to paid consumption. Although this will have financial benefits to the DISCOMs, it will 
not have any economic impact as economic benefits will not change.  

(ii) Consumers are assumed to forego the remaining portion of electricity stolen. The 
portion is assumed to be 6% of energy consumption under the without-project 
scenario.8 By 2029, the portion will total 7.69 kWh per consumer per month or 866 
gigawatt-hours (GWh) per annum. This reduction in consumption is assumed not to 
reduce consumer utility or benefit, as it is assumed to be wasteful consumption 
encouraged by the ability to steal electricity. The reduction will, however, result in 
economic benefits because of generation cost savings.  

(iii) By 2029, the reduction in technical losses because of conversion to ABC will result 
in further 775 GWh per annum savings in energy purchase requirement. 

(iv) CO2 emissions will decrease because of reduced energy purchase (generation). The 
reduction of CO2 emissions was estimated using India’s grid emission factor of 0.95-
ton CO2 per megawatt-hour.9  The annual average emission reduction expected 
from component 1 by 2029 is 60.656 million tons of CO2 per annum. 

10. Output 2. By project completion in 2029, the project is expected to expedite the curtailment 
of electricity supply duration to agriculture consumers and increase the supply duration to residential 
consumers. This will have the following impacts: 

(i) Incremental economic benefits because of increased residential electricity 
consumption. It is estimated to be 83.4 GWh per annum at project completion.10  

(ii) Reduced agriculture electricity consumption because of the curtailment of supply 
duration. Reduced consumption is assumed not to result in any loss in economic 
utility as the saved energy is assumed to be wasteful energy consumption 
encouraged by unmetered energy supply. The energy saving totals 297.1 kWh per 
agriculture pump per month or 916.5 GWh per annum at project completion.11 

(iii) Reduction in technical losses in the medium-voltage network. They will total 118.3 
GWh per annum at project completion because of the separation of 11 kV feeders. 

(iv) Reduction in CO2 emissions because of reduced energy purchase (generation). The 
emission reduction was estimated using India’s grid emission factor of 0.95-ton CO2 
per megawatt-hour (footnote Error! Bookmark not defined.). The annual average 

 
 
7 Reduction in O&M cost because of the use of ABC is not included as an economic benefit as the cost reduction 

cannot be accurately quantified and is likely to be smaller than other project economic benefits. 
8 Estimated based on results achieved from a similar project implemented in Delhi (A. Kaushik. 2017. Analysis of 

AT&C Loss Reduction Techniques in 11kV Electrical Distribution System. Indian Journal of Applied Research. 
Volume 7 [5]). 

9 Institute for Global Environmental Strategies. 2020. IGES List of Grid Emission Factors. Hayama. 
10 Estimated based on the projected increase in electricity consumption of domestic consumers because of the 

assumed increase in electricity availability from 18 to 20 hours per day. Of the unrestricted domestic electricity 
consumption, 60% is assumed to be fixed while the balance varies based on availability of electricity supply. 

11 Estimated based on the projected reduction in electricity consumption of agriculture consumers because of the 
assumed reduction in electricity availability from 18 to 10 hours per day, which is the duration of electricity supply 
required for agriculture without any loss of output. 
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emission reduction expected from component 2 in 2029 is 0.112 million tons of CO2 
per annum. 

11. The economic benefits of output 1 will be the reduced cost of meeting residential consumer 
demand because of reduction in residential energy consumption and in technical losses. The 
economic benefits of output 2 will have (i) incremental benefits of increased consumption by existing 
residential customers, (ii) benefits of reduced cost of meeting demand for water pumping because 
of reduced energy usage, and (iii) the benefit of reduction in technical losses in the medium-voltage 
network in meeting demand. 

12. The non-incremental economic benefits were valued at the resource cost saving (average 
variable cost of energy generation). The incremental economic benefits of output 2 were valued at 
consumers’ willingness to pay for improved availability, estimated by multiplying individual 
consumer’s willingness to pay by the total number of consumers benefitted by the project.12 Outputs 
1 and 2 will also result in economic benefits because of the global environmental benefits of CO2 
reduction, valued according to ADB guidelines for estimating the economic value of CO2 
emissions.13 The reduction in net energy generation (reduction in energy demand because of lower 
energy consumption for water pumping and lower technical losses minus increase in residential 
energy consumption) will result in reduced CO2 emissions. 

