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Table 1 Technical requirements for virtual power
plants in market trading varieties of some provinces
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Fig. 1 Response timing of various types of virtual power plants participating in market trading
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Fig.2 Technical system of virtual power plant

Pl 2 v, Ak I P AR R 5 AN [R] S B R AU e )
ASE AL £ v 3 Y J5 238, AT S BRI ) 7R R R
WA AT S — s, EEAFEE
G SR AL AT EEE A S AL B i LA
(ZIAETE N R I RS e B A SN L TR 5 7 NS

T RN AR T ) 52 PR TR A R R
OLRE T B B AE I 0 i A P T I 4 — 28 5 1 ] 1)
B, BRI AR WM 2R s
ENIS S = DS R &5 3 N

6

SR A AR T BN BRI B o SR 1k
N B 7 2, LA R TR IO AR ) % o i B B A S
PR AR TR O AU R T Is A R A S A O
AR BIF ], T A A R 0L HL TR OGB4 A b o S R
PGB, RLRCR A I JF KA 5 B8 A5
IBAT B A AT B O

R 00 TSR B AR R A T [7) 4R 3 5 el SRR T
PR, T AL 458 5 5 50T (42 R e 4
A& FE AR SRR ORI T S 58 Sy B R T 5T



# BE (artificial intelligence , A1) 40 3 ¥p 7] €] 3 2 K |
VL Ko kg 4U0HL T 55 s BT 2% ™ Mk il 5 I FH R
2.2 EaifEHEREAR
2.2.1 HERGHEIEALHEAR

DB SMEH AR, omaeIE AE 6 B 8L )
T 45 S o R IR AR I AT S O R e AR TR W 2
SOMELDSE WA BRI SRE BRI S
AL FRIE o A UL, W T ) R LR T Bl A A
AR TR AW GE, UL P 57 5t 5% U5 0k DL AE A )
RO B X R A R R A U s ul H R 9 T R oK AR
55 e W BT LR TR B A A R
BRI

)RR . EWEEBUMBT SRS
B o B v, YR TR Y 8 7 B B S AT AR AR
IR =) | B O A B R R B (1 el

S L, W AT L R A R AR

A5 R TR T RS HE VR AR O vk S B R Y A A
R TR R TR B A A O A8 bR AT {E DGE
2.2.2 AR S RFAR S HOR

DBHEEA AL AR . BRI )75 22 5 /) K Py
S 0T R HE AT R AT B A 4, R T S5 IR A 2 IR
1) 3% SRS HE T ) AR S B A% T A v A AR B —
JiE 5y, A O S OB U T R AR B 5 s A
AET R P, 75 2 LIS T IR 400 F ) A0 38 15 A P e
J1 ok B AR, B4R B AT B 38 A5 L AL e E
AR DL K B AR AT A A B S O AL S 3 {5 B
FER P AR

)RABBT P R AR . IR T 3R AT 5L
s 22 B3k R v i I A R R I XU | A e
T S MR 15 1) B RA B A AR M LA AT 500 o B
B sh A A8 Ak B 3R E 5 U IR RRAE 0 R 400 T 55
Yyse o DAL, B0 ) 400 e T Y B B A 4
T 5 BRORA B A B R R TR A O AE AR s B 55
RO T USRS B Al
2.2.3  ARALIHEE 5 P [E) 45 il R

D20 KA R R . i T i1k 14
BEIEA T — A ARy B AR — A 25
XA PR TR R . AR R 0T DAL A 4% i R 42 ]
O3 f R S TR 2 G - TR) 8, DT 52 304 JRy A8 Ak T IX
HWAFEMANGES . WIEScEkl23]# 2 2R
ek, AT LUK R BE D RE o A o LR 3R

(D EJZ:hM)ZE. FEHZH, BT REN
TR GEUS , XFAh 3 IR G — %) AT R B SR TR M) g
SN NN BB o AL g7 3 L B L) s i s M =
HIF L K AR R 3 1 T 3 5 A S BAL e N AR 45 )2 T

LT

JRARZE A5 SRR AL AT R ) RO A R A A

(2)H 2 AT E . LR LA b2
[ (R o L8 S0 Sl 1197 N T R 1= A O =X
TR ERAVEFE A, 2 3% 12 22 0 30 45 R0 8000 BR AT 0 B 322
AT 2 5 TR 4 S i B84 R AT IR ) B AR AL A
B U8 DL e I A 78 B B 2 55

(3)JEJZ MR JZ o 12 Gl it i S A0 0 43 A 5K
A D A o (€2 £ 7l W = = ¢ I VA o
FEEAN XN EEBTRE (B3R E T E
2R A BE AT IR ) MR AR ) O R M 3 1 A
Ak ) 2 A R P A AR TR R o X Rl 4 )2 4 IX
B4 I Ak R BE B A AN AU S5 e T R AR 5% U B A
AL Y 52 2P ) R0, 0 38 3 45 A IR B 2 4 i, IRAIE
TR FEE R ARG LT
S

)RR BEUMET S 5H RS
IR e B SN A N N 1S B 2 T A BT P U
TRORG ) 7 5 A S B ERL D) 3R 2 % 3 sl BB .
RS B R UL T AR A G 2 R T T O A AR
AT 1) B2 A0 T 19 o A 2 ) 5 R b g O vk
W AN, T B [ R AR TR I N A ]
il 5 O 25 4 ) k) DASE4008 B R S i st B
FIH BEAT R BE ML IR 4 X6 S04 1 4 52 1)
2.2.4 THGILH 5L

D375 5y Hmg o K LR ) 75 B3I P A0 SR
WA T LT, S1E L i kS 5585
I 07 A R 22 % 3% 2% fe KAk R BB AR 9 T [ B 6
5 B IR 55 T 3 5 R R T 5 F 8938 ) R g
il 52 kL YT i) P A VA S R R R R
T B % A E] A AR X AR 1R O &R EAE R S
T PN IR R 25 34 5 Rk RR A e R T

2) 38 S ML BE T o 38 A% A5 5 8 43 A X
WM TS5 AT B, R Bl
FUBLAL & e 0 SR T o SR, 24 A0 35 o0 44 40 X T
AR S50 h i s by i b i) BRG]
A HE 0] 55 45 S AL ) A OB N A R R L B LA
L= 2 5% AT 8 8 W HELHR . Wik, 7
BLEE A NTR A 0 10 e R S 5 r g T 37 S s i
' R STE B LR 2 5 AR T B R 5
ST I B AR 2 52 B ML 5 R )

