
Clean Energy and Network Efficiency Improvement Project (RRP SRI 43576) 

ECONOMIC ANALYSIS 
 
A. Background and Approach 
1. Project components. The project will contribute to the expansion of Sri Lanka’s 
transmission and distribution network by adding 58.5 kilometers (km) of 220 kilovolt (kV) 
transmission lines, 182.5 km of 132 kV transmission lines, 129.0 km of 33 kV distribution lines, 
1,000 megavolt-amperes (MVA) of 220 kV/132 kV substation transformer capacity, and 
94.5 MVA of 132 kV/33 kV substation transformer capacity. In addition, 1 megawatt (MW) of 
rooftop solar photovoltaic-based generation capacity will be added to the grid. The main 
economic benefits from the subprojects will include (i) reduction of transmission and distribution 
losses by strengthening the network, (ii) increased availability of power for additional customers 
to be served through the construction of new transmission substations and by strengthening of 
distribution facilities, and (iii) improved quality of power (reliability and voltage) supplied to 
existing and future customers through extensions to the transmission network and through 
distribution system improvements. 

2. Overview of the approach. The subprojects are elements of the long-term transmission 
plan and the distribution plans of Ceylon Electricity Board (CEB). Economic analysis was 
undertaken to determine the economic viability of each subproject. The analysis (i) reviewed the 
electricity demand projections to verify the future use of the planned assets, (ii) reviewed the 
approach to transmission system planning and distribution planning in Sri Lanka to ensure that 
each subproject forms a part of the respective long-term plan, (iii) established the economic 
costs and benefits of each subproject, and (iv) prepared economic cost–benefit analysis for 
each subproject and for the entire project. Transmission and distribution subprojects were 
analyzed separately before aggregating them to determine the economic viability of the overall 
project. The solar photovoltaic rooftop pilot subproject was also analyzed and is shown 
separately. 

3. Basis of evaluation and the benchmark. The economic impact of each subproject was 
evaluated from a national power system perspective in accordance with the Asian Development 
Bank’s Guidelines for the Economic Analysis of Projects.1 A 25-year period was used for the 
evaluation, with no terminal value considered for the investment at the end of the period. All 
costs and benefits have been expressed at constant April 2012 price levels. A domestic price 
numeraire was used. The economic internal rate of return (EIRR) was considered to be the 
most suitable indicator of economic viability, and the benchmark EIRR was fixed at 12%—
established in previous and similar projects in Sri Lanka. 
 
B. Demand Forecast and Development Plans 
  
4. Demand forecast. The key to the assessment of benefits is the present demand and 
the demand forecast for the next 25 years. CEB’s demand forecasting methodology follows 
internationally accepted norms and practices. It uses a top–down econometric approach to 
estimate the national demand for electricity, based on expected national income growth 
(measured by growth in gross domestic product) and population growth. It relates growth in 
these variables to electricity demand growth through multiple linear regression analysis of 
historical data. CEB translates its aggregate demand forecast to generation requirements by 
estimating the transmission and distribution losses, which in the long term meet the Government 
of Sri Lanka’s policy target of 12% by 2020. Based on the demand forecast at generation level, 
CEB developed the Long-Term Generation Expansion Plan, 2011–2025. 2  The CEB 
                                                            
1  ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
2 Ceylon Electricity Board. 2010. Long-Term Generation Expansion Plan, 2011–2025. Colombo. 



2 

  2

Transmission Planning Branch identifies the transmission network reinforcement and expansion 
requirements to accommodate the new generation in accordance with the generation expansion 
plan, and to meet the forecast customer demand in the load centers. New grid substations are 
recommended where the demand exceeds the capacity that can be reasonably delivered 
through medium-voltage distribution lines. The forecast demand to be served at each existing or 
proposed new grid substation is derived by CEB using a bottom–up approach at the distribution 
level, using a trend extrapolation for existing loads and the knowledge of spot loads expected in 
the next 5 years. The Long-Term Transmission Development Plan covers investments required 
from 2011 to 2020.3 The plan has been approved by the board of CEB and must be submitted 
to the Public Utilities Commission of Sri Lanka (PUCSL) for approval. 
 
