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ABSTRACT: The high-proportion integration of renewable
energy into power systems poses multiple challenges for
modern power grids. Establishing virtual power plants (VPPs)
for resource integration and optimal dispatch shows great
potential to enhance the efficient and robust operation of new-
type power systems while achieving low-carbon emissions
and cost-effective development goals. Currently, developing
appropriate optimal dispatch models for VPPs has become a
research hotspot in this field, with related studies still in their
early stages. This paper first provides an overview of VPPs,
detailing their fundamental structure and key elements for
optimal dispatch modeling. Subsequently, it systematically
reviews mainstream methods and critical technologies in
low-carbon economic dispatch models for VPPs from both

internal and external optimization dispatch perspectives,

while identifying existing challenges. A comparative analysis
of different modeling approaches and their characteristics is
conducted. Finally, the paper concludes with future research
recommendations and prospects, aiming to help subsequent
research'ers quickly grasp current modeling advancements and

identify future research directions in this field.

KEY WORDS: Virtual Power Plant (VPP); Low-Carbon

Economic Dispatch; Model Review
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Fig.1 Classification of optimization scheduling models for
low-carbon economy in virtual power plants
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WGRRCRIETE, BXF BB A B ;  (4) LSTNet il
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ABSTRACT:[Introduction] The purpose of this paper is to
solve the accuracy problem of medium and long-term load
forecasting of virtual power plants under the background
of renewable energy green certificate trading. In view of
the challenges such as data loss and long running time of
the algorithm, this paper focuses on exploring the influence
mechanism of green certificate trading on load changes, and
optimizes the prediction model to improve the accuracy.
[Method]Firstly, earson correlation analysis is used to verify
the moderate correlation (correlation coefficient of 0.410)
between load and non-synchronous generation instantaneous
penetration (SNSP), which proves that green certificate tra- ding
has an impact on load. Then, the density clustering alg- orithm
(DBSCAN) is used to extract the seasonal character- stics of
the load (divided into spring and summer / autumn and winter),
and the scale of the training data is reduced. On this basis, a
DBSCAN-LSTNet hybrid prediction model is proposed:one-
dimensional CNN is used to extract shortterm time series
features, combined with GRU and Skip-GRU to capture long-
period dependencies, and the auto-regressive module (AR) is
used to solve the scale sensitivity problem caused by nonlinear
features. Taking SMAPE as the evalua- tion index, the load data
of Northern Ireland from 2018 to 2020 are used for training and
checking, and SNSP is intro- duced to characterize the green
certificate trading intensity. [Results] Experiments show that:(1)
The error of DBSCAN- LSTNet model considering the green
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certificate trading factor (SNSP) is reduced to 2.56% (6.03%
when not consi- dered), which is significantly better than
traditional LSTM (3.91%) and SVM (23.45%). (2) The green
card factor can reduce the prediction error by an average of 4%
; (3) DBSC- AN effectively reduces the data size, improves
the efficien- cy of model training, and is robust to outliers. (4)
LSTNet combines linear and nonlinear prediction, which has
higher accuracy and robustness than single LSTM. [Conclusion]
The virtual power plant load forecasting needs to include
market factors such as green certificate trading. The propos- ed
DBSCAN-LSTNet model realizes highprecision medium and
long-term load forecasting (SMAPE<2.56%) through feature
dimension reduction and hybrid neural network stru- cture,
which provides a reliable basis for power market deci- sion-

making.

KEY WORDS: virtual power plant;mid-long term load
forecasting;tradable green certificates;neural network;
DBSCAN-LSTNet hybrid prediction model
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ABSTRACT: [Purpose]To address the suspension of sensit-
ive equipment in continuous-operation enterprises,such as
those in the new energy wind power industry,caused by vol-
tage sags, thereby preventing large-scale production outages.
The core challenge lies in the fact that traditional fault- clea-
ring times significantly exceed the tolerance limits of such