IFE A, BIIBET EENC SRS T
— FE Y I R 5 R YRR, (H A R A AT DA
FAL R R R A 5285 ik
T E A H R A A — . Rk, E L
RIS 5 W55 W 2 48 53w AT,
WITEm A i3S 58 E S5 KMm e E IR, X
PR ) A ARIE B 1 2 2 R R A

http : //www.aeps-info.com 7



2025, 49(20)

2.3 IRENMAHEAR
2.3.1 Mg

DilfFLehHEAR, BB HESZR
P £ 37 %0 438 I (RO ) 45 ) i %
AR R AT AUE DI B ANFEA , A 0EIRME LA 2 B
Gi— %Y, WL, TWEE SRS e A
UE Y e 4 A5 B 9 28, B ST B R IS R A I A
T AF AUERE AL, DA B T ) AS [ J2 9 00 5080 n 4%
AR SHAS KRR,

2) 5 W B RO AR o i G4y A X% IR A
TERE A TR 2 bR AR — S5 ) 3, 40, 35 4% 93
BATIR2E AN R I 5] & B BUE S B
Sy T B L W 45 48 A B N R 25 . ST, 2R TS
THF BRI A 3 04 42 rp B0 S5 A I ASE 780 A7 7 A
TR K R I 2 AR T 25 s Y,
e TR ) AEL R T SR O T BT BT UR
Xof 7 1 R IT AL BF o
2.3.2 BirEBEHEAR

FEADLER ) SR VR 0k Bl 5 AT S AR A
AR ZE Sy 51 o ok PR A5 H G AT KRS o SR AR
G RFE U RIBITREHE R Z I T LR R FENR
AR R R, X DA W0 a5 R R A sh A AR
TR PEDY . b, 75 A 5T R 0L ) 2 B e R
R A O o X 7 N & - 7 N I s 0N R
7k S5 AR,

2.3.3 FHERGWHEKEA

HT, B ALk 55 AR G A T I TR A A I AR
IR S5 T B R A IR R B A S
I 9142 25 1y T A 1 BB SR TR B % M 45 A B T I
A2 IR RER R  fn) R [R e T A I
M EREAWERBE RGeS EEEE
LAFE i N ES R ) S DA
2.4 EBESEAR
2.4.1 ZERMES AT

3 A7 20 R e T R A AR AR B 1 S AR 2%
WA UM AR B bR o ik S )8, S SO SR g
HERNE2E BAT (5 B AR HE L) B3 = )
B3 G TR AR S 55 o R IE, 75 B S T R R A
B9 4 VR0 5 385 PR, [ 45 B 5% 10D 1) 22 5 AT 9 %%
T B oAb ] {5 e s T Y
2.4.2 RGNS

Z o0 A AR U M B B L B AT IR A e A
PR 2R 52 ), A% G0 9 A 8 R 4 18 48 7 1 TIPS B2 1K
Pt sh e F7 55 45 ) B0l LA A2 R 0L H T X R R
RS S B SR HT A RS A AL 2R . Al R R I5E 4% 1R 8K
it SR B 00 A 25 o — 2 B L 5 ikt g 0L e T Ak

8

c AR UREFREMR] -

R 2 RS ERR R . D TR R SR BT
P e A4 S s , LA KT 1) K TR) 3 5 B AT A R 4R
B 5 i A

2.4.3  Ff WA A%

R ABLEEL ) Bl 25 e Ry L R T 4 A o B R,
1A GRG0 5 B, DA R T e
AR 2% T it 5 22 o0 AN A s R R AR S B0 H Y
Wik s ool (H B AT 35 8 M DL AR DR A B S R A B 5
J T R E RS R R AR R . DR, T A X
FEL T e IO ARG T 24 - R A S o o UL Y J R I 9
2.4.4 fFREFEE

REAH )T A g R A N R RS S R
SRR W (0 A N R R e = SR E I R e T2
B2 AF A B A i S i B R, S
FUORE 0 E T 7 E R A ) AR P B 25 . R
b, T B 1 R PR T E L B ) AR b
T T8 15 4%, LA R 3 135 W0 4 45 ik 45 R T WF 9 2,
2.4.5 AEBITHE

R APL R ) 2 5 0 A A B R 45 B o AR v, T SR B
T S5 ) R T 7 5 K o 4 ) R A% e A rh S 4R A
J U A 3 1 Ao AE 3 R AR, 4 AT R B OB BB VR Y
TS5 P IR sh & 5 A e R 3R A R R
DAL I, 7 B2 T [ R 8L R ) PR S 1 A R R O 4
Lt b £ R I IFSY o
2.4.6 ULEPIPBEE

DL T 10 2 0 0t 1 £ K 22 B R T T M 4%
IREE I I 2 R A A | 2 2 o 2 XU -
) ), 4% 45 38 {5 By 97 15 4% i =2 1 ) 8 00 fRL )l 55 v
o A A8 R S R LR AT RE o b, R AT
K IR E I G e e A B B A Y 8 3 s 4
N -l A% B - 2 i A7 ) S PR T RE R B B R &R
2.5 HBEBEEAR
2.5.1 B s H 5 M B2 48 s R

1) B SR s L ) RV B A . A
G0 2 15 PR VR T 2R IE % A 1) I E X A s ) B3R
S R RS (H AR G DX 8 0 T I 5 5L B 43 HIC L R N )
LRSS | H oy amE BH 2E £ 0 ERT . R AT A R 4L
JURE TR 2 R AT Mg, RIEHEE M
Bz 5 2 07 R B . PRk, A 0 B ) B s
G AT R R A ST s A
NS R

2) 1% Bk 5 ) Y UL TR A e AR R R
A T ) R AT R A A TR R BRI s B
Xof % VR ARG o TR 45, — R RE P W TR IR A AR AR
B, SR AN R T R, P, T
] S K0 WA HE BRI ) R AU T R A S iy



P U R T RE IR S 5 0 R Bl ) e 4
RIBITFBFFE
2.5.2 AR TTSE SHER

D BRI 25 58 KB T 3 i R
FAR . BB S b 5 8 B R K A R
B 25— RIVRHE L 5 4 h U S e Bk 1
T I VA v 24 500 ), W 5 1 BSR A AR AN AR
M DA S04 T, Bt A5 R UL PR A R L T 4 AR
2 5 5 B X A o A0 2T IR S R R R AR
BRI 3 H VT SR S SR s R R I 5T

