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ECONOMIC ANALYSIS  
 

1. Economic analysis was undertaken for the project’s four infrastructure components:  
(i) wastewater collection and treatment, (ii) lake rehabilitation and hydraulic circulation 
restoration, (iii) sludge treatment, and (iv) solid waste management. The economic analysis 
evaluated the components based on least-cost analysis criteria and standard benefit–cost 
analysis, and was conducted using with- and without-project scenarios in accordance with the 
Guidelines for the Economic Analysis of Projects of the Asian Development Bank.1  
 
A. Demand Analysis 

2. Huangshi City is a second-tier municipal-level city located in the southeast of Hubei 
Province about 80 kilometers southeast of Wuhan, the provincial capital. According to the 
Huangshi Statistical Bureau,2 the city’s estimated population was 2.43 million in 2010. Overall, 
the population increased by an average of 0.25% per annum since 2005, increasing faster 
(1.56% per annum) in urban areas.  
 
3. Based on available estimates, population projections were undertaken for the urban area 
for 2010– 2035 assuming annual growth up to 2020 at the current rate of 1.56% per annum and, 
thereafter, at a decreased rate of 0.50%. On this basis the population of Huangshi main urban 
area was projected to increase from 764,500 in 2010 to about 892,900 in 2020 and to 962,300 
in 2035. These projections were used to estimate future demand for water supply and 
wastewater treatment facilities. 
 
4. Projections of water demand are based on analysis of current water supply and 
consumption. Wastewater flows were calculated on the basis of the water supply calculations 
taking into account the transformation of water consumption into wastewater flows. The 
projected total volume of domestic and nondomestic wastewater to be treated is 111,364 cubic 
meters per day (m3/day) in 2010, 249,452 m3/day in 2020, and 325,156 m3/day in 2035.  
 
B. Project Alternatives and Least-Cost Analysis 

5. Least-cost analysis was conducted to ensure that the selected investments are the most 
economical interventions. Least-cost analysis compares economic costs of technically viable 
project options and selects the one with the lowest present value of economic costs. 
Wastewater collection and treatment alternatives investigated relate to (i) the type of wastewater 
pipeline material used for the wastewater collection system, (ii) the cost of centralized or 
decentralized wastewater treatment plants (WWTPs), (iii) alternative wastewater treatment 
systems, (iv) alternative sludge dewatering systems, (v) alternative designs of outfalls and 
pumping houses, and (vi) types of sedimentation tanks. Lake rehabilitation and hydraulic 
circulation restoration alternatives investigated relate to (i) alternative water transfer routes for 
hydraulic circulation restoration, (ii) alternative pumping methods for Qingshan Lake’s pumping 
station, (iii) alternative types of water pipeline material, and (iv) alternative transfer tunnel 
routes. Sludge treatment options considered the cost of alternative treatment processes with the 
final selection being a least-cost combination of the alternatives. The solid waste management 
system considered alternative locations and processes for transfer stations. During project 
preparation the design institutes’ proposals were reviewed and the economic least-cost options 
confirmed to be consistent with the financial options selected. 

                                                
1
  Asian Development Bank. 1997. Guidelines for the Economic Analysis of Projects of the Asian Development Bank. 

Manila. 
2
  Huangshi Statistical Bureau. Huangshi Statistical Booklet. Various Issues, 2006–2011. Huangshi. 

http://www2.adb.org/Projects/project.asp?id=44019
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C. Cost and Benefit Analysis 

1. Project Costs 

6. Financial costs by component by year are based on information provided in the project 
feasibility study reports (FSRs) and compiled into a Costabs file using COSTAB32. Financial 
costs excluding taxes, duties, and price contingencies were converted into economic values by 
applying a standard conversion factor of 0.987. Operation and maintenance (O&M) costs were 
obtained from the individual FSRs. Following detailed review and revision, financial costs were 
converted to economic values based on an estimate of the proportion of foreign exchange, local 
currency, and labor costs. The conversions were undertaken using the same assumptions as for 
the investment costs. 
 

2. Project Benefits 

7. Expected project benefits were identified for each component but quantification was not 
possible due to the limitations of traditional approaches to economic valuation and the limited 
availability of reliable data.3 Contingent valuation provides an alternative approach in which 
beneficiaries’ perceptions of the value of project interventions can be quantified through a 
willingness-to-pay (WTP) survey. A contingent valuation study was undertaken of the benefits 
from each of the four infrastructure components as a part of the socioeconomic survey of 402 
beneficiary households. Other benefits not reflected by the WTP, including tertiary treatment of 
wastewater and treatment of nonpoint source pollution both through the constructed wetland, 
were quantified separately to ensure that the possibility of double counting was avoided. 
 
