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F R B Rk I = b e, RIE A
JEid AR rp A R I L, X RE IR AT TE Y B R
oK.

WRAE PGS REIE AL 7 . T 9%, F o™ H i 20 [
HM R PR R, R DL P AU I R RE IR 4514 14
R IE . AR SCHE T B T S R (A e i,
BlEA o (020 EgEHES) M, A F B
BHRGHRI20194F, MBS 120184F), 7343k
] S B P A s ) B TR A

1 rpEREIRE A

H TR E RBIR S5 1 LU A BRI ) 24K, 20194F4k
ArRei 5 BRI 2 S A LU EE R 84.7%. AR RETR A1
JESLPIRIAIE . Bk A H AR EEGRAR. AORFKER
REIRZS AN B W A8 R LR BARE . XUBE 7K RS AT F:
AREIR KRy . EFPRAEVR (International  Energy
Agency, IEA)™, #i[E #7172\ F(British Petroleum, BP)".
Fp A T 25 B AR BFSE BE(CNPC Economics and Tech-
nology Research Institute, ETRI)!' "5 M4 % &R )15 5%
PR R BEIRZE A HEAT T RN, BTk SE LAY 1Y S B 4
AR E ATt R AT, 451 T — P EEAH
W A B s (L AT BB B RR MR B T2 1) 120604F,
FRIE GBS 2% S A A KRk, SESctak h A, 1k
AR BITE20% e 45, W HHAEREIRELBIFE70% 25 4.

# 1 hEGERERNEEA: 2R

2 HiiRedA R g o

2.1 figlRd)™"

MEL@)RT DL, Bt T E 25 bk & e, —IkAE
JEAE = HEAR b — AT BT ES, A E i 19904F
110,402 MAT AR 220 194F 1939, 7AZ WA AERE, 14
KT 2.84%, H20004F 5 4 inJCH B . F1(b)EdER,
Wy Al RV REIRTAERE IR A = i 5 L
B, 20194E A AT RETRUE. 5 FE M 81.2%, H LA B A .
20114F, SR A 7= 5 Hak BB K 77.8%, Bl 2& 18 %
I, (H20194- 1B A 7= AR IR =7 1468.6%. T A [FfE
TR BRI, AE R R b 2B S BAL AT R R
T ) TP E R R,

H R RRIR M E AL, BRI AR S 4
TrRBIEA. MER2()RT WL, 3 E & BAEPLA K
AT I, 20004 /5 HE NG R 125 1990~20004F, A 1.4
fZRWHEK- 33 .2/2kW, 104EH8K-51)2.34%; 2000~20194F,
HE— A1 K 3020 142kW, 94K F6.345%. HEI2(b)rf
A, HErgREE IR EZ R R KL K. K
PHEE & FEAIAZ A AR, KL TR, —EAES0% LA L.
IR LA LR, 1E20% 2045 . nFA REVECRE AL
Z5 i HL B AR /IME R G, FH20084F (192%4 K 5]
20194 14923%. A HLERE, KOtk g H20104E1
0.06 T{ZkW hIE K F)20184E90.53 H{ZkW h, Him T
7.8f5(E2(c)). A TFREMEL L, ROBAER /N E g
ik, K, RAETRE KRN SR & AR ER
AT — B KR, HR & H i EEASRIRAE. 2018
A, KOG FAE R 2 i o e H AT 7.4%(1512(d)).

Table 1 Estimation energy development of China (Unit: 100 million tons of standard coal)*™"!

] 20304F 20401F 20501F:

i wakE ke A O B HEEES A Fifit A
IEA-SPS 44 2 7 43 4 10 / / /
TEA-CPS 47 2 7 48 4 9 / / /
IEA-SDS 35 3 9 23 5 14 / / /
BP-BAU 40 2 12 36 4 15 31 5 17

