
Gansu Tianshui Urban Infrastructure Development Project  
(RRP PRC 43025) 

 

ECONOMIC ANALYSIS 

A. Introduction 

1. The economic analysis of the Gansu Tianshui Urban Infrastructure Development Project 
covers the project’s three infrastructure components: (i) Qinzhou district heating network, 
(ii) Chengji road and flood control facilities, and (iii) Tianshui urban transport improvements. The 
economic analysis evaluated the components based on least-cost analysis criteria and standard 
benefit–cost analysis, and was conducted in accordance with the Guidelines for the Economic 
Analysis of Projects of the Asian Development Bank (ADB).1  
 
B. Least-Cost Analysis 

2. The proposed investments are the least-cost solutions to achieve the project 
development objectives and meet forecast demand. Least-cost analysis was conducted to 
ensure that the selected investments are the most economical interventions. Least-cost analysis 
compares economic costs of technically viable project options and selects the one with the 
lowest present value of economic costs. 
 
3. The least-cost analysis for the Qinzhou district heating network component compared the 
costs of alternative heating networks, including using one relay-pump station in the control center 
or using three relay-pump stations. The three-relay-pump-station alternative was determined as 
costlier due to higher land requirements, more negative environmental and social impacts, higher 
construction costs (CNY9.69 million versus CNY4.92 million), and higher maintenance costs. 
 
4. The analysis of the Chengji road and flood control facilities concentrated mainly on start- 
and end-points and on cross-sectional selections. At the start-point, where Chengji road 
intersects with the Tianchan expressway, three intersection alternatives were considered—an 
overpass, an underpass without an interchange, and an underpass with an interchange. An 
underpass without an interchange was determined as the least-cost alternative due to lower 
construction and resettlement costs (net saving CNY65.8 million). At the end-point, two locational 
options for Xiakou bridge were considered. In accordance with the Tianshui municipality master 
plan, the first option was placing Xiakou bridge to the north of the Xi and Wei river confluence. 
This option’s advantage is a shorter bridge length with lower construction costs; however, the 
roadway alignment would have more turns. The alternative is to place the bridge at the Xi and 
Wei river confluence, which would provide a better road alignment but with a longer bridge length 
and higher construction costs. The first alternative was selected with a net cost saving of 
CNY77.5 million. The two cross-sectional options were either differing road and river 
embankment elevations or similar elevations. The differing cross-sectional elevation option was 
selected because it minimized cut and fill mismatches (net saving CNY5.0 million). 
 
5. For the Shetang Wei river bridge, a design involving simply-supported pre-stressed 
concrete beams with continuous spans under live load was compared with a cast-in-place 
concrete continuous box girder bridge—the analysis identified cost savings of CNY11.7 million 
for the simply-supported beam bridge. For the Chiyu road rehabilitation, simple repairs were 
compared with more comprehensive widening and rehabilitation. The latter option was identified 
as optimal, given links with the Tianding expressway. 
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C. Economic Evaluation 
 

1. Economic Costs 
 
6. Economic costs include (i) capital costs such as land acquisition and resettlement, and 
environmental mitigation and monitoring costs; (ii) project management and institutional 
strengthening; (iii) physical contingencies; and (iv) operation and maintenance costs. Financial 
costs, including physical contingencies, were converted, after deducting taxes and duties, by 
applying conversion factors to present the economic costs in domestic price numéraire. In the 
feasibility study, financial costs were converted into economic costs by applying shadow price or 
conversion factors and removing taxes and duties. The average conversion factor was 
computed as 0.917 and is used in the economic evaluation. 
 

2. Demand Forecasts 
 
7. Urban traffic. The traffic forecasts in the revised feasibility study reports were reviewed 
and validated. In the traffic forecast model, key networks were designed for ―with-project‖ and 
―without-project‖ cases. Projections of traffic volumes on project roads and bridges and related 
(existing) roads and bridges were based on future socioeconomic development and traffic 
demands. The enhanced traffic forecast was based on with-project and without-project cases, 
by three types of vehicles (car, bus, and truck), and a 20-year forecast period. Induced traffic 
due to the project was also estimated and provided. 
 
