ChiNorBC project
Workshop on Emissions inventories and

preliminary modelling results

On 15" December 2021, th Workshop on Emissions inventories and preliminary modelling results
was held in Beijing and virtually on zoom co-chaired by the Chinese Academy of Environmental
Sciences (CRAES) and the Norwegian Environment Agency (NEA) as the main
implementing partners of the project. Representatives from the Norwegian Embassy in Beijing,
the Norwegian Environment Agency and the Chinese Academy of Environmental
Sciences attended the workshop and delivered speeches (See attached Agenda and
presentations).

The Chinese Academy of Environmental Sciences and the Norwegian Environment Agency
are implementing agencies of the ChiNorBC Project, while Chinese Academy
for Environmental Planning, Norwegian Institute on Public Health and Center
for International Climate and Environmental Research-Oslo, Norway are the collaborators of

the project.

The meeting featured detailed presentations and discussions on the project overview,
Chinese /Norwegian/European control measures, construction of black and organic carbon
emission inventoris for ChiNorBC project, regional/global model performance evaluation, and
health impacts of BC/OC.

At the workshop, the project team and experts had an in-depth exchange on the above. Experts
from Peking University commented on the results of the emission inventory of the ChiNorBC
Project, and affirmed the scientific rationality of the research methods, ideas and technical
approaches of the emission inventory based on the ChiNorBC project, as well as the importance of
motor vehicle and domestic emission sources. The meeting helped to strengthen the links and
cooperation between the various outputs of the project to ensure the smooth implementation of
the project's research work and to further deepen Sino-Norwegian cooperation in the

environmental field.
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Chinese-Norwegian Project on Emission, Impact, and
Control Policy for Black Carbon and its Co-benefits
in Northern China (ChiNorBC)

Agenda

Workshop on Emissions inventories and preliminary

modelling results

Time: 16:00-19:00 (CST) / 9:00-12:00(CET)
Date: Wednesday 15" December 2021
Venue: 1% Meeting Room, Bei Yuan Hotel Beijing
(ALAE R E, B — =)

(Zoom Meeting ID: 829 4911 1206 Password:123456):

https://zoom.us/j/82949111206?pwd=T1Q1MEhFNDRJZ1BhQmNEY 3JXSkwvdz09

Simultaneous translation in Chinese and English online

Time Content Speaker
(Beijing time /
Oslo time)

Moderator: Dr. Hu Jingnan,

director of Institute of Atmospheric EnvironmentAEI, CRAES
Christoffer Gronstad,
Royal Norwegian
Embassy, Beijing

16:00-16:30 / | Opening remarks
09:00-09:30

André Kammerud,
Norwegian Environment
Agency

Moderator: Dr. Hu Jingnan

. Dr. Cheng Miaomiao
Introduction to the WS of ) ’
16:30-16:40/ ChiNorBC Project CRAES, China




09:30-09:40

16:40-16:55/ N / | Dr. Cheng Miaomiao,

China’s status on BC/OC contro .
09:40-09:55 CRAES, China
16:55-17:05/ Relevant Norwegian/European Dr. Vigdis Vestreng/ Dr.

control measures in the context of | Scott Randall, NEA,
09:55-10:05 the ChiNorBC project. Norway
17:05-17-30/ | Construction of a black carbon Dr. Zhi Guorui

emission inventory for ChiNorBC | CRAES, China
10:05-10:30 project

Comments:

ChiNorBC emissions in context Dr. Marianne Tronstad
17:30-17:40 /| of recent global inventories Lund, CICERO, Norway
10:30-10:40 ?omments on B(? emission Prof. Shen Guofeng,

inventory for ChiNorBC Peking University, China
17:40-18:00

Questions
10:40-11:00
18:00-18:05/

Coffee Break
11:00-11:05

Moderator: Dr. Vigdis Vestreng, Norwegian Environment Agency (NEA)

Model performance evaluation

18:05-18:15/ . . Dr. Du Xiaohui
11051115 based on high-resolution latest CRAES, China
: ) emission inventory in China
Dr. Marianne Tronstad
18:15-18:20/ First results from OsloCTM3 Lund, Senior Researcher,
11:15-11:20 using updated Chinese emissions | CICERO, Norway
18:20 -18:35/ Prof. Wei Yongjie,
Health Effects of BC .
11:20-11:35 CRAES, China
18:35-18:55/

11:35-11:55

Discussion (20 min)




Camilla Schreiner, Head of
section for Climate Science

18:55-19:00/ on for Climate Scien
Concluding remarks and Air Quality, , INorway
11:55/12:00

Dr. Cheng Miaomiao, CRAES,
China

List of participants:

Chinese Research Academy of Environmental Sciences (CRAES)
1. Meng Fan, Deputy Chief Engineer
2. Hu Jingnan, Institute of Atmospheric Environment
3. Cheng Miaomiao, Institute of Atmospheric Environment
4. Zhi Guorui, Institute of Atmospheric Environment

5. Wei Yongjie, State Key Laboratory of Environmental Criteria and Risk
Assessment

Wang Yanjun, Vehicle Emission Control Center
Zhu Xiaoyan, Institute of Atmospheric Environment

Jin Wenjing, Institute of Atmospheric Environment

© ® =N

Du Xiaohui, Institute of Atmospheric Environment

10. Li Zhigang, State Key Laboratory of Environmental Criteria and Risk
Assessment

11. Zhu Xiaojing, State Key Laboratory of Environmental Criteria and Risk
Assessment

Chinese Academy for Environmental Planning (CAEP)

12. Wang Xuying, Institute of Atmospheric Environment

Peking University
13. Prof. Shen Guofeng

Royal Norwegian Embassy, Beijing



l.
2.

Christoffer Greonstad, Counsellor Environment

Liu Yinglang, Senior Project Officer

Norwegian Environment Agency (NEA)

3.

André Kammerud, Head of section for the High North and Bilateral
Relations

Camilla Schreiner, Head of section for Climate Science and Air Quality
Scott Randall, Senior Adviser, Section for Climate Science and Air Quality

Ingeborg Renning, Senior Adviser, Section for Emission Inventories and
Analysis

Ole- Kristian Kvissel, Senior Adviser, Section for Climate Science and Air
Quality
Tor Skudal, Senior Adviser, Section for the High North and Bilateral

Relations

Vigdis Vestreng, Senior Adviser, Section for Climate Science and Air
Quality



Center for International Climate Research (CICERO)
11. Marianne Tronstad Lund, Senior Researcher

Norwegian Institute of Public Health (NIPH)
12. Shilpa Rao-Skirbekk, Senior researcher

13. Per Everhard Schwarze, Senior researcher

14. Marit Lag, Senior researcher



Workshop of ChiNorBC Project

Chinese-Norwegian Project on Emission, Impact, and Control Policy
for Black Carbon and its Co-benefits in Northern China

Dr. Cheng Miaomiao Dr. Vigdis Vestreng, Senior Adviser,
Chinese Research Academy of Norwegian Environment Agency (NEA)
Environmental Sciences (CRAES)

Beijing, China 2021.12.15



® ChiNorBC

Pre-project phase The review report Model validation Dissemination and
Emission inventory Health impact awareness raising
Preparing the final
report
2013 2020 2021 2022
l‘ 2019 06 06 06
Project Started Kick-off meeting Modeling work Summarize the final
Sign agreement Scenarios analysis report
and policy study Preparing for

project acceptance



® ChiNorBC

Long-term Objective

 Improve air quality and reduce
the negative impacts of BC/OC
on air quality, health, and climate
in northern China.

Based on the objective of the project,
mainly have 6 tasks.

1. F&EBC/OCHAFATERIEHITEHE

Air Pollution Control Relevant to BC/OC

\
‘ 2. Here
Emission Inventory
I
| |

3SR, ESRE=EAFE
Effect of BC/OC on Climate/Air
Quality

4. BC/OCTHfERRRISR/M

Health Effect of BC/OC

I
5.BC/OCHRHEEHIRIBR S HFIBEREN

Scenario analysis and policy recommendations for
BC/OC control

_ |

‘ 6. MEARERE. ARG RINRES

Dissemination and awareness raising




@ i
Project Progress Task 1: Policies reviewing

« China

Pollution Control of “Fuel, Road, Vehicle”.
E.g. Strengthen vehicle emission standards.
In less than two decades, China has raised
the standards for vehicle emissions from
National | to National V.
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1995 2000 2005 2010 2015 2020 2025

 Norway -
- R . South Korea N N I O
The EU has adopted stringent emission standards St —————— S e v

Singapore = 1IN I I A N N N N I I

for various vehicle categories which also apply 1N sngepore s s

India N I

N O rway India® I - -

Thailand " . .-

Norway has set out ambitious national goals for ph?ji'.t??’i;i """::::EEEEE::__ ==
rapid transition to electric mobility through ., s e e e e e
incentives such as tax breaks and reduced toll "% e e e s e e

Sri Lanka 1 O O
fares Nepal S

M Euro1 M Euro2 Euro 3 Euro4 B Euro5 WM Euroé No data



® Project Progress Task 2: BC/OC emissions

* Finalized Review Report on the BC/OC emissions of Output 2.

« Preliminarily Finalized ChiNorBC2018 inventories for national & northern
China. Pollutants include Ozone precursors: NOx, CO, nmVVOC as well as
PM, :/PM,,, BC, OC, SO, and NH;

* Prepared a \Working Report for inventory preparation.

") Total emissions for each pollutant BC
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[ Project progress Task 3: Model setup and evaluation

» Aliterature review has been completed: the impact of BC/OC on air
quality and climate change.

« Monitoring datasets: Collected and processed air quality monitoring data(BC, OC,
O;, NO,, CO, SO,, PM, ; and PM,, , etc.) to meet assessment needs.

« CMAQ modeling framework setup: Simulation Area and Grid Settings

« Evaluating the performance for current emission inventories

The spatial distribution of observed and simulated for BC/OC in January-March and
October-December 2018 (The colored circle indicates the concentration at the
monitoring station; the colored matrix grid indicates the simulated concentrations)
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® Project progress Task 4: Health effects

» We have completed a review of the health effects of black carbon, and
published part of this in the Environmental Sciences Research.

 We have finished the meta analysis of health effects of BC in long/short term
exposure.

* We sampled PM,: in three site Miyun, Chaoyang and Baoding in different
seasons and analyzed over 40 chemical compositions in the past three years.

» We have done the animal and cell exposure experiments of BC.
 We have done part of cell exposure experiments of PM,

* To do the animal experiments of PM, ¢ in chambers.
* To do the cell experiments of PM,

» To do the source apportionment for attributing the health effects to different
sources and to rank the risks of health effects by sources.

 To finish the final project report.



@ Project progress Task 4: Health effects

PM, : -- Miyun/Chaoyang/Baoding

2019: 45 sets of PM, . samples, autumn and winter.

2020: 42 sets of PM, ;. samples, autumn and winter.

2021: 84 sets of PM, - samples, spring, summer, autumn and winter.

.....

—

PM, - sampling, chemical composition analysis
and biological experiments.



[ Project progress Task 5: Scenario analysis

e 1 ;: o ; mEme T o
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* Finished the revision of review report regarding
the last round of comments.

« Working on the BC/OC emission estimation for ———
the three scenarios (BAU. EOP. ABC). =



® Project progress

Task 6: Documents updates on website
Established a website for disseminating the results of ChiNorBC
Updated the Kick-off news, documents, review reports

Bockground / Objective

Tosks / Rctivities flews ~  PUBLICATIONS  About  Test

: SPEHLR)

The Chinese- Norweglan Cooperation Project for Black Carbon (ChiNorBC)
Background / Objective ~  Tasks / RActivities News ~
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The multiple benefits of black carbon reductior
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http://chinorbc.net/

Project progress Next steps

* Publish the review report

« Update national & regional (northern China) emissions inventory
of 2018 and scenarios, if necessary

« Evaluate the effects on air quality and CC according to the
updated emission inventories

« Evaluate the effect on health both sides of China and Norway

« Assess the co-benefits on emission reduction, air quality
improving and climate change of BC/OC under different
scenarios

* Finish the final report



Thank You!