2)iE AL LR T 2 5 0 X Sk d T T 3 pL D .
Wi 5 L S T 558 5 1R R R % A 58 35 T 3 38 B i
AW EE 2 a BN W K, HE S ) B R S
PR ISR R A L =AY . - S B AN K
XL 25 X d Sy iiig Y, DL L A 2 5
e f R £ FH A5 22T 5 5 ) i R I R G R0 5 L
il J I AF 5T

MBS 5 2GRS HEAR . BEHE
TR A o A U RE R L& IR JE A, v R A i
(ERTR G Sl I ST e A i 7 B S | AT K
AL T 2 5 T S L 5 58 B R S R
LT SR VR ) 22 i BE A (B 4R AL BRI S0
2.5.3 JERIE)T 5 AT P E B H 5 R

Dain B AR . 2Mur, ATZE BRI T i Ry
FH 2 22 3R A T 00 oy T A R S EOE T A S Oy
LB RA R RE S E 055
Z R RORE R R L, AR LR .
Ah, I ATEL AR T 0 2 500 5 A L AR
i) A AR M e R AEAE T 5 4 B NI i Rk 22 4 )
FOL ME DL T R O S PR S AT Y R RE R . R,
W BLES A LB Ay B 5 BE R Bh ik g B A R
AR Y R AL T AT R AR [l R e e
ORI 2 0t 2R AT O T B SRR KBS R R G
PEIR

2) N ae S R 2R . A e AR AR
RS RO K 8 E 2L B RRAE X DL B 21 2% 00 5
%o [N P B s E R FERAES Sk
B L it 2 5 8K HE 2 AR O TE A e X e, STk
(53R« £ AL IPT =/ ZF 280 7ol 1 — 4
MY ) i e T 26 o IR AR 38 S A A I 5
BB R A B0 A RN S AT 55 A 2 i ) 4
BNk, AT AT R B R B3 =i
PR A BRI R

1) = o 7 52 AT 4 Jm M JE SE B A ATAE 55, n
ALY (R I 2 S B 1% 9 AR A R SR s T

2) 25 /3 viig W) 171 53 $0AT 2 Ak SR MR SR 9 AL

JRARZE A5 SRR AL AT R ) RO A R A A

AL 55 o BN, 2519 T RUgh 57 5s 47 A s 1Y
R A2 W AR TR PR DR T ) D A 7 A 7R SR e, HG
1/ O Wi 17 B[] ] A1 28 2 Fh g ™
2.5.4 LT 5 A P EORT 2% 7 ol fil 5 0 ]
PR

DR MBS AR . R il 5
P78 L R I AL 5 R 3 7 SR B AR T
[F) BRF, 2 A % 905N 25 0 A1 AN 2 45 5 P o 7 5 R
BL A 45 A o %) 52 BUALAE Ak 4 I B 3 i T B R
Wi o PRI, o 5T 22 I E) RO TR B L B R R T
BIRS AR S GO R AL 7 %, LA K5 18 P e )
TR AN R O BIL R S A A R Bl R R
TR SRR 0 T B 58 03 B

2)) KRR 2 3] B ] 98] A o 3l e 38 B A ]
25 YA ot L I 0 AT L AR L R R AU T 2 S L
W LA B E B WU . AR, JH T B RNl R A Al Y
TR 22 S LA R 0 2 8 4 Wiy o I S 25 DR 3R A — 5 A
JE b 297 K 25 VR O DR AR AU R RS A 45 S L
BEAL I FHREZL o DA, 75 B2 41 X 7 BU 2 7 28 i 25
PR BT YRR A A DR W O R R R DL i 4
THHIRE SRR P 6T 2 B2 R e 5 I R 1 SR s A R g
FERFFE

3 EHE TRRESEESEARY

3.1 IiRHE

A ES BT e Xz B EMR ) %
B Ok, B A & R B S, TR AR
KGR ZHEE SRR, BE
2024 4, B N E LR TR S TR AR B R
W 10 GW, 1k Bl 7 45 45 52 90 i g 116 55 7 5 5 8 B
T 40 1 S B S A

B BRSBTS
W57 A R SR R TR A T A R &3
JZE T Y LR A (0 ) R LA ) AR R R

ERAGAEES M Jrm, A R H X o
mr .

D) At X o B AU KN W ) BT i 0L ) s 7 A
3BTk R & AR L B R AT
EH L, PR RER 0 A A T BE 1 40l ik
410 MW 105.6 MW I FE 44 L ) B A& & =
ik 2 014 MW, f5 K] 3 £ faf 15 256.3 MW .

)R, INRAEUAE] RAEAE R
2 546 MW, 895 25 8 3k 277 MW VT304 15 8h 4 [
AT LG LR A, 0 R A R A
= By SN f AR 500 MW 5 b 16 T R S0 H T H R T
JRE 3K 2 0324 MW, 5T A MB35 T

http : //www.aeps-info.com 9



2025, 49(20)

c B RBERBEME -

N B GR TRE K + B+l
o BIRSE+TR A éx}}muﬂlﬁlﬁﬂ% !

SEAL: JEITRES515.6 MW (AL I+ h )
[EMNE7l Vi eysy: £V

DT  RE A2 014 MW,
| BEESHEICA ], B384 GW h 3

i 11256.3 MW

PHEHLIX

CFE RAEE3 790 MW;

AL X
) ﬂﬁﬁPim[:

INZRA A7 546 MW, 77
871277 MW ; B4~ HEdUHL ) Te
YRS 1Y

VLA s A LRI, 25

ERBK

}mmFU%rME$A%%‘
2B RGN

VYR HIX

WAL  REFE20 577 MW,

T2 042 MW 5 20244F-2: 55287k

PAVERRIIAR S , 20254 F SE RS ST o

RREIRIE AT, IRRIET A |
W i S SR

I = e R £ IR K500 MW
VIR - SRR R S SR
T B AT AE 7352 032.4 MW,
\ BHEHK SRS s k]
W] 162.7 MW, —UCE S SE
PRI B AEG s, K E95%

