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ECONOMIC ANALYSIS  
 

1. General assumptions. The project will develop integrated central heating systems 
covering 40.8 million square meters (m2) in selected cities. It will achieve this by upgrading and 
demolishing small and energy inefficient district heating systems (15 million m2) and by meeting 
the improved space heating demand until 2017, covering an additional 26.7 million m2 of heating 
area where individual household stoves are still being used for space heating. For the economic 
analysis of the project, the baseline scenario is that (i) the existing energy inefficient heating 
system remains in operation to meet existing space heating demand, and (ii) individual 
household stoves are continuously used for incremental space heating demand.  
 
2. The economic analysis of the project was conducted in accordance with the Asian 
Development Bank's Guidelines for the Economic Analysis of Projects.1 It was undertaken with 
all the projected costs and benefits at constant 2010 prices and measured using the domestic 
price. The financial costs of foreign components are adjusted to their respective economic 
values using a shadow exchange rate factor of 1.01.2 All other local currency costs are valued 
through shadow prices using a standard conversion factor of 0.987, and the following specific 
conversion factors: 1.00 for equipment, 1.00 for skilled labor, and 0.67 for unskilled labor. The 
economic opportunity cost of capital (12% per annum) is used as the discount rate to value all 
the economic benefits and costs. The economic analysis of all subprojects was conducted for 
an operating period of 20 years.  
 
3. Economic costs. The financial capital costs for all components, including physical 
contingencies, are converted to economic capital costs by deducting taxes and duties and 
applying the relevant conversion factors to the shares of foreign costs, unskilled labor, and other 
costs. The resultant values represent the economic costs in the domestic price. The capital 
costs of subprojects include costs related to boilers, pipelines, heat exchangers, other 
associated costs, and physical contingency. Since six3 out of nine subprojects will use an 
existing heat source—either combined heat and power plants or highly efficient and large heat-
only boilers—the capital cost for new heat source development in these six cities is excluded 
from the capital costs. The fuel costs are estimated by using coal consumption multiplied by the 
economic price of coal. The other operation and maintenance costs are based on estimates of 
coal, water, electricity, and personnel inputs for district heating supply.  
 
4. Economic benefits. The economic benefits for the subprojects include (i) heating 
revenues due to the expansion of the heating area multiplied by the end users' willingness-to-
pay (CNY per m2) for the improved space heating services as incremental benefit; (ii) 
improvements in heating efficiency from coal savings (418,889 tons [t] annually) after 
conversion to the large heat-only or combined heat and power boilers from energy inefficient 
coal-fired boilers and individual family stoves multiplied by the economic coal price as non-
incremental benefit; and (iii) environmental benefits, which are reflected in the reduction of 
environmental costs associated with the annual coal savings.4 The environmental benefits are 
estimated using the avoided annual emissions associated with coal savings, including 4,500 t of 
                                                 
1 ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
2 A shadow exchange rate factor of 1.01 is equivalent to a standard conversion factor of 0.99, which is widely 

accepted as the appropriate value for the People’s Republic of China. 
3  The six subprojects are Jiagedaqi, Jiamusi West, Jidong, Qitaihe, Yichun City–Tangwanghe, and Yichun City–

Xinqing. 
4 The project preparatory technical assistance consultants conducted the willingness-to-pay survey covering 472 

households in the heat coverage areas of the subprojects. The willingness-to-pay ranges from CNY6 to CNY7 per 
m2 per month.  
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sulfur dioxide, 22,819 t of total suspended particulate, 1,961 t of nitrogen oxide, 1 million t of 
carbon dioxide, and 231,068 t of ash multiplied by the environmental cost per unit.5  
 
5. Economic internal rate of return calculation. The results of the economic internal rate 
of return (EIRR) and the economic net present value for the whole project and for each 
subproject are shown in Tables 1 and 2. The EIRR without environmental benefit for the whole 
project is 17.9%, and for the subprojects it ranges from 12.5% to 20.6%. The EIRR with 
environmental benefit for the whole project is 21.1%, and for the subprojects it ranges from 
16.4% and 25.3%. All EIRRs (base case) are greater than the 12% economic opportunity cost 
of capital. The economic net present value for the whole project without environmental benefit is 
CNY676.5 million, and for the whole project with environmental benefit it is CNY1,108.1 million.  
 

