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ECONOMIC ANALYSIS  
 
A. Introduction 

1. The economic analysis of Integrated Development of Key Townships in Central Liaoning 
covers the project’s three infrastructure components: (i) wastewater management 
improvements, (ii) the Fuxin (Sihe town) district heating network, and (iii) urban transport 
improvements. The economic analysis evaluated the components using least-cost criteria and 
standard benefit–cost analysis. It was conducted in accordance with Asian Development Bank 
(ADB) Guidelines for the Economic Analysis of Projects.1

 
   

B. Least-Cost Analysis 

2. The proposed investments are the least-cost solutions to achieve the project’s 
development objectives and meet forecast demand. A least-cost analysis of alternative options 
was conducted to ensure that the selected investments are the most economical. The least-cost 
analysis compared economic costs of technically viable project options and selected the one 
with the lowest present value of economic cost (PVEC). 
 
3. The least-cost analysis for the wastewater management component compared the costs 
of alternative treatment processes, namely the anaerobic/anoxic/oxic process and the baffled 
submerged biofilm process, and confirmed that the latter had the lowest unit operating cost, at 
CNY0.48 per cubic meter. The analysis of the Sihe town district heating network compared four 
technical options—small boilers, large boilers, heat pumps, and combined heat and power 
(CHP)—and concluded that the CHP-offtake option had the lowest PVEC, at CNY426, followed 
by small boilers at CNY557, large boilers at CNY626, and heat pumps at CNY1,182. Road 
surface design alternatives were asphalt-on-concrete and concrete alone. The least-cost 
analysis confirmed the selection of concrete alone, which had an estimated PVEC of CNY59.9 
million, compared with an estimated PVEC of CNY61.8 million for bituminous pavement.  
 
C. Economic Evaluation 

1. Economic Costs  
 
4. Economic costs include (i) capital costs such as land acquisition and resettlement and 
environmental mitigation and monitoring, (ii) project management and institutional 
strengthening, (iii) physical contingencies, and (iv) operation and maintenance. Financial costs, 
including physical contingencies, were converted, after deducting taxes and duties, by applying 
conversion factors to present the economic costs in the domestic price numéraire at constant 
December 2011 prices. Traded components are converted into economic prices using a shadow 
exchange rate factor of 1.08. A shadow wage rate factor of 0.67 is used to convert financial 
wage rates into economic wage rates for unskilled labor. 
 

2. Demand Analysis 

5. Wastewater management improvements. Future demand projections for 2015–2030 
were prepared for the Qingshuitai wastewater treatment plant, which was designed with a 
capacity of 10,000 cubic meters per day and is expected to reduce pollutants to class 1-A 
standard. 

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

http://www2.adb.org/projects/project.asp?id=44021�
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6. Fuxin (Sihe town) district heating network. Urban heating demand has grown rapidly 
with increasing income, the privatization of housing, and housing expansion. The master plan 
for Fuxin city envisions that Sihe town will be developed as a new urban district with an area of 
5.5 square kilometers and 300,000 residents. It is projected that 3 million square meters of 
buildings will be constructed and require heat during the winter. The number of heating days in 
this part of Liaoning Province is estimated at 159 days. People’s Republic of China district 
heating standards put the heat load index at 40 watts per square meter for residential buildings 
and 60 watts per square meter for others. The component will increase heating coverage from 
14% to 80%, replacing the existing small and inefficient boilers and single-family heating stoves. 
Surveys indicate sufficient demand at proposed tariffs to fully consume the hot water supplied. 
 
7. Urban traffic. Traffic forecasts in the revised feasibility study reports were reviewed and 
validated. In the traffic forecast model, key networks were designed for cases with the project 
and without. Projections of traffic volumes on project roads and bridges and related existing 
roads and bridges were based on future socioeconomic development and traffic demand. The 
enhanced traffic forecast was for 20 years for the cases with the project and without, covering 
cars, buses, and trucks. Project-induced traffic was estimated and included. 
 

