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ABSTRACT: As the country with the largest installed capacity

of new energy and the most rapid development, China faces the

dual challenges of new energy power consumption and security.

Enhancing system flexibility, building a new supply and
consumption system, and promoting resource optimization and
allocation are necessary. Based on the power structure and
rapid development trend of new energy in China, five key
technologies are proposed and analyzed: improving the flexible
operation capability of coal-fired power and new energy,
integrating the design and operation control optimization
technology of flexible electricity hydrogen chemical system,
optimizing the scheduling and operation technology of
multi-resource complementarity, market mechanism and

clearing technology of capacity and new auxiliary services, and
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application technology of comprehensive regulation and
optimization operation system of coal-fired power and new
energy. These technologies promote the coordinated
development of coal-fired power and new energy, promote the
construction of a new energy supply and consumption system
that adapts to China's national conditions, and promote the

transformation and upgrading of the power system.

KEY WORDS: new power system; multi flexible resource;

optimization scheduling; regulation ability
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during the 14th Five Year Plan period

B —— I B G T 2 kW
s e [
& - HE# R s
ke 0.5 2.0
FEI B ks
“ Ut B 1.45 1.88
2 AESE R
SO TR RTH ARG TIRE ST 3000~4000 J7 kW
5000 Jj t LA I SR RGBS 1.5 12 kW

T Bk ERARSER . EXER (EERILHK
WETH RS TT D -

SR, BEAERTREVR 5 EEA IR, BREEAE SR
PR R A X DL 2 P D R T A, I AUE Y %
AT S (R A DAL AT e BV il RE.
REANFL S5 ) AR 98 77, 0 FR o R A7 0 SR 1
WIR. RTRE ARSI R AR B, LUHTRE
PR K E OB, M AT R A
BEDHAR DU T PC S, A Lo w] -4 BE IR
AT ENE, BT 7 M FEFOE, R K.
AR BRI SR Tk, XS moERe i N A AA
R . gEAh, R AT R A S
TAT AT bhiE N TZ R SR TBL Bod
KT REE A, DASIE = LB e sh PR R A i S
BlmiBERam 5 2 efa e iaty, MHalpelima e
B o
1.3 il e)E

fegiii IR G, LLKHL KEATZ N )
R LM RT 42 Ak AT AT R R i, i P R O Bl
N, RGN RE IO TE M, DR B R AR L T
T 3 AT Y] 2 AR R T 3 AN Dl A B A 55 T
ok, B RS, BEE T RN
PRARHLEL B PR 388 K LR A AR IR KA A Je . K
FELOD 8 AT P R AT IR R BRAR, i 7y (00 A st
HEN, 13 RS R AR A I IE AT RS

P i AL

BN SCIE T AR REIR R S AN
REEAMGEER R B ) R G T, R E AT Bk
MPER . B ML Cge v s P SR e e
T FEAT I, BRSOV FL ) R SR IR
PRI 2% HANIC S Th e ) R Pk fE A B, DASR
AT A BRI A L T I BERILYE L s A ) B
SR, OREE L 2 R E AT M S L . ST
RS EAER W ENE hE T HA I B
R RG 24 WEE. RUFIEITH “IERA 7, N
WMEI R ass SRR AR, Mg
e ek R, SERIEERMIE S, B PER &R
Gl

] 214 i 718 71 37 WL 1) B R 0B 90 ) R R A
B, 0 BEUE T SR A B R R A T EAR AN 2
W xfE DLORAE S LA B & B s M R SR &
FEMHE, BIETE T REIR S, R R GE
1T RAEVE . E AR T 2 R A R AMEE AL
il BT S R B A AL 45 T B DR B i
AR, BETTOREE R G A R s, B
AR R C I A5 LA W I 55 i 4 PR B e 15 v
Paleat s R REVR NS, BET ORRE R G IS AT
Rk i e EaR T ) R G SCBR I, A
SESMNTTIIEE 2L, TTRZ KL A
i R 5, o BT 22 T R g v et T 1
A

2 KBRS

W RGEAET T, e LT RE IR AR A
TH 9 A2 % i I ) G (R B, i T ] A F R
Ky RIGTEBIRAITT I A FEBLR,  BEX B RE YR IR
KR, TEMNLLT 5 AT ESARLR .
2.1 RESHERREEBITERDREARAK

B el 58T REVR R IE VRS AT e 3R THEOR, F3E
AT RGE “ IR (R XOEHTBEIR )
B & RGBT REIRT M K, R B RS
20 T8 ST TR DR R R U PR RE L RGBT RETR I
U U /R AL R AU B B S RE S S T, D
FETHIAT AR LI5S A ) R R RE, Do Y
RG24 AT SEISAT IR AL T IR BT

