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Development opportunities of the coal industry towards the goal of
carbon neutrality

XIE Heping' ,REN Shihua®?,XIE Yachen®,JIAO Xiaomiao’

(1. Institute of Deep Earth Sciences and Green Energy,Shenzhen University ,Shenzhen 518060, China ; 2. School of Management ,China University of Mining &
Technology ( Beijing) ,Beijing 100083, China ; 3. Technology Support Center ,China Coal Research Institute , Beijing 100013, China ; 4. Department of Geog-
raphy ,Michigan State University ,East Lansing 48823 ,US)

Abstract; The carbon peak and carbon neutral target has been elevated to a national strategy, and relevant road-
maps , timetables , policies , and measures are being formulated and implemented , which will promote some extensive
and profound systemic changes in the economy and society. Coal is still indispensable in the short term based on the
characteristics of China’ s resource endowment and the reality of current economic and social development. It is an
objective requirement for achieving the dual goals of carbon peaking, carbon neutrality ,and energy security and sta-
ble supply to scientifically study the evolution trend of China’s energy consumption structure and coal consumption

under the goal of carbon neutrality, and take correct response measures. Firstly, the basic characteristics and chan-
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ging patterns of the modernization process, energy consumption, and other aspects in the United States before and af-
ter the carbon peak was analyzed. Three major paths for the development of energy optimization in China were put
forward , namely, continuously improving energy efficiency and reducing energy consumption, vigorously developing
new energy sources and optimizing power structure , vigorously developing new technologies for CO, energy and re-
source utilization, and promote the reuse of CO,, enhancing energy self-sufficiency and ensuring energy security.
Then , after considering the trend of economic, social , and energy development in China, China’ s energy consumption
pattern would go through three stages. The coal would be as fundamental energy first,then guaranteed energy, and fi-
nally play a supporting role. The new energy resources would be as supplementary energy first, then alternative ener-
gy, and finally become the major energy. The authors predicted that the proportion of new energy resources in the pri-
mary energy consumption structure would be 15% to 29% ,30% to 49% ,and 50% to 80% respectively. Even if Chi-
na achieves a carbon neutrality , it would still need coal for carrying out power peak shaving, producing carbon reduc-
tant and chemical raw materials, and ensuring energy security (1.5 billion to 1. 2 billion t/a) . Finally, the goal of
carbon-neutral would bring three major development opportunities to the coal industry ; returning to high-quality de-
velopment, becoming a high-tech industry, and realizing coupling development with new energy resources under the
carbon neutral target.

Key words : carbon neutral ; coal industry ; development opportunities ; carbon peak ; energy pattern ; coupling of coal and

new energy resources
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Fig. 1 Modernization process and characteristics of energy consumption changes of US



2200 #H % F 1#® 2021 44 46 %
PRI ST AW, aiatit e ke R
110 : : = 28 | !
| 1 t | IT !
ool ~+ GDPRIKE — BRI KRB ! 14 241 ! I }
| I ! | I
‘ Y S =4 : 1 !
S 70t Lo b A g ! I [
# Loy Aiartt 4108 L6 - | 0 !
N *’l | ll IA/) U a X 12 | :_Il J
B S0 ST e 8 B T G A
y A I b N £ T 1 - S e
%30_ I*[AXI\%’“ :} I%: 16 g E;% \ 4\?\%‘ A K | IIH\ I“i
=) f‘\\’ Yy i £ S 04th L YA ﬁﬁﬁ'ff@\ e ‘\A‘ AA:II‘* "o
° e I 14 = o AL, VYR VIR
L $5 F o T LRI IR U YN
b a4 . . L i lz = 193 1960 1970}] 14&\0; 1990 2000 | 020 ¥ 2 1o
_ L 2 | | |
1950 #1960 970 8980 ¢ J990 2000 , 2040, 2020 0.4 HE - |
-10 v‘/\“f\ ¢ \u « J/_kf% ﬂ“”“ VQ\I‘\’,“*UII?\&I*/‘ O —0s | \ i B l ||I | {
W A ' 1 i !
30t 42 b1
(a) (b)