Table 1: Economic Analysis of the Whole Project 
(CNY million) 

 
 
Year 

 
Capital 
Costs 

 
 

O&M 

Economic Benefits  
Environmental 

Benefit 

 
Net 

Benefits 
 

Incremental 
Non 

Incremental 
2012 251.3     (251.3) 
2013 769.4     (769.4) 
2014 786.1     (786.1) 
2015  579.6 752.5 99.2 46.7 318.8 
2016  617.2 802.7 119.1 56.1 360.6 
2017  694.3 903.1 138.8 65.3 412.9 
2018     771.5 1,003.4 198.4 93.4 523.7 
2019  771.5 1,003.4 198.4         93.4        523.7
2020  771.5 1,003.4 198.4         93.4        523.7
2021  771.5 1,003.4            198.4         93.4        523.7
2022  771.5 1,003.4            198.4         93.4        523.7
2023  771.5 1,003.4      198.4         93.4        523.7
2024  771.5 1,003.4      198.4         93.4        523.7
2025  771.5 1,003.4     198.4         93.4        523.7
2026  771.5 1,003.4     198.4         93.4        523.7
2027  771.5 1,003.4     198.4         93.4        523.7
2028  771.5 1,003.4     198.4         93.4        523.7
2029  771.5 1,003.4     198.4         93.4        523.7
2030  771.5 1,003.4     198.4         93.4        523.7
2031  771.5 1,003.4     198.4         93.4        523.7
2032  771.5 1,003.4     198.4         93.4        523.7
2033  771.5 1,003.4     198.4         93.4        523.7
2034  771.5 1,003.4     198.4         93.4        523.7
 EIRR (without environmental benefit) 17.9%  
          (with environmental benefit) 21.1%  
 ENPV (without environmental benefit) 676.5   
 (with environmental benefit) 1,108.1  

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

  

                                                 
5 Since the emission trading value in the market has been volatile for the last 5 years, the economic prices per ton of 

emissions are estimated based upon the average trading value and emission charge for the last 5 years. The 
average trading value of the clean development mechanism certified emissions reduction in the European Union’s 
emission trading system for the last 5 years is applied for carbon dioxide. The average emission charges for the 
last 5 years are used for sulfur dioxide, nitrogen dioxide, and particulate matter, which are also comparable to the 
trading value in the United States. The construction material market price for the last 5 years is used for ash.  
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Table 2: Summary of Economic Internal Rate of Return  
 
Subproject 

EIRRa

(%, without  
environmental benefit) 

EIRR  
(%, with  

environmental benefit) 
1. Qitaihe DH 18.0% 21.1% 
2. Harbin Taiping HP and DH  19.3% 21.7% 
3. Yichun City–Tangwanghe DH 13.7% 18.9% 
4. Yichun City–Xinqing DH 15.0% 21.2% 
5. Jiamusi West DH 20.1% 22.1% 
6. Jiagedaqi DH 15.4% 21.0% 
7. Jidong County DH 20.6% 25.3% 
8. Raohe Town HP and DH 12.5% 16.4% 
9. Tongjiang City HP and DH 14.5% 17.7% 

Whole Project 17.9% 21.1% 
DH = district heating, EIRR = economic internal rate of return, HP = heating plant. 
a EIRR is comprised of incremental benefit (willingness-to-pay for new heating areas) and non-

incremental benefit (annual coal saving value). Subprojects having lower coal saving value tend 
to have lower EIRR. 

Source: Asian Development Bank estimates. 
 
