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ECONOMIC ANALYSIS 
 
A. Introduction 

 

1. The main objective of the proposed project is to increase the adequacy and availability of 
electricity supply to consumers connected at weak areas of the distribution network. The project 
comprises the following components: 
 

(i) Component 1: Renewable energy systems development, including (a) hybrid 
renewable energy systems in small isolated islands funded by the Asian 
Development Bank (ADB) loan; (b) productive energy use for small isolated 
islands and rural communities funded by a grant from the Japan Fund for Poverty 
Reduction; and (c) a renewable energy micro-grid pilot subproject funded by a 
grant from the Clean Energy Fund1 under the Clean Energy Financing Partnership 
Facility. 

(ii) Component 2: Reliability improvement of the medium voltage network. 
(iii) Component 3: Rural electrification and distribution performance monitoring. 
(iv) Component 4: Reactive power management in the transmission system. 

 

2. The project will add assets to the transmission and distribution networks of Ceylon 
Electricity Board (CEB), and the distribution network of Lanka Electricity Company Limited 
(LECO). It will construct renewable hybrid power generation facilities on three islands off Jaffna 
Peninsula, a renewable energy micro-grid in LECO’s franchised area, 16 new 33 kilovolt express 
feeders and 12 gantries, and low-voltage lines for rural electrification; and install a static var 
compensator and a breaker switched capacitor in two CEB grid substations. The main economic 
benefits of the project are (i) a reduction in the cost of electricity generation in the islands 
resulting from the use of renewable hybrid systems, (ii) a reduction in unserved energy and 
increased consumer utility caused by reliability improvements arising from reinforcement of the 
medium and low voltage networks, and (iii) loss reduction and improved stability in the 
transmission network. Economic analysis was conducted in accordance with the Guidelines for 
the Economic Analysis of Projects of the Asian Development Bank,2 the Cost-Benefit Analysis for 
Development: A Practical Guide,3 and the Handbook for Integrating Poverty Impact Assessment 
in the Economic Analysis of Projects.4 
 

B. Economic Rationale  

3. CEB supplies electricity to Analaithivu, Delft, and the Nainativu islands through individual 
isolated mini grids powered by diesel generators. In addition to the higher cost of generation— 
SLRs40–SLRs90 per kilowatt-hour (kWh) compared with the average cost of grid electricity of 
SLRs20/kWh5—the generators are 15–30 years old, inefficient (consuming about 0.45 liter/kWh), 
and need to be replaced. The increase in the accessibility of electricity through a separate 
ongoing low voltage network expansion project will increase demand for electricity in the islands, 
requiring a corresponding increase in generation capacity to serve the growth in demand. Use of 
renewable energy to replace 30%–40% of the diesel generation is a practical solution that has 
the potential for replication in other parts of the CEB network.  
 

4. With the increase in the electrification rate and the associated growth in electricity 
demand, the medium voltage lines in the CEB distribution network are getting overloaded while 
voltages at the far ends of the lines are falling to unacceptable levels. By constructing new lines 

                                                
1
 Financing partners: the governments of Australia, Norway, Spain, Sweden, and the United Kingdom. 

2
 http://www.adb.org/documents/guidelines-economic-analysis-projects 

3
 http://www.adb.org/documents/cost-benefit-analysis-development-practical-guide 

4
 http://www.adb.org/documents/handbook-integrating-poverty-impact-assessment-economic-analysis-projects 

5
 Ceylon Electricity Board. 2015. Statistical Digest 2014. Colombo. 
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and gantries to reinforce the weak parts of the network, the growth in demand can be met with 
improved reliability and reduced losses. The proposed medium voltage lines and gantries were 
identified as most critical for operation. The reduction in losses (19 gigawatt-hours per year) and 
the economic value to consumers of a reliable electricity supply outweigh the expected 
investment in medium voltage network improvements. Extension of the low voltage network to 
reach the remaining unelectrified households is an important step toward achieving the 
government’s goal of 100% electrification. Costs incurred by the potential beneficiary households 
for alternative energy sources, such as kerosene, are indicative of the high value consumers are 
willing to pay, especially for a more convenient energy form such as electricity. On average, an 
unelectrified consumer spend about SLRs300 per month on kerosene to meet lighting needs that 
can be met through electricity at a lower cost to the consumer and the country.   
 

