
 Renewable Energy Development Project (FFP FSM 49450) 

 

ECONOMIC ANALYSIS 
 
A. Introduction and Methodology  
 

1. The project will increase the Federated States of Micronesia’s (FSM) energy security and 
reduce its reliance on fossil fuels for power generation. The project will increase renewable energy 
generation in line with national energy targets and increase access to power by electrifying 
Walung village on Kosrae, thus supporting goals outlined in the major strategic documents of the 
Government of the FSM.1 

 

2. The analysis is conducted in accordance with ADB guidelines.2 Costs and benefits are 
measured in 2019 constant prices. The economic internal rate of return (EIRR) and economic net 
present value (ENPV) are calculated by comparing the with- and without-project scenarios. All 
costs and benefits are valued at the world price numeraire. Sensitivity analysis is conducted to 
ascertain the robustness of the investment.    

 

B. Rationale  
 

3. The FSM is spread across the western Pacific Ocean, comprising more than 600 islands, 
divided into four states: Pohnpei, Kosrae, Chuuk, and Yap. Each state is served by its own state-
owned electric utility company.  

 

4. Electricity generation in the four states is based almost completely on fossil fuels. Only a 
small amount is generated from solar and small hydropower generation. The FSM spends about 
$40 million annually on imported fuels (about 12% of gross domestic product). This represents 
more than half of the aggregate sectoral grants the nation receives from the United States under 
the Compact II agreement, and nearly 15% of nominal gross domestic product, making energy 
the costliest sector of its fragile economy. The FSM’s heavy dependence on imported petroleum 
fuels makes the country highly vulnerable to petroleum price volatility and shocks.   
 

5. The FSM energy master plans (footnote 1) state that increasing renewable energy 
generation is the least-cost way to meet future electricity demand (with support from diesel 
generation and storage to ensure reliability) for all FSM states. Investments of $37 million for 
Kosrae and $58 million for Yap are envisioned during the period from 2020 through 2040. These 
investments will add new renewable generation capacity and connections to the main grid, and 
develop electricity infrastructure in Walung (Kosrae) and Yap’s outer islands.  
 

C. Demand Analysis 
 

6. In 2018, electricity use in the FSM was as follows: residential 20%, commercial and 
industrial 35%, and government 28%, with system losses averaging 17%. The largest amount of 
electricity is used for air conditioning (especially in the government sector) and lighting. Pohnpei 
has the highest peak load of 6.6 megawatts (MW), while peak loads in other states are 2.7 MW 
in Chuuk, 2.3 MW in Yap, and 1.2 MW in Kosrae (footnote 1). 

 

7. Demand analysis is carried out based on expected population growth, income growth, and 
system losses. Overall demand for power in the FSM is expected to increase by 60% from 2018 
to 2037, from 67 gigawatt-hours (GWh) to 107 GWh. Demand from the Yap main grid is expected 

 
1 Castalia Strategic Advisors. 2018. Energy Master Plans for the Federated States of Micronesia. Sydney (April). 
2 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila.  

http://www.adb.org/Documents/RRPs/?id=49450-023-2
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to increase by 56% from 11.2 GWh in 2018 to 17.6 GWh by 2037, while demand from the Kosrae 
main grid is expected to increase by 49% from 6.0 GWh to 9.0 GWh over the same period.  

 

D. Project Costs and Benefits  
 

8. Economic analysis is conducted by dividing the project into the following components:   
(i) Kosrae main grid: (a) 1,150 kilowatt-peak (kWp) solar array installed in the 

Kosrae power system, and (b) capacity building of Kosrae Utility Authority. 
(ii) Yap main grid: (a) 300 kWp rooftop solar panels, (b) 1,950 kWp ground-mount 

solar array, (c)  800 kW/800 kilowatt-hour (kWh) battery energy storage system, 
(d) upgrades of existing control system, and (e) capacity building of YSPSC. 

(iii) Walung, Kosrae: electrification with (a) solar panels (60 kWp), (b) diesel genset 
(30 kW), (c) battery (30 kW/160 kWh), and (d) solar home systems.  

(iv) Pohnpei: supplemental management and operations consultants. 
 

9. The project is analyzed over a 25-year period (excluding construction), with no residual 
value at the end of its economic lifetime. It will begin in 2020 and benefits will accrue from mid-
2021 onward. The total project cost is estimated at $15.5 million, inclusive of taxes. This includes 
$6.84 million for Yap, $5.05 million for Kosrae, $1.10 million for project implementation 
consultants and $0.74 for capacity building of Pohnpei Utilities Corporation (PUC). Financial 
prices are converted to economic prices by (i) removing taxes and duties, (ii) adjusting nontraded 
costs and benefits by a standard conversion factor of 0.95,3 and (iii) adjusting unskilled labor by 
a shadow wage rate factor of 0.644 and the standard conversion factor. Physical contingencies 
are included while price contingencies are excluded.  