BP-RT 36 2 15 24 4 24 13 5 29
BP-NZ 34 2 17 17 4 30 10 6 32
ETRI-BAU 41 1 13 40 3 14 35 4 17

a) SPS: Special policy scenario, FE B 1% 5t; CPS: Current policy scenario, 24 Hij B3 % 5t; SDS: Sustainable development scenario, 1] 1424
JE# 5, BAU: Baseline scenario, JE7E1%5; RT: Rapid transformation scenario, Pt 5% 51 5; NZ: Net zero scenario, ¥ 4% 5, </ Fn CEUE
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Figure 1 Primary energy production of China. (a) Total primary energy production; (b) composition of the primary energy structure
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Figure 2 Installed electric power capacity and electric power generation in China. (a) Installed electric power capacity; (b) proportion of the installed
electric power capacity; (c) electric power generation; (d) proportion of the electric power generation
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Figure 3 Energy consumption in China. (a) Coal and energy consumption; (b) proportion of coal in total energy consumption
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Figure 4 Energy consumption by sectors. (a) Energy consumption trends by sectors; (b) proportion of industry in total energy consumption
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Figure 5 Electric consumption by sectors. (a) Conversion of energy

consumption into electric consumption by sectors; (b) electric consump-

tion by sectors; (c) comparison of fossil fuel fired electric generation and
industrial electric consumption
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Figure 6 Petroleum consumed in industry and transport sectors. (a) Petroleum consumption; (b) proportion and conversion of petroleum consumed in

industry and transport sectors

#2  hE20194 % BN R B P ALY
Table 2 Installed electric capacity in 2019 and estimation under carbon neutralization scenario of China
RHJER PR ALKW) KB (KW h) AEFI /A () T PRI B (ICKW)
K 11.89 51653 4293 3.33
7K 3.58 11534 3726 3.83
(N 0.49 3484 7394 0.97
JANEEN 2.09 3577 2082 8.58
KIHRE 2.04 1172 1169 15.27
HAth 0.0037 / / /

a) AEFIF/INRTBR R FH BE [
EH TR LA O R I ] </ RoR JORUE

FREFURGE TR, HA A P E R ) Al B G 2t B, FISREIRRZETHEFI /NS 42 6000 kW A LI
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24520210 ).

AR R B N O = 1 S R e o i
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W= JCEI(NCM811). WEFREREE .l R4 B0 FE Yl B
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e B, e RA R T mE, RS
(Organisation Internationale des Constructeurs d’Auto-
mobiles, OICA)M AR (# 220154 )M 12.82125K
(OICA: https://www.oica.net/category/vehicles-in-use/),
K H AR S AT FE RO B I 1K 713007 i
EEE A R IR A AR R A AR
TRA B ASRIR BN R IR F ZOKF, B R,

53 —J7 T, BRI A AR o SR A
RERERE ), HLBIIR R A it X 3) I

Li = My Qs 3)

Horh, B B3R AR AL kW h), npoe BITE
B Oun WPFIEIRAG A B (AL kW h). 315
AR, 2. AR A RO B R S
EREA T H305/ZkW b, T 2B R L 1 R GEXT i RERY
R SRR,

B ) R GEXHE RE A SR AN EE 7 B AR XS
R L ZORIN R, RE R AR E I R UL
Mo el R A B 1000248, FLERIBUSLAIR
AN AR, & KMBERENL . #VEs 1 i f e
HLREE S 1 i), AR B 7 1 IE B AL AR [l
RSO TAE, RIMMBR R &
KAGER iy K AAS B AR AR 251 K R i
BT TS TR, PR R R e B T L R
PRI S B 15, BA A 2P ir R
RO, AT R TR AR 4T
AR 0. S i A A EL ) B PR 8 8 ) R T A A
P ) R RE S T, T R REAE AR AR, XRE ke
W7 FH SR 3| 1Y, 2 1 i KM AT oK, B
BT KR B A AR IR

=

1) Ak 2 A e ARt AT AR R 1 76 & 25 (.
332 At

ARBM KB T 2 A Hl 8 Atz &R
AR AR SR AIIR R, B KRB AR, B
AT 1004E N TR SRIET X KFHAEM 24 )
AT LA Hsf 3 ek K o S AE . F K AR
TR A A B AF K R A A [ A S A K
L. HRTBSK AR Tk PR 12, sk )
TERHLER B HNZH AR T2, U AC 0 K L fig Ao
T3 P AR FE Sl s [R] — T P A ) 5 R U
SRR AT, AR R B RCR i, R 2 A A
FEALF. RSP AN TT L5 & R AR, (02
TE600~1000°C =i Fis1T, MHXIA LR, U HE R %
Sk S rT LGl RR  . NIAPLER e
MU Bl 1. B aigE, el RIVE R Tl H 08 5
. RMAR L, SRERHM A SR e sk, A R,