Workshop of ChiNorBC Project

China’s status on BC/OC control

Cheng Miaomiao
Chinese Research Academy of Environmental
Sciences (CRAES)

Beijing, China 15 October 2021
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and institutional arrangement



® Content

. Strengthening environmental and climate regulation

and institutional arrangement
1. Sector specific plans, policies and regulations in China
[11. Gaps and needs to optimize policy making

V. Highlights for emission, impact, and control policy for
BC/OC



Strengthening environmental and climate regulation

® ndinstitutional arrangement

1. Improving legal framework for improving air quality

Actively construct a legal framework for air pollution prevention and
control. Since 2013, laws and regulations covering all areas of air pollution
control has been revised and implemented.

Enforcement of environmental laws were strengthened. Since 2015, the
amount of administrative penalty fines imposed has increased year by year.

200

(PN RFEMERERFE) 160 -

Environmental Protection Law

(hEARKMERSISEAZE)

Law on the Prevention and Control of Atmospheric Pollution

(bt A R SFIEAERIA TG %) 5 80

Law on Environmental Impact Assessment e

(e A R EFRE RIBE) 40

Environmental Protection Tax Law

(e NRFEFMBE D EDED

KB/ 25T
S

Law on Prevention and Control of Desertification

(e A RIFIETLIRERE)

Law on Energy Preservation

2015 2016 2017 2018
ETRRER —ATIRERHH
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Strengthening environmental and climate regulation

® .ndinstitutional arrangement

2. Carbon Peak and Carbon Neutrality Action in China

Xi said China has included carbon peaking before 2030 and carbon
neutrality before 2060 in its overall plan for ecological conservation, and
promoted the development of a green and low-carbon circular economy in
an all-round way in 2020.

Achieving the ambitious goals of carbon emissions and carbon neutrality
will not be easy and will require a Herculean effort.

\
e China’s manufacturing industry is still in the middle and low end of the international
value chain, product energy consumption and material consumption are high, the value-
added rate is low, economic restructuring and industrial upgrading tasks are arduous
J

e coal consumption is relatively high, still more than 50% of Chinese energy consumption,
the intensity of carbon dioxide emissions per unit of energy is about 30% higher than the
Coal-used world average, the task of optimizing the energy structure is arduous

4

e the unit GDP energy consumption is very high, 1.5 times the global average, and 2-3
times that of OECD countries, and the task of establishing a green low-carbon economic
€|l system is extremely arduous

J




Strengthening environmental and climate regulation
® ndinstitutional arrangement

2. Carbon Peak and Carbon Neutrality Action in China
« Chinais actively promoting carbon trading pilot work

qn 2015, the

establishment of a
national carbon ETS

was announced

Ir&Oll, China has launched the
carbon market pilot work. Seven
provinces and cities have launched
local pilot carbon emissions trading
system (ETS)

From 2016 to
2020, drafts for the
construction plan
and management
measures of the
carbon emission
trading market will
be issued

successively

‘ The national

In January 2021,
the
Administrative
Measures for
National Carbon
Emission Trading
Rights (Trial) was
officially

released.

carbon ETS
launched online
trading on 16
July 2021.



Strengthening environmental and climate regulation
® .nd institutional arrangement

3. Standards and Action Plans on air quality improvement

 China’s ambient air quality standards were first issued in 1982, and
subsequently revised in 1996, 2000 and 2012. In February 2012, the
Ambient Air Quality Standard (GB3095-2012) was published.

li\loallm'facr)lft Average Time Unit index  Grade Category Health Recommendations
Annual average 20 60 0-50 | Excellent Outdoor activities
24-hour average 50 150 are recommended
1-hour average 150 500 2
Annual average 40 40 pg/m 51-100 |l Good Outdoor activities are OK
24-hour average 80 80
SR s 200 200 101150 11 M8 Sehircceheay
24-hour average 4 4 g’ pollution outdoor activities

Al_hour ?Verr]age 10 10 Moderate  Susceptible populations
\éi:]asgei lIthIi::/eeSt_()p 100 - 151-200 IV olution would 2?; g::gtgglcantly
hour period

1-hour average 160 200
Annual average 40 70
24-hour average >0 130 Serious Try not to stay outdoors
Annual average 15 35 pollution

24-hour average 35 75



Strengthening environmental and climate regulation
® nd institutional arrangement

3. Standards and Action Plans on air quality improvement

, BTH, , 113 key
YRD, PRD and cities and the
other key regions national

and municipalities environmental , all cities

at prefectural level
and above

nationwide
directly under the protection model
central government city for
and provincial environmental
cities; protection;

implementation of
the new standard




Strengthening environmental and climate regulation
® .ndinstitutional arrangement

4. Air Pollution Prevention and Control Action Plans

« Air Pollution Prevention Action Plan (2013-2017)

» The 13th Five-Year Plan for ecological and environmental
protection (2016-2020)

» the Three-Year Action Plan to Win the Blue-Sky Defense War
(2018-2020)

2014 2015 2016 2017

The Action Plan of Air Pollution Control and Prevention Tier |
(Action Ten, 2013-2017)

2018 2019

The 13th Five-Year Plan




Strengthening environmental and climate regulation
® ndinstitutional arrangement

4. Air Pollution Prevention and Control Action Plans

« Ten measures of Air Pollution Prevention Action Plan (2013-2017)

1. Intensify the comprehensive control-measures, reduce pollutant emission.

2. Adjusting and optimizing industrial structure, promote the transformation and
upgrading of economy.

3. Accelerate the technical transformation of enterprises, improve the scientific
and technological innovation ability.

4. Speed up the adjustment of energy structure, increase the supply of clean
energy

5. Investment projects must be strictly access to energy conservation and
environmental protection,

6. Give play to the role of market mechanism, improve environmental economic
policies.

7. Amplify the system of laws and regulations, strict supervision and management
In accordance with the law.

8. Establish regional coordination mechanism, carrying out the regional
environmental governance as a whole.

9. Establish monitoring and early warning emergency system

10. Clarifying the responsibilities of all parties



Strengthening environmental and climate regulation

® ndinstitutional arrangement

4. Air Pollution Prevention and Control Action Plans

Main measures of the Three-Year Action Plan to Win the Blue-Sky

Defense War (2018-2020)

Adjusting and optimizing industrial structure, and promote the development of
green industry

Speed up the adjustment of energy structure, and build a clean low carbon efficient
energy system

Actively adjust the structure of transportation, develop green transportation system.
Optimization adjustment of land use structure, promote the non-point source
pollution control

Action implementation of major projects, greatly reduce pollutant emission
Strengthening zone from spreading, effectively cope with heavy pollution weather
Improve the system of laws and regulations, improve environmental and economic
policies

Strengthen basic capacity building, strict environmental law enforcement inspectors
Clearly implement the responsibilities of all parties and mobilize the whole society
to participate widely



Strengthening environmental and climate regulation
® ndinstitutional arrangement

4. Air Pollution Prevention and Control Action Plans
« Science and Technology Support

ASESREESREEX

The national key fund of . s .
Tacking Key Problems in Air Pollution Control

Tacking Key Problems in
Air Pollution Control in
BJ-TJ-HE and

i i3
surrounding areas
. Researchers: National @ %
Joint Research Center
for Tacking Key
“1+X" {8 3K

Problems in Air 43 ch E ISR
Pollution Control —

more than 1500

hEFERRTR i koald
researchers e
* “one city, one policy” — O

28 tracking research
working groups that for
long-term research and
technical guidance in
2+26 cities were build .

O Key areas: BJ-TJ-HB and surrounding area
O Key points: Regional and urban haze control during autumn and wintertime




Strengthening environmental and climate regulation
® .nd institutional arrangement

4. Air Pollution Prevention and Control Action Plans
» Target achievement

+83%

Since 2013, China’s economy and 0% |
energy consumption have continued ’
to grow. Meanwhile, air quality in

+39%

+11%

RERIHZEE

L5 (Ratio)
S

China has improved significantly o | o

and heavy pollution days has 0% 1 8%
-80% : ' : :

decreased notably 2013 2014 2015 2016 2017 2018

F12 (Year)




Strengthening environmental and climate regulation
® ndinstitutional arrangement

4. Air Pollution Prevention and Control Action Plans
« Target achievement

Beijing’s air quality has been significantly improved, the annual average
concentration of major pollutants have dropped remarkable, the proportion
of fairly good air quality days has increased year by year, and the number of
heavy pollution days have been decreasing.

150

SRR ($45e/3 75K ) ®2013 52014 02015 ©2016 2017 2018 As - -
100 | 7\ g &
7 : 80%
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50

100 |
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® Content

. Strengthening environmental and climate regulation

and institutional arrangement
Il. Sector specific plans, policies and regulations in China
I[1l. Gaps and needs to optimize policy making

V. Highlights for emission, impact, and control policy for
BC/OC



@ Sector specific plans, policies and regulations in China

1. Upgrading Industrial Standards and Companies

HENB=/{ZkN

10

China has been pushing ahead with pollutant emissions control of industrial
enterprises. Since 2013, a total of 15 standards for key industries such as cement and
petrochemical industries were released or revised.

Strengthen industrial emission standards. Ultra-low emission and energy-saving
transformation of coal-fired power plants was launched in 2014. By the end of 2018, the
capacity of China's coal-powered generators with ultra-low-emissions reached more than
810 million kilowatts, accounting for over 80 percent of the country's total installed
capacity of coal-power generating units

100% Proportion

e RIHEBBEHFRENETE —4hk
80% 100 %

]
| . 80

1 60%
71

htk

60
1 40% 48

40
{ 20%

20
0% 3

18

2014 2015 2016 2017 2018
2014 2015 2016 2017 2018

(SOURCE: CHINESE ACADEMY OF ENVIRONMENTAL PLANNING)



@ Sector specific plans, policies and regulations in China

2. Industrial Restructuring

Phase out outdated
industrial capacity

Between 2013 and 2017, China
had slashed production of steel
by 200 million tons, cement by
250 million tons, plate glass by
—— 110 million weight cases, and
coal-fired units by 25 MW, and
barred the production of 140
million tons of nonconforming
steel

during the period 2013 — 2017,
this structure-focused measure
led to the reduction of 2.08 Tg,
1.23 Tg, and 0.69 Tg abatements
in SO,, NOx, and primary PM, 5
emissions, respectively

/
From 2013 to 2017, more than

200,000 small coal boilers (<7
MW) were shut down and
phased out in urban areas. Large
operating boilers were
extensively equipped control
devices according to the new

emission standard.

~

J

-

abatements of 5.54 Tg (34% of
all abatements) and 0.71 Tg

(20% of all abatements) in SO,
and primary PM, ; emissions

\_

\

/
In 2017, China launched a

campaign to investigate and
crack down on such companies,
and 62,000 of them, involved in

air pollution, were investigated
and disposed of in the “2+26”
city cluster in Beijing-Tianjin-

Hebei and neighboring areas

-

4 )

This measure yielded 10%, 3%
and 9% of regional abatements in

SO,, NOx and PM, ; emissions,
respectively

NS J




@ Sector specific plans, policies and regulations in China

3. Optimizing Energy Structure

« Between 2013 and 2018, the proportion of coal consumption in primary energy had dropped
from 67% to 59%, curbing the trend of rapid growth of coal consumption.

