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ECONOMIC ANALYSIS               

 
1. The project will demonstrate the first coal-free distributed district energy (heating, cooling, 
and power) systems in eight pilot locations in Qingdao city, Shandong province. The project will 
develop district energy systems in 19.78 million square meters (m2) of targeted areas using a 
mix of cleaner and renewable energy sources such as natural gas, waste heat recovery, 
shallow-ground heat source, and solar thermal. Currently, 0.50 million m2 of existing heating 
demand and 0.20 million m2 of cooling demand in the targeted areas use small inner-city coal-
fired boilers, and there is 19.28 million m2 of additional heating demand and 1.47 million m2 of 
additional cooling demand up to 2021 in new commercial and business areas. Further, the 
project will also supply 107.90 megawatt-hours (MWh) of coal-free electricity annually in 
targeted areas using tri-generation (heating, cooling, and power) systems. For the economic 
analysis of the project, the baseline scenario is that the existing coal-fired-based energy 
systems remain in operation to meet district energy demand up to 2021.  
 
2. Qingdao city has witnessed around 7% of annual demand growth in heating, cooling, 
and electricity since 2009. Current heating and cooling areas in the city are 148.47 million m2 

and these are estimated to grow to 211.35 m2 in 2021. The annual electricity load demand (non-
industry) in the city is also estimated to grow from 26,315 MWh in 2014 to 37,275 MWh in 2021 
(Table 1).   
 

Table 1: Heating, Cooling, and Electricity Demand in Qingdao City up to 2021  

    MWh = megawatt-hour, m
2
 = square meter. 

    Source: Qingdao Energy Group.     
 

3. Deteriorating air quality is a major concern for sustainable urban development in major 
cities in the People’s Republic of China (PRC), including Qingdao city. According to local air 
quality monitoring, Qingdao’s daily particulate matter of less than 2.5 micrometers concentration 
ranges from 5 micrograms per cubic meter (µg/m3) to 290 µg/m3, the upper end of which is more 
than 11 times higher than the 25 µg/m3 recommended by the World Health Organization.1 It is 
estimated that 45% of daily particulate matter less than 2.5 micrometers in the PRC is 
contributed by coal combustion. Current coal-based power and heating supply is a major cause 
of air pollution, especially during winter months. 
 
4. Qingdao is one of the national low-carbon development pilot cities selected by the 
National Development Reform Commission in December 2012. One of the key interventions to 
achieve low-carbon development in Qingdao is to replace coal-based boilers with natural gas 
and reduce losses in the district heating network. In June 2013, the State Council of the PRC 
issued 10 air pollution prevention and control measures, including the reduction of coal usage 
and increase in the utilization of natural gas and renewable energy in district energy. In July 
2013, the Qingdao municipal government issued a comprehensive policy for urban air pollution 
reduction which includes a ban on using coal in district energy in urban areas.  

                                                
1
  Other examples from comparable cities in the region are 21 µg/m

3 
in the Philippines and 19 µg/m

3 
in Singapore. 

  Actual  Projection 

Item  2013 2014 2015  2016 2017 2018 2019 2020 2021 

Heating 
(million m

2
) 

132 142 149  157 165 173 182 191 201 

Cooling  
(million m

2
) 

6 6 7  7 8 8 9 10 10 

Electricity  
(MWh) 

24,473 26.315 27,657  29,068 30,550 32,108 33,746 35,467 37,276 

http://www.adb.org/Documents/RRPs/?id=48003-002-3
http://www.adb.org/Documents/RRPs/?id=48003-002-3
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5. Distributed energy systems are decentralized, small, and modular, and are a more 
flexible system than centralized energy system, typically using a combination of locally available 
cleaner and renewable sources. The heat supplied to buildings can be employed for space 
heating or domestic hot water or can be converted to chilled water for cooling via steam turbine 
drive or absorption chillers. An advantage of distributed energy is that it reduces the amount of 
energy lost in transmitting heat and/or power because the heat and/or power is generated very 
close to where it is used, or within the same building. This also reduces the length of heating 
pipes and transmission lines that must be constructed. Upon successful demonstration of the 
proposed project, the same technical application can be replicated in other major cities in the 
PRC, and will bring the energy efficiency of district energy systems into line with current 
international best practices. 
 