% 10 4, REBE. KB SGHRARE] R
R, B Ty 1138 B TP AR SR T R
R BRIRROG R BLAS L 3R LR K R A
SN, e EESEUN 620°CRBRBIG F U
PR BEOR . BHLAE Ry 20MW I B X RFR



3108 PNRIESE: B ) RGBT Bl 5 B RIS 2 o BHR A A AT L LBk

Vol. 48 No. 8

LR SR LB A A R DB B T 20%
DAk, T2 @R IR 20%. NIRTE RS
M RIGIBATREST, 76 B — DY A Al 22 53 U
i) R JHIERE 7T o

P “A =107 W R 7R AL RSP
S, AT TR A R TR OE E EER R IR S
VU, BRIl AT I T RE I By R IR,
H T 3 A x AL PR AR G W RE 7 A 5%
A R AL FE R AL A Bl T 6 i v 3
HRPEAT 7RI, HARTHREEBEN. BT, 3
IS B H L2 RS MR AR T s A 2 2 2 O,
—FhR KL R R G R R 2, BIAE A
I R G IR e/ R R G T A
fif MRS, B MEREAR GG 2 RIVEEEDUINEE.
e WUBRRESF L ARAF AR, AR X R AL
RGURZMEL/IN, - [R)INS Xof FEL A 7 A 18 i o 3 3 A
PR, HBBRA S BT, FEERNLALR D R %3
ARERL, KM ZA T N 3 2R A= LA, L
B EMERE AR o — P AR 2 X AL
BRFNEEIR ARG isfT L e s 5 e, 2R
FIENLH B ERE . BEFEAKT . AT PERE. %
gz e VERTRTSEMESE T I AR, R i b
FRAGTERETIRT IR L. e AbL. I 05
ARG, TR IR TR B, 15
PUBRHR GG IR Fr B K s 5 44
BIE . EEMPELR LS, SRaiRTHRR
HUAH AR TE S fr RIGISATRE ST, H ATRAENLA R
e Ja, AR T BR AT DU 2 20%4505E 4 ,
X 5 AR A B AR AL 2 7 e 1R 0 S Rl RS ) A
AR -

FER e IR R H B B SR B 13RI 7
17, AegeE il 7 30N M ROEHT REIRTCVE AR PR A5
AR, RS, BEE RO EERA
Wi oK, BOEHReIR vl A B A R A 2
Y JSE SCHERE 0 T8 0 2 AR RN SR 1k BRI A R
e BT, RO REUE b A 0
BLEZAA LN UM B3k Rz 3 B g s
WA RGHOE . W — R E . LA R
L AR A RKOGIAT RRE N, 53R
VE—UCORBHERS T RS EIX T YE B AR AT
o, SEHUBTRENO L RGBT I B S

R2 4y T IRE A AR L% g AR Y5 R
WEPERE. HAT, FEZ RN Z SRR RIEIET R TIR
THEBURBR T2 T4 B R BRIy =, TFE S B
R RAFISAT ISR T4 75 T I 78 A, Rl 2 i

LA RETT TR CREIRE 20%, 5 T HRBEHLA
{18 R 0 R o AR ShHe o . EL A P P T i 57 5 g (PRI
AR ER SR AF )R sk, RREK
BN RIS TEIZ AT R IR A BB R R Ty 1l X T
HALAL, ARk B 2 M B 7E 0 R G5 b in ik
RE. BEEILATVUKRIIE RGuis T, fifeds
A1 i S5 i 1 58 S — 20 B AL ZEL AR 7 i SR 28
YRR, ARBIELRE BN S—
UORAIEEE, 76 X0 RGP R 1A 2 it —
SE RN RE 1 K R GERAR AT S P

%£2 BRENALBMEAREEREDIEMERE"
Table 2 Flexible peak shaving performance of typical
power sources on the existing power generation side in

China!*®l
- BATIXIE] BATIXE @R MR/ V=L
TRR%  ER/% % % i}
314 0030 100 1~1.5 0.8~1  160~870min
R DN B 100 20 15 155~30min
Fe el 0 100 100 100 30ms
7 20~100 100 1.5~3 1.5~3  15~20min
Akrl® 20~50 100 20 20 60~300s
e 20~50 100 20 20 60~300s

22 FMHE-S-URZEEMRITSEITESRL
SN

WA ) RGBT, A2 &S Ay iy
IR, AR RO R RERERAR, B TET
AR A I A S AR, 53— 5T, S RE R
ZHON TS A A TARSUE, U HR T
A BT SR B Ko A AT R 2R BEYEUA HLA L
IR il RE SR AR D n] F A RE IR FBLS TR AL T
Z IR, SCHLR-A- A A AR S, REW
A RO g R BE YR AN e L kD ) S S A AT
(BRI

