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Clean air and climate change - Asian perspective and key indicators

Region Country

East Asia

South Asia

Southeast Asia

America

Europe

PR China
Japan
Republic of Korea
Mongolia
India
Pakistan
Bangladesh
Sri Lanka
Nepal

Singapore
Republic of the Philippines
Malaysia
Thailand
Viet Nam
Indonesia
Cambodia

Myanmar
United States (US)
United Kingdom (UK)

Germany

* Comparisons between countries in the report are made
within the above-mentioned countries unless otherwise

specified.

The report covers key indicators of clean air and
climate change status and progress, including air
quality, air pollutant emissions, greenhouse gas

emissions, energy sector, transport sector and key
industrial sectors.
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Air quality Air pollutant emissions  Greenhouse gas emissions
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Energy sector Transport sector Key industrial sectors
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Figure Changes in PR China’s GDP, Energy Consumption, Civilian Vehicle Inventory, and Air Pollutant
Concentration, 2013-2021

Source: China Statistical Yearbook, 2014-2022
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Rapid air quality improvement and win-win situation in PR China
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Figure PM, s and GDP per Capita by Country, 2019
Note: GDP per capita is measured in 2019 US dollars; the size of the bubbles corresponds to the population of each country.

Source: Global Burden of Disease Study 2019, World Development Indicators

From 2013-2021, PR China’s overall annual average PM, - and SO, concentrations have fallen by approximately 56% and 78%, respectively.
PR China’s GDP maintained a high average growth rate of 6.6%—nearly twice the average growth rate of developing economies.
PR China’s GDP per capita has exceeded the $10,000 threshold, crossed the “turning point” and successfully broken the connection

between economic development and air quality deterioration.

Energy consumption and the number of civilian vehicles increased by 25.7% and 132.2%, respectively.
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Revision of NAAQS started the AQM framework upgrading in PR China

I 2012 February o

=

The revised Ambient Air Quality Standards was released

China’'s Policy Framework for Air Pollution Prevention and Control

]
As the index of heavy smog went off the scale, E——
January O the Premier pledged to take action Capacity REr:Isftl'on supporﬁng
. T eduction
June o The Ten Measures of the State Council released Bmldlng e Measures

September O
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Action Plan on Air Pollution Prevention
and Control was released

D Y N NN

Implementation plan for the elimination

of yellow-label vehicles Pollution

Air Quality Sources

Pilots of development of air pollutant emissions

® Monitorin
inventory were launched 9

® Emission

; inventory
The upgrading of fuel quality was accelerated * Forecastmg

® Source
appor-
tionment

® Reporting

Pilots for VOCs discharge fees began

Implementation plan for vessel emission control
zones was issued

® Alerting

® Emergency

Ultra low emission and energy efficient retrofit
response

of coal-fired power plants were accelerated

D Y N YN

The amended Air Pollution Prevention and
Control Law came into force

The Limits for Exhaust Pollutants from Marine
Engines was issued for the first time

Pilot for provincial environmental protection departments
to uniformly manage the environmental inspection and
monitoring functions of cities and counties

Implementation plan for the pollutants discharge
permit system was released

Two air quality indicators were established as
compulsory indicators in the 13th Five-year Plan
P S0 0R PRI EPNIEPRIPPSIIEROIRIOIOOROIOIOIOIOIOROIOSIOIOSIOETS

China V standards gasoline and diesel had been
supplied nationwide

The “Blue Skies" plan was proposed for the first time

A year-long intensive inspection of air pollution pre-
vention and control in the “2+26" cities was launched

Emission Reduction Through | Emission Eduction In
Structural Adjustment Industrial Process

