
Additional Financing of Water Supply and Sanitation Sector Project (RRP LAO 45301) 

ECONOMIC ANALYSIS 
 

1. The Water Supply and Sanitation Sector Project (the current project), was approved on 
9 October 2013 in the amount of $46.55 million. Of the total project cost, $35.00 million would 
be sourced from ADB’s Special Fund, $6.00 million from a grant by Phu Bia Mining Limited 
(PBM), $5.39 million from the Government of the Lao People’s Democratic Republic (Lao PDR), 
and $0.17 million from the communities and beneficiaries. The project became effective on 7 
November 2013. Originally, PBM provided $6.00 million, to be administered by ADB, to 
cofinance the implementation of civil works but then withdrew its funding support on 12 
December 2016, which reduced the total project funds to $40.55 million. As a consequence of 
the full cancellation of grant proceeds, the scope of the current project was reduced to batch 1 
and 2 subprojects (originally 3 batches of subprojects). The batch 3 subprojects will now be 
funded through the additional financing of the current project. 

2. Economic analysis was carried out for the water supply components in Xam-Nua and 
Sopbao towns, both operated by the Houaphan provincial nam papa (PNP), or water utility. The 
subprojects in Xam-Nua and Sopbao were selected as sample subprojects for the additional 
financing. The analysis was undertaken in accordance with ADB’s Framework for the Economic 
and Financial Appraisal of Urban Development Sector Projects, Guidelines for the Economic 
Analysis of Projects and Guidelines for the Economic Analysis of Water Supply Projects.1 

3. The methodology and approach used in the economic analysis of the overall project are 
consistent with those used in the current project.2 Comparison of with-project and without-project 
conditions was used to derive the benefits and costs of the water supply component. The 
assumptions for the economic cost estimates are that (i) all costs are based on 2018 constant 
prices and expressed in kip (KN), the Lao PDR’s currency; (ii) economic costs of capital works 
and operation and maintenance (O&M) are calculated from the financial cost estimates; and 
price contingencies, financial charges, and taxes and duties are excluded but physical 
contingencies are included; (iii) all costs, including capital works and O&M, are valued using the 
domestic price numeraire, tradable inputs are adjusted by the shadow exchange rate factor of 
1.05, unskilled labor is adjusted by the shadow exchange rate factor of 0.71;3 (iv) the projections 
cover 26.5 years, including 1.5 years of construction, and replacement of mechanical and 
electrical equipment is every 10 years; and (v) the economic opportunity cost of capital (EOCC) 
is assumed at 9% in accordance with ADB guidelines. 
 
A. Demand Forecast  

4. A piped water supply system in Xam-Nua already exists, operated by the PNP. The 
water treatment plant (WTP) has a capacity of 2,500 cubic meters (m3)/day) and is fully utilized 
with 3,704 service connections and 85% service coverage. The proposed water supply 
component will finance a new WTP with a capacity of 8,800 m3/day, the development of a raw-
water source, transmission main, water storage and pump station, distribution network 
expansion, automation and monitoring equipment, nonrevenue water program, 800 new 

                                                
1  ADB. 1994. Framework for the Economic and Financial Appraisal of Urban Development Sector Projects. Manila; 

ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; ADB. 1998. Guidelines for the Economic 
Analysis of Water Supply Projects. Manila. 

2  ADB. 2013. Report and Recommendation of the President to the Board of Directors on a Proposed Loan and 
Administration of Grant to the Lao People’s Democratic Republic: Water Supply and Sanitation Sector Project. 
Manila. 

3  Factors used in converting financial prices to economic prices are consistent with the factors used in the current 
project. 
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connections, and rehabilitation of the existing WTP. Sopbao, on the other hand, has no piped 
water supply system operated by the PNP. The proposed water supply component will fund a 
new scheme consisting of a WTP with a capacity of 800 m3/day, development of the raw-water 
source, transmission main, distribution network, and 600 new service connections. 
 
5. Water demand in the sample subproject towns was derived from the current population 
within the planned service area, population growth, current and future domestic water consumption 
levels, and a provision for non-domestic water consumption. Reliable data on the amount of water 
presently consumed by households without piped-water connection in the subproject towns are not 
available. Households typically utilize a variety of water sources and do not measure or assess their 
consumption. However, based on the socioeconomic household survey results as well as 
observations of water use behavior in the subproject towns during the field visits, it is estimated that 
average daily demand from existing sources ranges from 40 to 60 liters per capita per day (lpcd) 
depending on the effort and resources needed to acquire the water, and on income levels. 
 
6. The estimate of the water demand was made based on the assumptions that (i) baseline 
per capita demand is 100 lpcd in Xam-Nua and 60 lpcd in Sopbao; (ii) annual population growth 
rates are 2.5% in Xam-Nua and 1% in Sopbao;4 (iii) the average household size is five persons 
in both towns; (iv) 95% of the population in the service areas of both towns will be connected to 
water supply upon commissioning; and (v) non-domestic demand is about 35% in Xam-Nua and 
25% in Sopbao. A summary of the demand forecast is in Table 1. 