5. Transmission planning. The Power System Simulator for Engineering network analysis 
software is used by the CEB Transmission Planning Branch to model and examine the 
transmission network under a range of generation and demand conditions and contingencies, to 
ensure that the network provides an acceptable level of quality and security of supply. CEB’s 
standard substation and line designs are considered to be reasonable from a cost perspective, 
effectively balancing simplicity, reliability, and flexibility for future upgrading. CEB has confirmed 
that it has considered reasonable and practical alternatives to the subprojects, and that the 
alternatives selected for implementation represent the least-cost means of achieving the desired 
network performance in terms of voltage, stability, reliability, and the required flexibility in 
network operations. CEB’s Long-Term Transmission Development Plan covers a period of 10 
years; it is updated at least once every 2 years and is required to be submitted to PUCSL for 
approval. 
 
6. Distribution planning. CEB distribution regions use the Synergy-E model to analyze 
and plan the 33 kV distribution network, which forms the basis of the Distribution System 
Development Plan developed for each region.4 This plan is updated once every 2 years. The 
demand forecast for each area under each region is developed using a bottom–up approach on 
the basis of trend analysis of past demand and knowledge of new spot loads expected within 
the next 5 years. The plan outlines the 33 kV network strengthening required over a 10-year 
planning window to ensure delivery of power to customers at the specified level of power 
quality, and provides the economic justification of the plan through the improvement of power 
quality and reduction of network losses. The plan for each region has been approved by the 
board of CEB and is required to be submitted to PUCSL for approval. Projects selected for 
implementation are elements of the plan for each distribution region. 
 
7. Rooftop solar photovoltaic systems. The subproject will provide an aggregate of 
1 MW of rooftop solar photovoltaic installations, which will produce electricity over the 25-year 
evaluation period. The economic benefits will be the value of electricity output from these 
photovoltaic systems and the avoided technical losses in transmission and distribution, if such 
amount of energy were provided from the grid through the existing and future generating plants. 
 
C.  Evaluation of Costs and Benefits 
 
8. Assessment of costs. Investments for each subproject were determined on the basis of 
the costs provided by CEB, and reviewed during the study. Taxes and customs duty were not 
considered. Operation and maintenance costs were estimated to be 2.0% of capital costs for 
                                                            
3 Ceylon Electricity Board. 2011. Long-Term Transmission Development Plan, 2011–2020. Colombo. 
4 Distribution System Development Study, CEB Region 2 (2010–2019), Medium Voltage Distribution Development 

Plan, CEB Region 3 (2010–2019), and Medium Voltage Distribution Development Plan, CEB Region 4 (2011–
2020). 
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transmission subprojects and 2.5% of capital costs for distribution subprojects, based on 
historical benchmark data used in previous studies. 

9. Evaluation of non-incremental benefits. Benefits were evaluated on the basis of both 
(i) non-incremental benefits, and (ii) incremental benefits. The key non-incremental benefit was 
assessed to be the savings in energy losses in the network, when each subproject is 
implemented. For transmission projects, reduced energy losses were calculated through a load 
flow analysis to first calculate the system capacity loss savings at peak time, and then using a 
loss load factor of 0.38 to calculate the corresponding annual energy savings. These savings in 
energy losses via the implementation of transmission subprojects were valued at the average 
generation costs for each year in the evaluation period, determined based on the fuel 
consumption figures stated in CEB’s Long-Term Generation Expansion Plan for the 
recommended least-cost generation plan. Energy losses saved in the distribution network were 
valued at the average fuel cost reflected at the medium-voltage distribution level, which was 
calculated by adjusting the average fuel cost of generation adjusted upward to account for the 
avoided transmission losses. An annual increase of fuel prices of 7% in real terms was 
assumed in evaluating the future economic benefits of loss reduction. 

10. Evaluation of incremental benefits. These benefits will be from additional delivery of 
power through each subproject, which otherwise would not have occurred because the existing 
network is already constrained or would reach its power delivery and/or power quality limits 
within a few years. The incremental sales expected owing to each transmission project (if any) 
and for each distribution subproject were calculated as follows. The sales forecast for 
distribution projects was obtained from CEB’s distribution plans (up to 2019), and thereafter 
increased at the long-term sales growth rates given in the Long-Term Generation Expansion 
Plan. For transmission projects, in which new grid substations are built, the grid substation 
loadings (up to 2020) were provided by CEB and were used to calculate the additional sales. 
Additional sales were valued at the estimated willingness of consumers to pay. The average 
willingness to pay was considered to be equal to the forecast selling price of electricity. The 
willingness to pay will be higher than the selling price, so the valuation of economic benefits of 
incremental sales at the selling price is a conservative estimate. 

