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ECONOMIC ANALYSIS 
 

A. Macroeconomic Context  
 
1. The Federated States of Micronesia (FSM) have had poor growth performance for the 
past 5 years. From 2006 to 2008, the FSM experienced negative growth, peaking at 2.3% in 
2008. Starting from 2009, the FSM economy showed signs of recovery with 0.4% real growth in 
2009 and 3.1% in 2010. The economy is particularly vulnerable to fuel price volatility. Table 1 
shows that oil imports averaged 10.7% of gross domestic product (GDP) from 2005 to 2009. It 
also shows that in 2008 when international crude oil prices reached nearly $150/barrel, oil 
imports peaked at about 14% of GDP, to shrink by almost half in the following year.  
 

Table 1: Federated States of Micronesia Oil Imports 
Item 2005 2006 2007 2008 2009 

Percentage of GDP 9.4 11.3 11.4 13.8 7.8 

Percentage of goods and service export 58.7 72.6 63.1 67.2 37.7 

Percentage of goods and service import 11.0 13.3 13.2 14.7 9.2 

GDP = gross domestic product. 
Source: International Monetary Fund, 2010, Macroeconomic Impacts of Energy Prices in the Pacific, Manila. 

 
2. High fuel prices have resulted in high electricity prices for end users. To cope with rising 
fuel prices, in 2006 Yap State Public Services Corporation (YSPSC) imposed a variable fuel 
charge, added on to the base tariff. In 2008, when fuel cost to YSPSC exceeded $6.00/gallon 
($1.59/liter), consumers were paying an additional $0.42 per kilowatt-hour (kWh) in Yap Proper 
and $0.67 per kWh in the outer islands. The variable fuel charge was subsequently disallowed 
by the state legislature, but the current fuel cost of about $4.70/gallon ($1.24/liter) was rolled 
into a new base tariff, effective in February 2012. The new base tariff is about 20% higher than 
the base tariff it replaced.   
 
B. Least-Cost Analysis 
 
3. The analysis considered different renewable energy options to reduce fuel dependency 
at the least cost for YSPSC. Renewable energy options for electricity generation are limited in 
Yap. Available studies indicate no hydro potential or geothermal sources, and biomass 
resources are insufficient for sustained power generation. Ocean thermal and wave energy 
remain experimental and prohibitively expensive. The only readily exploitable renewable energy 
sources at present are solar and wind energy. Due to their intermittent nature, solar- and wind-
sourced generation cannot completely displace diesel generation without undermining the 
reliability of electricity supply. The project identified the technical maximum of wind and solar 
input that can be absorbed by the grid without running into such limitations. The investment in 
renewable energy is complemented by a new and more efficient diesel generator.  
 
4. The technical analysis found that the best generation option for YSPSC within these 
limitations comprises three components: (i) a grid-connected roof-mounted solar installation 
providing 300 kW of power capacity; (ii) a two-stage wind turbine development, comprising 
approximately 0.5 MW installed in the first stage, followed 2 years later, subject to good 
operating experience with the first stage, by 0.9 MW; and (iii) a new medium-speed 1.8 MW 
diesel generator and associated electrical works to be operated during off-peak periods in 
parallel to, and at higher efficiency than, the two existing Deutz diesel engines.  
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C. Economic Costs and Benefits  
 
5. The project’s objectives are to decrease fuel dependency and increase grid efficiency of 
YSPSC in Yap Proper. The higher-efficiency diesel generation augmented by grid-connected 
solar and wind power sources funded by this investment will consume less diesel fuel annually 
than would be consumed without the project, while producing the same amount of electricity for 
end-users. As a result, the project will (i) reduce exposure to abrupt swings in international fuel 
prices and to international supply disruptions, and (ii) create a greater stability in Yap’s power 
system costs and in the future tariff.  A separate economic analysis was undertaken for each of 
the project components. A with-project scenario is compared directly to a without-project 
scenario in accordance with the Guidelines for the Economic Analysis of Projects of the Asian 
Development Bank. The project operating period is 25 years following full commissioning in 
2014 (the second stage of the wind development will be commissioned in 2016). All benefits 
and costs are expressed in constant 2012 prices. The domestic price is adopted for tradable 
inputs, from which taxes and duties have been removed. A shadow wage rate for unskilled labor 
of 85% of the market wage rate is applied to the unskilled labor component of the capital and 
operation and maintenance costs. The FSM uses the United States (US) dollar as domestic 
currency, and the US is the country’s main trading partner. A shadow exchange rate factor of 
1.0 (indicating no adjustment to the official domestic currency exchange rate with respect to 
foreign currencies) is adopted.  
 

