
Outer Island Renewable Energy Project—Additional Financing (RRP TON 43452-024) 

 

ECONOMIC ANALYSIS  
 

1. This appendix describes the assumptions, methodologies, and results of the economic 
analysis of the proposed additional financing for the Outer Island Renewable Energy Project. 
The economic analysis was prepared in accordance with the Guidelines for the Economic 
Analysis of Projects of the Asian Development Bank (ADB).1 Cost estimates were based on the 
preliminary results of the consultant’s assessment carried out under ADB’s project preparatory 
technical assistance and actual procurement under the current project.2 
 
2. ADB approved the original Outer Island Renewable Energy Project on 27 June 2013 to 
reduce Tonga’s dependence on imported fossil fuel for power generation and give consumers 
greater access to electricity at reduced costs through solar power generation. 3   The first 
additional financing was approved on 20 October 2015 and became effective on 30 November 
2015.4 The current project plans to (i) construct and install solar power systems with a total 
capacity of 1.32 megawatt peak and rehabilitation by TPL of the existing grid network near the 
solar power generation systems on the islands of 'Eua and Vava’u by replacing cables, poles, 
distribution transformers, switchgears, and other equipment; (ii) provide operations and 
maintenance (O&M) training and knowledge transfer to the implementing agencies for at least 5 
years after  the commissioning of the solar systems including the development of a program 
manual for O&M of solar generation and distribution systems; and (iii) assist the implementing 
agencies to implement the project in an efficient and effective manner by recruiting project 
management consultants for at least 5 years after commissioning of the solar systems.5 
 

3. This component aims to reduce technical power distribution losses on the network and, 
consequently, reduce the consumption of the diesel to generate the lost electricity. Under the 
proposed additional financing, the rehabilitation by TPL of the existing grid network will be 
expanded in `Eua from 80% to 100% of the existing grid network including service lines and in 
Vava’u from 20% to 50% of the existing grid network. 

 
4. The power distribution system requires considerable investment and O&M efforts. Power 
distribution assets typically represent 20%–30% of the required power system investments in 
electricity industries worldwide, but this figure rises to about 42% for TPL. The standard losses 
in rural power distribution networks are generally about 5%, and yet the rate is more than twice 
as high in Tonga (around 13%). Greater losses mean that more fuel is consumed in power 
generation, which makes improving the efficiency of the country’s power system a matter of 
interest for both TPL and Tonga’s consumers. The proposed second additional financing is 
expected to result in additional savings of about 0.12 million liters of diesel per year. 

                                                           
1
 ADB. 2016. Guidelines for the Economic Analysis of Projects (revised draft). Manila. 

2
 The technical assistance was approved on 28 November 2012 to prepare the original project. ADB. 2012. Project 

Preparatory Technical Assistance: Kingdom of Tonga: Outer Island Energy Efficiency Project. Manila. 
3
 ADB. 2013. Report and Recommendation of the President to the Board of Directors: Proposed Grant and 

Administration of Grant to the Kingdom of Tonga for the Outer Island Renewable Energy Project. Manila. 
4
 ADB. 2015. Report and Recommendation of the President to the Board of Directors: Proposed Grant and 
Administration of Grant to the Kingdom of Tonga for the Outer Island Renewable Energy Project (Additional 
Financing). Manila. 

5
 The current project includes the first additional financing.  
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A. General Assumption 
 

5. The economic feasibility itself was evaluated for the proposed additional financing 

component by comparing between the following without- and with-project scenarios:  

(i) Under the baseline without-project scenario, the electricity would be supplied by the 
existing inefficient power distribution networks on ‘Eua and Vava’u with the existing 
technical losses. 
 

(ii) Under the with-project scenario, the existing power distribution networks on ‘Eua and 
Vava’u, rehabilitated under the proposed additional financing, would have technical 
losses about 5% lower than the existing losses.  
 

B. Demand Analysis 
 

6. Petroleum dependency makes Tonga highly vulnerable to oil price changes and shocks, 
which affect the affordability of food, goods, electricity, and transport. The peak demand of the 
four Tonga Power Limited (TPL) grids in 2016 is about 11.1 megawatts (MW), and the demand 
for the year was about 55 gigawatt-hours. It is expected that the peak capacity demand and 
annual consumption will increase to 17.2 MW and 66 gigawatt-hours by 2020. 
 
7. In the islands of ‘Eua and Vava’u, both annual consumption and the number of 
consumers are expected to increase by 2.0% per annum based on the historical trend. The 
demand forecast for ‘Eua and Vava’u by 2020 is shown in Table 1. 

 
Table 1: Demand Forecast for ‘Eua and Vava’u by 2020 

Year 

‘Eua Vava’u 

Annual 
consumption 

(MWh) 
Number of 
consumers 

Annual 
consumption 

(MWh) 
Number of 
consumers 

2014 1,150 1,044 5,000 3,217 
2020 1,300 1,295 5,631 3,623 

MWh = megawatt-hours 
Source: Tonga Power Limited estimates. 

