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= =Background
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* In the era of carbon neutrality, the economy and society of coal regions face extensive impacts, and their just energy

transition involves coordinated development of energy, economy, society, environment and other aspects. It is

necessary to establish a scientific evaluation index system for just energy transition of coal regions.

O 1 R4, BUMEEERSXNERHR SHEHRZENER
Systematically and objectively measure the transition progress of coal regions
i$1/\g7h_' AR FR 4R ST/ SRR 1#&7IN 1
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objective Reveals the unbalanced situation of various elements such as economic
~— development, social justice

Providing support for policymakers to adjust strategies, optimize resource allocatio
o and make scientific decisions
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Case area overview
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* Select 6 typical coal regions in China and Europe to conduct a just energy transition evaluation:

FELAS
Shanxi, China

W= IURIGFER K=t ERT

Belchatéw, Poland Upper Silesia, Poland

- RESAMBEMTEN, 20864 | | ERZERHSANEMEER, TR - RREBAMEEFRRK, hERZ

RiTE S T ERI2M%, SO%LXJ:EI’W%%\E L BRRERARE ERNRANBRELZE | | ARNEANEESXZ—, &K=
TONEEMERKNRLN MBS | | T HEASBASEEAREEN | | EEVIRNS005%, BE20224E |
EH A L 133%, HIRZRERBRERETM. | | 1TERTETE.

* China's largest coal supply base, coal * Betchatoéw is the largest lignite coal * Upper Silesia is the largest coal

' production in 2023 accounted for fleld in Poland and in Europe. The mining area in Poland, accounting for
29% of China, more than 50% of coal, Betchatéw power plant is still the 80.05% of Poland's hard coal '
about 70% of coke and more than 1/3 largest lignite power plant in Europe, resources, with 17 mines still in
of the electricity sent to other accounting for about 13.3% of operation as of 2022.

provinces. Poland's total electricity generation.

___________________________________________________________________________________________________________________________________________________________________________
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Case area overview

REFERIE - BEHEFENBRAR BRARHEKAEET, BELKEHEERHET AL
Lusatia, Germany BINE N, EEEERENERF SIEEEM.,

* Lignite power generation in Lusatia provides a significant proportion of Germany's

electricity and plays an important role in the German energy supply system.

%‘Eg‘%ﬁﬁiﬁ% . BREERRELARSERRANT/MERLN, BIENERAREE
I EED SR H, EHMEEERRNRE, BR L EERE
Westphalia(NRW), * The Ruhr coalfield and the Rhineland coalfield are the two largest coal bases in

German L | | o
Y Germany. Coal mining in NRW still accounts for a certain proportion in Germany.

HERERRT . BEEEMIERER, LUSHRIIEMRERS—. BRERARTCEAR

South Wales, B, BEREMPREERRAS.
* South Wales is a major coal-mining region in the UK. At present, South Wales has

United Kingdom

basically withdrawn coal, and the energy mix is mainly natural gas.
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Evaluation index system construction

o ATFRELERIMUBAIIGE L e EE R —RIERRESNER, “RIERIST, =HIEIR36D
5@1,2?13?5'7%12[3? Qgé*%ﬁ)ﬁ |XE|/‘] E %T_&: = The evaluation index system includes 5 dimensions/first-
level indicators, 15 second-level indicators, and 36 third-
BIEEXNBER, MET —EERTXQIE ’ |
REIREEBITEM TSI R, FDUNE LR &

X/~ IEREIREE B A AR TR
Energy

level indicators.

