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ECONOMIC ANALYSIS 

 
1. The economic analysis of the Hebei Energy Efficiency Improvement and Emission 
Reduction Project is conducted in accordance with the Asian Development Bank’s (ADB’s) 
Guidelines for the Economic Analysis of Projects.1 The analysis is conducted for the first 
component of eight subprojects and one subproject (pilot project) under component 2. The 
benefits of the project will not be limited to these subprojects, but include other subprojects to be 
financed by the repayment from the initial subprojects. 
 
A. General Assumptions for Economic Analysis 
 
2. Incremental costs and benefits are estimated by comparing with- and without-project 
scenarios for each subproject and the project as a whole. The lifespan of each subproject 
ranges from 12 to 20 years. The residual value at the end of the project life is assumed to be 
zero. All prices and costs are expressed in 2011 prices in domestic currency. A discount rate of 
12% per annum is assumed. The capital costs are adjusted to eliminate price contingencies, 
interest during construction, and taxes;2 physical contingencies are included. Tradable 
commodities are valued at border prices at the prevailing exchange rate. Nontradable 
commodities are valued by applying a standard conversion factor of 0.987 and the following 
specific conversion factors: 1.0 for equipment, 1.0 for skilled labor, and 0.67 for unskilled labor.3 
 
B. Economic Costs 
 
3. The investment costs are converted to the relevant economic values after deducting 
taxes, subsidies, and price contingencies; and subsequently applying the respective conversion 
factors as specified in the general assumptions. The investment costs occur primarily during the 
construction period within the first 2 years of the project. The operation and maintenance (O&M) 
costs, assumed to remain constant in real terms, comprise costs for maintenance, raw 
materials, energy inputs, salaries, overheads, and administration expenses. The O&M costs 
occur throughout the lifespan of each subproject. 
 
C. Economic Benefits 
 
4. The expected economic benefits comprise (i) savings in coal and electricity 
consumptions resulting from the adoption of energy conservation technologies, (ii) additional 
electricity and heat generated, and (iii) production of marketable by-products. Although similar 
net economic benefits are expected from future subprojects, they are not included in the 
analysis as companies and respective project designs will be identified only during project 
implementation. The projected economic benefits are in Table 1.  
 
 
 
 

                                                 
 
1 ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
2 The taxes are assumed to be 25% for income tax, 17% for local value-added tax, and 5% for construction tax.  
3 Following 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; and 
ADB. 2010. Report and Recommendation of the President to the Board of Directors: Proposed Loan and Grant to 
the People’s Republic of China for the Tianjin Integrated Gasification Combined Cycle Power Plant Project. Manila. 
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Table 1: Summary of Economic Benefits 
 
 
 
 
Subprojects 

Economic Benefits (Annual) Economic 
Benefits in 

Values 
(CNY 

million) 

 
 
 
 

Remarks 

 
 

Energy Saving and 
Incremental Outputs 

 
 

Others
Component 1   

Jianlong 
Electricity: 70 GWh 
Steam: 82,800 t 
Coke Dust: 16,000 t 

Extended benefits 
of coke dry 
quenching: 
800,000 t

97.4 

CDQ and waste heat 
recovery in two coking 
plants associated with 
steel industry

Fengmei 
Electricity: 15 GWh 
Steam: 979,000 t 

Quality of coke 
improved: 1.6 Mt 

225.6 

CDQ and waste heat 
recovery in two coking 
plants associated with 
steel industry 

Xinglong 
Coal: 6,483 t  
Electricity: 38.9 GWh 

 24.0 

Waste heat recovery 
from pressure 
reduction turbines and 
methane capture from 
waste water treatment 
in an agro-processing 
plant 

Yufeng 
Electricity: 160 GWh 
Heat: 3,840,000 GJ 

Dust: 110,445 t 227.1 
Boiler replacement and 
waste heat recovery in 
a food processing plant 

Lianguan 

Total energy saving 
value of CNY14 
million (including 
natural gas and 
electricity saving) 

 14.5 

Efficiency improvement 
through optimizing the 
furnace control system 
in a carbon electrode 
manufacturing plant 

Changsheng 
Electricity: 4 GWh 
Coal: 740,000 t 
Water: 101,220 Nm3 

 7.2 

Boiler replacement, 
heat recovery from flue 
gas, steam recovery, 
and motor replacement 
in a textile plant 