» Setting Coal Quality Standards and Eliminating Small Boilers
* Promote clean fuels for heating in the residential sector

O,
80% RBS
Natural Gas
60% — KB

. Primary electricity

o

= 40%

o .

= Vap::|

£ 20% =" Petroleum

[N

0% 1 7%
o —— |
-20%
2013 2014 2015 2016 2017 2018
[ e e
No.1 No.2 No.1 No.2
| Volatile matter [ESiPIZ <12% <37% <37%
<16% <30% <16% <25%
<0.5% <1% <0.5% <1%
<0.25 pg/g
<20 pg/g

<0.1%
<0.15%
<200 pg/g




@ Sector specific plans, policies and regulations in China

3. Optimizing Energy Structure

Clean Energy Development

Since 2013, the installed capacity of wind
power and photovoltaic power in China has

maintained high growth.

By the end of 2018, the installed capacity
of hydropower, wind power and
photovoltaic power was 35,000 megawatts,
18,000 megawatts and 17,000 megawatts,

respectively.

The non-fossil energy power capacity grew

to about 40 % of the total installed capacity.

The proportion of clean energy in the
primary energy increased from 15.5% to
22.1%

Wind power Wind power Photovoltaic Photovoltaic
'”Sta"id installation installation in installation installation in
?&F\ﬁ;' y inChina other countries inChina other countries
600,000
500,000 i
400,000 i I
300,000 I .
200000 !
[ ]
100,000
0
2013 2014 2015 2016 2017 2018

SOURCE: CHINESE ACADEMY OF ENVIRONMENTAL PLANNING



@ Sector specific plans, policies and regulations in China

3. Pollution Control of “Fuel, Road, Vehicle”

* Coordinated pollution control of “Fuel, Road, and Vehicles”. National V emission
standard has been implemented to all vehicles, and the fuel is in line with the emission
standard. Since July 2021, National VI emission standard of heavy-duty diesel vehicles
has been implemented, as an result that nitrogen oxides and particulate matter limits were
reduced by 77% and 67% compared with the national V standards.

«  Strengthen vehicle emission standards, Push for Low-Sulfur Fuel, Restructuring
Transportation, New Energy Vehicles, Eliminate old and “Yellow Label” vehicles, In-Use
Motor Vehicle Supervision System, Ship Emission Control Zone

50
— Production and sales (10,000)
Year of implementation 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 u 19 20 21 22 ﬁ@:

Light vehicles bl - National I I m 120
s =n 1 m Production
= H & o | BafaTENARGRE] 1 m Sales
y
- EAIEN 2 B n m
g g G fuel
HH o == T I m W
PR ¢
gﬁ bike o % 60
2d ihiones 4o [ESSNSNSRSINN 1 n m o
&
S Die 30
: e, R g CI i
3 machin
S i i
gé Train ',- Impl melt'g r\dl 'lryt dlmt ddd
cEa s lormulal
8 2011 2012 2013 2014 2015 2016 2017 2018
Ships = Implementing international standards 1 bi
Aircraft % g Interna SOURCE: CHINA ASSOCIATION OF AUTOMOBILE

e Implementing international standards

MANUFACTURERS, CHINESE RESEARCH ACADEMY OF
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; ' ENVIRONMENTAL SCIENCES




@ Sector specific plans, policies and regulations in China

3. Pollution Control of “Fuel, Road, Vehicle”

« Building an ecological security barrier in the sand control zone in northern China for
wind-proofing and sand-fixing. Forest coverage rate has been increasing continuously.

«  With large-scale afforestation, the occurrence of dust storms has reduced markedly.
Over the past 60 years, the average numbers of days with sand and dust storms in
northern China have dropped 0.46 days/10 years.

«  Strengthening comprehensive utilization of straw and management of dust. The
monitoring data is presented on a GIS map, forming a trajectory map of the cleanliness
of urban roads, which visually reflects the level of road dust pollution.

15 Number of days
Days with = Days with B ——
dust-storms sand and i 4 3
dust storms o

B S =2 A
3 -( (3 1 L
’\/\/‘/\/\/\/\‘W\- fei)

0
Trend in Annual Average Leaf Area (% per decade, 2000-2017 1961 2017
=

5 0 % TR e e SOURCE: NATIONAL CLIMATE CENTER OF CHINA

Data analysis of China’s afforestation efforts by NASA
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@ Gaps and needs to optimize policy making

As relatively new fields, the emissions, impact, and control policy for BC/OC and its
co-benefits remain very challenging tasks, especially in regards to policy making and
planning. The challenges or constraints faced include:

\ 4 4
Knowledge and awareness of Links between scientists and
governmental officials need to be governments need to be
enhanced established
4 4

Legislation need to be improved Lack of experience
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@ Highlights for emission, impact, and control policy for BC/OC

 Updated emission inventory for the change of energy structure. Taking the
residential heating as example, where residential coal consumption continues to decrease
and instead by natural gas or electricity, emissions from residential combustion source
should be updated based the constantly updated activity data and emission factors.

« Updated emission inventory for the transportation restructuring. China's emission
standards of vehicles continue to tighten, strictly control the number of heavy-duty diesel
trucks, and significantly increase the production and sales of new energy vehicles since
2013. Emission inventories for the transportation sector need to be updated with the
latest transportation restructuring data.

* Multi-effect evaluation. With the obviously improvement of air quality in China and
further reduction of BC/OC concentrations, there is an urgent need to track and assess its
multi-effect on health, air quality and climate in order to provide guidance for Chinese

medium and long-term air environment management.



Thank You!




Chinese-Norwegian Project on Emission, Impact, and Control
Policy for Black Carbon and its Co-benefits in Northern China
Workshop December 15, 2021

ARSI e (S S B I i PR/ £ o N - A TN o
XF o S FL 0 IR B RL BT AT I H R B &

Output 1: Review of BC/OC emissions and control
measures in China and Norway

Dr. Vigdis Vestreng, Senior Advisor, Scott Randall, Senior Advisor,
Norwegian Environment Agency (NEA) Norwegian Environment Agency (NEA)

Ingeborg R@nning, Senior Advisor,
Norwegian Environment Agency (NEA)

Beijing, China 2021.12.15



@® Purpose of Output 1

Illustration of links between outputs

2019 2021
« Document an overview of status —-----------
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® Report overview

Review of status in China
with gaps & needs

Review of status in Norway
with details on policies and
integrated analysis
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b
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b 3.5 Methodology for emission inventories development and reporting
3.6 Integrated analysis of climate and air pollution

3.7 Health effects

b 3.8 Effectiveness of policies
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® Norway quick facts

There are approximately 5.4 million residents in Norway.
The number of residents in the EU is approximately 447 million.
Norway is not an EU member but has special agreements though EEA.
Photo: Scott Randall
Norway has an area of 385207 km?Z.
The Norwegian coastline is over 2650 km long.

GDP for Norway is $350 billion.

The per capita GDP is $64856.




® Status of emissions in Norway

* 41% reduction in BC emission since 1990
* Primary reductions from
e transport and
* residential wood burning
* Norway has fine-scale emission modells for many sectors with high
spatial and temporal resolutions.

1990 1994 1998 2002 2001 2010 2014

Trends in BC emissions, 1990-2019. 1000 tonnes



® Regulations and targets in Norway

* Air Quality (PM) regulations stricter than EU:

EU Air Quality National legal limit National | Air quahity
Directives limit values | value goals criteria
Daily 50 pg/m® 50 pg/m? 50 pgim?® n'a 30 pg/m?
(max 35 exceedances) (max 30 exceedances) (muax [
PMIO  -=T"TTTN ,,mmg\
4 4
Abnual 40 pg/m® ) 25 pg/m? v 22 g ) 20 20 pg/m?
\\~_____,/l \\~_____,// ng/m’
Daily nfa nfa n'a na 15 pg/m?
PM2.5
Annual 25 pg/m? 15 pg/m? 12 pgim’® 8 pg/m® 8 pg/m?

*National legal limit values have been proposed changed from 2022 and onwards

* Ambitious climate targets:
* 30% reduction in GHG emissions by 2020 (Kyoto protocol)
* 50% reduction in GHG emissions by 2030 (Paris agreement)
* Climate neutral by 2030 and low-emission society by 2050
(Norwegian Climate Change Act)



®Integrated analysis in Norway

2013-2021 NEA studies analysing both SLCF-
and GHG-measures show:

e 1.5 x climate impact from BC emissions in

Norway compared to the global average. o

Mitigation analysis for Norway
- BC-measures also reduce CO,. .2021—2030: short-term.cllmate
impacts and co-benefits

e CO, also has large short-term climate effect.

* Measures reducing BC and with co-benefits
for climate and air quality:

* Accelerated replacement of old wood-
burning stoves

e Zero growth in passenger car traffic in
the largest urban areas

* Shoreside electric power to ships at
berth

* Electrification and hydrogen for ferries

e 100% of new local buses and passenger
cars are electric by the end of 2025

https://www.miljodirektoratet.no/publikasjoner/2021/mars-2021/mitigation-
analysis-for-norway-20212030-short-term-climate-impacts-and-co-benefits/



https://www.miljodirektoratet.no/publikasjoner/2021/mars-2021/mitigation-analysis-for-norway-20212030-short-term-climate-impacts-and-co-benefits/

® Health impacts in Norway

* Reduction of impacts from PM2.5 in Europe

e 1,400 premature deaths from PM2.5 in Norway

Premature deaths from air pollution exposure in Norway
compared to the EU, 2018 (Source: EEA)

Country Population (x1000) Annual mean (FM2.5) Premature Deaths (PM2.5)

Norway 5,206 5.40 1,400

EU-28 507,558 13.20 379,000

Total 539,742 13.50 417,000

Reforence data: ©ESH

Relative reductions in premature deaths from PM2.5 in Europe,
2018 and 2009 (Source: EEA)



® Conclusions

* BC emissions are decreasing, primarily due to transport and
residential wood burning

* However, Norway continues with strengthening mitigation and laws
* Integrated analysis between climate change and air quality

* Continued investigation of health
effects and impacts from PM

Photo: Scoft Randa/l
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ChiNorBC project: Emission inventories and preliminary
modelling results

B R AR TR B o E b7 HU X BC/OCHERUE B

Construction of a BC/OC emission inventory of northern China

In the context of ChiNorBC project

% EF
ZHI1 Guorui

FEHE BrOCE KFH R
WANG Yanjun JIN Wenjing ZHANG Yuzhe DU Xiaohui

 EIA R AT FU B
Chinese Research Academy of Environmental Sciences (CRAES)

Beijing, China 2021.12.15
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Background{¥F53 5=

2013%F, HIICHXTE, RIFAREEGFURBRER &
TERYTTRE M

In 2013 China and Norway initiated a dialogue on the
possibility of cooperating on Short-Lived Climate Forcers

2019FF11R, FEBFFHESMEINZEBIRMLIML, REFF
RAEIET RN, 2. EHIBER DRI E

The Norwegian Ministry of Foreign Affairs (MFA) and the
Chinese Ministry of Commerce (MOFCOM) entered into an
agreement on 29 November 2019 for the project titled “Chinese-
Norwegian Project on Emission, Impact, and Control Policy for
Black Carbon and its Co-benefits in Northern China”

I H AR A P EIE T X BC/OCH BB E" . 3K
M TERLLRTT

Output 2 titled “Establishment of BC/OC Emissions
Inventory for Northern China” is one of the Outputs in the project.
In accordance with the project documents, we began to construct

new inventories, national China, and northern China
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An existing national inventory

AHFEHR

Update Update
northern residential sector ‘ - northern mobile sector
EFdb T RAR BT B IR

ChiNorBC inventory
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Mobile-measure EFs#BahiE iz