11. Summary of benefits. In the evaluation of benefits, the key determinants of benefits 
quantified for each subproject are summarized below: 

(i) Subproject A1: 31.5 MVA of incremental substation capacity; 2.6 gigawatt-hours 
(GWh) saved in 2017, increasing at 7.5% per year until 2032 and 5% thereafter. 

(ii) Subproject B1: 500 MVA of incremental substation capacity; 33.1 GWh/year 
saved in 2017, increasing at 2% per year. 

(iii) Subproject B2: 500 MVA of incremental substation capacity; 4.2 GWh/year of 
transmission and distribution losses saved per year from 2017 onward, 
increasing at 2% per year. 

(iv) Subproject B3: 63 MVA of incremental substation capacity; 2.2 GWh/year saved 
in 2017, increasing at 2% per year. 

(v) Subproject B4: 160 MVA of incremental reactive power compensation; 
4.2 GWh/year saved in 2017, increasing at 2% per year. 

(vi) Subproject C1: 0.94 GWh/year of loss reduction and incremental sales of 
2.60 GWh/year, increasing at 6.5% per year. 

(vii) Subproject C2: 0.40 GWh/year of loss reduction and incremental sales of 
0.90 GWh/year, increasing at 6.5% per year. 

(viii) Subproject C3: 1.89 GWh/year of loss reduction, growing at 6.5% per year. 
(ix) Subproject C4: 5.82 GWh/year of loss reduction and incremental sales of 

10.42 GWh/year, increasing at 6.5% per year. 
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(x) Subproject D: 0.19 GWh/year of loss reduction and incremental sales of 
1.6 GWh/year, decreasing at 1% per year owing to reduction of output as the 
photovoltaic system ages. 

 
12. Estimated economic benefits. The quantities and values of economic benefits for the 
first 5 years following project commissioning are shown in Table 1. The trend for energy quantity 
savings continued through the 25-year evaluation period, while the value of savings followed the 
basis of changing electricity prices forecast in this study, and the generation fuel mix derived 
from CEB’s Long-Term Generation Expansion Plan. 
 

Table 1: Summary of Project Economic Benefits and Unit Values 
Economic Benefits Unit 2016 2017 2018 2019 2020 2021 
Quantity        
Incremental output (additional sales) GWh 14 16 25 49 89 90 
Non-incremental output (savings in losses) GWh 9 67 69 71 72 74 
Unit Value        
Average willingness to pay (average tariff) SLRs/kWh 17.81 19.06 20.39 23.61 24.08 25.77 
Average resource cost saving (value of losses saved) SLRs/kWh 11.87 11.04 11.22 11.51 12.55 13.43 
GWh = gigawatt-hour, kWh = kilowatt-hour, SLRs = Sri Lanka rupees. 
Source: Asian Development Bank estimates. 
 

D. Results of Economic Evaluation 
 
13. Economic internal rate of return of project components. Table 2 summarizes the 
results of economic evaluation of each subproject. The EIRR of several subprojects are near the 
benchmark of 12%, while the estimated EIRR of the aggregate project is 12.16%. 
 
