
South Tarawa Sanitation Improvement Sector Project (RRP KIR 43072) 

EXTENDED ECONOMIC ANALYSIS 
 

A. Context of the Analysis 
 

1. The South Tarawa Sanitation Improvement Sector Project is designed to fund and 
support investment in the rehabilitation of the existing sewerage systems and ocean outfalls in 
the three urban areas of South Tarawa (Bairiki, Betio and Bikenibeu) and to provide adequate 
maintenance facilities, thereby improving the environment and public health in those areas. 
Furthermore, the 8-year project provides for sustained implementation of capacity building, 
community engagement, and behavioral change programs.  
 
2. South Tarawa’s existing sanitation infrastructure is inadequate for meeting the needs of 
this densely populated urban center. Direct human contact with, and consumption of, fecally-
contaminated sources of groundwater, as well as shellfish, constitute a significant public health 
risk.  Dilapidated sewerage outfalls and widely practiced open defecation in coastal areas have 
resulted in heavy contamination of ocean and lagoon waters, contributing to infections among 
those who use the waters for ablution, recreation, and fishing. Additionally, adequate hand 
washing is not widely practiced.  These factors contribute to fecal-oral transmissions through 
food, groundwater, insects, and dogs, all contributing to diarrhea.  
 
3. In South Tarawa, households obtain fresh water from three main sources: (i) treated 
water piped from the Bonriki/Buota water reserve (67% of households in 2005), (ii) untreated 
rainwater collected in household tanks from roof catchments (43%), and (iii) untreated 
groundwater from shallow hand-dug household wells (72%).1

 

 All of these sources are 
contaminated to varying degrees. The treated piped water from Bonriki is contaminated at the 
delivery points because there are many leaks in the transmission and distribution network, 
which is often unpressurized, allowing ingress of contaminated local groundwater. Rainwater 
collected in tanks is largely contaminated, especially during dry periods, due to lack of 
maintenance and cleaning of the collection systems (tank, roof, and gutters). Lastly and most 
importantly, the groundwater extracted from household wells is heavily contaminated due to 
septic tanks discharging directly into the water table, pit latrines dug into the water table, and the 
free roaming of livestock (pigs and dogs) throughout South Tarawa. The porous soils of the 
coral atoll ensure that contaminants on the surface are conveyed quickly and directly into the 
local water table.  

4. Due to the constrained supply of piped water (connected households receive water for 
only a few hours every 2 or 3 days) and the unreliability of household rainwater collection, which 
is subject to frequent droughts, households now rely on their shallow hand-dug wells not only for 
washing and flushing but also, to an increasing extent, for drinking and cooking. According to 
the 2010 Tarawa Water Master Plan, "[t]he decrease in the percentage of households receiving 
treated piped water and the increase in the use of household wells as sources of drinking water 
indicate that more people in Tarawa are relying on potentially polluted local groundwater. If this 
continues, health statistics are expected to worsen." 2

 
 

5. Waterborne diseases (primarily diarrhea and dysentery, but also others such as typhoid 
and septic skin lesions) are prevalent in South Tarawa, and fatalities related to them are 
common. “Kiribati has a very high incidence of water-borne diseases with an infant mortality rate 

                                                
1 Government of Kiribati. 2011. Tarawa Water Master Plan – Demand. Bairiki. Totals do not sum to 100% because 

many households have more than one of these sources of water. 
2 World Bank, Kiribati Adaptation Project. 2010. Future Water Demand: Kiribati. Washington D.C.  

http://adb.org/Documents/RRPs/?id=43072-013-3�


2 
 

amongst the highest in the Pacific at 46 per 1,000 live births, which is attributed to infantile 
diarrhoea. … In 2009, in South Tarawa almost one person in four was affected by diarrhoea or 
dysentery to the degree that required a visit to a health clinic…[A] reported four infants/children 
die of diarrhoea every month in South Tarawa. This high incidence of dysentery and diarrhoea 
is a gross indicator of potentially more serious water-borne diseases such as typhoid and 
cholera resulting from the pollution of the underlying water lenses from human and animal 
wastes.”3

 
  

6. Health officials in South Tarawa are concerned that conditions are ripe for a near-term 
cholera outbreak, as last occurred in 1977. A future outbreak, without the project, could be 
expected to have much more serious consequences than the 1977 one (in which 494 infections 
were recorded but no fatalities) because of the vast increase in population density and numbers, 
and the rapid transmission of contamination through groundwater.4

 

 The present health system 
is substantially overstretched by, among other things, dealing with the high prevalence of 
diarrhea and dysentery, and is ill-equipped to cope with a sudden life-threatening epidemic, 
which would most likely result in mortality. 

