
Rooftop Solar Power Generation Project (RRP SRI 50373-002) 

ECONOMIC ANALYSIS 
 
A. Introduction 
 
1. The economic analysis of the Rooftop Solar Power Generation Project was conducted in 
accordance with Asian Development Bank (ADB) guidelines,1 and measured the projected costs 
and benefits at 2017 constant prices for a period of 23 years—2018 until 2040. The economic 
internal rate of return (EIRR) was calculated by comparing the with-project and without-project 
scenarios. All financial prices were converted into economic prices by applying the corresponding 
conversion factors. A sensitivity analysis was conducted to ascertain the robustness of the 
investment. 
 
B. Economic Rationale 
 
2. Country analysis. All fossil fuels required for power generation are imported into Sri 
Lanka and represent a significant share of national expenditure. In 2016, the annual total 
expenditure on imported fossil fuels was about 13% of Sri Lanka’s import expenditure, and was 
about 26% of total export income.2 Therefore, the energy sector has a significant bearing on the 
country’s balance of trade and the exchange rate. In 2015, Sri Lanka’s total petroleum product 
sales were 4.46 million tons, out of which 0.50 million tons (11%) is estimated to have been used 
for electricity generation.3  
 
3. Because of environmental concerns, Sri Lanka delayed the construction of two new coal-
fired power plants that were previously approved in 20134 and in 2015. These power plants were 
expected to produce electricity from 2018. Therefore, existing diesel and fuel-oil power plants, as 
well as new diesel power plants, will be required to supply the energy deficit caused by the delay 
of implementation of the two new coal-fired power plants.  
 
4. In September 2016, the Government of Sri Lanka announced the Battle for Solar Energy 
program,5 under which the government intended to increase solar photovoltaic generation 
capacity from the estimated level of about 80 megawatts (MW) as of May 2017 to 200 MW by 
2020 and 1,000 MW by 2025. This includes plans to increase the current 49% (2015) of the 
electricity generated through renewable energy sources to 60% by 2020 and 70% by 2030. The 
strong government commitment to create a conducive business environment to enable financing 
of rooftop photovoltaic systems is the foundation of the project. 
 
5. Sector analysis. Sri Lanka has an abundant solar resource, and has adopted policies to 
encourage the development of the solar market to realize the benefits that expanded use of 
photovoltaic technology can have on its economy and on improving energy security, as well as 
on the local and global environments. Also, solar installations can be built relatively quickly, often 
in 6–12 months, compared to hydro and fossil fuel projects that require more than 4–5 years to 
complete. This presents a major incentive for Sri Lanka, with its high cost of electricity generation, 
high electricity prices, and low reliability of supply. Even though solar power has the potential to 
meet 32.00% of Sri Lanka’s annual power demand of around 10,500 gigawatts, only 0.01% of 

                                                
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
2 Central Bank of Sri Lanka. Annual Report, 2016. Colombo. 
3 Sri Lanka Sustainable Energy Authority. Sri Lanka Energy Balance 2015. Colombo. 
4 Ceylon Electricity Board. 2013. Long-term Generation Expansion Plan 2013–2032. Colombo. 
5 Ministry of Power and Renewable Energy. Battle for Solar Energy begins from Presidents house. 
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that potential has been developed.6 Solar power can help Sri Lanka meet its growing electricity 
demand as well as foster energy security by reducing dependence on imported fossil fuel. 
 
6. The government introduced three schemes under which customers could generate 
electricity using solar photovoltaic systems installed at their premises. These schemes allow 
electricity customers to (i) generate and use electricity to serve a portion or the entirety of their 
electricity requirement (net metering), (ii) generate more than their electricity requirement and sell 
the excess to the grid (net accounting), or (iii) generate and sell the entire generation to the grid 
(net plus). The net metering scheme was first introduced in 2008 and became operational in 2010, 
and the extension of it to the new two schemes in 2016 is expected to accelerate the installation 
of rooftop solar photovoltaic systems in the country. 
 