* This study draws on the energy transition-
tE AR BE PEE|24: 9]

Transition Emissi
U\ N A\ Emissions

S /> 1E B iR s BY —
Just Energy

Transition

related evaluation index systems proposed by

authoritative institutions, combines the unique

characteristics of coal regions, consults experts

in relevant fields, and constructs a just energy K&
" L Social
transition evaluation index system for coal development

regions.
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Evaluation index system construction
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* Each first-level indicator is given a weight of 20%. Then, the entropy method is applied to assign weights to the

second and third-level indicators

=ALIB N STV L€
Consult literature to obtain each
index data

~ b,'—\'E , =k DA
— AR T SN e

Each first-level indicators
are given euqal weights

The just energy transition index
was obtained by calculating the
scores of each indicator
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Evaluation index sxstem construction
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Evaluation index system and the indicator weights
—RIgtR —RIERR =RI5t WE
Primary index Secondary index Three-level index Weight

C ﬁlﬁijﬂ_ﬁ/ﬁ% q Share of coZ?f%r}iTnjf/%e@feii/tproduction 2.09%
cal production an —RBEFIET R S L
consumption o : 1.73%
Share of coal in primary energy consumption
IR ARE R Gt
. i : 2.85%
Share of coal in heating energy consumption
B R B4R St
Share of renewable energy in total electricity 3.33%
production
o S o B4 EEAR BN EANNFIYIBR (SFEFHER)
E;’e’r = Renewable energy Average annual growth rate of additional wind 1.20%
(20%9)y development power capacity (average of the past 5 years)
FHETCRENFIIER (GEFHIER)
Average annual growth rate of additional solar 2.13%
power capacity (average of the past 5 years)
MER BRI B E S
Share of coal-fired power capacity in total power 2.26%
REIREM SR capacity
Energy structure and B ANIGDPREFEKF e
efficiency Energy consumption per unit of GDP '

i L S UREE

0
Electrification of end-use energy 2.55%
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Evaluation index system construction

—RigHR — R FEAR =Rigtx
Primary index Secondary index Three-level index Weight
.8

R

Emissions abatement PM, - FEIRE
T ' . 7.83%
(20%0) A= Annual average concentration of PM,
Air quality SO, FE iRk ESO,
. 3.07%
Annual average concentration of SO

5.21%

AYGDP

Per capita GDP

GDP#t K& (FiT5ENTE
EFRR B (RESFF91E) oo
Economic GDP Growth rate (Recent 5-year average)
BRI SRS ERBIE S (BIESET
development

#{8) Decoupling index of economic growth

: 5.31%
and energy consumption (recent 5-year
average)
%\ 5GDP
RS 5 tbE 3.75%

Contribution of service sector to GDP
KB M IBHNEXS 057 B Tuak
Contribution of mining industry to the 2.85%
economic growth

7= b 5544

Economic structure
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Evaluation index system construction
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Secondary
index

Primary

index

A
Employment

HRRE
Social Security

HEER
Social
development

L'ON

Income

)

BtEsE

Scientific
research and

education

IR

Medical and
health

= RIEIR
Three-level index
BEERTVEA S
Share of direct coal industry of
employment
Y ER KW E
Unemployment rate

RRFZREKFE
Pension coverage level of retirees

BRERSRKFE
Participating in public health insurance

B RBAIKFE
Residents' income

BERIANAFEM
Income equity of residents
ERZHERE
Education level of residents
HERME S EFHEVHETE)
Education, science, and research
capacity
&7 RIEKF
Level of medical resources