7. This analysis focuses mainly on the potential of the project to reduce mortality stemming 
from water-related illnesses, both in terms of prevented infant deaths from diarrhea and in terms 
of avoidance, or reduction in the severity of, life-threatening epidemics (cholera).  
 
B. Methodology 

 
8. A “with-project” scenario is compared to a “without-project” scenario to make explicit the 
benefits of the project and its incremental costs over its lifetime. The project operating period is 
20 years following full commissioning of the initial sewerage investments in 2015 (community 
awareness and capacity development activities, all of material importance to project outcomes, 
will continue to be implemented through to 2019). All benefits and costs are expressed in 
constant 2011 prices on an incremental basis. The domestic price numeraire is adopted for 
tradable inputs, from which taxes and duties have been removed. A shadow wage rate for 
unskilled labor of 90% of the market wage rate has been applied to the unskilled labor 
component of the capital and operations and maintenance (O&M) costs. Kiribati uses the 
Australian dollar (A$) as its domestic currency, and Australia 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 the US dollar or other foreign currencies) is adopted for 
the analysis.  
 
9. Economic costs and benefits are quantified as discussed below, and the considerable 
nonquantifiable benefits of the project are enumerated and included in the economic 
assessment. Sensitivity analysis is carried out on the quantified parameters and is discussed 
below. 
 
C. Project Economic Costs 

 
10. Project economic costs include (i) the initial costs of the urban sewerage and ocean 
outfall rehabilitation works, including procurement of sewer cleaning and maintenance 

                                                
3 Pacific  Infrastructure  Advisory  Center.  2010.  South  Tarawa  Water Supply, Sanitation and Solid Waste Program. 

Bairiki. 
4 http://www.nationsencyclopedia.com/WorldStats/WHO-cholera-number-deaths.html  and  personal  communication, 

Director of Hospital Services, Ministry of Health and Medical Services, May 2011. 
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equipment, costs for which will be incurred from 2012 to 2014 inclusive; (ii) annual and periodic 
O&M expenditures on the rehabilitated sewer system through its useful life (some O&M 
expenses will begin to occur within the 2012-2014 construction period); and (iii) consulting 
services for project supervision (2012-2014) and for capacity development and community 
engagement (2012-2019). The project physical contingency is included in the total economic 
costs.  
 
D. Project Economic Benefits 

 
11. The most significant economic consequences of poor sanitation in South Tarawa are the 
existing high human mortality rate, particularly of infants and children under 5 years of age, and 
the continuing near-term risk of a serious outbreak of disease such as cholera. The bulk of the 
quantifiable economic benefits of the project are thus ascribed to the project’s potential to 
prevent such fatalities. In addition to avoiding fatalities, household expenditures avoided by the 
project for on-site treatment of water to avoid disease are included as a quantified benefit. 
Several highly significant unquantified benefits included in the assessment are discussed below. 
Table 1 summarizes the quantified and unquantified benefits included in the economic 
assessment of the project. 
 

Table 1: Summary of Economic Benefits 
1. Reduced morbidity (disease) in households  

(i) higher quality of life due to less suffering 
(ii) less burden on other household members caring for the ill 
(iii) less risk of contagion within the household  

2. Reduced infant and child mortality 
(i) avoidance of parental tragedy of child death 
(ii) avoidance of loss of potential income through premature death 

3. Reduced risk of fatal epidemics 
(i) avoidance of loss of national productivity  
(ii) avoidance of loss of economic support for households  

4. Other benefits 
(i) reduction in morbidity from water-borne disease (e.g., avoiding massive illness associated 

with a cholera outbreak, and the long term costs of poor nutrition and reduced immunity that 
results from frequent illness);  

(ii) improved environment for private sector investment and economic growth (e.g., tourism 
development);  

(iii) reduction of pollution of reef and lagoon waters, improving productivity and reducing the risk 
of infection by fishermen and other users;  

(iv) protecting the public water supply and deferring or possibly eliminating the need for 
expensive supply augmentation (i.e., desalination);  

(v) relieving stress on South Tarawa’s health services, thus making more capacity available to 
counter other endemic health threats. 