5. In 2015–2016, Sri Lanka observed three system blackouts and a number of large-scale 
outages in electricity supply, suggesting stability and reliability issues in the transmission 
network. Deficiencies in reactive power management are identified as a key weakness 
compromising system security. By installing static and dynamic reactive power management 
devices closer to the load center, the situation can be improved considerably. This is required to 
justify the downstream network investments done to improve overall system reliability.  
  
C. Demand Analysis 

6. For the three islands, historical electricity sales data plus expected demand from 
customers to be connected through the ongoing low voltage network extension were analyzed to 
establish the forecast demand for the hybrid power systems. CEB carried out a demand forecast 
for each distribution region separately. The reduction in distribution losses and the additional 
energy that can be supplied as a result of the increased reliability to be achieved by the proposed 
medium voltage investments is based on CEB’s base forecasts, which conform with the 
regulatory submissions made by CEB in relation to future demand expectations. Incremental 
electricity to be supplied by the extended low voltage network was estimated, considering the 
socioeconomic status and current energy usage of the households that would benefit from the 
proposed low voltage extension. Table 1 presents the forecast baseline electricity demand of 
each project component and the incremental demand of the investment. 

Table 1: Baseline and Incremental Demand Forecast (GWh) 
Item 2016 2020 2025 2030 2035 2040 

Component 1: Island Hybrids             
Analaitivu baseline demand 0.33 0.42 0.44 0.44 0.44 0.44 
Delft baseline demand 0.78 0.98 1.04 1.04 1.04 1.04 
Nainativu baseline demand 0.86 1.09 1.16 1.16 1.16 1.16 

Component 2: Medium Voltage Improvements           
Baseline demand 771 1,118 1,268 1,355 1,417 1,465 
Incremental energy 0.00 1.06 1.21 1.29 63.43 111.63 

Component 3: Rural Electrification             
Baseline demand 2.37 4.28 4.28 4.28 4.28 4.28 
Incremental demand 4.73 11.45 16.78 23.90 33.43 46.19 

Component 4: Reactive Power Management           
Baseline demand 13,451 17,512 22,303 28,410 34,047 39,587 
Incremental demand 0.00 2.00 2.55 3.24 3.89 4.52 

      GWh = gigawatt-hour. 
      Source: Asian Development Bank estimates. 

 

D. Least-Cost Analysis 

7. The alternative to supplementing diesel generation with renewable sources in the island 
mini grids is to connect the islands to the main grid through submarine cables. However, because 
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of the small demand in the islands and the high capital and maintenance cost of submarine 
cables, such investments cannot be justified financially or economically. 
 

8. CEB is proposing reinforcement of the medium voltage network to overcome unreliability 
and voltage issues. These issues could also be addressed by constructing new grid substations, 
but that would be more expensive than network reinforcement and deliver few, if any, 
supplementary benefits. CEB’s policy on network expansion is to select the least-cost option for 
the considered planning period that fulfills CEB’s defined performance and reliability standards. 
Review of the proposed line routes and gantry configurations confirms that the proposed 
investment adheres to this policy, though certain line routes deviate from the least-cost routes to 
minimize social and environmental impacts. Low voltage extensions are designed to minimize 
costs while meeting defined performance standards. The project’s low voltage lines will be 
constructed using insulated aerial bundled conductors at a higher cost than using bare 
conductors. Considering the high reliability and safety of aerial bundled conductors, this option 
offers the least-cost solution in the long run and is preferable from a technical perspective. 
  
9. Using power system simulation software, CEB conducts transmission network stability 
and load flow studies. Based on the studies, Pannipitiya and Biyagama grid substations have 
been identified as the most suitable locations for the installation of reactive power management 
devices. Optimal technology and size have been selected after evaluating multiple options. 
 