ERERKIE
Residents' health

1.57%

0.63%

2.28%

0.75%

4.93%

2.19%

2.31%

3.92%

0.44%

0.99%

—IRIEHR
Primary
index

Z R8I

index

BUR 5

ez idby) R
0 Investment
Transition
momentum
(20%)
ERIE
Business

environment

Secondary

Policy support

=KkIgtR
Three-level index

WA B R

Carbon neutrality target

B MBRTT R

Action plans

BE M
Carbon pricing mechanism

TRIBN/ER
R&D investment

SMNE B HGDPLLE
FDI as a share of GDP

BREXR
Government-business
relationship

NERITIB R FRIKFE
Road transport development

PREB B AR RIKE
Railway transport development

NI IR

Per capita logistics

2.27%

1.49%

3.13%

3.01%

3.49%

0.51%

2.72%

2.61%

0.78%
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Evaluation results of energy
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* South Wales scored the highest, followed by Lusatia and 0.0 0055 008 oou7  0.050 oot 0o o 00
NRW. Shanxi generally scores higher than that of Upper 0.04 I I I . -
Silesia and Betchatéw. 0.02 - I
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ARG ERELS . UASEEEXRTH4ERFEARI A
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:L;E ’ é%yﬁﬁ)fﬁ RE EII\] EE' _"'T'{f'ﬂ(qZ‘mj(ﬂ]m ?IE}I_ °© m Electrification of end-use energy ® Energy consumption per unit of GDP
m Share of coal-fired power capacity in total power capacity m Average annual growth rate of additional solar power capacity

* The energy system in South Wales has largely freed itself

m Average annual growth rate of additional wind power capacity ~ ® Share of renewable energy in total electricity production

from coal, while in Poland's Upper Silesia and Betchatdw, S e e e ey e s mShAaloreaaliniprmany eneryiconsmphon

as well as in Shanxi, coal still accounts for a significant = Share of coal in primary energy production

proportion of energy system. In recent years, Shanxi has b R & e = 7 X B BE ESE A RN

seen rapid development in renewable energy and a Energy dimension scores of coal regions in Chlna and Europe

significant increase in the level of electrification in end-
use energy.
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Evaluation results of emissions abatement

c A EERTRONSER™=X:

* Shanxi lags behind European coal regions:

> 2022F LA PM, SO, FEIIREAEZER =X i

—
o |
IEJ [e]

» In 2022, Shanxi had the highest annual average

concentrations of PM, s and SO, among various coal regions.

> PR ERERUB B X TRAR MR K, HIL™=£RY)

THEHARERK, maEES.

» Shanxi's energy consumption is highly dependent on coal,
resulting in a larger volume of greenhouse gas emissions and

higher carbon intensity.

> WP B AFRBHE S TR IR KRR IR T

» Shanxi's level of carbon emission reduction and
environmental governance is rapidly improving.

0.25

a8 0.19

0.15
0.1
0.05 0.0
; 0.0002 = . . I I

3 @
@ @ @ @ > @ ? ? c;b‘ @@ &Q’
& @ 2 2 <@ & {0@ QJ@\% S N N
R R I A <
> > > S > > 8
2 2N 2 2 2 2
m Carbon intensity m Annual average concentration of PM 2.5

Annual average concentration of SO2

—BR & B IR = X R R4 FE A5 20 % B
Emissions abatement dimension scores of coal regions

in China and Europe
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Evaluation results of economy

BEAALEN . FERT MR EENEERE/MSIE =,
5K = BT IURIEFER 2K .

The economic system in NRW, Lusatia, and South Wales rank in the top
three, while Shanxi and Upper Silesia and Betchatéw score lower.

> RENRERFIXNEFAREEERNZEN 7 XN REROMKE, X7 W
MEFHTANERIR. WEE. KEMIURRFERMEAERT,
FrERE SRRBR AN, XU YHREFLERA, REL AL
K.

» The economic development in the UK and German case study areas has largely
freed itself from dependence on coal. In contrast, Shanxi, Betchatéw, and Upper
Silesia have not yet decoupled their economies from energy consumption; the
mining industry still accounts for a significant proportion of their economies, and
the service sector has a lower share.

FE LGS

> IESSFRERTLEN. FOEESHESHLEEREREK,

2021-2022F LI P EGDPIgER S, {BXIER RAE W AR EH Frigi<.

» The economy in Shanxi relies on mining industry. The COVID-19 pandemic and
other factors have led to an increase in energy demand across the country, and
Shanxi has a high GDP growth rate in 2021-2022, but its dependence on the coal
iIndustry has increased.

