
Heilongjiang Green Urban and Economic Revitalization Project 

(RRP PRC 49021-002) 

ECONOMIC ANALYSIS 

A. Macroeconomic and Sector Context 

1. The project cities of Hegang, Jixi, Qitaihe, and Shuangyashan are located in East
Heilongjiang Province in the northeastern-most area of the People’s Republic of China (PRC). 
The project cities had a combined population of 5.2 million in 2015. They had been heavily relying 
on coal and were an important coal-mining and electricity production base for the country. The 
local economies then began suffering from economic decline, mainly as a result of significantly 
lower coal prices since 2013.1 Urban poverty, increasing unemployment, declining wages, and 
population loss have since become serious challenges for the project cities. About 18% of the 
labor-aged inhabitants are unemployed or working casual jobs, and average wages are lower 
than in other cities in the province, and more than 10% of urban residents are poor. In 2014, per 
capita gross domestic product in Heilongjiang was 16% below the national average, and the 
project cities’ economies were below the provincial average. A key challenge to private sector 
development and to economic diversification is the lack of (i) effective policies and programs for 
the development of small- and medium-sized enterprises (SMEs), (ii) access to longer-term 
working capital or cash-flow-based SME financing, (iii) capacity to develop and expand 
businesses, (iv) technical skills, (v) strategic workforce development, (vi) access to advanced 
industry practices, and (vii) investments in product research and development.  

B. Rationale 

2. The project cities suffer from environmental loss and degradation (pollution of soil, water,
and air) caused by more than 60 years of coal mining. People are exposed to safety, health, and 
environmental risks from mining impacts such as subsidence, and soil, water, and air 
contaminants. The project cities lack urban livability and adequate infrastructure and services. 
Water supply, wastewater management, and drainage systems lack capacity and cannot meet 
required quality standards; and untreated water pollutes the environment. Water supply, sewer, 
and drainage pipe networks do not reach many of the urban areas and do not meet the 
requirement of separating sanitary sewers and drainage pipes. Water supply pipes are aging and 
leakage causes significant water loss. District heating inefficiencies are serious because of the 
aging pipes. The road networks are missing key links, which leads to detours and traffic jams, 
especially in Shuangyashan. The project cities lack sustainable urban transport, including 
adequate road maintenance and public transport, bus lanes, bus stops, and sidewalks, and 
urgently need road rehabilitation. Some rivers, especially in Hegang and Jixi, overflow and cause 
floods during heavy storms and snowmelt in the spring; river courses are narrow and scattered 
with solid waste; and water is polluted from untreated discharge of domestic and industrial 
wastewater.  

C. Project Outputs and Least-Cost Options Analysis 

3. The project will have five outputs: (i) capacity in business development services and
integrated project planning and management developed, (ii) sustainable SME investment and 
access to finance in project cities improved, (iii) key infrastructure and SME facilities in non-coal 
industrial parks in project cities constructed, (iv) remediation and environmental cleanup from 
mining impacts in project cities improved, and (v)  integrated urban infrastructure and services in 

1 Government of the PRC, State Council. 2015. National Economy and Social Development Thirteenth Five-Year Plan, 
2016–2020. Beijing. 
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project cities improved. The economic analysis was undertaken separately for each 
subcomponent under major infrastructure outputs and for the overall project.2 
 
D. Economic Analysis 
 
4. Least-cost analysis of alternative options was carried out to determine whether the options 
identified and included in the proposed project would represent the least-cost means of meeting 
forecast growth in demand. Least-cost analysis was completed on the subcomponents described 
above to compare the cost effectiveness of the design options. Comparisons were based on net 
present values. The discount rate for all comparisons was 9%.  
 
5. The economic analysis was undertaken in accordance with ADB guidelines and other 
good-practice guides.3 The major assumptions in the analysis are as follows: (i) project 
investments undertaken over a 5-year implementation period starting in 2018; (ii) project life of 30 
years for the improved wastewater treatment subcomponents and 20 years for improved heating 
and water supply, integrated river and lake rehabilitation, remediation and environmental cleanup, 
and road improvements; (iii) economic costs and benefits valued based on constant 2017 prices 
converted to Chinese yuan amounts using an exchange rate of $1 = CNY6.89; (iv) economic 
costs of capital works and annual operation and maintenance (O&M) calculated from project cost 
estimates (price contingencies, financial charges, and taxes and duties excluded but physical 
contingencies of 5% included in the analysis); and (v) all costs valued using the domestic price 
numeraire; traded goods being adjusted by a shadow exchange rate factor estimated at 1.013;4 
skilled labor adjusted to its economic value using an opportunity cost of scarce labor of 1.0, and 
unskilled labor adjusted to its economic value using a shadow wage rate of 0.67.  
 