7. Rationale for public involvement. Meeting the government’s solar energy target by 2020 
will require a significant scale-up in both private and public sector investments. Under the project, 
there is a strong justification for using public financing. Traditional commercial financial institutions 
are highly risk averse and are unwilling to make large lending commitments to rooftop photovoltaic 
systems where there is no track record of technology performance available to assess a variety 
of perceived risks. Because of these barriers, the rooftop solar market in other countries has been 
driven by government policy and government subsidy. For instance, Germany’s feed-in tariff 
policy has enabled that country to create the largest solar market globally, while tax credits in the 
United States have helped increase market penetration of solar photovoltaic systems. 
 
C. Alternative Analysis  
 
8. Sri Lanka’s expected annual growth rate in peak demand from 2018 to 2023 is 5.1%, and 
electricity generation is forecasted to grow about 5.9% over the same period.7 The power supply 
gap was expected to widen with retirement of old plants and the delays in commissioning new 
coal-fired power plants. Based on the long-term generation expansion plan of Sri Lanka, it is 
expected that four 17 MW gas turbines at Kelanitissa are due for retirement in 2021 and four 18 
MW diesel plants at Sapugaskanda are due in 2023; the 113 MW Kelanitissa gas turbine is 
expected for retirement in 2023. To bridge the capacity shortfall, the government requested the 
Ceylon Electricity Board (CEB) to (i) call for proposals from the private sector to provide 60 MW 
of diesel generating capacity on a short-term rental basis, and (ii) grant 3-year extensions to oil-
fired independent power producers’ plants retired at the end of their term. Therefore, the project 
will displace power generation from oil and coal and reduce imports of fossil fuels.  
 

9. Electricity generated from solar photovoltaic systems is becoming increasingly cost-
competitive with electricity from the grid. The confluence of declining cost trends in solar 
photovoltaic systems, mainly through dramatic declines in solar panel prices, and innovations in 
energy storage technology are putting downward pressure on battery prices. A substantial decline 
in the cost of solar photovoltaic systems (80% reduction since 2008)8 has improved the 
competitiveness of such systems, reducing the need for subsidies and enabling solar systems to 
compete with other power generation options in some markets. The drop in prices coupled with 
unreliable grid power and the high cost of fossil fuel has driven fast-growing interest in solar 
photovoltaic technology in Sri Lanka. Assuming that photovoltaic technology prices continue to 
fall relative to competing sources of electricity, the market penetration rate of utility-scale solar 
power can be expected to continue growing rapidly. 

                                                
6  Government of Sri Lanka. 2015. Sri Lanka Energy Sector Development Plan for a Knowledge Based Economy 2015–

2025. Colombo. 
7  Ceylon Electricity Board. Draft CEB Long-term Generation Expansion Plan 2018–2037. Colombo (Table 3.3). 
8   International Renewable Energy Agency. 2014. Rethinking Energy: Towards a New Power System. Abu Dhabi. 
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D. Cost–Benefit Analysis 
 
10. Assumption. Even though the project is financed under the financial intermediation loan 
modality, measurable aggregate output and associated cost streams under the project are 
reasonably identified. The economic viability of the project has been conducted with the following 
assumptions: 
 

(i) The project is expected to produce an aggregate output of 50 MW from rooftop 
solar photovoltaic systems through three business models (net metering, net 
accounting, and net plus) to the Sri Lankan power system according to the 
following table: 
 

Table 1:  Project Capacity by Rooftop Solar Business Models 

Item 2018 2019 2020 2021 Total 

No. of systems  365.0 731.0 1,096.0 1,460.0 3,652.0 

Capacity (MW)  
Net metering 
Net accounting 
Net plus 

5.0 
1.0 
0.8 
3.2 

10.0 
2.0 
1.7 
6.3 

15.0 
3.0 
2.5 
9.5 

20.0 
4.0 
3.4 

12.6 

50.0 
10.0 
8.4 

31.6 
MW = megawatt. 
Source: Asian Development Bank estimates. 

 

(ii) All costs were estimated in constant 2017 price levels, and economic costs of solar 
photovoltaic systems, operation and maintenance, and project implementation 
costs were calculated from the financial cost estimates. 

(iii) All costs were valued using the world price numeraire. Nontradable inputs were 
adjusted by the standard conversion factor of 0.91,9 while unskilled labor was 
adjusted by a factor of 0.4010 of the market wage rate, to estimate the shadow 
wage rate.  

