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ECONOMIC ANALYSIS 

  
A. Introduction 
 
1. The Increasing Access to Renewable Energy Project will increase Tuvalu’s renewable 
energy penetration with investments in solar photovoltaic capacity in the outer islands of 
Nukulaelae (44.8 kilowatt-peak [kWp]), Nukufetau (78.4 kWp), and Nui (100.8kWp), and with 
500 kWp of solar and a 1 megawatt, 2 megawatt-hour battery energy storage system (BESS) in 
the capital Funafuti on the main island of Fongafale. The project will displace a portion of imported 
diesel fuel, which results in greenhouse gas emissions and is subject to wide import price swings. 
Replacing diesel with solar and using modern climate-resilient systems will reduce operating and 
maintenance costs, increase self-sufficiency, and assist the Government of Tuvalu to achieve its 
energy and climate policy goals. The economic analysis adopts a cost–benefit analysis following 
the Asian Development Bank (ADB) Guidelines for the Economic Analysis of Projects.1 
 
B. Methodology and Major Assumptions 

 
2. The project will result in reduced reliance on diesel power and as a result there will be  
reduced noise and air pollution, reduced potential for contamination of soil and water 
environments from spilled fuel and waste oil, and greatly reduced interisland fuel transport costs. 
Tuvalu will also be established as a world leader in displacing fossil fuels with clean indigenous 
renewable energy. However, only fuel cost savings and emissions avoidance can be readily 
quantified in the analysis. While the government has prioritized the outer islands to have 100% 
renewable energy, these have hybrid renewable energy systems installed. Further increases are 
at the expensive part of the cost curve and are uneconomical. However, the Funafuti component 
has sizable economic benefits, so analyzing the components as one project is justified since the 
combined benefits accrue for the entire country and help achieve the 100% national renewable 
energy target. The BESS accounts for a large part of the cost ($2.3 million, excluding 
contingencies) and by itself does not produce any electricity. However, it enables the system to 
support a further 3.2 megawatts of solar photovoltaic capacity. For this analysis, the cost and 
benefit of the additional solar capacity is included in the economic assessment although it is not 
part of the project. A summary of key incremental values of the project is shown in Table 1. 
 
3. No change in system output (generation and consumption) and operating personnel are 
envisaged in the outer islands, unlike in Funafuti. No project-related tariff changes are envisaged.  
 
4. The project is evaluated by comparing the with- and without-project scenarios, 
corresponding to the existing power system in the islands and the same power system with the 
proposed project installed. A conventional analysis of economic costs and benefits is carried out, 
comparing the values of the subprojects’ incremental economic costs and benefits, resulting in 
standard indicators of economic viability (economic internal rate of return [EIRR] and economic 
net present value). The EIRR is presented as a combination of the three outer island projects, the 
500 kWp of solar photovoltaic capacity in Funafuti, and the BESS.  
 
5. A social discount rate of 6% is applied in the cost–benefit analysis. This rate is justified 
since the project serves remote communities on poor, remote islands. Of the country’s population, 
26.3% live below the poverty line, i.e., they are unable to afford the cost of basic needs, while 

 
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. https://www.adb.org/sites/default/files/ 

institutional-document/32256/economic-analysis-projects.pdf 

http://www.adb.org/Documents/RRPs/?id=49450-015-2
http://www.adb.org/Documents/RRPs/?id=49450-015-2
https://www.adb.org/sites/default/files/institutional-document/32256/economic-analysis-projects.pdf
https://www.adb.org/sites/default/files/institutional-document/32256/economic-analysis-projects.pdf
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46.7% of the population live on $5.50 or less per capita per day. Among the world’s smallest 
countries and with severely limited natural resources, Tuvalu produces little of its own needs and 
is highly dependent on imported food and fuel, and on remittances. Poverty in Tuvalu (and other 
low-lying atoll countries), which is due to this external dependence, will increase substantially due 
to climate change impacts —such as reduction in fresh water supply and agricultural production, 
particularly in the outer islands; seawater flooding; and cyclones — and threatens the country’s 
habitability in the next decades. In 2015, Cyclone Pam displaced 45% of the nation’s population.2 
 

Table 1: Key Subproject Incremental Values  
($) 

Subproject 

Economic 
Investment 

Costa 

Renewables  
(% of total energy produced) 

Reduction in 
Diesel Fuel 

Used  
(liters, average 

per annum) 

Incremental 
Annual 
Labor 
Costs Without Project 

With 
Project 

Nukulaelae (44.8 kWp) 544,705 53 94 11,011 0 
Nukufetau (78.4 kWp) 451,140 61 90 17,060 0 
Nui (100.8 kWp) 464,860 55 91 19,327 0 
Funafuti (3,700 kW solar 
+ 2,000 kWh BESS) 

10,071,373 11 50 976,108 52,000 

Total 11,532,078   1,023,506 52,000 

BESS = battery energy storage system, kW = kilowatt, kWh = kilowatt-hour, kWp = kilowatt-peak. 
a  Costs include supply, construction, and commissioning, without taxes, plus a physical contingency factor (10%), but 

not including a price contingency. 
Source: Consultant estimates. 

