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The establishment of a BC/OC inventory is an important output in the Chinese-
Norwegian Project on Emission, Impact, and Control Policy for Black Carbon and its
Co-benefits in Northern China (ChiNorBC) project. An Emission Workshop (WS) with
international participation was therefore held already back-to-back with the Kick-off
meeting of the project on December 9" 2020. This report constitutes the proceeding
from the WS. It contains a short summary of the WS as well as the meeting agenda and

the presentations given.

BC/OC emissions data in northern China have been published by different institutions
and are often inconsistent in total emission or specific sectors due to substantial
differences in the emission factors chosen, activity levels recognized, and
methodologies applied. These inconsistent results often lead to misunderstanding and
confusion and add difficulty to identify major emissions sources and formulate policy.
For this reason, a more comprehensive and convincing BC/OC emissions inventory
should be developed for northern China to provide scientific data support for the
formulation and implementation of policies by incorporating new emissions factors
derived from measurements, investigated activity levels, and improved methodology.
According to available literature, residential and mobile source sectors are among the
most important sectors in emissions and uncertainty, which calls for an intensive study
on these two sectors.

The ChiNorBC project was established between China and Norway to specifically
addressed these two sectors. This project focuses on improving the knowledge and
capability of China to conduct scientific assessments that co-benefit air pollution
control and climate change and to provide support in policy making for reducing
BC/OC emissions from multiple aspects (emissions inventories, air quality, climate
change, health, and policies). The project results will significantly contribute to
improve the Chinese Govenrment's capacity for environmental management.
Furthermore, developing a strategy for BC/OC co-control will greatly benefit

reductions in regional and national air pollutant emissions and improve air quality. To



read more about the ChiNorBC project please have a look at the project web site,

http://chinorbc.net/

On December 9", 2020, the kick-off meeting of the international cooperation project
Chinese-Norwegian Project on Emission, Impact, and Control Policy for Black Carbon
and its Co-benefits in Northern China (ChiNorBC) was held. More than 20 experts and
governmental officials from the competent departments and project group of both China
and Norway attended the meeting. After the kick-off meeting, an Emission WS was
held. Experts from within the project and outside experts from Tsinghua University and
ITASA introduced the current status of BC emissions in China and relevant research
results. These experts pointed out the adverse impacts of black carbon on air pollution
and climate change and showed how different control strategies could reduce the
emissions (WS agenda attached). The experience of Norway and Europe to control
black carbon will serve as a reference in the project for China to carry out relevant
scientific and policy research. After this workshop, more data, including emission
factors and activity levels, will be investigated and a BC/OC emission inventory of
northern China will be developed. For northern China, the emission inventory will be

given a higher temporal/spatial resolution.
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Photos from the virtual kick-off meeting and the Emission WS



Attachment: Workshop Agenda

Time: 17:25-19:30 / 10:25-12:30

Part 2: Technical workshop on emission inventories for China and co-
benefits of black carbon mitigation

Moderator: Vigdis Vestreng, Time keeper: Tor Skudal (NEA),
Rapporteur: CRAES

17:30-19:10/
10:30-12:10

Perspectives on
emission
inventories for
China and co-
benefits of black
carbon mitigation

17:25-17:30,Welcome and purpose of
WS. Dr. Vigdis Vestreng, NEA
1.17:30-17:50, Black carbon emissions in
China — opportunities for mitigation and
co-benefits. Mr. Zbigniew Klimont,
Senior Researcher, IIASA
2.17:50-18:10, Anthropogenic emission
trend of black carbon in China.

Dr. Xing Jia, Tsinghua University
3.18:10-18:25, Asian air pollution levels
simulated with the CEDS and
ECLIPSEv6 emission inventories”.

Dr. Marianne Tronstad Lund, Senior
Researcher, CICERO

4.18:25-18:40, Estimates of health
impacts of air pollution in China in the
ECLIPSEV6 scenarios, Dr. Shilpa Rao,
Senior Researcher, NIPH

5.18:40-18:55: On the UNEP-China
SLCPs report. Prof. Zhi Guorui, CRAES
6.18:55-19:10, Diesel engine/vehicle
emission prevention and control in China.
Prof. Wang Yanjun, CRAES

19:10-19:30/
12:10-12:30

Discussion and
summing up

Vigdis Vestreng, NEA / Meng Fan,
CRAES

Dinner
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Black carbon emissions in China
Opportunities for mitigation and co-benefits

Zbigniew Klimont
International Institute for Applied Systems Analysis (IIASA)

Chinese-Norwegian Project on Emissions, Impacts, and Control Policy for Black
Carbon and its Co-benefits; kick-off meeting, December 9, 2020
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Comparison of China BC emission estimates
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Kanaya et al. (2020) Rapid reduction of black carbon emissions from
China based on 2009-2019 observations from Fukue Island, Japan



Comparison of China BC emission estimates
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..at least transport looks fairly
consistent!