(iv) The carbon dioxide (CO2) value was calculated at $36.30 per ton based on 2016 
prices and increased by 2% annually in real terms. 

(v) Electricity generation would commence in the year of installation and operation 
and maintenance costs would occur in the same year of installation. 

(vi) An average capacity factor of 16% was assumed throughout the economic life of 
the solar photovoltaic systems, considering the higher capacity factors expected 
in the initial years and the typical performance degradation over their lifetime. 

 
11. Alternative to the project. The economic analysis uses generation from thermal power 
plants as the alternative to electricity generation from the project. The composition of displaced 
fuel was estimated based on the gross generation mix by fuel type from 2011 to 2015 of the CEB 
and the independent power producers. The composition of displaced fuel is shown in Table 2. 
Since the composition of displaced fuel and heat rate is subject to significant uncertainty, 
sensitivity analysis has been carried out on the chosen values to demonstrate the impact of 
different values on the EIRR. 

                                                
9 Standard Conversion Factor (SCF) 

Details 2015 2014 Average 

Exports (SLRs million) 1,425,791.00 1,453,176.00 1,439,484.00 
Imports (SLRs million) 2,572,467.00 2,535,163.00 2,553,815.00 
Customs duties (SLRs million) 453,948.00 357,484.00 405,716.00 
Standard conversion factor (SCF) 0.90 0.92 0.91 

 
10 Shadow wage factor = official minimum wage over actual wage paid by the project (SLRs400/SLRs1,000 = 0.4). 
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Table 2: Composition of Displaced Fuel Type 

Fuel Type 
Generationa 

(GWh) 
Portion 

(GWh, %) 
Heat Rateb 
(kcal/kWh) 

Portion 
(MMBTU, %) 

Fuel oil 
Coal 

2,327 
2,369 

33 
34 

2,178 
2,488 

29 
33 

Diesel 1,007 15 4,022 23 
Residual fuel 870 13 2,245 11 
Naphtha 377 5 2,083 4 
Total 6,950 100  100 

GWh = gigawatt-hour, kcal = kilocalorie, kWh = kilowatt-hour, MMBTU = million British Thermal Units. 
a  Average gross generation by fuel type from 2011 to 2015 (source: http://www.info.energy.gov.lk). 
b  Long-term generation expansion plan 2015–2034 (p. 2–9. Characteristic of CEB-owned thermal plants). 
Source: Asian Development Bank estimates. 

 
12. Avoided fuel costs. Avoided fuel costs are calculated based on the fuel supply 
requirements of producing electricity equivalent to those from the rooftop solar photovoltaic 
systems installed under the project. The base line of economic costs of the fuels was valued by 
the CEB for 2016 (footnote 7), which includes local transport cost. The fuel price in subsequent 
years up to 2030 was forecasted using the World Bank Forecast11 commodity prices, and it was 
assumed that after 2030 the fuel price will increase at 1.5% per annum.12 
 
13. Reduced transmission and distribution loss. Since the energy generated by a rooftop 
solar photovoltaic system is consumed in the same house or building, it avoids transmission and 
distribution losses associated with supplying the urban load from a conventional thermal power 
plant located some distance from the load center. This analysis includes technical loss of 3.125%. 
 
14. Environmental benefit. Given that it displaces electricity generated in thermal power 
plants, the project will generate environmental benefits through the reduction of CO2 emissions. 
Emissions from fossil-fuel-based generation displaced by the solar photovoltaic systems were 
estimated using the grid emission factor of 768.9 tons per gigawatt-hour (GWh), as determined 
by the Sustainable Energy Authority of Sri Lanka.13 The annual emission reduction expected from 
the project upon full implementation is 55,600 tons of CO2, corresponding to 72.3 GWh of 
electricity generated per year.  
 
15. Project cost. The total project cost is estimated at $59.8 million excluding financing 
charges during implementation. Investment and operation and maintenance costs in financial 
prices were adjusted to reflect the economic resource cost. Costs and benefits were categorized 
into traded goods, nontraded goods, foreign skilled labor, local skilled and local unskilled labor, 
and transfer payments, and were adjusted with appropriate conversion factors. The photovoltaic 
system costs comprise panel costs (45%), inverter costs (23%), installation costs (9%), and other 
costs including balance of the system (23%). Operation and maintenance costs include the 
replacement cost of the inverter in the 11th year of operation of each system.  
 