3. Economic Benefits 
 
8. The impacts that are associated with wastewater management improvement include (i) 
lower ongoing discharge of untreated wastewater into receiving streams and (ii) reduced 
frequency of surface water contamination caused by combined sewer overflows. Benefits 
derived from these impacts include (i) reduced risk of human exposure to pathogens borne in 
surface waters, (ii) improved public health, and (iii) a cleaner environment. 
 
9. Economic benefits identified for the Fuxin (Sihe town) district heating component include  

(i) savings from greater energy efficiency through reduced coal consumption, as the 
switch from small, inefficient boilers and single-family heating stoves to CHP-
supplied hot water is expected to reduce annual coal consumption by 21,500 
tons; 

(ii) environmental improvements resulting from reduced pollutant emissions, as the 
CHP design will incorporate advanced emission control features and emit less 
carbon dioxide (CO2), sulfur dioxide, and nitrogen oxide (NOx) than do existing 
small boilers and single-family heating stoves, with annual CO2 emissions 
estimated to be reduced by 53,700 tons; and 

(iii) incremental economic benefits computed as the difference between the 
centralized district heating system proposed for the project and the existing small 
community boilers. 

 
10. Economic benefits identified for the urban transport components include 

(i) vehicle operation cost savings, as better roads and shorter travel distances are 
expected to lower vehicle costs per trip; 

(ii) passenger time and cost savings, as shorter travel distances are expected to 
save passengers time and money; 

(iii) accident cost reductions, as better roads and bridges with safety features are 
expected to reduce accident rates; and 

(iv) emission reductions with better roads and shorter travel distances, for which 
average emissions of CO2 per vehicle were estimated with and without the 
project improvements, with CO2 emission savings priced at CNY66.78 per ton. 
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11. Benefits that are not readily quantifiable, such as better health and increased 
employment, were excluded. 
 

4. Economic Internal Rates of Return 
 
12. Net project economic benefits were estimated separately for each project component by 
comparing the cases with the project and without it. The evaluation shows that the project as a 
whole is economically viable, as the economic internal rate of return (EIRR) of 18.6% for the 
whole project exceeds the ADB-recommended economic opportunity cost of capital of 12%. 
Individually, the EIRR was computed at 19.6% for the district heating component and at 18.6% 
for the urban transport component (Table 2). Given the difficulties in quantifying benefits derived 
from wastewater treatment, a cost-effectiveness analysis was used to evaluate these benefits. 
One approach is to consider the wastewater component in the broader context of national, 
urban, and regional policies and objectives for wastewater management and water quality 
control. Assuming these policies and objectives reflect social choice, and so the component has 
the support of the people, the component is a least-cost option that contributes to achieving 
policy objectives.2

 
  

D. Project Risk and Sensitivity Analysis 

13. The sensitivity analysis in Table 1 reveals the project’s EIRR to be most sensitive to 
changes in benefits but still robust relative to the normal range of sensitivity analyses. 

Table 1: Sensitivity Analysis 

Scenario/Sensitivity Tests 

    
ENPV@12% 
(CNY million) 

Sensitivity 
Indicator 

Switching 
Values 

(%) 
Capital 
Cost O&M Benefits 

EIRR 
(%) 

Base Case       18.6            1,085.9  
  1. Capital cost        

 
+10% 

  
17.3            937.1  0.7 53 

 
+20% 

  
16.2                788.4  0.7 56 

2. Operation and maintenance costs 
       

  
+10% 

 
18.4            1,061.3  0.1 467 

  
+20% 

 
18.3            1,036.8  0.1 466 

3. Benefits 
       

   
(10%) 17.1                804.0  0.9 43 

   
(20%) 15.4                522.2  1.0 42 

4. Combinations 
       

 
+10% +10% (10%) 15.7                630.7      +20% +20% (20%) 13.0                175.6      

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

                                                
2  This approach is outlined in D. Dole. 2003. Economic Issues in the Design and Analysis of a Wastewater 

Treatment Project, ERD Technical Note No. 4. Manila: ADB. 