8. District heating. A combined heat and power plant (CHP) with a total capacity of 
700 megawatts will be constructed outside Tianshui and will supply hot water to the district 
heating network. The new heat supply will significantly improve the status of district heating in 
Tianshui and substantially increase district heating coverage from 37% in 2010 to 72% in 2016.2 
Surveys indicate sufficient demand at proposed tariff levels to fully consume supplied hot water. 
 

3. Economic Benefits 
 
9. Economic benefits identified for the Qinzhou district heating component include: 

(i) savings from greater energy efficiency through reduced coal consumption—the 
switch from small, inefficient boilers and single-family heating stoves to the 
CHP-supplied hot water is expected to reduce annual coal consumption by 
around 252,000 tons; 

(ii) environmental improvements resulting from lower environmental costs due to 
reduced pollutant emissions—the CHP design will incorporate advanced 
emission control features and will generate lower carbon dioxide (CO2), sulfur 
dioxide (SO2), and nitrogen oxides (NOx) emissions than do the existing small 
boilers and single-family heating stoves; it is estimated that annual CO2 
emissions will be reduced by around 427,800 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 heating boilers. 

 
10. Economic benefits determined for the flood control component relate to reduced flood 
risk, which is expected to result in fewer flood damages and higher land values. These benefits 
(mostly avoided costs) are estimated at around CNY7.8 million–CNY14.0 million per year. 
 
11. Economic benefits identified for the Chengji road and urban transport improvement 
components include: 

                                                
2
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(i) vehicle operation cost savings—better road conditions and shorter traveling 
distances are expected to lower vehicle costs per trip; 

(ii) passenger time and cost savings—shorter travelling distances are expected to 
yield passenger time and cost savings; 

(iii) accident cost reductions—better roads and bridges, including safety features, are 
expected to reduce existing accident rates; and  

(iv) emission reductions—better road conditions and shorter travelling distances are 
expected to reduce greenhouse gas emissions. Average emissions of CO2 per 
vehicle 3  were estimated with and without the project improvements; CO2 
emission savings were priced at CNY65.28 per ton. 

 
12. Not readily quantifiable benefits, such as better health and increased employment, were 

not included. 

 
4. Economic Internal Rates of Return 

 
13. Net project economic benefits were estimated separately for each project component by 
comparing with-project and without-project cases. The evaluation shows that the project as a 
whole is economically viable since the economic internal rate of return (EIRR) of 16.8% for the 
whole project exceeds the ADB-recommended economic opportunity cost of capital (12%). The 
individual components' EIRRs were computed at 15.2% for the Qinzhou district heating network 
component, 16.2% for the Chengji road and flood control component, and 18.2% for the Tianshui 
urban road improvement component (Table 2). 
 

D. Project Risk and Sensitivity Analysis 

14. The sensitivity analysis in Table 1 reveals that the project’s EIRR will be most sensitive to 
changes in benefits, but is robust relative to the normal range of sensitivity analyses. 
 

Table 1: Sensitivity Analysis 

Item

Capital Costs

Operation and 

Maintenance Benefits EIRR

Base Case 16.8% 539

Sensitivity tests:

1. Capital costs +10% 15.7% 442

+20% 14.7% 345

2. Operation and maintenance costs

+10% 16.5% 507

+20% 16.3% 476

3. Benefits

(10%) 15.3% 355

(20%) 13.6% 172

4. Combinations

+10% +10% (10%) 14.0% 227

+20% +20% (20%) 11.3% -85

Switching values +56% +172% (30%)

Scenario
ENPV@12% 

(CNY million)

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

 

                                                
3
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Table 2: Economic Evaluation for the Whole Project 
(CNY million) 

