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Abbreviations and Acronyms
AHC Adjusted Human Capital
CO
Carbon Monoxide
EU
European Union
GBD the Global Burden of Disease
GDP Gross Domestic Product
Hg
Mercury
NOx Nitrogen Oxides
O3
Ozone
PAHs Polycyclic Aromatic Hydrocarbons
Pb
Lead
PM
Particulate Matter
PM2.5 Particulate Matter of Less than 2.5 µm in diameter
PM10 Particulate Matter of Less than 10 µm in diameter
SEPA State Environmental Protection Administration of China
SO2
Sulfur Dioxide
TSP Total Suspended Particulates
VOLY Value of a Life Year
VSL Value of Statistical Life
WTP Willingness to Pay
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Introduction
This paper is to review the previous studies on health impact of coal combustion in
China and briefly discuss the association between change of health impact of coal
combustion and coal consumption flow of coal power fleet. The cost of health impact
is monetized mainly based on economic assessment of health burden. Value of
Statistical Life (VSL)1 is applied by willingness to pay (WTP) approach. Of a range
of health impacts from coal use, the paper is focused on mortality2, which accounts
for vast majority of health cost of coal use.
A number of studies demonstrate that the use of coal, from mining, transporting,
processing, to burning, has tremendous and terrible health impacts on human
being.(Falk and Jurgelski 1979, Pope III, et al. 1995, Epstein, et al. 2011). In
comparison to extraction and transportation, coal combustion in coal-fired power
plants emit the most toxic pollutants, including sulfur dioxide (SO2), carbon monoxide
(CO), nitrogen oxides (NOx), particulate matter(PM), carbon dioxide (CO2), ozone
(O3), polycyclic aromatic hydrocarbons (PAHs)3, mercury (Hg), lead (Pb) and others.
Thus the paper concentrates on the health impact from coal combustion.
Coal consumption is the major factor to both outdoor air pollution in developing and
developed countries(Huscher and Smith 2013) and indoor air pollution mainly in
developing countries(Finkelman, Belkin and Zheng 1999). The causal association
between coal consumption and air pollution varies in different countries, where coal
may play a different role in energy mix. In China, coal has been the dominant energy
source for decades. The percentage of coal in the annual national primary energy
consumption has been at very high level, approximately three fourths. In 2012, 3.65
billion tons of coal was extracted, equal to 78% of annual primary energy production4.
Nearly all extracted coal was consumed in the country. Most are fed into thousands of
coal power plants to generate electricity. In China, assessing the public health impact
of coal combustion can largely contribute to the understanding of the health cost of air
pollution.
The paper examines the health impact of outdoor air pollution rather than of indoor
air pollution. It is well known that long exposure to coal-driven air pollution may
cause respiratory (asthma and chronic bronchitis), cardiovascular (heart attack),
cerebrovascular, cancers (lung cancer), premature death and lifespan loss(Lockwood
1

VSL is a controversial economic approach to assess the value of human life. The paper is
not to address the moral aspect of the debate, but to discuss the health impact burden or cost
based on the existing literature. VSL means the sum of people’s willingness to pay for
mortality risk reductions. If each of 10,000 people are willing to pay 300 Chinese Yuan to
reduce each person’s risk of dying by 1 in 10,000, the VSL = 10,000 * 300 Chinese Yuan = 3
million Chinese Yuan.
2
Its definition in the paper is the number of premature deaths.
3
More information about PAHs and their health impacts, please check the webpage of U.S.
EPA, link: http://www.epa.gov/waste/hazard/wastemin/minimize/factshts/pahs.pdf.
4
The number is calculated based on the national statistical report 2012 by the National
Bureau of Statistics of China. Link:
http://www.stats.gov.cn/tjsj/tjgb/ndtjgb/qgndtjgb/201302/t20130221_30027.html. Accessed
on 2nd February 2014.
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2012). Outdoor air pollution from coal combustion has much more sever influences
on public health than the indoor air pollution caused by domestic coal use, although in
China the domestic coal use (for heating and cooking) also causes disastrous health
burden for many rural communities(Finkelman, Belkin and Zheng 1999). While the
contribution from household cook-fuels to anthropogenic primary PM2.5(particulate
matter of less than 2.5 µm in diameter) is undeniable(Smith 2013), the outdoor air
pollution from coal combustion is still the overwhelmingly dominant threat to public
health.