6. Economic costs. The economic analysis of the project was conducted in accordance 
with the Asian Development Bank's Guidelines for the Economic Analysis of Projects.2 It was 
conducted for the project lifespan of 20 years with a project implementation period of 5 years. 
The residual value at the end of the project life is assumed to be zero. All prices and costs are 
expressed in 2015 constant prices using the world price numeraire. The analysis was carried 
out using the standard conversion factor of 0.987 for shadow pricing of nontradable goods and 
services, and a 0.67 shadow wage rate factor was used for unskilled labor.3  
 
7. The financial costs were converted to the relevant economic values excluding taxes and 
price contingencies, then the respective conversion factors were applied. The capital costs of 
the project include costs related to civil works and installation, equipment and materials, and 
consulting services. These costs occur during the construction period, which is within the first 5 
years of the project. The operation and maintenance (O&M) costs, assumed to remain constant 
in real terms, comprise costs for natural gas (fuel inputs), salaries, overheads, utilities including 
water and electricity, and administration expenses. The O&M costs include a subsidy on natural 
gas (CNY1.10 per normal cubic meter). The O&M costs occur throughout the lifespan of the 
project, which is 20 years. 
 
8. Economic benefits. The economic benefits for the project include (i) heating and 
electricity sales for new development areas multiplied by the end users’ willingness-to-pay (CNY 
per m2) for the space heating, cooling, and electricity supply services as incremental benefit; 4 
and (ii) a coal use saving (17,647 tons annually) after conversion to natural gas and renewable 
energy powered heating and electricity supply from the coal-based heat-only boilers multiplied 

                                                
2
 ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 

3
 These conversion factors were consistently used for recently approved energy projects in neighboring provinces in 

the PRC (i.e., ADB. 2014. Report and Recommendation of the President to the Board of Directors: Proposed Loan 
to the People’s Republic of China for Low-Carbon District Heating Project in Hohhot in Inner Mongolia Autonomous 
Region Project. Manila). 

4
  The project preparatory technical assistance conducted a willingness to pay (WTP) survey in the targeted areas of 

the project. WTP is CNY1.48/kilowatt-hour for electricity, CNY7.91/m
2
/month for heating, and CNY8.57/m

2
/month 

for cooling. WTP for heating and electricity are comparable to the results of the WTP survey for the following 
projects: ADB. 2010. Report and Recommendation of the President to the Board of Directors: Proposed Loan to 
the People’s Republic of China for the Inner Mongolia Autonomous Region Environment Improvement Project 
(Phase 2). Manila; ADB. 2011. Report and Recommendation of the President to the Board of Directors: Proposed 
Loan to the People’s Republic of China for the Shandong Energy Efficiency and Emission Reduction Project. 
Manila; ADB. 2012. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the 
People’s Republic of China for the Shanxi Energy Efficiency and Environment Improvement Project. Manila; ADB. 
2012. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the People’s 
Republic of China for the Heilongjiang Energy Efficient District Heating 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 Low-Carbon District Heating Project in Hohhot in Inner Mongolia Autonomous Region Project. Manila.  
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by the economic coal price as nonincremental benefit; and (iii) environmental benefits, which 
are reflected in the net reduction of environmental costs associated with heat source conversion 
from coal to natural gas and renewable energy. The environmental benefits are estimated using 
the avoided annual net emissions associated with energy source conversion in the existing 
heating area, including 95,694 tons of carbon dioxide, 872 tons of sulfur dioxide, 259 tons of 
nitrogen oxide, and 362 tons of ash multiplied by the environmental cost per unit.5  
 
9. Economic internal rate of return calculation. The economic internal rate of return 
(EIRR) and the economic net present value for the project are shown in Table 2. The EIRR 
without environment benefit for the project is 16.81%. The EIRR with environment benefit for the 
project is 16.98%. All EIRRs (base case) are greater than the 12% economic opportunity cost of 
capital. The economic net present values for the project without environment benefit are 
CNY475.26 million, and for the project with environment benefit CNY494.32 million.  
 