8. Results of the WTP analyses indicate the average WTP: CNY6.00/household/month for 
improved wastewater collection and treatment, CNY23.28/household/month for lake 
rehabilitation and hydraulic circulation restoration, CNY2.70/household/month for sludge 
treatment, and CNY8.20/household/month for solid waste management. 
 

3. Economic Internal Rates of Return  

9. Wastewater collection and treatment. Investment costs include the rehabilitation and 
extension of existing wastewater collection systems being financed from the Asian Development 
Bank loan,4 construction of the new collection system and treatment in Hexi, and 
implementation of the geographical information system database for wastewater system. 
Incremental O&M costs were obtained from the FSRs for each subcomponent, reviewed, and 
aggregated. Benefits from improved domestic wastewater collection and treatment were 
estimated based on the WTP as derived from the contingent valuation survey, at 
CNY6.00/household/month in constant 2011 values, which were adjusted to an annual value 
based on the estimated number of households. Benefits for the industry sector were estimated 
based on the assumption that the unit value of benefits would be the same as for domestic 
wastewater, and annual benefits were estimated according to projected industrial demand. This 
is likely a conservative estimate of benefits. The economic internal rate of return (EIRR) of 
improved wastewater collection and treatment is estimated at 12.5% and the economic net 
present value (ENPV) at CNY8.7 million, indicating the economic viability of the component. 
 

                                                
3
  For example, estimation of health benefits would require knowledge of the current level of water-borne diseases, as 

well as expected reduction in disease incidence due to project interventions and the unit value of these reductions 
in terms of medical costs avoided and workdays not lost. 

4
  Rehabilitation and extension of the wastewater collection system proposed for financing from other sources was 

omitted from the analysis. 
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10. Lake rehabilitation and hydraulic circulation restoration. Investment costs include 
removal and treatment of the contaminated lake sediment, construction of lake circulation 
restoration infrastructure, extension of lake-embankment protection and landscaping, and 
construction of artificial wetlands to provide tertiary treatment of discharged treated wastewater 
in the lake and treatment of stormwater discharged directly into the lake. Incremental O&M 
costs were obtained from the FSRs for each subcomponent, reviewed, and aggregated. 
Benefits were estimated based on the WTP for improved services as derived from the 
contingent valuation survey, plus the economic value of tertiary wastewater treatment and 
treatment of nonpoint source pollution. The WTP was adjusted to an annual value based on the 
estimated number of households. It reflects the aesthetic benefits of the improved lake and 
embankment environment and improved lake amenities, and the benefits of improved health. 
The benefits from the artificial wetlands are distinct, and most adequately reflected in terms of 
costs avoided. Thus, for tertiary treatment a unit value of treated wastewater of CNY0.86/m3, 
equivalent to the prevailing cost of tertiary treatment, was adopted as the cost avoided.5 A 
similar value was used for the treatment of nonpoint source pollution. The EIRR of the 
component is estimated at 12.2% and the ENPV at CNY9.0 million, indicating the economic 
viability of the component. 
 
11. Sludge treatment. Investment costs include construction of the sludge treatment facility. 
O&M costs from the FSR were reviewed and adjusted to economic values. Benefits were 
assessed as the WTP derived from the contingent valuation survey, adjusted to an annual 
value, and weighted by the number of households in the project area. The EIRR of the sludge 
treatment component is estimated at 22.1% and the ENPV at CNY22.8 million, indicating the 
economic viability of the component.  
 
12. Solid waste management. Investment costs include construction of the solid waste 
collection and transfer facilities, and investment in a substantial fleet of vehicles. Given that the 
vehicles would not last for the entire project life, the cost of periodic replacement every 10 years 
is also included. O&M costs were derived from the FSR, reviewed, and adjusted to economic 
values. Benefits were estimated through the WTP derived from the contingent valuation survey, 
adjusted to an annual value and weighted by the number of households in the project area. The 
EIRR is estimated at 15.2% and the ENPV at CNY26.0 million, indicating the economic viability 
of the component. 
 