E. Economic Benefits 

10. The proposed investments focus on improving the reliability and efficiency of electricity 
supply. Using distributed renewable sources, both supply reliability and economic efficiency can 
be achieved. By improving the transmission and distribution networks, both system outages and 
energy losses incurred in lines can be reduced. By using renewable resources and loss 
reductions, conventional thermal generation can be reduced, resulting in environmental benefits. 
Furthermore, by extending the existing network to unelectrified households, overall quality of life 
can be improved in addition to avoiding the use of kerosene as a lighting energy source. 
 

11. Value of improved supply reliability. When the reliability of parts of the network is 
improved, downstream consumers benefit by avoiding outages. System outages have two 
negative aspects: (i) the inconvenience caused by the interruption of supply, and 

(ii)  nonavailability of energy for productive use during the outage. For some industrial 

consumers, the interruption itself results in economic losses, while for most others the duration of 
the outage causes economic loss. In the Least-Cost Generation Expansion Planning Code 
published by the Public Utilities Commission of Sri Lanka in 2011, the Sri Lankan electricity 
regulator directs the generation, transmission, and distribution licensees to use a cost of 
unserved energy value of $0.5 per kWh.6 In lieu of better information and to reflect CEB’s own 
analysis, this value was used in the economic analysis to quantify the reliability benefits. 
 

12. The System Average Interruption Duration Index (SAIDI) is a standard index used to 
express the reliability level of a supply system or its part. By investing in supply reliability, the 
SAIDI of the consumers served by that part of the network is expected to improve (reduce). By 
improving the stability of the transmission network, the probability of system blackouts can 
reduce—improving the overall SAIDI. Improvement in the SAIDI is effectively the additional time 
the consumer will have electricity supply as a result of the improvement in supply reliability. Thus, 
it is possible to value the overall economic benefit of the investment by estimating the 
improvement in SAIDI and the number of consumers benefitted by the network improvement. 
 

                                                
6
 Public Utilities Commission of Sri Lanka. 2011. Least-Cost Generation Expansion Planning Code. Colombo. 
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13. Value of loss reduction. The reduction in network losses can be valued based on the 
avoided cost of generating and transmitting electricity. This avoided cost includes both short-run 
operating and fuel costs, and long-run capacity costs. For the analysis, the value of a unit of 
electricity saved in the network has been valued at the estimated long run marginal cost of 
electricity. CEB’s long-term generation expansion plan was used to estimate the levelized cost of 
supply up to the medium voltage level that was used as a proxy for the long run marginal cost.7 
  
14. Value of renewable energy. Distributed renewable energy generation can displace part 
of the conventional generation in the system and contribute to avoiding network investments in 
the long run. In the case of small island renewable generators, the uncertainty in the resource 
prevents conventional generation capacity or network capacity to be avoided; consequently, the 
direct saving of fuel cost has been used as the economic benefit for component 1. However, a 
direct environmental benefit is expected as a result of the reduction in diesel consumption by the 
generators, leading to reduced carbon dioxide emissions in the islands. The emission reductions 
were valued at the rates applied in valuing carbon dioxide emissions internationally.  
 

15. In addition to considerable social benefits, rural electrification results in tangible economic 
benefits by displacing the commonly used alternate energy form of kerosene. Other than the 
safety and environmental issues pertaining to kerosene used as a lighting source, the economic 
cost of kerosene is high, as all petroleum products are imported. In addition to meeting the basic 
energy needs previously met through the use of kerosene, grid-connected consumers tend to 
consume more electricity because of its convenience and better utility value. This incremental 
consumption can be valued based on willingness to pay (WTP) for electricity by these 
consumers. Since unelectrified consumers pay an equivalent of SLRs37/kWh for kerosene, and 
the market price of electricity for these consumers is about SLRs4.50/kWh, the WTP for 
electricity is taken as the midpoint of these values, assuming a linear demand profile for 
electricity, which results in a WTP estimate of SLRs21 per kWh for the base year of 2016.  
 