6. The economic viability of the project was determined by computing the economic internal 
rate of return (EIRR) and comparing it with the economic opportunity cost of capital of 9%. The 
viability of the project was tested through sensitivity analysis under scenarios in which key 
variables such as capital costs, O&M costs, and benefits changed from those anticipated. 
Distribution of project benefits and poverty impact analyses were also undertaken to determine 
how much of the economic benefits resulting from the investments will directly benefit the poor.    
 
E.   Economic Costs and Benefits 
 
7. Economic costs. The economic costs include (i) capital costs of civil works, equipment, 
materials, and land acquisition and resettlement; and (ii) O&M cost, including the cost of replacing 
depreciated assets. The overall cost for the investment project component is CNY5,443.2 million 
($789.0 million) with an economic cost of CNY3,019.4 million. 
 

1. Output 3: Key Infrastructure and Small- and Medium-sized Enterprises 
Facilities in Non-coal Industrial Parks in Project Cities Constructed  

 
8. Industrial park roads. This subcomponent includes the upgrade and construction of 
11 road sections consisting of 18.4 kilometers (km) inside the industrial parks in the four project 

                                                
2 Detailed Economic Analysis (accessible from the list of linked documents in Appendix 2 of the report and 

recommendation of the President).  
3 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; ADB.1997.Handbook of Economic Analysis of 

Water Supply Projects. Manila. 
4 The shadow exchange rate factor was sourced from the economic analysis associated with Loan 3263. 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 (Loan 3263-PRC). 
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cities. Benefits are measured in terms of road user cost savings, including savings in vehicle 
operating costs (VOCs)5 for normal traffic and generated traffic (valued using “rule of half”), and 
time cost savings due to a reduction in travel distance and congestion. 
 
9. Industrial wastewater treatment plants. This includes construction of two new 
wastewater treatment plants (WWTPs) with a capacity of 6,000 cubic meters (m3) per day and 
treated wastewater reuse pipe in Hegang Luobei County, and a WWTP with a capacity of 
20,000 m3 per day in Jixi. Benefits were estimated based on industry-standard willingness-to-pay 
(WTP) for wastewater services valued at the quantity of industrial wastewater collected and 
treated. In the absence of any project survey results, values were taken from results of several 
comparable WTP scenarios elsewhere in the PRC, and a mean WTP for improved industrial 
wastewater services of CNY3.8 per m3 was used. An additional benefit of recycled wastewater 
was considered for the Hegang Luobei WWTP and was valued at the industrial wastewater rate 
for special water at CNY7.20 per m3.  

 
2. Output 4: Remediation and Environmental Cleanup from Mining Impacts in 

Project Cities Improved 
 

10. For the mining remediation project component, the benefits were estimated from (i) a 
reduction in health risks and pollution-related diseases, i.e., savings in disability-adjusted life 
years;6 (ii) savings in medical costs and productivity losses from exposure to air pollution; and 
(iii) reduction in carbon dioxide emissions from converting land impacted by mining activities to 
public green space and reforested land.  
 

3. Output 5: Integrated Urban Infrastructure and Services in Project Cities 
Improved 

 
11. Integrated river and lake rehabilitation. The project intervention includes river 
embankment, dredging, slope protection, and greening. Benefits are based on average avoided 
annual flood damage to tangible assets. The average annual damage avoided is estimated by 
(i) using historic reference-case flood-event damage and estimates of flood probabilities to 
construct a reference-case damage-frequency curve, (ii) constructing a project damage-
frequency curve for each alternative level of flood defense, and (iii) calculating the area between 
the curves for each project case and the reference case. Historic event damage at each site is 
based on values provided by the municipal governments. Additional non-quantified benefits 
include environmental improvements to rivers and water quality, benefits from the recreational 
value of the riverfront greenway system with continuous pathways, and intangible benefits in the 
form of less anxiety and illness. 
 