13. Overall project. The economic viability of the overall project was assessed by 
aggregating the project investment and O&M costs for all five components, and the benefits of 
the four infrastructure development components. No benefits were assessed for institutional 
development and capacity building. The overall project EIRR is estimated at 12.6% and the 
ENPV at CNY45.2 million (Table 1), confirming the economic viability of the overall project. 
 

                                                
5  For example, ADB. 2011. Report and Recommendation of the President to the Board of Directors: Proposed Loan 

and Grant to the People's Republic of China for the Hai River Estuary Area Pollution Control and Ecosystem 
Rehabilitation Project. Manila.  
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Table 1: Overall Economic Analysis 
 

 
Costs 

 
Benefits 

  

 Year Investment 
Vehicle 

Replacement Recurrent 
Total 
Cost 

Waste 
water 

Lake 
Rehabilitation Sludge 

Solid 
Waste 

Total 
Benefits 

Net 
Cash 
Flow 

2013 337.8 0.0 0.0 337.8 0.0 0.0 0.0 0.0 0.0 (337.8) 

2014 397.5 0.0 0.0 397.5 0.0 0.6 0.0 0.0 0.6 (396.9) 

2015 328.9 0.0 17.2 346.0 32.9 45.4 9.1 27.6 115.0 (231.1) 

2016 163.2 0.0 14.5 177.6 44.4 90.8 9.2 28.0 172.4 (5.3) 