Source: Asian Development Bank estimates. 
 
12. The following two subsections describe the quantified and unquantified benefits that are 
included in the economic analysis and assessment of the project. 
 

1. Quantified Benefits  
 
13. Household on-site treatment of water to protect health. Households reportedly do 
not commonly treat water on-site (e.g., by boiling) before consumption, for two apparent 
reasons: (i) indigenous fuel (firewood, coconut husks) is scarce and is mainly reserved for 
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cooking food, while imported fuels (kerosene, liquefied petroleum gas) are expensive and are 
also reserved, if used at all, for cooking food; and (ii) there is a lack of awareness (documented 
in previous social surveys) of the links between disease and the presently contaminated 
sources of water available to households. The end-result of consuming untreated contaminated 
water is disease, which in itself is a highly significant economic cost, though difficult to quantify 
at the household level. An estimate of lost wages, for example, as a result of disease does not 
adequately capture this cost, as only a minority of households earn cash wages or engage in 
subsistence activities5

 

. As an alternative means of quantifying the cost (by proxy), a least-cost 
analysis has been performed on the methods of boiling water before consumption to avoid 
disease, available to a typical urban household that depends on wellwater for at least a part of 
their daily water needs. Use of firewood for this purpose has been ruled out because of 
firewood’s scarcity, leaving three further fuel options: (i) kerosene, (ii) LPG, and (iii) electricity. 
All three fuels are widely available in South Tarawa, but on an energy-equivalent basis, 
kerosene costs only about 25% of either of the other two. Therefore the cost of kerosene 
conceptually used by a household to boil water prior to consumption is used as a proxy for the 
household-level economic value of avoiding the morbidity that results from using contaminated 
water.  

14. In practical effect, all households in South Tarawa would need to treat water prior to 
consumption, since all sources of water are contaminated to varying degrees, as mentioned 
above. However, to be conservative, this analysis considers only urban households that depend 
on wellwater for at least part of their daily water needs. The 2005 Census6 shows that, in that 
year, 72.2% of households in South Tarawa took a portion of their daily water from either open 
or closed household wells.7

 

 This proportion has been assumed to remain constant through the 
analysis period. Only this portion of urban households is included in the analysis, since the 
rehabilitated sewerage system and ocean outfalls will initially affect the three urban areas.  

15. The rate of growth in the population overall in South Tarawa is assumed to continue at 
the average historical rate (from 1990) of about 3.5%. The urban population growth in Bairiki 
and Betio, however, will be constrained by limited land area, such that growth is assumed to 
stop in Bairiki from 2016 onwards, and in Betio from 2021 onwards. Bikenibeu, the third urban 
area in South Tarawa, has sufficient land area to support further growth through 2030.8

 
 

16. It is likely that some gastrointestinal disease in South Tarawa results from consuming 
raw or partly cooked shellfish caught in the polluted waters of the reef and lagoon. The project 
will address this issue by (i) ensuring that effluent from the rehabilitated sewerage systems does 
not continue to pollute reef and lagoon waters, by rebuilding and lengthening the ocean outfalls, 
thus ensuring that effluent is discharged and dissipated at a sufficient depth in the ocean; and 
(ii) stopping the practice of open defecation on the beaches and in shallow seawater, through 
sustained community engagement and behavioral change programs. Households could prevent 
illness from eating contaminated local shellfish by cooking it thoroughly, or by purchasing 
imported alternatives (e.g., tinned fish) or local deepwater fish. As it is not known, however, 
what portion of disease is attributable to consuming contaminated local shellfish, no explicit 
benefit for avoiding such expenditures has been included in the analysis. 
 

