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To reduce air pollution to a safe level, China will have to drastically change its 
policies on energy, auto, environment and public transport systems. 

Surge in PM2.5 and its health implications call for significant policy changes  
With the surge in the air pollution index PM2.5 to nearly 1,000 in Beijing in 
mid-January (vs. WHO standard of 25), and the massive press coverage of its 
serious health implications, the public is now demanding immediate and 
material government actions to improve air quality. This report is the first study 
that quantifies the needed policy actions to achieve a reduction in PM2.5 to a 
safe level within a politically acceptable timetable.  

Our PM2.5 reduction model shows that to reduce urban average PM2.5 to 35 
by 2030, China should sharply reduce its coal and car consumption growth, 
and massively increase investments in clean energies and subways/railways.  
We propose a policy package that can achieve a reduction in the annual urban 
average PM2.5 to 35 by 2030, a target that is a political imperative. This 
package will require the following changes to current policies or plans, among 
others:  

1. Reduce the annual average coal consumption growth by half (to 2%) 
from the current forecast of a 4% CAGR for 2013-17, and cut coal 
consumption by 22% from 2017-30. This means that China’s coal 
consumption should peak in 2017, vs. the consensus projection of a 
peak around 2025.  

2. Reduce coal-related emissions by about 70% in the coming 18 years 
via clean coal technologies.  

3. Reduce emissions per car by more than 80% by enforcing high 
standards for gasoline and car emission and improving fuel efficiency. 

4. Increase the annual growth rate of clean energies (gas, nuclear, hydro, 
wind and solar) by another 4ppts for 2012-20 vs the current forecast.  

5. Reduce the 2030 target for passenger vehicles to 250mn from current 
expectation of 400mn. This implies a reduction in annual average car 
sales growth to 5% during 2013-30 from 20% p.a. in the past five 
years.  

6. Increase the length of railways and subways by 60% and four-fold, 
respectively, from 2013-20, and further increase the length of railways 
and subways by 60% and 230%, respectively, from 2020-30. 

Our analysis shows that these new targets are technically achievable, and their 
impact on economic growth, fiscal balance, and inflation is manageable. It 
does, however, require a strong government will to overcome the opposition 
from interest groups.  

Sectoral and market implications  
While our proposal is indicative in nature, we are confident that actual policy 
changes can move in the same direction as suggested. This would mean a 
significant reduction in coal sales/EPS growth and a de-rating of its market 
valuation over the medium term. In contrast, gas, nuclear, wind, solar and 
railway/subway construction would then likely see meaningful upward 
revisions to growth forecasts for many years to come. The impact on the auto 
industry would appear to be limited as China’s export potential could offset its 
domestic sales deceleration. We present a “China environmental basket” that 
would benefit from more aggressive anti-pollution policies.   
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Introduction: need to overhaul 
growth strategy1 

Current policies are inconsistent with the target of reducing 
PM2.5  

With the surge in the air quality index PM2.5 in Beijing and many other regions to near-
catastrophic levels since January, as well as the growing public awareness of its serous 
health implications, the Chinese government has no choice but to double its efforts to 
control and reduce air pollution. The question is how. The Ministry of Environmental 
Protection has recently announced a target of reducing the national average PM2.5 to 
35, but the policies adopted by many cities are still piecemeal and very short term in 
nature. These include, among others, temporarily shutting down polluting factories and 
suspending construction works, requiring a 30% reduction in the use of cars by 
government agencies, advising people to setting off less fireworks to celebrate the 
Chinese New Year, and mandatory retirement of old vehicles that do not meet 
minimum emission standards.  

While many of these measures are useful in the short term to improve air quality in a 
meaningful and sustainable way, in our view China must modify its overall growth 
strategy – especially its policies – to change the energy mix and to develop its auto 
sector and the urban transport system, the new energy development strategies, 
environmental and resources taxes, and policy tools to control the heavy manufacturing 
sector and to accelerate the growth of service industries.  

A fundamental problem with the current policies is that they are inconsistent with the 
need to reduce pollution to politically acceptable levels within an acceptable period of 
time. Let’s look at three examples to illustrate this inconsistency. The first is coal 
consumption, the second is auto consumption, and the third is the plan for developing 
subways and railways.  

1. On coal consumption, even if one assumes a slowdown to 5% per year in the 
coming decade from the 8% in the past five years, annual coal consumption 
will still rise to 6bn tons by 2022 from the current 3.8bn tons. According to 
Jiang Bin, Director of Planning Department of the State Energy Bureau, “if 
uncontrolled, China’s coal consumption could rise to 10bn tons by 2030”.2 Even 
though the current plan stated that coal consumption should be controlled at 
3.9bn tons by 2015, this limit will likely be breached in as early as 2013 
according to forecasts of many analysts. We see nothing in the current policy 
that could meaningfully slow down the pace of coal consumption.  

2. On auto consumption, influential voices from the auto sector suggest that the 
number of passenger cars in China should rise from the current 90mn to 
around 400mn in 2030. The government’s emphasis on the development of 
smaller cities in its urbanization strategy – which rely less on mass public 

                                                           

1 The authors of this report would like to thank FENG Fei, WANG Yuesi, Calvin Qeuk, Lauri Myllyvirta, Amy Zheng, 
Vincent Ha, James Kan, Phyllis Wang, Eric Cheng, Air Quality China and number of officials in China’s environmental 
protection agencies for very useful discussions and for the contribution of data and views.  
2 http://finance.ifeng.com/roll/20101224/3109428.shtml.  
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transport system such as subways – is also supportive of the rapid increase in 
the number of vehicles.   

3. On railways and subways, the government’s plan is to increase the total length 
of railways from 90,000km in 2011 to about 140,000km by 2020, and to 
increase the total length of subways to 7,000km by 2020 from the current 
2,000km. Even with these seemingly ambitious targets, by 2020 the per capita 
length of railways in China will still be 1/8th of the OECD average, and the per 
capita length of subways in urban China will be only 1/5th of that in major 
cities in the world. According to our calculation, these targets essentially 
assume that public transportation can only grow at a maximum of 4% per year 
(vs. 5.5% national traffic growth) in the coming 18 years, and therefore will fall 
sharply as a percentage of total traffic. In other words, the current plan for 
public transport systems implies that the number of private cars will have to 
rise at a pace of 8% p.a., or reach 400mn by 2030, a threefold increase from 
the current level.   

Therefore, the current sector trends (such as those for coal and auto) essentially mean 
that coal burning will rise by another 60%, and oil burning due to the rising number of 
cars on the road will increase by 300% in the coming 1-2 decades. If there is no 
improvement in emission standards and gasoline quality, China’s air quality will worsen 
by another 70% (given coal burning accounts for about 45% of PM2.5 and car 
emissions for about 20%). Figure 1 illustrates this danger. Given that Beijing’s PM2.5 
once reached 900 in mid-January, can anyone imagine what would happen when it 
rises to 1,500?  

Of course, China can implement tougher emission standards on power and industrial 
use of coal, and raise the standards for fuel quality, car emissions and fuel efficiency. 
Our calculation shows that these measures will help, but they are not sufficient to 
reduce PM2.5 given the 60% rise in coal consumption and 300% rise in car ownership. 
With best efforts in emission controls via clean coal technologies, higher car emission 
standards and fuel efficiency, PM2.5 will likely remain around 50 in 2030.  

To conclude so far, keeping all other things constant, the current trend of coal and auto 
consumption growth implies that China’s air pollution will become a lot worse from the 
already unbearable level. Without changing the coal and auto consumption trend, even 
if maximum efforts are made to enforce tougher emission standards, air quality will not 
improve to a safe level by 2030 (Figure 1). In other words, a major change in the energy 
mix and a reduction in car consumption expectation are a must if PM2.5 is to be 
reduced to a safe level.  
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Figure 1: Without reform, China’s air pollution could worsen by another 70%: our 

forecast of PM2.5 levels 
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Need to quantify the required policy changes 

The policy inconsistencies outlined above are a primary reason for the government’s 
failure to control air pollution in the past, in our view. There is a risk of this being 
repeated if policies at sector level remain piecemeal and uncoordinated.   

In our view, the reasons for the policy inconsistency are:  

First, at the top level, this problem arose due to insufficient attention being 
paid to pollution, which in turn could be explained by insufficient public 
awareness about heath implications of poor air quality in the past.  

Second, at the operational level, the planning agencies have come up with 
overall economic plans largely based on sectoral proposals (which largely 
reflect industries’ self interests) but failed to impose top-down constraints 
related to environmental capacity (i.e. how much more pollutants the air and 
the water in China can accommodate without seriously harming people’s 
health). 

Third, policy research so far has failed to quantify the need for total emission 
reductions and show how this emission reduction target should be 
decomposed – in a consistent manner -- to policy actions in coal, auto, new 
energies, clean tech, and public transport sectors. All policy recommendations 
(on reducing PM2.5) we have seen so far are either qualitative in nature (which 
is not very useful as no one knows to what extent these proposed policies can 
help), or focus only on a few elements that do not establish a link to the overall 
PM2.5 reduction target.   

This report aims to fill this gap in policy research. In this report, we have constructed a 
PM2.5 reduction model, which allows us to simulate various policy actions and their 



28 February 2013 

China Strategy 
 

Page 6 Deutsche Bank AG/Hong Kong

 

 

 

impact on air pollution. We show quantitatively how we believe China’s growth 
strategy and key sector policies should change, in order to meet the explicit objective 
for reducing air pollution (i.e. reducing national average PM2.5 to 35 by 2030). Among 
the many conclusions, here are several highlights:   

1. The reduction of the national average PM2.5 from the current 75 to 35 by 2030 
should first be decomposed into specific sources of emission reduction. Our 
proposed decomposition looks like the following:  

 19% from reduction in coal consumption; 

 43% from the use of clean coal technologies; 

 19% from reduction in transport emissions; 

 10% from reduction in construction/industrial-related emissions that are 
not related to coal and oil burning.  

 9% from reduction in others.   

2. To achieve the above decomposed targets especially on coal consumption, 
China should drastically change its energy mix. This means that China has to 
slow coal consumption quickly in the next few years and begin to reduce coal 
consumption earlier (e.g. 2017) than the current assumption of somewhere 
between 2020 and 2030. Simultaneously, policies promoting clean energies 
(such as gas, nuclear, hydro, wind and solar) have to become more aggressive.  

3. To achieve the above-stated targets for car emissions, China should sharply 
reduce its expectation for auto penetration and substantially increase its 
planned investments in subway and railway in the coming two decades. The 
current policy preference for developing smaller cities contradicts the objective 
of improving energy efficiency and air quality, and should be replaced with a 
re-focus on developing large cities which can more efficiently adopt a mass 
urban transport system. The total length of railways and subways should 
increase about 60% and four-fold, respectively, from 2013-20, and further 
increase by about 60% and 230%, respectively, from 2020-30, in order to allow 
a meaningful reduction in car consumption growth from the current pace.  

In addition to the above, we will discuss a range of specific policy changes that are 
required to achieve the clean air objective. These include stricter enforcement of 
SO2/NOx emission standards, major reforms on environmental and resource taxes, 
introduction of a car plate licensing auction system, relocation of newly approved coal 
plants to less densely populated west/central China, further emphasis on energy 
efficiency, application of stricter dust control policies to construction works, and tree 
planting.    
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PM2.5 in China  

Surge in PM2.5 and growing public pressure for policy actions  

On 13 January, Beijing’s PM2.5 – an air pollution index that measures the density of 
particulate matter (less than 2.5micrometres in diameter) per cubic meter – once 
exceeded 900 amid heavy smog. Following that, the municipal government issued 
warnings to its citizens advising them to stay indoors as much as possible in order to 
avoid respiratory problems due to the extremely high levels of pollution. Note that the 
safe level of PM2.5 defined by the World Health Organization is only 25. On 29 January, 
Beijing reported that it experienced heavy smog for a fourth time in a month.  

Not only Beijing, but also most of China’s east and middle regions suffered from 
elevated PM2.5. According to the Ministry of Environmental Protection (MEP), more 
than 600mn people in 17 provinces have been affected since mid-January. In 
Shijiazhuang, Hebei Province, the index even exceeded 1,000. The hazardous smog has 
caused widespread concerns about its health implications and rapidly rising public 
discontent.  

According to China’s new national standard for evaluating air quality, only 20.54% of 
the cities meet the standard.3 

Several studies by Chinese and foreign scholars have revealed some alarming statistics 
on PM2.5’s health implications for the public: 

1. According to Prof Zhong Nanshan, China’s authority on respiratory diseases, 
an increase in the PM2.5 index from 25 to 200 raises the death rate by 11%. 
This conclusion is broadly consistent with Xie et al (2009) (Figure 3).  

2. Prof. Zhong also said that the worsening air pollution in Beijing was a major 
cause for the 60% rise in the number of cases of lung cancers in the city in the 
past decade.  

3. A joint study by Greenpeace and the School of Health, Peking University, 
estimates that high PM2.5 pollution caused 7,770 premature deaths and 
RMB6.17bn in economic losses in Beijing, Shanghai, Guangzhou and Xi’an in 
2010.  

4. According to Prof. Pan Xiaochuan, Public Health School of Beijing University, 
an increase in PM2.5 by 10 μg/m3 increases the number of patients of high 
blood pressure visiting hospital emergency rooms by 8%.  

5. According to the WHO, the risk of death increases by 15% if PM2.5 rises from 
10μg/m3 to 35μg/m3.  

6. According to Prof. Gary Fuller, King’s College London, an increase in the PM2.5 
index by one μg/m3 reduces the average life expectancy by three weeks. This 
implies that an increase in PM2.5 from 25 to 225 would reduce life expectancy 
by 11.5 years, all else being equal.  

                                                           

3 This new standard is set at 70μg／m3 for PM10. See Zhou Hongchun, “Pay High Attention to PM2.5 Pollution and 
Treatment,” State Council Development Research Center Report, December 2012  
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7. According to a study by Pope et al (2009) based on data from 51 cities in the 
US, life expectancy falls by about two years when PM2.5 rises from 10 to 30 
(Figure 2).   

Figure 2: Life expectancies plotted against PM2.5, 1978-1982, US 

Source: Pope et al, Fine-Particulate Air Pollution and Life Expectancy in the United States, NEJM, 2009; Dots and circles labeled with numbers represent 
population-weighted mean life expectancies at the county level and the metropolitan-area level, respectively. The solid and broken lines represent regression lines 
with the use of county-level and metropolitan-area–level observations, respectively. The metropolitan areas are coded by number as follows: 1 — Akron, Ohio; 2 
— Albuquerque, New Mexico; 3 — Allentown, Pennsylvania; 4 — Atlanta; 5 — Boise, Idaho; 6 — Boston; 7 — Buffalo, New York; 8 — Charlotte, North Carolina; 
9 — Charleston, West Virginia; 10 — Chicago; 11 — Cincinnati; 12 — Cleveland; 13 — Dallas; 14 — Dayton, Ohio; 15 — Denver; 16 — El Paso, Texas; 17 — Gary, 
Indiana; 18 — Houston; 19 — Indianapolis; 20 — Jersey City, New Jersey; 21 — Kansas City, Missouri; 22 — Little Rock, Arkansas; 23 — Los Angeles; 24 — 
Minneapolis; 25 — New York City; 26 — Norfolk, Virginia; 27 — Oklahoma City; 28 — Philadelphia; 29 — Phoenix, Arizona; 30 — Pittsburgh; 31 — Portland, 
Oregon; 32 — Providence, Rhode Island; 33 — Pueblo, Colorado; 34 — Raleigh, North Carolina; 35 — Reno, Nevada; 36 — St. Louis; 37 — San Diego, California; 
38 — San Francisco; 39 — Salt Lake City; 40 — San Jose, California; 41 — Seattle; 42 — Spokane, Washington; 43 — Springfield, Massachusetts; 44 — 
Steubenville, Ohio; 45 — Tampa, Florida; 46 — Topeka, Kansas; 47 — Washington, D.C.; 48 — Wichita, Kansas; 49 — Wilmington, Delaware; 50 — Worcester, 
Massachusetts; 51 — Youngstown, Ohio.  