F. Economic Costs 
 

16. To convert project financial investment costs into economic costs, traded inputs and fuel 
were valued at their border price equivalent values and adjusted to the domestic price numeraire 
by multiplying by the shadow exchange rate factor. Non-traded inputs were valued at domestic 
prices. It was assumed that the wage rates for labor have no significant distortions. Taxes, 
financing charges, and price contingencies were excluded. Operation and maintenance costs 
were converted into economic values by applying the same conversion factors to the financial 
costs. 
 

G. Economic Internal Rate of Return 
 

17. The economic evaluation was carried out for the 25-year period from 2016 to 2040. The 
economic internal rate of return (EIRR) was calculated for each project component, comparing 
the economic costs and benefits for each year within the evaluation period. The grant 
components were excluded from the economic assessment as they are focused on social and 
research benefits. Calculation of the aggregate EIRR is in Table 2 and the EIRR results are 
summarized for all components in Table 3. The aggregate EIRR is estimated as 13.1%, above 
the assumed hurdle rate of 12.0%, and on this basis the overall project is considered 
economically viable. Given the conservative valuation approach adopted and the numerous 

                                                
7
 The levelized cost of electricity is the net present value of the unit-cost of electricity over the lifetime of a generating 

asset.  
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unquantified benefits expected to accrue, from an economic perspective the project should 
proceed. 

Table 2: Aggregate Economic Internal Rate of Return Calculation (SLRs million) 
Year Benefits    Costs  Net 

Benefit  Incremental Output Non-Incremental Output      

 

Avoided 
unserved 

energy 

Additional 
consumption 

Loss 
reductions 

Avoided 
alternative 

fuels 

Emission 
reduction 

 

Capital 
cost 

O&M 
Cost 

Supply 
cost   

 

2016 0 168 0 44 0 
 

3,634 18 120 
 

(3,560) 

2017 0 315 0 92 0 
 

2,543 30 210 
 

(2,376) 

2019 56 449 172 156 33 
 

5,795 84 271 
 

(5,284) 

2023 583 752 369 206 36 
 

0 135 438 
 

1,372 

2025 637 970 395 238 38 
 

0 135 493 
 

1,649 

2035 937 7,328 530 384 40 
 

0 135 1,666 
 

7,417 

2040 1,076 15,647 622 456 40 
 

0 135 2,565 
 

15,141 

  

 

  

 

  

 EIRR = 13.1% 

( ) = negative, EIRR = economic internal rate of return, O&M = operation and maintenance. 
Note: For brevity, only selected years are shown. 
Source: Asian Development Bank estimates. 

Table 3: Economic Internal Rate of Return of Components (%) 

Component EIRR 

1 12.4 
2 12.8 
3 12.7 
4 15.7 
Overall 13.1 

EIRR = economic internal rate of return.  
Source: Asian Development Bank estimates. 

 

H. Sensitivity and Risk Analysis 
 

18. The key parameters posing a risk to project economic viability are capital cost, fuel prices, 
and renewable energy penetration of the island hybrid systems. The sensitivity of the EIRR to 
variations in the parameters was analyzed. Variations in critical parameters and assumptions of 
individual project components do not cause significant variations in the project viability (Table 4). 

Table 4: Sensitivity Analysis (%) 

 EIRR 

Item Component 1 Component 2 Component 3 Component 4 

Base 12.4 12.8 12.7 15.7 
Capital costs:10% increase 11.3 12.0 11.3 14.3 

Diesel price: 10% reduction 11.5    

Renewable energy penetration: 10% reduction 11.4    

Loss savings: 10% reduction  11.5  15.4 
Unserved energy cost: 10% reduction  12.7  14.3 

Additional consumption: 10% reduction   11.2  

Willingness to pay: 10% reduction  12.1 10.1  

EIRR = economic internal rate of return. 
Source: Asian Development Bank estimates. 
 

I. Conclusion 
 

19. The economic evaluation indicates that the project as a whole assists in improving the 
reliability and efficiency of the Sri Lankan power system and yields economic benefits higher than 
the hurdle rate. The economic performance of each component is found to be robust. The 
sensitivity analyses show that variations in key project parameters reduce the economic returns 
of individual project components only marginally.  