Issues:

* Industry
o Coke ovens emission factors
o Small coal boilers emission factors
o Industrial coal use in recent years

* Residential coal and wood statistics

 Inclusion and activity for waste
burning
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Emission projections and mitigation potential; ™ &
(Changes relative to 2015)
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Emission projections and mitigation potential
(Changes relative to 2015)
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Emission projections and mitigation potential
(Changes relative to 2015)
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Emission projections and mitigation potential [Gg]

Baseline (base)

« Continued reduction in residential
and transport

« Waste sector lags behind and
becomes a major source

Mitigation (red)
« Strict polices in waste sector

» Further strengthening and
enforcement in transport

« Accelerated reductions in use of
solid fuels for heating and
cooking
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PM2.5 concentrations and mean population
exposure in East Asia
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s Source: GAINS model (IIASA); “Science-based solutions, UNEP/CCAC, 2018”



BC reduction shall be part of policies addressing energy
efficiency, air pollution, SDGs, resulting in multiple benefits

Mean population
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Global Perspective:

Multi-sectoral solutions to achieve clean air will deliver a wide

range of benefits on multiple development priorities

Direct health benefits on health,
particularly in urban areas
(SDG 3, SDG 11)

Significant cuts of global emissions of
SLCFs and CO, (SDG 13)
BC (-90%), CH, (-30%), CO, (-40%)

Improve further energy efficiency and
access to clean energy (SDG 7)

Improved nitrogen use efficiency
contributes towards reducing
malnutrition and several environmental
impacts and enables responsible
consumption and production

(SDG 2, SDG 14, SDG 15, SDG 12)
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Final remarks

« BC emission estimates remain uncertain

« Declining trend of BC emissions in China appears robust

« Enforcement of current policies important to deliver significant further reductions;
nearly 30% of total potential

« Further mitigation potential exists and could be achieved with known and proven
technologies/transformations

« BC measures are among the top priority measures for air quality improvements in Asia

« Co-benefits of climate policy are smaller than often believed and might result in
unnecessary delay in BC mitigation

« BC reduction shall be part of policies addressing energy efficiency, air pollution, and

. several SDGs resulting in multiple benefits



Anthropogenic emission trend

of black carbon in China

Jia Xing, Fenfen Zhang, Haotian Zheng, Shuxiao Wang

Tsinghua University



« Overview of ABaCAS-EI
- BC and its impacts during 2013-2017

 Future emission prediction to 2035



Summary of current emission inventories

Air Benefit and Cost and Attainment Assessment System-Emission Inventory (ABaCAS-El)
« 2005-2017 China anthropogenic emissions of air pollutants by country and on spatial grid

* 1kmx1km http.//abacas-dss.com

Emissions Database for Global Atmospheric Research (EDGAR v4.3.2)

« 1970-2010 global past and present day anthropogenic emissions of greenhouse gases and air pollutants
by country and on spatial grid

0.1 degree x 0.1 degree

Regional Emission inventory in ASia (REASv3.1)

* 1950-2015 Asia anthropogenic emissions of air pollutants by country and on spatial grid
« 0.25 degree x 0.25 degree

The ECLIPSEv5a emission dataset from GAINS-Asia (IIASA)
« 1990-2015 Asia anthropogenic emissions of air pollutants by country and on spatial grid
* 0.25 degree x 0.25 degree

Multi-resolution Emission Inventory for China (MEICv1.3)
« 2008-2016 China anthropogenic emissions of air pollutants by country and on spatial grid
1 degree x 1 degree

MIX Asian emission inventory (MIXv1.1)

« 2008 and 2010 Asia emissions of air pollutants by country and on spatial grid
* 0.25 degree x 0.25 degree

* Integrating latest MEIC, REAS2, PKU-NH3, and CAPSS emission inventories




ABaCAS: a scientifically sound decision support system
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ABaCAS-El: a bottom-up emission inventory in China

Unit-based industrial emission
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Anthropogenic emissions in China (2005-2017)

SO,
30
-60%
S
=
—
=
=
é’ 10
8d
0
2005 2007 2009 2011 2013 2015 2017
PM, 5
15
E -49%
10
-
o
. —
A
-E 5
ad
0
2005 2007 2009 2011 2013 2015 2017
Power _ Industry u Industry
plants boiler process

Zheng et al,, El, 20719

30

20

10

30

25

20 f

15 +

10 F

With inner-consistent method

NO,
-6%
2005 2007 2009 2011 2013 2015 2017
NMVOC
31%

2005 2007 2009 2011 2013 2015 2017
. Domestic - On Solvent
combustion  Road Use

PM;,
25

-47%

20 r

15

2005 2007 2009 2011

2013

2015 2017

= NH;

2005 2007 2009 2011
wAgricult _ Open
ure burning

2013 2015 2017

m Other



40000

35000 -

30000 -+

Emissions (Gg/year)

10000 -

5000 H

25000

20000

15000 -

ABaCAS-El: SO,

China SO,
o
°
=O==REAS_3.1 —=O=-EDGAR_4.3.2
¢ MEIC_1.3 ¢ MIX_1.1
ABaCAS-EI =O==Zheng et al., 2018
e Klimontet al., 2017
OB A O N IO OO QA OO NV oA
97 O O O O O O N N NN
FFE S ST S S S S

30

25

20

15

10

2005

2007

2009

2011

2013

2015

2017

® Open burning
® Non-road transport
® Road transport
® Domesitc(bio-fuel)
= Domesitc(fossil fuel)
u Steel
Cement
% Other industry process
® Industry combustion

m Power plant

« During 2005-2017, SO, emissions were reduced by 51%, with the
largest contributor was power plants (80%) and industrial
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ABaCAS-El: NO,
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ABaCAS-El: PM, -
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ABaCAS-El: NMVOCs
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ABaCAS-El: NH,
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« During 2005-2017, the NH; emissions decreased by 6.1%, with the
most contributor was livestock and fertilizer application, which

totally contributed up to 90%.



