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Coal - A major source of air pollution in China
« Air pollutant emission has a close relation with coal combustion (left)
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« Coal combustion is a dominant source of ambient PM2 5 (nght)
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Nanjing

Trends of coal combustion and major air pollutant emissions
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GBD-MAPSEiHRFiE General methodology

o ARSHUEFEETEMEREMBERXNSRIFETAS PM, HITTEALCH]
e Calculate fraction of ambient PM, . attributable to each source using
atmospheric model

o foa X KSPM, s iRE-> RESHURRIASPM, s iRE

2l o f o x ambient PM, . > ambient PM, ; attributable to each source

S\

. FIFERSREMMALE (1R ) FERESHBURIAS
Disease PM, o REE > SHERRAT SO SeRshiE

e Use integrated exposure response functions and cause-
Burden specific mortality estimates in combination with PM, ¢ ..,
— source contribution to disease burden
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EEFHER Emissions in base year

S
Specious:

SO,
NO,
PM

VOCs

i Isectors:
B

Powerplant
combustion
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Industry combustion
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Industry process
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Domestic fossil fuel
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Emissions from major sources

S02 NOX PM

VOCs

M PP coal
M IND coal
" DOM coal
M Others

20134, PRESERKAYHERL S0, HERAY75%, NO, HERXAY

54%, —XPM, HERLAI40%, —XPM, ~HERAY35%.

In the year of 2013, coal is responsible for 75% of the SO,
emissions, 54% of the NO, emissions, 40% of the primary
PM,, emissions, and 35% of the primary PM, . emissions.



2030 KEB= 2030 Future scenarios

aBIEEES
Bmﬁ'lﬁm
Energy
scenario

Business as
TIE]
(BAU)

Alternative

policy
(PC)

E=4HiR Description

RIBITHIBUR EA AN TS
(220135 JK)

Current legislation & implementation status
(to end of 2013)

IRIEFHET B TY REBUR TN B AR BIBIT IR 2L
BT ELRNEERFRNSBAEIRTERIGIKR
18 (SaERITl~m, ERERMEERSE
X, Mlzh®E, KBE, #ER) ; #E FEMA
BERR, REREWHEAR.

New stringently enforced energy-policies including
life style changes, structural adjustment &

efficiency improvements.

HEIE =

Emission
scenario

BAU[1]

BAU[2]

PC[1]

PC[2]

2011-2015FEREKEN “+-H” MRISEIKH, &
201 6 R RIS A= HI BUER B E 18N ™

Based on “12th Five-Year Plan for Environmental
Protection”; New emission standards released during 2011-
2013; progressively strengthened control policies afterwards.

AR LAITRYREHE ISR TR AREMNAE, 2R
Ry 2= K PR B RCHE SR B -

Full implementation of technically feasible control
technologies by 2030, regardless of cost.

[ElBAU1
Same end-of-pipe control strategy as BAU[1]

[B]BAU2
Same end-of-pipe control strategy as BAU[2]
Maximum feasible reductions of emissions




FRHEFL Future emissions

RREBR[SHHIHN

Future emissions in each scenario (TQ)

B PP coal B IND coal B DOM coal B Others

30000

2013 BAUl1 BAU2 PC1 PC2

22500

SO, 23.0 29.7 18.1 19.0 11.5
15000

NOy 25.6 26.1 17.3 18.7 12.4

7500

PM 26.0 24.9 16.4 18.3 11.5

VOCs 24.0 29.0 19.6 24.1 16.1 0
SO2 NOX

. PC2rhE TS MIRBAULIHE T 50%AER ;

Emissions in PC2 decreased by around 50% compared with BAU1,
© RRIRAIAREEZHERUR |

Coal burning remains as the major source.



SEFET, GEOS-Chem model

&) X 15 Region:

ZRAI Nested domain for Asia (70°-150°E, -10°-55°N)

PHER Resolution:

IKEDHER © 0.5°%0.667°

Horizontal resolution: 0.5 latitude by 0.667 longitude
EESE : 472

Vertical: 47 vertical layers up to 0.01 hPa

5537 Met fields:

GEOS-5[FE{S514% ( 20125 )
GEOS-5 assimilated meteorological fields (2012)

13517 Boundary fields:
FH4° x5 2EkiERM , =/ \iT&EFHF—IR
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Tracer concentrations at the lateral boundaries are provided by a global GEOS-Chem simulation at 4
latitude by 5 longitude horizontal resolution and updated in the nested-grid model every 3 h.
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Simulated percentage contributions in 2013 from coal burning

LERIANE Total Coal:
Pu)||&ith 50.19% ;
Sichuan Basin: 50.19%;
=y 50%LA E

Inner mongolia: more than
50%

B MAJE Power Plant Coal:

