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ECONOMIC ANALYSIS 
 

A. Introduction 

1. Rapid industrialization of the People’s Republic of China (PRC) has substantially 
increased urban pollution levels in cities that have experienced such growth. The city of Wuhan 
is no exception to this ongoing environmental degradation process. Wuhan municipal 
government has realized that sustainable development cannot be achieved without proper 
environmental protection measures. The main purpose of this economic analysis is to justify the 
project from an economic perspective. The benefits from the project are identified and efforts to 
quantify the economic value of these benefits have been made. Quantifiable economic benefits 
are then used in an economic internal rate of return (EIRR) calculation to confirm the economic 
justification of the project. 
 
B. Project Rationale 

2. The construction of wastewater plants (WWTPs) in Wuhan has reduced the pollution 
levels in some of the local rivers and lakes and contributed to the overall pollution reduction in 
the Yangtze River Basin. The indirect result of these newly constructed WWTPs is the 
significant increase in the amount of sludge generated. This environmental challenge to Wuhan 
has created an urgent need for a comprehensive and efficient approach for sludge 
management. 
 
3. The PRC’s main disposal methods for dewatered sewage sludge are open dumping or 
using landfills with other municipal solid waste. No more than 10% of the generated sewage 
sludge is properly and safely reused for land application. Only 25% of the existing plants have 
sludge stabilization units and even fewer of them are in operation because of lack of operating 
capital. On average, the capital investment related to sludge treatment and disposal represents 
about 20%–50% of the total investment of WWTPs in the PRC. The quality of the sludge 
generated from many of the WWTPs in the PRC does not meet the requirements for beneficial 
reuse because of high concentrations of heavy metals and organic pollutants. Meanwhile, the 
heat value of sewage sludge in the PRC is also low since the sludge produced in the PRC is 
relatively low in organic matter and high in inorganic content.  
 
4. The reality in the PRC is that people are uncertain whether the stabilized and/or dried 
sludge for land disposal application is commercially acceptable to local downstream users. For 
example, there is no arrangement yet between WWTPs and construction material companies or 
fertilizer composting firms on the use of sludge. The Wuhan Design Institute has updated the 
feasibility study reports in consultation with the project preparatory technical assistance team, 
local users, and relevant government bodies. In latest reports, only landfills (for treated sludge), 
biogas collection (in Hankou sludge treatment), and application for urban forestry are 
considered.  
 
5. Treated sludge is disposed of in landfills that are not far from the location of individual 
WWTPs. The incurred cost of sludge disposal is CNY1 per ton per kilometer transported plus a 
tipping fee of CNY20–CNY40 per ton, depending on which company owns and operates the 
landfill. In some landfills, the municipal sludge is not separated from the municipal solid waste. 
There are concerns over the leachate coming from certain landfills since the rather water-rich 
sludge is mixed with the municipal solid waste.  
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6. The lakes and channels rehabilitation components will boost the local economy by 
increasing employment opportunities from the booming service and tourism industry, as well as 
incremental gross domestic product and foreign direct investment inflow to the region. However, 
existing literature does not offer mature quantification methods for such benefits. 
 
7. In Wuhan, the accelerated eutrophication of the lakes and rivers experienced in the past 
2 decades represents a serious degradation of the water quality. Impairment of water quality 
caused by eutrophication can lead to a series of problems and result in economic losses in 
terms of ecological integrity, sustainability, and safe use of aquatic ecosystems. It is 
characterized by a frequently recurring algal bloom that is inedible or toxic to some aquatic 
species, causing alterations in the food chain, with potentially detrimental effects on biodiversity 
and fisheries. 
 
C. Economic Benefits of the Project 

8. Applying sewage sludge on urban forests helps avoid potential contamination of crops 
caused by the sludge applied on agricultural land. This option has been carried out for trees 
such as poplar, paulownia, Chinese pine, black locust, Chinese pagoda tree, and the Chinese 
arborvitae. Sewage sludge has been mainly applied to forest land surface and the sludge 
compost has been used as a tree seedling container medium. The height and ground diameter 
of the trees all increased in proportion to the sludge loading rates.  
 
9. There are two oval-shaped anaerobic digesters for anaerobic digestion of sludge in 
Sanjintan WWTP. Presently, the system is being constructed and is not yet operational. 
Methane rich biogas will be produced by the anaerobic sludge digesters and can be recovered 
as an energy source for heating the anaerobic bioreactor or drying the downstream sludge.   
 