Qianjin 

Electricity: 42 GWh 
Furnace gas recovery: 
17,918 10^4 m3  
Gas recovery:          
7,032 10^4 m3 

3

 45.3 

Installing sophisticated 
energy management 
system for process 
optimization in a steel 
plant 

Cangzhou 
Water: 230,400 tce 
Coal: 39,000 t 
 

 29.9 

Installing heat pumps 
to improve the 
efficiency of 
cogeneration plant 
used for power 
generation and heating 

Total for Component 1 670.9

Component 
2 

Electricity: 81 GWh  48.4 

Providing solar thermal 
water heaters to 
institutional clients 
based on energy 
saving contracts

CDQ = coke dry quenching, CNY = yuan, GJ = gigajoule, GWh = gigawatt-hour, m3 = cubic meter, Mt = million ton, 
MWh = megawatt-hour, Nm3 = microgram per normal cubic meter, t = ton, tce = ton of coal equivalent.  
Source: Asian Development Bank estimates. 
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5. The project will generate considerable environmental benefits through the reduction of 
polluting emissions. The total energy saved from the subprojects, under component 1, is 
estimated at 234,802 ton of standard coal equivalent per year (tce/y), which translates to an 
annual emission reduction of 603,329 ton of carbon dioxide, and 1,325 ton of sulfur dioxide. The 
pilot project, under component 2, expects to save 29,522 tce/y, which is equivalent to 65,340 t/y 
of carbon dioxide and 256 t/y of sulfur dioxide savings. The net present values (NPVs) of the 
emission reduction are estimated at CNY269.4 million for the overall subprojects under 
component 1 and CNY78.5 million for the subproject under component 2.  
 

D. Estimation of the Economic Internal Rate of Return 
 

6. Results of the economic analysis have been presented in the key economic indicators 
such as the economic internal rate of return (EIRR) and the economic NPV (ENPV) of each of 
the nine subprojects including the pilot project under component 2, and the overall result for the 
eight subprojects under component 1. The projected EIRRs are high but regarded as 
conservative, as they take into account only the main benefits of different components, and 
include all project-related costs. The EIRRs for the eight subprojects, under component 1, range 
from 18.7% to 46.5% without the environmental benefits. The combined EIRR for the first 
component consisting of eight subprojects is 28.1% EIRR without environmental benefits. The 
EIRR of the pilot project under component 2 is 28.5%. Table 2 summarizes the EIRRs and 
ENPVs of the economic benefits for all subprojects. The ENPV of the eight subprojects included 
in component 1 is CNY866.6 million and the ENPV for the subproject included in component 2 
is CNY123.5 million without environmental benefits. The EIRR and ENPV of each subproject is 
also calculated with the environment benefits. Table 2 summarizes the EIRR and ENPV with 
and without environment benefits.4  
 

Table 2: Economic Internal Rate of Return and Economic Net Present Value 

Subprojects 
Base Case With Environmental Benefits 

EIRR (%) ENPV (CNY) EIRR (%) ENPV (CNY) 
Component 1     
Jianlong 25.8 142.9 27.0 156.0 
Fengmei 29.7 252.9 34.4 336.2 
Xinglong 23.6 49.5 25.8 59.7 
Yufeng 28.2 162.1 31.6 200.5 
Lianguan 33.8 44.5 37.3 52.5 
Changsheng 25.5 15.0 32.6 24.1 
Qianjin 46.5 147.4 57.5 200.2 
Cangzhou 18.7 52.4 25.1 105.8 

Total for Component 1 28.1 866.6 32.6 1,135.0 

Component 2 28.5 123.5 32.5 155.2 
% = percentage, CNY = yuan, EIRR = economic internal rate of return, ENPV = economic net present value. 
Source: Asian Development Bank estimates. 

 

                                                 
 
4 The environment benefits of CO2 and SO2 emission reduction were estimated using the marginal abatement cost 

as a proxy for the economic benefits of emission reduction. The marginal abatement cost estimate for CO2 ($12/t) 
is based on the prevailing market price for Clean Development Mechanism credits and the marginal abatement 
cost of SO2 ($160/t) is based on the domestic market price for SO2 abatement in the People’s Republic of China. 
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7. The combined economic benefits and costs of the eight subprojects included in 
component 1 are summarized in Table 3.     