2. Economic Costs 

13. The analysis includes (i) capital costs and (ii) O&M costs. As electricity purchase is reduced 
overall, the cost of supplying incremental demand of residential consumers under component 2 
is not separately calculated; it is set off against reduced electricity purchase because of reduced 
technical losses and electricity wastage by agriculture and consumers. Investment cost was 
estimated at ₹30,549 million for component 1 and ₹19,009 million for component 2 in economic 
price, excluding tax and duties, price contingency, and financing charges during construction. The 
variable power generation cost for Uttar Pradesh was estimated at ₹2.35/kWh. However, as 
component 1 involves only replacement of existing bare conductors with ABC, no additional O&M 
costs are expected under component 1. Costs and benefits were categorized into traded goods, 
nontraded goods, foreign skilled labor, local skilled labor, and local unskilled labor, and adjusted 
using conversion factors. 

3. Results 

14. The overall EIRR and economic net present value for the proposed project are 14.5% and 
₹22,557 million (14.6% and ₹16,747 million for component 1 and 14.1% and ₹5,810 million for 
component 2). Without environmental benefit, the overall EIRR and economic net present value for 
the proposed project are 10.3% and ₹4,695 million (9.6%% and ₹1,581 million for component 1 and 
11.9% and ₹3,114 million for component 2). The results are summarized in Table 1. 

 
 
 
 
 

 
 
12 Based on a consumer survey conducted in Purvanchal Vidyut Vitran Nigam Limited (PuVVNL) and Madhyanchal Vidyut 

Vitran Nigam (MVVNL) areas in 2019, covering 840 households across 21 habitations, the weighted average willingness 
to pay for improved availability of electricity by an individual domestic consumer in the project area was found to be 
₹306.50 per month. 

13 ADB. 2019. Guidelines for Estimating Greenhouse Gas Emissions of ADB Projects. Manila. 
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Table 1: Project Economic Internal Rate of Return 
(₹ million) 

Year 

Benefits   Costs   
Net 

Benefit Incremental  
Non-

incremental  
Environmental 

  

Capital 
Cost 

O&M 
Cost 

  

2020 0 0 0  6,896   (6,896) 

2021 17 339 97  17,464 15  (17,026) 

2022 92 1,221 295  5,029 82  (3,503) 

2023 148 1,974 439  5,029 133  (2,600) 

2024 205 2,814 687  3,016 184  505 

2025 243 3,919 1,617  3,271 218  2,290 

2026 292 4,391 1,705  3,271 262  2,855 

2027 340 4,866 1,796  3,271 305  3,426 

2028 389 5,344 1,891  2,313 349  4,962 

2029 424 6,188 2,558  0 380  8,789 

2030 424 6,226 2,633  0 380  8,902 

2032 424 6,264 2,765  0 380  9,072 

2035 424 6,264 2,934  0 380  9,241 

2040 424 6,264 3,239  0 380  9,546 

2046 424 6,264 3,648  0 380  9,955 

2047 424 6,264 3,721  0 380  10,028 

2054 424 6,264 4,274   380  10,581 

            EIRR   14.5% 

      ENPV  22,557 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and 
maintenance.  
a Only selected years shown for brevity. 
  

E. Sensitivity Analysis 

15. The sensitivity of overall project EIRR to adverse changes of five input parameters was 
analyzed (Table 2). The tested scenarios were (i) 15% increase in capital costs, (ii) 15% reduction 
in demand of domestic and agriculture electricity consumers and 25% reduction in energy wastage 
expected from components 1 and 2, (iii) 25% reduction in consumers’ willingness to pay for 
increased electricity availability, (iv) economic benefits of greenhouse gas emission savings 
disregarded, and (v) 15% reduction in the cost of electricity generation avoided by the project. The 
sensitivity analysis shows that the project’s economic viability is robust against all adverse 
conditions. Owing to the project’s significant loss reduction potential, direct economic benefits of 
reduced generation requirement can justify the project even if the perceived benefits of increased 
electricity availability are ignored. 

 
Table 2: Sensitivity of EIRR to adverse changes of key assumptions 

Parameter EIRR of Project Component Switching 
Value 1 2 Overall 

Base case   14.6% 14.1%   14.5%   

Capital cost (+15%)  13.0% 11.8%  12.7% +56% 

Electricity demand (-15%)  12.7% 11.8%  12.5% -38% 

Avoided consumer energy wastage (-25%)  13.4% 10.8%  12.7% -74% 

WTP for increased availability (-25%)  14.6% 13.5%  14.3% -808% 

Cost of GHG emissions (-100%)   9.6% 11.9%  10.3% -127% 

Cost of electricity generation (-15%)  13.4% 12.1%   13.1% -55% 
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EIRR = economic internal rate of return, GHG = greenhouse gas, WTP = willingness to pay. 
Source: Asian Development Bank estimates. 