Table 1: Demand Forecast Summary 

  
With Project 

Item Without Project 2021 2040 

Xam-Nua    
WTP capacity (m3/day) 2,500  11,300  11,300  
Domestic connections 3,184  5,495  8,303  
Non-domestic connections 520  1,158  1,520  
Total connections 3,704  6,652  9,823  
Service area population (persons) 18,676  20,615  33,780  
Population served (persons) 15,875  19,584  32,091  
Service coverage (%) 85% 95% 95% 
Domestic demand (m3/day) 1,587  2,938  4,814  
Per capita consumption (lpcd) 100  150  150  
Non-domestic demand (m3/day) 697  1,582  2,592  
Total demand (m3/day) 2,284  4,520  7,406  

Sopbao    
WTP capacity (m3/day) 0  800  800  
Domestic connections 0  1,105  1,224  
Non-domestic connections 0  88  113  
Total connections 0  1,193  1,337  
Service area population (persons) 3,053  3,146  3,838  
Population served (persons) 0  2,988  3,646  
Service coverage (%) 0% 95% 95% 
Domestic demand (m3/day) 0  453  478  
Per capita consumption (lpcd) 60  80  100  
Non-domestic demand (m3/day) 0  150  161  
Total demand (m3/day) 0  603  639  
lpcd = liters per capita per day, m3 = cubic meter, WTP = water treatment plant. 
Source: Project Implementation Consultant’s estimates. 
 

                                                
4  Based on historical data analysis and recommended growth rate by district officials. 
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B. Least-Cost Analysis  

7. Least-cost analysis was undertaken to evaluate different technical options. The alternative 
with the lowest net present value (NPV), discounted at 12%, is recommended for the engineering 
design and benefit–cost analysis.5 Option B in Xam-Nua and Option A in Sopbao are the least-cost 
options, as summarized in Table 2. 

Table 2: Least-Cost Analysis 

Option 
Capex 

(NPV in $) 
Opex 

(NPV in $) 
Total Cost 
(NPV in $) 

Xam-Nua    
Option A incorporates the new rapid sand 
filtration treatment plant at a new location to 
be procured in the northern part of the town. 

4,283,990 1,468,365 5,752,350 

Option B incorporates the new rapid sand 
filtration treatment plant at the existing slow 
sand facility compound. 

4,293,410 1,265,580 5,558,990 

Difference (9,420) 202,785 193,360 
Sopbao    

Option A water source at Nam Ma 910,275 176,895 1,087,169 
Option B water source at Houay Bao 1,391,833 159,564 1,551,397 
Difference (481,559) 17,331 (464,228) 
( ) = negative, $ = United States dollar, Capex = capital expenditure, NPV = net present value, Opex = operating 
expenditure. 
Source: Consultant’s estimates 

C. Economic Benefits  

8. The benefits of the water supply components were quantified in terms of (i) resource 
cost savings associated with the replacement of non-incremental water consumed and 
previously obtained from alternative sources;6 and (ii) consumer surplus, reflected in the 
incremental water consumed.7 Health benefits in the form of reduced incidence of diarrhea, 
dysentery, and other water-borne illnesses were not quantified and included in the analysis 
because reliable data is lacking. 

9. The resource cost savings were valued in terms of the weighted average economic supply 
price, which is the price paid for the water from existing alternative sources or, where no cash 
payment is involved, by the opportunity cost in terms of the time spent8 and other resources used 
by households to collect water. Where water is obtained from wells or by pumping from a well or 
other source, the pumping and maintenance costs were included as part of the resource costs. The 
costs of storage receptacles, boiling of water for drinking purposes and other costs associated with 
obtaining and storing water were also included in the resource costs. The table below shows the 
detailed calculation of the weighted average economic supply price from existing alternative water 
sources. 

                                                
5   Refer to chapter 5 of the Subproject Feasibility Study reports. 
6   Non-incremental water consumed is assumed at 60 lpcd for domestic use and at 0.75 m3/day/connection for non-

domestic use in Xam-Nua and Sopbao. 
7   Incremental water consumed is the difference between total water consumed and non-incremental water 

consumed. 
8  Time savings, assumed conservatively at 10 minutes per trip, were conservatively valued at 20% of the economic 

price of the unskilled labor wage of KN30,000 per day. 
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Table 3: Weighted Average Price of Alternative Water Sources 

Item 
Proportion 

(%) 
Financial Price 

KN/m3 
Traded 

Non-traded 
Economic Price 

KN/m3 
Unskilled 

Labor 
Others 

Conversion factor   1.05 0.71 1.00  
Xam-Nua Subproject      

Water source             
Bottled water 2% 181,818 20% 20% 60% 173,091 
River or stream 22% 6,250 1% 99% 0% 4,459 
Rain water 0% 1,533 20% 20% 60% 1,460 
Dug well 32% 1,705 5% 95% 0% 1,239 
Borehole 0% 3,030 20% 20% 60% 2,885 
Nam saat a 43% 1,010 20% 20% 60% 962 

Boiling   1,212 20% 20% 60% 1,154 
Storage   2,104 20% 20% 60% 2,003 
Total 100% Weighted average economic price (KN/m3) 8,548 