 

6. The estimated costs of the project components are valued at their economic prices using 
the domestic price numeraire, which adjusts border prices to equivalent domestic values using a 
shadow exchange rate factor of 1.03.3 As the project does not require a significant local unskilled 
labor input, no shadow wage rate factor is applied. Incremental investment and recurrent costs 
expressed in constant 2019 prices and inclusive of physical contingencies are converted into 
economic costs by excluding all transfer payments, including taxes and duties, and applying the 
appropriate conversion factors. Investment costs are estimated based on the concept designs. 
Annual costs are evaluated over a 27-year period (2020–2046), allowing for a 3-year construction 
period (2020–2022) followed by a benefit period of 25 years. It is assumed that benefits begin to 
flow in 2022. 
 

7. As currently estimated, the projected level of electricity production through the planning 
period is the same in both scenarios for each subproject: consumption growth is assumed to be 
zero in the outer island subprojects and 3% per annum in Funafuti because of continuing 
urbanization, as discussed further in the demand analysis (paras. 12–14). The economic value of 
the fuel saved, as diesel is displaced by solar,4 is based on the TEC’s 2018 estimated cost per liter of 
diesel fuel (from which a 4% import duty has been removed), increased by a World Bank projection of 
world oil prices 5  in real terms, and the estimated quantity of diesel fuel consumed (in liters). 
Government delivery vessels transport diesel fuel to the outer islands in drums and charge the TEC 
A$0.05/liter, which is then added to fuel costs for the outer islands. In addition, it is assumed that 
routine (daily and weekly) diesel maintenance incurs a cost of $0.05/kWh of power generated, and 
this cost is avoided to the extent that diesel generation is displaced. Estimates of major maintenance 
are included, in both the with- and without-project scenario, and these are included (as capital costs). 

 
2  https://borgenproject.org/tuvalu-poverty-rate/ 
3  ADB. 2004. ERD Technical Note Series No 11, Shadow Exchange Rates for Project Economic Analysis: Toward 

Improving Practice at the Asian Development Bank, Appendix 1, p. 29, February 2004. 
4  The solar contribution to the power generation mix increases by 75%–100% in all subprojects. 
5  World Bank Commodity Price Forecast to 2030 (real) with price held constant after 2030, 29 October 2018. 

https://borgenproject.org/tuvalu-poverty-rate/
http://pubdocs.worldbank.org/en/823461540394173663/CMO-October-2018-Forecasts.pdf
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8. It is estimated that combustion of diesel fuel results in 2.68 kg of carbon dioxide emissions 
per liter.6 Estimates have been made of the economic value of damage inflicted on the world from 
human-generated carbon emissions. The ADB Guidelines for the Economic Analysis of Projects 
(footnote 1) specifies this value as $36.30/ton of carbon dioxide in 2016 prices, increased by 2% 
in real terms annually (i.e., equivalent to $38.54/ton in 2019, and increasing by 2% every year 
thereafter). This has been included in the analysis as a “carbon credit” in relation to the quantity 
of solar energy conversion (and displacement of diesel) under the with-project scenario. 
Estimates of periodic replacement of major asset components, both with and without the project, 
are included as capital costs in the current analysis. 

 

C. Demand Analysis 
 

1. Outer Islands  
 
9. In Tuvalu, as with many other Pacific island nations, there is a general slow population 
shift from the smaller outer islands towards the larger central islands and then on to other 
international destinations, particularly among working-age people. The populations of the three 
outer islands included in the project have all declined over more than 30 years. Population 
changes for the outer islands are presented in Table 2.7 
 

Table 2: Outer Islands Population Data 
Island 1979 1985 1991 2002 2012 

Nukulaelae 347 315 353 387 324 

Nukufetau 626 694 751 582 536 

Nui 603 604 606 523 542 

Source: Government of Tuvalu  

 

10. The power systems on the three islands were upgraded to solar–battery–diesel hybrid 
systems from diesel-only power systems in 2015. This enabled capacity for 24-hour/day 
generation instead of the previous 12–16 hours/day. Because of the long-term downward 
population trends, it is assumed that annual electricity demand will now plateau, i.e., not increase 
significantly during the lifetime of the subprojects. This assumption mirrors the assessment of 
TEC management and has been applied to system design and solar plant sizing assessment for 
the outer islands. 
 

