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ECONOMIC ANALYSIS  

 
A. Introduction 

 
1. Xiangjiang River is in the southern part of Hunan Province in the People's Republic of 
China (PRC) and is a major tributary of the Yangtze River. Its 94,660-square kilometer watershed 
is extremely developed. Major cities in the watershed include the provincial capital, Changsha, 
and seven other cities (Chenzhou, Hengyang, Loudi, Yongzhou, Yueyang, Xiangtan, and 
Zhuzhou). The watershed is highly populated, and as of 2017 approximately 61% of Hunan’s total 
population, or about 25.1 million, lived within the boundaries of the watershed. The watershed 
area is the most important center for economic development in Hunan. In 2017, the total gross 
domestic product for the watershed was estimated to be 75% of the overall total for the province. 
 
2. The rapid economic growth experienced from the 1980s onwards, coupled with 
inadequate environmental protection, made the watershed one of the most polluted areas in 
central PRC. Three major pollution sources were responsible for the watershed's environmental 
degradation: (i) industrial pollution, (ii) domestic pollution, and (iii) agricultural pollution. During 
2011–2015, the Hunan Provincial Government (HPG) invested CNY59.5 billion on environmental 
pollution control and management in the Xiangjiang River watershed. The government's efforts 
included closure, relocation, or rehabilitation of industries contributing to pollution, construction of 
municipal wastewater treatment facilities, control of agricultural nonpoint sources, and the 
promulgation and enforcement of stringent emission standards. Although these command and 
control measures reduced emissions from industrial and agricultural sources, the most technically 
and financially challenging environmental problem is increasing volumes of municipal solid waste 
(MSW) and continuous pollution from "substandard" stock landfills.1  The uptake of rigorous MSW 
management has been relatively slow in the Xiangjiang River watershed. Waste collection and 
transportation systems are still inadequate, and capacity is constrained. Kitchen waste and 
construction waste management, as well as waste sorting and recycling, is still underdeveloped. 
Most MSW is dumped in landfills without any environment protection measures in place such as 
proper leachate and landfill methane gas collection and treatment facilities, thereby polluting 
surface water and groundwater resources, and contributing to air pollution and greenhouse gas 
emissions. There are many substandard landfill sites located in the Xiangjiang River watershed 
area and some are close to urban areas with residents living nearby. The State Council issued 
advice and plans for MSW in 2011 and 2012 to strengthen the environmental hazard evaluation 
of MSW treatment, prioritize ecological rehabilitation of MSW dump sites in the watershed, and 
upgrade MSW facilities that do not meet standards.  
 
3. The project will support HPG in implementing technically sound and financially sustainable 
solutions to effectively manage substandard stock landfills and MSW. Specifically, the project 
outputs are (i) substandard MSW landfills closed; (ii) substandard MSW landfills mined and 
remediated; (iii) new urban–rural integrated MSW management systems established; (iv) sanitary 
landfill facilities upgraded; (v) a new kitchen waste treatment and management system 
established; and (vi) the capacity for environmentally sustainable MSW management enhanced.  
 
 

                                                 
1  Landfill sites implemented in the 1990s or earlier without any environmental protection measures such as lining, 

sealing, drainage, and landfill gas ventilation. Most of the sites ceased to receive waste about 5–10 years ago but 
few are still used as dumpsites, legally or illegally, with fresh solid waste dumped on the site without treatment and 
left exposed to the air. 

http://www.adb.org/Documents/RRPs/?id=48443-002-3
http://www.adb.org/Documents/RRPs/?id=48443-002-3
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B. Project Rationale 
 
4. Associated government policies. The proposed project supports the PRC's Thirteenth 
Five-Year Plan, 2016–2020 for urbanization and environmental protection, and the HPG's  
Implementation Plan for the First Three-Year Action Plan for Hunan Xiangjiang River Pollution 
Control.2 
 
5. Least-cost analysis. Least-cost analysis was conducted for the subprojects under output 
1 with the selection of engineering alternatives. The engineering choices of existing landfill 
closures were assessed for cost effectiveness. The two alternative schemes in the landfill closure 
subproject examined were on-site closures, and the relocation and mining of the existing MSW 
landfill. Based on this comparative study, the on-site closure was found to be the most economical 
option for nine sites under output 1.3 
  
