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SUMMARY OF ECONOMIC ANALYSIS  
 

A. Economic Rationale 

1. The project aims to improve the condition of water resources and the environment in 
Chao Lake and upstream rivers through a number of interventions under four project 
components: (i) increased municipal point source pollution control, (ii) enhanced nonpoint 
source pollution control, (iii) improved institutional capacity of the Chao Lake Management 
Authority (CLMA), and (iv) strengthened project management capacity. 
 
2.  Project interventions will include constructing wastewater collection systems, dredging 
polluted sediments and sludge from the riverbeds and river estuaries, stabilizing eroded 
embankments on selected sections of the lake, establishing a solid-waste collection and transfer 
system in a selected county, constructing engineered wetlands in Chao Lake itself and on the 
banks of one of the lake’s tributaries, and supporting a pilot nonpoint source pollution control 
activity that focuses on agricultural pollution sources. 

3. The project is a direct response to the national, provincial, and municipal 5-year 
development plans, which place a high priority on environmental improvement and water 
pollution control of Chao Lake and its tributaries. The plans recognize that these goals will be 
achieved by increased municipal point source pollution control and enhanced nonpoint source  
pollution control. All subcomponents in the proposed project are integral components of the 12th 
Five-Year Plan. Municipal and county governments are required to invest in wastewater 
treatment, solid-waste collection, dredging of polluted sediments, and stabilization of eroding 
embankments.  
 
4. The project requires government interventions at several levels. The Anhui provincial 
government promotes environmental protection in municipalities and counties in a more 
coordinated and cost-effective manner and brings about more sustainable investments in 
physical and environmental protection infrastructure that aims to improve the quality of life. 
Involvement of the provincial government is justified since the proposed project spans several 
municipalities and counties. The municipal governments coordinate and implement their 
respective development master plans and individually invest in municipal wastewater point 
source pollution control. They will be involved in owning and managing some of the completed 
facilities. The economic rationale is sound based on managing natural monopolies such as 
wastewater and solid-waste management. Limited opportunities to generate revenues in the 
case of wastewater and urban environmental improvement make it difficult for the private sector 
to invest in the proposed environmental improvements. Negative externalities associated with 
unplanned disposal of wastewater and solid wastes provide additional justification for public 
sector investments. 

B. Demand Analysis 
 
5. Demand forecasts for municipal wastewater and solid-waste collection and treatment 
services were assessed. The conclusion was that the risk associated with the demand forecast 
is minimal, because the project will provide supply which is lower than the total demand for 
wastewater treatment services. There were 20 wastewater treatment plants (WWTPs) in 
operation in the Chao Lake basin in 2010, with an estimated total treatment capacity of 
1,167,000 cubic meters (m3) per day.1 Chao Lake basin has a total population of about 16.6 
million with an estimated 2,368,224 m3 of wastewater generated each day. Based on these 

                                                
1  Anhui Provincial Environmental Protection Bureau. 2010. Environmental Status Report. Hefei. 
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figures, the current wastewater treatment facilities provide only 51% of the total required 
treatment capacity. The Chao Lake basin is experiencing rapid urbanization and continued 
growth and, hence, additional wastewater facilities are needed to keep pace with the rapidly 
growing population and economic growth. The seven wastewater treatment subcomponents will 
provide additional treatment capacity of 166,000 m3 per day. 
 
6. The domestic solid-waste management capacity will meet a fraction of the total 
incremental demand for Changlin township in Feidong county. Under the subcomponent, 17 
refuse collecting stations and two refuse transfer stations will be constructed to serve 20 villages 
in Changlin township. Each refuse transfer station will have a capacity of 60 tons per day, based 
on the estimated 70.88 tons of refuse generated per day. Changlin township has a population of 
158,8002 and the proposed intervention will collect and transfer waste generated by 88,600 
people. 
 
