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A. Introduction and Background 

1. The Air Quality Improvement in the Greater Beijing–Tianjin–Hebei (BTH) Region—Henan 
Cleaner Fuel Switch Investment Program is the fifth in a set of multi-year projects by the Asian 
Development Bank (ADB) that seek to support air quality improvement in the greater BTH 
Region.1 The project will invest in clean fuel distribution (natural gas and biogas) that will replace 
coal and liquified petroleum gas (LPG) consumption in houses, businesses, and industry.  

2. Henan Province in the greater BTH region is one of the largest populated and the heaviest 
coal dependent provinces in the People’s Republic of China (PRC). Whereas the province has good 
access to the major national natural gas transmission pipelines, such an advantage in natural gas 
access has not been fully utilized for air pollution reduction.2 In 2018, the province’s primary 
energy supply was highly dependent on coal, which accounted for around 72.0% of the primary 
energy as compared with the national average of 59.0%.While Henan Province has reduced its 
dependence on coal from 84.3% in 2010, it is still one of the major contributors of air pollution in 
the greater BTH region. 
 
3. Because coal burning is the major source of air pollution in the province, the provincial 
government issued the Medium- and Long-Term Energy Development Plan (2012–2030) that 
targets an increased natural gas supply to reduce coal dependency in primary energy use to 65% 
by 2023 and 58% by 2030. In 2014, it also issued Henan Blue Sky Action Plan (2014–2017) to 
reduce emissions of particulate matter less than 10 micrometer in diameter (PM10) by 15% and 
particulate matter less than 2.5 micrometer in diameter (PM2.5)  by 10% as compared with the 
emission level in 2012. In spite of successful achievement of its emission reduction targets in 
2017, Henan province recorded its air pollutant emissions in terms of PM2.5 (63 microgram per cubic 
meter [μg/m3]), PM10 (114 μg/m3), sulfur dioxide (SO2) (15 μg/m3), and nitrogen oxide (NOx) (39 
μg/m3) in 2018, all of which are far above the national air quality category I standard, and of the 
World Health Organization standard.3 In 2018, the Three-Year Action Plan for Henan Province to 
Combat Blue Sky War (2018–2020) was issued, that includes comprehensive policy actions in 
coal consumption reduction, energy efficiency promotion, renewable energy deployment, and 
emission reduction from transportation source, to (i) reduce PM2.5 to 58 μg/m3 by 2020, and (ii) 
achieve 35 μg/m3 of the national air quality category II standard by 2023.  
 
4. Despite rapid expansion in natural gas consumption in major city centers, most of the 
population in semi-urban and rural areas of the province remain unserved due to limited 
affordability and a lack of alternatives to traditional fuel use. Rural and semi-urban access is 
hampered by lack of public investment and private investment appetite to serve higher-cost, low 
density populations in townships and villages. Diversifying the fuel sources available—and 
moving toward cleaner fuel supply—is also a challenge. Henan Province is the largest grain 
(especially wheat, rice, and maize) producer in the PRC and has untapped biogas potential by 
using grain wastes such as straw, which could be one of the major sources for switching to cleaner 
                                                
1  The greater BTH region refers to Beijing and Tianjin municipalities; Hebei, Henan, Shandong, Shanxi, and Liaoning 

provinces; and Inner Mongolia Autonomous Region. 
2  Two national natural gas pipelines (West-East Gas Pipeline I and II) which pass through 10 provinces, including 

Henan, and transport natural gas from the Central Asia to eastern coast of PRC, started commercial operation in 
2015.  

3  The national air quality category I standard: PM2.5 (15 μg/m
3
), PM10 (40 μg/m

3
), SO2 (20 μg/m

3
), and NOx (40 μg/m

3
), 

and WHO standard: PM2.5 (10μg/m
3
), PM10 (20μg/m

3
), SO2 (20 μg/m

3
), and NOx (40 μg/m

3
). 

http://www.adb.org/Documents/RRPs/?id=52007-001-3
http://www.adb.org/Documents/RRPs/?id=52007-001-3
http://www.adb.org/Documents/RRPs/?id=52007-001-3
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fuel from the coal. However, current biogas production is less than 1% of the resource potential 
in the province because of limited policy support, underdeveloped raw material collection, and 
under-developed domestic biogas fermentation technology which has resulted in lower quality 
and productivity and higher operation costs. 
 