Capital Operation

Main-

tenance Total

Vehicle 

Operating 

Costs

Passenger 

Time and 

Cost 

Savings

Accident 

Cost 

Reductions

Reduced 

Flood 

Risks

Reduced 

Emissions 

(CO2)

Energy 

Savings

Operations 

and Maint-

enance Total

2011 245.3 0.0 0.0 245.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (245.3) (219.0)

2012 298.6 0.0 0.0 298.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (298.6) (238.1)

2013 413.3 0.0 0.0 413.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (413.3) (294.2)

2014 285.8 14.7 0.6 301.1 0.0 0.0 0.0 0.0 8.4 30.9 0.5 39.8 (261.3) (166.1)

2015 135.1 36.9 2.0 174.0 60.2 49.2 0.7 7.8 22.1 72.1 1.2 213.3 39.3 22.3

2016 0.0 51.6 2.6 54.2 64.9 56.3 0.7 8.0 30.7 103.0 1.7 265.4 211.2 107.0

2017 0.0 53.2 2.7 55.8 70.0 64.6 0.8 8.2 30.9 103.0 1.7 279.3 223.5 101.1

2018 0.0 54.8 2.8 57.5 75.6 74.2 0.8 8.5 31.2 103.0 1.7 295.1 237.6 95.9

2019 0.0 56.4 9.2 65.6 81.6 85.5 0.9 8.8 31.5 103.0 1.7 312.9 247.3 89.2

2020 0.0 58.1 2.9 61.0 87.2 97.8 1.0 9.0 31.7 103.0 1.7 331.3 270.2 87.0

2021 0.0 59.8 3.0 62.9 93.2 112.0 1.0 9.3 31.8 103.0 1.7 352.0 289.2 83.1

2022 0.0 61.6 3.1 64.7 99.6 128.7 1.1 9.6 32.0 103.0 1.7 375.6 310.9 79.8

2023 0.0 63.5 3.2 66.7 106.5 148.0 1.2 9.8 32.2 103.0 1.7 402.4 335.7 76.9

2024 15.5 65.4 10.7 91.5 113.9 170.6 1.3 10.1 32.4 103.0 1.7 432.9 341.4 69.9

2025 0.0 67.3 3.4 70.7 117.6 190.0 1.3 10.4 32.8 103.0 1.7 456.8 386.1 70.5

2026 0.0 69.4 3.5 72.9 121.6 212.2 1.3 10.8 33.3 103.0 1.7 483.9 411.0 67.0

2027 0.0 71.4 3.6 75.0 125.9 237.6 1.4 11.1 33.9 103.0 1.7 514.6 439.6 64.0

2028 0.0 73.6 3.7 77.3 130.7 266.9 1.4 11.4 34.5 103.0 1.7 549.6 472.3 61.4

2029 0.0 75.8 12.4 88.2 136.0 300.4 1.5 11.8 35.1 103.0 1.7 589.4 501.3 58.2

2030 118.1 78.1 3.9 200.1 137.7 322.6 1.5 12.1 35.1 103.0 1.7 613.7 413.6 42.9

2031 0.0 80.4 4.1 84.5 141.5 348.9 1.5 12.5 35.1 103.0 1.7 644.2 559.7 51.8

2032 0.0 82.8 4.2 87.0 147.2 379.6 1.6 12.9 35.1 103.0 1.7 681.1 594.1 49.1

2033 0.0 85.3 4.3 89.6 155.4 414.9 1.7 13.2 35.1 103.0 1.7 725.1 635.4 46.9

2034 20.8 87.9 14.3 123.0 166.5 455.1 1.8 13.6 35.1 103.0 1.7 776.9 653.9 43.1

2035 (766.3) 90.5 4.6 (671.2) 181.3 500.7 1.9 14.0 35.2 103.0 1.7 837.8 1,509.0 88.8

Economic Internal Rate of Return: 16.8%

Discount Rate: 12%

Economic Net Present Value (2010) 538.6

Present 

ValueYear

Costs Benefits

Net  

Benefits

 

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