12.  District heating efficiency improvement. This involves the rehabilitation of the existing 
Hegang heating system aimed at reducing heat loss by replacing leaking pipes along 6.6 km of 
primary and 65.2 km of secondary pipelines. This is expected to improve the service quality and 
ensure reliable heat supply to about 34,604 households in a heating area of about 1.6 million 
square meters. Benefits are estimated using WTP for improved heating services. In the absence 
of any project survey results, WTP values were taken from results of several comparable WTP 

                                                
5 The main VOC elements are valued at 2017 prices, fuel at CNY4.14 per liter; lubricant at CNY6.75 per liter, and 

vehicle maintenance labor cost at CNY13.19 per hour. Wage rates used to estimate time savings are CNY3,380 for 
Hegang, CNY3,546 for Jixi, CNY3,409 for Qitaihe, and CNY3,515 for Shuangyashan. 

6 The approach was developed by Harvard University for the World Bank for a study that provided a comprehensive 
assessment of mortality and disability from diseases, injuries, and risk factors. The Detailed Economic Analysis 
(footnote 2) shows the computation of benefits from savings in disability-adjusted life years. 
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scenarios elsewhere in the PRC, and a mean WTP for improved heating services of CNY1,620 
per household, per heating season was used. 
 
13. Water supply improvement. For the rehabilitation of water supply systems in Jixi and 
Qitaihe cities, benefits were derived from (i) incremental water consumption for connected and 
unconnected households valued at WTP for consumer surplus;7 (ii) nonincremental water valued 
at resource cost savings for water collected from alternative sources;8 and (iii) savings from 
reduction in nonrevenue water for Qitaihe valued at WTP (reduction from 50% to 20% in 2023). 
WTP was derived using a close-ended contingent valuation approach administered during the 
household survey. Other nonquantifiable benefits from improved water supply not included in the 
analysis are health and general environmental benefits. 
 
14. Jixi Beishan and Jiaotong roads, and bypass bridge; and Shuangyashan south ring 
road and tunnel. For road rehabilitation and construction, benefits include (i) travel time savings 
and (ii) VOC savings.9  
 
F. Evaluation of Project Economic Performance 
 
15. The overall project is economically viable with an EIRR of 15.4% (Table 1). The individual 
EIRRs are 14.7% (output 2), 11.5% (output 3), and 16.1% (output 4). Individual project city EIRRs 
are 14.4%, (Hegang), 15.4%, (Jixi), 11.7% (Qitaihe), and 17.1% (Shuangyashan). Sensitivity 
analysis examined the impact of changes in costs, benefits, and implementation delay on 
economic performance. The estimated EIRRs for the overall project remain above 9% in all 
scenarios (Table 2). The analysis suggests that the project economic performance is generally 
robust against identified risks. The project switching value for cost overrun is 58.1%, and 
46.5% for a decrease in benefits.  
 
16. Benefits calculated are understated because they do not account for additional, not 
quantified economic benefits such as cleanup of mining impacts and associated environmental 
and land value benefits, less exposure to pathogens in untreated wastewater, and employment 
that would be generated by the SMEs under the financial intermediation component and the 
business development services subcomponent.  
 
17. The economic analysis of the project also assessed the distribution of benefits for various 
beneficiaries (footnote 2). Road users, workers, municipal and provincial governments, industries, 
and communities (direct recipients of better heating, wastewater, and water supply services, and 
environmental cleanup) are expected to benefit from the project. The community will receive the 
largest share, accounting for 58% of the total benefits. The distributional analysis estimating the 
project's economic net present value yields a poverty impact ratio of 0.19, i.e., the poor are 
expected to receive 19% of project benefits. The results of the social survey show that 9% of the 
urban population in the project cities is living below the poverty line. 
 
 
 

                                                
7 WTP for incremental water consumption is valued at CNY1.79 per m3. 
8 Resource cost savings—e.g., labor spent on obtaining water, expenses on water deliveries, bottled water, and 

treatment—are estimated at CNY14.31 per m3 for Jixi, and CNY20.63 per m3 for Qitaihe. 
9 Wage rates used to estimate time savings are CNY3,380 for Hegang, CNY3,546 for Jixi, CNY3,409 for Qitaihe, and 

CNY3,515 for Shuangyashan. The main VOC elements are fuel, lubricant, tires, and vehicle maintenance labor costs; 
and, valued at 2017 prices, fuel costs CNY4.14 per liter; lubricant CNY6.75 per liter, and vehicle maintenance labor 
cost CNY13.192 per hour (average cost for all types of vehicles). 
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Table 1: Evaluation of Project Overall Economic Performance 

EIRR = economic internal rate of return, O&M = operation and maintenance, NPV = net present value.  
Source: Asian Development Bank estimates. 