14. Economic internal rate of return of specific subprojects. Some subprojects have 
EIRRs below the benchmark 12%. These subprojects will not affect the future economic 
performance of the project owing to the following reasons. For Mannar power transmission 
development, the economic evaluation is based on reducing losses on the existing 33 kV feeder 
into Mannar district, and serving existing and future customers with a reliable power supply. 
Mannar has been a post-conflict development region since the end of the civil conflict in 2009. It 
has been identified as a region with high wind potential and the Asian Development Bank is 
assisting the government with technical assistance to assess the wind resource potential, in 
preparation for a feasibility study. Mannar power transmission development will most likely 
serve wind power to the load centers outside Mannar district, the economic benefit of which has 
not been included in the economic evaluation. For new Polpitiya power transmission 
development, the line marks the development of the 220 kV link from the 660 MW Laxapana 
hydropower cascade to the load centers in the western sector of the country, replacing the 40-
year old 132 kV lines. Additional hydropower potential is being developed in this area. The 35 
MW Broadlands project is scheduled for commissioning by 2014, and a few other mini 
hydropower plants will also be connected. Therefore, the economic benefits of the line will only 
increase from the benefits conservatively estimated in the analysis. For reactive power 
management, the reactive power management equipment has a direct bearing on power quality 
in terms of managing the voltage profile in the transmission system. The economic evaluation 
has only considered the benefits by way of reduced transmission losses because the voltage 
profile improvements were not assigned an economic value in the analysis. For Anuradhapura–
Kahatagasdigiliya and Kiribathkumbura–Galaha distribution line and gantry, these medium-
voltage lines are express feeders, and their main contribution is to improve the quality of supply 
to customers in Kahatagasdigiliya and Galaha. The improved quality of supply has not been 
assigned an economic value in the analysis. As each line is an express feeder, no significant 
additional consumption directly attributable to the line has been assigned, so the evaluated 
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EIRR is lower. The solar photovoltaic pilot subproject avoids generation, and transmission and 
distribution losses. However, its EIRR is below 12%, and as the technology is not mature in 
Sri Lanka for grid-connected applications, this pilot subproject is included in the project to 
enable Sri Lanka to establish a market for such facilities in anticipation of reduction of costs of 
solar photovoltaic systems. 
 

Table 2: Results of Economic Evaluation (%) 
 Component and Subproject EIRR 
A. Transmission Infrastructure in the Northern Province  
1. Mannar Power Transmission Development 9.85 
B. Transmission and Distribution Network Energy Efficiency Improvement  
1. New Polpitiya Power Transmission Development 8.84 
2. Padukka Power Transmission Development 16.60 
3. Kegalle Power Transmission Development 16.83 
4. Reactive Power Management 8.33 
C. Medium Voltage Network Energy Efficiency Improvement  
1. Vavyunia–Kebithigollewa Distribution Line and Gantry 16.16 
2. Anuradhapura–Kahatagasdigiliya Distribution Line and Gantry 4.65 
3. Kiribathkumbura–Galaha Gantry Distribution Line and Gantry 10.10 
4. Galmadu Junction–Akkaraipatthu–Pothuvil Distribution Line and Gantries 21.60 
 Total Transmission and Distribution 12.16 
D. Rooftop Solar Photovoltaic 11.72 
     Overall Project 12.16 
EIRR = economic internal rate of return. 
Source: Asian Development Bank estimates. 
 
15. Sensitivity and risk analysis. The risks that the subprojects may not achieve 
satisfactory economic returns were identified. For each of the risks identified, the sensitivity of 
the EIRR was tested and the results are shown in Table 3. 
 

Table 3: Sensitivity Analysis for Combined Transmission and Distribution Components 
  Sensitivity Parameter Variation (%) EIRR (%) 
 Base case for transmission and distribution  12.16 
1 Project capital costs 10 11.46 
2 Willingness to pay (evaluated at tariff) (10) 11.10 
3 Operation and maintenance 10 12.03 
4 Cost of fuel 10 12.56 
5 Combined impacts of 1–4 above  10.71 

( ) = negative, EIRR = economic internal rate of return. 
Source: Asian Development Bank estimates. 
 
16. Sustainability. The proposed investments are critical to the sector’s overall investment 
needs and will make a substantial difference to the quality of electricity supply received by many 
consumers. The subprojects in the post-conflict recovery areas of the Northern and Eastern 
provinces will increase the reliability of power and facilitate transmission of power from cleaner 
sources. Economic benefits are expected to be sustainable as the sector is already supported 
by a transparent tariff-setting methodology that proposes full recovery of efficient costs and 
allows an acceptable rate of return to be earned on capital investments, enabling the assets 
built to be maintained throughout their economic life. 
 
17. Conclusion. The transmission and distribution subprojects were confirmed to be 
elements in the long-term transmission and distribution plans, to meet the forecast demand for 
electricity at the required quality and reliability. The economic analysis confirms that the 
proposed investments are economically viable. The analysis yields an overall EIRR of 12.16% 
Sensitivity and risk analysis demonstrates that the expected economic performance is robust. 