HAEIR 12% ;
North China Plain: 12.04%,
larger number of power plants

b
Xinjiang: few other sources

AR Domestic Coal:
REETIHEX 25%
Inner mongolia: 25%, large

|+ TRAKE Industrial Coal:
A7 iz 26%

Sichuan Basin: 26%; _
o HALEE 16.7% 1nount00f raw coal burning
KT T 20.5% 2/ 15% |
North China Plain and Guizhou: 15%, high sulfur
SR Middle Yangtze River: content
< 1 % 16.77% and 20.47%
Contributions from coal burning in
Mean PM, 5 Total coal burning Power plant Industry Domestic
National Average* 56.7 22.5 (39.6%) 5.6 (9.8%) 9.6 (17.0%) 2.2 (4.0%)




e e = REBIEET, &EITXIPM, (H
ARESPEIDRRR . FARSIEI S SEBEAN, {8
Coal burning contribution in future scenarios %@ HFRE

Contributions from coal combustion
and sub sectors basically followed
the pattern in base year, but the
values are different.

Absolute contributions in 2030

Total coal
1"'~,‘f‘

Power plant coal

BAU1L"

| BsA u gaLg L u PC2
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PC1 Percentage contributions in 2030
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GBD-MAPSEiHRFiE General methodology

o ARSHUEFEETEMEREMBERXNSRIFETAS PM, HITTEALCH]
e Calculate fraction of ambient PM, . attributable to each source using
atmospheric model

o foa X KSPM, s iRE-> RESHURRIASPM, s iRE

2l o f o x ambient PM, . > ambient PM, ; attributable to each source

S\

. FIFERSREMMALE (1R ) FERESHBURIAS
Disease PM, o REE > SHERRAT SO SeRshiE

e Use integrated exposure response functions and cause-
Burden specific mortality estimates in combination with PM, ¢ ..,
— source contribution to disease burden
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Estimating ambient PM, ; attributable to coal combustion

- [HRETIRE ﬁ;u)'ﬁ%]_z EHUE(SAT, TM5) , FHSHEMNEERLS
0.1° x 0.1° 3=
{EFASAT 2010-2011 58589 MEZ 20135

* Final estimates based on average of (1.4 million) grid cell values (SAT, TM5) and calibrated (regression
model) with measurements

0.1° x 0.1° resolution

Calibration Regresslon Model

extrapolated to 2013 using 2010-2011 trend in SAT s o QoY
:
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FusadiMean of satallite and TMS models)

Brauer et al., 2015



HhEXinEsE ( 2013<E1Ly )

Ground measurements — China (2013 annual average)
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Brauer et al., 2015




GBD-MAPSEiHRFiE General methodology

S\

2.5 coal

o ARSHUEFEETEMEREMBERXNSRIFETAS PM, HITTEALCH]
e Calculate fraction of ambient PM, . attributable to each source using
atmospheric model

o foa X KSPM, s iRE-> RESHURRIASPM, s iRE

e f . Xambient PM, . - ambient PM, . attributable to each source

Disease
Burden

o FIFRSEZEIMNEZE (IR ) FIRESZHREIARS
PM, o iR E > SFHEBURRT R RSE

e Use integrated exposure response functions and cause-
specific mortality estimates in combination with PM, ¢ ..,
— source contribution to disease burden
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Integrated Exposure-Response Functions
Cardiovascular IHD Lung Diseases
g ﬁiﬂ % = e
a0 1.5+ .G{.'FD
] 121 /
_ Lmerl%e;:fury[]isease
%1,5. %12 ﬁ.:H

Forouzanfar et al. 2015; Burnett et al. 2014



B HEFARBLIBMESER

Estimated disease burden in base year (2013)

8813 Sector FLEH Deaths

£EEPM2.5 All Ambient PM2.5 54.3 916,000
LERPRIE Total Coal 21.9 366,000

EJ R Powerplant Coal 5.2 86,500
TAVPRIE Industrial Coal 9.4 155,500
JEXE T MFiE Non Coal Industial 5.6 95,000

EGHPAE Domestic Coal 2.4 41,000
2R Domestic Biomass 8.0 136,500
AR Traffic 8.2 137,500

FFasPRIE Open Burning 4.1 70,000
ia7U{EH Solvent Use (0.1) -850

Source sector contributions to mean population-weighted ambient PM, . and PM, . - attributable deaths (95% Ul)
in China, 2013.

177,500

17
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BRERAIBE - LASREX 6
Provincial level results: Jing-Jin-Ji region

° 2013FFIAIRRREL PM, AR 165 4900 il (£8BPM, 5: 13,000), XiE 3200 (8800), i
1t 24,600 (63,700) ; Deaths attributable to PM2.5 in 2013: Beijing 4900 due to coal (of the
total 13,000), Tianjin 3200 (8800), Hebei 24,600 (63,700);

© JERIMIRENRHRRBEESEGRFKRERPERT NE, MTdtErREESEERI |, KRR
{BERFFS ; Deaths in Beijing&Tianjin for most future scenarios decrease, while patterns in
Hebei generally followed the national projections

o JtRARENTEEZRTERARR ], @FEAFBIARESRJISIEAREE ; Decreases
projected in Beijing and Tianjin are due to decreases in the impact of other source sectors
such as transportation, domestic (coal and biomass) and open biomass burning in most of
the future scenarios.