1744947 MW,

*— WA TS SIS

WHTA  BAZAES 505 MW, 14t

PO T2 R BLEE
3% S B R SS 1

Kﬁé [ 2 TR T

e € - g
& TR AT 22, SR

KEMIEHAT s TRER U

v Py

SRR IS5 R B TR |
LRSI C oS Wi e e g

J131K1 100 MW ; TR 251 [
e BH ZE A5 BRAG: Jr s B 1 ARSI

3 ENAEMEMNR ZBigER

Fig.3 Construction progress of virtual power plants in typical provinces in China

ME=MEFL S ;T EBERYVBE] BERE
% 5505 MW,

3w X o BRI R R TS A A K T A
J13K5 1100 MW, B 8 A 07 PEds 25 &5, FR22 3k 3l
JE L) AR R AT T i T S i L

OEF X, I E BB IRERAS
ik 20 577 MW, H. % 494.7 MW -8 .2 042 MW F
W HE T -

S)Pidb X . TEEME] BRAERERAEE
k3790 MW,

TE U i 2 5 (1 2 5 T 4% L X Ol a0 R

DAILHIX . 1754 BT L4 /h 52 5
Wi O A KIS 58 el 16 4-H, 2114
B i 384 GW +h,

)RR IX . AR R R WA R & A BT R A
Y007 JF R T I e R R ) R E A e ) FE St
S b R S G L R R AR 5 1 AR A i A B AT
I A B AR 45 117 3 B0 Ll 2R R 0 S 35 Al B AR 45 T 3
M G AT ) ), BRI R RAE B R L ) 1 208 il
Y28 Gy ILAI s Wi v i An R PR T 2 5 W VL )i
B Ml s TAE TR WRELHRT 35 K
WA 28 FH A5 T S o A %) 38 g O 5 9 T 52 A T A
UG 5 BT 40 1) g R 0L R T Bk S 1 0 RE 0 B E , R FH
KU fif ik 1 162.7 MW, 81 F 4 [ i 480 e, T Sz 3]
W B s sk o BEAh  SE R T R L )T R R A

10

SRR, & BT AT AE e R AE ]S 38 4 ]
TE 6 s 22 A7, Wi ODKS BE T ak 95% KA b A BN KR
(2B PR rL e B T 358 5 St A0 ), Fe i i
PR ESRERN S ARERA S SR
.

3)AETE HLIX . T 7 RE R M A R 4 2 R =
D5 k37 AR S 5 g Oy XU A H T 4 A B AR 55 i
Yise Gy S ) S B R S 588 ST
G AEAT YT IF R TR IR T S 5 W W L RE
FEAE PR AT Ry ) L Y R SEE 5 T T 2025 4R Y
I 1R] 20 20T 4 ) 5 A B 3k T 2 4 ) L Bl
Mg 17 RIS 7 4= 4 e 7 i A 7 Bk 19.3%0 5T AR
WA ARA BB 250 138 5 St
220 IR LR T 2 5 oh K SR i 5 B e
1.

e X, WAL 2024 4EH BRI S
55 0 Bt Bl IR 45 T 37 28 1K, 2025 4F 5E B UL T S
SR S BB 1T R T RIS R E
S SR B E A oA (8 A R L) BT
PEARN AT ) ), B 00 15 A2 1T S 1 A S5 (R R 40 )
A2 5BRTHHES .

S)PidbiiIX . TE GBI R EHT 55 E
HI5E R G BRI H R A A CH R B 8L
TR SEEEEIE ) X EEE TR
T A 5 R 0+ BB B R 55+ T SR e R 4 58



G it B ) R AU HL T IR

GVim X . PNE N ECERI R #ik 58
B S Jr 28 (A SR 2 LR ) ) BB A jl fUL e T
2 5% KT S 1k B | R RE £ T 4 5 B R S5 T
Y 5 B 8 WA (2025 4F 5 m 48 L T T 2R R R S e
J7 %8 (F 3K B UL Fe ) )R 0% H Rl £ 32 & S it 4 ), [+]
FERIER T BT 2 5 55 K N 5 B A2 S 1T
By =l
3.2 WIHHH

A H ST 7, 20234E 9 H 28 H BT L
o 368 3k 3 T G R DL R T R R A O R 412 10 KR
UL T 32 5 1 A6 B N IR S 5 5 4 w5 B IR 45 i
iR iET R ER R S 5EA & HRS T
Y H R B PATE e S RAR s T IR YT R
U T 45 FHRE 1YW 1752023411 H3HE6H , 5L
BT N KA B LR O o F RS 5B E
B S i 58 5y, M e A BRIk s AR e ) K
& 4, ¥ St 2 FHAE 1 Y08 20 MW, 5 43 &

TR0 10% , A %0 3£ 48 Ta] B Jy A, B 3 15 4
HHWHE AR M ERKAL, 2024 7H 220, K
SMATHERLE ST E A, Bl 9RS
BEK CHE2R4EF RS 5W., TH23H
14:00—15:00, % #48 SC4& LT sc i 71 31 MW,
W22 1.245 56/ (kW +h) 524 H 20:00—21: 00,
g T S AR B R s B ) 31 MW, i R A
1.20576/(kW-h) , 2 L B | iz 8 g P
B S B W SR K B A7 A A 20.2 MW (20:15) ,
o Ry 6747 ok 14.7 MW, b s 2 75 2R 00 m 98 5 9% R
25 I A B A 8], SEEL T AR (R 5E B 4 Ik
HAR B .

A B IR 45 07 T, 2019 4E S, SR AL i
A T EE A DTS s E BT R
TR, #RE 2022 48 i, D AEERE Sk $2 AL 1 U IR 55
it 4 800 h, BEIH) iz EFAH P UL £ 35 673.7 7T G .
WAL R B IR 55 T, 2024 4E 4 2= 10 H L R
PLHL T 2 5 B8 7 28 Yk, B 00 ) BT ik B R T
fE 71 8 305.4 MW, B3 42 #F 45 N 37 BE IR 1 40 48
29.14 GW +h, Hi ¥ 5 A 2l 518 5 It FE . IRiAAH
T J7 T, Wil A /SR T B W A ST T4
M4 2024 45 12 A AR T S 45 5 Wi i AR ge e 0l )
63 MW [ 5R & 25 & A il 535 8.9 7t , 4y
113070/ MW SEE0 T RIS 1 H AL BE 38 17

BN 7, LT AR 5 A4
HiiyS 58, 4202349 A 1 HILPEE 3k
PUHL T AT 5 LUK, 4 d ) L 4 ¥k /h 19 38 5 it
A% H AR Wz T 1641, 455 d i 384 GW+h, 3t