ABaCAS-El: BC and OC
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« During 2005-2017, BC and OC emissions decreased by 46.7 % and
47.7 %, respectively.
« The largest contributor was industrial processes, transportation and

domestic sectors.



- BC and its impacts during 2013-2017

 Future emission prediction to 2035



Reduction of BC emissions during 2013-2017

O Emission of BC during 2013-2017
« 1In2013:1732.4 Gg
 In2017:1128.5 Gg
* Reduction: - 34.9 %

0 Reduction of BC emissions in
different sectors

 Power plant: + 0.6 %

* Industry combustion: - 0.7%
* Industry process: - 19.8%
 Domestic: - 6.3%

« Transportation: - 8.6%

* Open burning: - 0.2%
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WRF-CMAQ model configuration

Domain 1 5;\"\,\\";\ , Domain
jq WL =27km X 27 km

k T Y., / 1\"‘1 )/
(_w “} ﬁ ‘,‘J \,‘ A1
TR N A5
[ porsain ﬁﬁ Modeling period
> 524 ¢ A —Jan/Julin 2013

e —Jan/iulin 2017

N

Scenarios

* Sim_no feedback (nf)

* Sim_feedback (sf)

|  Sim_no BC emissions with feedback (noBC_sf)

S 4 * Sim_no BC emissions without feedback (noBC_nf)

WRF-CMAQ coupled model

—WRF3.8: NCEP/NCAR Reanalysis data with 2.5 degree spatial and 6-hour temporal resolution; NCEP
ADP Operational Global Surface/ Upper Air Observations with 6 hour intervals, MODIS land-use type,
RRTMg radiation scheme, ACM2 (Pleim) PBL, PX LSM.

—CMAQS5.2: CBO6-AEROG6 chemistry, inline photolysis.
—Emission: ABaCAS-El (years of 2013 and 2017, Tsinghua University), other regions (IIASA)

—Boundary Condition: derived from hemispheric WRF-CMAQ simulations
Zhang et al, in preparation



Model performance in simulating PM, s
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Simulated PM, ; & BC changes
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The emission controls lead to a substantial reduction
in PM, s concentrations, mostly in BTH and ChuanYu

BTH: -54.9 ug/m3
YRD: -29.6 ug/m3
PRD: -6.4 ug/m3
Chuanyu: -65.6 ug/m3




The proportion of BC in PM,;

O The proportion of BC in total PM, s concentration is 7.4%
in China during 2013-2017

v BC proportions are larger
in YRD and PRD than that
in BTH and ChuanYu

v" From 2013 to 2017, BC
proportions are
decreased in BTH and
ChuanYu but increased in
YRD and PRD
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The contribution of BC to PM, 5
concentration (%)

10.7
E2013 m2017

9.2

BTH YRD PRD Chuanyu

v BTH: Beijing-Tianjin-Hebei

v YRD: Yangtze-River-Delta

v PRD: Pearl -River-Delta

v Chuanyu: Sichuan and Chongqing




Impacts of the aerosol direct effects (ADE)

2013
20.0
Aerosol LR Meteorology .,
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Xing et al, ES&T (2016)



Changed PM, ; mortality due to ADE

2017-2013
A PM, ; mortality A PM, ; mortality due to ADE
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 ADE deaths in India increased from 77,866 to 93,575 while in China it
reduced from 59,529 to 40,470 during 2013-2017

Sahu et al, Chemosphere (2020)



 Future emission prediction to 2035



Future projection with GCAM-ABaCAS

Integrating dual goals of climate and air pollution control

(CPP, Paris Agreement, eftc.)
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Downscale GCAM to China 31 provinces
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AgLU Human-earth model
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Source: PNNL, GCAM wiki

32 Region Energy/Economy Model
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v' Calibrate 31-province energy and economic system

v" Incorporate non-CO, emission and control market
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Co-Benefits of energy policy in reducing CO, / pollutants

scenario ipe control levels
Baseline scenario which considers only CO,
(1) NDC-CLE intensity reduction to meet the Paris Current legislation (CLE)
Commitment
(2) NDC-MFR Same as energy scenario in NDC-CLE. maximum-feasible-reduction (MFR)