5 T S R /G e N 7N A e
H LEEALRER M REZE R R SR R 4R
2%, W ORUEAERATE . SCid i, SCBl B -S-
BRI R GEER T2 IR AR LR R R BE A
FER G BT T3 T, 5 2245 EFT RETR A L/ DA s
PEMEE I R R, RIS TR RAIEfT
WG, BRI HERAESHL, W RRAELTAE
Rk B RUETEEZ HARZAN AL BC E
Jiike [FINS, BN R g E e, i
SR EAL T A= T B e B
), AE B AR IR R P AR B AR
A=A AN R A LU B0, DR R T 48 4
R[22 B K P e 3 X i s AR AT AL
AR TR H R PR S AT A B AR S T B



F48E F W

S G S I N 3109

FEERRFORAL T T, 5 B A 251G A 1)
IBATRAVE . TARAR B AL A 2 W Hd AL,
I HLARm 8 Vo F AR 1 s AT T T 2 4 tE 5 M
TERERY. DR, R R RS B R SR
AR BEHARBT ST Jyme B AL X BE iR 4, S
DURAE I, 61 5RIS B R R e B RE DT &
Gi( S AT FERE . AR GEIS ) B LRI
IBATIL S RENASTERE, G P ] A AR R S 4
FEHLE DRI, DU BRI R, 8588 T R
gL, UmIERCR, KRR, B, <
Al RS B S L Ve Z A, SEHL
B G RE FElDRs vT if B DR T3 i 7 o

fERG w ARy I, 5F MBI,
BRI, R MBI g
LR R BE A Z805 B ST IRESE R, X RRPIRES
Hi-A- UGS RS H SRS rsfrii i E
i, WA B - AR S R ST AR
RIGIZATIEH . fERLFEA L, ) i-H - &
AGTHHEE . BT R R, AR
BT B AL B 50 h, SR T LA HE i
e e TR, Wit ZeXRIE RS, KfHE
Pracafoil, SRR IR R g% 4aisdT.

2.3 ZHERBREMULRRBITRA

PRV FEIZAT 5T, TN e L BT RE IR ) R e
SAETN S T REUE R R I A SRR RE R D RN ER
DRBEPEREFR 58 P, A% SRR fir 20 FL N0 i
FEREARA R o W 7 SRS X il B o R I Ak iz
ITHOR, MR RIRE . ZR R TTRA R
PARIBAT LIRS N, S PR g (R O s 55 38
REVR B AL G, BT L5 d 7 #r o

MR RAE, RGBS GIZ8 WL B
BEUR 7 R SEE s FEL I O P 5 3 o 2 Y A A i
ZRMGI, DB EEGLIT M. B, Hd
Dy O 2 2 A BRI, (EIRATRE SRR, HATIE
HERE B LA RAG TE OSSR HLALR ST
IBATREST S PUECHERE /7« PRIE R B RE 115 24Tt
XHETE RGURIERE ), THTET REM S IR L T A AL
FBo HRk, fEREAE U T PEREDUBR T R 1 5 B
VAR I OR R B A 8, LI AT IR T RE
735 X F RO HTREIR A EAR L . AR SR T AT
PG 147 1508 . AOR, B BEIRIRIRAL K e,
SURE ML I 25 18 0, T A P T e U R T R A K A
VR RN R RE R ORBERYR,  F i A i B G A
PR IR AN ARV . B, R v s FELOE
TECRE LB A REVR I a8 B A Py, 3K TORTRE

)
)

VSR AT GRS e R b X V1 98T R
I R0 S = o 1 vk 1 P | NI =k S SR B ]
RGN RE J17T DL — PR T RE VR 1T 48 e 77,
AELDA 23T [R] I 225 18 5 W LI IE A IS AT ) A
)15 A 0]

MIBATLIHRRKE, LA G Fofr 248 AT A5E
hn, HIs TR IN A 2% o A RIS 1 U )5 (14
BrmAs 2Rt . TE3 M e e AR B B Ak, TR
TEIA S LAY ) et B, 5 NBAIME fE SR AR
WLALEAT AT IR RS IS AT RE I . it RE
AT ARSI B A . REEIRES AR U
IFESE SRR ER . HLHIEAE N mT 8
Hig et R AR B3 PRE T I0 RARE,
It BTVEEIR, (H 40058 725 B I 22 e A 7 1)
BOR, WL RFRER A AT B L. R
JE 5 L RE ) S lCE R LT G, 3L
RIFWITRE I % B/ Na T &, TR
B CIEREE 5y W /M 52 L) 75 SR EE TR 2R 1
127

MARASK AP RERT, B RS2 B Eh R AL
Ay 4 2 1) TR G B R 4 1 L K)) (mixed  integer
linear programming, MILP)[1] @, /77 N-Hard I %
PEACKT BRI SRS LA IG I, AR K A
R T R, FEMIRE MILP B 2
DRI T BB MR ENE, R BB
—ANEETERERIURAW, H—Migam g%k
(R T7 1 ek > — k| AR B AR, R A AR Bt
FORSIAR Y B SN AL, e 0] FUL A B 1 R
¥l(linear programming, LP)[AI&, $2mERAREE .