                                                
5 National Statistics Office. 2006. Household Income and Expenditure Survey. 
6 National Statistics Office. 2007. 2005 National Census.  
7 Closed household wells are as contaminated as open wells, since they draw from the same source of contaminated 

groundwater.  
8 Consultant estimates based on 2005 Census data. 
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17. Preventing infant and child mortality. It is assumed that, without the project, the 
current reported infant and child mortality rate of four per month or about 50 per year resulting 
from  waterborne diseases (chiefly diarrhea) will increase steadily at a rate of 3% per year, i.e., 
reaching about 90 per year by 2030. Though the project, including the initial sewerage 
rehabilitation, subsequent sanitation and water supply subprojects, and the capacity 
development and community engagement work, will substantially mitigate most of the direct 
causes of child diarrheal infection, it is assumed that the project overall will be effective in 
preventing only 50% of the expected child deaths. The timing of project implementation means 
that its initial impact will be restricted to the three urban areas benefiting from the sewerage 
rehabilitation. Ongoing community engagement work will be required to alter sanitation and 
water use practices at the household level, which is assumed to take time. As a result, the 
impact of benefits is weighted more heavily toward the end of the 20-year analysis period than 
at its beginning. 
 
18. The value of a year of a child’s life saved is expressed as the 2011 level of gross 
national product per working-age population, assumed constant in real terms over the project 
life. The gross national product (as opposed to gross domestic product) encompasses a 
weighted average of “all futures” in terms of individual earnings potential (wages, subsistence, 
and remittances). The annual amount is applied to the child’s 35 working years (ages 16-509) 
and discounted back to the birth of the child using a discount rate of 3%,10

 

 resulting in a child-
lifetime valuation of about  A$58,700 per child saved. 

19. Preventing fatal epidemics (cholera). Conditions in South Tarawa are ripe for an 
outbreak of cholera, according to health officials, citing their relative incapacity to deal with a 
sudden epidemic due to limited staff and resources, the very high population density of South 
Tarawa combined with poor sanitation and water use practices, and the rapid transmission of 
pathogens through contaminated groundwater. They expect that a new outbreak will be quite 
severe relative to the previous one in 1977, with expected high mortality. A cholera outbreak 
that occurred at the end of 2010 in Haiti resulted in (as of April 2011) about 5,000 deaths from 
some 266,000 infections (i.e., a mortality rate of about 1.9%). The Haiti outbreak has important 
lessons for South Tarawa: "Haiti had not seen cholera for 100 years but experts say the … 
country … ha[d] near-perfect conditions for its spread – lack of proper sewerage, people forced 
to defecate in the open, a tightly packed population, torrential rains and a lack of access to 
clean water."11

 

 One returning seaman infected with cholera would be enough to set off an 
immediate epidemic in South Tarawa. 

20. For the present analysis, it is conservatively estimated that South Tarawa faces a 
probability of 1% in 2011 that an outbreak will occur, and that, without the project, the probability 
will rise to 10% by 2035. The actual probabilities are doubtless much higher than this. It is 
further assumed, again conservatively, that the mortality rate of an outbreak in South Tarawa 
will be 1% (i.e., about half of the mortality rate recently seen in Haiti). If an outbreak occurs in 
2011, it is assumed that it will rapidly infect the populations of Betio and Bairiki (slightly less than 
20,000 people), but if it occurs later in the period without the project, the infected population will 

                                                
9 The mandatory retirement age in the public sector is 50, but many retirees continue to work for the government 

under contract. Mandatory retirement does not affect the private sector. To be conservative, however, working life is 
assumed to end for each person at 50. 

10World Bank Development Economics Prospects Group. 2011. Water and Sanitation to Reduce Child Mortality: The 
Impact and Cost of Water and Sanitation Infrastructure. Policy Research Working Paper. Series No. 5618. 
Washington D.C.  