The sudden increase in the awareness of the health impact of high PM2.5 has led to a 
heightened public pressure on the government to take aggressive actions. On Internet, 
some commentators ask that “if the consequence of strong economic growth is a 
decline in the people’s life expectancy, what is the purpose of all that?” According to 
Baidu, the largest Chinese search engine, the search for “PM2.5” soared 35 times 
within a week from 7-13 January. It was also one of the most heated topics on Sina 
Weibo in January, discussed by 3,146,495 pieces of netizens’ remarks (comments not 
included). We expect many members of the National People’s Congress (NPC) and the 
Chinese People’s Political Consultative Conference (CPPCC) to highlight the urgency of 
anti-pollution polices to the government during the forthcoming NPC and CPPCC 
sessions in March. Under these pressures, we believe the government will have no 
choice but to take more drastic actions to fight air pollution.   
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Figure 3: The ppt increase in death/prevalence rate with an increase of 10 in PM2.5 
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Source: Xie et al. Exposure-response functions for health effects of ambient particulate matter pollution applicable for China, China Environmental Science, Issue 10, 
2009 

International comparison of PM2.5 

With the surge in PM2.5 in major Chinese cities, many people have also begun to pay 
attention to where China is in comparison with other countries. Figure 4, plotted by 
Donkelaar and Martin using the five-year average data from NASA from 2001 to 06, is 
the most popular among the general public in China. It shows that China has the 
highest density of dark red color (with PM2.5 approaching 80) compared with any other 
country in the world. It is now known that North America, most of Latin America, 
Australia and New Zealand, and Russia have their PM2.5 at or below 15. 

Figure 4: Global satellite-derived map of average PM2.5 over five years 

Source: NASA, New Map Offers a Global View of Health-Sapping Air Pollution, Sep 22 2010; Note: data range is 2001-2006 since no updated version is available 
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Sources of PM2.5 in China  

To effectively reduce PM2.5 in China, one needs to know where it is coming from. We 
estimate, based on a number of research studies, that the composition of PM2.5 in 
Chinese cities is roughly the following: 45% from coal burning and its secondary sulfate 
and nitrate, 20% from transport-related emissions, 20% from construction and 
industrial activities (other than coal burning) and 15% from other sources including 
fertilizers, pesticides, plantation, cooking, smoking, forestry and ocean (Figure 5). This 
composition will be used in our PM2.5 reduction model as an important assumption 
(see next chapter).   

Figure 5: Current composition of PM2.5 in China  
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Car emissions, 
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Source: Deutsche Bank 

The several references we use are as follows. Data provided by Greenpeace 
International to us shows that coal-related emission contributes 49% of PM2.5, and oil 
burning in transport sector contributes about 16% (Figure 6). This view is largely 
confirmed by Prof. HU Min, director of environmental and pollution control lab at 
Tsinghua University, who says that 60-70% of PM2.5 emissions are due to coal and oil 
burning.4  

Figure 6: Estimated sector shares of PM2.5 exposure by Greenpeace International 
Power plants - coal 17% 

Industry - coal 19% 

Industry - other 17% 

Transport - oil 16% 

Urban residential & commercial - coal 4% 

Urban residential & commercial - other commercial fuels 16% 

Rural - coal 8% 

Rural - biomass 1% 

Rural - other commercial fuels 2% 

Total 100% 

Coal related share 49% 
Source: Greenpeace International 

                                                           

4 http://news.10jqka.com.cn/20130121/c532376080.shtml.  
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According to Dr. Wang Yuesi of the Chinese Academy of Sciences, the main sources of 
PM2.5 in Beijing are vehicle exhausts (22%) and coal burning (17%); other sources 
include dust, industrial emission and external transfer (Figure 7). Nonetheless, just as 
Dr. Wang pointed out, as part of industrial emission and external transfer should be 
attributed to coal and fuel, these two reasons could possibly explain 80% of this round 
of PM2.5 in Beijing.  

As for industrial breakdown, China’s first national pollution census in 2007 suggests 
that gaseous pollutants are mainly emitted by three industries: thermal power, cement 
and steel (Figures 8-10). 

Figure 7: Source contribution of PM2.5 in Beijing  Figure 8: Industrial sources of sulphur dioxide emission  
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Figure 9: Industrial sources of nitrogen oxides emission   Figure 10: Industrial sources of smoke emission 
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Policies to reduce PM2.5 to 35 
by 2030  
This section examines the most important reforms (policy changes) that China needs to 
undertake in order to reduce PM2.5 to a safe level within a politically acceptable time 
table. Our key conclusions are: China will have to significantly reduce its growth rate of 
coal consumption, sharply increase the use of clean energies, speed up its pace of 
desulphurization and denitration, quickly implement the National V standards for 
gasoline and car emissions, improve fuel efficiency, further increase its planned 
investment in subways and railways, and accelerate the pace of resource pricing reform 
as well as the resource and environmental tax reform, among others.  

We kick off the analysis by estimating the current annual average level of PM2.5 for 
urban China (102 cities) and by defining a politically acceptable target for achieving 
clean air quality (i.e. reducing PM2.5 to 35 by 2030). We then construct a simple air 
pollution forecast model, based on which we propose a policy package that can 
achieve the goal in 2030 by reducing PM2.5 by about an annual average of 4% in the 
next 18 years, i.e. to reduce this index to 35 in 2030. Our proposed policy package will 
involve, among others, a 0.8% annual average reduction in coal consumption, a 6% 
annual average reduction in emission via desulphurization/denitration and other clean 
coal technologies, and a 4% annual average reduction in transport emission between 
2013 and 2030. In the last few sections, we will discuss more specific reform measures 
that could help achieve these policy goals.  

Current annual average PM2.5 is estimated at 75  

China does not officially report a nationwide annual average PM2.5 index, but as it is 
needed to derive the required policy adjustments in our analysis, we use four 
methodologies/sources to estimate this urban China index.  

Source 1: Estimate based on January 2013 PM2.5 data in 102 cities and seasonality: 94  

We define China’s urban average PM2.5 as the arithmetic average of the index in 102 
cities reported by MEP. China started to sporadically report PM2.5 in these cities last 
year but there is no database that compiled all the historical data for all regions. We 
were able to obtain the 102 cities‘ PM2.5 data for each day of January 2013 from Air 
Quality China, which gave an average of 135. Knowing that PM2.5 is typically higher in 
the winter than in other seasons, we used a seasonal factor from a few other countries 
(the ratio of January PM2.5 to annual average PM2.5 at 140%) to estimate China’s 
annual average PM2.5. This gives rise to an annual average PM2.5 of about 94 for 
urban China.  

Source 2: Our estimate based on average PM10: 75 

Data provided to us by Greenpeace International shows that the past three years’ 
annual average PM10 in 120 cities was 92.7, when calculated on a population weighted 
basis. The translation from PM10 to PM2.5 requires a conversion rate, which is 
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estimated from 0.65 to 0.9 by various sources5. We take a conversion rate of 0.8, partly 
by considering the fact that PM2.5 this year appears worse than those in the past three 
years. This conversion yields an average PM2.5 of about 75.  

Source 3: MEP data on PM2.5 in seven cities: 53  

The estimate is based on annual data reported by MEP for Tianjin, Shanghai, 
Chongqing, Suzhou, Guangzhou, Nanjing and Ningbo, which gives an annual average 
PM2.5 density of 53.2μg/m3 in 2010.6 

Source 4: NASA data collected by satellite: 80 

According to satellite-derived PM concentration, the 5-year average of PM2.5 Index in 
key areas of Eastern and Central China reached 80 during 2001-2006.7 

Source 5: Zhong Shaofei: 75 

A study complied by Zhong Shaofei shows that China’s annual average PM2.5 is 75.8  

The average of the aforementioned five estimates is about 75. In the following analysis, 
we will use this figure (75) as the basis for calculating the required reduction in PM2.5 
and the needed policy changes to achieve this goal. Note that although Beijing reported 
an average PM2.5 level of 153 in January, it partially reflects the seasonal pattern 
(January is typically the worst in the year). Also, Beijing’s PM2.5 is significantly worse 
than China’s urban average.  

Setting a target of reducing PM2.5 to 35 by 2030  

To reduce this national average PM2.5 from the current 75 to 35, the China safety 
standard (higher than the WHO standard of 25), it will have to come down by 53%. 
Assuming China aims to achieve this target of 35 by 2030, it needs to reduce PM2.5 by 
4% per year in the next 18 years. For cities like Beijing, where PM2.5 is more than twice 
the national average, it will have to double or triple its efforts. We think setting this 
ambitious goal is politically necessary, as one commentator put it on the web, “we 
cannot afford to let our entire next generation live in polluting air”.  

Before the January surge in PM2.5, on December 5 2012, the Ministry of Environmental 
Protection (MEP) revealed the “Plan of Combating Air Pollution in Major Areas”《重点区

域大气污染防治“十二五”规划》. This plan requires a reduction of the annual average 
PM2.5 by only 6% in three major areas, including Beijing-Tianjin-Hebei, the Pearl River 
Delta area, and the Yangtze River Delta area. For Beijing, the target is to reduce PM2.5 
by 15% by 2015.  

However, we believe that this set of MEP targets is unlikely to be accepted by the 
public, which is increasingly aware of serious health implications of the PM2.5. If the 
annual average reduction rate is 6% for the next three years, it translates into only a 2% 
reduction in PM2.5 per year. Assuming this pace (2% reduction per year) applies to 

                                                           

5 The study of Air Pollution Concentrations of PM2.5, PM10 and NO2 at ambient and kerbsite and their correlation in 
metro city shows that the range of ratio between PM2.5 to PM10 0.61–0.91; the paper Characterization of PM10 and 
PM2.5 particulate matter in the ambient air of Milan suggest that it is evident that the PM2.5 is a substantial part of 
PM10; PM2.5 is nearly twice as much as the particles with diameter from 2.5 to 10 mm.  
6 Ministry of Environmental Protection, PRC, 中国大气污染形势与对策, May 2012 
7 NASA, New Map Offers a Global View of Health-Sapping Air Pollution, Sep 2012 
8 http://wenku.baidu.com/view/c8648adca58da0116c174954.html.  
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China as a whole, it would take 38 years to achieve the safety standard of 35. This 
means that nearly two generations will have to live in dirty air. Very few people have 
the patience or the lifespan to wait until 2040 to begin to breathe without fear for 
getting a lung cancer.  

The biggest worry at the policy making level is that if policies to control air pollution are 
too aggressive, economic growth will slow drastically. However, very few people have 
done a serious calculation on whether the Chinese economy can absorb the impact of 
4% annual average reduction in PM2.5. We have made an attempt in this report. Our 
conclusion is that, if policies are properly designed, it is perfectly possible for China to 
avoid a sharp slowdown in economic growth while achieving its goal of reducing 
PM2.5 to 35 by 2030. The following subsections present the details of our quantitative 
analysis on the feasibility of this program.  

Our PM2.5 reduction model: deriving policy targets 

The PM2.5 reduction model 
In this section, we present our quantitative PM2.5 reduction model. This model is used 
to derive the specific policy targets given the objective of reducing PM2.5 to 35 by 
2030. The application of such a model would make sure that the final outcome of the 
sectoral targets (e.g. for coal, auto, and public transportation) would be consistent with 
the environmental target, thus resolving the policy inconsistency that we pointed out in 
the introductory chapter.  

The overall structure of the model is illustrated in Figure 11. The model simulation takes 
the following major steps:  

Step One: Setting targets for PM2.5, economic growth, and energy/traffic elasticity  

1. The PM2.5 reduction target: China urban average PM2.5 will have to decline to 
35.  

2. GDP growth: we assume real GDP growth to slow gradually from the current 
8.2% (in 2013) towards 5.5% in 2030, reflecting the change in growth 
potential. The annual average GDP growth will be 6.8% from 2013-30.  

3. Energy elasticity: we assume an energy elasticity of 0.5, implying that for each 
1% increase in GDP, energy growth will be 0.5%. This is broadly consistent 
with European countries’ experience.  

4. Traffic elasticity: we assume a traffic elasticity of 0.8, implying that for each 1% 
increase in GDP, traffic growth will be 0.8%. This is broadly consistent with 
China’s historical and international experiences.   

Step Two: Deriving energy consumption and traffic consumption growth  

Given these above assumptions, we can derive the energy consumption growth (annual 
average of 3.4% from 2013-30) and overall traffic growth (annual average of 5.5% from 
2013-2030).  
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Step Three: Estimating emission reduction potential via higher emission standards and 
clean technologies  

We estimate a large number of coefficients related to potential emission reduction via 
emission control actions such as desulphurization, denitration, higher fuel quality, fuel 
efficiency, and car emission standards. For example, we estimate that emission per ton 
of coal consumption can be reduced by 69% via clean coal technologies, and emission 
per car can be reduced by 82% via higher fuel quality, fuel efficiency, and car emission 
standards.  

Step Four: Estimating the need for change in the energy mix and the mix of transport 
modes 

Given the above parameters, we estimate the required change in the energy mix 
(namely less coal, more clean energies), and the required change in the mix of transport 
modes (namely, more railway/subway transport, less road transport) in order to reach 
the PM2.5 target. Of course, there are multiple solutions to this exercise (many different 
combinations of energy and transport mixes can get us to the same final PM2.5 target), 
but we narrow down the options by taking into account factors such as the availability 
of natural resources (such as gas and wind), technical feasibility, and international 
experience (e.g. on railway and subway density, and on energy mix).   

Step Five: Estimating the growth rates of all energies, number of cars on the road and 
railway/subway length 

With the estimated changes in energy mix, we will be able to calculate the growth rates 
of coal consumption as well as the consumption of clean energies. With the estimated 
change in the mix of transport mode and the resulting railway, subway, and road traffic 
growth, we can also estimate the number of cars on the road, as well as the total length 
of railways and subways. Note that in our calculations, we also take into account many 
other factors such as the declining car usage rate, the increase in railway efficiency, as 
well as the need to allow other transport modes (such as air travel) to grow.  