® Cleaner
production

® Control of total coal
consumption

@ Promotion of clean
energy

® Upgrading of
fuel quality

@ Elimination of outdated
production capacity

Management
of fugitive dust

Ban on
agricultural
waste burning

® Reduction of excess

production capacity

@ Elimination of
yellow-label vehicles

@ Promotion of New
Energy Vehicles

@ VOCs control

® Non-road mobile
machinery control

Emission Reduc-
tion In End Use

@ Upgrading
emission
standards

® Desulfurization,
Denitration and

Dedusting

® Retrofitting
for ultra-low
emission

Legislative
Measures

® Environmental
Protection Law

® Air Pollution
Prevention
and Control
Law

Milestones of PR China’s AQM and Policy Framework

Economic
Measures

@ Pollution
discharge fees

® Subsidy

® Special funds

Source: Clean Air Asia. 2018. BREAKTHROUGHS: CHINA'S PATH TO CLEAN AIR 2013-2017

Administrative
Measures

® Performance
management

® Environmental
protection
inspections

® Special funds
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WHO AQGs and emerging needs for further public health protection T

a0

60

* PR China’s annual PM, s concentration limit in the NAAQS is the same

0 - as WHO IT-1, the most lenient one.
wo 72 * The monitoring data in cities showed annual average PM,;
20 ) o3 concentration was about 30ug/m? in 2021, lower than the standard

WHOfI i I I I I I I requirement.
° * Current air quality in nearly half of the Asian countries does not

(%]
)

UK
India

meet local standards. Some countries with relatively strict limits (with
reference to WHO IT-3 and IT-4) still have poor air quality.

Myanmar
Japan
Korea

Pakistan
Malaysia
Indonesia
Mongolia
Sri Lanka
Thailand
Vietnam
Cambodia
Germany
PR China

Singapore
Republic of
Bangladesh
Philippines

[} Annual Mean PM, 5 Concentration Limits Monitored PM, s Concentration in 2021 d Upgradlng the standards and continuous improvement in air quallty
can further protect the health of the public (especially vulnerable

Pollutant Averaging time Interim target AQG level . . . .
groups such as the elderly and children), which is crucial for many
1 2 3 4 . . . . . . . .
Asian countries including PR China as the population is aging.
PM, ., pg/m? Annual 35 25 15 10 5
24-hour® 75 50 37.5 25 15

Figure Annual Mean PM, ; Concentration Limits and Monitored Concentration Levels in 2021 of
Each Country

Source: see report references for details.
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Leap-frogging of monitoring stations and needs for more comprehensive network CLE?

. No. of conti .
J million habitants
129 2
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Beijing, PR China
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Prior to 2012, PR China's national ambient air
quality monitoring network covered only 113 key
cities with 661 state-controlled sites monitored

PM10, SO2, and NO2.

In 2021, the number of state-controlled
monitoring sites for ambientair quality in 339
cities of PR China was 1734, monitoring

PM2.5 ,PM10, O3, SO2, NO2 and CO.

o § Q CERN observation station
© Background station

' Urban station

I Regional station

' Component monitoring station
Gradient towers

¥ Aerosol radar
® ) Super monitoring station

. Air monitoring vehicles _

Figure Integrated ground-air-space stereo observation network in BTH 2+26 cities

Source: CRAES, 2021
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Transport is the primary contributor to PM_2.5 pollution in mega cities TR

Shenzhen, 2014

\\\

Beijing, 2020-2021 Shanghai, 2014 Chengdu, 2017 Nanjlng, 2014

<

Delhi, 2016-2017

l 46%

Shenzhen EPB

Beijing EPB

ShivaniGadiet al., 2019, PMF
Guangzhou EPB

Gunchinet al., 2019, PMF

Wanget al., 2020, PMF

Shanghai EPB

Nanjing EPB

Wuhan EPB

Park et al., 2020, PMF

Seoul, 2019-2020  Kuala Lumpur, 2017 Hanoi, 2015-2016 Manila, 2016 Ulaanbaatar, 2014-2016 Jamharietal, 2022, PMF
Xi'an, 2014-2015 XI’an EPB
‘ ‘h ‘ Manila, 2016 Pabroaetal., 2022, PMF
Munbai, 2010-2011 Police et al., 2018, PMF
" 0% 10% 20% 30% 40% 50% 60% 70%

= Mobile = Sea Salt Source apportion study results published in the recent years,