Deaths Attributable to Air PM: Beijing Deaths Attributable to Air PM: Tianjin Deaths Attributable to Air PM: Hebei
Trz-spoctation < =3 Scenario =3 Scenario 1 Scenario
i ; /5D 12013 —— STD 12013) =_ /| sTD 2013
BALN (2030} , BALN [2030) BALN (2030
SobentUses 4 ] LBz 2030 i RALZ 22030} 1 4 j LBz 2030
4 PC1 (20%0) t N PC1 (20%0) . PC1 (2020)
I~dustrial (nen-coal) = : . n ez (o) =:‘_—_ M'cz 20z i n MCZ {2020
=S = =
Bior Open | ) E- - -=+
4 - =
s D Bomaus - — o o ) ’— -
2 ' :— = -
3 - = B
3 I: Domest E.' 5-' ' I- '
2 = s —— = —
1l Poy; < = __.'_ =—
strial = g . = i ; -
) = I =l
R =_—_ — EE—————
— — I
lo £.000 16,000 15,000 0 2500 3.000 7,500 10,000 000 £0.000 000 I
Total Deaths Tolal Deaths Tolal Deaths




BRBERIBEE - IR, ARG

Provincial level results: Shandong, Inner Mongolia and Shaanxi

- 2013EEMRIEFTE PM, OEERsIE: LLZR 3600 {5 (£EBPM, . 88500), FISS 6000 (15000),
kPR 9900 (24000) ; Deaths attributable to PM2.5 in 2013: Shandong 3600 due to coal (of
the total 88500), FIZ=ry 6000 (15000), EFE 9900 (24000);

© ASFAIBARRRRIBEZHRKBEEP BT ME MUUABIREEES2ERI | KKk
I EBRIFE ; Deaths in Inner Mongolia & Shaanxi for most future scenarios decrease, while
patterns in Shandong generally followed the national projections.

Shandong Neimeng Shaanxi
Solvent Use ‘ i 1
rroic = F ==y
Open Burning r- r r
Domestic Biomass F r r
Burning BSTD ESTD =STD
Domestic Coal Il mBAU1 F HBAU1 '— m BAU1
Non Coal Industry -_ B BAU2 - HBAU2 : B BAU2
mPCl mPCl mPCl
Industrial Coal - - -
mPC2 mPC2 mPC2
Powerplant Coal - .' -

(20,000.0) 20,000.0 60,000.0 100,000.0 140,000.0 2,000.0 6,000.0 10,000.0 14,000.0 18,000.0 0.0 5,000.0 10,000.0 15,000.0 20,000.0 25,000.0 30,000.0 I



B4 Conclusions

* 20135 , FEMIEFIEEIRSPM, . S5 Coal combustion PM, . in China (2013) caused:
o R5PM, ZFEAJ40% ; 40% of exposure to ambient PM, ¢
o 366,000fIFET ; 366,000 deaths
o TRk BEFAMAIR ( BIEEYERIER ) BASPM, s IBURERIBNSE ARENER, NIEBERHIERE T

{JL5C*#&FE ; Industrial coal, domestic (biomass and coal) combustion: largest contributors to ambient PM, ; attributable
mortality in 2013, which should be prioritized in policies;

o ESAIAKR(177,000) > TlAKE (155,000) > 3ZiE (137,000) > 2] K&K (86,500)
Domestic combustion (177,000 deaths) > industrial coal (155,000) > transportation (137,000) > power plant coal
combustion (86,500)

© BFARKEEIRS R imAFMBERRISCHE , 20308-HLim%21>280,0004I5E T ; {EERETF AOZERHFAEFRIY LA |
2030 Z BB T ASPM, FTEHISET ASIIBERT EFHO9 - 130 J7), BEEFEEAIEEIPM, K FLISTRRE
(=R T3E, The deaths due to PM, . reduced by 280,000 in 2030 due to energy and end-of-pipe emission control
policies. Increases in future deaths attributable to ambient PM2.5 for all scenarios (0.99 - 1.3 million deaths in 2030),
due to the aging population & increased prevalence of diseases impacted by PM, .. Strict control of PM levels needed
to reduce burden, given demographic trends.

- REFFIBEEFTESEHURERS SR , (BRI KEPM, MERFEQIENGHEREETIYERT
IF. B EE = &AE ISR EEARAN E Mt EE NS SHURAIHER, Coal contribution to ambient PM, . and

disease burden increases in all scenarios despite the effort toward emission reduction. Urgent need for even more
aggressive strategies to reduce emissions from coal combustion (and other sectors).
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