Co-benefit energy scenario with
implementation of low carbon policies

(3) CBE-MFR . maximum-feasible-reduction (MFR)
related to energy conservation (e.g.,
improvement of energy efficiency)
Impacts of end-of-pipe controls Changes in energy use and emissions in CBE scenario
on BC emissions compared to the NDC scenario in 2035
2.5 0
~2.0 - F 103 Industry -35% N Industry
_ < Building | ® coal 23% | Buflding
2215 - - 202 Mol
§ *g _?i Transportation .ﬁzi_foss“ -17% B Transportation
2 é 1.0+ - 30 £ Electricity 5% N Electricity
— Q
205 - NDC-CLE |- 40 & Total |-18% N Total
NDC-MFR 40 30 20 <10 0 Il 3 2 1 0 1
"0 2015 2020 2025 2030 2035 > Change in Energy use (EJ) Chiangs inamissions. (M5

EOP is quite limited in future Large co-benefits from energy policies



Energy policy is crucial for dual attainment

the NDC scenarios cannot ensure China to Avoided PM, s-related premature death

fully attain the ambient PM, 5 standards even due to low-carbon energy policies
with the most stringent end-of-pipe controls
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PM2.

Benefit ambient)

» Stronger low-carbon energy policies bring

greater health benefits than the associated costs o3

0 200 400 600 800 1000
billion Chinese Yuan

Xing et al, PNAS (2020)



- Update ABaCAS-El to 2018, 2019

« Validation of BC emissions with more

observations

» Improve BC-aging process in CMAQ

« Evaluate the BC control benefits on

human health, climate and ecosystem
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Thank you very much!
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Asian air pollution levels simulated with the
CEDS and ECLIPSEvV6 emission inventories

Marianne T. Lund, senior researcher CICERO
Project kick-off, 12/09/20




Significant differences between emission inventories

Total year 2014 emissions of NOx, SO,, BC and OC globally Total year 2014 emissions of NOx, SO2, BC and OC in East Asia East Asia
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CEDS: Hosely et al. 2018; var Maatrle et al. 2018. CMIP5/RCP45: Lamarque et al. 2020; Clarke et al. 2007. EDGARVS: Crippa et al. 2019.
MICS-Asia: Li et al. 2017. ECLIPSEVS: Klimont et al. 2017. ECLIPSEV6: Zig Klimont, personal communication.
CEDS2020: A Community Emissions Data System (CEDS) for Historical Emissions | Joint Global Change Research Institute (umd.edu)
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http://www.globalchange.umd.edu/ceds/

Significant differences between emission inventories — cont.
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How does this difference translate to model simulations of air pollution and
its radiative forcing?

Method:

Global chemical-transport model OsloCTM3 (https://www.cicero.oslo.no/en/osloctm3) with
year 2014 meteorological data and emissions from:

1) CEDS (Community Emission Data System) inventory
2) CEDS emissions in East Asia replaced with ECLIPSEvV6

Species: BC, OC, SO2, NOx, CO, nmVOCs, NH3

*CICERO


https://www.cicero.oslo.no/en/osloctm3

Baseline modeled particle concentrations

a) BC (global 0.22 mg/m2)
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Previous model-observation comparison shows quite
good performance — implications for new results?

Concentrations and radiative forcing of anthropogenic
aerosols from 1750 to 2014 simulated with the Oslo CTM3
and CEDS emission inventory

Marianne Tronstad Lund', Gunnar Myhre', Amund Sgvde Haslerud', Ragnhild Bieltvedt Skeie!, Jan Griesfeller?,
Stephen Matthew Platt®, Rajesh Kumar*”, Cathrine Lund Myhre?, and Michael Schulz?

AOD OsloCTM3

Total aerosol optical depth over China

Relative aerosol composition
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Results - particles

Difference in annual mean atmospheric burden of air pollutants between ECLIPSEvV6 and CEDS simulation

a) BC BC b) NOSFIN Nitrate ¢) S04 Sulfate
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Results - particles

Ratio of average atmospheric air pollutants levels between ECLIPSEv6 and CEDS simulation

Global average EAS average
Burden Surface concentration Burden Surface concentration
BC 0.89 0.81 BC 0.52 0.43
POA 0.96 0.90 POA 0.71 0.54
SOA 1.01 0.99 SOA 0.93 0.86
SO4 0.94 0.93 SO4 0.76 0.67
NO3 1.27 1.02 NO3 1.47 1.03
NH4 1.001 0.94 NH4 0.97 0.78

*CICERO




Results - ozone

Difference in annual mean surface ozone between ECLIPSEv6 and CEDS simulation

Baseline ozone surface concentration

a) Absolute

a) ozone surface conc
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Next steps:

What do these differences mean for:
1) Model performance compared to observations
2) Air quality/health impact assessment

3) Radiative forcing

*CICERO
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Thanks!

Marianne T. Lund
m.t.lund@cicero.oslo.no

¢® cicero klima
O cicero.oslo.no
@ cicerosenterforklimaforskning
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Shilpa Rao, Norwegian Institute of Public Health

Kick-off meeting of the Chinese-Norwegian Project on

Emission, Impact, and Control Policy for Black Carbon and Its Co-benefits in
Northern China

09.12.2020




Main goals

* i) Review published epidemiological and toxicological studies in China
and globally and evaluate the different main exposure sources, the
association between exposure to PM2.5 and BC, and health effects.

* ii) Conduct a statistical analysis to describe the relationship between
exposures and their impacts on health outcomes.

e jii)Perform a health risk assessment and disease burden analysis in
China using the published dose-response of PM2.5 and BC.