0.2
0.18
0.16

0.14 0.129
0.12 .
0.1 l

0.055 !
B B

B B B |
i B N

m Contribution of mining industry to the economic growth
m Contribution of service sector to GDP
Decoupling index of economic growth and energy consumption
m GDP Growth rate
m Per capita GDP

B P X RS e FE B4y S
Economy dimension scores of coal regions
in China and Europe



HESERITNER
Evaluation results of social development

- BoxeNERELEMNMATRE, ERXZREBRERL,

0.2

=AY .H: 0.18 .
L5 E1F7) o G15
014 0.14
* The highest score is achieved by NRW, followed by Lusatia, 012 0.11
. . . A 0.094
and then South Wales, with Shanxi ranking lower. 008
0.06 0.046 0,043
0.032
> UBRERIOKTSEARS R0, LEAGREGYE 0 o o o o WO S B i
o 0.02 - |
ERWASSIERS, EFRZERETEHRS TN, , = = NS = BN =S = N
& & Q Q
. . o . . . D 3 5 S D D 3 3 3 3
> The main reason is the disparity in the income level of residents in & & & & &
@ @ @ 2 &L & O @"\ & N >
Shanxi compared to European coal regions. The direct employment %\G“Q .+\§F° .+\§>“° +\<>“° ﬂ.@c‘o J.F\‘G“Q %Q}&% QQQ«" S F
S O S o & N N
A SO SO

proportion in the coal industry in Shanxi is relatively high, and in

m Share of direct coal industry of employment m Unemployment rate

terms of pension security, Shanxi is also weaker than Europe.

Pension coverage level of retirees m Participating in public health insurance
JNEL ST AL < s s m Residents' income W Income equity of residents
> u—lﬁ‘é El‘]$iK/AIE7J<:|Z ﬁ:EEf)b& = 70N ;'} :‘Eg ﬁﬁ%:l-u&é H—ﬂz m Education level of residents m Education, science, and research capacity
;E?’:E?jtlu{ %I:/_\,T%I-‘% L&]\%ﬂﬁ Er—ﬁﬁ '_"/F& m Level of medical resources m Residents' health
iy N z~ N [=¢}
» The overall level of social justice in Shanxi has shown an improving MR ERTXEESEEBREES DXL
trend, mainly thanks to the gradual improvements in employment, Social development dimension scores of coal regions

social security, income, and education and healthcare in Shanxi in in China and Europe

recent years.
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valuation results of transition momentum

- BoEReNEEENIEEMNAATFERIL,
* The highest scores go to NRW and Lusatia in Germany.

-ﬁ*%ﬂﬁﬂ XEBRGHTHRITFNVAR. FRESL
8 IA R PRIRIBIKBIINRE 2R .
* Poland performs relatively well, mainly benefiting from its

good road and railway transportation conditions as well
as rapidly increasing foreign direct investment.

» WP EMREREREFERET, LHEH2020FRHHA
EFRPAERG, B8 T RAERPMI+NBIRER,
X% B IR SN 1 RIg IR Tt

* The momentum for transformation in Shanxi continues to

/

Improve, especially after the carbon peak and carbon
neutrality goals were proposed in 2020, a carbon peak
and carbon neutrality 1+N policy system has been
introduced, significantly enhancing the driving force for
transformation.

0.16

&

D N 2\ ) & & & o
S & 5 & S S S ° & N &
R R N I
S @ > & & & R ) 2 ‘ &
o o« o o o« S & 8 & & e
S & & S S & F < >
S S S S S S R
S N I

m Carbon neutrality target m Action plans

m FDI as a share of GDP

Carbon pricing mechanism

m R&D investment m Political and business relations

m Road transport development

F—BRR & E o = X VBRI e S XTI LE
Transition momentum dimension scores of coal regions
in China and Europe

m Railway transport development m Per capita logistics performance
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Comgrehenswe evaluation result

. ,\-_z,/El E/J .:H:E!U” /\;XE? .ﬁ—ﬁ o WAEENEAERTRIURGIERNEERALTEHNE, REHE.
. ; E: E%Eﬁm/ﬁi ék):Ey;z——‘E’]J: HoRE, ZFDESHRR. ERENSRFREEEE HERRE
e, BAUEREEEURD, SRR = R BB LR T
FEEAT. RRARFMFELES. » | o . o N

* Shanxi, Upper Silesia and Betchatdow in Poland are in their early transition stage.