Test system On-site test

== For the emission level
. | [Fv IV diesel vehicles
neme g ciution
‘ e e Y samoing l (China phase 1V), BC
— : - was sampled with the
| vehicles run on the
—

chassis dynamometer

For the level V diesel
engines (China phase
V), BC was sampled
with the engines

installed on the engine

bench

For off-road
machineries, BC was
sampled with the
portable emission
measurement system
(PEMS) installed on the
machineries

o e e S S S S SN SN RN SN RSN SN SN SN SN SN S S SN SN SN RN SN SN RN S N S S S e e e
\ 3 -




MObile-Sample analysis and EFs calculationf3thf5it&

I
1
! Phase 1V diesel vehicle :
1 1
The EC\OC\TC(EC+TC) could be measured by : Phase IV middle duty b Phase IV heavy duty 1
DRI 2001A. The PM could be weighed by the 1 a 100 100 :
weighing apparatus. The proportion of EC\OC to the : 30 I I [ [ an I I 1
TC could be expressed by Keerre ang Kogre: Calculated 1 E 80 S B0 I I :
by the following formula. : & a0 A 1
Kecrme=p(EC)/p(TC)*100 O] 1 20 20 :
KOO P(EQ/RTCE0 @ : ’ I Hiz ’ FREAES# RS :
LFF 1= bt Ey TR Bt
The ratio of EC in the PM is Kecpw, expressed : Moload  m halfload full load Mo load u halfload fullload 1
use the following formula. e o o e s s e s s e S 1
Keammi=pECYpEM)*100 & r-------------------- -I
The ratio of OC in the PM is Kyepy, expressed : :
use the following formula. 1 100 1
Koom=(0C)(PM) @ TS -
1
i 2 60 I
L& 1
I¥ 40 1
I 2 -
P e e e 1
' Constructi hineri Lo '
I onstruction macnineries ;! _ _ I
1 1 Rate power point Max somke point 1
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| R R I I Agriculture machineries i
: 2 = 40% 1 1 1
~ . 1 |
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" .
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MObile-BC/OC ratios and PM EFs

BC/OC ratios
Mobile source | Fuel type | Chinall and China lll China IV China V For the BC/OC emission

category Chinal

factors(Ege,Eqc) by g/km, we use
BC OC BC OC BC OC

the BC/OC ratios(Kgc/pm:Koc/pm a5
Vehicle Diesel 051 032 056 032 066 021 072 021 , ,
_ showed in Table4) to multiply the
Gasoline 027 058 027 058 027 058 027 0.58
(oli=c1- I Diesel 031 044 045 033 / [ PM emission factors(Epypo), as
B E L showed by the formula below:
machinery

Off-raod Diesel 031 044 045 033 [/ / / / EBc:EPMlo*KBC/PM (5)

agriculture _
Eoc=Epmio*Kecpm  (6)

machinery

PM,, emission factors of road motor vehicles(Guideline) ~ PM10 emission factors of off-road machineries
(Guideline)

| lchinai]china2 | china3 | Chinad | Chinas |

Gasoline  0.029 0.012 0.008 0.003 0.003

Light Duty

. Fuel Before
D|ese| 0.070 0.058 0.036 0.034 0.034 Power Range China 1 china 2 China 3
U494 Medium  Gasoline  0.067 0020  0.012 0007  0.007 Type | Chinal
Vehicle Duty Diesel 0.516 0.174 0.164 0.118 0.059 Power<37kW Diesel 1.2 1 0.95 0.55
Large Gasoline  0.177 0.080 0.049 0.049 0.049
. 37<Power<56k
Duty Diesel 1.092 0.980 0.439 0.280 0.140 Diesel 1.0 0.85 0.40 0.35
W
Gasoline  0.067 0.020 0.012 0.007 0.007
Light Duty _
Diesel 0299 0290 0114 0064  0.013 75<Power<130 [IE
Medium  Gasoline 0.177 0080 0049 0049  0.049 W R A N
Duty Diesel 1.006 0.303 0.190 0.110 0.022

Power>130kW IS 0.7 0.54 0.20 0.18

Heavy Gasoline  0.177 0.080 0.049 0.049 0.049



Mobile-Recommended EFsifiEHEEF

Table10'BC/OC emission Tactors-of'on'road vehicles(g/kW.h)<

kx
7 7 China‘1¢ China-2¢ China 3¢ China-4< China-5¢
BC< oce BC« oc« BC« oce BC< oce BC« oc<
LichtD Gasoline< | 0.00783< | 0.01682< | 0.00324< | 0.00696< | 0.00216< | 0.00464< | 0.00081< | 0.00174< | 0.00081< | 0.00174¢
ight Duty- <
Diesel 0.0357< | 0.0224< | 0.02958< | 0.01856< | 0.02016< | 0.01152¢ | 0.02244< | 0.00714< | 0.02448< | 0.00714<
Passenger Medium Gasoline<” | 0.01809< | 0.03886< | 0.0054< | 0.0116< | 0.00324< | 0.00696<" | 0.00189< | 0.00406< | 0.00189< | 0.00406<
Vehicle< Duty<’ Diesel< 0.26316< | 0.16512<" | 0.08874<' | 0.05568< | 0.09184< | 0.05248< | 0.07788< | 0.02478< | 0.04284< | 0.01239<
L Dutye Gasoline< | 0.04779< | 0.10266< | 0.0216< | 0.0464< | 0.01323< | 0.02842< | 0.01323< | 0.02842< | 0.01323< | 0.02842¢
arge Duty<
Diesel 0.55692¢ | 0.34944¢ | 0.4998¢ | 0.3136<" | 0.24584< | 0.14048< | 0.1848< | 0.0588< | 0.1008« 0.0294«
Licht D Gasoline<” | 0.01809< | 0.03886< | 0.0054< | 0.0116< | 0.00324< | 0.00696<" | 0.00189< | 0.00406< | 0.00189< | 0.00406<
ightDuty- <1 —
Diesel< 0.15249< | 0.09568< | 0.1479¢ | 0.0928< | 0.06384< | 0.03648< | 0.04224< | 0.01344< | 0.00936< | 0.00273¢
. Medium: Gasoline<’ | 0.04779< | 0.10266< | 0.0216< | 0.0464< | 0.01323< | 0.02842< | 0.01323< | 0.02842¢ | 0.01323< | 0.02842¢
Truck: <
Duty<’ Diesel 0.51306< | 0.32192¢ | 0.15453< | 0.09696< | 0.1064< | 0.0608< | 0.0726¢ | 0.0231¢ | 0.01584< | 0.00462<
. b Gasoline<’ | 0.04779< | 0.10266< | 0.0216< | 0.0464< | 0.01323< | 0.02842< | 0.01323< | 0.02842¢ | 0.01323< | 0.02842¢
eavy Duty<,
1 = =l 7 = SR « <1040 N NeLA N 1nnne.a N N27°12.0 nnY1L£ nNNK2
Diesel 0.35292¢ | 0.22144¢ | 0.28458< | 0.17856< | 0.1 Table 12 BC factors-of ships from fiteratures<
b
Table11-BC/OC emission factors-of-off-road-machineries {g/K¥.h)« Literature< EF/(g/kg fuel)< Method<’
Before-China 1€ China 1€ China 2 China 3¢ Lack' D.A,, Light-absorbing- carbon’ emissions from- 0. 36-1< Optical
Machinery Type< ial- shipping. - 25 . . . &
BCe oce e oce BCe oce S oce commercial shipping,- Geophys.- 25 Res.- Lett.,- 35,
) 2008«
Excavators-(100kW)< 0.248< 03324 02174 0.308< | 0.093< 01324 0.1125¢ | 0.0825¢
A Agrawal, H.,- Emission- Measurements- from-a‘ Crude- 0. 1< Thermal<
Bulldozer (120kW)« 0.248¢ 033247 02174 0308 | 0.093¢ 0.132¢ 011257 | 0.0825¢
) Oil- Tanker- at- Sea.. Environmental' Science &
Loader (135kW)< 02174 03087 0.1674<7| 0.2376¢7| 0.062¢ 0.088¢ 0.081¢ 0.0594¢
Technology. 42°(19).2008¢
Forkhift-(40kW)~ 0314 0444 0.2635¢7| 0374 | 0.124¢ 01764 0.1575¢| 0.1155¢ |
Construction Machinery«! Corbett, J.I., Updated emissions from-ocean shipping. 0. 37< /e
Roller-(110kW)< 0.248¢ 03324 02174 0.308< | 0.093¢ 01324 0.1125¢ | 0.0825¢ |
Journal -of Geophysical Research:-Atmospheres, - 108,
Pave machinery (80kW)< 0.248< 03524 0217¢ 0308 0.093¢1 0.132¢ 0.1125¢ | 0.0825¢ |
4650,2003«
Grader (110kW)< 0248 03524 0217¢ 0308 0.093¢1 0.132¢ 01125 | 0.0825¢ |
Petzold.  A..- Recommendations- for- reporting- “black- Average’0.179+0.018«< | Thermal
Others (Diesel) (30kW)< 0.372¢ 0.5284 0314 044 | 0294597 04184 0.2475¢| 0.1815¢ | . .
carbon™- measurements.- Atmospheric Chemistry" and- <
Larger and Medium Tractor (29.2kW) 0.372¢ 0.5284 0314 044 | 0294597 04184 024734 0.1815¢ } . § 0.06 (85%load) «
. Physics,"13,2013<
Agriculture«
Small Tractor-(9.6kW)< 03724 0.5284 0314 044 | 029454 04184 0.2475¢| 0.1815¢ |
Machinery 0.36 (10%load) <
Combine-Harvester (42 SkW)< 031< 0444 0.2635¢ 0374 0.124¢ 0.176< 0.1575¢| 0.1155¢ |
Naya-Qlmer, Bryan-Comer.et-al. Greenhouse gas stroke, 50%laod« =
Irrigation Machinery (14 9kW)< 0372 0528« 0314 0.44< 0.2945< 0418 02475¢ | 0.1815¢ | emissions from-global shipping,2013-2015-
X HF0:0.49(g/kg fuel )<
Others{Diesel) (3 0kW)<! 0372¢ | 0528<| 0314 0.44< | 0.2945<| 0418 [ 02475¢| 0.1815¢ Detailed-methodology,ICCT,2017<

Distillate:0.26(g/kg fuel)<’




MObiIE'Investigation of vehicle populationilEsIFE#H =R &N

light duty passenger car population by emission level and province

[ | | chnas| chinaa| chinas| chinaz| chinas] :
i

Beijin

Tianjin

Inner Mongolia

Liaoning

Heilongjiang

Shanghai

Zhejiang

Shandong

Guangdong

Chongqing

Yunnan

bet

Qinghai

447449
231915
1383844
555546
368925
561299
298785
358769
461458
1872303
1509916
972645
622027
660391
1638043
1587458
881973
947773
2310807
652454
136630
510769
1182321
632013
650711
34357
668639
237661
88465
98133
312979

3257699
1686732
8501583
3466128
2553960
3521438
2165715
2328053
2417809
10682729
7240285
4668367
3369934
3030878
10908704
8259368
4527429
4611720
11350716
2853336
572257
2695912
6539272
2746160
3653039
141868
3591187
1627504
571522
682245
1781666

1419952
637918
1255838
956614
799253
1036501
587236
716383
617133
2633167
2551891
860935
800655
601424
2945890
1665634
805096
879646
2812094
588345
156921
471820
1616687
473590
912322
32776
912221
347293
116450
171177
388636

64944
1007307
833590
397037
595418
330307
404724
0
1795305
1959646
533139
664292
340276
2170791
1074905
533847
391847
2801691
287847
120821
0
695544
322206
614489
30242
443060
162085
18973
101132
103400

0
1200004
150813
694039
1306001
377987
388477
0
0
1107849
65139
153488
57122
1512736
421509
206449
228862
320629
680327
140764
0
467
109301
162071
103427
0
220935
101363
100163
647305

Small, micro passenger cars
Medium passenger cars
large passenger cars/Coach
light-duty, micro size truck

Medium duty truck

Annual On-road Vehicle Kilometers travelled by types

18000
31300
58000
30000
35000
75000



MObiIE'Investigation of vehicle populationilEsIFE#H =R &N

Inland water and costal vessels passenger and cargo turnover by province in 2018

Cargo turnover Passenger turnover
Provinces
103t*km 10%person*km
0 0

13266 021
| Hehei | 45088 019
| shami | 013 0.08
o o
| in | 02 018
27990.8 0.79 Recommend working hours of non-road machineries per year
| siangsu | 6121.94 347 ,
Working hours
Types
| Anhui | 5630.88 039 per year
m 6209.37 275 Excavators 770
| g | 23811 034
Bulldozers 770
1835.52 12.76
| Henan | 102175 061 : Loaders 770
Constructi
| Hubei | 2850 47 Forklifts 770
e on
458.96 3.63
Road rollers 770
24177.41 11.13 machinery
| Guangd | 1590.64 329 Pavers 770
m 774.27 4.10 Graders 770
others 0
| sichuan | 27013 151
m P P Large and medium tractors 500
17.33 3.02 Small tractors 500
: Agricultur
0 Y Combine Harvester 150
| shaand | 052 062 al . o
m Drainage and irrigation
GHeE s machinery _ 380
0 01 machinery
]




Mobile-Emissions
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Residential-measure EFs BRRiEMiz

A\
| I . SE==1

KURZIET | I

SESHAIRE
fIEey | — (CO2. CO.