BT R G W SR A H, SR VR - - i -
-2 ZREFIHA SN E, LA TR
Hah b, WP ENERE. SRR REEEE R
F 1) S5 RS VR AN R T B, AR AT RE IR K A st
W ARG IR FTIRE S, g Ran & 2 Pk,
2 BEUR PR A A B T A R T R SRR
RE T VRN /K P
2.4 AEMFHBAHENAR ST IAIHIR L FFRA

R EH MBI RSB TIHE T &
G B M S RIS AT RAEE A, R T
BWMFETT MR R, SR AR S
RS T iz E s, T T RN AR . 17
HBE R i BAEEBEARET L HEAR

M7 ik 2ok G, A ERERE TS E
85 B Al 55 i1 39— 7 T A DA 78 23 A AR H ) B U DA
XPHT Y L R R R SR SRR R,



3110 PNRIESE: B ) RGBT Bl 5 B RIS 2 o BHR A A AT L LBk

Vol. 48 No. 8

6000

5000
S
S 4000
I
E}I
= 3000
2
£ 2000
=
1000
0

Case0 Casel Case2 Case3
Case0: {0 % BB U 15 B
Casel: CaseO+HiHI %l FTAT Gl At BE T T 25 A)
Case2: Casel+4F = [ ELIi 1715 25 [A]
Case3: Case2-+J5E i FRE L B50E Ja 1R I 15 23 A

B2 #EEFEALZREBIEEE LS
Fig.2 Peaking capacity increment during high renewable
energy generation periods

7 TR TGV 78 7 AR B R 0 BRI A ORAE AN 5 R T
P, BRI R BRR . HARAS R E T3
AT R O R SR DL 2 R R
AEAFE I ULHE, BIUnEA 37 i i R R ™ i
{1 858 % A A5 2% 4 0 DR AH 75 SR X 2 A B4 A
R, HEENIR . RE NG AR T R A B R 55 7 i £
BROCAEAT LU, 4 P 7 i o 3 1A B R 55 i o T
Xt R G2 FEAL T 75 SR I REXS = A7 TRL T WA Al 2
R ARG KRR, HIH 2 e R EOR AT,
eI I MAR R E B, IS
IBEBORW T e k%A

MHTImIs E N Bt KRG, H R T
X R AL R A A B A S5 P e LR AT T
BIARR . A7 ST, R IE. RM AR
BRI TP R A EEAMENLE], 2T Ak
W il S 2 B 2R Y SR I 5 4 VR JE - T -
Ly B2 e T A 3G [ R RO R Gria E R
[ F g i B A B T I W SRR 1~5 4RI R AL A
By SREMEME ST ORI BT 37
Mask A AL, 8L T PR UL B A 1 4%
Wb R, IR SRR B RGP AL
BAMEP . BB SS i, SR
P PR A b XA TS BT ) R TR i
TEFE L R D T AL R PR % T S BEA L
e RGN RE T, ALRK. W E A5 M 1) 3 158
R ECR AL D R A R DR B R e e S A
M. SR, HFE ) i TS B 2 S
1 5 E bR T A P ZE R, [ A S
PEBAS AR T B ST A RE Rk [ A1 2256
S22 B B S B 1% LA S AR BL U T, A
A RGE AR E R It EETT . R

W5 Tisy, ULRERETY . RGN T 5
T 4 55 Wy () 32 AT AR AR % 1K) R T 377 o
WA, EILAFE “ThREEAN. PR E. A h
e, YRS ELR T BRI A S AL