We will elaborate on the key results (sector growth targets) of this simulation in the 
following sector.   
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Figure 11: Our PM2.5 reduction model 
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Decomposing the PM2.5 target to policy targets 
Based on the composition of PM2.5 that we estimated in the previous chapter (see 
Figure 13 reproduced below), coal burning and car-related emissions represent about 
65% of the total PM2.5. That means most of the policy efforts should be made to go 
towards reducing these sources of PM2.5. In addition, we assume that 
construction/industrial/other sources of PM2.5 can be reduced by 29% in the coming 18 
years (for reasons to be explained later). Given these parameters and the PM2.5 
reduction target, our simulation proposes the following policy targets from 2013-20:   

1. A 0.8% annual average reduction in coal consumption;  

2. A 6% annual average reduction in coal-related emissions due to improvement 
in desulphurization/denitration and other clean coal technologies; 

3. A 4% annual average reduction in vehicle exhaust emission, achieved by the 
decelerating car ownership growth, a 1% annual average increase in fuel 
efficiency, and a 8% annual average reduction in emissions by enforcing higher 
gasoline and emission standards as well as usage of more electric cars and 
cars powered by natural gas;  

4. Increase the length of railways and subways by 60% and four-fold respectively 
from 2013-20, and further increase the length of railways and subways by 60% 
and 230%, respectively, from 2020-30; 
 

5. A major increase in the 2030 target of clean energy consumption as % of total 
energy consumption (i.e. from the current 37% to 46%);  

6. A range of other measures including the acceleration in the adoption of the 
central heating system, relocation of newly approved coal plants to less 
densely populated west/central area, major reforms on environmental and 
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resource taxes, introduction of a car plate licensing auction system; and further 
emphasis on energy efficiency.  

This policy package can reduce PM2.5 levels largely by cutting the emissions from coal 
and oil burning. With this package, and based on the current PM2.5 composition (about 
65% are related to coal and oil burning and their secondary emissions, and 35% are 
related to construction and other industrial activities as well as a range of small sources 
such as fertilizers, pesticides, plantation, cooking, smoking, forestry, and ocean9), we 
estimate that the reduction of PM2.5 level from 75 to 35 in the coming 18 years will be 
explained by the following (Figures 12-14):  

 19% from reduction in coal consumption; 

 43% from the use of clean coal technologies; 

 19% from reduction in transport emissions (see below for details); 

 10% from reduction in construction/industrial-related emissions that are 
not related to coal and oil burning. We believe that this is achievable as 
real estate construction will likely peak in a few years due to the sharp rise 
in per capita living space in the past decade, industrial activities will likely 
be cleaner as China’s economic structure is shifting away from heavy 
manufacturing towards services, and better dust control measures and 
emission standards in construction and industrial activities can be 
implemented.  

 9% from reduction in others. This requires a wider range of actions, such 
as tree planting, promotion of organic farming (reduction in the use of 
pesticides and fertilizers), reduction in the use of plastic bags and oil 
paints, oil-less frying in cooking, etc.  

Figure 12: Decomposition of PM2.5 reduction to sources  

 Weight Reduction (%) Contribution to 
reduction in PM2.5 

Emission from coal burning 45% -74% 62% 

 Reduction in coal consumption  -22% 19% 

 Reduction via clean coal tech  -69% 43% 

Reduction in transport emissions 20% -51% 19% 

Reduction in construction/industrial emissions 20% -27% 10% 

Reduction in others 15% -30% 9% 
Source: Deutsche Bank 

                                                           

9 These estimates are based on several different studies including by Prof Yu Min and Zhong Shaofei.   
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Figure 13: Current composition of PM2.5 by activity 
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Error! Reference source not found. shows the forecast for all key variables in our PM2.5 
reduction model.  
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Figure 15: Sector targets derived from our PM2.5 reduction model, 2012-30 
PM2.5 75.0 74.7 73.9 72.7 70.8 68.4 65.6 62.6 59.3 56.0 52.5 50.3 48.0 45.7 43.4 41.0 38.6 36.0 35.0

  Coal emissions 33.8 33.7 33.3 32.6 31.3 29.6 27.8 25.8 23.8 21.9 20.0 18.2 16.5 14.8 13.2 11.6 10.1 8.7 8.9

  Transport emissions 15.0 14.6 14.2 13.6 13.0 12.3 11.5 10.6 9.5 8.4 7.2 7.2 7.3 7.3 7.4 7.4 7.4 7.4 7.3

      Road transport 10.5 10.1 9.7 9.2 8.6 7.9 7.1 6.2 5.2 4.1 2.9 3.0 3.1 3.2 3.3 3.5 3.6 3.7 3.8

      Railway/subway 1.2 1.3 1.3 1.3 1.4 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.3 1.3 1.2

      Other transport 3.3 3.2 3.2 3.1 3.1 3.0 3.0 2.9 2.9 2.8 2.8 2.7 2.7 2.6 2.6 2.5 2.5 2.4 2.4

  Construction/Industrial 15.0 15.3 15.7 15.9 16.1 16.3 16.4 16.4 16.4 16.3 16.1 15.8 15.4 15.0 14.4 13.7 12.9 12.0 11.0

  Others (incl clean energies) 11.3 11.0 10.8 10.6 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.7 8.5 8.3 8.1 8.0 7.8

Coal Desulphurization/Denitration 36% 35% 33% 32% 30% 29% 27% 26% 24% 23% 21% 20% 18% 17% 15% 14% 12% 11% 11%

Feul/car standards + fuel efficiency 100% 92% 84% 75% 67% 59% 51% 42% 34% 26% 18% 18% 18% 18% 18% 18% 18% 18% 18%

Const/Indu emission control 100% 96% 92% 88% 84% 80% 76% 72% 68% 64% 60% 56% 52% 48% 44% 40% 36% 32% 28%

Coal/energy ratio 67% 67% 67% 66% 64% 61% 59% 56% 53% 50% 47% 45% 43% 41% 39% 37% 35% 33% 32%

Coal consumption (100 mn ton) 37 39 40 41 41 41 41 40 39 38 38 37 36 35 35 34 33 33 32

Car/transport ratio 55% 54% 54% 53% 52% 52% 51% 50% 50% 49% 48% 48% 47% 46% 46% 45% 44% 44% 43%

Car traffic growth 5.2% 5.1% 4.9% 4.8% 4.7% 4.5% 4.4% 4.3% 4.1% 4.0% 3.9% 3.7% 3.6% 3.5% 3.3% 3.2% 3.1% 3.0%

KM driven per car (index) 100% 99% 98% 96% 95% 94% 93% 92% 90% 89% 88% 87% 86% 84% 83% 82% 81% 80% 78%

Nominal car number 110 117       125       132       141       149       158       167       176       186       196       207       217       228       240       251       263       275       288       

Nominal PV number 90 96 103 110 117 125 132 141 149 158 167 177 187 197 208 219 230 242 254

Growth of PV ownership 6.9% 6.8% 6.7% 6.6% 6.4% 6.3% 6.2% 6.1% 6.0% 5.8% 5.7% 5.6% 5.5% 5.4% 5.3% 5.2% 5.1% 5.0%

PV penetration 6.7% 7.1% 7.5% 8.0% 8.5% 9.0% 9.5% 10.1% 10.6% 11.2% 11.9% 12.5% 13.2% 13.9% 14.7% 15.5% 16.3% 17.1% 18.0%

Population (mn) 1354 1,363   1,371   1,378   1,384   1,390   1,395   1,399   1,403   1,406   1,408   1,410   1,412   1,413   1,414   1,414   1,414   1,414   1,413   

Rail/subway traffic growth 8.1% 8.5% 8.4% 8.2% 8.0% 7.9% 7.7% 7.5% 7.4% 7.2% 7.0% 6.9% 6.7% 6.5% 6.4% 6.2% 6.0% 5.9% 5.7%

 Vol index 100 109       118       127       137       148       160       172       184       198       211       226       241       257       273       290       308       326       344       

 Emission redu rate 100% 96% 92% 88% 84% 80% 76% 72% 68% 64% 60% 56% 52% 48% 44% 40% 36% 32% 28%

Total energy consumption growth (%) 3.9 4.1 4.0 3.9 3.9 3.8 3.7 3.6 3.5 3.5 3.4 3.3 3.2 3.1 3.1 3.0 2.9 2.8 2.7

Total traffic growth (%) 6.2 6.6 6.4 6.3 6.2 6.0 5.9 5.8 5.7 5.5 5.4 5.3 5.2 5.0 4.9 4.8 4.6 4.5 4.4

GDP growth (%) 7.8 8.2 8.0 7.9 7.7 7.6 7.4 7.2 7.1 6.9 6.8 6.6 6.4 6.3 6.1 6.0 5.8 5.6 5.5  
Source: Deutsche Bank estimates 
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If the sector targets are achieved as we suggested in the PM2.5 reduction model, then 
the PM2.5 index will likely fall as illustrated in Figure 16 towards 35 by 2030:  

Figure 16: Projection of PM2.5 under the reform scenario 

0

10

20

30

40

50

60

70

80

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Source: Authors’ PM2.5 forecast model; Deutsche Bank estimates  

In the remainder of this chapter, we will discuss the details of the sector targets and the 
required policy actions to achieve these targets.   

Coal consumption should peak in 2017 

A key lesson from the UK, which experienced the “Great Smog” due to serious air 
pollution in 1952, is that the rapid switch from coal to clean energy consumption 
(mainly gas) contributed greatly to the success in its pollution reduction in the 
subsequent decades (see Appendix B of this report for details). Figure 17 and Figure 18 
shows that between 1950 and 1970, per capita coal consumption fell by half in the UK, 
and air pollution measured by smoke and SO2 also fell by more than half during the 
same period.  
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Figure 17: Coal consumption per capita UK (tonnes per 

capita) 

 Figure 18: Annual average smoke and sulphur dioxide 

concentrations in London 1950 to 2000 
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Source: Deutsche Bank, Office of National Statistics UK, Department of Energy and Climate Change UK  Source: Deutsche Bank, AEA Environmental Protection 

Among these policy changes that we proposed for China, one of the most important 
but also most challenging tasks is to reduce coal consumption by 0.8% on an annual 
average basis in the coming 18 years. This is because even conservative expert 
projections for 2020 still imply a 2-3% annual growth rate of coal consumption, and 
most researchers and officials have not thought about the possibility of cutting coal 
consumption within next eight years. Figure 19 shows a comparison between our 
proposal and other projections so far. It shows that most forecasters (including those 
with government background) are expecting coal consumption to peak sometime 
between 2020 and 2030. Our new forecast of coal consumption peaking in 2017 is 
obviously the most aggressive outlier, but we believe it is achievable as long as policy 
makers take the health impact of pollution serious enough. 

Figure 19: Coal consumption targets: forecasts of peak year 

Author/Source Year of Peak Consumption 

Our new projection (proposal) 2017 

Our old projection 2020 

International Energy Agency 2020 

Hao Pengmei 2020 

Alibaba After 2020 

Hu Angang et al 2025 

Du Wanxiang 2030 

Brad Plumer 2030 
Source: Deutsche Bank estimates; IEA, World Energy Outlook; Hao Pengmei, 中国煤炭产业中长期发展趋势预测; Alibaba,com; Hu Angang et al, China 2030; Du 
Wanxiang, China Academy of Engineering; Brad Plumer, China now burning as much coal as the rest of the world combined 

Of course, our 0.8% annual average reduction in coal consumption does not mean that 
the annual change from 2013-30 has to be the same every year. If, in the first few years 
of our program, emissions related to coal burning can be reduced by a rapid increase in 
the desulphurization/denitration rate, the application of central heating systems as well 
as the use of cleaner coal, then coal consumption could still be allowed to grow 
modestly. Figure 20 shows our old forecast for coal consumption for the coming 18 
years vs. our new projection (proposal) assuming more aggressive anti-pollution 
policies for 2013-30.  
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Figure 20: Coal consumption: old projection vs. new projection under aggressive anti-

pollution policies 

    2012 2013 2014 2015 2016 2017 2018 2019 2020  13-20 
CAGR

Old projection  2.2% 5.7% 5.2% 4.5% 3.0% 1.5% 1.0% 0.5% 0.0% 2.7%

New projection   2.2% 4.2% 3.2% 2.5% 1.0% -0.5% -1.0% -1.5% -2.0% 0.7%

                 

  2021 2022 2023 2024 2025 2026 2027 2028 2029 2030  21-30 
CAGR

Old projection -0.5% -1.0% -1.0% -1.0% -1.0% -1.0% -1.0% -1.0% -1.0% -1.0% -1.0%

New projection -2.0% -2.0% -2.0% -2.0% -2.0% -2.0% -2.0% -2.0% -2.0% -2.0% -2.0%
Source: Deutsche Bank estimates 

Figure 21: China coal consumption growth: old vs. new forecasts 
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In the next few subsections, we will elaborate on the technical feasibility of these target 
changes, the required policy changes, the impact on China’s energy consumption 
structure, as well as the costs of such a transition.   

Clean energies should grow 4ppts faster than current forecast for 
next eight years 

In addition to the faster reduction in coal consumption and improvement in 
desulphurization/denitration, another important task in our newly proposed policy 
package is to further accelerate the growth of clean energy consumption. By clean 
energies, we refer to gas, nuclear, hydro, wind, and solar.  

In this section we forecast the required clean energy consumption growth in the 
coming 18 years, based on the need to cut coal consumption by 0.8% per year and to 
maintain annual energy consumption growth of 3.4% per year. The assumption of 3.4% 
annual energy consumption is based on a real GDP growth target (6.8% annual average 
for the coming 18 years) and the energy elasticity to GDP growth of 0.5, which is 
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broadly consistent with OECD countries’ experience of (0.58)10 and China’s past five 
year average (0.53).  

We show our new forecasts for fossil fuel and clean energy consumption growth in 
Figure 22 and Figure 23.While the energy mix change in our new forecast is more 
drastic than that in our old forecast (old forecast is done by our energy analysts, based 
on existing policies and sector trends), they are broadly consistent with the latest 
government projections based on extensive feasibility studies. In our new forecast, we 
expect coal consumption to fall from the current 68% of total energy consumption to 
32% in 2030 (vs. the old forecast of 41% in 2030), and clean energy consumption to 
rise from the current 13% of total energy consumption to 46% in 2030 (vs. the old 
forecast of 37% in 2030). Compared with our old forecast, which projects a clean 
energy GAGR of 8% for 2013-20, our new projection shows a CAGR of 12%, 4ppts 
faster than the old forecast.  

The latest government target announced in the 12th FYP is to enhance the total share of 
non-fossil fuels energies (wind, solar, nuclear and hydro) as % of primary energy to 15% 
by 2020. Some policy makers also pointed out that natural gas should by then make up 
10% of total energy consumption.  