C. Major Assumptions  

7. The economic analysis has been conducted using Asian Development Bank (ADB) 
Guidelines for Economic Analysis of Projects3 and Workbook on Economic Evaluation of 
Environmental Impacts.4 The major assumptions of the analysis are as follows: (i) economic 
analysis was carried out over 25 years, excluding an implementation period of 5 years; (ii) basic 
costs and prices are the same as those used in the financial analysis; (iii) financial costs and 
revenues are based on prevailing prices at the end of 2011 and are expressed in constant 2011 
terms; (iv) economic costs and benefits are valued in local currency using the world price 
numeraire at constant 2011 terms; (v) foreign currency costs are converted to local currency 
using an exchange rate of CNY6.3 = US$1.00; and (vi) economic costs and benefits for 
nontradable inputs and outputs were derived by adjusting their values by a standard conversion 
factor of 0.93, which is consistent with the standard conversion factor used in recent ADB 
projects for the People’s Republic of China (PRC).5 The economic viability of each component is 
assessed by estimating the economic internal rate of return (EIRR) and the economic net 
present value (ENPV). The EIRRs are compared to the economic opportunity cost of capital, 
which is assumed to be 12%. Standard sensitivity tests and an additional test for 1-year 
implementation delay (delay in achieving project benefits) are conducted. Sensitivity indicator 
and switching value are also calculated.6 

D. Economic Costs 
  
8. Alternatives and least-cost option. Least-cost analysis ensured that the selected 
investments are the most economical interventions and will achieve the objectives of improving 
the water quality of Chao Lake and its tributaries. For nutrient removal treatment processes, 
seven WWTPs will adopt anaerobic–anoxic–oxic oxidation ditch and one will use carrousel 
oxidation ditch. For the treated wastewater to meet class 1A discharge standards, flocculation 
followed by filtration has been selected for all WWTPs. For disinfection, all treatment plants will 
use ultraviolet radiation over chlorination. The final sites selected for the solid-waste transfer 

                                                
2  Population data can be found in the Poverty and Social Analysis Report (Available upon request). 
3  ADB. 1997. Guidelines for Economic Analysis of Projects. Manila. 
4  ADB. 2005. Workbook on the Economic Evaluation of Environmental Impacts. Manila. 
5  ADB. 2008. Report and Recommendation of the President to the Board of Directors: Proposed Loan for the 

People’s Republic of China for Integrated Ecosystem and Water Resources Management in the Baiyangdian 
Basin. Manila;  ADB. 2008. Report and Recommendation of the President to the Board of Directors: Proposed 
Loan for the People’s Republic of China for Qingdao Water Resources and Wetland Protection. Manila. 

6  The lower the switching value, the more sensitive the EIRR (or net present value) is to the change in the variable 
concerned and the higher the risk with the project. 
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station are two kiln plants that have ceased operation. Neither site has households within 100 
meters. Vertical compacting has been selected for refuse compaction at the transfer stations 
since it takes up less space and it is easier to load the compacted refuse onto trucks for 
transport to the landfill. Dredging and embankment works will use mature technologies that 
have been proven effective in the PRC. Various designs and layouts of the wetlands have been 
considered where the function of the wetland is for river water purification. Different species of 
submerging, emerging, and floating vegetation have been considered to maximize the intended 
functions of these wetlands. 

9. Project implementation and cost. The project will be implemented over 5 years. The 
costs of components 1 and 2 consist of civil works, equipment, design and supervision, and 
operation and maintenance (O&M) costs incurred each year for maintaining the component 
facilities. The estimated investment cost is CNY2,249.74 million in economic terms. The O&M 
cost is assumed at 2.5% of total investment cost for the nonpoint source pollution control 
component, while O&M cost for the municipal point source pollution control component is similar 
to the O&M cost in the financial analysis converted to economic values. 
 
E.  Economic Benefits and Valuation 
 
10. The benefits considered in the economic analysis are (i) improved sanitation services 
and cleaner environment brought about by reduced municipal point source pollution by 
constructing wastewater collection and treatment facilities; (ii) the value of ecological services of 
about 356 hectares (ha) of artificial wetlands; (iii) increased land values brought about by 
stabilization of riverbanks, soil protection, and sediment capture; and (iv) reduced frequency of 
flooding brought about by dredging of sediments in the rivers, thus increasing the carrying 
capacity of these rivers and improving water quality. 
 
11. Improved wastewater services. This economic benefit was measured through 
willingness-to-pay (WTP). Household WTP for wastewater collection and treatment was 
estimated for domestic consumers through the contingent valuation approach. The payment 
method used is in the form of increments to current bills or new bills. The mean WTP for 
wastewater of CNY21.42 per household per month was estimated by dividing the cumulative 
constant (2.870), i.e., the sum of the products of the coefficients and the independent variables, 
by the coefficient of the bid (–0.134), and multiplying by –1. Economic benefits are estimated by 
multiplying the average WTP (CNY21.42) by the total beneficiary households (0.906 million). 
The beneficiary households refer to the population entitled to the improved wastewater services 
within their respective areas. The total population of the project areas in 2010 was 3.9 million. 
The total beneficiary households are then estimated based on a total affected population of 3.9 
million divided by 4.4 persons per household.7 The annual economic benefits derived from 
improved wastewater service are estimated at CNY232.95 million. 
 