M GRARRAE s HRTBARME R T E S
PAR 5t — 2wt S s Je RN Sifs
B NRBEEAT RN RG T REER RSN
PR e 55 75 SR M0 PR i R, BT 0 7 SR I
1255 1 EEATLAL) 22 56 Xk DA S BN v bR A5 T e U R 4t
FRFTOREIUET, Som R GgtieiT L et 52
DRtk —RZITEERBANFRMTS HIE R, K
BT BN T R SRERE IR T
REER; =R R IR MR N (17 07 HAE s
AR, RS RGE T ZRK I RS 20181
R oy RS RGN 7 AT 4 5 e T
Gy RO BARME o T RN 2 BRI T
AT, ST BB I BOR . KR e 1 RE
HIFTHREOR . 128 KEAR PG EOR, M@K
AR 2. 2 IR R

gi b, WM R GRS BN TUR B
JRIBIT AR E 0 5 58, 1-T T i A L B B
IR, RIERGKIAR B IE S EIIET RS
Pho DIREAE SOl B, B 3 fon 1 H S5
A NI ™ il & e e o 75 B X L
O, TR R TR ™ i (13 s 8 RS A R 4t
&3 fie 7o 5 LeAS B R T, 2 imim] DLORIE R 4t
Rz AT REE

8 W T I S B e Bt

7 BT P S RS FIRRE ik T b
=g
HE
s
5 |
S Il
’ i |
il Al i
Ml AL AL
0
00:00 04:00 08:00 12:00 16:00 20:00

I 221

B3 e =miRIIATEFg A H R RE R xIEE
Fig. 3 Comparison of the supply-demand ratio of the
power system with and without the ramping product

25 KESHERESBETHMMLEITRERH
AR

AT R 0 2 ) 41 20 2 L T — AR B 4% A
RGELT WA BB J, /T TR
WL R G4 R A L A B L SR R s i e A0
Tl 5% 28 A+ B AT AR 55 G HE B AR S BIL 1 Mk 55 D e



F48E F W

S G S I N 3111

Vemn ot T, B, ATHAE. KB
43 7 25 2 ) S R AL (AR K T S A7
SH et BN, A S R AR % T VR
BUBRIRLIEAT, T B — % HE B L
VOV BN BB AR £ % VR
PrRAE A e, DR T AR
S,

B, PRI R EUR IS N R A T
T, MRS A, ARG
IR TV SRR 1% Y BE T b
R 9L 5 K T VR 2 15 ol I T 4 At P — 1
PR R AR G BR  SCROE BV S5 SR
B BERL. O, AR ST IE AT . JUK,
7% 2 th % VR FL AR A S R B L F 0%
RV R R B, BETO B AR
- R R R LV R R R
F LR S R, S BRI A 444
SRV 1 T 0 A ML o 5 0 W U A
oAb 5 %t Bom, 5% BRI E T,

BEEH AR, MKk, HERZRRTHNERE, &
LH ISR SRS B R S5 8.
B A, A2 T RS B RN,
AR ENISNE. B SICY RS2 A5 i Rhik
FHTRBOR, SCEZ I R AN % 41817

B 4 45 7 P S T RE IR SR A R T AL AL IE AT
ARG AR T 5, BT B R G A
T, BRI S8 B SR & I AL 1B AT R
g, RGRETER. BESHR . RLFEIER R
R o FLA KR 7> N A ThRe, BRE D
NEZF AR, T2, ROMHARGEAR
MR S RE 70, N HIRF R AR B R 34 Hdls
MR, RERTTRIEHEAR. B-S- RS
0 2 GRS R B A B SR ) LB E,
GO LS IR T BRIRR S AL AN SR R BOR, B
L s B S R B IR 55 i IR EOR s R T
ez, SCHLIE L5  BE R SE 22 o0 R B S S
My TR T T 2 B BhE Al fE — 4k
L AR RS, AR TR I A fids 22 55 U Bl 1] 3 2 4 i) R

IS ERPIL
PSS AL S
MRS A -
% 7y AL L rt
- wesmy
R 5 1
s BHORME. B, EawEsmgE
SRR AR VSN 3] BARIEE
a— - g FRNATY EEER L)
R HRAEE T PRV e,
Srbrbe K Wi AT e
B
REGREIY  EREENSZEN  SREESEY  ERAFLMRS
BRI BAE St i
HEARNAAE  RALREE whpl e
R
RSV AR e e B R
R B
i R FOERRWER  AkSEEREEE e
FaR
feit R SEHTHCR OB 31 RGP R
T W 2tk ATHESE e

B 5 R REIR A G T RIS AT RS0 L R

El 4 ReESHERESETHMNLEITRZISERR

Fig.4 Functional system of integrated regulation and optimization operation for coal-fired power and new energy systems