JRARZE A5 SRR AL AT R ) RO A R A A

RAFLLM 259.36 T1 ot . ML L AL $E HE A
ST R AL T T R BT 0 T S el ML A R
FIE VT 294 PR XE B ri Do) BH 2 95 e 38 T S M R
FH PR B R, 7843 B SR AW 2835 14 7 B i O fiy
HFPETTNE . 20244512 H , 2 5B HZ S EIE
25 AEH PR 194, 3 MoK YE AL T 6 R
T EAT, T 12 AT . R E AT R
O I N AR T S B B Oy N L 1 R W
41 MW, fxe/h B Gfr  9 MW, Hodr ) £ 2 F 6
i fEHAE 11:00—15:00 I Bt o 4> H thdF 24 4 k%
9 282.6 50/ (MW -h) , Fg e i M A& e RN % 43 51
H139576/(MW -h) #1316/ (MW +h) .

Tt R PR A A 5 IR 45 T, TR T 1) T R )
PR CBH ZE 98Bk 55 AN (W]l 55 37 ¢, 57 i 400 R T T 1)
Tt fEL XK 2545 9 5 0 i R 55 1 < L - DL 7 i
iR 55 AL, 98 2 56 F T 5 A0 8 45 04 28 % 784 i el g £
PRt . AR 2024 4R, Y TT BT R ki 40
JUORS HEm N 101 YK, S P Y B fE 5.603 GW - h, i >
W HEAL 29 4 681.2 t, Jy 45 ME L AL ) 32 8 W Ok 1
PR o0 1820 1 Ut , B i AL £ B4 AR K
5 E ik 1.54278

4 BB HRRERTEEZIWL

JRUE R R UL R ) R R BE T AR I 2 B
i W3 kR (EHCH 25408 BB 0 AT AR A A B R BE
22 R B R g AR GE T e K HC DA B BIL P B U
W 7 Ohy fe i T G URL s A Bl R ADLRRL T AR B — R A
Z N RUBAL I Y B — 3R o e ad o Rl , AR SC
SEE AT AR — PR, W E B - B A a2
AN JE 25 BRI AR S A L

IDE7/BEE VS IR BT e VAN o s N W )
PR LA AR B U — B 2 RIS E A 3
W, LUHE Sl 78 2 3R 3015 5 B8 5w N2 2 00l 55 5
A AR 5 FLUR, S8 35 B T T S I HE 5
REIN 2 7 B ) kAU BILZH B9 % 4 A 1 BRI &, AL 4
B A RE T W UE S R L B AL R s
kS M4 s T RS RS & G R, 52 BN fif 1.5
MR S R IR A B A 2 i TR N Y
PhIRIE AT RE Sy, 2 — 0 P i S T B IROR ARG, 5200
R B ML 249 SR ) ST IR 5 TR A A
BRI & 754 N I 2 P R s AT RE ) B E
Tt SR B IR BT SR B E] AR 42 T

2R R B R T AR RS R
W DAl K SF- S R UL HL A B -4 B Y 23 A
WHZIm A, 2 S s 26 5 B I 5l 45
Jr #Out R AL aa A Rk 0 A S 5 U, BT

http : //www.aeps-info.com 11



2025, 49(20)

338 A PH B i G T SR I 0 A 4 4
AR HUIE BRI 7 it PR BE G b, B8 AR DY 8 7 S Al ok
F PR RE D 5 5 B A B I R R T P AR A Y
FEURA B 47 H A, B B 7= i B AR HE AL TR AR 95
Wi Gt S SRR A7 RE J1 , AR IERA T 6 XU o

IF A B, TSRS )T R B L
Sy b B, B L) IE R I 2 g i (A
BLH , 4fi 3 He LR T A AR CR & AR 53 47 1
A GRS A ) B i A 5 L, s SE e Rl L F & 4
0w 7 o A 0 45 T PR B S A 2 AR e
S ME UL R T B R AR S i 302 o A Y e AL
e lJn M S8 3 0O RE VR ELIK I T 3 28 AR AR L A
AU B R A S R 55 A B R S B
PR 55 A P 5 T RS

5 H#iE

BT B ) R GER A SR A P [R] BE T 42 T 1)
F A SO T8 — R R o M 5 1 e s MR T
4 4 BRAS 5, 2 T WL ) AR 401 B P B R JEUHE, LA
LR A B SR IE  E R I TR
PP ) ]ORE 4R T TR i) A [ ] A Y B R R
M7 5 258 A [) 2 28 Jfg 0Ll T 22 B AR R0 W) & (K
R ER R B bR MSE% AR, M T
2= P CN I = I RTINS - & L S a3
1 R 00 R TR AR AR R TS TR R A% 0 B A
HEARHB . Jik—Lihe bR EOR M Z 595E A
IR R I 2 (6], % [ Py i 8 gl 40 R T A AR 5K
B 5T G AT T IR IR R AT, S B S B S
s E A G P AE R S 4T AR PR
2, BT BN X PESR T 22 00 A Al B 2 B S LR £
AR FR SE s W o ARG R AT O AU A T AL K
JRe 55 100 P B B R e ST A

2 % x o

[1] CHENG Y S, CHUNG M K, TSANG K P. Electricity market
reforms for energy transition: lessons from Chinal[J]. Energies,
2023, 16(2): 905.

[ 5k R & O T B e (ol J il SR AN A Ik D Y Tl M [ EB/
OL]. (2014-05-21) [2025-04-05]. https://www. nea. gov. cn/
2014-05/21/¢_133349789.htm.

National Development and Reform Commission. Notice on the

—
oo
[}

issuance of the “Electricity Demand Side Management Measures”
[EB/OL]J. (2014-05-21) [ 2025-04-05]. https://www. nea. gov.
cn/2014-05/21/c_133349789.htm.

EF L Mk, AR XA S T PR R TR A g SR ma R O B
R[] AT RME R, 2021,23(5) :91-95.

WANG Bao, YE Bin, ZHU Liuzhu, et al. Practice and

exploration of China’ s power demand response in electricity

—
w
[}

12

c AR UREFREMR] -

market [ J]. Power Demand Side Management, 2021, 23 (5) :
91-95.