11US Center for Disease Control and Prevention, quoted in http://www.theglobeandmail.com/news/technology/ 
science/haitis-cholera-epidemic-began-with-one-infected-visitor-scientists-say/article1804712.  

http://www.theglobeandmail.com/news/technology/%20science/haitis-cholera-epidemic-began-with-one-infected-visitor-scientists-say/article1804712�
http://www.theglobeandmail.com/news/technology/%20science/haitis-cholera-epidemic-began-with-one-infected-visitor-scientists-say/article1804712�
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be greater (equivalent to 100% of South Tarawa’s then-urban population by 2020 and 150% 
percent by 2035). For any specific year from 2015, the expected value of economic losses due 
to deaths from an epidemic in that year is the present value of a person’s expected earnings 
over a 35-year working life (= GNP per working-age population, as above) multiplied by the 
expected number of fatalities if an outbreak were to occur that year, multiplied by the probability 
of an outbreak in that year. Under the with-project scenario, the rapid transmission of deadly 
waterborne pathogens is effectively prevented and sudden epidemics do not occur.  
 
21. As it has been many years since an outbreak of cholera in South Tarawa (the last 
instance was in 1977), the calculation of this benefit is of necessity hypothetical. However, it is a 
key benefit, directly related to an issue of immediate concern to health officials and the health 
sector: the incapacity and unpreparedness of the health sector to deal effectively (specifically to 
avoid deaths) with a major outbreak of contagious gastrointestinal disease, were one to occur, 
coupled with the widely held expectation among health officials that an outbreak is of high and 
growing likelihood because of population density and poor sanitation.  
 
22. The calculation of this benefit is focused on avoidable mortality (and its economic costs), 
rather than avoidable health sector costs. This is because the costs that the health sector 
actually faces to restructure itself to achieve adequate preparedness for an epidemic are not 
known (although there is evidence that preparedness would require extensive restructuring with 
large near-term additions to trained medical staff). Moreover, the capability to handle a 
potentially lethal epidemic is one that the health sector in South Tarawa would like to, and 
should, acquire through appropriately increased investment in public health capacity, with or 
without the project. 
 
23. The health sector in South Tarawa has made some progress in countering the current 
epidemic of infant diarrhea through an Australian Agency for International Development-
supported program called Integrated Management of Child Illnesses. This program places 
trained nursing staff in quasi-permanent postings in most villages in South Tarawa, who provide 
household-to-household direct counselling services to parents in practices to prevent diarrhea 
and to treat it when it occurs. The program is credited with the reduction of infant deaths from 
diarrhea from 88 in 2005 to about 50 per year currently.12

 
  

24. Treatment costs for diarrhea (the leading illness related to poor sanitation in South 
Tarawa) are relatively low per patient: hospital admissions are restricted to only the most severe 
cases and are generally for observation of only 1-2 days, with the great majority of cases 
treated on an outpatient basis. The almost universally used treatment is administration of oral 
rehydration salts (ORS), which are available from public agencies like the United Nations 
Children’s Fund (and provided by the hospital) free of charge. The treatment is often not 
effective, however, as the ORS itself is often mixed with contaminated water (especially among 
outpatients). Antibiotics are very rarely administered.13

 

 The inadequacy of this treatment, low 
cost as it is, is indicated by the death rate from diarrhea of children 0-5 years old, currently 
about 50 per year as mentioned previously. 

 

                                                
12 This program is a prime example of the kind of community engagement and behavioral change program that will be 

developed and undertaken by the project. 
13Medical treatment services (including doctor consultations, nursing services, all medicines, ambulance services, 

and hospital admission) for any patient in South Tarawa are free of charge, 100% subsidized by the government. 
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2. Unquantified Benefits 
 
25. Because the focus of this analysis is on reduction of mortality, several other significant 
project benefits are not included in the quantified assessment, as summarized in Table 1 and 
described briefly below.  
 

a. Reduction in morbidity from waterborne disease  
 
26. This is partly covered by the benefit of avoided on-site household water treatment costs 
but does not capture the full benefit of avoiding the massive morbidity associated with a cholera 
outbreak, for example, or the long-term costs of poor nutrition and reduced immunity that results 
from frequent illness. Frequent illness in a household due to poor sanitation saps human vitality 
in the long term and imposes time and monetary care costs on other members of the 
household. 
 