Mortality: unbearable health burden of outdoor
air pollution
PM2.5 is the most representative factor to study the health impact of air pollution as
PM2.5 has the worst impact on human health(United States Environmental Protection
Agency 2012). Global Burden of Disease Study 2010 (The Lancet 2012), the most
sophisticated analysis of global distribution and causes of a range of major diseases,
injuries, and health risk factors, suggests that mortality from PM2.5 in China is 1.2
million in 2010(Smith 2013). After Beijing residents and environmental groups
campaigned for the disclosure of air quality data in 2011 and 2012, the Ministry of
Environmental Protection began to disclose the data of air quality index, including
PM2.5 and PM10 (particulate matter of less than 10 µm in diameter), in Beijing and
other cities in 2013 onwards.
That mortality accounts for the vast majority of monetized cost of health impact from
outdoor air pollution has been demonstrated in the studies from the United States
(U.S.) and European Union (EU). A Clean Air Task Force study (Schneider and
Banks 2010) estimates that PM air pollution from existing coal power plants in U.S.
caused about 13,200 deaths in 2010 and 24,000 deaths in 2004, respectively. The
decrease of death number is largely attributed to the decline of SO2 emitted by coal
power plants overall from 10.3 million tons in 2004 to 5.7 million tons in 2009. The
monetized mortality cost is US$ 96.3 billion, accounting for 94% of total monetized
health impact cost. Based on this study, VSL in U.S. is approximately US$ 7.3
million in 2010.
An EU study suggests that in 2009 coal power plants in the union caused chronic
mortality in great: 196,218 life years lost, or 18,247 premature deaths. The attributed
costs are 10,596 million Euro or 37,954 million Euro, respectively(Huscher and Smith
2013). In another word, on average, in 2009, the value of a life year (VOLY) was
54,000 Euro and VSL was about 2 million Euro. Of the health impact, the mortality
accounts for the majority of monetized value. In term of VOLY, the share is 69%, and
in term of VSL the share 89%.
The same result can be found in a research about China(The World Bank and SEPA
2007a). According to the study, the share of mortality cost in the overall health cost is
71% in 2003 under the adjusted human capital approach (AHC)5, or 76% under VSL
5

AHC approach assigns “the same value – per capita GDP- to a year of life lost by all
persons, regardless of age, and can be viewed as a social statement of the value of avoiding
premature mortality.” (The World Bank and China EPA 2007, p71.)
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approach6. With AHC approach, the mortality cost from outdoor air pollution in 2003
is 110.9 billion Chinese Yuan. With VSL approach, the cost is 394 billion Chinese
Yuan in 2003, which was about 2.9% of 2003 Gross Domestic Product (GDP).
As a study(The World Bank and SEPA 2007a) demonstrates, the large-sample
epidemiological cohort studies had not been carried out before 2006 in China. Most
researches are cross-sectional ecological studies(Xu, Liu and Yu 1996, Jin, Qin and
Xu 1999, Wang, Lin and Pan 2003). These studies are based on site-specific
characteristics and don’t consider such significant factors as socioeconomic
conditions, which also affect mortality. Therefore, the study applies the results of
cohort studies from U.S. (Dockery 1993, Pope III, et al. 1995, Pope III, et al. 2002)
while discussing the issue in China context.
Life expectancy lost is another perspective to understand the deteriorating health
burden from outdoor air pollution. A study (Chen, et al. 2013) compares the health
risk of air pollution exposure between population of North China and of South
China7. The different health risk, say, life expectancy, is attributed to the long-term
arbitrary energy policy that provides free winter heating supply for the north rather
than the south. The policy has significant impact on life expectancy of 500 million
people living in North China, as the air quality of south is better than that of north.
The economic modeling suggests that on average the life expectancy of northern
population is 5.5 years shorter than that of southern fellow citizens.