equipment. [Method]The first-wave breaking technology is

proposed, comprising an eddy-current-driven fast switch, high-
speed DSP identification technology, and a current- limiting
impedance. During short circuits, the fast switch di- verts fault
current to the impedance, isolating the fault with- in 15 ms. A
practical application scheme is designed and va- lidated using
a 110 kV power distribution system, achieving rapid fault
clearing while maintaining bus voltage stability. [Results]Initial
application in a wind power project demon- strated:(1) Fault-
clearing time shortened to <15 ms, with bus voltage maintained
at 90% of the rated value;(2) Short- circuit duration reduced
from 0.15 s to 15 ms, thermal effect lowered , and cable cross-
section requirements minimized; (3) Shortcircuit current
amplitude limited, protecting critical equipment (e.g., main
transformers);(4) Continuous operati- on of sensitive loads on
non-faulted branches ensured, elim- inating cascading outages
due to voltage sags. [Conclusion] The first-wave breaking
technology fundamen tally resolves voltage sag issues through
ultra fast fault isolation and vol- tage stabilization. Its high
efficiency, reliability, and coste- ffectiveness mitigate significant
economic losses for conti- nuous-operation enterprises (e.g.,
wind power, petrochemi- cals), underscoring its substantial

engineering value for wid- espread adoption.

KEY WORDS:substation; voltage sag; sensitive load; first-

wave breaking technology; rapid identification
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Policy Mechanism and Practice of Low-Carbon Energy Transformation of Virtual Power Plant
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R TEARRAEIRRAREL BA T =T, BRI (VPP)
PER R A A R BTIH M QU EoAR, O 4R T K
RGPS e Rt AT PR BRI AN 0 B B, A SCRGE T
T VPP BB ATHESS | BRI R S — BB RILA], IRATR
T VPP TEHE S REIR R SR B AL R B P RO B AR .
e, MK IR Az AT HE 2R P 4R B2 X VPP #E 4T BHLIE fif
Br, IRl RG] e BT s, BEHEOR
FAIEMIIRERE NI, ok, BETEORCR Tk, M T
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ABSTRACT: In the context of global energy transition towards
low carbon, virtual power plants (VPP), as an innovative
technology for aggregating distributed energy resources,
have become a key approach to enhancing grid flexibility
and promoting the consumption of renewable energy. This
paper systematically examines the operational framework,
policy system, and electricity-carbon synergy mechanism of
VPP, delving into their significant role in driving the low-
carbon transformation of the energy system. First, it provides
a theoretical analysis of VPP from both conceptual and
operational perspectives, and through comparative studies
with traditional power plants and microgrids, clarifies its
technical characteristics and functional positioning. Second,

using policy text analysis methods, it outlines the policy

FEEIH LR ASARLEIE SO H (1242008) .
Project Supported by Beijing Natural Science Foundation (L242008).

support system for VPP development in China, focusing on
the evolution of national policies and their impact on the
marketization of VPP. In terms of operational mechanisms,
it explores the collaborative model of VPP in the electricity-
carbon joint market, examining how the coupling of carbon
trading mechanisms with the electricity-carbon market affects
the low-carbon benefits of VPP. Finally, through case studies, it
summarizes the technological innovation paths and commercial
operation models of VPP in China as they transition from an
invitation-based to a transaction-based model. This research
provides theoretical support and practical references for the
large-scale development of VPP, and is crucial for achieving the

‘dual carbon’ goals and building a new type of power system.

KEY WORDS: Virtual power plant, Distributed energy

resources, Policy, Development trend
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Fig.3 VPP participates in the operation mode of the
combined electricity and carbon market
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(2021 to present)

1i% S5 S B ALY

i LRI 3l

o " MR bR

N iiE] - HA W B
it i

i B A

SVAR (== 1A v

%Egﬂg% i AL B RN AR

. BRI

- AT " B3I RS
K - i Bl

4 VPP iR TFEZH1

VPP i SRR B 1 A2 19 3 By BURFAE,
ARG AR, S H R A IR LR B
TEB 2B B, VPP Ris T 2R T B 4 At
OGRS . B L S T A g, VPP g
L R Bt . 525 T By, VPPl
ST SR 55 2 T 58 5 S B IR AL e T
RBUK RS . XAREF VPP R A B iTidy, 8
WP SRR . 2%, VPPIER
JER| 6B Be, TR As A) A EJHEER) R Ll
NEGE” , SEIEZ IR E AL, R ehE
TRHIRCR, BRI .