12. Value of ecological services of wetlands. Wetlands are ecosystems that provide 
numerous goods and services that have an economic value. They are important sources for 
food, fresh water, and building materials, and provide valuable services such as water 
purification and erosion control.8 The values of wetland ecological services estimated for Suzhou 
Taihu Lake are applied in the project component as these are derived from actual field study and 
are in the mid-range of wetland ecological values for other areas in the PRC.9 The value of wetland 
ecological services applied in the analysis is CNY128,886 per ha per year (converted to 2012 

                                                
7
  Household size estimated at 4.4 persons per household is found in the social survey. 

8
  World Wildlife Fund. 2004. The Economic Values of the World’s Wetlands. Amsterdam: Gland. 

9  L. X. Gu et al. 2010. Ecosystem Services Value of Wetland in Suzhou Taihu Lake. Ecological Economy 6: 349–55.   
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values). Under the subcomponent, about 356 ha of artificial wetlands will be constructed, hence 
the total economic value of wetlands is estimated at about CNY46.80 million per year.10 

13. Increased land values. It is envisioned that river embankments in urban areas will 
improve the appearance, condition, and use such that the value of land adjacent to the river and 
close by will increase. When the Minxin River was recharged with natural water in Shijiazhuang, 
a provincial capital city economically comparable with Hefei, the value of the real estate near the 
river increased by CNY100 per square meter net of inflation, and overall housing prices 
increased.11 Using this as a benchmark and assuming that 10 residential dwelling building 
projects will be developed during the project’s economic life with an average area of 400,000 
square meters, the one-time incremental benefits are estimated at CNY400 million. To be more 
conservative, half of the one-time economic benefit is assumed to accrue in the first year of 
operation and the remainder equally in the second and third years of project operation. 
  
14. Reduced flood damage. The benefits of flood management evaluated the flood losses 
of 10-year, 20-year, and 50-year frequency under current economic conditions, according to the 
estimated losses during past years.12 Without the project, the cost of flood damage was 
assumed to increase following the rapid urbanization and industrial development that is 
expected to occur in the project areas. Based on actual flood data, flood damage suffered in 
1991 (CNY58.51 million) was assessed to represent the 10-year return period. The annualized 
value of damage avoided is estimated using triangulation for floods with a return period of 
between 10 and 20 years and between 20 and 50 years. The total economic benefit due from 
reduced flood damage is estimated at CNY54.67 million in 2017. An adjustment was applied to 
account for the increase in value of assets in the project areas over the project life. Average 
growth was assumed at 9% for 2013–2022, 5% for 2023–2032, and 2% for 2033 to 2040.13 
 
F. Summary of Economic Analysis Results 
 
15. The overall project EIRR is 13.1% (Table 1). The EIRR of the project exceeds 12% and 
is therefore accepted. The ENPV at 12% is CNY143.2 million, and the economic benefit–cost 
ratio is 1.1. 
 
16. Sensitivity analysis. The results of the sensitivity tests (Table 2) show that the project 
EIRR is most sensitive to reduction by 10% in all component benefits, increase in capital cost, 
and simultaneous increase in costs and decrease in benefits as their sensitivity indicators are 
more than 1. The switching values analysis indicates that, to maintain the project’s EIRR at 
12%, benefits should decline by not more than 5.4%, while capital costs should not increase by 
more than 7.5%. If benefits decrease and costs increase simultaneously, the decrease in both 
should not be more than 3.1%.  

                                                
10  A recent study (http://www.sciencedaily.com/releases/2010/08/100806093100.htm) shows that artificial wetlands 

can achieve similar environmental and ecological functions as natural wetlands over a short period. 
11 ADB. 2007. Technical Assistance to the People’s Republic of China for Integrated Ecosystem and Water 

Resources Management in the Baiyangdian Basin. Manila. 
12  The project areas—particularly Chaohu, Feidong, Feixi, Hanshan, and Lujiang—experience frequent flooding 

caused by severe siltation and poor flood discharge capability of the Changlin, Fengle, Lujiang, Pai, Qinxi, Sanhe, 
Xiage, and Zhegao rivers. 