Output 4: Health Impacts of BC, Task 4.3, Chinese-Norwegian Project on Emission, Impact, and Control Policy for Black Carbon
and Its Co-benefits in Northern China



Top 25 causes of DALYs in China, 1990-201

Leading causes 1990 Leading causes 2017 Percentage change in Percentage change in Percentage change in
number of all-age DALYs  all-age DALYs per 100000 age-standardised DALYs

population per 100000 population
1 Lower respiratory infections 1 Stroke 46-8(38-1t0539) 24-4 (17 t030-4) -33-1(-37-4t0-29-8)
2 Neonatal disorders / 2 Ischaemic heart disease 1253 (109-4 to 138-5) 90-9 (77-5t0 102-1) 4-6 (-33t010-7)
3 Stroke e 3COPD 242 (-28-9t0-12.9) 35.8(397t0-262) || —66.4(-634to-612)
4 COPD T s 4 Lung cancer 140-3 (117-2 to 157-7) 103-6 (84-1t0 118-3) 13-1(2:3to21-2)
5 Congenital birth defects ; y - 5Road injuries -3-8 (-13-9to 5-2) -18.5 (-27-1t0-10-9) -25-0 (-32.5t0-18-8)
6 Road injuries | 6 Neonatal disorders -64-8 (-70 to -58-8) -70-2 (74-6 to-65-1) -60-8 (-66 to-55-3)
7 Ischaemic heart disease 7 Liver cancer 43-5(313t0 60-3) 21-6 (113 t035-9) 283 (-34-4t0-19-9)
8 Drowning 8 Diabetes mellitus 102.5 (93 to 112-3) 71-6 (63:5t0 79-9) 4-8 (-0-6 to 10)
9 Self-harm 9 Neck pain 81-1(71-6 to 91-1) 53-4 (45-4 to 62) 2-6 (-1-3 to 6-6)
10 Diarrhoeal diseases 10 Depressive disorders 36-5(29-3t0 43-9) 15-7 (9-6 to 21.9) -12.5(-14-7 to-10-3)
11 Liver cancer 11 Age-related hearing loss 813 (77-7t0 84-7) 53-6 (50:6 t0 565) -2-6 (-4-1to-13)
12 Stomach cancer 12 Stomach cancer 5-4(-2-4t012.5) -10-7 (-17-3 to -4-6) -50-3 (-54 to -47)
13 Tuberculosis 13 Low back pain 23-2 (14-7 to 31-4) 4-4(-2-8 t0 11-3) -23-2 (-26-9 to-19)
14 Lung cancer VA 14 Alzheimer's disease 157-0 (138-4 t0 170-3) 117-8 (102-1t0 129-1) -7-5(-13-8 to -3-1)
15 Depressive disorders ' 15 Other musculoskeletal 60-8 (50-6 to 72-1) 36-3 (27-7 to 45-8) -1-2 (-5-4t0 2-1)
16 Drug use disorders s 16 Headache disorders 36-2 (31-8 to 41-5) 15-4 (11-7 to 19-9) -0-2 (-2-5t02-2)
17 Low back pain VA iz Falls 51-9 (84 to 741) 28.7 (-8-1t0 47-6) 3-8 (<256 to 18-6)
18 Cirrhosis S < /{"/[18 Drug use disorders -5-0 (-12-8 t0 2-8) -19.5 (-26-1to -12-9) 212 (-28-1to-14-9)
19 Diabetes mellitus “y 19 Blindness 74-9 (70-9 t0 79-2) 48-2 (44-8 to 51-8) -7-3 (-9 to -5-9)
20 Headache disorders Ny 20 Congenital birth defects 63-4 (-68-5to0 -58-1) -69-0 (-73-3t0-64-5) -55-4 (-61 to -48-8)
21 Neck pain X 21 Chronic kidney disease 155 (8 t0 21-3) -2-1(-8-5t0 2-8) -36-1 (-40-6 to -32-9)
22 Age-related hearing loss 7w |22 Hypertensive heart disease 183 (6-7t039-1) 0-3(-9-6 t0 17-9) -48-6 (-53-8 t0 39-4)
23 Chronic kidney disease “\ s V123 Cirrhosis -12.5 (-23-8 t0 24-6) -25-9 (35-4 10 5-6) -53-9 (-59-9 to -34-9)
24 Other musculoskeletal 424 Qesophageal cancer 9-5(0-7 to 17-8) -7-2 (-14-6 to-0-1) -50-1 (-54-1t0-46-4)
25 Hypertensive heart disease t 1|25 Lower respiratory infection -88.6 (-89-8to -86) -90-3(-91-3t0-88-2) -88-6 (-89-9 t0 -86-4)

26 Oesophageal cancer
27 Falls

28 Blindness

29 Alzheimer's disease

26 Self-harm

28 Drowning
%34 Tuberculosis
*37 Diarrhoeal diseases

1 Communicable, maternal, neonatal and nutritional
1 Non-communicable

[T Injuries
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Review from the Health Impacts of BC

« BC is a universal indicator of a variable mixture of particulate material from a
large variety of combustion sources and it is always associated with other
substances from combustion sources, such as organic compounds.