Figure 22: Our new projection of China’s energy consumption mix, 2020  
 Current 

(2012) 
New forecast Old forecast Revision 

(ppts) 
Implied CAGR 

12-20 (old) 
Implied CAGR 
12-20 (new) 

Coal 68.4% 52.8% 61.5% -8.7 2.6% 0.9% 

Oil 18.6% 20.0% 19.5% 0.5 4.4% 4.7% 

Wind 0.7% 2.5% 1.2% 1.3 10.5% 19.9% 

Solar 0.02% 0.4% 0.2% 0.2 31.8% 42.3% 

Gas 5.0% 12.0% 8.5% 3.5 10.1% 14.4% 

Nuclear 0.8% 3.2% 2.0% 1.2 14.8% 21.0% 

Hydro 6.5% 9.2% 7.2% 2.0 5.0% 7.9% 

  Clean energies* 13.0% 27.3% 19.1% 8.2 7.9% 11.9% 

Total 100% 100% 100%    
Source: Deutsche Bank estimates; Note: clean energies include gas, wind, hydro, solar and nuclear. 

Figure 23: Our new projection of China’s energy consumption mix, 2030 

 
Current 
(2012) 

New forecast Old forecast 
Revision 

(ppts) 
Implied CAGR 

12-30 (old) 
Implied CAGR 
12-30 (new) 

Coal 68.4% 31.8% 41.2% -9.4 0.7% -0.6% 

Oil 18.6% 22.4% 22.1% 0.3 4.4% 4.5% 

Wind 0.7% 5.1% 3.6% 1.5 12.9% 15.0% 

Solar 0.02% 3.1% 1.8% 1.3 30.0% 33.8% 

Gas 5.0% 18.0% 14.2% 3.8 9.3% 10.7% 

Nuclear 0.8% 8.0% 7.0% 1.0 15.9% 16.7% 

Hydro 6.5% 11.5% 10.0% 1.5 5.8% 6.6% 

  Clean energies* 13.0% 45.7% 36.6% 9.1 8.2% 9.3% 

Total 100% 100% 100%    
Source: Deutsche Bank estimates; Note: clean energies include gas, wind, hydro, solar and nuclear. 

We revised the target for natural gas annual average growth to 14% from current 10% 
from now to 2020. By the end of 2030, we expect it to rise to 18% of the total energy 
consumption. Solar power, which is less than 0.1% of current energy composition, will 

                                                           

10 The elasticity is calculated based on 34 OECD countries’ historical data from 1986-2005.  
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reach 3% by 2030, according to our new forecast. This target implies an average 
growth rate of 34% in the coming 18 years. We also revised up our forecast of annual 
average growth of wind and nuclear from 13% to 15% and from 16% to 17%, 
respectively, for 2013-30. As for hydro power, we forecast a modest annual average 
growth rate of 6.6% due to its environmental impact and constraint of total water 
resources (Figures 24-28). 

Figure 24: Natural gas annual consumption (million tons 

standard coal): old target versus new target  

 Figure 25: Nuclear power annual consumption (million 

tons standard coal): old target versus new target 
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Figure 26: Hydro power annual consumption (million tons 

standard coal): old target versus new target 

 Figure 27: Wind power annual consumption (million tons 

standard coal): old target versus new target 
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Figure 28: Solar power annual consumption (million tons 

standard coal): old target versus new target 
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Source: Deutsche Bank, NBS   

The immediate reaction from many readers to our seemingly aggressive projection of 
the energy mix change is “whether it is technically feasible”. We will discuss the 
technical feasibility of each individual alternative energy source in detail later, but at 
aggregate level, it is useful to look at what has already been achieved in OECD 
countries. Figure 29 below shows that in 2020/11 clean energies (including gas, 
nuclear, wind, solar and hydro) already reached 42% of total energy consumption in 
OECD countries on average, vs. only 13% in China. Note that in France, this ratio has 
reached 62%. The vast cross-country difference in the ratio of clean energy contribution 
simply suggests that political will and the accompanying fiscal spending is the single 
most important factor in determining a country’s progress in clean energy 
development, while technology is not a major obstacle. Given these success stories, the 
discovery of more natural gas, shale gas and CBM resources in China, as well as the 
ongoing technology advancement in reducing the costs and improving the stability of 
wind and solar power, we believe it is reasonable to expect China’s clean energy to rise 
to 27% of total energy consumption in 2020 and to 46% in 2030  
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Figure 29: Clean energies as % of total energy consumption reached 42% already in 

OECD countries 
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Source: Deutsche Bank, Statistical Review of World Energy 2012 

Gas 
We believe that natural gas provides the biggest upside in terms of its potential 
increase in clean energy contribution to China’s energy mix. China’s 12th Five-Year Plan 
for Natural Gas Development aims at an annual gas consumption of 230 billion cubic 
meters (bcm), implying a 15% CAGR from 2011 consumption of 130bcm. This target, 
largely in line with our new forecast, is feasible, in our view. With proper incentives 
(such as a better pricing mechanism), natural gas will be able to make up 12% and 18% 
of China’s primary energy consumption in 2020 and 2030, respectively. 

According to the 2010 evaluation of oil and gas resources, China’s recoverable 
conventional gas reserve is estimated to have reached 22tr cm (tcm), while CBM 
recoverable reserve (at depths of less than 2,000 meters) and technically recoverable 
shale gas amount to 10.8tcm and 25.1tcm. These vast reserves, especially those of 
unconventional gases, which are 1.6 times the conventional one, suggest a potential 
“high gas scenario” for China. NDRC has set goals of 6.5bcm and 16bcm for CBM and 
shale gas production by 2015. While those numbers are small compared with total gas 
consumption, we believe these unconventional energy sources will likely become the 
growing poles for future clean energy strategy.  

To achieve this target, the government together with the private sector will invest 
heavily in R&D, exploration, production, pipelines and infrastructure. As per the 
government’s plan, the national transportation network compromising West-East, 
Sichuan-East, Shaanxi-Beijing and coastal pipelines will be established in the next few 
years. 18% of urban population (250 million people) will have access to household gas 
by then. Compressed natural gas (CNG) programs to replace petrol or diesel will be 
expanded to more cities (already available in Beijing and some western provinces) and 
more subsidies will also go to the transportation sector to encourage buses and taxis to 
run on gas.  
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We are confident in the environmental benefits of such an expansion, as natural gas 
generates much lower particulate emissions than coal and oil. NDRC has suggested 
that, with the 2015 NDRC target achieved, the increased 120bcm natural gas 
consumption from 2010 will mitigate annual SO2 emissions by 5.8 million tons11, 
equivalent to 28% of current national SO2 emissions. From the perspective of car 
emissions, a Tsinghua University study has shown that buses fueled by natural gas emit 
only 0.005g of PM2.5 per kilometer drive, a 93% reduction compared to National IV 
diesel fuel12 (Figure 30).  

Figure 30: PM2.5 emission by bus fueled by gas and diesel (g/km driving) 
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Nuclear 
Nuclear power provides 15% of the world's electricity, but its proportion stands as low 
as 1.9% in China. The development of nuclear energy is largely determined by central 
government policies. The original target set by the 12th Five-Year Plan is to quadruple 
the 2010 capacity of 10.8GW to reach 40GW within 5 years, implying a 2020 goal of 
80GW. However, China has slowed its pace in constructing new nuclear plants after the 
Fukushima accident due to safety considerations. Despite this tentative setback, we still 
forecast a double-digit CAGR for the industry, as 1) the country will be hungry for clean 
energies in the coming years as many other alternative resources like solar and wind 
are too small in size to make a meaningful contribution to the change in energy mix, 2) 
China has officially adopted the safest third generation nuclear technology (AP1000) as 
a standard for inland nuclear projects, and has already built four AP1000 nuclear 
generators. We believe China’s nuclear power can make up 3.2% of total energy mix by 
2020 (a slight downward revision from the 80GW target).  

Hydro 
The latest national survey of hydro resources ended in November 2005 indicates that 
the gross theoretical hydropower capacity potential is about 694GW. Therefore, we 

                                                           

11 Natural Gas Development 12th Five-Year Plan, NDRC, China 
12 Tsinghua University & NDRC, The Vehicle Pollution Control in China, 2001 
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believe that hydro power, which currently provides 6.5% of the country’s primary 
energy consumption, has the potential to double its 2010 capacity of 213GW before 
2020. The National Energy Administration gives similar estimates, forecasting a total 
installed hydropower capacity of 420GW in 2020, implying a similar energy contribution 
to our forecast of 9.2%. For the period from 2020 to 2030, we forecast a relatively 
modest annual growth rate of 7%, taking into account the environmental controversies. 

Wind 
By 2020, the cumulative grid-connected wind power capacity will reach 200GW (up 
from 45GW of 2011), and the annual generated energy will surpass 390bn kWh, 
according to NDRC. This target translates into 2% of total primary energy consumption, 
broadly in line with our new forecast. Moreover, China’s Energy Research Institute (ERI) 
gives a long-term capacity roadmap of 400GW by 2030, which implies a similar growth 
rate to our forecast. As the country’s wind power potential is estimated to be between 
2TW and 3.4TW by the Fourth Wind Survey conducted by China Meteorological 
Administration, we believe that these targets are achievable by strengthening priority 
grid access, amelioration of power distribution and transmission, establishing a market-
based power pricing system as well as development of offshore wind power. Currently, 
offshore wind is still in its pilot stage, with technologies relatively mature for water 
depths of 5m to 25m and being developed for depths of 25m to 50m. ERI research 
indicates that China’s exploitable potential of offshore wind source (water depths 5m-
25m) is 500GW13, suggesting that a 30GW target (2020) set by the 12th Five-Year Plan 
Alternative Energy is feasible with adequate investment.  

Solar  
The 12th Five-Year Plan projects an installed solar power capacity of 50GW by 2020, up 
from the 2010 level of less than 0.86GW, which implies a CAGR of 50% between 2010 
and 2020. Our new forecast, which expects a CAGR of 42% from 2013-20, is actually 
less aggressive, taking into account the required fiscal subsidies (much higher than on 
wind). To achieve our forecast, the government still needs to provide strong incentives 
for private sector investment.  

In conclusion, we believe that our new forecast of clean energy growth (including 
hydro, nuclear, solar, and wind) is broadly consistent with relevant government 
agencies and specialists’ forecasts, technically feasible, and supported by China’s 
available resources. The key question is whether the government will demonstrate 
strong enough willingness and allocate sufficient fiscal incentives to support the 
development of these industries.  

Reduce coal emissions by 6% per year via clean tech  

As part of our PM2.5 emission reduction package, desulphurization and denitration in 
coal burning should accelerate to achieve a 6% annual average reduction in emissions 
in the coming 18 years, in order to reduce coal-related unit emission by 69% by 2030. 
This target should be achieved by: 1) installation and higher operation rate of 
desulphurization and denitration facilities; 2) closure of small, inefficient power plants; 
3) industrial consolidation; and 4) stronger regulation support and implementation.  

China has made some progress in SO2 emission control during the past years. In 2011, 
87% of power plants have installed desulphurization facilities. However, we believe the 

                                                           

13 International Energy Agency & China Energy Research Institute, Technology Roadmap China Wind Energy 
Development Roadmap 2050 
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coal-emission control is far from perfect as desulphurization installation has yet to reach 
100% for power plants, only 14% of plant plants have installed denitration facilities, and 
many power plants do not run these facilities even if they are installed. We believe 
China will have to accelerate its pace in desulphurization, denitration and primary PM 
control during coal burning.  

Germany has set an example for China in this field. From 1990-2010, with coal 
consumption falling by only 40%, Germany cut its SO2 emission by 90% and NOX by 
55%. The desulphurization of thermal power plants took the lead, by cutting their 
annual SO2 pollution from 2.4mn to only 0.1mn tons (Figure 31).  

Figure 31: Germany coal consumption vs. SO2 emission 
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In China today, despite the 87% desulphurization facilities installation rate, many power 
plants do not turn on these facilities in order to reduce costs. MEP data suggests that 
the operation rate is 95%, but anecdotal stories suggest a lower rate. Among all the 
operating facilities, the comprehensive desulphurization rate is only 73.2%. Official 
figures imply that only 64% (87%*73%) of sulphur emission by thermal power sector is 
controlled, while expert estimates are even less optimistic14. As a result, SO2 emission 
per ton of coal consumption in China is as high as 0.0063, equivalent to the level in 
Germany in 1994 and four times that of Germany today (Figure 32). Thus, China still has 
significant potential in desulphurization. We believe the total desulphurization rate 
should be raised by 6% per annum to reach 90%, resulting in a total sulfur-related 
reduction of 73% from its current level. The key measures to achieve this goal should 
include: 1) 100% installation of facilities; 2) 95%+ operation rate via stricter 
enforcement by environmental agencies; 3) a ban of flue gas bypass to result in a 90% 
comprehensive desulphurization rate of 90%.  

                                                           

14 Project explanation document of Management technical specification of the operation of flue gas treatment facilities 
of thermal power plant 
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Figure 32: SO2 emission per ton of coal consumption 
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Beyond that, as NOX emission from coal burning, which contributes to secondary 
particle formation, has doubled during the past 10 years, more attention should be paid 
to denitration. Given the current installation rate of denitration facilities is merely 14%, 
we believe growth acceleration of at least 3ppts is achievable. The MEP should firstly 
ensure a 100% denitration facility installation in plan plants with 200MW+ units and an 
effective rate of 85% by 2015. Such standards should be later expanded to small and 
medium plants. As for primary particle control, bag-filtering dust precipitator, a new 
technique which removes 80+% of direct PM emission during combustion, is also likely 
to be popularized. 

Moreover, as IPPs only account for 52% of total coal consumption in China, emission 
from other industrial sectors and households’ coal usage should be taken into account. 
The cement sector alone emits 10% of the national NOX and 5% of SO2. We believe 
strong regulations should be implemented regarding denitration in the sector. With the 
new Emission Standard of Air Pollutants for Cement Industry having come into force in 
January 2013, a comprehensive denitration rate of 50% will be reached prior to 2015 
for plants with capacity above 4,000 tons/day. Similarly, fuel gas denitration facilities 
should be promoted in other industries, while central heating systems should be the 
major remedy for household coal burning.  

Reduce 2030 passenger car ownership target to 250mn  

Our policy package for PM2.5 reduction requires a 51% decline in transport-related 
emissions by 2030. This 51% should be decomposed into several sources: a slowdown 
in car traffic growth, a 78% reduction in car emission via higher fuel quality and car 
emission standards, a 20% increase in fuel efficiency, and faster growth of the much 
less polluting railway/subway traffic (at 7.1% p.a. vs. overall traffic growth of 5.5%). 
Given the parameters mentioned above, it implies that car traffic growth needs to be 
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controlled at an annual average rate of 4%. Assuming that the car usage rate will 
decline by 22% in the coming 18 years15, this 4% annual average car traffic growth 
implies that the number of passenger vehicles (PVs) should grow from the current 
90mn to about 250mn in 2030.  

While the government does not have an official target for car consumption growth, 
many sector experts expect the total number of PVs in China to rise to about 400mn by 
2030 and one economist has even forecast a peak number of 750mn units. Their 
argument is that even with 400mn cars, China’s PV penetration (defined as the number 
of PVs per 1000 people) will remain as low as 28%, far lower than 63% in the US and 
about 46% in OECD countries.  