Shenzhen, 2014

34.6
%
( Beijing, 2016-2017
Delhi, 2016-2017

Guangzhou, 2020

@ ’

e

Wuhan 2014-2015 Xi'an, 2014-2015 Guangzhou 2021 HongKong, 2015 Jakarta, 2019 Mumbal, 2010 2011

Ulan Bator, 2014-2016

29 8 HongKong,2015

Shanghai, 2014

' I ‘ " Nanjing, 2014

Wuhan, 2014-2015

Seoul, 2014-2015

Kuala Lumpur, 2017

Source: Compiled by Philip Hopke, 2022

= Domestic = Biomass Burning
. ) o o : . . . o
= Biomass burning an * The average contribution of mobile sources to PM25 in major Asian cities is about 30%.
= [ndustry

" Blogenic Transport sector is the main contributor to PM2.5 in most mega cities, including Chinese cities such

= Coal combustion g ynidentified

as Beijing, Shanghai, Chengdu and Shenzhen, as well as Delhi and Jakarta, with the highest ratio over
50% for Shenzhen.

= Oil combustion m Other

= Power plant
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PR China upgraded the automobile emission standards to most stringent fia °F

levels

D India
[ chinavifa)
M s

Germany, Singapore,
UK, Vietnam

PM [mg/km]

. Pakistan,
Bangladesh

co -

[mg/km] 2000

- Republic of Korea

Philippines, Cambodia,
Malaysia, Myanmar,
Sri Lanka, Thailand,
Indonesia

- Japan
D Nepal

200

HC/NMHC [mg/km]

Figure Current Emission Limits for Light-Duty Vehicles in Some

Countries and Regions (Gasoline Passenger Cars)

Source : see report references for details
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Compared to Europe, Japan, and the US, PR China had a late start in the emission
control of motor vehicles. The implementation time for setting the same level of
limits for light-duty vehicles was 5-8 years behind that of the EU.

However, in the last 10 years, PR China has raised its emission standards quickly.
Comparing CHINA 6b with CHINA 1, the limits for CO and HC+NOx have become
stricter by 82% and 91%, respectively. PR China has reached the global advanced
level of light-duty vehicles emission control.
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PR China upgraded the fuel quality standards to most stringent levels
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Figure Timeline of the Tightening of Sulfur Content in Automobile Fuel in PR

China, the EU, Japan, and the US

Source : see report references for details
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Figure Current Gasoline and Diesel Sulfur Content Limits in Various

Countries

Source : see report references for details

600

In recent years, PR China has
rapidly progressed in tightening its
fuel sulfur content. In 2017, both
its diesel and gasoline sulfur
contents decreased to 10 ppm.

There is a marked difference in fuel
sulfur content among Asian
countries, ranging from 10-500
ppm. PR China, India, Japan, the
Republic of Korea, and Singapore
have implemented the most
stringent motor vehicle emission
standards and stringent fuel
standards at the same time.
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plants to most stringent levels
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Figure Couse of Upgrades for the Power Sector’s Emission Standards in PR China

Source: see report references for details
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PR China upgraded the emission control standards of coal-fired power

Ttk
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™= Us: 1.5 Ib/MMBtu

Figure Emission Standards of the Power Sector in

Various Countries

Source : see report references for details
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* Over the past 30 years, the emission control of air pollutants
in PR China's power sector has developed rapidly, with the
standards constantly being upgraded and tightened. Under
the ultra-low emission policy requirements, the current
emission limits of PM, SO,, and NOx are 10, 35, and
50mg/m3, respectively, which are stricter than the original
standard limits in 1996 (by 93%, 97%, and 92%, respectively).