 Recent studies increasingly indicate a wide range of outcomes associated with
long-term exposure to black carbon including cardiovascular and respiratory
ouﬁcomes; allergic respiratory diseases, diabetes, obesity; and cognition among
others

* Due to significant uncertainties in the health effects of BC, WHO, 2012 o
recommended that PM2.5 should continue to be used as the primary metric in
guantifying human exposure to PM and the health effects of such exposure, and
for predicting the benefits of exposure reduction measure.

« Jensen et al (2015) suggest that BC is a valuable additional air quality indicator
to evaluate the health risks of air quality dominated by primary combustion
particles and is associated with a higher health risk as compared to PM2.5



Review of studies on BC related health
impacts in China

Baumgartner et al. 2014 suggest that BC from combustion emissions is more strongly associated with blood
pressure than PM mass, and that BC’s health effects may be larger among women living near a highway in
rural China and with greater exposure to motor vehicle emissions.

Zhao et al. 2014 : Personal Black Carbon Exposure Influences Ambulatory Blood Pressure

Chen et. Al. 2020, Characteristics and toxicological effects of commuter exposure to black carbon and
metal components of fine particles (PM , ;) in Hong Kong: importance of commuter exposures and their
toxic effects, urging effective mitigating strategies to protect human health.

Li R, et al. 2019: BC derived from three main emission sources (residential coal combustion, biomass
burning, and diesel engine exhaust) in China was subjected to physiochemical characterization and its
oxidative potential (OP) was tested. Coal consumption in China contributes to the highest amount of BC
mass emission, but result indicates that diesel exhaust BC has the greatest OP. An emission inventory based
on health impacts is urgently needed to control air pollution sources in the future.

Zhou et al. 2020 panel study among elderly adults aged 60-69 years old in Jinan, China. Strong correlations
were found between personal and ambient BC concentrations. Aside from ambient concentration,
meteorological conditions, education level, individual activities such as using air purifiers were significant
determinants of personal exposure to BC among elderly adults in urban area.



Published articles on the health impacts of
pollution policies in China

 Wang et al., 2019 investigated premature deaths associated with
PM,  across China on the basis of air quality scenarios proposed by the
expert group involved in the formulation of the 13th Five-Year Plan for Eco-
Environmental Protection

* Yue et al. 2020, Stronger policy required to substantially reduce deaths
from PM, . pollution in China Chinese government implemented the Air
Pollution Prevention and Control Action Plan (APPCAP) from 2013 to 2017

* Maji, 2020 Substantial changes in PM, : pollution and corresponding
premature deaths across China during 2015-2019 (Total PM, .-related
nonaccidental deaths decreased by 383 thousand to 1755 thousand (28%)



Estimation Global Mortality burdens in the
ECLIPSE scenarios in the AMAP SLCP group

* In order to examine the impacts of PM2.5 and BC on health, we use a set of emission
scenarios developed by Klimont et al. (GAINS model) that include energy projections
from the International Energy Agency (IEA)

 Air pollution control policies:

» CLE — current legislation: efficient implementation of air pollution policies (including
emission standards) committed before 2018

» MFR — maximum technically feasible reduction: implementation of best available
technologies defined in the GAINS model.

* PM2.5 and BC concentrations are simulated by multiple atmospheric models (relatively
coarse resolution of air quality)

* Population scenarios are based on the Shared SocioEconomic Pathways of the Integrated
Panel on Climate Change

e Risk functions for PM2.5 and BC are derived from the literature and based on the Global
Burden of Disease (GBD) and other sources

This work is ongoing as part of the Arctic Management and Assessment Program and under review . Please do not quote or distribute,
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PM2.5 related mortality in China in the AMAP
ECLIPSE scenarios
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» Current policies do not account clearly for the differences in health risks from different sources and
do not account for all possible health outcomes.

» Health benefits induced by air quality improvements could be offset by the effect of the population
Increasing in size and ageing.

This work is ongoing and under review . Please do not quote or distribute,



summary

 Current air pollution legislations in China are effective in reducing PM2.5
emissions over the next few decades and result in corresponding reductions
In related mortality (30-50%).

* Large uncertainties exist in estimates of BC related risk functions and
mortality.

 Current policies do not account clearly for the differences in health risks
from different sources and do not account for all possible health outcomes.

 Health benefits induced by air quality improvements could be offset by the
effect of the population increasing in size and ageing

 Uncertainties associated with mitigating BC from different sources and Its
contribution to health effects must be accounted for while estimating
Inventories and planning mitigation policies.
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Chinese-Norwegian Project on Emission, Impact, and Control
Policy for Black Carbon and its Co-benefits in Northern China Kick-

off Meeting
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On the UNEP-China short-lived climate pollutants
(SLCPs) Report
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Chinese Research Academy of Environmental Sciences (CRAES)

Beijing, China 2020.12.09
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In 2013. UNEP started the collaboration with Policy Research Center for Environment
and Economy (PRCEE) of Ministry of Environmental Protection (MEP) on
Short-Lived Climate Pollutants (SLCPs) with the support of MEP.