2017 14.4 0.0 22.9 37.3 44.9 102.1 9.4 28.4 184.8 147.5 

2018 
 

0.0 26.2 26.2 45.5 103.3 9.5 28.9 187.2 160.9 

2019 
 

0.0 26.7 26.7 46.0 104.6 9.7 29.3 189.6 162.9 

2020 
 

0.0 26.8 26.8 46.6 105.9 9.8 29.8 192.1 165.3 

2021 
 

0.0 26.8 26.8 46.9 106.3 9.9 29.9 193.0 166.2 

2022 
 

0.0 26.8 26.8 47.2 106.8 9.9 30.1 194.0 167.2 

2023 
 

0.0 26.8 26.8 47.6 107.2 10.0 30.2 195.0 168.2 

2024 
 

0.0 26.8 26.8 47.9 107.6 10.0 30.4 195.9 169.1 

2025 
 

0.0 26.6 26.6 48.3 108.0 10.1 30.5 196.9 170.3 

2026 
 

31.5 26.6 58.1 48.7 108.5 10.1 30.7 198.0 139.9 

2027 
 

0.0 26.6 26.6 49.1 108.9 10.2 30.8 199.0 172.4 

2028 
 

0.0 26.6 26.6 49.6 109.3 10.2 31.0 200.1 173.5 

2029 
 

0.0 26.6 26.6 50.0 109.8 10.3 31.1 201.2 174.6 

2030 
 

0.0 26.3 26.3 50.4 110.2 10.3 31.3 202.2 176.0 

2031 
 

0.0 26.3 26.3 50.8 110.7 10.4 31.5 203.3 177.0 

2032 
 

0.0 26.3 26.3 51.2 111.1 10.4 31.6 204.4 178.1 

2033 
 

0.0 26.3 26.3 51.6 111.6 10.5 31.8 205.4 179.1 

2034 
 

0.0 26.3 26.3 52.0 112.0 10.5 31.9 206.5 180.2 

2035 
 

0.0 26.3 26.3 52.4 112.5 10.6 32.1 207.6 181.3 

2036 
 

31.5 26.3 57.8 52.8 112.9 10.6 32.3 208.6 150.8 

2037 
 

0.0 26.3 26.3 53.3 113.4 10.7 32.4 209.7 183.5 

2038 
 

0.0 26.3 26.3 53.7 113.8 10.7 32.6 210.8 184.6 

2039 
 

0.0 26.3 26.3 54.1 114.3 10.8 32.7 211.9 185.7 

2040 
 

0.0 26.3 26.3 54.5 114.8 10.8 32.9 213.1 186.8 

2041 
 

0.0 26.3 26.3 55.0 115.2 10.9 33.1 214.2 187.9 

2042 
 

0.0 26.3 26.3 55.4 115.7 10.9 33.2 215.3 189.0 

  ENPV  964.5  8.5  152.7  1,125.7  292.1  627.7  62.2  188.9  1,170.9  45.2  

  EIRR                    12.6% 

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

 
D. Distribution Analysis 

14. Distribution analysis was undertaken to allocate the project benefits to the poor and 
nonpoor members of the community. According to the social assessment, 4.7% of the 
population of the project area received subsistence allowances for the urban poor in 2010; while 
for the entire Huangshi Municipality (urban and rural areas), recipients represented 6.1% of the 
total population. The poorer communities of Huangshi are expected to benefit from the project, 
in particular, from improved wastewater collection and treatment, and improved solid waste 
collection, as they tend to live in areas deficient in these services. Comparisons of the present 
value of costs and benefits in financial and economic terms, as well as the estimation of the 
poverty impact ratio are shown in Table 2. 
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Table 2: Estimate of Distribution Analysis 
(CNY million, 2011 prices) 

 

Present Value 

(at 12%) 

FNPV 

(1) 

ENPV 

(2) 

Difference 

(1)–(2) 

Distribution of Benefits/Costs 

Project 
Area Municipality Total 

Incremental Benefits
a
  1,191.2  1,170.9  20.2  20.2                        20.2  

Wastewater collection and 
treatment 

           
297.2  

            
292.1  

             
5.1  

             
5.1    

             
5.1  

Lake rehabilitation and 
hydraulic circulation restoration 

           
638.6  

            
627.7  

          
10.9  

          
10.9      

Sludge treatment and disposal 63.3  62.2  1.1  1.1    1.1  

Solid waste management 192.1  188.9  3.3  3.3    3.3  

Incremental Costs 1,285.4  1,119.9     165.5    165.5  165.5  

Project investment cost 1,109.0   964.5  144.6    144.6  144.6  

Project O&M cost 176.4  155.4   21.0    21.0  21.0  

Net Benefits (94.2) 51.0   (145.3) 20.2  (165.5) (145.3) 

Proportion of poor       4.7% 6.1%   

Net benefits to the poor       1.0  (10.1) (9.1) 

Poverty Impact Ratio                 0.063  

( ) = negative value, ENPV = economic net present value, FNPV = financial net present value, O&M = operation and 
maintenance.             . 

a  
Based on net present value (at 12% discount rate) of incremental net benefits generated from investments under                
the project. 

Source: Asian Development Bank estimates. 

 
E. Sensitivity and Risk Assessment 

15. Sensitivity tests were undertaken for the four components separately, as well as for the 
overall project. In addition to the EIRR and ENPV associated with each test, switching values 
and sensitivity indexes were estimated wherever possible. The results confirm the sensitivity of 
the overall project as well as the improved wastewater collection and treatment and lake 
rehabilitation and hydraulic circulation restoration components, to changes in either the benefits 
or the costs (Table 3). The switching values indicate that the overall project would remain viable 
with a 4.0% cost increase or a 3.9% benefit decrease. 
 

Table 3: Sensitivity Tests by Component and for the Overall Project 
 

Component Indicator Base 
10% cost 
increase 

10% benefit 
decrease 

10% cost 
increase + 10% 

benefit decrease 

1-year 
benefit 

lag 

Wastewater collection 
and treatment 

EIRR (%) 12.5 11.0 10.8 9.4 10.8 
ENPV (CNY million) 8.7 (19.6) (20.5) (48.8) (24.2) 
SV (%)  3.1 3.0   

Lake rehabilitation 
and hydraulic 
circulation restoration 

EIRR (%) 12.2 10.9 10.8 9.5 10.7 
ENPV (CNY million) 9.0 (52.8) (53.7) (115.6) (61.7) 
SV (%)  1.5 1.4   

Sludge treatment and 
disposal 

EIRR (%) 22.1 19.7 19.4 17.2 18.0 
ENPV (CNY million) 22.8 18.9 16.6 12.7 15.8 
SV (%)  57.9 36.7   

Solid waste 
management 

EIRR (%) 15.2 13.1 12.9 10.9 12.5 
ENPV (CNY million) 26.0 9.8 7.2 (9.1) 4.8 
SV (%)  16.0 13.8   

Overall project EIRR (%) 12.6 11.2 11.0 9.6 10.9 
ENPV (CNY million) 45.2 (67.3) (71.8) (184.4) (86.6) 
SV (%)  4.0 3.9   

( ) = negative value, EIRR = economic internal rate of return, ENPV = economic net present value, SV = switching 
value. 
Source: Asian Development Bank estimates. 