Our PM2.5 model shows, however, that China’s environmental capacity cannot 
accommodate 400mn passenger cars by 2030. We suggest, instead, a deceleration in 
the growth of car consumption in the coming 18 years, to ensure that the total number 
of passenger cars will be capped at 250mn by 2030. This means that the annual 
average increase in car sales will be about 5% from 2013-30, down from 20% p.a. in 
the past five years (2007-12).  

Our suggested target implies that China’s car penetration will be capped at about 18% 
in 2030. This is feasible, as long as China significantly increases its investment in 
railway and subway systems.   

Many would argue that a 18% PV penetration rate is too low relative to China’s 
development level in 2030 based on international experience. We disagree. Our 
calculation shows that China in 2030 will have a per capita GDP (in 2000 constant USD) 
of about USD 9,357, based on 6.8% annual average GDP growth in the coming 18 
years. This is similar to the per capita GDP level (also measured in 2000 constant USD) 
in most OECD countries around 1965 (USD 9,631), when the passenger car penetration 
rate was on average 14% (140 cars per 1,000 people). Therefore, our projection of 
China penetration reaching 18% is in fact slightly higher than the OECD average in the 
early 1960s. One should not compare with the US where population density is much 
lower (than China and Europe) and energy policy has encouraged excessive fuel 
consumption.  

Beyond 2030, we believe that China’s PV penetration could grow further and eventually 
peak at 40-50% in 2050-60. At a 40% penetration rate, China’s PV ownership will reach 
600mn cars. This is possible as clean energy technologies could be so developed then 
that car-related emissions will be much lower than we can imagine today.   

                                                           

15 In the past 20 years, the KM driven per car has declined by 10-15% in major European countries. This is because 
that the development of the public transport systems allows people to commute more cheaply and conveniently with 
subways and railways. Therefore, car traffic growth tends to grow at a slower pace than car ownership. We believe 
that China should adopt a more aggressive policy to develop its public transport system and as a result the KM driven 
per car can slow even more quickly than in Europe. See http://www.economist.com.hk/node/21563280 
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Figure 33: Passenger car penetration, OECD in early 1960s vs. China 2030 
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Implement National V standard for gasoline and car emissions  

Although we expect new policies (e.g. introduction of a car license plate auction system) 
to slow the growth of car consumption growth, private vehicle (PV) possession will still 
be 250mn in 2030, 2.5 times the current level. The total number of on-road vehicles 
including PVs, trucks and buses will likely reach 290mn. In order to reduce PM2.5 from 
road transport, China will have to implement stricter (namely moving from National III 
to National V) standards for gasoline (both petrol and diesel) and for car emissions. We 
estimate that the full implementation of the National V standard will cut auto emissions 
per car by an average of about 78% from its current level. This, together with a 20% 
increase in fuel efficiency16 and a 22% reduction in car usage rate (KM driven per car)17, 
imply that total road emissions could fall by 64% in 2030 from the current level. This 
64% road emission reduction forms part of our PM2.5 reduction package.  

Upgrading fuel standard to National V 
PM emissions are directly related to the fuel sulfur content. During combustion, sulfur 
in fuel converts into direct PM emissions and SO2 emissions that can lead to secondary 
particle formation, regardless of car emission control. Therefore, a reduction in sulfur in 
fuel can result in lower PM. 

China’s National IV standard for automobile gasoline requires sulphur content to be no 
more than 50ppm (parts per million). However, only some developed regions, including 
Shanghai, Guangdong, Jiangsu, and Zhejiang, adopted the National IV standard, while 
other regions still adopt the National III standard, which allows sulphur content of as 
high as 150ppm. Beijing is the only city to adopt the National V standard this year, 
which is equivalent to the Euro V standard in terms of sulphur content (below 10ppm). 

On February 6, the State Council issued a timetable to upgrade fuel quality. According 
to this timetable, the General Administration of Quality Supervision and the Inspection 

                                                           

16 In the past 20 years, fuel efficiency in European countries rose by 15-20%.  
17 See footnote 15.  
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and Quarantine and the Standardization Administration will issue the National V 
standard for automobile petrol, with sulphur content within 10ppm, before the end of 
2013. The National IV standard for automobile diesel, with sulphur content within 
50ppm, will also be issued and the transition time will expire at the end of 2014. By the 
end of June 2013, National V standard for automobile diesel, with sulphur content 
within 10ppm, will be issued. The transition period of National V standard of both petrol 
and diesel is before the end of 2017 (Figure 34).  

Figure 34: Timetable for implementing National V standard for gasoline 
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Automobile Diesel National II National III National IV National V
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Source: China’s Standard Administration  

Upgrading car emission standard to National V 
Even after petrol and diesel have met the National V standard in 2017, it will take a 
number of years for all vehicles to reach the equivalent emission standards, as the 
replacement of old, compliant cars will take longer. We expect 2022 as a likely date by 
which all vehicles will meet the National V requirement. We believe this timeline is 
technically achievable, based on international experience. In European countries, it took 
4-5 years to complete the upgrade from Euro III to Euro IV and another 3-4 years from 
IV to V standard.  

Given these timetables, we estimate that emission per vehicle could be reduced by 78% 
from current levels due to higher fuel quality and emission standards. This estimate is 
justified by a combined reduction from both passenger cars and commercial vehicles. 
In 2011, national air pollution related to mobile sources was 46mn tons. Apart from 
35mn tons of CO (non-PM contributor), other PM-related emissions compromise 5% of 
direct PM, 55% of HC and 37% of NOX. Both NOX and HC in exhaust fumes also turn 
into secondary PM2.5 in the air. We also know from the MEP Annual Report on mobile 
pollution that passenger cars account for 70% of HC, 30% of NOX and less than 10% of 
PM, while diesel burning vehicles emit 90% of PM, 70% of NOX and 30% of HC.  

Given the National III, IV, and V emission Limits Regulations on cars (Figure 35), we 
conclude that a weighted average reduction rate of total pollution from National III to 
National V will be about 60% (NOX 63%, HC 50% and direct PM 99%). Experts and 
officials hold similar opinions 18 In addition, China still has 46% National II or even lower 
standard vehicles on the road, which implies that the emission reduction could be even 
more significant if the government enforces that these old cars must be scrapped. We 
therefore estimate that an upgrade to National V for both cars and gasoline could 
reduce emissions per car by about 78%. Also, if the government introduces new 
incentives for purchasing low-emission vehicles such as high-efficiency cars and 
electric cars, emissions could be reduced further.  

                                                           

18 According to Cai Zhigang of Shanghai Environmental Protection Bureau, an upgrade from National IV to National V 
for both cars and gasoline can reduce emissions by 50% (http://news.xinhuanet.com/fortune/2013-
02/06/c_114636514.htm). According to a spokesperson of the Technology Standard Department of the MEP, the full 
implementation of National V standard can reduce NOX by 25-28% and particulates by 82% from the current levels.  
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Figure 35: Limits and standards: reduction due to change from National III to IV 

  National III National IV National V Reduction from III to V

Petrol 
vehicle 

CO (g/km) 2.3 1.0 1.0 -57%

HC (g/km) 0.2 0.1 0.1 -50%

NOX (g/km) 0.15 0.08 0.06 -60%

Diesel CO (g/km) 0.64 0.50 0.50 -22%

NOX (g/km) 0.50 0.25 0.18 -64%

PM (g/km) 0.50 0.025 0.0045 -99%
Source: MEP, Deutsche Bank 

As for efforts to be made by industries, some automobile producers need to upgrade 
technologies to produce cars that meet the National V emission standard. Most JV 
producers have no problem in meeting the standard as they are already producing 
using the Euro V standard. But many local producers will have to catch up. In terms of 
oil refining, China’s two largest refiners, Sinopec and PetroChina, own nearly 80% of 
China’s refining capacity. They need to upgrade their refining equipment to produce 
stricter standard gasoline. This will increase their capital expense and push up the 
gasoline price. The details are discussed in the next part. 

Increase railway length by 60% from 2013-20 

Relative to road and air transport, railway transport is a much less pollutant mode. For 
example, in terms of energy-related emissions, high speed rail only represents between 
1/8 and 1/16 of that from highways and air travel. Figure 36 shows the energy 
consumption comparison between the three transport modes: 

Figure 36: Comparison of energy consumption by transport mode (fuel consumption 

per passenger km by conventional railway = 100)  

-

500 

1,000 

1,500 

2,000 

2,500 

High speed rail Highway Air transport

Source: Zheng Qipu, “Beijing-Shanghai High Speed Railway and Environmental Impact”, Journal of Railway Engineering Society, March 1998. 
http://wenku.baidu.com/view/5d3520d5b14e852458fb57ed.html 

However, the current government plan for building railway remains too conservative in 
our view, as it has been hampered in part by the railway accident in Wenzhou two 
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years ago and the financing difficulties facing the Ministry of Railway. The current 
government plan is to increase the total length of railways to 120,000km by 2015, up 
from 90,000km in 2011. For 2020, there is no official target, but the current trend 
suggests a likely target of 140,000km. This means that, even by 2020, China’s railway 
density will remain only 1/8 of the OECD countries’ average (Figure 37).    

Figure 37: Railway density (km per 1,000 persons) 
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Source: Deutsche Bank, China Railway Yearbook.  

Our calculation, based on a top-down approach that translates the emission reduction 
target to the increase in public transport traffic, shows that railway/subway traffic (of 
which 95% is railway traffic) needs to grow at 7.1% p.a. if road traffic growth is to be 
controlled at about 4% p.a. Assuming a railway traffic elasticity to railway length of 
1.319, it requires an increase in the total length of railways by 160% from 2013-30 
(Figure 38). This implies that the total length will have to rise by about 5.5% per year 
during this period, reaching 256,000km by 2030 (Figure 38). For 2013-20, we expect 
higher annual average growth rate (due to lower base and relatively strong traffic 
growth compared with 2020-30). This results in a railway length target of 160,000km 
for 2020, 63% higher than the length in 2012 (98,000km) and 15% higher than the 
current forecast for 2020 (140,000km), see Figure 39. 

If this forecast materializes, China’s railway density will rise to 0.18km per 1,000 people 
in 2030, about 26% of that in major OECD countries. 

                                                           

19 This elasticity reflects the increase in efficiency, including from the higher percentage of double tracks, higher 
dispatch frequency, etc.   
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Figure 38: Decomposing traffic growth to road and railway/subway, annual average 

2013-30 

GDP growth 6.8% 

Traffic growth  5.5% 

  Road traffic growth 4.0% 

  Railway/subway traffic growth 7.1% 

   Railway traffic growth 6.6% 

   Subway traffic growth 17.0% 

  Railway length growth  5.5% 
Source: Deutsche Bank estimates 

Figure 39: Old vs. new growth forecasts for total length of railways 
Old forecast New forecast

Growth from 2013-20 43% 63%

Length in 2020 (1,000km) 140 160

Growth from 2020-30* 37% 65%

Length in 2030 (1,000km) 178 255
Source: Deutsche Bank estimates 

Increase subway length fourfold from 2013-20  

The government’s plan is to increase the total length of subways to 7,000km by 2020, 
up from the current 2,000km. However, we believe that this target is too modest, and is 
inconsistent with the required reduction in car exhaust emissions in cities. Based on our 
PM2.5 forecast model, we suggest that the total subway length should be raised by 
about 40% to near 10,000km (from the current 7,000km), and should be further 
increased to around 33,000km by 2030, in order to accommodate the required 
reduction in the growth target for car consumption growth in urban areas.  

Based on data from Beijing, Shanghai and Wuhan, we estimate that the current 
composition of transport mode in Chinese cities is roughly: 46% by private cars and 
taxies, 7% by subways and light rails, and 47% by buses. This implies that if traffic by 
private cars can only grow 4% per year (needed for PM2.5 reduction), then urban public 
transport has to grow 9% per year in order to satisfy the need to grow overall traffic by 
6% per year (a slightly higher rate than the 5.5% for the country as a whole). Given that 
energy efficiency and energy-related emissions are much lower for subways than for 
vehicles on the road, as well as the speed advantages of subways, we believe that 
subway transport (total passenger km) should grow at 17% p.a. vs. 6% p.a. for buses 
between 2013 and 2030. Note that this 17% annual average growth will bring China’s 
subway density (subway length as % of urban population) to about 75% of the current 
average of developed cities in the world.  

Given this 17% annual average growth in next 18 years, and assuming the growth of 
the subway length is higher (at 22% p.a.) from 2013-20 and lower (13% p.a. due to a 
larger base) from 2020-30, it implies that the total length of subways will need to rise to 
around 10,000km by 2020 (five times the current length), and to 33,000km by 2020. In 
other words, the target for the 2020 subway length should be raised by about 40%, and 
it should grow another 230% from 2020-30 (Figures 40-41).  
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Figure 40: Forecast of traffic growth by transport mode in cities, 2013-30 

 2012 2013-30 2030

 Weight CAGR weight

Cars/taxies 46% 4.0% 26%

Buses 47% 6.5% 41%

Subways 7% 17.0% 33%
Source: Deutsche Bank estimates 

Figure 41: Total length of subways: government plan vs our forecasts (km) 
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Source: Deutsche Bank, China City Rail Transit Association 

Changing incentives via policy reforms  

The above discussion focused on the need for a faster shift in the energy mix and 
higher usage of the public transit system. In this section, we will discuss another 
fundamental issue: how to incentivize firms and consumers to reduce or slow the 
growth of coal and auto consumption, switch more quickly to alternative energies, and 
chose to travel more with the public transit systems.  

Firms and consumers make decisions on the types of energies largely based on prices. 
Therefore, it is of paramount importance to correct the ongoing distortions in the 
energy and environmental pricing systems. Specifically, the key reason for excessive 
consumption of coal and auto is that the costs of consuming them are too low, i.e. their 
current prices do not reflect the negative externalities they generate (in terms of 
pollution and its future health implications). And the key reasons why alternative 
energies and subways are not as widely used as they should be is because their prices 
(costs) are too high and supply is not readily available. Given these reasons, the 
solutions should be quite straightforward. They should include the following: 

1.  Further raise the resource tax especially on coal. Currently, the resource tax on 
coal is only equivalent to about 0.7% of output value based on Shangxi data. 
We think it should be raised by several times, and eventually to 5%, in order to 
contain demand growth. According to a study by Jiao Jianling, demand 
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elasticity of coal to coal price is 0.96. This conclusion suggests that a 2% 
annual reduction in coal demand growth (our new forecast vs. old forecast) 
requires roughly a 2ppt in the resource tax on coal each year in the coming two 
years.20  

2. Further raise the environmental levies (or taxes) on emissions especially from 
coal burning. Currently, from a firm’s perspective, paying a fine at the current 
price is cheaper than installing a treatment facility. Such levies have to be 
raised to a level that incentivizes the adoption of treatment facilities. For 
example, the environmental levies on SO2 emission should be raised several-
fold in order to reach the European level (Figure 42).  