 
Table 3: Economic Results of the Whole Component 1 (CNY million) 

Year 
Capital 
Cost 

Operating 
Cost 

Economic 
Benefits  

Environmental 
Benefits 

Net Economic 
Benefits without 
Environmental 

Benefits 

Net Economic 
Benefits with 

Environmental 
Benefits 

2012 (646.56) 0.00  0.00  0.00  (646.56) (646.56) 

2013 (282.58) (123.97) 237.88  18.95  (168.67) (149.72) 

2014 0.00  (344.55) 615.29  43.58  270.74  314.32  

2015 0.00  (369.18) 662.15  47.19  292.97  340.15  

2016 0.00  (369.18) 662.15  47.19  292.97  340.15  

2017 0.00  (369.18) 662.15  47.19  292.97  340.15  

2018 0.00  (369.18) 662.15  47.19  292.97  340.15  

2019 0.00  (369.18) 662.15  47.19  292.97  340.15  

2020 0.00  (369.18) 662.15  47.19  292.97  340.15  

2021 0.00  (369.18) 662.15  47.19  292.97  340.15  

2022 0.00  (369.18) 662.15  47.19  292.97  340.15  

2023 0.00  (369.18) 662.15  47.19  292.97  340.15  

2024 0.00  (369.18) 662.15  47.19  292.97  340.15  

2025 0.00  (369.18) 662.15  47.19  292.97  340.15  

2026 0.00  (246.02) 425.17  45.71  179.15  224.86  

2027 0.00  (246.02) 425.17  28.86  179.15  208.01  

2028 0.00  (237.18) 373.39  19.57  136.20  155.78  

2029 0.00  (237.18) 373.39  18.08  136.20  154.28  

2030 0.00  (237.18) 373.39  18.08  136.20  154.28  

2031 0.00  (237.18) 373.39  18.08  136.20  154.28  

2032 0.00  (237.18) 373.39  18.08  136.20  154.28  

2033 0.00  (177.09) 224.12  6.14  47.03  53.17  

   Base Case EIRR 28.1% 32.6% 

    ENPV 866.6 1,135.0 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 
Source: ADB estimates. 
 
8. The environmental benefits improve the economic viability of the overall subprojects 
considerably. Even without environmental benefits, subprojects are robust in terms of their 
economic viability; for instance, the EIRR is still significantly higher than the economic discount 
factor of 12%.  
 
E. Sensitivity Analysis 
 
9. To address the inevitable uncertainty surrounding some of the parameters and 
assumptions used in the economic analysis, the EIRR was complemented by sensitivity testing. 
The sensitivity analysis showed that the EIRR would decrease to (i) 25.5% if all the subprojects 
experience a cost overrun of 10%; (ii) 24.5%, if the O&M costs are increased by 10%; 
(iii) 21.5%, if the economic benefits are reduced by 10%; and (iv) 15.6%, if (i), (ii), and (iii) all 



5 
 
 

 
 

happen (Table 4). Even under the unlikely case of (iv), the EIRR is still significantly higher than 
12%.  
 

Table 4: Sensitivity Analysis of the Economic Internal Rate of Return 
 
 
 
Case 

 
 

FIRR 
Base Case 

 
Case 1 
Project 

Cost +10% 

 
Case 2 

O&M Cost 
+10% 

Case 3 
Economic 
Benefits 

–10% 

 
 

Case 4 
Combined 

Component 1: Whole Project 
(8) 

28.1 25.5 24.5 21.5 15.6 

Component 2: Hebei 
Guangyuan Solar Energy 
Technology Co. Ltd. 

28.5 25.7 28.0 24.9 21.8 

% = percentage, FIRR = financial internal rate of return, O&M = operation and maintenance. 
Note: Sensitivity indicator is the ratio of percentage change in the economic internal rate of return (EIRR) divided by 
the percentage change in the given parameter. Switching value is the percentage change in a parameter for the 
project decision to change, that is, for the net present value to become zero or the EIRR to fall to the cut-off rate. 
Source: Asian Development Bank estimates. 
 
 