[4] NAVAL N, YUSTA J M. Virtual power plant models and
electricity markets: a review [J]. Renewable and Sustainable
Energy Reviews, 2021, 149: 111393.

[5] SR, & Wl , ™ 248 BT B s s R P Pt gk 5
JEBLT]. LT RN B, 2024, 26(5) :49-57.

GUO Kunjian, GAO Ciwei, YAN Xingyu. Review and prospect
of research on virtual power plant under the new power system
[J]. Power Demand Side Management, 2024, 26(5): 49-57.

(6] B &gz 06T B0 R Chnterdy 2 5 84 s ) R G547 80 o %

(2024—2027 4£) Y1938 A1 [EB/OL ].(2024-07-25) [ 2025-04-05].
https: //www. gov. cn/zhengce/zhengeeku/202408/content_6966
863.htm.
National Development and Reform Commission. Notice on the
issuance of the “Action Plan for Accelerating the Construction of
New Power System (2024—2027) " [EB/OL]J. (2024-07-25)
[2025-04-05]. https://www. gov. cn/zhengce/zhengceku/2024
08/content_6966863.htm.

(7] BRI E Rk, 55 Hae I £ ) R 500 k)

GEIRA DR B AR S e BT ) R G A B fk, 2021, 45(16) -
37-48.
WANG Caixia, SHI Zhiyong, LIANG Zhifeng, et al. Key
technologies and prospects of demand-side resource utilization for
power systems dominated by renewable energy [J]. Automation
of Electric Power Systems, 2021, 45(16): 37-48.

[8] L1 B, WANG JJ, BAI X F, et al. Overview and prospect of

information and communication technology development in

virtual power plants [J]. Energy Conversion and Economics,

2022, 3(6): 368-380.

MAHMUD K, KHAN B, RAVISHANKAR J, et al. An

Internet of energy framework with distributed energy resources,

—
Nej
[t}

prosumers and small-scale virtual power plants: an overview [J].
Renewable and Sustainable Energy Reviews, 2020, 127:
109840.

[10] BHUIYAN E A, HOSSAIN M Z, MUYEEN S M, et al.
Towards next generation virtual power plant: technology review
and frameworks [J]. Renewable and Sustainable Energy Rev
iews, 2021, 150: 111358.

[11] GAO H C, JIN T, FENG C, et al. Review of virtual power
plant operations: resource coordination and multidimensional
interaction[ J]. Applied Energy, 2024, 357: 122284.

[12] BRJA 25, w b, v, 55 Ll ) s A5 H 2 55 00 5 e Ak - 2R
WA BTSRRI i R GE A 31k, 2022,46(18) : 26-36.
CHEN Qixin, GAO Hongchao, FENG Cheng, et al. Dynamic
construction and trustworthy quantification of virtual power
plant: theoretical analysis and key technologies[J]. Automation
of Electric Power Systems, 2022, 46(18): 26-36.

[13] P PR, BR)a 8%, 95 61, 45 OB B vl ) 28 G0 IS AL R T % 9 1 00
R RR e SRR (T ] i I R g A Bk, 2022,46(18)
3-14.

KANG Chongqing, CHEN Qixin, SU lJian, et al. Scientific
problems and research framework of virtual power plant with
enormous flexible distributed energy resources in new power

system [ J]. Automation of Electric Power Systems, 2022, 46



(18): 3-14.
[14] 223, Ze b U ) SR S BT ] B B ) R 58, 2025(1)
12-32.

LIANG Ying, ZUO Juan. Virtual power plant technology and
prospects[ J|. New Type Power Systems, 2025(1): 12-32.
STEIKER C S. Second thoughts about first principles [J].
Harvard Law Review, 1994, 107(4): 820.

[16] w20t —, Fod ke, 45 SR 5 MUBE Ak 5G Ik vl ) 1 80l )
A H B 5 A S SR [T]. M ) R SR A B4k, 2024, 48(18)
47-55.

GAO Hongchao, LI Chuyi, WANG Guanxiong, et al.

Dynamic construction and response demonstration of virtual

[15

—

power plant with aggregated large-scale 5G base stations [J].
Automation of Electric Power Systems, 2024, 48(18): 47-55.

[17] PhFO ¥ A0 BTIE S 56 R Tl S EM Al ) R R

ARRITEIT] R R A Bk, 2024,48(18) : 115-128.
SUN Lingling, LI Haibin, JIA Qingquan, et al. Planning
method for resource aggregation of virtual power plant based on
dynamic reconstruction [J]. Automation of Electric Power
Systems, 2024, 48(18): 115-128.

(18] AN, E/NE X B, 45 2% i A 0 AR AL 0 AS o 2 e 11y

HEADLRL ) R AT AT A ik [T W T R GE A Bk, 2024, 48
(18):129-138.
JIAO Zhijie, WANG Xiaojun, LIU Zhao, et al. Construction
method for probability-based feasible region of virtual power
plant considering uncertainty of distributed renewable energy
output [J]. Automation of Electric Power Systems, 2024, 48
(18): 129-138.

[19] NADEEM F, AFTAB M A, SUHAIL HUSSAIN S M, et
al. Virtual power plant management in smart grids with XMPP
based IEC 61850 communication[J]. Energies, 2019, 12(12):
2398.

[20] OEST F, RADTKE M, BLANK-BABAZADEH M, et al.

Evaluation of communication infrastructures for distributed

optimization of virtual power plant schedules [J]. Energies,

2021, 14(5): 1226.

ALAGAPPAN A, VENKATACHARY S K, ANDREWS L

J B. Augmenting zero trust network architecture to enhance

—
Do
—

[

security in virtual power plants[J]. Energy Reports, 2022, 8:
1309-1320.

ZEIR B, P TE O] R AU T ) 58 B 1 R AR P 4
RERI[T]. H AR, 2024,48(9) : 3713-3723.

LI Da, YANG Ke, GUO Qinglei. A privacy-preserving
settlement model for power transactions in virtual power plants
[J]. Power System Technology, 2024, 48(9): 3713-3723.
ZHOU L J, ZHENG B. Research on hierarchical and zonal

—
oo
Do

[}

[23

[}

dynamic reconfigurable resource aggregation technology for
virtual power plants [C]// 2025 4th International Conference
on Green Energy and Power Systems (ICGEPS), April 11-
13, 2025, Hangzhou, China: 759-763.