BRSO A R B 7K P fige AR 5 S 48 AR Ak b st oo
FCHBMAN], A BARRR FAT S A
20184F, 4EREAMEE LI N32430t, FE A AErg A
(90.90%) B (5.63%) HEATFH(1.73%). KH
(1.30%) I A (0.45%) >, HRTF E I E 0k L e
T e, FEM TR, PUIRRAER
0.3~0.4 g/kW, T T7 [ Clarity R 1.(0.12 g/kW)FTI
F HMIRADR R H(0.175 g/kW)™, Kok it — b4
FHREABA LIBT3 £ kit

A1 R PR ARRE R b 2 T 2 DR 5 45 AR A L 3l
JE, BTSRRI A R R DR S (%
hGLC F-Cell: 100 kW; F HIMIRAIL: 114/90 kW; A<M
Clarity: 103 kW; BI/ENEXO: 113/95 kW), Bufhiys
L) R100 kKWHETIFSE, 251HH0.15 g/kWITH,
15 H AT 493 7 i L B VR G 4 o Uk L Tt YR ZE
KREHEIRFREL HT40t, I 5T E201 8454152
PrifFEiE74.6 thHY. AnSLfr IR E2. 912 R 22 i B i
SRR G, TR AT R K k4350 ¢, N
TH AR RS R AY13.41%. 2BR12. 8L A (BE K
Ji: OICA, 20154FVR %A 1) R iR 4 il SV R Ha
A T AE A TR 1519230 t, TR S AL A 4A 7%
TR 159.30%. HHFE IR & — A EH A BRI R 3R

T, T BRI RR IR G R U R TR
HIGHIERERE ). FFIGLC F-CellfifEit h4.4 kg, £ HI
MIRAIf# & 45.0 kg, 7 HClarityfif & 45.5 kg, Bt
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NEXOfif & i 76.3 kg™, 44 s Zef S 5 1953 ke,
S AR H500~600 km, Z/SHVE F1.4x10° Vg, F2 R
@A SRR IR A RENE ARG Ty

Ny Mg 5, (4)

e = ~"36005

Ho, B BT AR B O AE REZA B (L7 : kW h),
i VB (AL ACH), m J TR it
JEHR (AL k), qar NETAIPECANL: kKI/ke), n
fift A SRR (80%). TR RIS, 2.9 HkimIR 44
TR R U L YR AR OB RE 2 7484ZKkW h.
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FRRASE. oK 25 RESZ PR T Hb BRI, MR 2 L) S 3K
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. RSB R T A R EE R, e
D117 = vad T S N NS G B VaE B K i

(4) RHUBHE YN nT FA: BE IR T 2% 8 2 Fh it hg
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SRR . BNAETR L. KR, BRI
HAth Zhp BA H AR Z B PSR B Ak i
FARMH A R0 & s 1h].

1 National Bureau of Statistics of China. 2020 China Statistical Yearbook (in Chinese). Beijing: China Statistics Press, 2020 [E %4t i1 5. 20207 [

GRS, dbat sPESEH AL, 2020]

2 European Commission. EU Energy in Figures 2020. Luxembourg: Publications Office of the European Union, 2020

3 British Petroleum. Statistical Review of World Energy. 2021

4 YiY C. China offshore wind power (in Chinese). Electr Power Equip Manage, 2018, 12: 81-83 [SEKF. " [ XH. L F 448 B, 2018,

12: 81-83]

5 Li K, He F N. Analysis on mainland China’s solar energy distribution and potential to utilize solar energy as an alternative energy source (in
Chinese). Prog Geogr, 2010, 29: 10491054 [Z=fi, fi] FLAE. HP I Bl R BHBE TR A 18 1 IX B o3-Hr. s BHALA= 3R, 2010, 29: 1049-1054]
6 Huang Q L. Energy structure adjustment and renewable energy development (in Chinese). Modern Electr Power, 2007, 24: 1-5 [#H: 5. inthag IR

ZEMIREE, RO & T P REVR. BUARH T, 2007, 24: 1-5]

7 Huang Q H. Major challenges and strategic choices in deepening China’s industrialization process during the “Fourteenth Five-Year” period (in

Chinese). ] CCPS (CAG), 2020, 24: 5-16 [FEHFEL. - PUF B P Tk AL R i SR Pk R 5 img e e, v Je S i (Bl RA T B )

2F1R, 2020, 24: 5-16]
8 International Energy Agency. World Energy Outlook 2019. 2019