* NRW ranked the first, followed by Lusatia, South There are gaps in coal phase-out progress, social security, and economic

Wales, and subsequently Upper Silesia, Befchatéw resilience compared to coal regions in the UK and Germany. They will face

) challenges in the future.
and Shanxi.

0.8 0.748

0.692
07 0.660
0.6
0.470
02 0.425 .

0.4 .
m Transition momentum

m Social Development
Economy
m Emissions abatement

W Energy

F—BRE IR IR = XN R BIGEWNED

Comprehensive evaluation of just energy transition of coal regions
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Comprehensive evaluation result
- FEUASE=MI/RE | A=) R ER NGRS Sev
* Shanxi Province and Betchatow and Upper Silesia in Poland are faced with similar situation:

> fBR. &%, HEXBEHE FRNIENEDRIK. The energy, economic, and social development scores are
relatively low.

> REHBELRGTEHRENER, ERKASRIELEMAER, The coal phase-out process is still in the early
exploratory stage, with coal remaining the mainstay of the energy structure.

> ZSFWNEREVRBES, W EZHEARE;, The economy has a high dependency on the coal industry, and there
Is a lack of industrial diversification.

> RV SEFERBREIE, AHBRSHHESEANERKSE, HEARBRMREKEARE. Employment opportunities
are concentrated in the energy sector, and the public service and social welfare systems are weak, with insufficient
levels of social development and security.

Betchatow,Poland Upper Silesia, Poland

Shanxi,China (2022)

Energy Energy Energy

0.2 iz 0.2

0.15 015 0.15
Transition 0.1 Emissions Transition 0.1 Emissions Transition 0.1 Emissions
momentum 0.00 abatement momentum V abatement momentum abatement

Social : Social
Social
Developmen Economy Economy Developmen Economy

t

Development

t
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Comprehensive evaluation result
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South Wales in the UK and Lusatia and NRW in Germany exhibit similar performances, as they all achieve high scores in
dimensions such as carbon emission reduction, environmental governance, social development, and economic development: Their
economic and social development has largely moved away from reliance on coal, demonstrating strong economic resilience and a

high social welfare level, with significant achievements in carbon emission reduction and environmental governance.

Lusatia, Germany NRW, Germany South Wales, UK
Energy Energy

0.2 0.2

0.15 0.15
Transition 0.1 Emissions Transition 0.1 Emissions Transition Emissions
momentum U abatement momentum . abatement momentum abatement

Social Social Social
Economy Economy Economy

Development Development Development
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1. REMBZEEMNRFIXLETREEZR DM, AERFEZEKERS, PELAFK
=RHIXMAL T REZREFGER, EiIRBRAHEK
The case study areas in the UK and Germany are in the middle and late stage of coal
withdrawal transition, and the level of just energy transition is relatively higher, while the case
study areas in China and Poland are still in the early stage of coal withdrawal transition, facing
greater challenges

* UK has almost completely phased out coal, with the last

« RENWRERERRIE, 2024F9HREX
A R — R B .

coal-fired power plant being closed in September 2024.

* Germany is advancing the transition through solid policies,
° /ﬁ = N \\ S ASIEN S S| s ) ) .
BERUIREERE SRR, 1TXI%/2038 with plans to phase out coal-fired power generation by 2038.