This is the first time that UNEP collaborated with China on SLCPs policy study with
the report on “The Climate and Environmental Benefits of Controlling SLCPs in

China™.

The Climate and
Environmental Benefits of
Controlling SLCPs in P.R. China

A UNEP/PRCEE Synthesis Report

September 2015

The Climate and
Envir tal Benefits of
Controlling SLCPs in P.R. China

A UNEP/PRCEE Synthesis Report
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China-Norwegian bilateral BC project: new contribution



Why chose China for SLCPs assessment N4t 4 J& H [E

(WMO GHG Bulletin 20103 = S /A A4 2010)
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The warming effect of CO, will continue to a long time due to CO,’s long

lifetime even no CO2 is newly released into atmosphere




| Why chose China for SLCPs assessment
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Maria Molina

(WMO GHG Bulletin 20105 %= S & A3 2010)
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Propose rapid action on short-lived climate pollutants(SLCPs)
to prevent dangerous climate change
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China is the largest developing country
GDP ranking (2019)
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Why chose China for SLCPs assessment
I GDPIRIEIE K, REVRIHFEHAERY

China’s GDP and energy consumption on rise

12 TrillionusD  China’s yearly GDP- ..
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€ In November 20, 2015, President Xi Jinping
described China’s Intended Nationally Determined
Contributions. China pledges to peak CO,
emissions by around 2030 and strive to achieve it

as early as possible.



(Bond et al., 2013)

World Total (Approx 7500Gg)
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Energy related (4690Gg)

Diesel engines

53, 25%

Residential solid fuels

B A B8 HL, 53%

Other sources

HER#, 15%

Industrial coal

TAv K, 7%

Year Industry Power Residential Biomass buming Transportation I Total \
2008 6950 116 6360 671.7 1946 16049
2000 339 63 7807 1124 598 10436
2000 99 13 938 38 1093
2005 610 10 700 190 1510
2006 575 36 1002 193 1811
2007 529 13 651 104 145 1399
2007 646 50.7 088 7117 188 1957
2008 510 19 888 110 259 1787

W |Industry

= 42%

B Power generation
and heating

¥ Rural residential

B Urban residential

/' M Biomass burning

¥ Transportation

(a)

(Zhang Nan et al., 2013)
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assessment, highlights the opportunity for
achieving benefits from mitigating SLCPs.
Whilst these benefits have been shown to be
substantial in China, work on SLCPs has not
featured in an integrated manner on the
policy agenda in China; yet such an approach
could yield substantial sustainable

development benefits at the national, regional,

and global levels.
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Figure 1.2. Observed deviation of temperature to 2009 and projections under various scenarios

Source: UNEP/WMO, 2011
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Chapter 2 Air pollution and SLCPs in China
BIFEE R URSEROMNTSTENKR, FEE

AIREFEER

This chapter highlights the relationship

between SLCPs and

Chinese context.
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Figure 2.1. Schematic of the chinese airborne pollution prevention and control action plan, 2013

Source: Adapted from China’s Daily (http://1

ion/2013-09/11/content_16362032.htm)

Figure 2.2. Distribution of simulated PM, 5 (only including anthropogenic aerosols)

Source: Zhang, et al. (2014}
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= E R & H=ImChapter 3 Black carbon and its impacts
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Chapter 3 looks more closely at black carbon, highlighting its emission

sources, trends and projections in China, as well as its impacts.

60N 6ON{

30N 1 30N
FQ - EQ-
3051 305 -

605 1 60S -

180 120W BOW 0 60E 120E 180 180
[ I
-5 -3 -2 -1 =05 -0.2 —El".‘ ll:l Cl C'!E 0.5 0.8 1

Figure 3.2. Annual mean distributions of the simulated direct radiative forcing (W/m?) due to black carbon under all sky
(left) and clear sky (right) conditions

Source: Zhang et al. 2012,
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Chapter 4 looks more closely at methane, highlighting its emission sources,

trends and projections in China, as well as its impacts.
Table 4.1. The Emission Inventory of Agricultural Activities in China, 2005

CO; equivalent Methane Nitrous oxide
(eq. Million tons CO,) (10° tons CH,) (10* tons N,0)
Rice cultivation 166 792.6
Agricultural soil 208 67.2
Enteric fermentation 302 1437.9
Animal manure management 143 286.4 26.6
Total 819 2516.6 93.8
MECO,e/yr B Enteric fermentation Coal mining W Landfill
600 - B Rice cultivation M Natural gas & oil systems B Wastewater
B Manure Management Stationary & mobile combustion ¥ Waste Total
500 B Other Agriculture (agricultural biomass burning) Biomass combustion
i B Agriculture Total Energy Total
400 -

300 4

2004

100 |

I . q| Ll '- 4 IEL | NI Ll i
| L 1S . R -5 9 JLy R inp RN - B
1950 1935 2003 2005 2010 2015 2020 2025 2030
Year

Figure 4.3. Sectoral breakdown of trend and projection of China’s methane emission, 1990 to 2030
Caurce- ISEPA (7112)
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This chapter discusses the various mitigation measures for black

carbon and methane, reviewing current mitigation efforts in China

and highlighting what more could be done.