9  British Petroleum. British Petroleum Energy Outlook 2020 Edition. 2020
10 CNPC Economics and Technology Research Institute. World and China Energy Outlook 2019 (in Chinese). 2019 [H7[E A lZ GFH AR BE. 1

S5 ep E R R EE2019. 2019]

11 British Petroleum. Statistical Review of World Energy (2020 Edition). 2020

4474



12

14

15

17
18

20

21

22

23
24

25

26

Zhang H N, Tao Y B, Mei H, et al. Collaborative optimal scheduling model of photovoltaic-wind-battery cluster based on cooperative game (in
Chinese). Therm Power Gen, 2021, 50: 1-9 [3KifF 7%, B LM, M2k, 45 SeT-SVEMZR A KOG AEREDMNRI AL VR SRR 440 & B, 2021, 50: 1—
9]

Li P, Fang B M, Qi T Y, et al. Method on capacity proportion optimization of wind, solar power and battery energy storage system for regional
power grid based on source-load matching (in Chinese). Electr Power, 2021, https:/kns.cnki.net/kecms/detail/11.3265.tm.20210430.1417.002.html
(2=, HRE, fKTT, &, FTU5-m DO EC A DX I RUGE A s e Lb ik k. Hr e 7, 2021, https:/kns.cnki.net/kems/detail/11.3265.
tm.20210430.1417.002.html]

Ouyang M G. Meet the new era of new energy intelligent electric vehicles (in Chinese). Sci Technol Rev, 2019, 37: 1 [KRBHI &1, #%8 REVREY BE
LB R, BHE R4, 2019, 37: 1]

Su T, Guo M, Liu Z, et al. Comprehensive review of global lithium resources (in Chinese). J Salt Lake Res, 2017, 27: 104-111 [#¥, 556, X1,
. RERETRLEA VA, EhMIFST, 2017, 27: 104-111]

Kesler S E, Gruber P W, Medina P A, et al. Global lithium resources: Relative importance of pegmatite, brine and other deposits. Ore Geol Rev,
2012, 48: 5569

Rade I, Andersson B A. Requirement for metals of electric vehicle batteries. J Power Sources, 2001, 93: 55-71

Xie J S, Xiao Z M, Zuo W H, et al. Research progresses of sodium cobalt oxide as cathode in sodium ion batteries (in Chinese). Acta Chim Sin,
2021, 79: 1232-1243 [iH& R, HATHE, 26304, S5, SNE T RO FR AR AR SR . fh22A4R, 2021, 79: 1232-1243]

Ma H, Zhang H R, Xue M Q. Research progress and practical challenges of aqueous sodium-ion batteries (in Chinese). Acta Chim Sin, 2021, 79:
388-405 [Eh &, TRAESRE, BEIE. 7K FRE0 RS F B M I I S0 0 IR e S AL B, A 22540, 2021, 79: 388-405]

Dai Y H, Gan Z W, Ruan Y S, et al. Research progress of aqueous zinc ion batteries and their key materials (in Chinese). J Chin Ceram Soc, 2021,
49: 1323-1336 [HUTHL, T A, BUiiAZ, 55, K R EEES T M BOCHEMDRIIT . IR L2741, 2021, 49: 1323-1336]

Hu L, Wu Z, Lu C, et al. Principles of interlayer-spacing regulation of layered vanadium phosphates for superior zinc-ion batteries. Energy Environ
Sci, 2021, 14: 4095-4106

Ma L, Chen S, Li H, et al. Initiating a mild aqueous electrolyte Co;04/Zn battery with 2.2 V-high voltage and 5000-cycle lifespan by a Co(III) rich-
electrode. Energy Environ Sci, 2018, 11: 2521-2530

Jiang L, Wu Z, Wang Y, et al. Ultrafast zinc-ion diffusion ability observed in 6.0-nanometer spinel nanodots. ACS Nano, 2019, 13: 10376-10385
Dong D, Zhang Y, Xiao Y, et al. Mechanochemistry coupled with MgCO; one-step activation to prepare coal-based hierarchical porous carbon for
supercapacitors. J Power Sources, 2021, 503: 230049

Ma T, Zhang W Y, Jia D L. The present situation of platinum metal resources and demand trend (in Chinese). Conserv Util Mineral Resour, 2019,
5:90-97 [Shfi%, KIT 4%, B, HRIRIUIR SRR 9 R SR, 2019, 5: 90-97]