C. Economic Analysis of Subprojects 
 
6. The economic analysis assessed the economic viability of the project in terms of the 
economic internal rate of return (EIRR) and the economic net present value in accordance with 
the Asian Development Bank's guidelines for the Economic Analysis of Projects (2017).4 
 
7. Economic costs. The assumptions for the economic costs estimates are as follows: 

(i) All costs are in constant 2017 prices and converted at $1 = CNY 6.28. 
(ii) Economic costs of the project components are calculated from financial cost 

estimates and include (a) capital cost, including land acquisition and resettlement, 
environmental mitigation and monitoring, and institutional capacity building and 
strengthening; and (b) operation and maintenance costs, including the 
replacement cost of depreciated equipment; price contingencies, taxes and duties. 
Financial charges are excluded, but physical contingencies are included. 

(iii) All costs and benefits are valued using world price numeraire. Tradable inputs are 
valued at border prices at the prevailing exchange rate. Nontradable inputs are 
adjusted by the standard conversion factor of 0.99, and unskilled labor is adjusted 
by the shadow wage rate of 0.67.5  

(iv) Projections covered from 2018 to 2039, including 2 years of implementation for 
landfill closure, remediation, and urban–rural solid waste management system 
components; and 5 years for landfill upgrade and kitchen waste collection and 
treatment components.  

(v) Economic opportunity cost of capital is assumed at 9% in real terms. 
 

                                                 
2  HPG. 2013. Implementation Plan for the First Three-Year Action Plan for Hunan Xiangjiang River Pollution Control. 

Changsha; and Government of the PRC, State Council. 2016. The Thirteenth Five-Year Plan for National Economic 
and Social Development of the People’s Republic of China, 2016–2020. Beijing. 

3  Detailed Economic Analysis (accessible from the list of linked documents in Appendix 2 of the report and 
recommendation of the President). 

4  ADB. 2017. Guidelines for the Economic Analysis of the Projects. Manila. 
5  The same conversion factors were used in the reports and recommendations of the President of ADB-financed 

projects: ADB. 2016. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the 
People’s Republic of China for the Shandong Groundwater Protection Project. Manila; ADB. 2015. Report and 
Recommendation of the President to the Board of Directors: Proposed Loan to the People’s Republic of China for 
the Xinjiang Tacheng Border Cities and Counties Development Project. Manila; and ADB. 2014. Report and 
Recommendation of the President to the Board of Directors: Proposed Loan to the People’s Republic of China for 
the Guangdong Chaonan Water Resources Development and Protection Demonstration Project. Manila. 
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8. Substandard municipal solid waste landfills closed. This project output will close and 
restore nine substandard MSW landfills (or dumpsites), including the installation at each site of a 
capping layer and associated drainage system, a leachate collection system, a landfill gas 
collection and treatment system, and the restoration of vegetation cover and landscaping. The 
project will close and restore the sites with an estimated potential usable area for the future 
development of 19.6 hectares. The existing MSW landfill sites included under the project are 
Dong'an, Doupi (in Hengyang), Guiyang, Hengshan, Jiufengshan (in Lanshan), Lengshuijiang, 
Shanglingqiao, Zhugemiao (in Yongzhou), and Tietong (in Changning). The benefits are 
considered fully incremental and measured in terms of willingness to pay (WTP) for improved 
environmental conditions and reduced health risks due to the closure of substandard landfills 
among households residing within the surrounding area of landfills.6 
 
9. Substandard municipal solid waste landfills mined and remediated. This project 
output will remediate two substandard MSW landfill sites by mining, which will include the 
excavation, removal, and transport of waste materials from the existing landfill sites to nearby 
and/or adjacent existing sanitary landfill sites. The Xiaowujia site (in Lanshan) will be excavated 
and restored with an estimated usable area for redevelopment of 0.6 hectares. The Zixing site 
will be excavated and restored with an estimated usable area for redevelopment of 1.2 hectares. 
The benefits are considered fully incremental and measured in terms of WTP for improved 
environmental conditions and reduced health risks due to the mining and remediation of 
substandard landfills among households residing within the surrounding area of landfills (footnote 
6). 
 