 

10. Without the project, power generation on the Kosrae main grid includes existing diesel, 
solar, wind, and hybrid controller, and a new diesel generator proposed by the World Bank. For 
Yap, without-project power generation includes existing diesel generators. Some 80% of power 
generation in Yap and 95% in Kosrae is estimated to come from imported diesel. The main 
beneficiaries on Yap and Kosrae will include low-income households with limited access to 
electricity or those that rely on existing lifeline electricity tariffs. For Yap, the existing power supply 
will be able to meet forecast demand over the 25-year project life cycle, while for Kosrae, the 
existing power supply will be able to meet forecast demand for most of the project life cycle (until 
year 21), provided proper maintenance and replacement of assets are carried out.. For Kosrae 
and Yap main grids, all benefits are assumed to be non-incremental as the projects will replace 
some diesel generation with renewable energy. The main benefits are fuel savings and a 
reduction in greenhouse gas emissions. Fuel savings are based on 14.4 kWh/gallon of diesel for 
Kosrae and 13.4 kWh/gallon for Yap. The economic benefits of greenhouse gas emissions were 
calculated based on the annual fuel usage multiplied by the carbon dioxide emissions per unit of 
diesel burned (2.7 kilograms/liter)5 and valued using the social cost of carbon of $36.3/ton in 2016 
prices, adjusted by a 2% annual increase to allow for the potential of increasing the marginal 
damage of climate warming over time.  

 

11. Walung is a remote rural village in Kosrae with no formal electricity supply. Cost-
effectiveness analysis is used for this component of the project, as it serves a poor and remote 

 
3 Calculated based on data from the FSM Division of Statistics, http://www.fsmstatistics.fm/?page_id=167 (accessed 

on 24 May 2019). 
4 Graduate School USA, Pacific Islands Training Initiative. 2018. Federated States of Micronesia Fiscal Year 2017 

Statistical Appendices. Honolulu. 
5     United States Energy Information Administration. Frequently Asked Questions. How much carbon dioxide is 

produced from US gasoline and diesel fuel consumption? 

http://www.fsmstatistics.fm/?page_id=167
http://www.eia.gov/tools/faqs/faq.cfm?id=307&t=11
http://www.eia.gov/tools/faqs/faq.cfm?id=307&t=11
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area where benefits are difficult to value. Project costs are compared with the cost of supplying 
the same benefits using diesel generators, the next best alternative.  

  
12. The Pohnpei component is expected to improve the efficiency of the state utility. However, 
these benefits are difficult to quantity. Therefore, only the cost of the capacity building component 
is included in the calculation of the total project EIRR. 

 

E. Cost–Benefit Analysis and Economic Internal Rate of Return 
 

13. Economic cost and benefit streams are estimated for a project life of 25 years. Project 
implementation is expected to begin in 2020. Tables 1 and 2 show the EIRR and ENPV 
calculations for the Yap and Kosrae main grid subprojects. 
 

 Table 1: Economic Internal Rate of Return Calculations for Yap Main Grid  
($’000) 

Year 

Capital  

Cost 
O&M 

Non-Incremental 

Benefits 

GHG  

Benefits 

Net  

Benefit 

2020  (5,877.5)  -     -     -     (5,877.5) 

2021  (1,567.3)  (20.7)  622.3   63.3   (902.4) 

2022  (391.8)  (29.4)  624.8   64.8   268.5  

2023  -     (29.4)  627.8   66.5   664.9  

2024  -     (29.4)  653.7   70.6   694.9  

2025  -     (29.4)  652.5   71.9   695.0  

2026  -     (29.4)  650.9   73.1   694.7  

2027  -     (29.4)  651.1   74.6   696.3  

2028  -     (29.4)  651.0   76.1   697.7  

2029  -     (29.4)  649.6   77.4   697.7  

2030  (168.4)  (29.4)  648.4   78.8   529.4  

2031  -     (29.4)  647.8   80.3   698.7  

2032  -     (29.4)  646.6   81.8   699.1  

2033  (415.4)  (29.4)  551.1   83.0   189.3  

2034  -     (29.4)  639.5   84.2   694.3  

2035  (252.7)  (29.4)  634.7   85.2   437.9  

2036  -     (29.4)  629.3   86.2   686.1  

2037  -     (29.4)  623.4   87.1   681.1  

2038  -     (29.4)  618.0   88.1   676.7  

2039  -     (29.4)  611.0   88.8   670.5  

2040  (168.4)  (29.4)  605.5   89.8   497.4  

2041  -     (29.4)  597.7   90.4   658.7  

2042  -     (29.4)  592.1   91.3   654.1  

2043  -     (29.4)  587.4   92.4   650.4  

2043  -     (29.4)  582.9   93.5   647.1  

2044  -     (29.4)  580.5   95.0   646.1  

2045  (5,877.5)  -     -     -     (5,877.5) 

 

EIRR 6.7% 

ENPV 466.3 

         ( ) = negative, EIRR = economic internal rate of return, GHG = greenhouse gas, NPV = net present value, 

O&M = operation and maintenance, including recurring land lease costs. 