S02. NOx%F)

MINRESE |
=y —e] s |
JeE ] mrmnk, genes |
fiEEy e TeEEE |

| mvrees

[ momvale  |—=[ Dekatimizzas

T

® JHS RS
® AR EN &
® LI IE

m ‘ - -z
® R
m.%;’ﬁé

36.63 1241 4942  10.96 ® BAYRHE

31.26 4.60 64.47 1.69
40.72 27.13 42.88 0.74
9.94 11.35 79.5 0.43
4.75 9.07 86.08 0.62

15.18 25.00 63.37 0.27




Residential-measure EFs EHiENiz

Thermal/optical reflectance carbon analyzer

BC(kg/t) OC(kg/t)

EFx=p x A x 1070 /(M1-M2) x F/f Chunk Briquette ~ Chunk Briquette
x—0C, EC 7.63 . 11.52 -
- i 2
p—mass of X per unit area of loaded filter (ug/cm?) 1.08 i i )
A—the area of loaded filter (cm?)
M1—the mass of a fuel before combustion (kg)
M2—the mass of a fuel after combustion (kg)

- El - o 071
F—the total flow rate of flue gas in the chimney (displayed by Kurz)
f—the flow rate of sampled flue gas (determined by FPS-4000) “ - 0.08 - 0.52

m 2.805 0.125 6.865 0.615




Residential-recommend EFsffixEEFs

As described in the roadmap, the final EF value of a pollutant from a sample is the
result of possibly 3 data origins: measured by this project, extracted from literature,
and available in MEE guidelines. If one origin lacks in EF data, the other two origins

keep working without considering the one not available

Data origin BC OoC PM2s NOx CO VOCs NHs
Chunk Literature 2.13 437 10.40 1.35 15940 1.64 1.03
MEE 2.63 3.12 6.25 1.20 118.00 2.13

Measurement 2.81 6.87

Mean 252 4.7/9 8.33 1.28 138.70 1.89 1.03
sd 0.35 191 293 0.11 29.27 0.35

Briquette Literature 0.17 3.11 4.79 0.26 90.52 1.10 0.70
MEE 0.17 0.83 1.23 72.00

Measurement 0.13 0.62

Mean 0.15 186 2.81 0.75 81.26 1.10 0.70
sd 0.03 1.76 2.80 0.69 13.10




Residential-recommend ALsIRTEERNIKIE

As described in the roadmap, the final activity level 100% - —
- . . . . . 0%
(AL) for each province is from our field investigation s I
or literature reports or statistics or a balanced o
60%
consideration of them, with field investigation preferred. 50%
0%
For example, China has been promoting clean energy for 30%
20%
northern China’s rural household winter heating and the 1o
coal-to-gas or coal-to-electricity shift rates are mostly T e e B o b o b P B e D S @
&5 & W o &F _\\c,o@’b N ¢'b°<\ v‘gﬁ‘e‘? \\‘(‘@ &% c’\@o“o B _{_\o\‘?’
from governmental releases. Furthermore, to cover all < «* mChunk = Briquetic = Biomass - LPG m LNG
energy types related to residential sector, the data of
. Chunk Briquette Biomass LPG LNG
biomass fuel and gaseous fuel are also compiled. Now, Province 100t 100t 100t 00t 10°me
CRAES team has built a dataset for each province Beliing %0 s 2 12 36
Gansu 602 32 93 43 [0}
Hebei 1580 83 242 113 450
Henan 614 32 344 160 18
Heilongjiang 1966 103 129 60 0]
Jilin 1859 98 98 46 (o]
Liaoning 2025 107 127 59 [0}
Inner Mongolia 2192 115 80 37 (0]
Ningxia 365 19 18 9 (0]
Qinghai 307 16 17 8 0
Shandong 1051 55 318 148 46
Shanxi 1987 105 134 63 75
Shanxi 634 33 123 57 (0]
Tianjin 3 52 20 9 28
Xinjiang 2319 122 78 36 [0}




Residential-EmissionsHERH

Northern

Emissions (t) BC ocC
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OutlineiR &HiR M

o (558 Background
® 5,554g Methodology

® 5E{gi®  Establish BC inventory for ChiNorBC

o SEBENY Describe ChiNorBC inventory




The existing inventory-XING2018m#i&

Regrouped XING2018 sector M Power MIndustry ™ Mobile Residential ® Agriculture
35000000
sector — BC "
Power Power plant 30000000
Industry combustion; 25000000 . -
Industrial process (Cement, % 20000000
steel, cement, other industrial 2
process), lg 15000000 ]
Domestic fossil fuel; domestic .
10000000 _
biofuel; . [ |
m Road transport; non-road 5000000 I
transport l o .
0 || — ||
Open burning; livestock; s02 NOX PM10 PM25  VOCs NH3 BC oc
fertilizer application Pollutant
(Unit:
Sector S0O2 NOX PM10 PM25  10%ds NH3 BC ocC
Power =Wyl 255 198 244 130 0 0 6 11
Industry Ty <3863 485 577 {419 : 3219: 27 40 81
Mobile X 14 7720 31 412 9. 16 6
Residential R F 291 66 265 192 497 .57 {86t i 83
Agricultual ﬁik 9 50 166 137 106 900 6 55
Total Js¥ il 955 1572 1283 907 3235 993 113 235




ChiNorBC 2018 inventory #i£i582018

National

0 3625725 1450

K
2175

800
Kilom eters.

v

Emissions (tonne)

100000000

80000000

60000000

40000000

20000000

z
(]
<

PM10 PM25 VOCs

Pollutant

|
co

® Power M Industry Mobile Residential ® Agriculture

Northern
Unit: t
4 (Province) s02 NOX PM10 PM25 VOCs co NH3 BC oc

A 325476 790984 541064 416158 968110 3673191 390504 43494 136862

B[ A 8711 129010 19778 15566 479292 507052 18871 3033 4923
ik 152942 283952 171555 128531 263352 1708768 179739 21635 46581
Wb 526473 965132 1107631 814199 1379983 9969698 509629 89442 177000
A 252205 913384 596569 456682 1319031 5707519 833358 60871 136667
BRI 206437 453624 466083 368822 585656 4597379 341368 71994 168507
HHE 182979 332243 376021 294285 526350 3985426 276335 61444 134252
LA 288232 859679 598979 464638 2345449 5040605 441340 44363 134562
LA 424757 597332 590366 447562 1118609 5925480 308027 74784 151134
Wl EYAIX 357818 601390 488607 374002 539555 5022573 389785 74026 152180
THEEBEJRX 521832 165903 89109 65991 129538 1081614 63437 12369 24729
HFH 40658 89663 58182 43132 69948 672983 84951 9496 18021
AR 477909 1315191 845845 654570 2347774 7275229 704112 72499 156992
IS 488994 458452 633392 484243 628576 5889110 172618 76370 137582
ST 184334 397746 242718 176683 604827 2584250 261680 35127 59731

R 30642 125450 72995 54289 430177 743767 34606 4270 8432
BrEE4EE /R EHIGIX 264204 449028 442465 338305 499321 4607368 370109 71982 147117
HnAISum 4734603 8928163 7341359 5597658 14235548 68992012 5380469 827199 1795272




ChiNorBC 2018 inventory #ii#£i582018

NOx Rk VOCs &7
i i Power
E—FﬁL Aericuure & JPower E—ml Agriculture 0%
0 . . o —
Residential . /,}3% Reag;nnal — —
2% - [//

—L///
% ZEMobile

6%

\‘

BC

T dkindustry
32%

I_\IEIndustry
88%

PM2.5 P
e & J1Power Agriculture |

Agriculture
17% L 5%

B B4, }1Power

- —1:7 0.05%

T dkindustry
35%

KA

Residential
45%

RHA

Residential
22%

T Jrindustry
52%




ChiNorBC 2018 inventory #i£i582018

Jb77 X A oA

Monthly distrubution Monthly distribution
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ChiNorBC 2018 inventory #ii#£i582018

National 0.25*0.25

Northern 0.10*0. 10
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Comparison between inventories;g&#

XING2018

ChiNorBC2018

MEIC2019

100%

80%

60%

40%

20%

0%

Comparison between Pollutant specific totals

S02

Comparison, sector-specific (national inventories)

Emissions (ton)

600000

500000

400000

300000

200000

100000

0

B f1Power

T Mindustry

—— M ChiNor2018 = MEIC2019 m XING2018 PKU-2018

FzhEMobile
R FResidential

Emission Sector

LAk Agriculture

B ChiNor2018 ® XING2018 MEIC2019

NOX NH3 BC ocC

PM10 PM25 VOCs co

Comparison, three inventories (northern China
inventory)

Morthern China
Unit: tonne




The Beijing-Tianjin-Hebei region and its surrounding areas
everyday energy consumption

Unit: 10%*ce M Coal MBiomass M Gas M Electricity

50

2016-2017 2017-2018 2018-2019 2019-2020

45
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ChiNorBC emissions In context of recent global
Inventories

Marianne T. Lund, research director, CICERO
ChiNorBC workshop December 15th 2021, Beljing/Zoom




Chinese emissions of aerosols and precursors overestimated in the emission
iInventory used for the CMIP6/IPCC ARG work

*CICERO

Tg NO2/year
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Total emissions East Asia
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Marianne T. Lund, m.t.lund@cicero.oslo, ChiNorBC workshop December 15th 2021
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Climate Change 2021

The Physical Science Basis
Summary for Policymakers

Werking Group | conteitettion 52 the

e =
, ()
S Ausewment Report of the @) -

intergovernmental Farwl on Climate Change wmo UNEY

Overview of the Coupled Model Intercomparison
Project Phase 6 (CMIP6) experimental design and

organization

Veronika Eyring 1 Sandrine Bcnyz, Gerald A. Meehl?, Catherine A. Senior?, Bjorn Stevens 3, Ronald J. Stouffer®,

and Karl E. Taylor(®’
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Chinese emissions of aerosols and precursors overestimated in the emission
iInventory used for the CMIP6/IPCC ARG work

Article | Open Access | Published: 09 November 2017

..................