10. The existing epidemiological evidence linking waste management and human health is 
rather controversial. Key factors have not been adequately controlled in many studies. These 
studies show that it is very difficult to establish conclusive dose-response functions. The health 
impact of the project, based on the adverse health hazard reduction, is then not quantified.  
 
11. Economic justification for the sludge treatment project is mainly derived from two 
different aspects. The first is the economic benefit gained from the reduced demand for landfill 
space and the associated extension of the service life of existing landfill sites, as sludge drying 
means that less landfill space is needed. The second benefit is as a substitute for fertilizer or as 
soil amendment for urban landscaping or forestry. Each unit of fertilizer substituted with sludge 
represents an economic benefit since costs are saved by not having to purchase fertilizer. The 
fertilizer cost saving is calculated for each sludge component. The cost saving benefit can be 
accurately calculated with proper opportunity cost estimation. There are also other minor 
benefits such as landfill operation cost savings, as well as project specific benefits such as fuel 
savings and greenhouse gas emission reduction through biogas collection and combustion. 
 
12. The main quantifiable economic benefits for the sludge treatment and disposal 
component include (i) land savings computed from the prolonged life of landfills as a result of 
the reduced amount of sewage sludge disposal, (ii) landfill operation cost savings (incremental), 
(iii) fertilizer savings from applying sludge as urban forest soil amendment, (iv) traditional fuel 
savings from using biogas generated from the treatment process for heating, and (v) climate 
change alleviation caused by methane-rich biogas collection and combustion.   
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13. The main quantifiable economic benefits of the Wuhan New Zone lakes and channels 
rehabilitation and pumping station component and the Yangchun Lake secondary urban center 
lake and channel rehabilitation component include (i) land and real estate value appreciation as 
a proxy of residents’ willingness to pay for the project1, (ii) health benefits from reduction of 
morbidity and mortality of waterborne carcinogenic and noncarcinogenic diseases for nearby 
residents, and (iii) recreation and pedagogical value of wetland parks for residents.  
 
14. The economical benefits of lake ecological restoration projects, including de-silting 
(sediment removal) and bioremediation (e.g., restoration of macrophytes), are difficult to 
quantify. Nevertheless, the real estate price elevation (with control for other factors in 
econometric modeling) acts as a good proxy and is widely used in similar studies. Land value 
appreciation as a result of lake/channel rehabilitation constitutes the main economic benefit of 
the project’s lake and channel components. 
 
15. Another economic benefit of the lake connection and rehabilitation project is 
improvement in human health. Health improvements resulting from better environmental quality 
are a key benefit justifying the need for water pollution control. The quantifiable benefits 
calculated are the increased market value of a bigger fish population caused by lake water 
improvement, an increase in real estate values, health hazard reduction, and increase in 
estimated ticket sales of wetland parks. 
 
16. Benefits for the Sixin Pumping Station subcomponent include direct and indirect losses, 
both tangible and intangible. Total benefits comprise both direct and indirect benefits. Direct 
benefits include (i) avoided injuries and fatalities, (ii) availability of transportation to other areas, 
(iii) increases in land value, and (iv) alleviation of financial expenses by the local government. 
Indirect benefits include (i) avoided resettlement costs of flood victims, (ii) reduction in the cost 
of temporary infrastructure, and (iii) economic losses in flooded areas. Indirect benefits can be 
significant in the computation of total benefits but since they are difficult to quantify, the current 
analysis does not calculate it in the EIRR. This ensures that the economic analysis is conducted 
in a conservative manner.  
 
D. Summary of Economic Analysis Results 

17. The net present value (NPV) for the sludge treatment and disposal component is 
CNY91.5 million and the base case EIRR for the sludge treatment and disposal investment is 
18.21%, which exceeds the economic opportunity cost of capital (EOCC). The sensitivity 
analysis shows that the EIRR will go down to (i) 15.65% if benefits fall by 20%; (ii) 16.48% if 
investment costs increase by 20%; (iii) 17.30% if investment is delayed by 1 year; and 
(iv) 13.32% if (i), (ii), and (iii) all occur together. The sensitivity analysis for sludge treatment and 
disposal component is summarized in Table 1. 
 