2

FE [ GDP REVRIH 2 A1k K RETR I A4 IR 25

Fig.2  GDP,energy consumption changes and energy decoupling index of US

H I 2(a) AT %0, 1950—2019 4E 3£ [H GDP 3K &
HFE 2008 4E“ ARl fEHL” J5 1) 2009 4EAL TG | T
REVRIG I A7 2 I AT AEAL” “ & REHL” i,
IEFASE KA, e m e T 55 AR IR AE S GDP
WR A BEAIRAS , S5E 1. 2(b) AT, 38 E e R 1 #E
5 GDP B K B SR A5 S 0 4 FhAS$, B B4 18
i 2k | 55 I 46 R i I 48, A L 3 R AR R U AR
55 GDP 3K AL T 55 AL RS 1] 5 A RS A A2
1.1 BORIERTH (1949—1999 )

BARAL IR A HE AR AT N2 4t 2 SCfb K A
AT AR RRTT R P, 2 32N T AR S48 bR
30T 36 B L AR | RRIRE 2% RRHEA A AR AL RRE
] 1949 AERFIHA T T Tolk b, 1949—1999 4F &
IARACSFEAE U () B 2R RRAE . D BN
A7 B (GDP) A GDP #4144, GDP 0.3
TACETOIE KB 9.4 TTACSETT, FWK 7.4%, N
¥ GDP T 1996 448 n% 3 Jr3E00, iR B B A R
K- @ ARSI B K BT RS T, iR
5l 3 e 7¢ GDP f 1yt 8 i 59. 7% b Tt #
76.2% , 72 GDP 3411 773 WAL A it — 2P 4
o BB R 70, 0% 45 5 F) 78. 7% 1K T
8.7% (Kl 1(a)),

IRARACEFRHE AL 18 8 V5T 2 B2 20 1 R R 9
SERIIANBI AL AR R . D BEVRTH 2%
AR HE R AR, RRURE Y B 1.5
¢ tce ¥EK % 34. 8 1 tce, FIIHIK 2. 3% , BEIF I 9%
PPER B 0.31, BeHEAcE 5 RE IR 2 = 2 A G
P, i 22, 142 3805 56. 9 12+, 4E 436K 1. 8% (&
1(b)) ;@ REWEIH LS AW AL, fb A RE R 75 fig
TETH 2% 45 4 P 7 HE B 90. 7% 18 #1966 4 1)
93. 9% , 1M J5 3B AR 3 85. 2% , A1 I KRS 5B 5

I R A S — A RBER (& 1(ce) ),

22 U B KR RE TR T 2 45 K Ak, il AR
fi7 GDP HE#E 847 GDP B HF e 3 1 B A%, BR
i GDP BEFEH 43.2 tee/ JT FETCHE A FFILE] 3. 7 tee/
T ETC, ¥ E 4.8%, ¥ {7 GDP #k HE i ki
82.6 /T EICKARFN 6. 1 v/ T ETC, AERIFEH 5. 1%,
AN GDP REFE A BRI E Bl B IRH 2 hnc HE O BE
1.91 t/tce FEAKF 1. 64 t/ice, AR 0. 3% 1) T
SRR 1(d)) o

REVRTH 2% 5 GDP 34K 1) i 48 A8 B AL AE 1950,
1955 1 1960 4F4b FHIKE LR (0. 8) , HABAEAy
PRI (0 ~0. 8) BsR MR ES (<0) , Hid 55
IR B4 A A3 1) R 0 48 BRI (B 0. 43, 5 50 240 41 3 1 42

BEUIIE N -0.26, BEIRTH %S GDP 3K MM
ARASAL T 18K % 8238 2P 10 55 B84 | 5 B0 4 B AR A
(K 2),

1.2 ®RiEIEF & H (2000—2008 £ )

PR A 72 A5 TR AR A P Ak 1 5 B S g . GDP
i 10. 0 T2 TeI K B 14.3 T ET0, B K
5.5%, N¥JGDP 3.6 1ok K 3] 4.8 T EC,
K 3.6% ., M43 E#E GDP w5 H
76. 6% INE] 79. 1% , FHHEK 0.3% , IR
Fer 79. 192818 7 55 5] 80. 4% , Ik £ Ak 1 75 W W ik
Z(K1(a)),

RETEIY 2 MR E LR (35. 6+0. 8) 12 tee, BRHENK
RERRUETE(58.9£1.2) 2 t (B 1(b)) , REVR I F ik
HEGR A EAE 1.63~ 1. 65 t/tce (I 1(d)), REME
THREE R PR A RAR R R ST B AR RE IR
¥ TRE(E 1(e))