Table 5.1. UNEP/WMO (2011) measures for black carbon emission reduction

Diesel particle filters for road and off-road vehicles

Transport
Elimination of high-emitting vehicles in road and off-road transport
Replacing coal by coal briquettes in cooking and heating stoves
Pellet stoves and boilers, using fuel made from recycled wood waste or sawdust, to replace current
wood-burning technologies in the residential sector in industrialized countries
Residential

Introduction of clean-burning biomass stoves for cooking and heating in developing countries®?

Substitution of clean-burning cookstoves using modern fuels for traditional biomass cookstoves in
developing countries*?

Replacing traditional brick kilns with vertical shaft kilns and Hoffman kilns

Replacing traditional coke ovens with modern recovery ovens, including the improvement of end-of-pipe Industry
abatement measures in developing countries

Ban of open field burning of agricultural waste? Agriculture
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7

P

Medium duty

Mini trucks
0.2%

&+

Simple stove Improved stove
k
Medium passenger
y~ cars 1.1%
; ) Small passenger
cars 3.0%

Coal chunk Coal briquett " : _— : .
g T Figure 5.7. Particulate matter emissions from different vehicle types

Figure 5.4 Coals and stove.s used b‘V zhi etal. (2009) Source: China Motor Vehicle Pollution Prevention Annual Report (2013)
phoro credin: Guorui Zhi




7

4

(UNEP-H1 [ESLCPsH £ ) fai/rBrief introduction

£ HE g #EChapter 5 Emission reduction measures
Table 5.3. UNEP/WMO (2011) measures for methane emission reduction

Methane measures

Extended pre-mine degasification and recovery and oxidation of CHs from ventilation air from coal mines

Extended recovery and utilization, rather than venting, of associated gas and improved control of Extraction and
unintended fugitive emissions from the production of oil and natural gas transport of fossil fuel

Reduced gas leakage from long-distance transmission pipelines

Separation and treatment of biodegradable municipal waste through recycling, composting and
anaerobic digestion as well as landfill gas collection with combustion/utilization

. . ) - Waste management
Upgrading primary wastewater treatment to secondary/tertiary treatment with gas recovery and

overflow control

Control of CHs emissions from livestock, mainly through farm-scale anaerobic digestion of manure from
cattle and pigs Industry

Intermittent aeration of continuously flooded rice paddies

14.0 —

B CMM Emission Volume B CMM Drainage Volume
12.0

10.0

Volume/billion m?
o]
o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

Figure 5.9. Direct emission (unutilized) and drainage volume of CMM in China, 2000-2013

Source: China Coal Information Institute
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7N EIBSR &1 Chapter 6 Implications for policy

1 K RAT8Ni%EFOptions for future action

AJE BCHUEE A 52 -Domestic heating and cooking

B LML TIndustry CX IR I Transport

D&z KA J7E0pen burning EA MV T Agriculture
FIER FL T HE i Coal mine emissions G/E F W) & Pl Waste management
2151 T Delivering Change

Anm AL UK i 1 R H Eﬁi&jﬁﬁﬁﬁsuengthen the information base for policy formulation
BEE V. —ESLCPs 1) & PR AN 1+ KI4& ZADevelop a regulatory and planning systems for SLCPs
Chnusm E FRAZ i 5 & {EStrengthen international communication and cooperation
3~ —1T8lINext steps

o R SR ST B R R BB, V& SE 4T3 H Highlights the co-control mechanism

for air pollutants and GHGs and put this conception into practice
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® (UNEP-/RESLCPsizRE) &

Brief introduction of the UNEP-China SLCPs Report
o REIULEMINE ;MR

China-Norwegian bilateral project on BC: new contribution
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HE: B iﬁ*EgﬁMethodological framework Designed

Collecting existing inventories Y &5 H.

L 4

Deciding which inventory will be based onfiffi & #] 45 HEHUE

Analyzing the structure of the inventory based J5 B FrJ4J) 46 45 7 A4 BE 70 #r

Source classification J§ 4324k £

How to obtain emission factors3kHUEFs /7 1\

Spatial/temporal resolution
I 27y

How to obtain activity levels

FREVALs 77 2,

SCHER I A

|
I| Literature review
|
|
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sectors B ;i ATVEFIIE | | sectorsE s AT MV ALEHFT |
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A national inventory
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® 2018
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An inventory for northern China
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Emission factor measurement: In-door measurement of emission factors of different coals

ZItFKEA: An In-door test system +5=#¥: Various coals

wr— .
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. — - Y
4 , 1, e
B ‘
N

IEEMN M R S ME BET A, H&HES R TR EERARE T
Data of measurements are under processing and the calculated results will help to
improve the emission factors extracted from literature
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Emission factor measurement: National IV Emission Level Heavy Vehicles
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B) 537K 8B The investigation of activity level organized
F—FMFH: AFEE First manner: into household questionnaires
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Beijing-Tianjin-Hebei cluster is undertaking a rapid decline in BC emissions due to the
promotion of clean energy for coal

2+263 T U I BB HECE R AL (A )

Changes in BC emissions from residential coal between 2015 and 2018
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