1. Economic Costs 
 
6. For each component, project economic costs include (i) the initial costs of the hardware 
and electrical works needed for the installation and integration with YSPSC’s electrical grid; (ii) 
incremental annual and periodic O&M expenditures, including parts replacements as needed, 
required for the component through its useful life; and (iii) consulting services for design, 
tendering, training, and project supervision as required, (2012–2014). The project physical 
contingency is included in the total economic costs. 
 

2. Economic Benefits 
 
7. The quantified economic benefit of each project component is increased efficiency in 
diesel generation and thus a reduction in diesel fuel consumption and cost. An added economic 
benefit of the small diesel component is a reduction in maintenance costs for the existing Deutz 
diesel engines, because the latter can be switched off for a portion of each week day and 
throughout the weekends and public holidays (i.e., when the new small diesel is operating). 
Though not quantified, each project component will also reduce pollution emissions.   
 

3. Economic Internal Rate of Return, Economic Net Present Value, and 
Levelized Cost of Energy1 

 
8. For each of the components, diesel fuel and lube oil prices are assumed to rise by 
1.85% annually in real terms through the 25-year project.2 The tariff for each customer class 
(residential, commercial, and government) will rise by an amount sufficient to compensate for 

                                                
1
 The economic levelized cost of energy (LCOE) for each of the project components is calculated as the NPV of the 

total component lifecycle costs, discounted at 12% divided by the NPV of the component’s lifecycle energy 
production, also discounted at 12%. The LCOE is a measure commonly calculated for comparison with other 
energy alternatives. The actual value of the LCOE is quite sensitive to the discount rate used for economic analysis 
of power projects, this rate is generally 12%. 

2
  Annual Energy Outlook 2012 mid-point oil price projection, 2011–2035. 



3 
 

this, some variation that can be accommodated within management’s discretion based on the 
new tariff structure that YSPSC introduced in 2012. In addition, for the solar and wind power 
components, annual fuel savings are assumed to be reduced by 10%, to account for the need to 
maintain a spinning reserve of diesel generation to cater for intermittent drops in solar or wind 
output during the daily periods in which they are expected to operate. For the solar case, a 
credit to fuel savings is made for distribution system losses that are expected to be avoided by 
the direct input of solar-generated electricity to the government-owned premises where solar is 
installed. Project economic costs, energy production, and first-year fuel savings are in Table 2. 
 

Table 2: Summary of Economic Costs and Benefits 

Item 
Initial Cost 

($‘000) 

Annual 
Incremental 
Maintenance 

($‘000) 

Periodic 
Maintenance 

($‘000) 

Energy 
Produced 

(GWh/annum) 

First-Year 
Savings 

($‘000) 

Grid-Connected 
Solar (300 kW) 

1,319.7 6.6 166.7
  

(10 yrs) 
0.46 155.0 

Wind Generation 
Stage 1 (2013) 
Stage 2 (2016)  

 
2,716.7 
2,953.7 

 
54.3 
59.1 

 
0.0 
0.0  

 
0.80 
1.30 

 
258.2 
462.4 

Small Diesel 
(1,825 kW) 

 
2,896.3 

 
0.0

a
 

 
Variable

b
 

 
9.90 

 
376.3 

GWh = gigawatt-hour, kW = kilowatt. 
a
 100% offset by reduced routine maintenance on existing diesel capacity.  

b
 Largely offset by deferred periodic maintenance on existing diesel capacity. 

Source: Asian Development Bank. 

 
9. The economic internal rate of return (EIRR) of the consolidated project (all three 
components combined, including the two-stage wind case) is 12.9%, with a project economic 
net present value (ENPV) of $566,250. Under the one-stage wind case, the consolidated EIRR 
is 12.5% and the ENPV is $238,310. 
 
10. Sensitivity analysis of the consolidated project was carried out for the following key 
parameters: (i) installed capital cost, (ii) the real rate of annual fuel price increase (in the base 
case, assumed to be 1.85%), (iii) the annual energy output of the renewable energy 
components (solar and wind), and (iv) adverse changes in all three parameters combined. The 
EIRR and NPV were found to be highly sensitive to variations in all three parameters, especially 
capital cost and renewable energy output. Results are summarized in Table 3. 
 