RV ORFEIG A RRVR IS 2 AR HE B T A e, 1l
BB GDP GEREH 3.6 tee/ T FEICREAEE] 2.5 tce/



o7 1

RS2 B R bR R ATl & AL 2201

T T, FREHE 4. 2% . H47 GDP BRI 5.9 v/
TRITTTRER 4.1 v £TT, FHEHER 4. 6% (&
1(d)),

RERE AR S 2K, fE TR %
55 GDP 144 1 it 2 5 0 5 30 55 It 4 i 5 It 440 R
A b g5 AR AR B S 18 B F4I{E S 0. 27, 5 B 44
ARy WA TR A YE R -0. T4 (BT 2)

1.3 ®BIARIEFHE (2009 £E4)

SRl FEALIG , 3 [ B b A 20 e 1) & R By
Bt AW RER K, v s ik — ik, GDP H
13.9 {2201 K 3] 2019 £ 14 21. 4 {0300, 4F
WK 5. 4% ; N34 GDP 1 4.7 J7 £ 0 F] 2019
AR 6.5 J1 3ETT, AR 3.3%, RS5Ol 3 A
hi GDP L fH 78. 6% & M2 1N E] 2019 41 80. 3%,
WHNE 5 R 80. 6% 2218 I 3] 82. 5%, WAk
B EES (B 1(a)) o

REWRIH PR U B P B A 3 K, B AR E TE 35.2
1¢.~36.2 12 tee , W HE T i 218 BEAR, HH 53.9 14 ¢ B
3] 2019 4E 1Y 51.4 12 t, S ¥ FE # 0.47% ( A
1(b)), BEVRTHTREEHI A T WAk, Aim 2%
FLRRRETE 36. 2% = 0. 8% ; UL+ /< i A2 fifi 0 5 <™
M 2009 4 H 880 12 m® 3 i F] 2019 4E ) 7 232
{2 m® AR IR He T 24. 9% THGH 4 fin 3] 2020 4
() 33.9%; 18 e 8 2% 5 HH 21 0% B R R 3
9.9% ; Pl A REVR M1 8. 1% 34 N3 2019 4E1% 12. 5%,
I IR R S = KABIR (& 1(ce))

SRS KRBT S B R B TR S TH T
IR, 15567 GDP BEAEH 2. 4 tee/ JT ETTME
K3 1.7 tee/ T ET0, ARSI RE T 3. 6% ; BT GDP Hifk
HEcH 3.9 v/ ET0REAKE] 2. 4 v/ 7 950, A 4
4. 6% ; AE I3 I 2% B HE TR BE 159 vice B AR 2]
1. 42 t/tce , AEIREH 1. 229% (181 1(d)) .

REVR I 2 5 28 U B AR SR 2 B 44 RS, 2009 48
SR PR A, 2010 1 2013 4R 2K E R,
A A7 47 555 RO A0 8 5 R A PR S, L v 5553 IS8 ) A
PFRECI I E R 0. 34, 5 ot #4 4T 17 B 4 45 B0 24948
H-0.26(F 2),

g5 I, NS E AL E AR | BB 2 BRHE I
G, O U E A S T R E SRR
PIRETR 5 oK, B L HE R T A A BBV . 3 10 a BT
R K 23.4% , SV KRS TR £ E RE TR
THIREA IR T 9% , A R FE REVR TN 9 2544 vp
o7 URRE PR R TE 80% LA I3 @ 5 REal sh AR AL 1
ETREURIN T |, S P B R A 0 B HE T B I A
BLOBIER, 3 10 a £ EBAL GDP REFEAE % ik

3. 6% , REAE Y THE ML E R AL 41. 5% , H A
IntsHERL ;@ WEFEFREIEI K | A I W 45
K, 10 a EZREIEA NG K 0 HA BRI AE
RETRI B 4 M AN K 4. 4%, I B30k oA S
BRI SIS, 26 ELIE 1S 0 4. 6% 1 g IR At 1
B,