 

 

4 Table 2: Economic Evaluation for the Whole Project 
(CNY million) 

Year Costs Benefits Net  
Benefits 

Present 
Value Capital Operation Main-

tenance 
Total Vehicle 

Operating 
Costs 

Passenger 
Time 

Savings 

Accident 
Cost 

Reductions 

Generated 
Traffic 

Maintenance 
Cost Savings 

Energy 
Cost 

Savings 

Reduced 
Emissions 

(CO2) 

Total 

2013    759.0  0.0  0.0  759.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  (759.0) (677.7) 
2014    708.8  0.0  0.0  708.8  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  (708.8) (565.1) 
2015    229.2  0.0  0.1  229.3  12.5  1.3  0.0  3.1  0.4  0.1  0.0  17.4  (211.9) (150.8) 
2016       43.7  38.0  0.4  82.1  55.5  8.6  0.0  16.6  3.5  13.1  6.8  104.2  22.1  14.0  
2017 0.0  42.5  1.1  43.6  236.1  44.8  0.9  51.5  24.3  13.4  6.8  377.7  334.1  189.6  
2018 0.0  44.8  1.1  45.9  256.5  48.7  1.0  55.9  26.4  13.4  6.8  408.7  362.7  183.8  
2019 0.0  45.2  1.1  46.3  278.8  52.9  1.1  60.8  28.8  13.4  6.8  442.5  396.2  179.2  
2020 0.0  45.2  1.1  46.3  303.1  57.6  1.1  66.1  31.3  13.4  6.8  479.5  433.1  174.9  
2021       12.3  45.2  1.1  58.6  322.3  61.3  1.2  70.3  33.3  13.4  6.8  508.6  450.0  162.3  
2022       33.2  45.6  1.1  79.9  343.7  65.4  1.3  75.0  35.5  13.4  6.8  541.1  461.2  148.5  
2023       51.0  45.6  1.1  97.8  365.7  69.7  1.4  79.7  37.7  13.4  6.8  574.4  476.7  137.0  
2024 0.0  45.6  1.1  46.8  389.2  74.2  1.5  84.8  40.2  13.4  6.8  610.0  563.3  144.6  
2025 0.0  46.0  1.1  47.2  414.3  79.1  1.6  90.3  42.8  13.4  6.8  648.1  601.0  137.7  
2026 0.0  46.1  1.1  47.2  441.2  84.3  1.7  96.1  45.5  13.4  6.8  688.9  641.7  131.3  
2027 0.0  46.1  1.1  47.2  469.9  89.8  1.8  102.3  48.5  13.4  6.8  732.6  685.4  125.2  
2028 0.0  46.5  1.1  47.6  498.9  95.4  1.9  108.6  51.6  13.4  6.8  776.6  729.0  118.9  
2029       24.5  46.5  1.1  72.1  529.8  101.4  2.0  115.2  54.8  13.4  6.8  823.4  751.3  109.4  
2030       65.3  46.5  1.1  112.9  524.6  99.7  2.0  114.5  53.4  13.4  6.8  814.4  701.5  91.2  
2031    102.0 47.3  1.1  150.4  549.4  104.3  2.0  120.0  55.8  13.4  6.8  851.7  701.3  81.4  
2032 0.0  47.3  1.1  48.4  575.3  109.1  2.1  125.7  58.3  13.4  6.8  890.8  842.4  87.3  
2033 0.0  47.3  1.1  48.4  602.5  114.2  2.2  131.7  61.0  13.4  6.8  931.8  883.3  81.8  
2034 0.0  48.1  1.1  49.2  631.1  119.5  2.3  137.9  63.7  13.4  6.8  974.7  925.5  76.5  
2035 0.0  48.1  1.0  49.2  562.9  109.3  2.2  121.6  60.0  13.3  6.8  876.1  827.0  61.0  
2036 0.0  48.1  0.7  48.9  458.3  91.6  2.2  86.6  52.6  13.2  6.8  711.3  662.5  43.6  

          Economic internal rate of return 18.6% 

           Discount rate 12% 
           Economic net present value   1,085.9  

 () = negative. 
Source: Asian Development Bank estimates. 