3112 VKA

B RGBT N S e

i

G2 e RIS AT SRk

Vol. 48 No. 8

73, PREEIEHL BB S5 FURTIR Y B S
WORR RN %24, &3, BT,

3 HRMREE

FR I AR f YRRl RV 1 R 2K, B XU e
B, AL g F R U ER B A7 AT ) R R P AR A
F, o 18 2 7 O DA 3 BT REVR R AR i R g o %)
EE 73 B [ A0 A [] 1] 5% H, Y52 235 4 A e T A A =X
SLRIRE IR, BT AR 2 e I R
P, SIS RE IR S 2 0 RS TR PR LA
FEBAR LR AR T 0L o e A IR M 1 KSR
BEEORPRA, AHEIE SR REYR R PRI AT RE 9%
FHAR. FHB-A-A RFERE T ST
AR ZBIR EAMBAL B T HAR . R A
RURH AR S5 T WL e s HOR L IR L 5 8T RE YR 23
BT HIAIZAT RG R EOR . DA g R 3
B [ 15 B RE VR PR e T AR 2R, HESN L RGN
e/

Mt & LA FI W % IR (http://www.dwijs.com.cn/CN/1000-
3673/current.shtml),

SE 3 Hk

(11 e, S, ZEEE, 2. “XR” BT “RE=ER" |
B, PEEVL TSR, 2022, 42(9): 3117-3125.

XIN Bao'an, SHAN Baoguo, LI Qionghui, etal. Rethinking of the
"three elements of energy" toward carbon peak and carbon neutrality
[J]. Proceedings of the CSEE, 2022, 42(9): 3117-3125(in Chinese).

[2] SKEN, REEIK. BRDATH AR R R RGP S R

[7]. HEBEH TSR, 2022, 42(8): 2806-2818.
ZHANG Zhigang, KANG Chongqing. Challenges and prospects for
constructing the new-type power system towards a carbon neutrality
future[J]. Proceedings of the CSEE, 2022, 42(8): 2806-2818(in
Chinese).

3] WRESP, #5, RHUE. BRUGH S P b E R R AR R
JEA TS B[, E LTS ), 2020, 40(17): 5493-5505.
CHEN Guoping, DONG Yu, LIANG Zhifeng. Analysis and reflection
on high-quality development of new energy with Chinese
characteristics in energy transition[J]. Proceedings of the CSEE, 2020,
40(17): 5493-5505(in Chinese).

[4] EXGEER. BB RGRRERBAEBRE )R], b5t
P X REd A, 2023,

[5] %, ZE@, SRAH. BfeIRpuE R AEOR B KAL) BT
AR, 2022(5): 1-3.

LIU Huan, LI Xiang, JING Yanwei. New energy rapid frequency
regulation technology route and comparison[J]. Electric Engineering,
2022(5): 1-3(in Chinese).

[6] EdUE, FMURE, drisik, . LR RERRE DRI
ARFRAPE]. P EBEHL TR, 2018, 38(21): 6254-6263.
WANG Shuchao, SUN Guanghui, YU Chengsheng, et al.
Photovoltaic power generation system level rapid power control
technology and its application[J]. Proceedings of the CSEE, 2018,
38(21): 6254-6263(in Chinese).

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

INKME, SEErer, Wi, %, SESG— B WIRHEE N ET)
HHBIR S5 TR R BET]. ARG E BN, 2024, 48(4): 13-24.
SUN Dayan, SHI Xinhong, FENG Shuhai, et al. Design of auxiliary
service market system under national unified electricity market[J].
Automation of Electric Power Systems, 2024, 48(4): 13-24(in
Chinese).

RN, XUk, WEPHRH. TR RRIA VR AT H bR R E H D R GR
FEFEAI]. P E AL TR, 2021, 41(18): 6245-6258.

LI Hui, LIU Dong, YAO Danyang. Analysis and reflection on the
development of power system towards the goal of carbon emission
peak and carbon neutrality[J]. Proceedings of the CSEE, 2021, 41(18):
6245-6258(in Chinese).

FEF. K] RIS SOE SR B M]. dbET:
L) iR, 2020,

RRBHF X, 20, BRI, 5. B0 & R LA IR T e 1
R[] HE AL TSR, 2023, 43(22): 8772-8789.
OUYANG Ziqu, WANG Hongshuai, LU Qinggang, et al. Research
progress on deep peak shaving technology of pulverized coal-fired
boiler power unit[J]. Proceedings of the CSEE, 2023, 43(22):
8772-8789(in Chinese).

JUESE, RIRNE, IRWIET, . UMM SRR RIS
VRIS PEAE FE K FEPE REVT A [J/OL]. AP B UL L RR 2R, 2023:
1-13[2024-06-12]. https://doi.org/10.13334/j.0258-8013.pcsee.231153.
GONG Zhigiang, SHANG Panfeng, XU Mingxin, et al. Research and
evaluation on the flexible peaking performance of coal-fired power
plants coupled with thermal storage[J/OL]. Proceedings of the CSEE,
2023: 1-13[2024-06-12]. https://doi.org/10.13334/1.0258-8013.pcsee.
231153(in Chinese).