2 ImPFHBHRTRERELXREERERS
¥

2.1 RERBEEREETHERE

o R IR AL 1 AR 1) 28 0% AL x4 b ok T 7 3
METHTAL & R B, WA ebr ok E, B [E GDP 7£
2005 4F J5 P K 2020 ik F) 14.7 KT, 5
FE 2010 4E 5 AH Y, (H IR EL FASLR, 2020 4
FEAY GDP 5EE 1978 RiJEH X4 (K 3(a)) .
2020 FFRE MR S5 7E GDP Hr i 5 92 [E 1948 4F A
B(E3(b)), FEAELN AL A o I
FRLASK , Bl 2 DAt S I & R 407 2 U451 1) T
Hng 84. 4% , 35 2 5 3 [E 1945 4F R JE AH 24 B K
(B 3 (e)). FRERBAT E A 1950 4E 1
10. 6% /%] 2020 4 63. 9% , 53 H 1950 4E1i 5+
M(E3(d)) ., LAKRE, B ERARE 5%
[ 1950—1970 4FAH>Y4 .

R E AR5 26 BHIL A R RER, AR L E
PRI TS S 4 IR 4R 75 ZLRE R S 8, BR T 1978 4F
1981 4 2003—2005 4755 55 AF-AR A0, o 1l Lok
W E BB P R — HAE R 0.5 &4, R
R TIRE LB K SRR R AR RS
FE R E R AR R 7E Tl Ak b B AiEn
AT B B, 68 VR T 2% S 2R B4+ 2 A R K
e, P RRCR AR R G E R A At R RS
DU A T AR LRI A 2035 4 5 H ARG $
“F| 2035 AFFEASL I 2 T AL B B AR, 25
FHk B Y GDP 3 J7 JEou e A i v 56 &k [ Rk
-, FeE GDP K3 K 3] 200 T AZICLL b, BEATRE IR
TH PRI R B P AE 55 [ 1949—1999 4F 0. 31 247
(17K, 81 2035 4F3 [ RE IR 75 R W 2 60 12 tee,
Hifii GDP BEFE S35 2019 4EAHYS, AXJ GDP k%
3 1 ETuIE, VR IT IR S RE IR N 2 AL , TR B
JEIE D R PR R AR I T LR 2218 T [, T it £ 2060
AR EFAE 55 12 ~60 12 tce,
2.2 BRPAMBERTRERELZRER

R VAR 0 S 2 R ) S I K 0 e v R A 0 BT
AR R 258 4R e, B oE iR Ak A R TR
18 S 5 [ B TR U T F P RE ST 2% B HE IO i S AR



2202 4+ % F *& 2021 44 46 3
25 8 100 . —
— "hEGDP — XBGDP S e — R - = PR
201 ——-PEAKGDP -~ EEAWGDP 7/ |, @ sop T RERd - REESEN -
. 4 B 5 s
2 7 15w & e
oI5t R B Oxsm—e
o 142 © e
] 8 & i
= 10r 130 & 40t ~—
o poy =
O 123
5t L
- 1 = o .
0 _"———u’-_ L | — " I 0 = 0 M L P
1960 1967 1974 1981 1988 1995 2002 2009 2016 1947 1954 1961 1968 1975 1982 1989 1996 2003 2010 2017
=30 =20
(a) (b)
100 100 — 4.0
o PEESBEAC S —— SR D
5 o sol-— TEADBESMKE ——EADERNEKE 135
ip 80F | — S T
& : — %M a6k
é 0L | o
Z : = 4ot
= L ey
o 40 | = 5l
&
2 |
|

20 L 1 1 L L 1 1
1940 1950 1960 1970 1980 1990 2000 2010 2020

gy

(c)

0

19401947 1954 1961 1968 1975 1982 1989 1996 2003 20102017
4

(d)

K3 B R AR AR HE

Fig. 3 Comparison of indicators in the modernization process between China and US

IR AL R AL 255 3R 1 AR IR B8 I8 ZL IR 22 U 4 25
Tk % FE B B, B ik W v A H AR T, R BE VR &
B A = RIgE,

2.2.1 FREAREREIRRCR , /D REVRTY 2%

5 6] R VR 2 e HE 0 J3E R Rk e T 0 ik e S
BRI AN, S BRI A A O A B R RE VR AR B
IGEAAT. GDP BEFE , 76 /N I 2 14 0 68 5T 2 11 i 442
T, CELVK . 2019 4FSEE LA GDP BEFE{UAH
T 1949 4ER9 3.9%