Source: ADB estimates. 

 

14. Both the Yap and Korsae main grid subprojects are economically viable at the economic 
hurdle rate of 6% used by ADB for projects that serve poor and remote areas. The total EIRR for 
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the Yap and Korsae main grid subprojects, with the cost of capacity building for Pohnpei, yields 
an EIRR of 7.4%, making the overall project economically viable.  
 

Table 2: Economic Internal Rate of Return Calculations for Kosrae Main Grid  
($’000) 

Year 

Capital 

Cost 
O&M 

Non-Incremental 

Benefits 

GHG 

Benefits 

Net 

Benefit 

2020  (3,434.7)  -     -     -     (3,434.7) 
2021  (915.9)  (6.7)  431.0  42.9  (448.7) 

2022  (229.0)  (13.4)  430.3  43.7  231.6  

2023  -     (13.4)  428.5  44.4  459.5  

2024  -     (13.4)  425.8  45.0  457.3  

2025  -     (13.4)  424.1  45.7  456.3  

2026  -     (13.4)  422.7  46.5  455.8  

2027  -     (13.4)  421.4  47.3  455.2  

2028  -     (13.4)  420.1  48.1  454.8  

2029  -     (13.4)  418.3  48.8  453.7  

2030  -     (13.4)  415.7  49.5  451.8  

2031  -     (13.4)  414.8  50.4  451.7  

2032  -     (13.4)  414.7  51.4  452.7  

2033  (369.3)  (13.4)  368.8  52.4  38.4  

2034  -     (13.4)  411.6  53.0  451.1  

2035  -     (13.4)  408.9  53.7  449.2  

2036  -     (13.4)  406.6  54.5  447.7  

2037  -     (13.4)  403.6  55.2  445.4  

2038  -     (13.4)  401.9  56.0  444.5  

2039  -     (13.4)  398.8  56.7  442.1  

2040  -     (13.4)  392.0  56.9  435.5  

2041  -     (13.4)  387.0  57.3  430.8  

2042  -     (13.4)  380.8  57.5  424.9  

2043  -     (13.4)  375.8  57.9  420.2  

2044  -     (13.4)  370.4  58.2  415.1  

2045  -     (13.4)  365.6  58.6  410.8  

 
EIRR 8.5% 

ENPV 949.9 

( ) = negative, EIRR = economic internal rate of return, GHG = greenhouse gas, NPV = net present value, O&M 

= operation and maintenance. 

Source: ADB estimates 

 
15. Table 3 shows the results of the cost-effectiveness analysis for Walung. The project 
costs of electrification with hybrid solar, diesel, battery mini grid, and solar home systems are 
compared with the next best alternative: diesel-only generation. The results show that the cost-
effectiveness ratio is higher than in the alternative case. 
 

Table 3: Cost-Effectiveness Analysis for Walung Village, Kosrae  
($’000)  