10. New urban–rural integrated municipal solid waste management systems 
established. This project output will construct coherent and well-defined urban–rural integrated 
MSW management systems in seven project areas serving an approximate population of 5.6 
million. The project will support part of Hunan's province wide urban–rural integrated MSW 
management strategy by the construction of MSW collection and transfer stations in a variety of 
localities. It will include the associated procurement of MSW collection and transport equipment 
and fleet vehicles. New systems under this output will deliver 4,340 tons per day of operational 
capacity and will be established in seven counties and cities: Changning, Hengyang, Lanshan, 
Leiyang, Lengshuitan, Yongzhou, and Zixing. The benefits are considered fully incremental and 
measured in terms of household beneficiaries' WTP for improved solid waste management 
system and collection.7  
 
11. Sanitary landfill facilities upgraded. This project output will upgrade the facilities in four 
sanitary landfill sites with a combined surface area of approximately 55 hectares. The project will 
include upgrading and expanding existing leachate treatment facilities, installing leachate residual 
treatment facilities, improving site drainage, upgrading landfill cover and associated 
improvements, refurbishing general site infrastructure, and upgrading each site. The sites 
included under this output are Hengyang, Lanshan, Leiyang, and Lengshuitan. The benefits are 
considered fully incremental and measured in terms of WTP for improved environmental 
conditions and reduced health risks due to the upgrading of landfill facilities among households 
residing within the surrounding area of landfills (footnote 6). 
 

                                                 
6  WTP is valued at CNY14.8 per household per month based on the WTP survey results conducted last December 

2017. 
7  WTP for improved MSW management and collection is valued at CNY21.14 per household per month based on the 

WTP survey results conducted last December 2017. 
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12. New kitchen waste treatment and management system established. The project will 
assist the Yongzhou City Government in establishing a kitchen waste treatment and management 
system, including collection; transport and treatment; and associated operation, maintenance, 
and management systems. The benefits are assumed from (i) the reduction in health risks 
associated with the inappropriate use of recycled oil products derived from kitchen waste 
measured by savings in disability-adjusted life years,8 and (ii) the resale value of biodiesel oil 
generated from the treated kitchen waste.9  
 
D. Economic Evaluation Results 
 
13. The EIRR calculation for the overall project is presented in Table 1. At a 9% discount rate, 
the overall project is found to be economically viable. The economic net present value for the 
overall project is CNY527.8 million, and the base case EIRR is 15.3%, which exceeds the 
economic opportunity cost of capital. The individual subprojects have the following EIRRs: on-site 
closures of MSW landfills (12.1%), mining and remediation of MSW landfills (14.1%), urban–rural 
integrated MSW management systems (19.7%), landfill facilities upgrade (10.8%), and kitchen 
waste treatment (17.1%) (footnote 3).  
 

Table 1: Overall Project Economic Cost–Benefit Streams  
(CNY million) 

 
 
 
 
 
 
Year 

Cost Benefit  
 
 
 
 

Net 
Benefit 

 
 
 
 

Invest- 
ment 

 
 
 
 
 

O&M  

 
 
 
 
 

Total 

 
 
 
 

Landfill 
Closure 

 
Landfill 
Mining 

and 
Reme- 
diation 

Urban–
Rural 
MSW 

Manage-
ment 

Systems 

 
 
 

Landfill 
Facilities 
Upgrade 

 
 
 

Kitchen  
Waste 

Treatment 

 
 
 
 

Total 
Benefit 

2018 221.7  0.0  221.7  0  0  0  0  0 0  (221.7) 
2019 498.1  0.0  498.1  0  0  0  0  0  0  (498.1) 
2020 301.7  22.6  324.2  67.0  12.5  49.0  0  0  128.5  (195.7) 
2021 225.4  51.3  276.7  67.0  12.5  124.0  0  0  203.5  (73.2) 
2022 35.2  72.5  107.7  67.0  12.5  177.2  0  0  256.6  148.9  
2023 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2024 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2025 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2026 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2027 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2028 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2029 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2030 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2031 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2032 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2033 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2034 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2035 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2036 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2037 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2038 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  
2039 0  92.3  92.3  67.0  12.5  177.2  30.6  31.4  318.6  226.3  

                        
                                                 