Sopbao Subproject      
Water source       

Bottled water 2% 181,818 20% 20% 60% 173,091 
River or stream 21% 6,250 1% 99% 0% 4,459 
Rain water 1% 1,533 20% 20% 60% 1,460 
Dug well 21% 1,705 5% 95% 0% 1,239 
Borehole 2% 3,030 20% 20% 60% 2,885 
Nam saat a 53% 1,010 20% 20% 60% 962 

Boiling   1,212 20% 20% 60% 1,154 
Storage   2,104 20% 20% 60% 2,003 
Total 100% Weighted average economic price (KN/m3) 7,879 

KN = kip (the national currency), m3 = cubic meter. 
a Local term for a very basic water supply source—capping of spring with 50-millimeter high-density polyethylene 
gravity pipe to a village point undertaken under the Ministry of Health and not operated by the provincial water 
utility; usually has no design and is very poorly constructed and invariably replaced when a new water utility 
system is installed; low flows, low pressure, and intermittent supply usually characterize the source. 
Source: Survey results, field visits, and consultant’s calculation. 

 
10. The consumer surplus was valued at the average demand price of water (the average of the 
weighted average economic supply price from existing alternative sources and the proposed 
average tariff).9 The proposed average tariff is KN5,325/m3 at a 2018 constant price. 

D. Results of Economic Analysis  

11. The results of the economic and sensitivity analysis of the water supply components are 
in Table 4.10 Based on the results, it can be concluded that the proposed components are 
economically viable under the base-case scenario and under adverse changes in conditions. 
The sensitivity analysis indicates that the proposed components are most sensitive to a 
subproject delay and a decrease in subproject benefits but remain well above the EOCC. 

  

                                                
9  Average demand price of KN6,936/m3 in Xam-Nua and KN6,602/m3 in Sopbao was used to value the consumer 

surplus. Reference: ADB. 1998. Handbook for the Economic Analysis of Water Supply Projects. Manila (p.146). 
10 Refer to the appendix on Economic Analysis of the subprojects for the details of the benefits and costs streams 

annexed to this document. 
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Table 4: Economic Internal Rate of Return and Sensitivity Analysis  
Scenario Change NPVa (‘000 KN) EIRR (%) SIb SVc 

Xam-Nua      
Base case  40,929,881  18.63%   
Increase in capital costs + 10% 37,915,524  17.35% 1.92 52% 
Increase in O&M costs + 10% 40,350,575  18.49% 0.21 486% 
Decrease in benefits - 10% 33,243,230  17.08% 2.33 43% 
Project delay 1 Year 33,111,601  16.33% NPV lower by 19% 

Sopbao      
Base case  4,415,009  16.03%   
Increase in capital costs + 10% 3,763,725  14.55% 3.66 27% 
Increase in O&M costs + 10% 4,212,766  15.71% 0.80 125% 
Decrease in benefits - 10% 3,119,981  14.08% 4.84 21% 
Project delay 1 Year 3,213,759  13.59% NPV lower by 27% 
a NPV = net present value, discounted at the economic opportunity cost of capital of 9%. 
b SI = sensitivity indicator (ratio of % change in economic internal rate of return above the cutoff rate of 9% to % 
change in a variable). 
c SV = switching value (% change in a variable to reduce the economic internal rate of return to the cutoff rate of 
9%). 
Source: Project Implementation Consultant’s calculation. 

 
E. Subproject Economic Sustainability   

12. The economic sustainability of the proposed subprojects largely depends on the 
subprojects’ financial sustainability. Unless the subprojects are financially sustainable, the 
economic benefits assumed in the analysis will not materialize. 

13. The projected financial performance of the PNP, which includes the subprojects, shows 
that the financial objectives of cost recovery and debt service of the sector could be met. The 
attainment of the financial objectives, however, would require that tariffs are periodically raised 
to keep pace with inflation. The financial sustainability of the water supply subprojects and the 
PNP as an entity therefore largely depends on the government’s positive action on the PNP’s 
tariff increase application. 

F. Distribution Analysis and Poverty Impact Ratio  

14. The costs and benefits of the subproject are shared between different groups. Based on 
the results from the financial and economic analysis, a distribution of subproject benefits and 
costs was undertaken to show which participant will gain from the subproject or incur a loss, and 
how much of the net gains of the subproject will ultimately benefit the poor. About 23.26% of the 
population in the Lao PDR lives below the national poverty line.11 The proportion of poor among 
the labor force is estimated to be 30%, while 15% of consumers are estimated to be poor. A 
poverty impact ratio of 19% is estimated to result from the Xam-Nua subprojects and of 17% 
from the Sopbao subprojects. With 11.1% of the town population in Xam-Nua designated as 
poor,12 and 2.4% in Sopbao, it can be concluded that the implementation of the proposed 
subprojects will have a positive poverty-reducing impact in both towns.13 

 

                                                
11 ADB. 2016. Basic 2016 Statistics. Manila. 
12 Per village councils’ records. 
13 Refer to the appendix on Economic Analysis of the subprojects for the details of the poverty impact ratio calculation 

and distribution analysis. 