WO, TRy, BTV, . B R GORTRR IR Y XA L PR 2 B Bl
FEPUEAMGTHRET]. HIMEBOR, 2023, 47(2): 423-434.
ZENG Hui, SU Anlong, GE Yanfeng, et al. Fast Estimation algorithm
for on-line moment of inertia of regional power grid considering load
characteristics[J]. Power System Technology, 2023, 47(2): 423-434(in
Chinese).

WJy, AW, B, 5 330MW JEHRRILLAL 30%5E fi
TR RGBS )], LPEEL T, 2023(2): 53-57.

YAO Li, CUI Yaming, FENG Yunpeng. Test study on deep peak
regulation at 30% rated load of a 330 MW circulating fluidized bed
unit[J]. Shanxi Electric Power, 2023(2): 53-57(in Chinese).
FRFE. 1000MW FRR I FHLLL 20%0R 15 1 4% ) 3 4 RS Mk
HE[C)//2023 A HIATIEAR G B TR 2 B H AR R IR R
o BT OPEREARNS TS, 2023 11.

FEFNE. KA1 K B A SR E T A )], FiAR 5113, 2019, 26(12)
97-98.

WANG Bingxu. Study of wind turbines active power management[J].
Technology and Market, 2019, 26(12): 97-98(in Chinese).
ERE, X%, X0, . XS TRR AR I R G
fREE F R, BMEAR, 2023, 47(1): 91-99.

WANG Shiwen, LIU Fei, LIU Qinyi,
riding-through control strategy for

et al. Low-voltage
two-staged  grid-connected
photovoltaic system under asymmetrical faults[J]. Power System
Technology, 2023, 47(1): 91-99(in Chinese).

BB, LR, wra, 5. ZEERE ABYM3A MRRNL IR
WA RARAL[D]. R, 2022, 36(1): 71-74.

XIAO Xinyu, SHI Yiyue, TANG Keyi, et al. Analysis and
optimization on primary frequency control of an Ansaldo AE94.3A
gas turbine[J]. Power Equipment, 2022, 36(1): 71-74(in Chinese).
Ehwts, BAASHE, E9IRH. FRE XK E e s A LA R
FRAMI. Kk, 2016, 42(12): 107-110, 114.


http://www.dwjs.com.cn/CN/1000
https://doi.org/10.13334/j.0258-8013.pcsee.231153
https://doi.org/10.13334/j.0258-8013.pcsee

F48E FH W

b

AR

3113

[19]

[20]

[21]

[22]

(23]

[24]

[25]

WANG Tingting, ZHAO Jiejun, WANG Chaoyang. Demand analysis
of variable speed units of pumped-storage power station in power grid
of China[J]. Water Power, 2016, 42(12): 107-110, 114(in Chinese).
BR—35, S50, ROCHE, %5, THRGH R B AN E AL T
BRI FEBUIR 5 S SR BRI, o [ B TR 244, 2023,
43(18): 6934-6954.

QIU Yiwei, JI Xu, ZHU Wencong, etal. Research status of green
hydrogen-based chemical engineering technology and prospect of key
supporting technologies for large-scale utilization of new energies[J].
Proceedings of the CSEE, 2023, 43(18): 6934-6954(in Chinese).
TOANE, FRUERL Bk, o R A VR R A o 2 A H o) S
FRRBIE SO A A2 ) SEME [T]. ML TR SR, 2021, 36(3): 463-472.
SHEN Xiaojun, NIE Congying, LV Hong. Coordination control
strategy of wind power-hydrogen alkaline electrolyzer Bank
considering electrothermal characteristics[J]. Transactions of China
Electrotechnical Society, 2021, 36(3): 463-472(in Chinese).
SINGH S, JAIN S, PS V, et al. Hydrogen: a sustainable fuel for future
of the transport sector[J]. Renewable and Sustainable Energy Reviews,
2015, 51: 623-633.

X7, sk, B, . BRI TSI ATk
HIFRES WL GHEII]. P E B TREESE®R, 2020, 40(8):
2501-2514.

LIU Fang, ZHANG Lizi, LI Xiufeng, et al. Brazil's electricity market
research : electricity market reform process and market trading
mechanism[J]. Proceedings of the CSEE, 2020, 40(8): 2501-2514(in
Chinese).

TRALF . g A
2023(31): 47-48.
ZHANG Lizi .

AL P A 0], o ] b

Establishing a coal electricity capacity pricing
mechanism is timely[J]. China Power Enterprise Management,
2023(31): 47-48(in Chinese).