FRELARAREKE

* Shanxi and the two case study areas in Poland have a high

o TSR 2 T 20X SRR R R S dependency on coal, with coal still accounting for a significant
_ A Y 7|< \ T\ AY Al =),
ot R B B A PR 2R T H AR LR MR e proportion in energy production and consumption, and the
b S Hb X AR = BB AR b R A A coal industry contributing substantially to regional gross

domestic product and employment.
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2. BRRFXEENENSHEESE

The driving forces and pathways for the transformation of coal-producing regions vary

RE: THES fEE: TiH+BURTE
UK: Market dominance Germany: Market+Policy balance
© RERENRVENEZEHANTYG . KRAEFELLEE
EFEFREHESZS. RENREEAFEENTSALE
BRI EM B,

*  The initial drivers of UK coal withdrawal were cost and

© FERHITRESVIBEEES - ENBURL L), JER
MNEVIZHETZHES), MENEZ XN URTHBERZMW,
FEENE R XA EREL,

*  Withdrawal of coal in Lusatia was initially driven by the

market. The rapid advance of coal withdrawal has been political and economic changes following German

accompanied by insufficient attention to social justice reunification, and in NRW it is more influenced by climate

transformation. policy. Germany has paid more attention to the just transition

of coal regions.

K= WH+IMNRXEH E: ExREFBRIEE

China: National strategy and Policy-driven

« IIFEMREREBINBUR KGN At D, RN ki, P
B ARAY5R S HEFE R 7T BUR RORRR A o LG T I S EE Bk
BREREERERZE, XNEXALF SRR,

Shanxi‘s energy transition is driven by the strong promotion

Poland: Market+External support

© REMBERERDZI M BRAHIBRNEREZ N KEN
RHER SRR T IN T SEABRHEBUNA, FRK =A%
B th 15 3B B A E BN B

* Poland's energy transition is directly encouraged and

supported by the EU: EUETS imposes high costs on of the “carbon peak, carbon neutrality” goal and the positive

carbon emissions; Poland's transition is as also supported response of local governments. Shanxi faces a double
by the EU’s Just Transition Mechanism. challenge: to safeguard national energy security, but also to

achieve economic and energy decoupling.

_____________________________________________________________________________________________________________________________________
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3. EUAEHRHAANENRELE, EFNAFIRAMNMNE: BRIXFHNEKR, THEER.
B S /KE# L EZE To promote a just energy transition in Shanxi requires making good
use of advantages: strong policy support, renewable energy and electrification

01

- WAEERE2020FR .
“30-60IA IE TR R A B AR5
AN $%$¢ﬂ§h$ﬂ
“Bx P FIBUR 77 SR G IR
= BT .

e After Shanxi put forward the
"30-60 carbon peak carbon
neutral target” in China in
2020, the index scores of
"carbon neutral target” and
“carbon neutral policy plan”

have risen rapidly

02

m&%ﬁﬁﬁﬂﬁiﬁﬁﬁﬁ

. BEIREMEEIL, #
ﬁﬂ%ﬂ%ﬁ%ﬁ AT
=T EMAYER =X,
Renewable energy in Shanxi has
developed rapidly, and the
growth of installed wind power
and photovoltaic capacity
surpasses most of the coal
regions in the Europe.

— 03

LI P 2% i FH BB BB SUML KB
SN ER X, EALLME
HHNEMEERTE. B
MNBEE BRRE, MURESF
%kﬁﬁ&%“ﬁﬁﬁi
Shanxi is also ahead of the Coal
regions in terms of end-use
electrification, due to its better
grid infrastructure, extensive
and stable power supply
coverage, and the "electricity
substitution” policy

Y
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4. LIHEFHRLE: BREMSARSZFEM
Key issues in Shanxi’s just energy transition: Focusing on social development and
economic sustainability

/ \ ( 2T /ililfl == /Q;
. BB SIS, o RIS, T
C TR, . :

The mining industry accounts for a

- Eoonermie grenin enel energy high proportion of added value and

consumption have not been : *ﬂ%ﬂkl’jﬁ has a simple industrial structure.
decoupled, and the economy is . \ /
highly dependent on the coal Critical

Challenges

\ industry. j

- ERERITHE SIS, S
B IIE AT B R Bk, * Residents’ disposable income
* The coal industry accounts for a high and social welfare should be

proportion of direct employment, continuously improved.
and the labor market is sensitive to

fluctuations in the coal industry.
\_ Y. - /

4 J& BRI SZECUI N KRR, Tj:\
SENMEEREFITRNE.
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