 Alternative: Diesel Only Project: Solar + Diesel + BESS 

Year Capital 
Cost 

O&M Fuel GHG 
Costs 

Total 
Cost 

Capital 
Cost 

O&M Fuel GHG 
Costs 

Total 
Cost 

2020 (643.4) 0.0 0.0 0.0  (643.4)  (950.11) 0.0 0.0 0.0 (950.1) 
2021 (214.5)  (19.6)  (12.9)  (3.4)  (250.4)  (253.36)  (6.4)  (0.2)  (0.03) (260.0) 
2022 0.0  (19.6)  (12.9)  (3.5)  (36.0)  (63.34)  (6.4)  (0.3)  (0.03) (70.1) 
2023 (30.0)  (19.6)  (12.9)  (3.5)  (66.1) 0.0  (6.4)  (0.3)  (0.04) (6.8) 
2024 0.0  (19.6)  (12.9)  (3.6)  (36.1) 0.0  (6.4)  (0.3)  (0.04) (6.8) 
2025 (30.0)  (19.6)  (12.9)  (3.7)  (66.2) 0.0  (6.4)  (0.4)  (0.05) (6.8) 
2026 0.0  (19.6)  (12.9)  (3.8)  (36.3) 0.0  (6.4)  (0.4)  (0.06) (6.9) 
2027 (30.0)  (19.6)  (13.0)  (3.8)  (66.4) 0.0  (6.4)  (0.5)  (0.07) (7.0) 
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2028 0.0  (19.6)  (13.0)  (3.9)  (36.5) 0.0  (6.4)  (0.5)  (0.07) (6.9) 
2029 0.0  (19.6)  (13.0)  (4.0)  (36.6) 0.0  (6.4)  (0.5)  (0.08) (7.0) 
2030 (30.0)  (19.6)  (13.0)  (4.1)  (66.6) 0.0  (6.4)  (0.6)  (0.09) (7.1) 
2031 0.0  (19.6)  (13.0)  (4.2)  (36.7) 0.0  (6.4)  (0.7)  (0.11) (7.2) 
2032 (30.0)  (19.6)  (13.0)  (4.2)  (66.8) 0.0  (6.4)  (0.9)  (0.14) (7.4) 
2033 0.0  (19.6)  (13.0)  (4.3)  (36.9)  (129.6)  (6.4)  (1.0)  (0.16) (137.1) 
2034 (30.0)  (19.6)  (13.0)  (4.4)  (67.0) 0.0  (6.4)  (1.2)  (0.19) (7.8) 
2035 0.0  (19.6)  (13.0)  (4.5)  (37.2)  (53.9)  (6.4)  (1.3)  (0.21) (61.8) 
2036 (30.0)  (19.6)  (13.1)  (4.6)  (67.3) 0.0  (6.4)  (1.5)  (0.26) (8.2) 
2037 0.0  (19.6)  (13.1)  (4.7)  (37.4) 0.0  (6.4)  (1.7)  (0.30) (8.4) 
2038 0.0  (19.6)  (13.1)  (4.8)  (37.5) 0.0  (6.4)  (2.0)  (0.36) (8.8) 
2039 (30.0)  (19.6)  (13.1)  (4.9)  (67.6) 0.0  (6.4)  (2.3)  (0.41) (9.1) 
2040 0.0  (19.6)  (13.2)  (5.0)  (37.8) 0.0  (6.4)  (2.6)  (0.48) (9.5) 
2041 (30.0)  (19.6)  (13.2)  (5.1)  (67.9) 0.0  (6.4)  (2.8)  (0.53) (9.8) 
2042 0.0  (19.6)  (13.2)  (5.3)  (38.1) 0.0  (6.4)  (3.2)  (0.61) (10.2) 
2043 (30.0)  (19.6)  (13.3)  (5.4)  (68.2) 0.0  (6.4)  (3.5)  (0.69) (10.6) 
2044 0.0  (19.6)  (13.3)  (5.5)  (38.4) 0.0  (6.4)  (3.9)  (0.79) (11.1) 
2045 0.0  (19.6)  (13.4)  (5.6)  (38.6) 0.0  (6.4)  (4.4)  (0.89) (11.7) 
 CER, $/kWh  1.94   CER, $/kWh 1.88 

( ) = negative, BESS = battery energy storage system, CER = cost-effectiveness ratio, GHG = greenhouse gas, 

kWh = kilowatt-hour, O&M = operation and maintenance. 

Source: ADB estimates. 

 

F. Sensitivity Analysis 
  
16. Table 4 presents the sensitivity of the EIRR and ENPV under key risk scenarios: (i) an 
increase in capital costs by 10%, (ii) an increase in operation and maintenance costs by 10%, (iii) 
a decrease in benefits by 10%, and (iv) a delay in project commencement by 1 year. The results 
show that the overall project is economically viable across all sensitivity parameters. The Yap 
main grid subproject is sensitive to a 10% reduction in benefits and delay by one year, while the 
Kosrae main grid subproject is viable across all sensitivity parameters.  
 

Table 4: Results of Sensitivity Analysis 

Assumptions Change 
EIRR  
(%) 

ENPV  
($’000) 

Base case  7.4%  1,416  
Capital cost overrun 10% 6.3%  320  
O&M costs increase 10% 7.4%  1,369  
Reduced benefits –10% 6.1%  86  
Delay by 1 year 1 year 6.4%  466  
Yap Main Grid    
Base case  6.7%  466  
Capital cost overrun 10% 5.9%  (83) 
O&M costs increase 10% 6.7%  434  
Reduced benefits –10% 5.4%  (338) 
Delay by 1 year 1 year 5.9%  (92) 

Kosrae Main Grid    

Base case   8.5%  950  

Capital cost overrun 10% 7.4%  549  

O&M costs increase 10% 8.5%  935  
Reduced benefits –10% 7.2%  424  

Delay by 1 year 1 year 7.4%  558  

  ( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation 
and maintenance. 

   Source: ADB estimates. 

 