India Is Overtaking China as the World's Largest Emitter Rapid reduction in black carbon emissions e, 2
of Anthropogenic Sulfur Dioxide from China: evidence from 2009-2019 i
Can Li &, Chris McLinden, Vitali Fioletov, Nickolay Krotkov, Simon Carn, Joanna Joiner, David Streets, Hao 0O bse rvat| ons on Fu ku = | S | an d; Ja pa N EE M H ":“1 :E

He, Xinrong Ren, Zhanging Li & Russell R. Dickerson !

Yugo Kanaya'?, Kazuyo Yamaji(®%', Takuma Miyakawa(®', Fumikazu Taketani'?, Chunmao Zhu®’,

Yongjoo Choi(®’, Yuichi Komazaki', Kohei lkeda®, Yutaka Kondo(®*, and Zbigniew Klimont>

Scientific Reports 7, Article number: 14304 (2017) | Cite this article 'Research Institute for Global Change (RIGC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokohama, Kanagawa, 236-
15k Accesses | 157 Citations | 344 Altmetric | Metrics 0001, Japan

S~
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Rapid changes in pollution are evident from satellites — and are expected to
have important but still poorly quantified climate and societal effects

Society

Projections EMISSIONS  potential impacts:

- e Temperature

» Precipitation

» Extreme events

» Monsoon cycle

» Freshwater availability
* Air quality

Change in aerosol optical depth
(2015-2018) - (2010-2013)

OCICERO Marianne T. Lund, m.t.lund@cicero.oslo, ChiNorBC workshop December 15th 2021
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Improved understanding of such implications is confounded by, among other
things, uncertainty in emissions

0.2 .
Article | Open Access | Published: 14 January 2021

W

Incorrect Asian aerosols affecting the attribution and
projection of regional climate change in CMIP6 models

0.1

Lo.o  ZhiliWang, Lei Lin & Yangyang Xu, Huizheng Che, Xiaoye Zhang, Hua Zhang, Wenjie Dong, Chense Wang,

Ke Gui & Bing_Xie

-0.1 npj Climate and Atmospheric Science 4, Article number: 2 (2021) | Cite this article

Change in aerosol optical depth
(2015-2018) - (2010-2013)

1736 Accesses | 4 Citations | 2 Altmetric | Metrics

-0.2

OCICERO Marianne T. Lund, m.t.lund@cicero.oslo, ChiNorBC workshop December 15th 2021 5



mailto:m.t.lund@cicero.oslo

Observed declining trend not fully captured in modeling using the CEDSv17

emissions

NB, preliminary results,
please do not cite/distribute

*CICERO
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Marianne T. Lund, m.t.lund@cicero.oslo, ChiNorBC workshop December 15th 2021

5 year differences (from the 2001-
2015 baseline period) in aerosol
optical depth.

Left: Satellite retrieval (MODIS)
Right: model (OsloCTM3) output
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Update of CEDS captures the recent decadal trend better

Total emissions East Asia

NOx
Sﬂ:r T T T T ] 50
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OCICERO Marianne T. Lund, m.t.lund@cicero.oslo, ChiNorBC workshop December 15th 2021
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But there’s still a broad range in emission totals in inventories

*CICERO

Total emissions East Asia
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Of additional importance;

Seasonal cycle
Spatial emission
distribution
Sector distributon


mailto:m.t.lund@cicero.oslo

°CICERO

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

® cicero klima
O cicero.oslo.no
@ cicerosenterforklimaforskning




Output 3: Evaluation the effects of BC/OC based on the updated
emissions inventory in northern China

VRS H T B b T H X B3 w0 B BC/OCR M Al

Model performance assessment based on high-resolution, up-to-date

emission inventories in China

] X3 T = 7 R s HEBGR BA R R M e PP A

CRAES Chinese Research Academy of CICERO Center for International Climate

Environmental Sciences Research, Oslo, Norway
T EA RS2 T TT R I B8 B i [ o A BT 5

Beijing, China 2021.12.15



CRAES: CICERO:

Du Xiaohui Xu Jun

& 7
4/

Jan Fuglestvedt ~ Gunnar Myhre

Meng Fan Cheng Miaomiao



@® Output and Tasks Description ({E55#HiE )

Emissions of BC, OC, NOx, nmVOC, SO,, NH3, PM:
1: Currently available inventories (E/IE=AVHEFGEER)

2: New, present-day inventories from Output 2 (IRER2EFHfSHIHERTEER)
3: Emission scenarios from Output5 ((RERRIEHATHERIS S

| |

Regional CTM Global CTM Oslo-
CRAES CMAQ CTM3

! !

Simulated and validated atmospheric concentrations of air
pollutants at different spatial resolutions, present-day and future

Monitoring data of air
pollutants in China

(PR IRADERE (R R R A S NS R TS SR A SRE)
| |
v
Radiative forcing
_ . calculations, Output 5/6
_Alr quality/health Norwegian RTM Recommendati
Impact assessment (SSRGS, PR ons
(Output 4) RTM#EEY) — -
(BERE/BERNIE dISSemInfitlon,
& GREE4) ) capacity
: _ building
Climate impact assessment (ERER5/6: F2Y.
(GWP, GTP) &1, BENEIR)
(SRS IFAL (GWP,GTP) )




® Project Task Progress (IHE{ESHE )
. CRAES:

Finished

el 2020 2021

2Q 3Q 4Q 1Q 2Q 3Q 4Q

Outcome 3 Evaluate the effects of BC/OC based on the updated
emissions inventory in northern China

3.1 Review air quality modeling knowledge for northern China Finish

3.2 Collect monitoring data of air pollutants (available O3, NO,, CO, Complete
SO,, PM; 5, PMyg, BC, OC, and VOCs) with regional and urban monitoring data
backgrounds. Make the data available for model evaluation. collection

3.3 Develop global chemical transport models (CTM) (Oslo-CTM3 Finish the
from Norway) and a regional CTM from China (CRAES CMAQ) and model

evaluate model performance with special focus on the East Asian performance
region. evaluation

3.4 Compare the simulated atmospheric levels of air pollutants from a Finsh the
regional (36 X36 km and 12X 12 km) CTM (CRAES CMAQ from compare
China) using current emission inventories against observations. Sites between

in both relatively clean areas and severely polluted areas will be simulation and
chosen. observation

3.5 Update the emissions inventories (BC, OC, Ozone precursors: Finsh the
NOx, CO, nmVOC and as well as PM;s/PM1g, SO, and NH3) for Oslo- update for
CTM3 and the CRAES CTM (CMAQ) using updated information the

provided by Output 2. Assess the inventory using the observed emissions
atmospheric levels. inventory

3.6 Make high-resolution (12 X 12 km) simulations upon requests
from Outputs for northern China and provide simulated pollutant Einsh the
concentrations under a base-year dependent on emission and simulation
meteorological data availability (most likely 2017/2018) using CRAES under the
CMAQ , supplemented by coarser resolution Oslo-CTM3 base year
simulations.




® Project Task Progress (IHE{ESHE )

« CRAES:
To be completed

CRAES CMAQ. Run Oslo-CTM3 using emissions from the same
scenarios for calculation of radiative forcing.

2021 2022
1Q 2Q 3Q 4Q 1Q

3.7 Run models (Oslo-CTM3 and CRAES CMAQ) under

conditions of different future emission scenarios provided by Finsh the

Output 5. Analyze and compare the simulated pollutant Smulation

concentrations at the same areas as mentioned in 3.3 (East Asian result

Region).

3.8 Make high-resolution (12 X 12 km) simulations upon

requests from Outputs 4 (health) and 5 (policy) for northern Finsh the

China, and provide simulated concentrations to calculate air simulation

quality impacts of BC/OC from all emissions and specific sectors e e

for northern China under future scenario emissions using emission

scenarios




PrOJect Tasks and Outputs (IRB{ES Rk
%

CRAES:

3.1 A literature review has been completed: the impact of BC/OC on air
quality and climate change. cemsgst: BooCHESRBASBEELNLN.

The impact of BC/OC on Climate Impact
air quality and climate
regions in China

General thought of BC/OC impact
[
Methodology
Regional air quallty

simulation over Summary of regional air quality
simulation research activities

model Evaluation and main problem
status of BC/OC simulation

3.2 Monitoring datasets: Collected and processed air quality monitoring data(BC,

OC, O, NO,, CO, SO,, PM, - and PM,, , etc.) to meet assessment needs. (==mEE%E
£ WEMLEZESRKRERNEE (BC. OC. 0;n NO,» COL SO0 PM,ew PM 2 , HENEE. )

northern China

GWP and GTP
assessment

Distribution of agdregative BC/OC monitored concentrations
The raw monitoring station. collected in the literature and observations (SCERMcEE &I
)ﬁ% @%ﬁﬁﬁﬁ BC/OCW}%%&H%@) (Zhang Q, et al. Drivers of improved PM , air quality in China from 2013 to 2017).
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5.

3.3 CMAQ modeling framework setup: Simulation Area and Grid Settings
(CMAQEIAESR R : Bl X1 A B D

NCEP FNL (Final)
Operational Global
Analysis data
Lol | Updated inventory
Meteorology- - N
Chemistry S -‘ of anthropogenic
Processor \ emissions
Fundamentals of Dynaw for CMAQ
- | cMAQ Chemical Transport Model (CCTM) |
Plume-in- Arocss
Advection Grid LS
Treatment . Cloud
- Gas Phase chg:::m Visualiza
Chemistry arasal and tion
Diffusion Chemistry Dynamics

and
JPROC Dynamics
Photolysis Rate —-—
Pm'::mr

Regional CTM — CMAQ model system

mﬂé@l

[ fsm

Above: Norway global and regional chemical transfer
P L -

B L B Al e models domain at 12 by 12 km resolution. (- 8
P S T T AR X B R B REGUR, FHENL2X12AR. )
Used CMAQ to build a regional air quality modeling system  Bottom: CMAQ master and nested domains at 36/12
and simulated air quality throughout 2018 based on existing  km resolutions. (FE: CMAQXMKRIHERMIE X 1R,

emission inventories. (FJFICMAQEIM XBFESHERE RS, H 4HwE H36/12km. )
ETINAEHRE RN 2018 ERN TS RE. )




® Project Tasks and Outputs (IRE{EE R )

CRAES:

3.4 Evaluating the performance for current emission inventories (¢ = EIHF

JBUR B HIFIE PPALD

¥

« An underestimation of PM,,and
CO;

MEIC 2016 (PM MCOTIEAED

PM.: Annual Average

(ng/m”’)

s <20

= 21-40
o ©41-60
= 61 -80

* =80

f

* An overestimation of the
BC,0C,PM, ,0,,S0, and NO.,.
CHAR S A AEAS R FE FE B =)

; @ Model performance statistics for simulated
& pollutants concentrations against observations
" over the China in 2018
(20184 H H X B AR5 G Hrvk BE 5 WL
, B R R )
Species NMB NME R
O3 4% 18% 0.85
PM; 5 24% 62% 0.61
PMo -25% 52% 0.44
SO, 206% 215% 0.56
NO; 19% 36% 0.76
(6{0) -13% 43% 0.63
oC 161% 173% 0.59

BC 169% 190% 0.53
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5.

3.5-3.6 Evaluating the performance for N€W emission inventories and make

high-resolution (12 X 12 km) (H /G MHEEGE SBITHALIAS, 81T

B PRI -

Conventional pollutants:

k\ ¢ }ff FG

] o . L
90°E 100°E  110°E 120°E

0.0 30.0 60.0 90.0 120.0

PMio (ug/m?) PM3 5 (ugim?)

0.0 15.0 30.0 45.0 60.0 0.0 12

0 240 360 480
NO; (ug/m?)

S Ny

90°E 100°E 110°E 120°E

000 025 050 075 100 125 150 0.0 60.0 120.0 180.0 240.0 0.0
€O (mg/m?) 0s (ugm?)