Figure 42: Environmental levies on SO2 emission (USD per kg) 
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3. Raise the costs of owning private cars by adopting a car plate auction system.  
In Singapore, the additional cost of owning a private car (including the price of 
car license plate, import duty, registration fees, etc.) is about 400% of the 
original car price. The Singaporean government has implemented a range of 
measures to manage car ownership and usage. These include the Certificate of 
Entitlement (COE), vehicle taxes, registration fees, Vehicle Quota System 
(VQS), road taxes and Electronic Road Pricing (ERP). The COE scheme (a car 
licensing plate auction scheme) aims to peg long-term vehicle population 
growth at 3% a year.21 All motor vehicles imported into Singapore are slapped 
with a customs duty of 41% ad valorem. All fees and taxes increase the final 
price of a mid-sized car by nearly 400% from the original import price 
(exclusive of import duty). In comparison, fees and taxes on car ownership in 
Beijing are about 38% of the original car prices. This is one of the reasons why 

                                                           

20 Jiao Jianling, “A study on short and long term demand elasticity of coal,” Industrial Technical Economics, Vol. 26-4, 
April 2007.   
21 http://sg.xinhuanet.com/2013-01/11/c_124216130.htm 
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car penetration rate in Beijing is now 1.5x of that in Singapore, even though 
Beijing’s per capita income is only 1/8th of the latter (Figure 43).  

Figure 43: Fees and taxes on cars as % of car price 
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4. Incentivize the investments in new energies. Currently the Chinese government 
allocates 0.2% of its fiscal expenditure to subsidize new energy development, 
vs. 0.4% and 0.7% in the US and Germany (Figure 44). This ratio has to be 
raised a few times in China to significantly improve the supply of new energies. 
As we point out later in this report, these additional fiscal costs should be 
largely absorbed by the additional revenues from higher resource and 
environmental taxes/levies and car plant auction incomes.  
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Figure 44: Government subsidies on new energies as % of government spending, 

2011/12  
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Other measures 

There are many other measures that the government will need to undertake, in addition 
to the key policies outlined above. These measures should at least include: 

1. Prohibiting the usage of old vehicles that do not meet minimum emission 
standards.  

2. Constructing a large number of central heating systems in Northern Chinese 
cities.  

3. Relocation of newly approved coal plants to less densely populated 
west/central area.  

4. Further emphasis on energy efficiency, by promoting the usage of energy 
efficient cars and energy savings technologies in industry and construction.   

5. Application of stricter dust control policies to construction works.  

6. Planting more trees.    
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Implications for economy and 
fiscal costs 
Many questions have been raised by environmental experts, economists and 
government officials in our recent discussions with them when we conduct this study. 
Some technical questions such as the availability of alternative energy sources (such as 
natural gas) were already discussed in the last chapter. In this chapter, we will address 
several macro-level issues:  

 Will the very aggressive policy package proposed in our study drastically 
reduce economic growth?  

 Will it cost the government a lot of money to implement these policies and 
can the government afford it?  

 Will these policies push up inflation, as many of these would imply higher 
costs for consumers and firms?  

In the following sections, we will answer these questions. Our key conclusions are that 
the proposed policy package is consistent with a 6.8% annual average GDP growth in 
the coming 18 years, and the fiscal costs of implementing these costs can be largely 
financed by the increase in environmental levies and higher resource taxes, and the 
inflationary pressure is modest (about 0.1ppts per year).  

Our proposal is consistent with 6.8% GDP CAGR from 2013-30  

Although our policy package envisions a 0.8% annual average reduction in coal 
consumption from 2013-30, we do not require a reduction in total energy consumption 
during this period. In fact, we allow a 3.4% annual average increase in total energy 
consumption, which is based on an energy elasticity of 0.5 to GDP growth and 6.8% 
annual average real GDP growth. The elasticity of 0.5 is achievable via a structural shift 
in the economy (towards services) and wider application of energy saving technologies. 
This point is illustrated in Figure 45, which shows that China’s energy intensity remains 
twice the level in OECD countries. By applying an energy elasticity of 0.5 to the next 18 
years, it only requires China’s energy intensity to drop by 53%, to a level that is still 
slightly higher than the current OECD average.  
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Figure 45: Energy intensity (primary energy consumption, tonnes oil equivalent per mn 

USD GDP, 2011) 
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Source: WDI, BP statistical review of world energy 2012, Deutsche Bank 

This means that our target for energy consumption is technically feasible and is 
consistent with an annual average GDP growth rate of about 6.8%. This annual rate of 
GDP growth is even considered as optimistic by many observers. If one adopts a slower 
GDP growth rate but the same energy elasticity, it would allow an even faster reduction 
in total energy growth and earlier achievement of the PM2.5 target.  

In addition, one can look at the UK experience as a reference to the growth impact of a 
major energy mix change. Figure 46 shows that although UK’s coal consumption 
declined drastically during 1950-80s, and as a result air quality improved significantly, 
its GDP growth remained largely steady during this period. This means that stability of 
GDP growth is practically achievable during a drastic energy mix change and 
aggressive air quality control.  
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Figure 46: UK: coal consumption, GDP growth and air quality, 1950s-90s 
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At the sectoral level, the simple reason why our proposal policy does not necessarily 
lead to a deceleration in GDP growth is that, while coal and auto consumption growth 
declines relative to our base case (no reform), new energies, railways, subways and 
telecommunications sectors expand more quickly than before under our reform 
scenario. Our calculation shows that, in 2020, the decrease in GDP from the coal and 
auto sectors due to our proposed policy changes (relative to base case) is largely offset 
by the increase in the beneficiary sectors such as new energies and public 
transportation (Figure 47).  

Figure 47: Changes in GDP by sector due to tougher environmental policies, 2020 (in 

2011 price, RMBbn)  
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Impact on fiscal balance is neutral  

A common perception is that implementing an aggressive anti-pollution package (like 
the one we suggest in this report) would involve significant costs for the government 
(fiscal cost), corporate (higher costs) and consumers (higher inflation). In this section, 
we attempt to quantify the fiscal costs for the government.  

The main fiscal cost facing the government is the required amount of subsidies for 
developing clean energies. Other policy actions, including those to limit the growth of 
coal and auto consumption, may in fact be contributing more revenues to the 
government as they will involve higher environmental and resource taxes, as well as fee 
incomes from car license plate auctions. It is therefore important to estimate the net 
fiscal implications for the government. Implementing the National V standards for 
gasoline and car emissions will result in higher fuel costs and car prices, and these 
costs will be absorbed by the corporates and consumers. We will discuss these non-
fiscal costs in other subsections of this chapter.  

China’s clean energy subsidies are mainly for wind and solar power, electric cars, as 
well as for implementing clean air technologies. Presently, wind power producers 
receive a subsidy of RMB0.21-0.28/kwh, and solar power producers receive about 
RMB0.5/kwh. If wind, solar and electric cars should develop at the pace that we expect, 
the additional annual fiscal subsidy (increase from the past year) required from the 
government will be less than 0.02% of GDP per year in the coming three years. This can 
easily be covered by the additional fiscal revenue from the increase in the resource tax 
rate on coal to 5% from the current 0.7%. If environmental levies on air pollution and 
fees from car license plate auctions are also taken into account, our preliminary 
estimates show that the government will even improve its fiscal balance.   

In short, we believe the fiscal costs of our policy package are manageable. The extra 
fiscal subsidies needed for new energies, electric cars, and clean tech applications can 
be absorbed by the increase in the resource tax rates, higher environmental 
levies/taxes, and car license plate auction income. Therefore, on a net basis, the 
strategy should not necessarily lead to a higher fiscal deficit.  

Impact on CPI is only 0.1% per year  

The costs for companies are in the form of higher energy prices (due to, for example; 
additional costs for installing and running emission control facilities, higher gasoline 
standards, and higher car prices). Given that the government is committed to 
liberalizing resource prices, at least part of these cost increases will pass through 
consumers via higher selling prices for power, gasoline, and cars. Therefore, the impact 
on companies such as coal and auto producers will largely be reflected in their slower 
volume growth, but also to some extent via reduced profit margin due to lower pricing 
power as demand growth weakens (not via price control, though).  

The impact on consumers will be expressed in the higher power, gasoline, and car 
prices. Our calculation shows that the reforms we envisage may result in a 5% increase 
in gasoline prices (due to the implementation of the National V standard), a 3% rise in 
the average price of automobiles (due to the requirement of National V emission 
standard), as well as 5% rise in power tariffs (due to stricter requirement for 
desulphurization, denitration and subsidies for renewable, as well as higher resource 
taxes on coal), and a 30% rise in natural gas prices (as part of the existing reform plan). 
Some specific details are discussed below.  
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1. Desulphurization/denitration and power tariffs: According to Xu Fangjie from 
ChangCe Thinktank, accelerating desulphurization will not push up power 
tariffs, as China has already implemented a RMB1.5 cents per kwh increase 
based on the fare for desulphurized electricity. As for denitration price, the 
estimate from State Electricity Regulatory Commission shows that the price 
increase will be 1 cent per kwh. 

2. Euro V standard for gasoline: According to C1 Energy, 64% of Sinopec’s 
refining and 23% of PetroChina’s refining can supply National IV standard 
gasoline. If Sinopec and PetroChina upgrade all their refining capacities to 
National IV level, they need to invest between RMB50bn and RMB60bn. 
Another RMB88.7bn will be needed for Sinopec to further upgrade its refining 
to National V level and RMB129.6bn for PetroChina. That means a RMB22.2bn 
and RMB32.4bn investment in four years, accounting for 30% and 24% of 
Sinopec and PetroChina’s profits in 2011. For most cities in China, the usage of 
Euro V standard gasoline will increase the fuel price by RMB0.34/L.  

3. Vehicle emission standard and car prices: According to Limits and 
Measurement Methods for Emissions of Pollutants From Light-duty Vehicles 
(China Fifth Stage) (Draft), the production cost of a 2.0L light-duty vehicle will 
be RMB2,000 higher than that based on National IV standard. We expect that 
customers will bear 80% of the increase (RMB1,600) and vehicle producers 
20% (RMB400).  

Based on the above, our CGE model (which reflects the second and third round impact 
of price changes) shows that the cumulative CPI impact is about 0.3%. If these 
measures are implemented gradually within three years, the annual average impact is 
only 0.1ppt on CPI inflation.  
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Sector and market 
implications 
The previous chapter presented a set of sector targets and policies that are consistent 
with the objective of reducing PM2.5 to 35 by 2030. While these proposals are 
indicative in nature, we are confident that actual policy changes will move in the same 
direction as suggested. This means a significant reduction in coal consumption growth 
and a de-rating of its market valuation over the medium term. On the contrary, gas, 
nuclear, wind, solar and railway/subway construction will likely see meaningful upward 
revisions to growth forecasts in the many years to come. The impact on the auto 
industry appears to be limited as China’s export potential may compensate for its 
domestic sales deceleration. Following a discussion on these sectoral implications, we 
also present in this chapter a “China environmental basket” that should benefit from 
more aggressive anti-pollution policies.    

Loser # 1: Coal  

Our projection of coal consumption under the proposed policy package is substantially 
lower than current market consensus. Our new forecast looks for only 2% annual 
average growth of coal consumption from 2013-17, vs. our old forecast and market 
expectations of about 4% (Figure 48). If the long-term volume growth is reduced by 
more than half, and the sector’s pricing power and profit margin are also lowered due 
to weaker-than-expected demand, the market reaction could be a de-rating of 20% (e.g. 
the PE multiple contracts to 7x from 9x), according to cross-country data. We do not 
think it will happen in the very short term, but do believe it will come sooner than many 
investors’ perception. 

Our coal analyst, James Kan, believes that if the coal consumption scenario under the 
proposed policy package indeed materializes, China will potentially become a net 
exporter of coal again (currently China net imports about 200mt a year). That will 
impact the regional coal industry as well because China’s net import of thermal coal 
accounts for one quarter of international seaborne thermal coal market. By 2015, 
thermal coal price could be lower than the current level and marginal cost producers 
would be pushed out of the economical supply. For H-listed thermal coal stocks, 
Yanzhou Coal (1171.HK) would be the biggest loser as the company’s assets are 
generally of high costs and thus some of Yanzhou’s mines will no longer be 
economical.  



28 February 2013 

China Strategy 
 

Deutsche Bank AG/Hong Kong Page 47

 

 
 

 
 

Figure 48: China coal consumption growth: old vs. new forecasts 
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Loser # 2: Polluting raw material processors 

The forthcoming policy changes to fight pollution will result in higher prices for power, 
(partly due to higher coal prices reflecting more aggressive resource taxation and 
environmental levies), coal, natural gas, water, and automobiles. These changes will 
result in higher costs and lower margins for energy intensive sectors such as 
processors of steel, cement and non-ferrous metal, as well as chemical materials 
producers. In addition, higher environmental levies and stricter pollution standards will 
further reduce the profitability of these sectors. Our updated CGE model simulation 
shows that these sectors are likely to see margin compression in magnitudes as 
illustrated in Figure 49, assuming a 5% increase in coal, power and oil prices, a 30% 
rise in gas price, and a 3% rise in cost of owning cars.   
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Figure 49: Change in before-tax profit margin of raw material sectors relative to 

baseline (in ppt) 
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At the firm level, higher energy prices (especially power tariffs) will likely squeeze 
margins for most companies in these sectors at least initially. Tougher environmental 
standards and levies will severely impact smaller producers, while large producers that 
are already meeting the standards will be less affected. In the longer term, these policy 
changes will speed up industrial consolation, and major players may benefit from rising 
market shares as their smaller competitors exit from the industries.  

Winner # 1: Gas 

Our PM2.5 reduction model argues that the target for gas consumption growth should 
be raised to 14% p.a. from the current forecast of 10% p.a. from 2013-20. We have also 
shown that this is feasible given the significant discovery of non-conventional 
inventories of shale gas and CBM in China.  

If annual gas consumption growth is indeed boosted by 4ppts, the market reaction 
should be very positive for both the midstream and downstream gas players. However, 
the distribution of benefits depends on how much of the incremental volume will be 
supplied through downstream gas utilities. Downstream gas utilities will benefit less if 
most of the gas consumption increase is for gas-fired power plants, which are likely to 
source gas directly from the upstream. Both Kunlun (0135.HK) and Beijing Enterprises 
(0392.HK) have substantial exposure to the gas transmission business (Beijing 
Enterprises through its JV with Kunlun) and therefore should benefit in all cases.  

If the push for more gas consumption is also related to "gas-for-oil" replacement for 
vehicles, it will also benefit the vehicle refueling station business. Kunlun should be the 
key beneficiary given it is aggressively expanding its refueling station network currently, 
while ENN Energy (2688.HK) and Beijing Enterprises would also enjoy some meaningful 
upside. Other downstream gas distributors include Towngas China (1083.HK), China 
Gas (0384.HK), and China Resources Gas (1193.HK). In additional to gas utilities, gas 
equipment makers such as CIMC Enric (3899.HK) and Furui Special Equipment 
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(300228.CH) and unconventional gas players like Anton Oilfield (3337.HK) and Honghua 
(0196.HK) may also benefit. 

As for production of gas, the development of shale gas will require massive 
investments in drilling and exploitation, which will benefit China Offshore Oilfield 
Services (2883.HK). PetroChina (0857.HK), which accounts for the majority of gas 
production in China, should also see a rapid rise in conventional, shale gas and CBM 
production, although its contribution to overall PetroChina revenue will remain below 
10% in the coming few years. 