 
C. Cost–Benefit Analysis 
 

8. The cost-benefit analysis for the proposed additional financing was carried out based on 
a project lifespan of 25 years. The costs were based on 2016 constant prices. They included 
(i) the capital costs, comprising the costs of civil works and goods (e.g., cable, poles, distribution 
transformers, and switchgear); and (ii) the replacement costs. The financial costs were adjusted 
to eliminate price contingencies and taxes, but physical contingencies were included. Using the 
world price numeraire, the financial costs were converted to economic prices by applying the 
standard conversion factor of 0.9 to non-traded inputs, with traded inputs valued (conversion 
factor of 1.0) at their border prices.6 The shadow wage rate factor of 0.95 has been used.  A 
discount rate of 12% per annum was used.  

                                                           
6
 The same conversion factor was used in the economic analyses of three recent projects approved in Tonga; (i) ADB. 
2013. Report and Recommendation of the President to the Board of Directors: Proposed Grant to Tonga for Outer 
Island Renewable Energy Project. Manila; (ii) ADB. 2013. Report and Recommendation of the President to the 
Board of Directors: Proposed Grant to Tonga for Climate Resilience Sector Project. Manila; and (iii) 2011. Report 
and Recommendation of the President to the Board of Directors: Proposed Grant to Tonga for Nuku’alofa Urban 
Development Sector Project. Manila. 
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 9. The additional financing is expected to generate the following economic benefits: 
 

(i) Non-incremental benefit. The additional financing will generate the following non-
incremental benefits: 
 
a) Fuel cost saving. Diesel consumption will be reduced since the rehabilitation of 

the existing power distribution networks under the new component of the overall 
project will reduce technical losses. The diesel saving benefit was derived by 
multiplying the amount of additional diesel saving due to technical losses by the 
unit economic cost of diesel—$0.63 per liter (net of tax and/or subsidy).7 In other 
words, multiplying the saved electricity produced by diesel generators in kilowatt-
hours (kWh) by the unit volume of diesel required to produce 1 kWh of electricity. 
The transport costs of the corresponding amount of diesel from the main island to 
outer islands were also considered. 
 

b) Distribution operation and maintenance cost saving. The rehabilitation of the 
existing power distribution networks is expected to reduce the distribution O&M 
expenses of TPL on ‘Eua and Vava’u by about 25%.8  
 

(ii) Energy and environmental benefits. The economic benefit of the avoidance of air 
pollutants due to reduced power losses and the resulting reduced diesel 
consumption was quantified by accounting for each kWh of saved electricity 
produced through diesel generators and converting the saved pollutants into 
emission certificates. The economic benefit of reduction in greenhouse gas 
emissions was quantified using the unit price of carbon credit of $35.0/ton.9  
 

(iii) Unvalued benefits. The overall project, including the proposed additional financing 
components, includes the following quantitative benefits, which are excluded in the 
economic internal rate of return (EIRR) calculation, because these benefits are hard 
to quantify although they are expected to exceed unvalued costs. 
 
a) Climate resilience benefits. The Government of Tonga requested ADB’s 

support to rehabilitate TPL’s grids on ‘Eua and Vava’u, following the devastation 
caused when Cyclone Ian passed directly over the northeast islands of Ha’apai in 
January 2014. 10 Both the ongoing grid rehabilitation work, which is being 
implemented under the current project,11 and the additional rehabilitation work to 

                                                           
7
 This is the average diesel price in Tonga for period July 2014 to June 2016. 

8
 Based on TPL’s experience in similar projects in other islands. 

9 In general, multilateral financial institutions use a $30-35/ton proxy for carbon dioxide emissions. ADB is currently 
updating its Economic Analysis Guidelines and is proposing to use this estimate. 

10 
Cyclone Ian was a category 5 system, with winds of more than 200 kilometers per hour (km/h) and gusts of about 
300 km/h. About 5,000 people were directly affected—66% of Ha’apai’s population. According to TPL, the cyclone 
damaged 90% of the Ha’apai power network’s distribution lines, 40% of the high-voltage poles, 70% of the low-
voltage poles, 65% of the transformers, 90% of the transformer structures, one of the two generators, and 95% of 
the streetlights. The grid reconstruction works were completed under the Cyclone Ian Recovery Project: ADB. 2014. 
Report and Recommendation of the President to the Board of Directors: Proposed Grant and Administration of 
Grant to the Kingdom of Tonga Cyclone Ian Recovery Project. Manila. Overall progress of rehabilitating the 
electricity network on Ha’apai has been satisfactory. 