16. Economic rate of return. Results of the economic analysis are presented by means of 
key economic indicators, such as EIRR and the economic net present value (ENPV) of the project. 
Results are summarized in Table 2. The EIRR of the overall project is 17.0%, and the ENPV is 
$23.4 million (at an economic discount rate of 9% per year). Without environmental benefit, the 

                                                
11 Source: http://pubdocs.worldbank.org/en/662641493046964412/CMO-April-2017-Forecasts.pdf. 
12  Quoted from MUV (Manufacture Unit Value) index change per annum in constant price forecasted by World Bank 

at April 2017. 
13  Sri Lanka Energy Balance. www.info.energy.gov.lk. 

http://www.info.energy.gov.lk/
http://pubdocs.worldbank.org/en/662641493046964412/CMO-April-2017-Forecasts.pdf
file:///D:/Dropbox/Freelance%20Editing/ADB/Editing/OSEC%20Editing/2017%20OSEC/511%20Rooftop%20Solar%20Power%20Generation%20Project/Working%20Copy/www.info.energy.gov.lk
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EIRR is 10.7% and ENPV is $4.8 million. The EIRR for each business model is 12.4% for net 
metering, 12.7% for net accounting, and 20.8% for net plus.  

 
Table 3: Calculation of Economic Internal Rate of Return of Project 

Yeara 

Benefits Cost 

Net Benefit 
Avoided 

Fuel Cost 
Avoided CO2 

Emission Capital O&M 

2018 0.8 0.2 6.1 0.02 (5.2) 
2019 1.9 0.6 11.7 0.07 (9.3) 
2020 4.5 1.3 16.7 0.13 (11.1) 
2021 6.3 2.1 22.1 0.22 (13.9) 

2030 7.4 2.5 0 4.26 5.7 
2040 7.8 2.9 0 0.18 10.6 

 
Unit Overall Net Metering 

Net 
Accounting Net Plus 

EIRR 
ENPV 
EIRRb 
ENPVb 

% 
$ million 

% 
$ million 

17.0 
23.4 
10.7 
  4.8 

12.4 
  2.4 
  7.0 
 (1.3) 

12.7 
  2.2 
  7.3 

  (0.9) 

20.8 
13.6 
18.8 
   7.1 

( ) = negative, CO2 = carbon dioxide, EIRR = economic internal rate of return, ENPV = economic net present value, 
O&M = operation and maintenance. 
a  Only selected years shown for brevity. 
b  Without environmental benefits.  
Source: Asian Development Bank estimates. 
 

E.  Risk and sensitivity analysis 
 
17. Sensitivity analysis. To examine the robustness of the calculated EIRR, sensitivity 
analyses were conducted for adverse changes in six inputs to the EIRR for the overall project, 
and results are summarized in Table 3. Table 3 also provides the switching value of adverse 
changes in each input parameter, at which the calculated ENPV with environmental benefit would 
equal zero. The economic analysis indicates that the project would satisfy the minimum required 
EIRR of 9.0%, and that the result is robust against adverse changes in key input parameters to 
the analysis.  
 

Table 4: Sensitivity of Economic Internal Rate of Return to Adverse Changes  
in Key Input Parameters 

Input parameter 
  

Variation 
EIRR 
(%) 

Baseline Switching 

 Value Valuea 

 Base case  

 
17.0  

 

1 Capacity utilization factor (decreased)  (10%) 14.6 16.0% 10.8% 
2 Photovoltaic system cost (increased)  10% 14.6 $1.0 $1.4 
3 Heat rate (decreased)  (10%) 13.7 1.0 kcal/kWh 0.7 kcal/kWh 
4 Change in energy output (reduced)  (10%) 14.5 50 MW 34 MW 
5 O&M cost increased  10% 16.9 $1.0 $5.9 
6 % displaced by coal (increased)  10% 16.1 34.0% 61% 

 Combined 2, 4, and 6   
 

11.5  
 

( ) = negative, EIRR = economic internal rate of return, MW = megawatt, O&M = operation and maintenance. 
a  Switching value is the value of the variable, at which the economic net present value equals zero. 
Source: Asian Development Bank estimates. 