6. Sensitivity analysis. Sensitivity analysis was conducted to assess the sensitivity to 
economic projections. The sensitivity analysis in Table 3 indicates that the EIRR without 
environment benefit will decrease to (i)12.8% if economic benefits fall by 10%, (ii) 16.3% if 
capital costs increase by 10%, (iii) 14.7% if operation and maintenance costs increase by 10%, 
and (iv) 12.1% if there is a 1-year delay in project implementation. Under this analysis, the 
project is sensitive to changes in costs and benefits but remains viable under all scenarios. The 
EIRR of the whole project will be greater than the 12% the economic opportunity cost of capital.  
 

Table 3: Sensitivity Analysis for Economic Internal Rate of Return  
without Environmental Benefit  

(%) 
 
 
Subproject 

 
Base 

Case 1
Benefit 
–10% a 

Case 2
Capital   
 +10% 

Case 3 
O&M 
+10% 

Case 4
Delay 1 

Year 
1. Qitaihe DH 18.0% 14.2% 16.6% 16.0% 13.1%
2. Harbin–Taiping HP and DH  19.3% 15.9% 17.8% 18.6% 14.5%
3. Yichun City–Tangwanghe DH 13.7% 8.2% 12.3% 11.8% 7.4%
4. Yichun City–Xinqing DH 15.0% 9.1% 13.5% 8.9% 7.6%
5. Jiamusi West DH 20.1% 14.1% 18.4% 16.1% 12.5%
6. Jiagedaqi DH 15.4% 9.4% 14.1% 11.1% 9.2%
7. Jidong County DH 20.6% 14.1% 18.6% 16.2% 12.4%
8. Raohe Town HP and DH 12.5% 8.2% 11.8% 11.4% 8.3%
9. Tongjiang City HP and DH 14.5% 10.0% 13.0% 13.2% 9.7%

Whole Project 17.9% 12.8% 16.3% 14.7% 12.1%
DH = district heating, HP = heating plant, O&M = operation and maintenance. 
a The EIRR of subproject numbers 3, 4, 7, and 8 are very sensitive to a change in benefit. The size of the 

economic benefit of these subprojects are relatively smaller as compared with the total cost because the 
willingness-to-pay for new heating area (incremental benefit) or coal saving value (non-incremental benefit) is 
relatively lower than the other subprojects. 

Source: Asian Development Bank estimates. 
 

7. The sensitivity analysis in Table 4 indicates that the EIRR with environmental benefit will 
decrease to (i) 13.3% if economic benefits fall by 10%, (ii) 19.4% if capital costs increase by 
10%, (iii) 18.2% if operation and maintenance costs increase by 10%, and (iv) 14.3% if there is 
a 1-year delay in project implementation. Under these scenarios, the EIRR of the whole project 
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will be greater than the 12% the economic opportunity cost of capital. All subprojects are also 
likely to be viable and sustainable under various adverse conditions.  

 
Table 4: Sensitivity Analysis for Economic Internal Rate of Return  

with Environmental Benefit  
(%) 

 
 
Subproject 

 
Base 

Case 1
Benefit 
–10%  

Case 2
Capital   
 +10% 

Case 3 
O&M 
+10% 

Case 4
Delay 1 

Year 
1. Qitaihe DH 21.1% 17.5% 19.6% 19.3% 15.6%
2. Harbin–Taiping HP and DH  21.7% 18.2% 20.0% 21.0% 16.4%
3. Yichun City–Tangwanghe DH 18.9% 16.4% 17.3% 17.2% 11.3%
4. Yichun City–Xinqing DH 21.2% 13.7% 19.4% 15.9% 12.0%
5. Jiamusi West DH 22.1% 16.3% 20.4% 18.4% 14.1%
6. Jiagedaqi DH 21.0% 15.5% 19.4% 17.4% 13.6%
7. Jidong County DH 25.3% 18.8% 23.1% 21.2% 15.7%
8. Raohe Town HP and DH 16.4% 12.2% 15.6% 15.5% 11.5%
9. Tongjiang City HP and DH 17.7% 13.3% 16.0% 16.5% 12.2%

Whole Project 21.1% 13.3% 19.4% 18.2% 14.3%
DH = district heating, HP = heating plant, O&M = operation and maintenance. 
Source: Asian Development Bank estimates. 

 
 
 