b.  Improved sanitation and public health safeguards in South Tarawa 
will support private sector investment and economic growth (e.g., 
tourism development)  

 
27. A safe water supply and good sanitation in South Tarawa will substantially improve the 
milieu for private sector investment, particularly in service industries such as tourism that 
depend critically on a clean and healthy environment, which could lead to higher economic 
growth and more jobs.  
 

c. Reduction of pollution of reef and lagoon waters, reducing the risk 
of infection by fishers and other users  

 
28. The Tarawa lagoon and the oceanside reef are economically strategic assets that could 
provide a foundation for sustained livelihoods from fishing and recreation, but which are now 
producing well below their potential due to fouling of coastal waters by sewage. The polluted 
coastal waters are also a vector of waterborne disease (from skin contact, accidental ingestion 
of the water, and/or consumption of seafood from the polluted areas) and currently constitute a 
significant health hazard in themselves. 
 

d. Strengthening capacity of the present water supply, protecting it at 
source and in distribution, thereby deferring or possibly eliminating 
the need for expensive supply augmentation (i.e., desalination)  

 
29. In the face of a rapidly growing population, South Tarawa may expect an increasing 
deficit in its indigenous water supply, without the project. The 2011 Tarawa Water Master Plan 
assesses various means to augment the water supply in the future, including bringing in water 
from afar by barge, building a pipeline to North Tarawa, and installing desalination plants, and 
concludes that desalination is likely to be the least-cost solution in the long term, barring drastic 
improvements in the capacity of the local groundwater reserves. Desalination would, however, 
greatly multiply the costs of the water supply in South Tarawa. 
 

e. Relieving stress on South Tarawa’s health services, thus making 
more capacity available to counter other endemic health threats  

 
30. Reduction in the caseload of serious diarrhea and dysentery cases (and other diseases 
such as conjunctivitis, the prevalence of which can be traced back to poor sanitation) at the 
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Tungaru Central Hospital will substantially relieve stress on the limited resources of the health 
sector, freeing some resources for increased allocation to other significant health threats 
(respiratory and sexually transmitted diseases, lifestyle diseases such as diabetes, etc.). This 
will provide a substantial boost to the protection of public health overall in South Tarawa. 
 
31. These unquantified benefits indicate that the actual economic return of the project 
exceeds that indicated by the calculations (based on quantified benefits only) summarized 
below. 
 
E. Economic Internal Rate of Return and Economic Net Present Value  

 
32. Based on the conservative estimates of the quantified parameters outlined above 
(paragraphs 13–24), the project economic internal rate of return (EIRR) is calculated to be 
16.1%, considered to be acceptable, as it exceeds the economic opportunity cost of capital 
adopted for this analysis of 12%. The economic net present value (ENPV) is A$13.59 million at 
a discount rate of 12%. The EIRR/ENPV calculation table is shown in Table 2. 
 
33. The project provides considerable benefits to Kiribati and the people of South Tarawa by 
reducing the threat of premature deaths of substantial numbers of infants, young children, and 
adults; supporting livelihoods and economic growth; and improving the allocation of health 
sector resources.  
 
F. EIRR Sensitivity Analysis 

 
34. An analysis of the sensitivity of EIRR and ENPV to adverse changes in the capital costs, 
O&M costs, and each of the three quantified economic benefits has been carried out. The 
analysis shows that the EIRR and ENPV are robust for all variations at the 20% level. They are 
most sensitive to (i) increases in capital cost, and (ii) decreases in project effectiveness in 
reducing child mortality or (to a somewhat lesser extent) in the prevention of serious epidemics. 
The project EIRR and ENPV are least sensitive to increases in O&M costs or reduction in the 
benefit of avoided on-site water treatment costs. When all adverse effects are invoked 
simultaneously (with an adverse 20% variation in each case), the project produces an EIRR of 
10.6% (ENPV of A$1.34 million). The sensitivity analysis results are summarized in Table 3. 
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Table  2: EIRR/ENPV Calculation Table 

Year 

Project Economic Costs 
(A$ million) 

Project Economic Benefits  
(A$ million) Net 

Project 
Benefits 

(A$ 
million) 