Winner # 2: Railways and subways 

We argued that in order to meet the PM2.5 reduction target, China will have to slow its 
car consumption growth and significantly increase its investments in railways and 
subways. Specifically, we forecast the need to increase the railway length by 60% and 
the subway length by four fold from 2013-20. These new targets are 15% and 30% 
higher than current forecasts for railway length and subway length, respectively. The 
impact of these changes will be highly positive for railway/subway construction, 
equipment makers, as well as their operators.  

These new targets suggest that the annual investment in railways will need to be at 
Rmb770bn for 2013-20, up from the current forecast of Rmb530bn under the 
government plan. For subways, the annual investment growth in subways should be 
increased to 17% from 3% per annum for 2013-2020. The implication for 
railway/subway construction is that the annual sales growth may be raised by 13 ppts 
from baseline forecast. 

At the company level, beneficiaries should include CRG (0390.HK), CRC (1186.HK), CSR 
Corporation (1766.HK), and Zhuzhou CSR (3898.HK).  

Winner # 3: Wind equipment and ultra voltage transmission 

Rising environmental concerns suggest further policy support for wind power. With a 
20% CAGR from 2012-20 in our new forecast, wind power will likely become a major 
substituent for thermal power. Wind power plants, equipment producers and ultra 
voltage transmission companies will likely benefit.  

We like major wind equipment companies especially, as the industry is at an inflection 
point after consolidation in the past two years. A sharp rise in new capacity installation, 
from 14GW in 2012 to 18GW in 2013 and even more in the coming years, will lead to 
resumed order growth and a rebound in turbine prices. We believe tier-one players are 
to solidify their market-leading positions in the new round of industry boom. Key 
beneficiaries include China High Speed Trans (0658.HK), Goldwind (2208.HK) and 
Harbin Electric (1133.HK). Wind power plants include Longyuan (0916.HK) will also 
benefit.  

Moreover, we believe China should and will likely reallocate power plants to less 
densely populated area, as most wind/hydro resources are located in remote south 
west/northwest provinces. More build-up of ultra high voltage transmission lines for 
supply power to the east is needed. Companies like TBEA (600089.CH), China XD 
Electric (601179.CH), Henan Pinggao Electric (600312.CH) and Baoding Tianwei 
Baobian (600550.CH) will enjoy more business opportunities.  
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Winner # 4: Clean tech 

Our PM2.5 model shows that China needs to reduce coal-related emission by about 
69% via the application of clean technologies such as desulphurization and denitration. 
The MEP recently issued a number of guidelines on tougher emission standards and 
more aggressive enforcement. Against this backdrop, we believe that investment in 
pollution treatment will pick up again from 2011’s decline and keep double-digit growth 
for the coming years.   

Figure 50: Pollution treatment investment to rise rapidly  
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The beneficiaries of these efforts include:  

1. Monitoring equipment. China has put in place stricter air quality standards and 
will extend the monitoring of PM2.5 to 113 model cities on the state 
environmental protection list and all cities in 2015. In all, China needs to invest 
at least RMB2bn on equipment and technologies to build a nationwide 
monitoring network.  

2. Central heating systems. Wang Anshun, acting mayor of Beijing, said that the 
city will replace 1,600 coal-burning boilers downtown and the heating systems 
of 44,000 aging single-story houses with clean energy sources such as central 
heating systems.  

3. Desulphurization and denitration equipment. As large part of PM2.5 comes 
from coal burning and industrial production, the government will require a 
higher rate of desulphurization, denitration, demercuration and dust control of 
coal power and industrial plants. Demand for the treatment facilities will rise 
rapidly.  

For clean tech beneficiaries other than wind, HK-listed environmental stocks include 
Guodian Science (1296.HK), China Ground Source Energy (8128.HK), Beijing 
Development (0154.HK). A dozen A share companies in this field are listed in Appendix 
A.  
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Mixed outlook: Auto 

The auto sector will likely to see some deceleration of domestic sales growth if 
aggressive policies are enforced to raise the gasoline standards (implying higher fuel 
prices), car emission standards (implying modestly higher auto prices), and a car license 
plate auction system is adopted by more cities (implying higher costs of owning a car). 
However, one should also take into account the fact that China may become a major 
exporter in the coming 10-20 years due to improvement in technologies and growing 
export competitiveness. And auto makers that produce electric cars and buses are likely 
to enjoy strong growth going forward as environmental policies change.  

Our PM2.5 reduction model suggests that the total number of passenger cars should be 
capped at 250mn by 2030. This translates into an annual average car sales growth of 
about 5% for the coming 18 years. We think the car sales growth can be distributed 
rather evenly (i.e. no sharp deceleration over time) as over the medium term the rising 
replacement rate (currently at about 4%, which is likely to rise to 13% by 2030) will help 
support the car sales growth from 2020-30. Therefore, in the coming few years, the 
market will likely adjust its expectation gradually towards a 4-5% sales growth, from 
the current pace of about 10%.    

The main upside risk for the Chinese auto sector is its export potential. With another 10-
20 years of development, China will likely see a significant increase in its 
export/production ratio. Currently, China only exports 3% of the PVs produced locally. 
By 2030, we believe this export ratio can easily reach 20% (note that major Japanese 
auto producers export more than 50% of their products today) and Chinese exports will 
take up 6-7% of global market share. This implies that China will be able to export 
about 6mn PVs per year in 2030. As a result, China-based production (including for 
domestic sales and for exports) will grow at about 7% p.a. for the coming 18 years. This 
outlook remains reasonably positive, compared with 2-3% annual sales growth for 
major auto makers in the Western countries.   

On electric cars, if the target for 2020 is raised from 1mn to 2mn, it would be positive 
for companies like BYD (1211.HK) in the longer term. In the short term, because of the 
lack of infrastructure (e.g. charging stations), it means no imminent impact to EV sales. 
Having said that, more auto manufacturers would probably step up their R&D in this 
area, which might increase their margin burden.  

The new environmental policy will likely re-emphasize the usage of buses as a more 
energy efficient and less polluting mode of transportation. The long-term growth of bus 
sales will likely exceed that of passenger cars. This is positive for companies such as Yu 
Tong (600066.CH) and King Long (600686.CH). 

Our “China environment basket”  

We constructed a “China Environmental Basket” which includes a list of stocks that will 
benefit from China’s more aggressive anti-pollution policies. These stocks are selected 
using the following criteria:  

1. They belong to sectors that are key beneficiaries of the major structural 
changes discussed in this report, including more drastic changes in the energy 
mix and higher investments on railway and subways. We also include a 
company that will benefit from higher investment in water treatment.  
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2. They are covered by Deutsche Bank analysts and most of them carry a Buy 
rating. 

3. Many of them are top Buys of our respective analysts in the sectors that they 
cover.  

4. Most of these stocks have a market cap of USD1bn.  

The EPS growth rates estimated by our analysts have not fully taken into account the 
potential changes in energy, transport, and environmental policies that we outlined in 
this report. Therefore, they will likely enjoy further upside potential in volume growth, 
pricing power, as well as policy incentives such as price subsidies and tax reductions. 
Even without taking into account these upside potentials, our analyst forecasts are 
already showing a PEG of 1.47 vs. MSCI China’s 0.6. We therefore believe that, over the 
medium term, this environmental basket should outperform the market index. The rest 
of this section provides our brief comments on these companies.  

Figure 51: Valuations of “China Environmental Basket” 
26-Feb PB

Company Ticker Sector Rating
 Price 
local 

M. cap 
(US$m)

2013 2014 2013

Kunlun Energy 0135.HK Energy Buy 15.76 16,437      14.6 13.0 2.5 15% 0.97 4%

China Railway Group 0390.HK Capital Goods Buy 3.98 11,232      8.7 7.5 0.8 17% 0.50 70%

CSR 1766.HK Capital Goods Hold 6.08 9,281        15.5 13.5 1.7 13% 1.21 31%

Beijing Enterprises 0392.HK Capital Goods Buy 59.00 8,433        16.5 13.0 1.5 28% 0.59 17%

Longyuan Power 0916.HK Utilities Buy 6.78 7,170        15.2 12.3 1.3 13% 1.19 44%

BEWG 0371.HK Utilities Buy 2.19 1,934        13.0 10.4 1.6 37% 0.35 46%

Goldwind Sci & Tech 2208.HK Capital Goods Buy 4.08 1,269        21.6 12.6 0.7 173% 0.12 55%

China High Speed Trans 0658.HK Capital Goods Buy 3.73 746           8.6 6.8 0.6 106% 0.08 59%

Average 14.2 11.1 1.3 50% 0.63 41%

MSCI China 9.7 8.8 1.4 7% 1.42 31%

PE 
Discount 

to 5Y 
AVG

PE
EPS 

CAGR 
13-14

PEG 
(2013PE/ 

EPS CAGR 
13-14)

Source: Deutsche Bank, Bloomberg Financial LP 

Kunlun Energy (0135.HK): Kunlun Energy (formerly known as CNPC (Hong Kong) is 
principally engaged in the midstream and downstream gas sales in mainland China. The 
company also involves in the exploration and production (E&P) of oil and gas. The 
company will benefit from both gas transmission and “gas-for-oil” vehicle business. 
The target price given by our sector analyst Eric Cheng is based on a sum-of-the-parts 
valuation, with c.80% of value coming from the midstream/downstream gas business 
and the remaining value largely from the upstream E&P business. It also includes the 
upside from an estimated RMB36bn of asset injections from PetroChina. 

China Railway Group (0390.HK): Our sector analyst Phyllis Wang thinks CRG is another 
key beneficiary of strong growth of railway and subway infrastructure capex. Phyllis 
has a Buy rating on the stock due to the likelihood of a better earnings outlook in 2013 
as well as attractive valuations. In her current forecast, railway and subway 
infrastructure capex will grow 6% and 25% in 2013, respectively, higher than market 
expectations. CRG is her sector top pick in the near-term given its highest subway 
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exposure and better new business development. CRG's net profit is forecasted to grow 
17% CAGR in 2013-14. The target price implies PEs of 12x for 2012E and 11x for 2013E. 

China Southern Rolling (1766.HK): CSR is a leading state-owned company, engaged 
primarily in rolling stock production (mainly high speed trains, locomotives, passenger 
carriages, freight wagons).  It is the largest rolling stock company in China, with a 40-
50% market share. DB’s infrastructure analyst Phyllis Wang currently rates CSR as Hold, 
mainly due to a weak near- term earnings outlook and valuations (CSR is trading at PEs 
of 17x 2012E and 15x 2013E). But, she suggests long-term investors accumulate CSR 
after 1H13 results and the Street cuts its earnings estimates. She is positive on CSR's 
long-term outlook not only because it benefits from China’s structurally solid demand 
for a rolling stock, but also because of its potential further expansion into overseas 
markets. We also believe that CSR is one of the major beneficiaries of the potential 
railway and subway plan expansion. 

Beijing Enterprises (0392.HK): Beijing Enterprises is one of the most integrated gas 
utility companies in China. The company has a very strong balance sheet, which could 
be leveraged. It also has a clear strategy to expand in the gas business. Our utilities 
analyst Eric Cheng expects the company’s earnings growth to accelerate, when the 
utilization of the midstream gas transmission pipelines and consumption by gas-fired 
power plants in Beijing start to ramp up. His target price for Beijing Enterprises is based 
on a sum-of-the-parts valuation. The majority of value comes from the gas business, 
which accounts for over 80% of valuation. 

Longyuan Power (0916.HK): China Longyuan Power is the listed wind power arm of 
China Guodian Group, one the largest power producers in China. The company is the 
largest wind farm operator in China and Asia. Sector analyst Kai-Ting Wang sees 
Longyuan’s valuations as very attractive at current depressed levels given that industry 
fundamentals will improve on both near- and medium-term catalysts. For 2013, Kai-
Ting expects the government to announce a list of supportive measures, including the 
implementation of the Renewable Portfolio Standard (RPS), acceleration of tariff 
premium payment and approvals for UHV transmission lines. Strong earnings growth 
from 2014 is also likely given the visible capacity pipeline and turnaround in grid 
curtailment upon the commencement of pump storage facilities and UHV transmission 
lines. 

Beijing Enterprises Water Group (0371.HK): Beijing Enterprises Water is a state-owned 
enterprise that specializes in sewage treatment, water supply, reclaimed water and 
desalination business. It is currently one of the leading integrated water and sewage 
treatment provider in China, with its water plants located across 14 provinces and 
municipalities. Beijing Enterprises Holdings is largest shareholder. Our sector analyst 
Kai-Ting Wong believes that BEWG will be the key beneficiary of the country's rapid 
growth in the environmental protection sector, with high earnings visibility in the next 
few years, given its huge project pipeline. Nonetheless, investors remain concerned 
about the execution risks relating to its BT projects, and were disappointed with the 
delayed asset injection. At 12.7x FY12E P/E, vs. a 23% EPS CAGR (2012-14E) and 40% 
discount to its historical valuation average, the risk reward looks attractive. 

Goldwind Sci & Tech (2208.HK): Headquartered in Xinjiang, Goldwind is one of the top 
three wind turbine manufacturers in China. Its major products include 1.5MW and 
3MW direct-drive wind turbines. Goldwind also provides wind power technology 
services and the development and sale of wind power projects. As of end-2011, the 
company had installed more than 12.7GW of wind turbines. Goldwind is still trading at 
0.7x P/B, despite the solidifying of its market position post consolidation and a better 
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industry outlook. Our utilities analyst Michael Tong now expects Goldwind to embark 
on its earnings recovery path, from RMB98m in 2012E to RMB427m in 2013E and 
RMB729m in 2014E. Compared to other renewable stocks that we cover, such as wind 
developers and solar equipment makers, this stock is significantly underpriced.  