11. The proposed subprojects for the outer islands will not result in excess capacity to meet 
this demand level, as the solar components do not fully displace the need for diesel generation 
(though they do provide more than 90% of the total generation capacity available to the islands). 

 

2. Funafuti 
 
12. Funafuti’s population census data since 1979 is presented in Table 3. Unlike the outer 
islands, Funafuti has experienced a fairly steady small population growth. During 2002–2012, 
average annual population growth was around 3.2% (footnote 7). 
 

Table 3: Funafuti Population Data 
Item 1979 1985 1991 2002 2012 

Funafuti 2,120 2,810 3,839 4,362 6,025 

Source: Government of Tuvalu 

 
6  https://www.eia.gov/tools/faqs/faq.php?id=307&t=9 
7  Government of Tuvalu. Census Reports for 1979–2012. http://www.citypopulation.de/Tuvalu.html  

https://www.eia.gov/tools/faqs/faq.php?id=307&t=9
http://www.citypopulation.de/Tuvalu.html
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13. According to the TEC 2016 annual report and TEC spreadsheets, electricity consumption 
in Funafuti grew at more than 10% per annum during 2014–2018. The three consumer groups 
(government, commercial, and private [i.e., residential]) each account for around one-third of total 
consumption, although the residential consumption is slightly dominant and grew the fastest 
(10.8% per annum during 2014–2018). Given the population and annual demand growth figures, 
it is anticipated that growth at these levels is unlikely to continue beyond the near term, as the 
island has limited available land and economic opportunities. 
 

14. Tuvalu’s gross domestic product is expected to increase at a real rate of around 4% in the 
medium term, before settling at around 2% over the long term. An increasing proportion of the 
national population will choose to reside in Funafuti for the foreseeable future, and residential 
demand will continue to be the main driver of changes in overall electricity consumption. In view 
of the limited land area of Funafuti and long-term national economic prospects, consumption 
growth is likely to moderate considerably from the recent past. To be financially conservative, i.e., 
to employ a growth assumption that places prudent requirements on the TEC’s financial capacity 
to support and financially sustain solar investments, it is assumed that the growth rate in electricity 
consumption in Funafuti will be about 3% per year in the long term, responding mainly to 
urbanization dynamics. As in the outer islands, the Funafuti subproject does not provide excess 
capacity to meet demand on the island, as it displaces less than 100% of diesel generation.  

 

D. Economic Cost–Benefit Analysis 
 

15. Project benefits are expressed in terms of a change of resources—i.e., indigenous 
renewable energy substituted for imported fossil fuels—resulting in lower economic costs of 
production including associated environmental damage because of carbon emissions. As diesel-
generated electricity is displaced by solar-generated electricity, diesel fuel use and diesel 
maintenance costs are reduced. The global environmental benefits of increased solar generation 
and reduced diesel emissions are included as described in paras. 10–11. Other additional benefits 
which are not readily quantifiable are excluded in the present analysis. 
 

16. The Funafuti subproject in two stages carries an approximately $10.07 million initial 
economic investment cost, increases the contribution of solar energy to total generation in 
Funafuti from about 11% to 50%, and reduces diesel fuel consumption by about 980,000 
liters/year. The three outer island subprojects will be installed at initial economic investment costs 
ranging between $0.45 million and $0.54 million each, and will increase the contribution of solar 
energy to total generation in each system from slightly more than 50% at present to more than 
90%, and in combination will reduce diesel fuel consumption by about 47,000 liters/year. 
 

17. The economic capital costs also include incremental asset replacements that are 
necessary through the life of the project, including periodic replacements of solar inverters, BESS 
cells, and photovoltaic arrays in each power system. The capital costs also reflect savings in the 
costs of replacement of diesel generators which would be necessary without the project but are 
avoided with the project. Given the above, the economic net present value of the project is $3.59 
million and the EIRR is calculated at 9.0%, which is above the 6% threshold (Table 4).  
 