Initial 
Costs 

Annual 
O&M 
Costs 

Periodic 
O&M 
Costs 

Total 
Costs 

On-Site 
Water 
Treat-
ment 

Child 
Mortality 

Fatal  
Epi-

demics 

Total 
Project 
Benefits 

2012 4.24 0.03 - 4.28 - - - - -4.28 
2013 6.35 0.15 - 6.50 - - - - -6.50 
2014 4.63 0.17 - 4.80 - - - - -4.80 
2015 1.24 0.82 - 2.06 0.57 0.92 0.68 2.17 0.11 
2016 1.24 0.84 - 2.08 0.60 1.14 0.83 2.57 0.48 
2017 1.24 0.86 0.21 2.32 0.63 1.36 0.99 2.98 0.66 
2018 0.78 0.88 0.02 1.67 0.66 1.58 1.17 3.40 1.73 
2019 0.32 0.88 - 1.20 0.69 1.79 1.36 3.85 2.65 
2020 - 0.88 - 0.88 0.73 2.01 1.56 4.31 3.43 
2021 - 0.88 0.02 0.90 0.76 2.22 1.76 4.74 3.85 
2022 - 0.88 0.21 1.09 0.78 2.43 1.98 5.19 4.11 
2023 - 0.88 - 0.88 0.81 2.64 2.20 5.65 4.78 
2024 - 0.88 0.02 0.90 0.85 2.85 2.44 6.13 5.24 
2025 - 0.88 - 0.88 0.88 3.06 2.69 6.62 5.75 
2026 - 0.88 - 0.88 0.91 3.27 2.95 7.13 6.25 
2027 - 0.88 0.23 1.10 0.95 3.47 3.23 7.65 6.55 
2028 - 0.88 - 0.88 0.98 3.68 3.52 8.19 7.31 
2029 - 0.88 - 0.88 1.02 3.89 3.82 8.74 7.86 
2030 - 0.88 0.02 0.90 1.06 4.10 4.14 9.31 8.41 
2031 - 0.88 - 0.88 1.10 4.31 4.48 9.90 9.02 
2032 - 0.88 0.21 1.09 1.15 4.52 4.83 10.50 9.41 
2033 - 0.88 0.02 0.90 1.19 4.73 5.20 11.12 10.23 
2034 - 0.88 - 0.88 1.24 4.94 5.58 11.76 10.89 
2035 - 0.88 - 0.88 1.29 5.15 5.98 12.43 11.55 

          
 EIRR =          16.1% 
NPVs =  17.01 6.50 0.32 23.83 5.61 16.86 14.94 37.41 13.59 
EOCC =  10.0%         

EIRR = economic internal rate of return, EOCC = economic opportunity cost of capital (economic discount rate), NPV 
= (economic) net present value, O&M = operations and maintenance. 
Source: Asian Development Bank estimates. 
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Table 3: Sensitivity Analysis 

Test Case 

Test  
Variation 

(±%) 

ENPV 
(A$ 

million) 
EIRR 
(%) 

Sensitivity 
Indicator 

Base case 
Parameter 
(A$ million) 

Switching 
Value 
(A$ 

million) 

Switching 
Value 
(±%) 

Base (reference case) 
 

13.59 16.1 
    Increases in Costs 

       1. Capital Cost  20 10.18 14.1 1.25 20.06 36.08 79.9 
2. Recurrent O&M Cost 20 12.22 15.5 0.50 0.88 2.62 199.1 
Decrease in Benefits 

       3. On-Site Water 
Treatment (-20) 12.46 15.6 0.41 N/A N/A (100.0)
4. Child Mortality 

a 
(20) 10.21 14.7 1.24 N/A N/A (80.6) 

5. Risk of Fatal 
Epidemics (20) 10.60 14.9 1.10 N/A N/A (90.9) 
Initial Costs Increased 
(+) and Benefits 
Decreased (-) 20 1.34 10.6         
a 

Source: Asian Development Bank estimates. 
A 'Switching Value (+/-%)' of '-100.0%' signifies that there is effectively no switching value for that parameter. 

 