TR E VPP A R IE AL T A e B ) S5 it
W, SZERTAEREROR . AU IR & AR T

g L] Hy A T H 4k

T ORIt T R ZRR
2021.01 N H] Hl & 45 vep

LY AR LA ] BRAIE “VPP”
2021.03 WL ARG L] WL K SRR “VPP”
2021.05 (i3 [ ) 7 L L& “vep”

wte PUERPIRI e e i
2021.06 .

wir PP i vee
2021.09 JR J AR JINTT vep
2021.11 A 2‘%},’%&?& THI Wt —14k VPP -4

AR
PR EREARA
2022.06 g
Lo EREISA
L Al A

RN

[ AR R B IR A S A PR
/N VPP P&

[ AT 27 BB TR A WY
VPP &

2022.08 JR G VPP AR L

ey AEREWTITHETR PN
2022.11 W %Ziﬁ[ﬁﬁz\ﬂ WiTA VPP
ik @i%g}%ﬂ JE 1T VPP -
2023.06 PO
s et s
E'/Aﬁj * VPP & BT 5
SO SRR
2024.03 syl (i) AHRR LA E A R VPP
A7
2024.06 1175 'ﬂ'%]gég%ﬁ PERER AUz
2024.07 T R % VPP REE &

AR, FEE VPP/RIEm H #ik R BE &
JRASH, T MR AR IR B Beige 25 1 ) LAk
RO BB, WM K F , VPP /RTEI
HEeHEWEEAR . . B, FOmE2XE; A
4R SR, T H A B B A 2 e
B, BARATHTAN R ML 3% A BRI

2021 AE VL5 e ot B A4S VPP & EL R VR U o
FEHIRGE, LTI XRIER A SRS %1k
iz WAL R DO S E B R TR R A



034 TR RIS B R ) R4

Carbon Neutralization and New Power Systems

B3 B
2025 4F 6 H

4 700 000 kW, J8HE300 J7 t IR EE . 20224F)
AR WA H T Ak sc 5 6, i
T H A 33 800 kW AT ETEYR, Friids VPP LB
I FH B 28 .

20234 LI, FRE VPP R HE A TR A R
BrBr. WZs. DUNIL, LG A5 i 4 4 o B 8L VPP
RYETH, EREIL VY AR EAT B R
RERMEL A B A PRI B VPP, LA % R 1 75
TP T A VPP, X 30 H s VPP AE
BARERG . AT LSRR, L
o U I H AT R T B R,
HEF5 1 SR s e Mg A n I, $Em T2
TIRS 5 RGN . FRREAE A,
2024 4F HR AL AE T BEAE 1Y [ N B A~ 4k HL VPP
WH, G T IR R AR, S
P24 h A PIRSREL RN, SOV T AR IR T AN B TR
W, X —BUH LA R T VPP I B IR R A
TR, oA T PR AR YR & AR AL TR L, RIS
W bR VPP LR E I T A8 U5 48 77 183 HOB i
—H.

XS ER SR, FRE VPP & T N Al
(AL AR GG ER 1) B DA BT, I ST AT
TR B IR R . AR BTl
A= RR TR FH R RN RE AR HE O T R e 2, ATk
FBAL & AR T EEL

B+ AR AR AL R L 2 40 5838
VPP 7 SE BB 25 0] [ 2R . 2 i e VRR] F 2
R RRAIRHERC S R RAER . UK E R
BRRG OB S RERENEZRRE . Y
I, VPP B & AT T I 325 DX 3k 5 05080 88 3 Ak 35
TS DRI TERE . B 45 o3 B =CRE L Ak 25k
. N B RO AR, AT
fhiz B R, MEA AR 25 =N, [
s E PR A e, demHESE VPP AR R R 2
Wo FEBUR SRR ARQIHT O EIK S, VPP ab
W R SEB R " H AR R SR P, U
K E RISk R AR LT S BRI AR,
SERBEVR AT RESE & e Tk b B SR E

5 &t
VPP E o BEIR AR GRS e A T RE TR A 1Y

OCHREARIA, TEAETR 28 P i s JE SRS AL 1
MBEZRRENEBL, EEARBAE LT LA

() FEECR 21, Bl T e MR R A
e, ER ., MOk S T — R0 CRREOR, e
3l VPP MRS (Y BR IK Bl . IO 74 A i 1) T
Uitz g ;

QFEH AR, NT86e. XHEE, e
Az SRR AR B N AN Wi Ak 3 VPP ) B Ge 4k
H =y L.