Averted mortality: the benefits of addressing
outdoor air pollution
Making air clean can bring huge health benefits. Studies show that a large number of
premature deaths could be avoided even if moderate measures could be undertaken.
A study(Mead and Brajer 2006) projects that if China’s clean air standards (200 µg/m3
(micrograms per cubic meter) of total suspended particulates (TSP), 60 µg/m3 of SO2
and 80 µg/m3 of NO2) were met, more than 138,000 deaths could be averted by 2012,
which is valued at US$ 57 billion.
A study on health impact of air pollution under different energy mix scenarios in
Shanghai, China’s most developed urban area, estimates that 608-5144 and 118910462 PM10-related deaths can be avoided in 2010 and 2020, respectively(Kan, et al.
2004). A similar study(Chen, Chen and Wang 2007) projects that under various lowcarbon energy scenarios the PM10-realted averted mortality in Shanghai could be
2804-8249 in 2010 and 9870 - 23,100 in 2020. Correspondingly, the economic
benefits could reach US$0.5-1.5 billion in 2010 and US$2.6 - 6.2 billion in 2020.

Clean Air: phasing out coal
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VSL in 2003 is 1 million Chinese Yuan, approximately US$120,000 with exchange rate of
1:8.267 on 1st August 2003.
7
China is divided into two parts by Huai River - Qinling Mountain Range Line. The upside of
the line is North China, and the downside of the line South China.
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The strong association of the health lost and coal consumption in China also indicates
a very straightforward solution to win clean air back. That means China has to reduce
coal consumption quickly and greatly.
However, China has to cope with the lock-in of coal consumption in energy system. It
is not easy to get rid of coal addition in a short run. China’s economic booming in
2005-2010 and weak environmental regulation explain why the air quality in most
urban areas has been getting worse. China increased its thermal-power generation
(nearly all of them coal power) by 63%, pig iron and cement production by 74% and
76%; national emission of SO2, mainly from coal combustion, only declined from
32.3 million tones in 2005 to 28.7 million tones in 2010(Zhang, He and Huo 2012). In
another word, between 2005 and 2010, while coal production increased by 48%, from
2.198 billion tons in 2005 to 3.24 billion tons in 2010, the national SO2 emission
declined only by 11%.
In the World Bank study, which is based on PM10 –related air quality data, suggests
that mortality from air pollution in China is approximately 700,000(the World Bank
and SEPA 2007b). According to GBD 2010, which is based on PM2.5 –related air
quality data, the mortality reaches up to 1.2 million in 2010. In contrast, from 2003 to
2010, China annual coal production grew up by 94%, from 1.67 billion tons to 3.24
billion tons.
Capping the total national coal consumption has been discussed, especially since
Chinese government took a range of policy measures to fight air pollution in
September of 2013. For example, Hebei Province, has been requested to reduce coal
consumption from 389 million tons in 2012 to 250 million tons in 2017.

Conclusion
By highlighting the mortality caused by outdoor air pollution, this literature review
shows that air pollution largely driven by coal combustion has brought great public
health burden to Chinese population. To large extent, the burden would be unbearable
if coal consumption were not to decline significantly and rapidly. The seriousness of
unbearable health burden can be better comprehended in new researches, for instance,
societal distribution of air pollution-related mortality and its impact on well-being of
marginal groups in the society. From this perspective, public health concern should be
the most important factor in realizing a coal-exit strategy and pursuing a low-carbon
energy system.
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All data of coal consumption come from the Annual Statistical Report of China Economy
and Development. The series report can be checked out at
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