8 The approach of the World Health Organization in calculating the annual economic value of a disability-adjusted life 

year to be equivalent to a country's gross national income per capita has been adopted. The PRC's latest reported 
gross national income in the World Bank database was $8,250 in 2016. Disability-adjusted life year savings were 
assumed at 5.84 per 1,000 population. https://data.worldbank.org/indicator/NY.GNP.PCAP.CD 

9 Annual production assumption of 3,467.5 tons biodiesel valued at CNY3,500 per ton.  

https://data.worldbank.org/indicator/NY.GNP.PCAP.CD
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Year 

Cost Benefit  
 
 
 
 

Net 
Benefit 

 
 
 
 

Invest- 
ment 

 
 
 
 
 

O&M  

 
 
 
 
 

Total 

 
 
 
 

Landfill 
Closure 

 
Landfill 
Mining 

and 
Reme- 
diation 

Urban–
Rural 
MSW 

Manage-
ment 

Systems 

 
 
 

Landfill 
Facilities 
Upgrade 

 
 
 

Kitchen  
Waste 

Treatment 

 
 
 
 

Total 
Benefit 

ENPV 527.8  
EIRR                     15.3% 
EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and maintenance, MSW 
= municipal solid waste. 
Source: Asian Development Bank estimates. 
 
14. The results of the sensitivity analysis show that the project's economic return is robust 
against the negative impacts of benefit reductions, cost overruns, and project implementation 
delays except when all risk scenarios are combined. However, the project is likely to be 
economically viable even in the case of combined risk scenarios due to other unquantifiable 
benefits not included in the analysis, such as the reduced cost of health treatments and increased 
property values in redeveloped areas within the vicinity of the landfills. The results of the sensitivity 
analysis, the EIRR for the overall project, and individual subprojects are presented in Table 2.  
 

Table 2 : Sensitivity Analysis for the Whole Project and Subprojects 

Variable 
Overall Landfill Closure Landfill Mining and 

Remediation 

EIRR 
(%) 

ENPV 
(CNY 

million) 

SV 
(%) 

EIRR 
(%) 

ENPV 
(CNY 

million) 
SV 
(%) 

EIRR 
(%) 

ENPV 
(CNY 

million) 
SV 
(%) 

 Base Case 15.3 527.8  12.1 98.8  14.1 28.0  

1.   Benefit reduction (-10%) 12.7 309.9 23.0 10.5 47.3 23.0 12.4 18.4 16.7 
2.   Capital cost overrun (+10%) 13.6 424.0 48.5 10.7 58.5 48.5 12.6 21.2 25.1 
3.   Delay in benefits by 1 year 13.8 434.4  10.8 62.6  12.7 21.9  

4.   O&M cost overrun (+10%) 14.6 466.5  12.1 97.5  14.1 28.0  

5.   Combination of 1, 2, and 3 9.1 7.7   7.7 (47.4)   9.4 2.6   

          

Variable 

Urban–Rural MSW 
Management Systems 

Landfill Facilities 
Upgrade  

Kitchen Waste 
Treatment 

EIRR 
(%) 

ENPV 
(CNY 

million) 
SV 
(%) 

EIRR 
(%) 

ENPV 
(CNY 

million) 
SV 
(%) 

EIRR 
(%) 

ENPV 
(CNY 

million) 
SV 
(%) 

 Base Case 19.7 335.4  10.8 14.7  17.1 50.9  

1.   Benefit reduction (-10%) 16.0 212.9 16.7 8.7 (2.3) 6.3 14.6 33.5 15.2 
2.   Capital cost overrun (+10%) 17.7 295.5 40.1 9.5 4.4 44.1 14.3 37.8 47.1% 

3.   Delay in benefits by 1 year 17.9 299.5  9.6 5.4  15.5 39.4  

4.   O&M cost overrun (+10%) 18.2 286.3  10.2 9.5  15.3 43.1  

5.   Combination of 1, 2, and 3 11.0 71.3   5.5 (31.4)   8.9 (0.7)   
CNY = yuan, EIRR = economic internal rate of return, ENPV = economic net present value, MSW = municipal solid 
waste, O&M = operation and maintenance, SV = switching value.  

Source: Asian Development Bank estimates. 
 