5. The Henan Cleaner Fuel Switch Investment Program aligns with the Government’s 
objectives, as outlined in the Three-Year Action Plan to Win Blue Sky War (2018–2020), issued 
in June 2018. The Action Plan includes policy actions to accelerate (i) closing of heavily polluting 
industries, (ii) reducing surplus production capacity in industries, (iii) shifting to less air polluting 
transportation modes, and (iv) building cleaner and less air polluting energy systems to reduce 
air pollutant emissions by more than 15% for nitrogen oxide (NOx), sulfur dioxide (SO2), and more 
than 18% for PM2.5 as compared with the emissions level in 2015. In 2018, the provincial 
government also issued the Three-Year Action Plan for Henan Province to Combat Blue Sky War 
(2018–2020), which targeted to (i) reduce PM2.5 to 58 μg/m3 by 2020, and (ii) achieve 35 μg/m3 of 
the national air quality category II standard by 2023. 

6. The results-based lending (RBL) program will help address the province's over-
dependence on coal by financing a medium- and low-pressure gas distribution pipeline to 1.2 
million households in Henan, as well as to businesses and industry. The network will transport 
406 million normal cubic meter (Nm3) of natural gas to end users by 2025. The program will also 
finance construction of a biogas facility that will produce 17 million Nm3 of biogas and help 
supplement farmers' income. An awareness raising program will be implemented to raise 
awareness of cleaner fuel use and safety. 

7. The proposed RBL program is fully aligned with the priorities of broadening the response 
to climate change and strengthening environmental sustainability in ADB’s country partnership 
strategy for the PRC, 2016–2020. It will also support key strategic pillars of (i) tackling climate 
change by accelerating low greenhouse gas emissions development and ensuring environmental 
sustainability, (ii) strengthening governance and institutional capacity by establishing inclusive 
clean gas service delivery with greater engagement of the private sector, and (iii) accelerating 
progress in gender equality through gender mainstreaming activities.  

8. The project is being implemented by the Henan Yu-Tian New Energy Co, Ltd. (YTNE), a 
joint venture between the government-owned Zhongyuan Yuzi Investment Holding Group (ZYIG) 
and the private China Tian Lun Gas Holding Limited. The implementing agencies are YTNE and 
ZYIG, which are committed to increasing affordability by providing interest-free installment 
payments for gas stoves. It is estimated that fuel costs per household can fall by up to 27% by 
switching from coal. 

B. Methodology and Major Assumptions 

9. Methodology. The economic evaluation is in accordance with ADB guidelines for project 
economic analysis.4 The evaluation is tested for sensitivity to changes in the basic parameters. 
The project economic benefits (including avoided pollution and fuel costs) are compared with the 
total economic capital and operating costs, discounted over ADB's regular rate of 9%.5 Prices are 
expressed in 2019 prices in domestic terms. 

                                                
4  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
5  ADB’s regular hurdle rate is 9% for economic analysis while a lower discount rate of 6% can be applied as the 

minimum required economic internal rate of return for social sector projects that primarily generate environmental 
benefits (such as pollution control, protection of the ecosystem, flood control, and control of deforestation). 
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10. Supply and demand forecast. The Program was designed with substantial input from 
CTLG, whose extensive experience in the sector mean they are well acquainted with the capital 
and operating costs required to deliver such a project, and trajectory of both supply of and demand 
for gas. Natural gas supply is expected to reach 17 billion m3 in Henan, served by two major gas 
supply companies (PetroChina and Sinopec, who have signed a supply agreement with Tian Lun), 
as well as other smaller companies.  

11. Natural gas demand is forecast to continue to be strong because of government policy 
and customer preference for cleaner fuels. Once households are connected to the gas network, 
their heating and cooking requirements are not expected to be fulfilled by gas straightaway. 
Rather, gas utilization per household will build up over three years as they gradually shift away 
from other fuels. A load forecast was calculated which summed household's gas demand, 
grouped by year they were connected. Natural gas demand for the province is expected to reach 
15 billion m3 by 2020. Therefore, there is an estimated surplus of 2 billion m3, enough to handle 
larger than expected demand growth or especially severe winters. 

12. Investment costs. Investment costs include the capital expenditure for building the 
distribution network for natural gas and biogas, biogas production facilities, wages for construction 
staff, capacity building (including the public awareness campaign), equipment and materials, and 
project management. A physical contingency of 10% is applied to construction costs. Operating 
costs include staff wages, the cost of natural gas supply and transmission, utilities, fuel for the 
biogas facility, maintenance, and equipment. 