                                                
5
  The average emission charges for (2010–2014) are used for sulfur dioxide, nitrogen dioxide, and particulate matter. 

Construction material market price for the (2010–2014) is used for ash. The environment benefits of carbon dioxide 

emission reduction were estimated using the marginal abatement cost as a proxy for the economic benefits of 
emission reduction. The carbon dioxide price (CNY31.2 per ton) in the PRC is based on the prevailing market price 
for Chinese Certified Emission Reduction credits, which are traded in the domestic carbon market. 

http://www.adb.org/projects/project.asp?id=XXXXX
http://www.adb.org/projects/project.asp?id=XXXXX
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Table 2: Economic Analysis of the Project 
(CNY million) 

Year 
Capital  

Cost 
O&M  
Cost 

Economic Benefit 

Net 
 Benefit Incremental 

Non- 
Incremental 

2016 231.37  0.00 0.00 0.00 (231.37) 

2017 308.49  0.00 0.00 0.00 (308.49) 

2018 308.49  0.00 0.00 0.00 (308.49) 

2019 385.62  0.00 0.00 0.00 (385.62) 

2020 308.49  0.00 0.00 0.00 (308.49) 

2021 0.00  789.39 1,150.57 13.14 374.32  

2022   789.39 1,150.57 13.14 374.32  

2023   789.39 1,150.57 13.14 374.32  

2024   789.39 1,150.57 13.14 374.32  

2025   789.39 1,150.57 13.14 374.32  

2026   789.39 1,150.57 13.14 374.32  

2027   789.39 1,150.57 13.14 374.32  

2028   789.39 1,150.57 13.14 374.32  

2029   789.39 1,150.57 13.14 374.32  

2030   789.39 1,150.57 13.14 374.32  

2031   789.39 1,150.57 13.14 374.32  

2032   789.39 1,150.57 13.14 374.32  

2033   789.39 1,150.57 13.14 374.32  

2034   789.39 1,150.57 13.14 374.32  

2035   789.39 1,150.57 13.14 374.32  

2036   789.39 1,150.57 13.14 374.32  

2037   789.39 1,150.57 13.14 374.32  

2038   789.39 1,150.57 13.14 374.32  

2039   789.39 1,150.57 13.14 374.32  

2040   789.39 1,150.57 13.14 374.32  

            

    ENPV (without Environmental Benefit) 
 

CNY 475.26  

    ENPV (with Environmental Benefit) CNY 494.32  

    EIRR (without Environmental Benefit) 16.81% 

    EIRR (with Environmental Benefit) 16.98% 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 
Source: Asian Development Bank estimates. 

 
10. 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) 11.82% if there is an economic benefit shortfall of 10%, 
(ii) 15.47% if there is a capital cost overrun of 10%, (iii) 13.53% if the O&M costs increase by 
10%, and (iv) 16.69% in the case of a 1-year delay in project implementation. Under this 
analysis, the project is sensitive to changes in benefits but remains robust under all scenarios.  
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11. The EIRR with environment benefit will decrease to (i) 12.01% if there is an economic 
benefit shortfall of 10%, (ii) 15.63% if there is a capital cost overrun of 10%, (iii) 13.73% if the 
O&M costs increase by 10%, and (iv) 16.87% if there is a 1-year delay in project implementation. 
Under these scenarios, the EIRR of the project will be greater than 12%, which is the economic 
opportunity cost of capital. The project is also likely to be viable and sustainable under various 
adverse conditions. 
 

Table 3: Sensitivity Analysis for Economic Internal Rate of Return  
(%) 

 
 
Item 

 
 

Base 
Case  

Case 1: 
Benefit 
–10%  

Case 2: 
Capital 
+10%  

Case 3: 
O&M 
+10%  

Case 4: 
Delay 1 

Year  

1.  EIRR without environment benefit 16.81 11.82 15.47   13.53  16.69 
2.  EIRR with environment benefit 16.98 12.01 15.63  13.73 16.87 
3. SV without environment benefit … 9.67 43.51 14.21 65.35 
4. SV with environment benefit … 10.02 45.26 14.77 68.22 

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

 
 
 
 

http://www.adb.org/projects/project.asp?id=XXXXX
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