(241 BEFP, XUHE A, 25 i 00 )RR o0 401 2R R S
Je A ALl [ 8 R 77,2025, 53(2) :49-57.
SAI Xiangyu, LIU Yan, ZHI Nan, et al. Distributed
optimization control of frequency and voltage during initial black

start in virtual power plant mode [J]. Smart Power, 2025, 53

JRARZE A5 SRR AL AT R ) RO A R A A

(2): 49-57.
[25] FESEIE, SER U, T AR, A . k1 A 20 o000 42 ] f) 75C v IR0 B
LA T — R AR A SR [J/OL ). i s R 48 A a4k, 2025 1-
26 (2025-03-07) [2025-04-05]. https://kns. cnki. net/kems/
detail/32.1180.TP.20250306.1616.002.html.
ZHUANG Zilin, DOU Xiaobo, DING Quan, et al. Primary
frequency control strategy of virtual power plant in distribution
network based on robust model predictive control [J/OL].
Automation of Electric Power Systems, 2025: 1-26 (2025-03-
07) [2025-04-05]. https://kns. cnki. net/kems/detail/32.1180.
TP.20250306.1616.002.html.
SRR TR, R T B ER T 2 5%
JesE A A BhR RS AF ST LT W ) RGO S, 2024, 52
(7):125-137.
PENG Chaoyi, XU Suyue, GU Huijie, et al. Bidding strategy

for a virtual power plant participating in a multiple competitive

—
(S
(=2}

[}

market based on the Stackelberg game [J]. Power System

Protection and Control, 2024, 52(7): 125-137.

SHUIJJ, PENG D G, ZENG H, et al. Optimal scheduling of

multiple entities in virtual power plant based on the master-slave

game[J]. Applied Energy, 2024, 376. 124286.

[28] SEVEN S, YAO G, SORAN A, et al. Peer-to-peer energy
trading in virtual power plant based on blockchain smart
contracts[J]. IEEE Access, 2020, 8: 175713-175726.

[29] LYUX Y, XUZY, WANG N, et al. A two-layer interactive
mechanism for peer-to-peer energy trading among virtual power
plants[J]. Energies, 2019, 12(19): 3628.

[30] il , 18 oo, BB/, 2% B B s ) RETHRSE N A e
i Wl 9 06 T 3 L B G R M A SR [T )L R B BB 2 41, 2023,
44(3):376-385.

GAO Hongchao, WANG Xuanyuan, QIU Xiaoyan, et al.

Ramping energy market mechanism and its business model of

[27

[}

virtual power plants oriented to new power system [J]. Acta
Energiae Solaris Sinica, 2023, 44(3): 376-385.
[31] W, ik FAd, 4658, 45 I ) W 2% &2 2 F ST 2554 K e 2
[T, PR AL A2, 2025, 45(8) : 2876-2899.
HU Jinwei, ZHANG Yujian, CAI Ying, et al. Review and
prospect on cyber security of virtual power plant [J].
Proceedings of the CSEE, 2025, 45(8) : 2876-2899.
KORUKONDA M P, SHAHIDEHPOUR M, XIE L. Cyber

resilience in virtual power plants: a multiscale multilayer

[32

[}

approach toward secure energy management [J]. IEEE
Electrification Magazine, 2025, 13(1): 54-65.

[33] PARK T, SONG K, JEONG J, et al. Convolutional
autoencoder-based anomaly detection for photovoltaic power
forecasting of virtual power plants [J]. Energies, 2023, 16
(14): 5293.

[34] KRB, BT S, Wl 45 bl )R 5 T LD ek U AR Y

2 30 B R oA 2 R B A I Bk [T ] 5 B S AR,
2024,22(1) :47-54.
WU Tianqgi, GE Guangkai, HAN Xiao, et al. A cloud-edge
collaboration distributed anomaly data detection algorithm based
on gene expression programming in virtual power plant [J].
Electric Power Information and Communication Technology,
2024, 22(1): 47-54.

http : //www.aeps-info.com 13



2025, 49(20)

[35] ZHANG Y C, DONG Z Y, KONG W C, et al. A composite
anomaly detection system for data-driven power plant condition
monitoring [J]. IEEE Transactions on Industrial Informatics,
2019, 16(7): 4390-4402.

[36] GKOKTSIS G, LAUER H, JAEGER L. Risk assessments in
virtual power plants with NESCOR criteria, practical
application, advantages and disadvantages [C]// Proceedings
of the 18th International Conference on Availability,
Reliability and Security, August 31-September 1, 2023,
Benevento, Italy: 1-11.

[37] ZHANG G, JIANG C W, WANG X. Comprehensive review
on structure and operation of virtual power plant in electrical
system [J]. TET Generation, Transmission & Distribution,
2019, 13(2): 145-156.

[38] SHAO P, LIU Y, HUANG L, et al

implementation of an electricity market trading platform

Design and

architecture for high concurrency access by market entities[ C]//
IEEE 6th Advanced Information Management, Communicates,
Electronic and Automation Control Conference, May 24-26,
2024, Chongqing, China: 746-751.

[39] SUN LY, CHEN Y, DU QJ, et al. Virtual power plant for
monitoring of distributed energy resources using extensible
messaging and presence protocol [J]. Sustainable Energy,
Grids and Networks, 2024, 38: 101365.

[40] DENG W, PEI W, QI Z. Design and implementation of
universal interface for DER communication and control based on
IEC 61850-7-420[J]. Power System Protection and Control,
2013, 41(22): 141-148.

[41] ZHAO H, ZHAO H. Research on current protection of

distribution network with DG [J]. Electrical Measurement &.

Instrumentation, 2016, 53(8): 13-18.

TESETT 8 IR A5 AL IE A T 4 2R A B OC B AR TF

FEREI]. B RS H Mk, 2022,46(18) : 15-25.

WANG Wangiao, SU Jian, PAN Juan, et al. Prospect of

research on communication network architecture and key

[42

[}

technologies for virtual power plant[J]. Automation of Electric
Power Systems, 2022, 46(18): 15-25.

[43] XU Z N, LIU Z S, MENG H M, et al. Design and
implementation of virtual power plant system based on
equipment-level power and load forecasting[C]// Advances in
Natural Computation,
Discovery, July 22-24, 2023, Yantai, China: 1045-1055.

[44] VENKATACHARY S K, ALAGAPPAN A, ANDREWS L

J B. Cybersecurity challenges in energy sector (virtual power

Fuzzy Systems and Knowledge

plants) : can edge computing principles be applied to enhance
security?[ J]. Energy Inform, 2021, 4(1): 5.