13. Financial costs were adjusted to economic costs by eliminating price contingencies and 
transfer payments such as taxes and financial charges (interest during construction and working 
capital) as well as applying shadow pricing. Relevant shadow exchange rate factor (SERF) and 
shadow wage rate factor (SWRF) are applied to different capital and operating costs. A SERF of 
1.01 is applied to traded goods and a SWRF of 0.8 is applied to unskilled labor. 

14. Investment benefits. The benefits of the project include: (i) lower coal consumption, (ii) 
lower liquified petroleum gas (LPG) consumption, (iii) lower CO2 emissions resulting from coal 
and LPG burning, and (iv) lower local air pollution (NOx, SO2, PM2.5) emissions resulting from coal 
and LPG burning. Coal and LPG were valued at their traded (commodity) price. CO2 emissions 
are valued at the social cost of carbon reported by the International Panel on Climate Change 
($36.30 in 2016), which is increased annually by 2% in real terms to allow for increasing marginal 
damage over time. 6  Local air pollution was valued using the European Commission's Fast 
Scenario Screening Tool to determine the wage losses associated with premature mortality 
resulting from higher NOx, SO2, or PM2.5.7  

15. All benefits are assumed to be non-incremental because of the fuel-switching purpose of 
this program. The project will provide alternative fuel supply to existing coal users. It will not serve 

                                                
6  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. p. 44. 
7  The estimated cost (CNY/ton) of premature mortality is calculated by (i) multiplying the estimated mortality reduction 

(in years) attributable to the reduction of each pollutant by the net present value of wages lost per person, and (ii) 
dividing by total emission reductions in tons. Reference emission levels were derived from Emission Database for 
Global Atmospheric Research version 4.3 and the Fast Scenario Screening Tool was used to evaluate the impact of 
single pollutant dispersion on human health. The age of premature morality was derived from the Global Health Data 
Exchange tool. CNY value of these per ton were also used for the economic analysis in Loan 3629-PRC: Air Quality 
Improvement in the Greater Beijing–Tianjin–Hebei Region—Regional Emission-Reduction and Pollution-Control 
Facility. 
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additional demand from population growth. Rather, it will supply natural gas to consumers to 
replace current coal consumption.  

16. The total pollution avoided is calculated on a net basis, i.e., it considers the pollution 
caused by burning natural gas and biogas. Emissions reductions were calculated based on the 
estimated pollution output of burning one ton of coal equivalent (tce) equivalent of coal, LNG, 
natural gas and biogas, then estimating how much natural gas or biogas would be needed to 
provide the same energy required for residential cooking, residential heating, commercial cooking, 
and industrial processes.8 Natural gas and biogas emit far less air pollution per tce compared to 
coal. Table 1 below shows the fuel and emissions net savings from the program. 

Table 1: Net program fuel and emissions savings (tons) 
  

 
2020 

 
 

2021 

 
 

2022 

 
 

2023 

 
 

2024 

 
 

2025–2050 

 
Cost 

(CNY/ton)a 

Emissions 
factor 

(kg/tce) 
Coal  67,442 209,631 433,860 630,240 751,871 791,462   860  
LPG 11,600 36,571 78,253 117,921 144,220 153,807           3,750  
CO2 82,919 256,501 494,275 691,092 827,635 869,598             266b             2,688 
SO2 990 3,068 6,330 9,153 10,884 11,437        1,182 0.21–0.30c 
NOx 117 728 1,102 1,555 1,817 1,892        1,287 0.12–1.60d 
PM2.5 443 1,377 2,846 4,128 4,920 5,176        1,285                0.11 

CO2 = carbon dioxide, kg/tce = kilogram per ton of coal equivalent, LPG = liquefied petroleum gas, NOx = nitrogen 
oxide, PM2.5 = particulate matter less than 2.5 micrometer in diameter, SO2 = sulfur dioxide.  
a In 2019 prices.  
b The real cost of CO2 increases by 2% a year.  
c SO2 emissions for industrial heating are lower than for domestic and commercial cooking and heating.  
d NOx emissions for domestic and commercial cooking and heating are lower than for industrial heating.  
Source: Asian Development Bank estimates. 
 
C. Calculation of Economic Internal Rate of Return 

17. Detailed cost–benefit calculations in Table 2 show that the project can be expected to 
deliver reasonable economic benefits, with an estimated economic internal rate of return (EIRR) 
of 10.9%, exceeding ADB required discount rate.  