Table 3: Summary of Sensitivity Analysis Results, Consolidated Project  

Test Case 
Variation 

(%) 

ENPV 

($‘000) 

EIRR 

(%) SI Base Case SV 
SV  

(+/–%) 

Base (reference case) 566 12.9 
    Increase in Costs 

Capital cost ($) 20 (1,272) 10.3 16.23 9,756 10,343 6.0 

Decrease in Benefits 

Fuel price escalation  (20) 215 12.4 3.10 1.9% 1.2% (32.7) 
Renewable energy 
(MWh) (20) (722) 10.8 11.38 2,568,873 2,343,130 (8.8) 

Initial Costs Increased (+) and Benefits Decreased (–) 

  20 (2,864) 7.8 
    ( ) = negative value, EIRR = economic internal rate of return, ENPV = economic net present value, SI = sensitivity indicator,  

SV = switching value. 
Source: Asian Development Bank.  
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11. Additional benefits would add to the overall economic benefits if they could be 
monetized. The use of renewable energy for power generation will abate approximately 3,000 
tons of carbon dioxide equivalent (tCO2e) emissions per year. This adds to a total of 75,000 
tCO2e emissions over the lifetime of the project. In addition, reductions of sulphur dioxide 
emissions could reduce respiratory illnesses. According to a recent United Nations report,3 
chronic lung diseases are among the major causes of morbidity and mortality in the FSM, 
together with other noncommunicable diseases. Respiratory diseases, together with infectious 
diseases, are the leading causes of hospital admissions in the country. Finally, the lower 
exposure of power tariffs to international fuel price fluctuation could benefit poor households. 
Poor households are greatly exposed to tariff volatility as expenditure for commodities usually 
represents a higher share of their income compared with richer households.  
 
12. Solar component. Under the above assumptions, the 300 kW grid-connected solar 
component producing 0.44 GWh of energy annually (equivalent to 0.46 GWh of avoided diesel 
generation, when distribution losses are included), has an EIRR of 11.4%, and an ENPV, using 
a 12% economic discount rate, of –$57,740. The levelized cost of energy (LCOE) from the solar 
installation, calculated over its 25-year life cycle, using a discount rate of 12%, is $0.40/kWh. 
Sensitivity analysis was carried out for the following key parameters: (i) installed capital cost, (ii) 
the real rate of annual fuel price increase (in the base case, assumed to be 1.85%), (iii) the 
annual energy output of the solar component, and (iv) adverse changes in all three parameters 
combined. The EIRR and NPV were found to be highly sensitive to variations in all three 
parameters, especially capital cost and energy output. The results are in Table 4. 
 

Table 4: Summary of Sensitivity Analysis Results, Solar Component  

Test Case 
Variation 

(%) 

ENPV 

($‘000) 

EIRR 

(%) SI Base Case SV 
SV  

(+/–%) 

Base (reference case) (57.74) 11.4     

Increase in Costs 

Capital cost  20 (318.70) 9.1 22.60 1,319.69 1,267.15 (4.0) 
Decrease in Benefits 

Fuel price escalation  (20) (104.29) 10.9 4.03 1.9% 2.3% 23.6 
Energy output  (20) (334.67) 8.4 23.98 441,873.00 460,298.00 4.2 

Initial Costs Increased (+) and Benefits Decreased (–) 

 20 (632.88) 5.8     
( ) = negative value, EIRR = economic internal rate of return, SI = sensitivity indicator, SV = switching value. 
Source: Asian Development Bank.              . 

 
13. Wind component. At the 90% wind speed exceedance level, the two-stage wind project 
produces 2.1 GWh/year. At that output, the EIRR is 11.5% and the ENPV is  
–$167,970; the LCOE is $0.39/kWh. If only the first stage is considered, at the 90% exceedance 
level the EIRR is 8.9% and the LCOE is $0.44/kWh. Sensitivity analysis was carried out for the 
one-stage and two-stage wind component assuming 90% exceedance. The sensitivity analysis 
considers the following key parameters: (i) the component’s installed capital cost, (ii) annual 
maintenance costs, (iii) the real rate of annual fuel price increase, (iv) the annual energy output 
of the wind component, and (v) adverse changes in all four parameters combined. Table 5 
shows the results for the two-stage component (EIRR of 11.5% in the base case). The project is 
most sensitive to changes in capital cost and annual energy output: the EIRR falls below 9% if 
capital costs increase by 20% or if energy output falls by 20%. A 20% variation in all parameters 
makes the EIRR fall to 4.5%. 