* The emission limits of SO, and NOx are 1/5 and 1/3 of the

European Union (EU) standard, respectively.
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Emission reduction of key air pollutants o
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@ Civilian vehicle inventory Industrial value added , vf 1 1s
@==» Energy Consumption ®== SO, emissions NOx emissions ‘ 10 \,_/‘ 2 W_/f 1 ’\/
Figure Changes in PR China’s Industrial Value Added, Energy Consumption Inventory, Civilian - : — o
Vehicle Inventory, and Air Pollutant Emission, 2011-2021 Unit: kg/1,000 (2015 USD)
Source: China Statistical Yearbook, 2012-2022 Figure Changes in SO, Emission per Unit of GDP of Various Countries, 2011-2019

Source: Community Emissions Data System (CEDS) , World Development Indicators

* PR China’s energy consumption, industrial value added, and the number of vehicle had a steady growth of 35%, 91%, and 214%, respectively.

* PR China’s emissions of SO, and NOx, both major air pollutants, rapidly declined. SO, emission decreased by 86%, from 22.179 million
tons to 3.182 million tons, while NOx emission decreased by 58%, from 24.043 million tons to 10.197 million tons.

* From 2011-2019, SO, emission per unit of GDP in PR China dropped by 88%.



B R ik B AR, #AFEESImHah6E

Decarbonization of Asia will bring driving forces and

co-benefits to clean air

* As the world moves towards carbon neutrality and net-zero emission, many
Asian countries have announced their decarbonization goals. Moving
towards "carbon neutrality” will provide momentum for continuous
iImprovement of air quality and fundamentally solve the air pollution
problem.

* However, approximately 1/3 of the world’s energy consumption and 1/2 of
the world’s CO2 emission comes from Asia, making the task of emission
reduction for developing Asian countries challenging.

* PR China has promised to achieve carbon neutrality from peak CO2
emissions in about 30 years, much shorter than that promised by developed
countries.

2020 CO, emissions

Country (million tons) Year Goal
‘ China 11,680.4 2060 Carbon neutral
g us 4,535.3 2050 Net zero
@ India 2,411.7 2070 Net zero
@ Japan 1,061.8 2050 Net zero
../ Germany 636.9 2045 GHG neutral
f.9 Republic of Korea 621.5 2050 Net zero
% Indonesia 568.3 2060 Net zero
@ Vietnam 3219 2050 Net zero
él: UK 313.7 2050 Net zero
g Malaysia 262.2 2050 Carbon neutral
@ Thailand 255.5 2050 Net zero
@ Pakistan 217.0 2050 Net zero
% Philippines 139.2
‘r Bangladesh 108.5
@ Singapore 56.1 2050 Net zero
& Mongolia 38.2
c Myanmar 37.7 2050 Net zero
@ Sri Lanka 23.7 2060 Carbon neutral
@ Nepal 17.9 2045 Net zero
@ Cambodia 15.8 2050 Net zero

Figure Carbon Reduction Goals of Various Countries

Note: Empty cells mean that the country haven’t announced carbon neutral or net zero related goal.

Source: Zerotracker
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PR China contributed major CO, emission of Asia, a slowing-down KSR
appeared in the last decade .

rrrseee eeeeeeee:
PR,Chp : f ? ? ? ? e o ® © © © © © o ? i Iusd * Germany, Japan, the UK, and the US have achieved peak
Germany @ ¢ ¢ o o o e o o o o o o & & . CO, emissions, while Asian developing countries
e L ; wocs  including PR China are still “climbing the hill.”
e B e e ot s s e o= S o Over the past 10 years, PR China has taken various
ITild ; '_ ) o o ) R : :i:mam climate change mitigation actions to control greenhouse
Pakistan (@92 & vaiysia gas emissions, slowing down the growth rate of
Malaysia & . . . &5 Thailand ..
ipones @ 41 . e e e e e carbon emission.
sngopore @ @ s o However, PR China has ranked as the highest emitter
o : D G : j:lpdh globally since 2015. Currently, PR China accounts for
Mongolia @ ® voneolia one-third of global CO, emissions, exceeding the sum of
“:yLmk i : i TVLn; all other Asian countries.
Nepsl @1 @ Nepal
Combodia (@ O : : : : : : : . . . . 55 @ Cambodia