Table 1: Sensitivity for Overall Sludge Treatment and Disposal Component 
Change in Variables Change in Values NPV  

(CNY million) 
EIRR  
(%) 

Base Case   91.5 18.21 
(i)  Capital cost overrun  20% 67.4 16.48 
(ii)  Benefit reduction  20% 58.9 15.65 
(iii) Implementation delay  1 year 72.4 17.30 
(iv) Combination of (i), (ii), and (iii)   23.6 13.32 
( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
                                                 
1  Land values used in the analysis are conservative estimates. 
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18. The NPV for the lakes and channels rehabilitation components is CNY553.1 million and 
the base case EIRR is 21.54%. The sensitivity analysis shows that the EIRR will fall to (i) 
16.90% if benefit falls by 20%; (ii) 17.82% if investment costs increase by 20%; (iii) 17.94% if 
investment is delayed by 1 year; and (iv) 11.80% if (i), (ii), and (iii) all occur together. The 
sensitivity analysis for lakes and channels rehabilitation components is summarized in Table 2. 
 

Table 2: Sensitivity for Lakes and Channels Rehabilitation Components 

Change in Variables Change in Values NPV 
(CNY million) 

EIRR  
(%) 

Base Case  0 553.1 21.54
(i) Capital cost overrun  20% 394.8 17.82
(ii) Benefit reduction  (20%) 275.0 16.90
(iii) Implementation delay  1 year 389.3 17.94
(iv) Combination of (i), (ii), and (iii)   (14.4) 11.80
( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
 
19. The NPV for the Sixin Pumping station component is CNY164.7 million and the base 
case EIRR is 19.32%, which exceeds the EOCC (value). The sensitivity analysis shows that the 
EIRR will fall to (i) 14.71% if benefits fall by 20%; (ii) 16.51% if operating costs increase by 20%; 
(iii) 16.03% if investment is delayed by 1 year; and (iv) 10.00% if (i), (ii), and (iii) all occur 
together. The sensitivity analysis for Sixin Pumping Station is summarized in Table 3. 
 

Table 3: Sensitivity Analysis of Sixin Pumping Station 

( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
 
20. The NPV for the whole project is CNY1,107 million and the base case EIRR for the 
whole project is 20.48%, which exceeds the EOCC (value). The sensitivity analysis shows that 
the EIRR will fall to (i) 14.27% if benefits fall by 20%; (ii) 17.42% if operating costs increase by 
20%; (iii) 17.25% if the investment is delayed by 1 year; and (iv) 12.01% if (i), (ii), and (iii) all 
occur together. The sensitivity analysis for whole project is summarized in Table 4. 
 
21. The least-cost analyses of the economic analysis review and evaluate the technical 
options proposed by the pre-feasibility studies for Wuchangnan sludge treatment plant and 
Hankou sludge treatment plant. Based on the capital cost and operation and maintenance, the 
belt drying process was recommended as the least-cost option in support of Wuhan’s long-term 
development plans.  
 
22. Residents gain most from the benefits since the project does not put any financial 
burden on them. Distribution analysis indicates that the project is pro-poor, as the poverty 
impact ratio is 10.09%. 
 
 
 

Change in Variables Change in Values NPV 
(CNY million) 

EIRR 
(%) 

Base Case 0 164.7  19.32 
(i) Capital cost overrun 20% 114.3  16.51 
(ii) Benefit reduction (20%) 55.9  14.71 
(iii) Implementation delay 1 year 97.2  16.03 
(iv) Combination of (i), (ii), and (iii)   (48.0) 10.00 
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Table 4: EIRR and Sensitivity for the Whole Project 
Change in Variables Change in Values NPV  

(CNY million) 
EIRR  
(%) 

Base Case  0 1,106.7 20.48 
(i) Capital cost overrun  20% 804.7 17.42 
(ii) Benefit reduction  (20%) 195.1 14.27 
(iii) Implementation delay  1 year 734.2 17.25 
(iv) Combination of (i), (ii), and (iii)   4.6 12.01 
( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
 
23. Since a large portion of economic benefits for the project rely on estimated land value in 
the project area, a sensitivity analysis against land value variations has been conducted. When 
land value is 20% less than the land value used for base case EIRR calculation, the NPV for the 
whole project is CNY826 million and the EIRR for the whole project is 18.02%, which still 
exceeds the EOCC. When land value is 20% higher than the land value used for the base case 
calculation, the NPV for the whole project is CNY 1,466 million and the corresponding EIRR is 
22.82%. The sensitivity against land value variations for the whole project is summarized in 
Table 5. 
 

Table 5: Sensitivity against Land Value Variations for the Whole Project 
Change in Variables Change in Values NPV 

(CNY million) 
EIRR 
(%) 

Base Case  0 1,106.5 20.48 
(i) Land value increase  20% 1,466.7 22.82 
(ii) Land value reduction  (20%) 826.1 18.02 
( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
 