                                                
3
 United National General Assembly Special Session. 2011. 2010 Country Progress Report. Federated States of 

Micronesia. 
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Table 5: Summary of Sensitivity Analysis, Wind Component (Stages 1 and 2) 
 
Test Case 

Variation 

(%) 

ENPV 

($‘000) 

EIRR  

(%) 

 
SI 

 
Base Case 

 
SV 

SV  

(%) 

Base (reference case)  (167.97) 11.5     

Increase in Costs      

Capital cost ($) 20 (1,231.94) 8.7 31.67 5,670 5,488 (3.2) 
O&M cost ($) 20 (307.78) 11.0 4.16 113 86 (24.0) 

Decrease in Benefits      

Fuel price escalation  (20) (361.90) 10.8 5.77 1.85% 2.16% 16.6 
Energy output (MWh) (20) (1,179.78) 8.2 30.12 2,127,000 2,197,620 3.3 

Initial Costs Increased (+) and Benefits Decreased (–)   

 20 (2,567.16) 4.5     
( ) = negative value, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and 
maintenance, SI = sensitivity indicator, SV = switching value 
Source: Asian Development Bank. 

 
14. Sensitivity analysis was also conducted for the single-stage wind component which 
reached the same conclusions as the two-stage project: the EIRR and ENPV are highly 
sensitive to variations in capital cost (SI of 5.8) and energy output (SI of 4.7), but not to 
maintenance cost or a reduction in fuel price escalation. When all of the parameters are varied 
simultaneously, the EIRR of the one-stage project is 2.2%. 
 
15. Diesel generation component. The diesel generation component — a high-efficiency, 
diesel engine of 1.8 MW capacity to supply the system off-peak load—will produce 9.9 
GWh/annum. During these off-peak hours of operation, the small diesel will operate at 
significantly higher fuel efficiency of 15.5 kWh/gallon (4.10kWh/liter) compared with the existing 
Deutz diesel generators of 13.8 kWh/gallon (0.98 kWh/liter). The reduced maintenance on the 
existing Deutz diesel generators offsets the small diesel’s incremental routine maintenance 
costs. The diesel component has an EIRR of 15.6%, and an ENPV of $791,960 million. The 
diesel LCOE, including initial cost and fuel and maintenance costs calculated over its 25-year 
life cycle, is $0.40/kWh. A sensitivity analysis was carried out for the small diesel component. 
The EIRR and ENPV were found to be highly sensitive to variations in capital cost (SI = 3.2) and 
extremely sensitive to changes in fuel efficiency (SI = 42.3), but less so to the periodic 
maintenance cost (SI = 1.1) and fuel price escalation parameters (SI = 0.7). The EIRR remains 
substantially above 12% for variations of 20% in each parameter except for fuel efficiency. 
Variations in fuel efficiency are not anticipated as fuel consumption of modern diesel engines is 
reliable.   

Table 6: Summary of Sensitivity Analysis, Diesel Component 

 
Test Case 

Variation 

(%) 

ENPV 

($‘000) 

EIRR 

(%) 

 
SI 

 
Base Case 

 
SV 

SV  

(%) 

Base (reference case)  791.96 15.6     

Increase in Costs        

Capital cost  20 278.29 13.1 3.24 2,766.13 3,558.09 28.6 
Periodic maintenance  20 610.93 14.8 1.14 1.00 1.87 87.5 

Decrease in Benefits        
Fuel price escalation  (20) 680.92 15.2 0.70 1.85% (1.25%) (167.3) 
Fuel efficiency (20) (5,909.45) Negative 42.31 15.50 15.06 (2.9) 

Initial Costs Increased (+) and Benefits Decreased (–)     

 20 (6,489.83) Negative     
( ) = negative value, EIRR = economic internal rate of return, ENPV = economic net present value, SI = sensitivity indicator, SV = 
switching value.  
Source: Asian Development Bank.  