[ . L
90°E 100°E  110°E 120°E

7.0 14.0 21.0 28.0
50 (ug/m?)

Model performance statistics for simulated
pollutants concentrations against observations
over the China in 2018

(20184 7 [ X AR5 Je Wik K S5 L0

BHE R BI AR

Species NMB NME R

Os -4% 19% 0.85 -
PM;s -17% 43% 0.69 A
PMyg -50% 56% 050 M
SO, -19% 43% 069 N
NO, -33% 37% 076 -
co -60% 60% 079 A
ocC 2% 50% 0.60 A
BC 49% 78% 053 -
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CRAES: Model performance for simulated BC/OC against observations over
2426 cities during 2018 heating season (2018FEFk LR EZHA|5]BC/OC

BREPEER)

-~ a o I— NAr-1 SN 1 P9
MEICZ 3
i |

60

Simulation of BC(ug/m®)

Baoding

Shijiazhuang 20 140 160

n°)

&g}V
o)

0 55 110 220 Km

Simulation of BC(ug/m®)

L

.....
v

o 20 40 6C 0 20 40 60 80 100 120 140 160
Observation of BC (ng/m°) Observation of OC (ug/m°)

Manual monitoring: all cities




® Comparison of Correlation coefficient (R)

MEIC2016 New emission

“Tiunjin

Buaoding
o

,‘_rr*\ Cangehou
Shijinzhuang i '\/—‘

Jfrp ;Heng\j%.,r—‘
(.

I Desh
Xingtni;\l\‘\#H © m}'&

CUS A =

Handan

BC

Lo P <

BC
Correlation coefficient (R)
Manual monitoring

BC
Correlation coefficient (R)
Manual monitoring

K):inxiung

51-.53 g
5457 ?izn.engu.u..r;

58 - 60 = = |
61 -.65 - 65

-f 66- .69 \ a 55 110 220 Km \

Baoding

o,

s

Shijiazhusng ‘3
OC Y.
ijzmilk\
et

Handan

0C
Correlation coetficient (IR)
Manual monitoring

0C
Correlation coetficient (IR)
Xinxiung Manual monitoring

h [1.36-.40

'WM [0 41 - 44

I 45 - 51
a 55 110 220 Km - 59 65
-5

B 52 - 58
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°5.

Time series comparison of MEIC2016 and new emission inventories for
BC/OC concentrations in selected 2+26 cities (F43-2+2638, T MEIC2016F13%T
HETBUE B I BC/IOCIR BRI ] IR EE )

.
.“-




PR )

£

sc-iet Baoding

® Project Tasks and Outputs (IR

sc-zmm ANyang

.’.n- _0zZ-01-8L02
.f-ﬁ-ovw:&
_0£-£0-8102
_92-€0-8102
_22-€0-810C
o - 81-€0-8L02
_pi-co-sL0z
_01-€0-8L0C
_90-£0-8102
_20-£0-8L0Z
_92-20-8102
_22-20-810C
_81-20-8L0C
_¥1-z0-8L02
.._w 01-20-8102
S _90-20-8102
4 .20-20-8102
h _62-10-810C

e -vElosLoe
J
I _ 02108102
& o080z
. ..s. g - o8I
o oo™ _ovlosioz
Py .20-L0-8L0Z
5 6 6 o o
< o N -~

m_- wN.N_‘wSN
. §.E2-Z1-8L0Z
_61-Z1-810Z

% _sizi-81L0z
Co, _LL-Zl-8L0Z
o, _L0-ZL-8L0Z
% }_cozi-sloz
& _6z-li-8L02
_SZ-11-810Z
_1Z-11-810Z
—w—-t-:-wsm
€1-11-81L0Z
hn 60-11-8102
..h S0-11-8102
* 011802

A. _Z1-01-810Z
} _0€-10-8L0Z
.92-10-8L02

0 Lo
. 22-10-8102
s ....u _81-10-8L02
o oeds  _vlL0-8L0Z

-.-w _0l-10-8L02
o g ¥ o0Lo-8L0z
W™ _zo-108102

o o
=

20-

4
3
]

*Cw

Rkil
» “F

g

ﬁ %.-

s

e

..ﬁ i

m_.“. -

v 1
n o

ﬂ-

BC-ig M BinZhOU

20-
15-
10-

_.c-01-8L0C
_10-01-8L0C
_62-€0-8L0C
_G¢-€0-810C
_lc-€0-810C

L1-€0-810C
€1-€0-810C
_60-€0-810C
G0-€0-810C
10-€0-8102

_G¢-¢0-810C
_le-co-8iL0C
_Ll-20-8L0C
_€l-¢0-810C
_60-20-8L0C
_§0-20-8L0C
_10-20-8L0C
_82-10-8L0C

€2-10-8L0C

_6l-L0-8L0C

G1-10-810C
L1-10-810C

_L0-L0-8L0C
-c0-Lo-8LoC

Sl-01-810C

_ke-€0-8L0C

_12-€0-810C
_€2¢-€0-8L0C
_61-€0-8L0C
_Si-€0-8L0C

se-txii Beljing

W

40-
30-
20-
‘IO-

_ki-€0-8L0C
_10-€0-8L0C
_€0-€0-810C
_12-20-810C

€2-¢0-810C
61-¢0-810C
G1-¢0-810C

[ 11-20-8L0C

_210-20-81L0C
€0-¢0-810C
0€-10-810C
9¢-10-8L0C
¢c-i0-8l0c
81-10-8L0C
v1-10-8L0¢C
0lL-10-8L0C
90-10-810C
¢0-10-8L0C

scuri Dezhou

sc-et Cangzhou

1
o
™

'
o
N

20-

.cc-oL-8Loc
_co-01-8L0C
.82-€0-8L0C
_ve-€0-8L0C
_0¢-€0-8L0C

_91-€0-8L0C

_Cl-€0-8L0C

_80-€0-8L0C

_¥0-€0-8L0C
m 8¢-¢0-8102
bE

¥2-20-810Z
02-20-810Z
91-20-810Z
21208102
_80-20-810Z
0-20-8102
_1E-10-810Z
.w. _1Z-10-8L0T

- 22°1L0°8102
o _81-L0-8L0Z
$ viiosl0z
® _oi-l08102
o 2 _90-10-810Z
L rY

5,0 20-L0°8102

.
0 0
=

l'”

i

_1Z-01-810Z

g - L001-8100
g%, _62-€0-810Z
J _szeosioz
12808102
_L1-€0-810Z
5 _c1-co-810z
_60-80-810Z
} - S0°€0°8102
s L0-€0-810Z
_¥2-20-8102
_0Z-20-81.0Z
_91-20-810Z
_21-20810Z
_80-20810Z
_¥0-20810Z
_1£°10-810Z

; 12-10-8102
ot ﬁmu._‘o.wvow
_61-10-810Z
_P1-L0-810Z
aMw 01-10-8102
o & _o0-L0-8102
s, 20710810z

Simulated-New

Simulated-MEIC2016

Observed

Time Series - Daily Average

Manual monitoring



I X

L)

PR )

oc-zi Baoding

120 -
90 -
60 -

oc-zma Anyang

80-
60 -
20

® Project Tasks and Outputs (It B {E

_0¢c-01-8L0C
_cl-01-8iLoc
_0e-€0-8L0C
_9¢-€0-8L0¢C
_cc-e0-8L0¢C
_81-€0-8L0¢C
_vi-€0-8L0¢C

$- 0lL-€0-8L0¢C

_90-€0-8L0¢C
_c0-€0-8L0¢C
_9¢-¢0-8L0¢C
_c¢c-c0-8Loc
_81-¢0-8L0¢C
v1-20-810¢C

a _01-20-8L02

-90-¢0-8L0¢C

-.. 20-20-8102
M_. _62-10-8L0Z

_vc-10-8L0¢C
_0¢-10-8L0C
_9l-10-8L0C
L1-10-8L0C

-
8% &’ _90-10-8L0C

_c0-L0-8L0C

_8¢-¢l-8lL0¢C
_€¢-cl-8lLoc
_6l-¢l-8L0cC

[ ]
? _gL-zl-8L02

_k-ci-8iLoc

b. 10-21-8102
..u. €0-21-8102

_6¢-L1-8L0C
_G¢-L1-8L0cC
_lec-Li-8ioc
_L-L1-8L0c
_€l-L1-8L0cC
_60-L1-8L0C

&8 c0-11-81L02

_Lo-L1-8L0C
_cl-01-8Loc
_0¢-10-8L0C
9¢-10-8L0¢C

# ¢c-lo-gloc

_81-10-8L0C
_vi-L0-8L0¢C
_0L-L0-8L0C
_90-10-8L0C
_c0-L0-8L0C

oczmm Binzhou

.ﬂ _1Z-01-8102

_10-0L-81L0Z
%% _62-£0-8L0Z
_§Z-£0-8L0Z
_12-€0-8L0Z

.u _£1-60-810Z
... p, - 60°€0-81L0C
%y _50°60-8102
8.3, . L0E0-8L02
« ¢4 __szzosioz
% _lceosloz
m.un _L1-20-810Z
2% _€1-20-810C
T 60208102
- _50-20-810Z

.' _ _

o gl -loToBIOZ
2o . 82-10-8L0Z
mn,-mu-s-wSN

A oi' _6l-10-8L0C
o R Lo

oo ® -SI-10°8L0Z

-f \ - rho8L0z

«* /0108102

_20-10-810Z

_S§i-0L-81L0¢C

o o®_1€-€0-8L0C
, _12-€0-810¢C
ot® _€2-€0-810¢C
_61-€0-810¢C

_§1-€0-810¢C

%8 _ll-€0-8L0C
®cp_10-€0-8L0C
ok’ - €0-€0-8L0¢C

_.Lc¢-20-810¢C
_€¢-20-810¢C

_61-20-810C
v# _S1-20-810C
®e _L1-20-8L0C
®" _10-20-8L0C
¢ _<0-20-810Z

_0¢€-10-8L02
e® 8 _92-10-8102

_22-10-810C

_8l-10-8L02

_vl-L0-8L0C

w-S-S-wSN
ﬁ. _90-10-8L02
& 207108102

o

oc-tx Beljing

90 -
60 -
30~

oc-uim Dezhou

oc-em Cangzhou

_cc-0l1-8lLoc
_co0-01-8L0C
_8¢-€0-8L0¢C
_vc-€0-8L0¢C
_0c-€0-8L0C
_9l-€0-8L0¢C
_cl-€e0-8L0c
_80-€0-8L0¢C
_v0-€0-8L0¢C
f

_82-20-8102
.w ¥Z-20-8102
02-20-81.02
_91-20-8102
M Z1-20-8102
& 80-20-8102
_v0-z0-81L02

) u ® _l¢-10-8L0C
...M _1Z-10-81L02
.22-10-8102

$* 7 si-10-8102
.#. _vl-10-8102
i _01-10-81L02
@ -90l08L0z
%s _20-10-8L02

1
o

20~

1 1 1
o O O
0 ©O <

_lz-01-8L02
_L0-01-8L02
_62-€0-8L02
_G2-€0-8L02
_lz-€0-8L02
e _/1-£0-8102

o ’_€1-€0-8102

.__. 60-£0-810Z
-mo-mo-wSN

£, 10608102

*8%_ _vz-z0-8L0Z

*. _02-20-8102

ru _91-20-8102

o5 _Zl-zo-8L0z

Q _80-20-810Z

u.~ _¥0-20-8102

L % _1e-10-8L0C

.4: _lz-10-8L02

& _£2-10-81L02

« q. o " _61-10-8102
...rr _pl-10-8102

3, . 01-1L0-8102

> e ﬁ _90-10-81L02
-.u _20-10-8102

e

Simulated-New

Simulated-MEIC2016

Observed



® Future Work Plan(F—3 T {Eit %)

® Run models (CRAES CMAQ) under conditions of different future emission scenarios
provided by Output 5. Analyze and compare the simulated pollutant concentrations at the
same areas as mentioned in 3.3 (East Asian Region).
(oA AT EL 0 PRAE S 52 £H A AN 5] AR AR SR HE BT e D BB ARADL ) 75 e ik B2 AR 40D
® Make high-resolution (12 X 12 km) simulations upon requests from Outputs 4 (health) and 5
(policy) for northern China, and provide simulated concentrations to calculate air quality
impacts of BC/OC from all emissions and specific sectors for northern China under future

scenario emissions using CRAES CMAQ.
CHRE VR AR ) BERAE BEA [FIHEBOE 52 HY =20 HF 3 UL 45 2R
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Background

« Our work is Iin the Output 4-- Health Effects of BC, is to
reveal the health effects of BC in PM, . and To provide
policymakers with a robust scientific basis for developing
mitigation strategies for BC

 This output mainly include literature review, cell and
animal study for understanding the toxicity of EC/PM, .