13  The average annual growth rate of economic development in Anhui during 2005–2009 was 9%. The projected 
growth rates were adjusted by the projected domestic inflation factor of 3.8% to convert to real values. 

http://www.sciencedaily.com/releases/2010/08/100806093100.htm
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Table 1: Project Economic Internal Rate of Return 
(CNY million) 

Year 

Invest-
ment 
Cost O&M 

Total 
Cost 

Improved 
Wastewater 

Services 

Avoided 
Flood 

Damage 

Value of 
Improved 
Ecological 
Services 

Increase in 
Land 

Values 
Total 

Benefit 
Net 

Benefits 

2013 518.11   518.11         0 (518.1) 

2014 852.39   852.39         0 (852.4) 
2015 761.18   761.18         0 (761.2) 
2016 118.05 34.94 152.99 232.95 0 45.09 0 278.0 125.0 
2017   44.92 44.92 232.95 54.67 45.09 200 532.7 487.8 
2018   42.01 42.01 232.95 57.53 45.09 100 435.6 393.6 
2019   42.16 42.16 232.95 60.55 45.09 100 438.6 396.4 
2020   39.26 39.26 232.95 63.71 45.09 0 341.7 302.5 
2021   39.43 39.43 232.95 67.05 45.09 0 345.1 305.7 
2022   39.60 39.60 232.95 70.56 45.09 0 348.6 309.0 
2023   39.77 39.77 232.95 72.73 45.09 0 350.8 311.0 
2024   39.96 39.96 232.95 74.98 45.09 0 353.0 313.1 
2025   40.15 40.15 232.95 77.29 45.09 0 355.3 315.2 
2026   40.35 40.35 232.95 79.67 45.09 0 357.7 317.4 
2027   40.55 40.55 232.95 82.13 45.09 0 360.2 319.6 
2028   40.76 40.76 232.95 84.66 45.09 0 362.7 321.9 
2029   40.99 40.99 232.95 87.27 45.09 0 365.3 324.3 
2030   41.22 41.22 232.95 89.96 45.09 0 368.0 326.8 
2031   41.45 41.45 232.95 92.73 45.09 0 370.8 329.3 
2032   41.70 41.70 232.95 95.59 45.09 0 373.6 331.9 
2033   41.96 41.96 232.95 98.54 45.09 0 376.6 334.6 
2034   42.23 42.23 232.95 101.58 45.09 0 379.6 337.4 
2035   42.50 42.50 232.95 104.71 45.09 0 382.7 340.2 
2036   42.79 42.79 232.95 107.93 45.09 0 386.0 343.2 
2037   43.09 43.09 232.95 111.26 45.09 0 389.3 346.2 
2038   43.40 43.40 232.95 112.55 45.09 0 390.6 347.2 
2039   43.72 43.72 232.95 113.85 45.09 0 391.9 348.2 
2040   44.05 44.05 232.95 115.17 45.09 0 393.2 349.2 

2041   9.46 9.46 0 116.50 0 0 116.5 107.0 

EIRR             13.1% 

ENPV @ 12% 

      
143.2  

BCR               1.1  
( ) = negative, BCR = benefit–cost ratio, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation 
and maintenance. 
Source: Asian Development Bank estimates. 

Table 2: Sensitivity Analysis and Switching Values Analysis 

Sensitivity Test 
EIRR  

(%) 

NPV 

(CNY million) 

Sensitivity 
Indicator 

Switching 
Value 

(%) 

10% increase in capital cost 11.6 (51.6) 1.2 7.5  
10% increase in operating costs 12.6 82.9  0.4 23.7  
10% decrease in all component benefits 11.1 (118.9) 1.8 5.4  
10% increase in cost and decrease in benefits 9.6 (343.6) 3.6 3.1  
1-year lag in benefits  12.8 94.0 0.2 36.6  
( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 
Source: ADB estimates. 

 
17. It is assumed that 40% of the total economic benefits derived from the project will accrue 
to poor households. This is consistent with the proportion of poor people found in the poverty 
and social analysis report and reflected in the assurances. The total economic benefit of the 
project is estimated at CNY3,351.28 million and the economic benefit accruing to the poor is 
estimated at CNY1,340.51 million. 
 