FRE A7 GDP FEFE H 1988 4F Lok S Ei P T
Rk #, th 29.8 tee/J7 35 I K&K E] 2019 4F (1)
3.4 tee/ T TG, FRIK T 88. 6% , {AER B HH FAF- YK F-
kA E F A BRI, S AP K 1 1.4~
LS AEY RS 2 F%, W E 4 Fios, 7R F
FLF-Y  BEAE RS/ D REFE 13 12 tee JEHE — S LB 34
¢+, 255 2020 4EFR EaHE AR Y 173, HIL, 2
REURACRE D/ D RE VRV 21, 2 T ) 52 R e 35 0 sk v
1 e B AR
2.2.2 RITREHREIE, LAk T 251

AR HEFRAE Sl e ) T SR K, o ) #E 2 R U
TP LB A | REVRZS A Ak e 0 vl Ty 2
A, 1949—2015 40— LR 55 E & R TR 1Y
S —ROR TR, M 2016 4EE RIR MM — K& HLBE
P8, H G AW B, #2020 4E KRR KRG ik
3| 40% , T FAE R R 21%, % L 19% , BE B AL

60

——

Jigeae™)
(98] .o i
(=3 > o |

3
(=4

10

B GDPREFE/(tce

1999 2009

1959 1969 1979 1989
b

K4 o SLHAL GDP REFELLEL

Fig. 4 Comparison of energy consumption per unit of

GDP between China and US

19%"1 FERRS W Fir 30, R A & ri 7 56 [ A0 F T 45
P i i 7, H S S R R A, RIR AL H
NS AL REIR & HL & LA AR K, FERR IR IG
G R L B R R R , RARRR L
FERRD R, AR H X IR e 1 AR e ) 5 [l sk
IRV TR LR R FE AR A 04 J5 0T, RO % H J He Fe
2009 4F1 45. 7% R BRI E] 2020 4R/ 19. 9% , FEAI
T 25.8% ; KRR R HEFEG N, tH 2009 4F19 22. 1%
HmE] 2020 4E (4 39. 3% 3 H0 T 17. 2% ; AT f-4E RE A
FHFAEHINT 10. 5% , 40 5 FiR, KIRSHA]F
A REIRFF S A IR R HL | ST S Il T 0 I Ak
HEMCR TR,

AR R ER R R RE R AR B 1k A B I

0
1949 2019



RS2 B R bR R ATl & AL 2203

PN p

S0

5 [ WAy 5 L%
e 3

—
(==

o I T Ty ; j

1992 1996 2000 2004 2068 20I12 2016 2020
— R — Fih —~— %;Ffﬁu Wl — A AR
K5 e
Fig. 5 Changing electricity structure of US
K HLTEFRE S A5 T i L R LT (EARAR
AR R DA Sy 3 1 L DD A5 48, 2020 AR TR E )
SRR R L R LR T 60% T 3 E A
HERR RN IR I F 5 L D S5 AT L, e i ) S5 ki A
RARMAZS ], SR, TR R AR A3 7™ A R, HfE LR
5 ERMEAE A R RS —KERIR . b M HAR T, 3K
] 1 K ) & R XURE K PHAE 55 T AR BB R & L F R
BAR AL A RRIR & W 5 H RS AL T 2
2.2.3 KJ1 KRR CO, REVE AL B U5 Ak B 2 A, #E ik
CO, HFIH

H 20 thad 70 4FEGE , 2 E 2R B RIS ki
HEMI G HL 58 B i 4 T B HE R A R 43
TR B AR BH, W BF & R SR B A G 2R
(IGCC) HAR L & RAREHIIAT ST AR | HHE 20 35 [ F ik
WORIRE 2 Pl P o JRe s RSBk A 2 A A (CCS)
AR BUS R m ok, 28k 51 AN BRI EE 1 40
Tiva Ll EWIRE A 10 MEFEEN )RR
R il B AR AQHT, T A B 9 i e 58 8 J 4R R i A
e, FF AT BB AR | SCHEAE 2050 S8 LA ik
HERL