Table 2: Economic Internal Rate of Return 
(CNY millions) 

 Costs Benefits Net Economic 
Benefits Year Capital O&M 

Coal and LPG 
Savings 

Avoided Global 
Pollution Avoided Local Pollution 

2019 (1,094.59)  -   -   -   -   (1,094.59) 
2020 (1,275.41)  (82.68)  101.50   22.48   1.97   (1,232.14) 
2021 (1,298.70)  (368.48)  317.42   70.93   6.33   (1,272.50) 
2022  (31.72)  (747.38)  666.57   139.42   12.55   39.44  
2023  (39.87) (1,074.19)  984.21   198.84   18.12   87.10  
2024  -  (1,087.19)  1,187.43   242.88   21.52   364.64  
2025  -  (1,034.14)  1,257.43   260.30   22.60   506.19  
2026  -   (953.44)  1,257.43   265.51   22.60   592.09  
2027  -   (953.44)  1,257.43   270.82   22.60   597.40  
2028  -   (953.44)  1,257.43   276.23   22.60   602.82  
2029  -   (953.44)  1,257.43   281.76   22.60   608.35  
2030  -   (953.44)  1,257.43   287.39   22.60   613.98  
2031  -   (953.44)  1,257.43   293.14   22.60   619.73  
2032  -   (953.44)  1,257.43   299.00   22.60   625.59  

                                                
8  These calculations were based on the thermal efficiencies of each fuel as set by the GB20665-2015 Energy Efficiency 

Secondary Standard and based on observations from small towns in northern PRC. 
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 Costs Benefits Net Economic 
Benefits Year Capital O&M 

Coal and LPG 
Savings 

Avoided Global 
Pollution Avoided Local Pollution 

2033  -   (953.44)  1,257.43   304.98   22.60   631.57  
2034  -   (953.44)  1,257.43   311.08   22.60   637.67  
2035  -   (953.44)  1,257.43   317.31   22.60   643.89  
2036  -   (925.35)  1,257.43   334.96   22.60   689.64  
2037  -   (902.14)  1,257.43   353.20   22.60   731.09  
2038  -   (902.14)  1,257.43   360.26   22.60   738.15  
2039  -   (902.14)  1,257.43   367.47   22.60   745.36  
2040  -   (901.16)  1,257.43   374.82   22.60   753.69  
2041  -   (900.06)  1,257.43   382.31   22.60   762.28  
2042  -   (898.81)  1,257.43   389.96   22.60   771.18  
2043  -   (898.64)  1,257.43   397.76   22.60   779.15  

Without environmental benefits EIRR 3.37% 
ENPV at 9% discount rate (million CNY) (1,568) 

Without global effects EIRR 4.02% 
ENPV at 9% discount rate (million CNY) (1,407) 

With global effects EIRR 10.94% 
ENPV at 9% discount rate (million CNY) 2,214 

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

18. Sensitivity analysis. The assumptions used in the base case are subject to uncertainty. 
The evaluation tests the EIRR’s sensitivity to a series of identified risks, including (i) a 10% 
increase in capital costs, (ii) a 10% increase in non-fuel OPEX costs, (iii) a 5% reduction in natural 
gas demand, (iv) a construction delay, 9 (v) a 10% decrease in local pollution costs, and (vi) a 5% 
decrease in LPG and coal costs. A 5% demand sensitivity seemed more appropriate than a 10% 
sensitivity natural because demand has historically grown roughly at 20% per annum in Henan 
and is forecast to continue to be strong because of government policy and customer preference 
for cleaner fuels as discussed in para. 10. The results are shown in Table 3. In all scenarios, the 
EIRR remains above the ADB threshold of 9% for variations in the underlying parameters. The 
project is most sensitive to a 5% decrease in coal and LPG costs.  

Table 3: Sensitivity Analysis 

Scenario 
Variation 

(%) EIRR (%) 
Base Case  10.94 
CAPEX +10   9.95 
OPEX +10 10.33 
Natural Gas Demand   (5) 10.21 
Construction Delay N/A 10.85 
Local pollution cost (10) 10.90 
LPG and Coal cost   (5)   9.64 

() = negative, CAPEX = capital expenditure, EIRR = economic internal rate of return, LPG = liquefied petroleum gas, 
OPEX = operation expenditure. 
Source: Asian Development Bank estimates. 

D. Conclusion 

19. Cost–benefit calculations under the given assumptions show that project is economically 
viable and contributes to considerable pollution reduction in Henan Province. The EIRR is 

                                                
9  The construction under the delay sensitivity was implemented such that 100,000 connections are made in 2019, 

300,000 connections are made yearly between 2020 and 2022, and 200,000 connections are made in 2023. The 
biogas facility comes online one year later. 
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estimated to be 10.94% which is above the ADB threshold. The EIRR is also resilient to realistic 
variations in underlying parameters.  
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