China High Speed Trans (0658.HK): China High Speed Transmission Equipment 
(CHSTE) is one of the leading mechanical transmission equipment producers in China. 
The company is engaged in the research, design and manufacturing of a broad range of 
mechanical transmission equipment used in various applications including wind power. 
CHSTE is the global No.1 wind gearbox maker, with 12GW capacity and approx. 8GW 
output in 2012. We like the company because of its product competitiveness, in terms 
of quality, market share and costs. With an expected jump in new wind capacity to be 
installed, Michael Tong expects CHSTE to start its earnings recovery, from RMB161m in 
2012E to RMB540m in 2013E and RMB684m in 2014E. We reiterate our Buy rating on 
CHSTE on its cheap valuation – a FY13E P/E ratio of 8.6x and a FY13E P/B of 0.6. 
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Appendix A: Beneficiaries of 
China’s fight against air 
pollution 
Figure 52: Major potential beneficiaries of future air pollution combat (26 February 2013) 

2013 2014

857 HK EQUITY PETROCHINA CO LTD-H Gas Energy 260,148       10.6              13                11.1        1% 17.63            

135 HK EQUITY KUNLUN ENERGY CO LTD Gas Energy 16,314          15.7              7                  14.9        19% 0.92               

1800 HK EQUITY CHINA COMMUNICATIONS CONST-H Railway/subway Industrials 13,247          7.2                9.4               7.3          2% 4.80               

2883 HK EQUITY CHINA OILFIELD SERVICES-H Gas Energy 11,139          15.6              12.2             10.6        14% 0.89               

1186 HK EQUITY CHINA RAILWAY CONSTRUCTION-H Railway/subway Industrials 11,058          7.9                9.6               8.6          14% 0.68               

1766 HK EQUITY CSR CORP LTD - H Railway/subway Industrials 10,611          6.2                11.4             14.1        5% 3.11               

390 HK EQUITY CHINA RAILWAY GROUP LTD-H Railway/subway Industrials 10,305          4.0                8.4               8.7          19% 0.50               

390 HK EQUITY CHINA RAILWAY GROUP LTD-H Railway/subway Industrials 10,305          4.0                13.4             8.7          19% 0.50               

1211 HK EQUITY BYD CO LTD-H Electric car Consumer Discretionary 9,254            28.9              158.2          57.6        -4% (59.19)           

392 HK EQUITY BEIJING ENTERPRISES HLDGS Gas Industrials 8,549            58.3              6.4               16.6        20% 1.04               

916 HK EQUITY CHINA LONGYUAN POWER GROUP-H Wind power Utilities 7,011            6.7                14.0             13.5        12% 1.20               

1193 HK EQUITY CHINA RESOURCES GAS GROUP LT Gas Utilities 5,028            17.6              22.8             19.1        24% 0.97               

384 HK EQUITY CHINA GAS HOLDINGS LTD Gas Utilities 4,345            7.4                14.4             20.7        32% 0.73               

000581 CH EQUITY WEIFU HIGH-TECHNOLOGY GRP-A Auto emission control Consumer Discretionary 4,168            40.1              12.4             22.3        -6% (4.94)             

3800 HK EQUITY GCL-POLY ENERGY HOLDINGS LTD Solar power Information Technology 3,950            2.0                10.4             990.0      -92%

600642 CH EQUITY SHENERGY COMPANY LIMITED-A Gas & Heating Utilities 3,319            4.4                13.0             10.4        20% 0.65               

600089 CH EQUITY TBEA CO LTD-A UHV transimission Industrials 3,124            7.4                13.9             12.1        -4% (3.14)             

600674 CH EQUITY SICHUAN CHUANTOU ENERGY CO-A Alternative energy Utilities 2,870            9.1                31.4             20.0        

600066 CH EQUITY ZHENGZHOU YUTONG BUS CO -A Public tranport Industrials 2,842            26.3              12.9             11.2        13% 1.00               

601179 CH EQUITY CHINA XD ELECTRIC CO LTD-A UHV transimission Industrials 2,544            3.6                151.7          39.1        68% 2.23               

000012 CH EQUITY CSG HOLDING CO LTD- A Solar power Materials 2,366            8.3                31.2             19.6        -23% (1.68)             

1083 HK EQUITY TOWNGAS CHINA CO LTD Gas Utilities 2,301            6.8                21.0             17.3        28% 0.75               

2208 HK EQUITY XINJIANG GOLDWIND SCI&TEC-H Wind power Industrials 2,248            4.2                40.5             25.6        -31% (1.56)             

958 HK EQUITY HUANENG RENEWABLES CORP-H Alternative energy Utilities 2,029            1.9                13.2             12.3        -10% (1.68)             

1296  HK EQUITY GUODIAN TECHNOLOGY & ENVIR-H Alternative energy Industrials 1,852            2.4                10.2             8.7          37% 0.31               

1296 HK EQUITY GUODIAN TECHNOLOGY & ENVIR-H Desulphurization/Denitra tIndustrials 1,852            2.4                11.5             8.7          37% 0.31               

002267 CH Equity SHAAN XI PROVINCIAL NATURA-A Gas Energy 1,532            9.4                24.4             24.1        

1798 HK EQUITY CHINA DATANG CORP RENEWABL-H Alternative energy Utilities 1,475            1.6                19.5             15.2        -12% (2.38)             

600550 CH EQUITY BAODING TIANWEI BAOBIAN-A UHV transimission Industrials 1,442            6.5                72.7        -41%

895  HK EQUITY DONGJIANG ENVIRONMENTAL-H Exhaust control Industrials 1,412            42.0              15.2             13.8        24% 0.74               

196 HK EQUITY HONGHUA GROUP Gas Energy 1,408            3.4                17.3             10.6        127% 0.14               

579 HK EQUITY BEIJING JINGNENG CLEAN ENE-H Alternative energy Utilities 1,395            1.7                10.1             7.8          10% 0.93               

3899 HK EQUITY CIMC ENRIC HOLDINGS LTD Gas Industrials 1,386            7.8                15.6             12.5        29% 0.53               

600312 CH EQUITY HENAN PINGGAO ELECTRIC CO-A UHV transimission Industrials 1,276            9.7                62.2             27.2        173% 0.36               

600388 CH EQUITY FUJIAN LONGKING CO LTD-A Exhaust control Industrials 1,259            36.7              20.2             22.8        14% 1.91               

600292 CH EQUITY CHONGQING JIULONG ELECTRIC-A Exhaust control Utilities 1,239            15.1              42.8             33.9        104% 0.48               

1133 HK EQUITY HARBIN ELECTRIC CO LTD-H Power equipment Industrials 1,166            6.6                5.9               5.9          7% 0.88               

3337 HK EQUITY ANTON OILFIELD SERVICES GP Gas Energy 1,099            4.0                28.6             20.4        71% 0.41               

300203 CH EQUITY FOCUSED PHOTONICS HANGZHOU-A Exhaust control Industrials 1,059            14.8              27.7             24.0        20% 1.50               

002573 CH EQUITY BEIJING SPC ENVIRONMENTAL-A Exhaust control Industrials 1,040            21.9              43.4             24.2        58% 0.92               

300090 CH EQUITY ANHUI SHENGYUN MACHINERY-A Exhaust control Industrials 1,002            24.4              56.5             30.9        65% 0.99               

300228 CH EQUITY ZHANGJIAGANG FURUI SPECIAL-A Gas Industrials 925               43.1              50.0             32.7        57% 0.87               

956  HK EQUITY CHINA SUNTIEN GREEN ENERGY-H Wind power & gas Energy 760               1.8                8.1               7.9          15% 0.56               

002080 CH EQUITY SINOMA SCIENCE&TECHNOLOGY -A Pollution treatment Materials 664               10.3              

658 HK EQUITY CHINA HIGH SPEED TRANSMISSIO Wind power Industrials 662               3.8                5.4               10.3        -27% (0.51)             

600686 CH EQUITY XIAMEN KING LONG MOTOR GR -A Public tranport Industrials 584               8.2                11.9        10%

000551 CH EQUITY CREATE TECHNOLOGY & SCIENC-A Exhaust control Industrials 562               8.8                13.4             

002218 CH EQUITY SHENZHEN TOPRAYSOLAR CO -A Solar power Information Technology 500               6.4                15.2             

300137 CH EQUITY HEBEI SAILHERO ENVIRONMENT-A Environment monitoring Industrials 428               17.1              11.6             44.6        

600526 CH EQUITY ZHEJIANG FEIDA ENVIRONMENT-A Exhaust control Industrials 375               16.7              8.0               

002499 CH EQUITY KELIN ENVIRONMENTAL PROTEC-A Exhaust control Industrials 357               19.8              9.8               

182 HK EQUITY CHINA WINDPOWER GROUP LTD Wind power Utilities 291               0.3                6.2               6.5          -20% (0.29)             

300056 CH EQUITY XIAMEN SAVINGS ENVIRONMENT-A Exhaust control Industrials 225               15.0              4.4               26.0        37% 1.14               

PEG 
(2013PE/ 

EPS CAGR 
13-14)

PE Ratio EPS 
CAGR 
13-14

Price (Local 
crncy)

Ticker Company Beneficial themes GICS Sector
Market cap 
(USD mn)

Source: Deutsche Bank, Bloomberg Finance LP; Note: the valuations of above stocks are market consensus from Bloomberg 
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Appendix B: Lessons from 
London’s “Great Smog”  
To envision how the Chinese government might tackle air pollution, it would be useful 
to review the experience of London, in the aftermath of the 1952 Great Smog.  

The Great Smog in 1952 
London in 1952 had the same experience as Beijing today. The Great Smog of ’52, 
caused by collected pollutants (sulphur dioxide mainly) and windless conditions, was 
one of the biggest disasters in the European history. A UK government medical report 
estimated that 4,000 people had died prematurely and 100,000 more were made ill 
because of the smog's effects on the human respiratory tract. More recent research 
suggests that the total number of fatalities was considerably greater at 12,00022.  

The United Kingdom in 1950s shared many similarities with today’s China in terms of 
per capita GDP level (measured in constant PPP), its economic structure and the 
dominance of heavy manufacturing in its total output. In particular, coal consumption 
was as high as 90% of total energy consumption in the UK in the early 1950s, higher 
than the 70% in China now (Figure 53).  

Figure 53: UK in 1950s had similar economic background with China today 

Items UK (1950s) China (2000s) 

GDP per capita  

(PPP in constant 1990 International Dollar) 
6,939 (1950) 6439 (2006) 

Industrial structure 

Agriculture ~4% (1950) 10% (2012) 

Industry ~51% (1950) 45% (2012) 

Service ~45% (1950) 45% (2012) 

Energy structure 

Coal 76% (1958) 68% (2011) 

Oil 24% (1958) 19% (2011) 

Gas 0% (1958) 5% (2011) 

Main causes of pollution Sulphur dioxide 
Sulphur dioxide, nitrogen 

oxides 
Source: Deutsche Bank, CEIC, Department of Energy & Climate Change UK, Angus Maddison, World Economy, 1–2030 AD; Note: the GDP per capita numbers 
for UK (1950) is from Angus Maddsion’s World Economy, 1–2030, the China 2006 number is estimated by DB based on Maddsion’s work and WDI data. 

UK government and legal actions  
The Great Smog didn’t draw much attention from authorities in the first several days. It 
was not until the death figure was reported and public discontent soared when the 
government started to seriously consider legislation. In response to the social and 
political pressure from the public, the UK legislatures and government introduced a 
series of new laws and measures in the subsequent years (Figure 54). In particular,  

1. The government offered financial incentives to householders to replace 
traditional coal fires with alternatives fuelled by gas, oil, smokeless coal or 
electricity;  

2. London banned the burning of domestic fuel;  

                                                           

22 Michelle L. Bell, Devra L. Davis, Tony Fletche, A Retrospective Assessment of Mortality from the London Smog 
Episode of 1952: The Role of Influenza and Pollution". Environ Health Perspective 112 (1): 6–8. 
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3. Companies burning coal were required to use tall chimneys; and  

4. The authority also relocated the power stations to more rural areas and 
reduced heavy industry.  

Figure 54: UK legislation efforts under public pressure 

1956 - Clean Air Act 
Introduced Smoke control Areas, controlled chimney heights. Prohibited 
emission of dark smoke from chimneys, with some exceptions.  

1968 - Clean Air Act 
Extended the smoke control provisions of the 1956 Act and added further 
prohibitions on dark smoke emission.  

1974 - Control of Pollution Act 
Allowed for the regulation of the composition of motor fuels. In addition the 
Act limited the amount of sulfur in fuel oil.  

1981 - The Motor Fuel (Lead 
content of Petrol) Regulation 

Limited the maximum amount of lead in petrol to 0.4 grams per liter. 

1989 - The Air Quality Standards 
Regulations 

Brought into UK law as the limit and guide values for SO2 and suspended 
particulates, lead in air and nitrogen dioxide set by European Community. 

1991 - The Road Vehicles 
Regulations 

Set standards for in service emissions of carbon monoxide and hydrocarbons 
to be included in the Ministry of Transport test for petrol cars and light goods 
vehicles. 

Source: Deutsche Bank 

As a result of these strong policy interventions, the percentage of coal consumption in 
total energy consumption declined by nearly 40ppts in the 15 years after the Great 
Smog (Figure 55, Figure 57). Sulphur dioxide and nitrogen oxides emissions were 
significantly reduced throughout most of the country, and the number of “Smog days” 
per annum in London declined from over 90 days prior to 1950 to less than five days in 
1980s (Figure 56). 

Figure 55: Coal consumption per capita UK (tonnes per 

capita) 

 Figure 56: Annual average smoke and sulphur dioxide 

concentrations in London 1950 to 2000 
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Source: Deutsche Bank, Office of National Statistics UK, Department of Energy and Climate Change UK  Source: Deutsche Bank, AEA Environmental Protection 

Among the many policies, we believe the following two sets had made the most visible 
impact:  

1. Emission control: The Clean Air Act in 1956 instituted “smoke control area” in 
cities where only smokeless fuels could be burnt. It also promoted clean coal 
heating in households and relocated power plants away from downtown. The 
1968 Clean Air Act reinforced the provision for abating sulphur dioxide 
emission, by introducing tall chimneys for coal burning factories to disperse 



28 February 2013 

China Strategy 
 

Page 58 Deutsche Bank AG/Hong Kong

 

 
 

 
 

pollution. The Control of Pollution Act in 1974 finalized the cap of sulphur 
content in fuels. As vehicle exhaust pollution became serious after 80s, the 
catalytic converters, devices designed to reduce nitrogen oxides emissions, 
have been required in all new cars in UK by The Road Vehicles Regulations 
since the early 90s. 

2. Energy diversification and upgrade: Coal accounted for 76% of primary energy 
consumption in the UK in 1958. The British government has directed a 
successful structural shift by encouraging the switch from coal to oil, gas and 
later on renewable energy. Thanks to joint efforts of government R&D expense 
and private sector exploitation, sufficient gas reserve was discovered in North 
Sea in mid-60s, which was later commercialized in 70s. The increased 
popularity of natural gas (40+% of total consumption today) has squeezed the 
coal consumption to less than 20% of total energy usage;  

Figure 57: Roadmap of UK environment protection and energy composition change 
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The UK experience suggests that during the 1950s and 60s, the economic structure, per 
capita energy consumption, and the composition of energy consumption all changed 
drastically. In particular, between 1950 and 1970, the UK witnessed the following 
changes: 

1. Industry as a percentage of GDP fell by 9ppts to 42%, while the service 
industry as % of GDP rose by 10ppts to 55% during 1950-70.  

2. Energy consumption per GDP unit (constant price) declined by 19% from 1948 
to 1968. 

3. Per capita coal consumption declined by a cumulative 31% during 1950-70. On 
an annual basis, coal consumption declined by 1.5% per year.  

4. Coal consumption as % of total energy consumption declined from 90% of 
1948 to 50% by 1968.  
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These figures show that massive structural changes in the UK economy during the two 
decades were fundamentally responsible for the improvement of the air quality. The 
logic is simple: only when the industry sector shrinks relative to the size of the 
economy, energy consumption would decline; only if cleaner energy consumption as % 
of total energy consumption rises sharply, can the sulfur dioxide emission be controlled. 
These mean that, in China, the tasks for improving air quality are not merely the job of 
the MEP, but much more the responsibility of the top policy makers who can shape the 
direction of the overall economic and energy structure.  
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