Fb, KT, MEF, A& R B A R BB T
I EER]. A E AL TR, 2024, 44(9): 3429-3439.
WANG Jin, ZHANG Lizi, CONG Ye, et al. A clearing model of
electricity
transmission network[J]. Proceedings of the CSEE, 2024, 44(9):
3429-3439(in Chinese).

Bk, B, SR, S HTTI SRR A 0 A YT A kAR
BRBEROR[]. BAIRZA L, 2022, 46(10): 111-120.
YANG Zhenglin, ZENG Dan, FENG Shuhai, etal. Challenges and
key technologies of experiment capability construction for electricity
market[J]. Automation of Electric Power Systems, 2022, 46(10):
111-120(in Chinese).

spot market based on graph theory to modeling

[26]

[27]

(28]

[29]

[30]

Prtem, SRR, ARRA, . STH RO H PR S] R
GUUR) R SRR [T, B RGE ML, 2018, 42(6): 1-8.

XU Honggiang, YAO Jianguo, YU Yijun, et al. Architecture and key
technologies of dispatch and control system supporting integrated
bulk power grids[J]. Automation of Electric Power Systems, 2018,
42(6): 1-8(in Chinese).

YRS, WREEE, BIUTRK, . AROMCHLI I BRI R G0N H Tl fE
HURHRFEL]. B RZEA SN, 2018, 42(1): 1-7.

XU Honggiang, YAO Jianguo, NAN Guilin, etal. New features of
application function for future dispatching and control systems[J].
Automation of Electric Power Systems, 2018, 42(1): 1-7(in Chinese).
AFENNG, BRECE, B, 5. MEUUHREE EARRET 2 )
RG], FETEES, 2021, 23(6): 61-69.

SHU Yinbiao, CHEN Guoping, HE Jingbo, et al. Building a new
electric power system based on new energy sources[J]. Strategic
Study of CAE, 2021, 23(6): 61-69(in Chinese).

B, ®EE, fwk, . HANKRITBHLSEENRKERT
RERBHARD]. BAORGAZL, 2024, 48(4): 34-48.
CHANG Li, CAO Rongzhang, JI Bin, etal. Future major demands
and key technologies in trading operation of electricity spot market[J].
Automation of Electric Power Systems, 2024, 48(4): 34-48(in
Chinese).

W, MR, AR, . RRIREIRM T SR RREIR A RS
BERBBBORYIR]. P E AL TR, 2016, 36(3):
681-691.

ZENG Ming, YANG Yongqi, LI Yuanfei, et al. The preliminary
research for key operation mode and technologies of electrical power
system with renewable energy sources under energy Internet[J].
Proceedings of the CSEE, 2016, 36(3): 681-691(in Chinese).

d b

LR A 2024-06-28.
ks BER: 2024-04-29.

~ VEBBN
& INKIE(1970), B, Wt HORHE g TR,
P TN R BT S T R T

{£, E-mail: sun-dayan@sgcc.com.cn;
k1971, 5, WEFEH, M, PR

R LR, EENFER T, O RGRIIA

BT TH W7 T4E, E-mail: gengjian@sgcc.com.

Cho

VK NE

(TR Hgs)


mailto:dayan@sgcc.com.cn
mailto:dayan@sgcc.com.cn
mailto:dayan@sgcc.com.cn
mailto:dayan@sgcc.com.cn
mailto:dayan@sgcc.com.cn




MR A

70000 40.00
35.99%
60000 i 00
29.56%

5 50000 26.72% 30.00
|- 24.29% 25.00 &
£ WS
24 20.56° =
40000 18,8704 05 20.00 41
£ 30000 16.50% TR
= 13.55% #
£ 11.40% 15,00

20000 | 8.81% 10.00

oomM NN NN NN NN NN NE E§ RE HR .,

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
iR R KGZEHL & H

B Al FHEXBRRRITEVNETEQ014—2023 F)
Fig. A1 Accumulated installed capacity of wind and photovoltaic power in China (2013-2022)
xR A1 fEE. RRF L FXFRER S XTEE

Table A1 Comparison of the proportion of new energy in regions such as Germany and Australia

PWEIH BRI % K% B SRS % M FL R 2 SR FeAth R B
P 20 3 L468 - PATRESV R, E ) DA E R RS SR
' 25%~40%, [ At A B AL AR R A S
B2 AR
WAF . 17. RAERES
BT 30 6.7 7.7 50 [ ERIIR SR RES 5 B R 55

SRR T LIRS S RE. M

CAISO 2743 16.59 46.62 0 —
K N5 5 2% BAEAN R Wt A B

7 K IH: Hannah Ritchie and Pablo Rosado — “Electricity Mix” Published online at OurWorldInData.org. Retrieved from: https://ourworldindata.

org/electricity-mix'o