11  
ADB. 2015. Report and Recommendation of the President to the Board of Directors: Proposed Grant and 
Administration of Grant to the Kingdom of Tonga for the Outer Island Renewable Energy Project (Additional 
Financing). Manila. It is to rehabilitate 80% and 20% of existing grid networks on ‘Eua and Vava’u. 
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be funded by the proposed additional financing will improve the climate resilience 
feature of TPL’s grids.  
 

b) Gender and other social benefits. Under the current project, 8 women out of 15 
trained workers brought into the project by TPL, have previously completed 
similar tasks under the Cyclone Ian Recovery Project. TPL’s effort may create a 
long-term employment opportunity for these female workers. The proposed 
additional financing will allow TPL to train those female field workers and create 
more opportunities for them. 
 

D. Economic Internal Rate of Return 
 

10. Results of the economic analysis for the additional financing component have been 
presented in the key economic indicators, such as the EIRR and the economic net present 
value (ENPV). The ENPV of the additional financing project is -$0.375 million. The EIRR of the 
additional financing component is 10.39%, which is within the acceptable level of between 10% 
and 12% with unvalued benefits that are expected to exceed unvalued costs. Thus, the project 
is considered feasible from the economic point of view. The economic benefits and costs of the 
additional financing project are shown in Table 2.    
 

Table 2: Economic Costs and Benefits of the Additional Financing Project 
($ million) 

Year 
Total Economic 

Costs 
Direct Economic 

Benefits Environmental Benefits 
Total Economic 

Benefits 
Net Economic 

Benefits 

2017              (0.23)               0.19                        -                 0.19               (0.04) 

2018              (3.19)               0.33                     0.01                0.34               (2.85) 

2019              (1.14)               0.34                     0.01                0.35               (0.79) 

2020                   -                 0.35                     0.01                0.36                0.36  

2021                   -                 0.36                     0.01                0.37                0.37  

2022                   -                 0.38                     0.01                0.39                0.39  

2023                   -                 0.39                     0.01                0.40                0.40  

2024                   -                 0.40                     0.01                0.41                0.41  

2025                   -                 0.41                     0.01                0.42                0.42  

2026                   -                 0.43                     0.01                0.44                0.44  

2027                   -                 0.44                     0.01                0.45                0.45  

2028                   -                 0.46                     0.01                0.47                0.47  

2029                   -                 0.47                     0.01                0.48                0.48  

2030                   -                 0.49                     0.01                0.50                0.50  

2031                   -                 0.51                     0.01                0.52                0.52  

2032                   -                 0.53                     0.01                0.54                0.54  

2033                   -                 0.55                     0.01                0.56                0.56  

2034                   -                 0.57                     0.01                0.58                0.58  

2035                   -                 0.59                     0.01                0.60                0.60  

2036                   -                 0.61                     0.01                0.62                0.62  

2037                   -                 0.63                     0.01                0.64                0.64  

2038                   -                 0.66                     0.01                0.67                0.67  

2039                   -                 0.69                     0.01                0.70                0.70  
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Year 
Total Economic 

Costs 
Direct Economic 

Benefits Environmental Benefits 
Total Economic 

Benefits 
Net Economic 

Benefits 

2040                   -                 0.62                     0.01                0.63                0.63  

2041                   -                 0.64                     0.01                0.65                0.65  

2042                   -                 0.67                     0.01                0.68                0.68  

   Base Case EIRR (%)       10.39   

    ENPV    (0.375) 

() = negative, EIRR = economic internal rate of return, ENPV = economic internal rate of return. 
Source: Asian Development Bank estimates. 

 

11. The EIRR for the overall project with the second additional financing was calculated at 
12.25% and the ENPV at $0.14 million. 
 

E. Sensitivity Analysis for Economic Internal Rate of Return and Net Present Value 
 

12. The analysis subjected the base case EIRR and ENPV for the overall project (additional 
financing included) to sensitivity testing based on adverse changes in projected solar generation, 
diesel prices, the costs of replacement parts, and completion period. Under the scenarios 
shown in Table 3, the EIRR of the overall project remained at an acceptable level between 10% 
and 12% with unvalued benefits that are expected to exceed unvalued costs. Thus, the project 
is considered feasible from the economic point of view.  
 

Table 3: Sensitivity Analysis for EIRR and EPNV for the Overall Project 

Scenarios 
ENPV 

($ million) 
EIRR 
(%) 

Switching 
value 

Base case 0.14 12.25  
Construction delayed by 1 year 0.09 12.19 - 
Solar power generation reduced by 10%  (0.17) 11.80 4.49 
Increase in replacement costs by 10% 0.08 12.17 61.84 
Diesel prices reduced by 20% (0.13) 11.86 10.36 
Diesel prices increased by 20% 0.41 12.65 (10.36) 
Solar power reduced by 10%, and replacement costs 
increased by 10% 

(0.19) 11.76  

() = negative, EIRR = economic internal rate of return, ENPV = economic internal rate of return. 
Source: Asian Development Bank estimates.  