[45] sz & ik, T X, %5 B I Z WO 06 E P10 2 i Ul
IR [T] AR R 7, 2023, 36(10) :47-56
ZHANG Yunfei, ZHOU Qiang, DING Ge, et al. Autonomous
optimal operation of rural virtual power plants considering
multisource correlation uncertainties [J]. Guangdong Electric
Power, 2023, 36(10): 47-56.

[46] 2303 , BRI, LI, A5 ARREH 5F 5 1 R w7 A4 2 480 H
IR (7). T R G S A B e, 2024, 36(6) - 43-53.
LI Wenhao, MAO Chengxiong, WANG Dan, et al. Virtual

14

c B RBERBEME -

power plant game strategy based on demand response under
rural background[J]. Proceedings of the CSU-EPSA, 2024, 36
(6): 43-53.

[47] XIE T, WANG Q, ZHANG G, et al. Low-carbon economic
dispatch of virtual power plant considering hydrogen energy
storage and tiered carbon trading in multiple scenarios [J].
Processes, 2024, 12(1): 90.

(48] FRAAR], 5 R 2%, s %2, 45 T 1) DX B8 — vl 3 T 375 014 8 Kk Tl

HEAULER )G R B g ik [T ] B U LA, 2023,17(4)
90-100.
CHENG Renli, ZHOU Baorong, SHI Jun, et al. Review of
key technologies for mega-city virtual power plants upon
regional unified power market [J]. Southern Power System
Technology, 2023, 17(4): 90-100.

(497 JRZRYN , oI St 2 SOt 45 22 XA BL PR T 4545 B 1R 1 9 3
FEARAAETRI[T]. b [ FUPL T R4 41, 2017, 37(23) : 6780-6790
ZHOU Yizhou, SUN Guoqgiang, HUANG Wenjin, et al.
Optimized  multi-regional  integrated energy  coordinated
scheduling of a virtual power plant [J]. Proceedings of the
CSEE, 2017, 37(23): 6780-6790.

[50] X035 3¢, KR BRIK T, 45 . 2 9013 o) s 48 T 3045 N 9 JE T 4l
BB 25 e A L], FL B A, 2021, 45(7) :2533-2541.

LIU Haowen, LIU Dong, CHEN Zhangyu, et al. Optimal
reactive power service clearing based on multilevel cooperative
VPP[J]. Power System Technology, 2021, 45(7): 2533-2541.

[51] ZHANG L, LIUD Y, CAI G W, et al. An optimal dispatch
model for virtual power plant that incorporates carbon trading
and green certificate trading [J]. International Journal of
Electrical Power &. Energy Systems, 2023, 144: 108558.

[52] s &R, k=2, TR A, 45 3 T Wl fif e o Ak~ ~) B0 8 B e 1

M LR [T]. 2R G REAE IR, 2025,47(1) 1 1-9.
YUAN Xiaoke, SHEN Shilan, ZHANG Maosong, et al.
Optimal scheduling of intelligent virtual power plants based on
explainable reinforcement learning [J]. Integrated Intelligent
Energy, 2025, 47(1): 1-9.

[563] ZHANG Y F, CHEN Z Q, MA K X, et al. A decentralized

IoT architecture of distributed energy resources in virtual power

plant[J]. TEEE Internet of Things Journal, 2023, 10(10) :

9193-9205.

YANG D C, HES W, WANG M, et al. Bidding strategy for

virtual power plant considering the large-scale integrations of

—
wl
S

i

electric  vehicles [J].
Applications, 2020, 56(5): 5890-5900.

[55] QIN Y D, RAO Y R, XU Z C, et al. Toward flexibility of
user side in China: virtual power plant (VPP) and vehicle-to-
grid (V2G) interaction [J].
100291.

[56] GUOM X, GUO X X, YANG J L, et al. Operation strategy

of central air conditioning virtual power plant based on risk

IEEE Transactions on Industry

eTransportation, 2023, 18:

measurement method [J].
2021, 9: 773149.

Frontiers in Energy Research,

B R(1974—), B , HRBASGARIEN, EEH R T @
WA RAEAR BN RA ML IS, E-mail: zhoubr@csg.

cn



JRARZE A5 SRR AL AT R ) RO A R A A

HEAN990—), B, L MEHRTN, TS 6 chengrenli@sz.csg.cn
EAE T M A XA AT RS T iE g, BEIR(1969—), B @5 4E4 W+, 248 LA F)F,
E-mail: hcgaoth@tsinghua.edu.cn EERTHTE 0N FAAR AREE ARK R AT
AEIH(1972—), 4 , BB A SR IRIF, BB R H 4 - 71 %%, E-mail:cqkang@tsinghua.edu.cn
b AR EARENNEBEHAEEF XE L. E-mal: (wE KRKK)

Technical System Construction for Virtual Power Plants from First Principles Perspective
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Abstract: Enhancing demand-side coordination capability is one of the key initiatives to accelerate the construction of new power
system. This facilitates the development of demand-side flexibility, improves the retail-side market framework, and diversifies grid
regulation methods. Among various typical models emerging in demand-side management, the virtual power plant (VPP) functions
as a novel “power source” combining flexible regulation attributes with market trading capabilities. Through multi-dimensional
interactions with the power system, VPPs provide multi-temporal balancing regulation capabilities, thereby obtaining market
value. However, existing VPP technologies still lack a dedicated systematic framework and analytical theory. The operation
characteristics, interaction mechanisms, and dynamic aggregation problems of massive distributed resources have yet been fully
addressed, which leads to significant obstacles to large-scale application and routine operation of VPPs for sustainable
development. To this end, this paper first conducts an in-depth analysis of the technical essence of VPPs from first principles
perspective, organizes the technical requirements imposed by differentiated market trading varieties for various types of VPPs, and
proposes the objectives for constructing the VPP technical system. Then, a key technology system for multi-type VPPs across four
dimensions is established: fundamental commonality, engineering application, key equipment, and characteristic research. Finally,
this paper summarizes project implementation, operational status, and market effectiveness of VPPs in China. Forward-looking
recommendations to address limitations in existing technical system are proposed, thereby providing theoretical support for routine
operation and standardized application of VPPs.
This work is supported by National Key R&.D Program of China (No. 2021YFB2401200).
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