Figure CO, Emissions and Ranking by Country, 1990-2020
Unit: million tons

Source: Emissions Database for Global Atmospheric Research
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PR China‘s carbon emission per unit GDP has dropped
more than 1/3 in the last decade

20%

10% /

0%

-10%

-20%

-30%

-40%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CO, Emission CO, Emission per Capita CO, Emission per Unit of GDP

Figure Changes in PR China's CO, Emission, Emission per Capita, and Emission per
Unit of GDP, 2011-2020

Source: Emissions Database for Global Atmospheric Research
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Figure Changes in CO, Emission Structure by Sector in Various Countries, 1990-2020

Source: Emissions Database for Global Atmospheric Research

CLEAN AIR
ASIA
TMiEE=ES P

From 2011-2020, following rapid economic development and an increase in energy consumption, PR China'’s total CO, emission continued

to increase. Meanwhile, PR China is gradually moving from an “intensive” economic development model to a greener development model,

with CO, emission per unit of GDP decreasing by 34.4% in 2020 compared to 2011.

Currently, power and industry are the highest carbon-emitting sectors in PR China, accounting for nearly 70% of the country’s total emissions.

The transportation sector will be the key sector to peak in the last, and face more difficulties to achieve carbon neutrality.
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Fossil fuel is the main energy for Asia, coal still domains energy

3

consumption and production in PR China

PR China
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Figure Changes in the Energy Production Structure of Various

Countries, 1990-2019

Source: U.S. Energy Information Administration
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Figure Changes in the Energy Consumption Structure of Various Countries,
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Compared with typical countries in
Europe and America, which gradually
shift to a cleaner and more balanced
energy structure, most Asian countries
have a higher dependence on fossil
energy.

Because of PR China’s “rich in coal,
lacking in oil, and short in gas” resource
endowment characteristics, coal holds an
important position in its energy
production and consumption, but its
proportion is gradually declining.
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With the largest population of veh/cles PR China has become the SEa AR
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major market of EVs

usg-éoooooooooooooo%wmm
Japan . . ' .
e & 6 e o o o o o 0 O O 0 0 0 0 O -~ « PR China is the world's largest country in terms of
Germany @ ° ° e o o e e o e o o o @& % .
U g . & Gemany new car sales and ownership. Since 2015, PR
PRChina gay g7 ° & . ' .
o S8 e e e e e e e e e e e e gy ko China has become the world's largest electric
o : - T e e e e ;'”"““‘a passenger car market, accounting for half of
ilippines . . . . . . . . . . . . . . 4523 2P Philippines
Sri Lanka o 90.0 . - .@Sri Lanka the glObaI market-
Singapore ’ 61.6 § § . - — - - L .Singapore
Unit: 10,000 Figure Automobile Population and Ranking of Various Countries, 2005-2020 ’ In 2011_2021’ the average Compound annual
source:  see report references for details growth rate of electric passenger cars in PR China
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Notes:"Electric Vehicles" refers to battery electric vehicles and plug-in hybrid electric vehicles



Call for Collaboration

Tackle the Air Pollution & Climate Change Challenges Together in Asia

PR China has achieved rapid air quality improvement in the past decade through science-based management,
comprehensive measures and advanced standards etc.

Currently, the end-of-pipe control measures are very strict, further emission reduction need to be done through
a shift to cleaner structure of energy, transport and industries.

Moving towards "carbon neutrality" will provide momentum for continuous improvement of air quality and
synergies between clean air action and climate change mitigation.

PR China's experience will be useful for developing countries facing with similar challenges to combat air
pollution and climate change together.

By taking a comprehensive approach that combines research, collaboration, capacity building, and advocacy, as a

regional consortium, we aim to play a crucial role in facilitating the effective sharing of experiences from PR China
to other Asian countries.
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Address: Suite 3-41, JianGuoMenWai Diplomatic Residence
Compound, No.1 XiuShui Street, ChaoYang District, Beijing,
China,

Email: china@cleanairasia.org

Tel: +86 10 85326172

Web: www.cleanairasia.org (EN) www.allaboutair.cn (CN)
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