Xia Y Z, Hu Y W, Wang J D, et al. Security system analysis of fuel cell vehicles (in Chinese). Chin Battery Ind, 2021, 25: 26-37 [B L3, ## 5,
LN, L REHHOR EE R RGT. fLitiolk, 2021, 25: 26-37)

4475


https://kns.cnki.net/kcms/detail/11.3265.tm.20210430.1417.002.html
https://kns.cnki.net/kcms/detail/11.3265.tm.20210430.1417.002.html
https://kns.cnki.net/kcms/detail/11.3265.tm.20210430.1417.002.html
https://doi.org/10.1016/j.oregeorev.2012.05.006
https://doi.org/10.1016/S0378-7753(00)00547-4
https://doi.org/10.6023/A20100492
https://doi.org/10.1039/D1EE01158H
https://doi.org/10.1039/D1EE01158H
https://doi.org/10.1039/C8EE01415A
https://doi.org/10.1021/acsnano.9b04165
https://doi.org/10.1016/j.jpowsour.2021.230049

MG 8 & 20215128 He6% $£34MH

Summary for “FKFEAEIRE A=, WSk MERBBLR KBRS F AL S

Current status and trends in energy production, consumption,
and storage under carbon neutrality conditions in China

Yongsheng Zhang*, Duo Dong, Yi Xiao, Tao Wang & Jiawei Wang

Key Laboratory of Power Station Energy Transfer Conversion and System, Ministry of Education, School of Energy Power and Mechanical
Engineering, North China Electric Power University, Beijing 102206, China
* Corresponding author, E-mail: yszhang@ncepu.edu.cn

Carbon peak and carbon neutrality are major demands and challenges in China’s energy development. This study analyzes
the characteristics of China’s existing energy production structure, installed electric capacity, energy consumption, and
electric consumption in different sectors based on statistical data to achieve carbon neutrality. Further, the energy structure
for achieving carbon neutrality, as well as the problems and bottlenecks faced by China’s future electric system structure
adjustment, is discussed.

Energy production and consumption have been increasing since the 1990s, due to China’s fast economic expansion, with
coal dominating production and consumption. Renewable energy accounts for a modest percentage of overall energy
production, but its installed capacity is rapidly growing. Particularly, the installed capacity of wind and photovoltaic power
are both at the highest global level; however, their proportion in the overall power generation is still low. Industrial energy
consumption accounts for the largest percentage of total energy consumption, accounting for 65%—75%. Significantly,
current industrial electricity consumption is consistent with the quantity of thermal power produced. Industrial production
process technology can be optimized for energy consumption since peak and frequency modulation of thermal power
generation is relatively convenient. Optimizing energy production and satisfying industrial energy consumption will be
beneficial in the future adjustment of China’s power structure.

The total energy consumption in China may not significantly change when carbon neutrality is achieved in 2060. The
proportion of fossil fuels will be about 20%, whereas renewable energy about 70%. In addition, the installed capacity of
wind and solar will be about twice the current existing fossil fuel-fired electricity to achieve carbon neutrality. Thus,
adjusting the existing energy production and consumption model and configuring an appropriate energy storage capacity
are crucial.

An appropriate configuration of energy storage installed capacity ensures that wind and solar power can handle most of
the power generation load. Pumped-storage energy, electrochemical energy storage, and hydrogen energy have shown
significant advantages at the current level of technology. Unlike the quest for high-density batteries for power energy
storage, adequate scaleup is critical for new energy consumption. However, the geographical environment, lithium and
platinum resources limit the application of pumped-storage energy, lithium-ion batteries, and hydrogen fuel batteries,
respectively. Resource constraints hinder the use of lithium-ion batteries and hydrogen fuel cells to solve traffic problems.
Therefore, the future transportation system must be re-planned based on current conditions, such as increasing rail-road
transport ratio and changing traffic habits.

Large-scale use of renewable energy requires consideration of multiple energy storage technology reserves and diverse
development. Relatively developed route technologies, such as hydrogen gas turbines and smelting, have the potential
advantages to support large-scale renewable energy consumption in the future. Many energy storage technologies with
technical economy and large-scale applications also have potentials for further development, like distributed heat storage,
compressed air energy storage, nonprecious metal-catalyzed hydrogen fuel cells, sodium/lead-acid batteries, liquid flow
batteries, supercapacitors, etc.

carbon neutrality, energy production and consumption, wind power, solar power, energy storage, hydrogen energy
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