 
Table 2: Sensitivity Test Results 

Test EIRR 

NPV 

(CNY million) SI SVa (%) 

Base Case 15.4% 2,041.3     

Increase in capital cost by 10% 14.3% 1,796.2 0.7 58.1 

Increase in operating cost by 10% 15.3% 1,985.1 0.1 42.3 

Decrease in benefits by 10% 14.0% 1,535.8 0.9 46.5 

All the above 12.8% 1,234.5 1.7 24.7 

One year delay in benefits 15.2% 1,703.7     0.2   

EIRR = economic internal rate of return, NPV = net present value, SI = sensitivity indicator, SV = switching value. 
a Switching value is the percentage change in costs or benefits to result in an EIRR equal to 9%. 
Source: Asian Development Bank estimates.  

 

Year 

Project Costs  

(CNY million) 

Benefits  

(CNY million) 
Capital 

Investment 
Cost 

O&M 
Cost 

Total 
Cost 

District 
Heating 

Rivers 
and 
Lake Roads 

Mining 
Remedia

-tion 
Water 

Supply 
Wastewater 
Treatment 

Total 
Benefits 

Net 
Benefits 

2018 607.5 0.0 607.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (607.5) 

2019 969.5 0.0 969.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (969.5) 

2020 1,048.7 0.0 1,048.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (1,048.7) 

2021 212.1 0.0 212.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (212.1) 

2022 181.6 0.0 181.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (181.6) 

2023 0.0 84.5 84.5 56.3 198.0 233.0 32.0 124.2 51.8 695.3 610.9 

2024 0.0 85.2 85.2 56.3 198.0 247.8 32.4 125.3 51.8 711.6 626.3 

2025 0.0 86.0 86.0 56.3 198.0 263.5 32.7 126.5 51.8 728.8 642.7 

2026 0.0 86.9 86.9 56.3 198.0 279.1 33.0 127.7 51.8 745.9 659.0 

2027 0.0 87.8 87.8 56.3 198.0 295.7 33.3 128.8 51.8 764.0 676.2 

2028 0.0 88.7 88.7 56.3 198.0 313.3 33.7 130.1 51.8 783.2 694.4 

2029 0.0 89.8 89.8 56.3 198.0 331.6 34.0 131.3 51.8 803.0 713.3 

2030 0.0 91.7 91.7 56.3 198.0 351.0 34.4 156.6 51.8 848.1 756.4 

2031 10.3 112.3 122.6 56.3 198.0 371.6 34.7 158.1 51.8 870.5 747.9 

2032 0.0 93.8 93.8 56.3 198.0 392.8 35.0 159.5 51.8 893.5 799.7 

2033 0.0 94.9 94.9 56.3 198.0 414.0 35.4 161.0 51.8 916.6 821.6 

2034 0.0 96.1 96.1 56.3 198.0 436.3 35.8 162.5 51.8 940.8 844.6 

2035 0.0 97.4 97.4 56.3 198.0 459.9 36.1 164.1 51.8 966.2 868.8 

2036 0.0 98.7 98.7 56.3 198.0 483.0 36.5 165.6 51.8 991.2 892.5 

2037 37.4 99.9 137.3 56.3 198.0 507.2 36.8 166.0 51.8 1,016.2 878.9 

2038 0.0 101.3 101.3 56.3 198.0 532.8 37.2 166.3 51.8 1,042.4 941.2 

2039 0.0 102.7 102.7 56.3 198.0 559.6 37.6 166.7 51.8 1,070.0 967.4 

2040 11.3 132.9 144.2 56.3 198.0 587.9 38.0 167.1 51.8 1,099.1 954.9 

2041 0.0 105.3 105.3 56.3 198.0 617.7 38.4 167.4 51.8 1,129.6 1,024.2 

2042–

2052 (201.1) 290.8 89.6 

56.3 198.0 

647.8 38.7 167.8 

570.1 

1,678.8 1,589.1 
EIRR 

          
15.4% 

NPV 9.00% 
         

2,041.3 