 BC has a very large specific surface area and can adsorb
many chemicals that can have adverse health effects
when inhaled

« WHO proposed health assessment of BC in the new
AQG2021




Background--Study content

3. Review of literature and statistical analysis of existing studies

1. Sample particles 2. chemical
(PMzs1 , BC/OC) collation * characterization

R

4. Animal study Cell culture

\./

5.Bilomarkers =)

7. ldentify the potential key
drivers of adverse health effects



Meta Analysis-Review

gl MEPE  oenxh 6

() Cochrane

About us

Web of Science” Search Marked Lit

(NIHZ
Nat

Our evidence

Quick search

Journal name

Author name

Author's first name
more than 32 milli

may include links to full text co
+ Add search field

Searching formula
“black carbon*” OR “elemental carbon
=30 reflectance” OR “black 'lig
“diesel exhaust particle*”

Pollutants

ht
DR

"Air Pollution*" OR "Air Pallutant+" ORy==4= E—— o ——

2 e "atmospheric pollut Alr po“ution

R

lity

“attack ratex” OR “rate, attack” OR “p

ck
DR

[e

OR “rate, person-time” OR “morbidity” OR "morbidities” OR “prevalence”
“prevalences”

| WS BN = WS o I} TR N = W1

‘meta” OR “meta-analysis” OR “met

analyses” OR “metaanal eta Meta_an alySiS

syntheses” OR “metasyntfeses” OR “ni

“systematic reviewx"
o #1 AND #2 AND #3
zionn #1 AND #2 AND #3 AND #4

“mortality” OR “mortalities” OR “case
“rate, crude death” OR “death ratex” OR “rate, death” OR “death” OR “morta
determinants” OR “determinantx, mortality” OR “mortality determinant” OR
“mortality, differential” OR “incidence
i rate, secondary” OR “rahary Health outcomes
B
3

]

Identification

Screening

Included

Records identified from 4
databases, 2792 studies identified:
PubMed (n=581),
Embasge (n=1352),
The Cochrane Library (n = 46),
Web of Science (n = 813)

1632 titles and abstracts screened |

4 databases
2792 articles

44 1160 duplicates removed |

206 full-text article assessed for
eligibility

1426 records excluded by title and
abstract:
667 inappropriate direction of
studies
251 reviews
23 reports or books
26 conference abstracts
219 animal/cell experiments
186 other pollutants
28 foreign languages
26 occupational health

89 met full inclusion criteria

36 cohort

f case-crossover

42 time series

3 case-control

1 combine time series and case-
control

1 combine cohort and case-
control

117 studies excluded:
17 without full-text
65 other, no or wrong health
outcomes
5 different pollutants
6 not enough information
16 no clear effect size
2 different research fields
5 unqualified type of study

58 short-
term articles
41 long-
term articles



Meta Analysis-Short term exposure

Risk Ratio Risk Ratio
Study TE SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ballester. 1996 0.01 0.0031 155%  1.01[1.00, 1.02] ™™, CM, RM
Ballester 2002 0.01 0.0018 280% 1.01[1.00,1.01]
Kim.2015 07202869 00% 205[1.17,360]
Le Tertre.2002 0.01 0.0015 31.1%  1.01[1.00, 1.01]
Sunyer.1996 0.01 0.0020 254% 1.01[1.00,1.01]
Total (95% CI) 100.0%  1.01[1.00, 1.01]
Heterogeneity: Tau? < 0.01; Chi = 7.58, df = 4 (P = 0.11); P = 47% ' ! !
Test for overall effect: Z=4 86 (P < 0.01) 05 1 2

Total mortality in association with a 10 yg/m? increase in BC

Risk Ratio Risk Ratio
Study TE SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ballester 1996 -0.00 0.0089 162% 1.00[0.98, 1.02]
Ballester.2002 0.01 0.0038 168% 1.01[1.00, 1.02]
Cakmak.2009 0.18 0.0149 152% 1.20[1.17, 1.24]
Dab.1996 0.07 00048 16.7% 1.07[1.06, 1.08]
Kim.2015 0.03 08137 00% 1.03[0.21, 5.06] ;
Le Tertre.2002 0.03 0.0054 167% 1.03[1.02, 1.04] E
Sunyer.1996 0.09 0.0052 16.7% 1.10[1.09, 1.11]
Y00.2019 003 01734 1.0% 1.03[0.73, 1.45] ——
Y00.2019 0.01 05197 01% 1.01[0.37, 2.80] .
Y00.2019 0.04 05382 0.1% 1.04[0.36, 3.00] —
Y00.2019 011 03862 02% 1.11[052, 2.37] N —
Y00.2019 0.16 0.3617 02% 1.18[0.58, 2.40] ——
Y00.2019 0.09 12253 00% 1.09[0.10, 12.07] ;
Total (95% CI) 100.0% 1.06 [1.03, 1.10] i
Heterogeneity: Tau® < 0.01: Chi® = 31065, df = 12 (P < 0.01). IF = 96% ' ' '
Test for overall effect: Z=3.41 (P = 0.01) 01 05 1 2 10

Respiratory mortality in association with a 10
ug/m? increase in BC



Meta Analysis-Long term exposure

Study TE seTE Risk Ratio RR  95%-Cl Weight
Beelen.2008 0.03 0.0791 e 103 [0.88:120] 29%
Elliott.2007 0.11 0.0137 1.12 [1.09;1.15] 96.2%
Yap.2012 0.29 0.1485 : 1.34 [1.00;1.79] 0.8%
Random effects model +* 1.12 [1.09; 1.15] 100.0%
Heterogeneity: I° = 22%, t° < 0.0001, p =028 | !

0.75 1 15

Lung cancer mortality in association with a 10
ug/m?3 increase in BC

Brief Summary

« Short-term exposure to BC was associated with increased
total and respiratory mortality.

« Long-term exposure to BC was associated with increased
lung cancer mortality only.



Toxicology Study-in vivo

Animal study - C57BL/6 (n=7), male
mice, 8-10weeks age

 100upg ,200ug ,400ug
twice a week for four
weeks instillation

mediastinal lymph node
Blank Solvent

longitudinal section of lung
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Toxicology Study-in vivo

Bronchoalveolar Lavage Fluid (BALF)
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20 pm Dym ‘
Untreated PBS
» $e
% :
0 d
®
2 e : N
BC-100 BC-200

Diff quik staining

25+
Macrophage counts
< *%
< 204
2 T
L 154 *%
le)] *%
% T T
Q.
o) 104
| .
2
= 5 T
0 L] Ll L] I I
‘@6 QQ"O :\QQ :&Q | @Q
0\(’0 0(; Q’O QO

*P<0.05,**P<0.01,n=7

: '. .g-‘ . 3 )
IS
Wt .
* el 7
.
VO —

& ©

Macrophage
Phagocyte BC

2ym
_

BC-400



Toxicology Study-in vivo

100+ IL-1(pg/mL) 150 & IL-6(pg/mb)
*

E = 100-
L £
= g
& S

2 = 50

0

L2022 0&@

*P<0.05,,n=7

Levels of cytokines in BALF



Toxicology Study-in vitro

Effect of BC particles on the survival rate of RAW264.7 cells by MTT assay

1.2
Conc. Mean Std. Deviation N

1
Opg/ml 0.999999 0.113465 3

1.9ug/ml  0.910437  0.060583** 08
7.8ug/ml 0.837094 0.08424** 0.6
31.25ug/ml 0.660084 (0.027622** 0.4
125ug/ml - 0.401269  0.118001** 05
500ug/ml  0.364598 0.023692** . 3825

Concentration ug/ml

survival rate %

w W w w w

Brief Summary

« Inhaled BC can be deposited in the lungs
* Produce significant lung inflammation
« Can significantly affect cell proliferation



Progress and Perspectives

 We have completed a review of the health effects of black carbon,
and published part of this in the Environmental Sciences Research

« We have finished the meta analysis of health effects of BC in
long/short term exposure

 We sampled PM,: in three site Miyun, Chaoyang and Baoding in
different seasons and analyzed over 40 chemical compositions in the
past three years

« We have done the animal and cell exposure experiments of BC

 To do the animal experiments of PM, ¢ in chambers
* To do the cell experiments of PM, ¢

 To do the source apportionment for attributing the health effects to
different sources and to rank the risks of health effects by sources

« To finish the final project report



Progress and Perspectives

PM, . -- Miyun/Chaoyang/Baoding ;

2019:45 sets of PM, . samples, autumn and winter;

2020:42 sets of PM,, . samples , autumn and winter

2021:84 sets of PM, ;. samples , spring, summer, autumn and winter

o 4T

PM25 sampllng chemlcal
composition analysis and blologlcal
experiments
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Activity 4.6 (May 2021- June 2022)

The Norwegian part of the project (Marit Lag and Vegard S. Grytting) has been changed due to
problems sending samples of ambient PMs from China to Norway

Instead, we will use a standard reference PM (NIST SRM2786) and include particulate matter from
Norwegian traffic pollution

Due to the problems with receiving PMs we have developed and optimized our lung cell culture
systems and the last weeks performed pilot studies

The Chinese part will use the same reference PM in addition to the PM samples from different

areas in Norther China in similar cell model systems



Activity 4.6 (cont)

In vitro toxicity study of the standard reference PM and PM-samples from Norway in lung cell

models. These PMs will be compared with PMs sampled in Northern China using:

Monocultures of relevant lung cells; epithelial lung cells and immune cells (differentiated THP-1 cells)
Advanced 3D co-cultures of epithelial cells, immune cells and endothelial cells

Effects in advanced models of human secondary organs. Transfer of medium from the lung co-

culture to liver- and neuronal cells

Liver spheroids
Neuronal cells

Analyzing for biomarkers in the cell cultures. These relevant biomarkers included in adverse
health outcomes in human will also be linked to biomarkers in the animal studies performed

in China

Inflammatory responses in the lung, cardiovascular system and secondary organs. Release of pro-inflammatory
mediators are important for asthma, COPD, heart infarct, stroke and neurological diseases
Gene toxicity and DNA damage response gene are important markers for lung cancer



Lung tissue model and tranfer to secondary models

s

* Standard reference
PM [Mar and CHM|
* Different PM samples
from China (CHN) il

Lot

- "'_I'

ung tissue mode

wC o Ory TESUE rreaice]

Cell samples for toxicological analyse of
effacts in lung

—
.| Cell samples for
toxicological
| andalysis of af-
* fectsin sac.

argan modeals

Exposure to PMs in
the lung tissue
model:

Submerged exposure
of PMs in medium

Air liquid interface
exposure (ALIl), more
similar to the
exposure after
inhalation of PMs in
humans
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