18. Sensitivity analysis. Sensitivity analysis has been carried out for adverse variations in (i) 
capital costs, (ii) operation and maintenance costs, (iii) fuel savings, (iv) carbon credits, and (v) a 
delay in the subproject by 1 year. For 10% adverse variations in parameters (i)–(iv) and in project 
delay by 1 year, the EIRR stays above the threshold rate of 6%, and the net present value remains 
positive. The project is most sensitive to either a decrease in the fuel savings or an increase in 
capital costs, the switching values of which provide for about a 30% increase in capital costs or a 
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26% decrease in fuel savings before the project net present value reduces to zero. The project is 
not sensitive to changes in operation and maintenance costs or carbon credits. A one-year delay 
results in reduced economic indicators because of the delay in fuel savings, but the EIRR of 7.7% 
remains above the threshold rate. The economic analysis indicates that, under the projections of 
system performance and costs, the project is robust to reasonable adverse variations in the key 
cost and benefit parameters. The sensitivity analysis is presented in Table 5. 
 

Table 4: Project Costs and Benefits 
  Incremental Costs Incremental Benefits Net Benefits 

Year Investment 
O&M  

(Labor, Repair 
& Maintenance) 

Total 
Fuel 

Savings 

Global Environmental 
Benefit of Carbon 

Reduction 
Total   

2,020  4,612,831  0  4,612,831  0  0  0  (4,612,831) 

2,021  4,612,831  0  4,612,831  0  0  0  (4,612,831) 

2,022  2,306,416  10,885  2,317,301  1,071,328  91,316  1,162,644  (1,154,657) 

2,023  0  9,898  9,898  1,078,878  95,387  1,174,265  1,164,366  

2,024  0  8,897  8,897  1,087,553  99,612  1,187,165  1,178,268  

2,025  0  7,828  7,828  1,097,148  104,130  1,201,278  1,193,450  

2,026  0  6,706  6,706  1,107,268  108,922  1,216,190  1,209,483  

2,027  0  5,506  5,506  1,118,309  114,048  1,232,357  1,226,851  

2,028  0  4,483  4,483  1,124,267  118,898  1,243,165  1,238,681  

2,029  0  3,576  3,576  1,126,830  123,611  1,250,441  1,246,865  

2,030  682,633  2,670  685,303  1,128,587  128,454  1,257,041  571,738  

2,031  0  1,907  1,907  1,145,907  133,061  1,278,968  1,277,061  

2,032  (130,000) 1,287  (128,713) 1,159,998  137,419  1,297,417  1,426,130  

2,033  12,000  686  12,686  1,173,736  141,855  1,315,592  1,302,906  

2,034  0  95  95  1,187,188  146,380  1,333,568  1,333,472  

2,035  1,230,126  (511) 1,229,615  1,201,008  151,076  1,352,084  122,469  

2,036  0  (1,088) (1,088) 1,214,195  155,820  1,370,015  1,371,103  

2,037  0  (1,784) (1,784) 1,229,946  161,032  1,390,978  1,392,762  

2,038  0  (2,511) (2,511) 1,246,571  166,508  1,413,079  1,415,590  

2,039  0  (3,300) (3,300) 1,264,461  172,310  1,436,771  1,440,072  

2,040  677,302  (4,116) 673,186  1,283,037  178,375  1,461,412  788,226  

2,041  0  (4,231) (4,231) 1,282,126  181,920  1,464,046  1,468,277  

2,042  0  (5,067) (5,067) 1,301,209  188,358  1,489,567  1,494,634  

2,043  (130,000) (5,715) (135,715) 1,315,967  194,343  1,510,310  1,646,026  

2,044  0  (6,373) (6,373) 1,330,944  200,525  1,531,470  1,537,842  

2,045  0  (7,084) (7,084) 1,347,166  207,069  1,554,236  1,561,319  

2,046  0  (7,084) (7,084) 1,347,166  207,069  1,554,236  1,561,319  

EIRR             9% 

EIRR = economic internal rate of return, O&M = operation and maintenance 
Source: Consultant estimates. 

 
Table 5: Sensitivity Analysis 

Test Case  
 Test 

Variation  
(+/- %)  

 ENPV   EIRR  
 Sensitivity 
Indicator  

 Basecase 
Parameter  

 
Switching  

Value  

 Switching 
Value %  

(+/-)*  

 Base (reference case)    3,585,792  9%         

 Increases in Costs                

 Investment Cost  10% 2,382,802  8%  3.35  12,029,900  15,615,6
92  

30% 

 O&M Costs (NPV)  10%  3,582,370  9%  0.01   34,228       -100% 

 Decreases in Benefits                

 Fuel Savings (NPV)  -10%  2,182,288  8%  3.91   14,035,049   
10,449,2

57  

-26% 

 Carbon Credit (NPV)  -10%  3,424,305  9%  0.45   1,614,871      -100% 

 Project delayed by 1-year      1,969,022  8%         

EIRR = economic internal rate of return, ENPV = economic net present value, NPV = net present value, O&M = 
operation and maintenance 
Source: Consultant estimates.  