RPN EAT A CO, , MR/ CO, #iA
FSEAE T, CO, BFARMERA LTS, A7 78
ki B KU, K T & CO, BE TRk 5% IRk BT 4 R 2
e DT R, BFSE AN CO, Wik & AR % | CO,
WAk RE R N TR ARy | Ak B TN % HfE
CO, BEVRALF]FH ; W & AR CO, b7 fb il H B
EWIRALEIR B CO, 1R R R HEiE CO, BEIRILA
M.
2.2.4 HUWRAAHRET) RIEREIRL 4

REUR 2 00 HE I 2 — A [ 5508 1 DR I 22
SR FEAT 5 [ ) T T ) R R s S i S TR K
Wittt BEUE IS T L A 1973 AR JE TR B G HR
BETE ST TR 5 Dy Je 56 [ BURF Y RE DA ST Ay

REVHBOR A0 BURBUN R 1447 AR IR T
Yy B RAGECR  RER T 0 KRR AR A, 85 8
BN FEITTE P BN FIBA A I BUR
PREET B T R AN DA TR AR BOR J T TTT L
MCEAR TG 52 R AT BRI, RORAie it 1 3¢
FELBTRE VR I Y R B BB, 95 1 e U BOR
FI bR BB 7 ) BE IR 3= 2 54678 | Y iR 8: BUR BT
SiR 8 DA G2 RE IR 7 1] 53 9 195 45t BB JRURI R gk Je
REVRAEZE 1 EREUR AT AT 3 1 ol Ak L S B
SFECRAIECT , 58 TUA A U BOR , SUE T
FETIZ MR BB R, BEIR A 45k 2005

A1 69. 3% 21 2020 4117 103. 0% , WAl 6 FiiR
120

—— [ —— %

110

—_

[=

(=
T

BEUR M43 4/%
g 38

70

60 1 1 1 1 1 1
1978 1985 1992 1999 2006 2013 2020
4

K6 HhIEREIR A 453 AL
Fig. 6 Comparison of energy self-sufficiency rate between

China and US

TR SR IMKAE Rz T, RB IR A T ™
IRBkK ., I T REIR TR S AR 1, TR A RE faT S A
S & R Al HL A REVR M 7 AR S E AT S AR
g ARA R H T IR BE Rk AL Y
AT AR AR T RSN A AR R T R B AR
TR fif e BEVR 22 47 [m] L, AR 5 < [ P 24 77 + 1A 1A
i SLELCRBUR 327 R R AR BT RE IR+ AR IR S
B RERAM ST G IR LA I 3R RE R T SR AR
TR TF R BE ST, HA TF &R A AR P e, I I 5 i
AL AR 283 2005 4E LSRG F Ros 8« T
TRYE” BT, LA I N T B K RIS < 4k
AT BRI | 1N 2458 53 & FE R e e A BE R R o 1)
YERL, MR e S S B B e PR 3R R R 2 4
2.3 HABMBRTEREEETESE

e FERGRIE S5, R T 9% K AR TE 7 12~ 10
12.1,2018 S J5 APl FRE BIHFT S 2 A4, FEE
7 1990 4EMRIRIE  BEm I Bt Z R FRAE 2 410 v K24
HATE 2013 ARk IR 065 , EATH I 7 B IR T 2% 1)
2090 1 R 1, EE EE AARRIIFERY,
Rl PR AR I A R TR, B K 058 )5 475 R fit FH A 3¢,
SURIER A & A TRk, % 3k [ R T s ot



2204 # 2

F % 2021 4E4 46 %

MRN8 G A b 23 T AL I B, R 1 3% 4 o L B R L
JEEREVRIAR ZR A A« FR AR R RRE A% A P Ok ik
i, ZEA R INE R KR DI, Bt IR ETE 2060
AR SE S S RN 5 AT AR A Sk H T R 0
JO AR DR DA B PR B A B 2 4 5
2.3.1 HiLJpiHiE

fer R E AR N, XU G AF AT P AR RE TR & F R 1

i LTINS EOR R, SRR Bl B SRR
SRAGZAL TR, IR, 323U KA IR A AT
PR SR R AR L, RT A RE TR A 25 BE T AN 0 7 1R
K, S EEOE IR, RRIR LR AR BE AR
A FRAR BEPR R LA R I K 2 P I 19 22 A i
Frali A IR, T AN R LA Sy ] 0 v Y510 e
J1Eh

F1 REEFREREFSFEZERL (2019 F)

Table 1 Coal production and consumption in developed countries (2019)
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