QVENHZE, ZnERNENS S ML
B AR AT L K A T R8s 115 1ENL
FHJZT, VPP IEAE IR — PR 10 2545 e TR i
FHiE .

K A B HESh VPP I RLB AL & R,
P SR R

(W FEECARSRME T, W s VPP AR
0 E MO EbRHER G —, s e
W BUFHBES, nbuhZats . KPR 0 HL
AR E SN ;

Q) T HHLHAH 2 T E SRR VPP
WA, sEEm s S g, M T
HREE (AL £ 0 OSSR e 40 4 el 2 1T 22 oy A n
PR AL 4, I8 P B o B AL
B 5

)RR 7 I, G EL i nT A R
P bl XAE A e it s Ju FE e, =S 5 E VPP 1 B[R]
PR, T AT & i Rz B AR . T RS
PR AR . Ti A ST, SC8 VPP MG s
TNV BRI AR FH B i e

MR E, PE VPP ERESA. T
Y. GRS ITHAAERRGR, (DAEBORLA] . NG
K GRS A A TS, Aok, VPPAE
E— DRI RE RN 5, S e 4
R RE RGBT TINEE & .

ZH 3k

(1] FhEA. T 0" 750 AT B b
[J]. 7fE, 2025, 44(03): 19-21.
LEI K J. Energy—saving and emission reduction analysis of
electric power industry based on the background of “double
carhon” [J]. Energy Conservation, 2025, 44(03): 19-21.
[2] g, BRSO, ERUE ST . BT B bR R AT
PHAEREIRSRIE S TS ) AL B RS (1], 222 R
T, 2025, 47(5): 12-20.
YE Xing, QIU Chen, Al Lin, XIN Songxu, GUO Yanheng.

Connection mechanism between green certificates and carbon



Vol.3 No.2

Jun.2025

REAUFR )RR RE RS B BOR AL 55 52 035

4]

[5]

[10] B HE, 5Kk, 249, 45

trading mechanism under the “double carbon”
Integrated Intelligent Energy, 2025, 47(5): 12-20.
IR, BLE, SRS, S CUURT FEET R
T WFgEgEak (1] LHRFAR, 2023, 44(05): 602-615.
PENGD G, SHUIJY, LUZX, etal. Review of virtual

target[J].

power plant under the background of “dual carbon” [J].
Power Generation Technology, 2023, 44(05): 602-615.
BATH, IR SRR o BT T B AR M
CREAEL) T (0. AR, 2024, (16): 8-10.
ZHAO XM, PANH J. Cluster control base station backup
power resources to create a “virtual power plant” for
China Tower Groupl[J]. Industrial Innovation, 2024, (16):
8-10.

WEI X, XU Y L, SUN H B, et al. Day-ahead optimal
dispatch of a virtual power plant in the joint energy-reserve—
carbon market[J]. Applied Energy, 2024, 356122459-.
WANG P C, GEY, YUN, etal. Low—carbon optimal
dispatch of virtual power plant based on time—of—use ladder
carbon emission rights exchange mechanisml[J].
Science & Control Engineering, 2023, 11(1):
KRN, A, mTEL, S BRI -
SR 7 B4 HE LR ) IRBR 2R PR BE (1], AR iR
] (FUAARIERR ), 2024, 51(06); 30-41.

LIUCB, LIXL, SHI'Y K, etal. Low carbon economic

Systems

dispatching of virtual power plant considering changing heat
price—integrated demand response[J]. Journal of North
China Electric Power University(Natural Science Edition),
2024, 51(06); 30-41.

Zetd, 30, ESCH, S R AR E L BUR K
TR R [J/OL]. W RE A Bk, 1-13[2025-
05-26]. http://kns.cnki.net/kems/detail/32.1180.
TP.20250326.1417.002.html.

ZU0J, A1 Q, WANG W B, et al. Standardization status and
system architecture design virtual power plantJ/OL]. Automation of
Electric Power Systems, 1-13[2025-05-26]. http://kns.cnki.
net’kems/detail/32.1180.TP.20250326.1417.002.himl.

AP, BRI g R SR A S S )], PR
A HL, 2025, (04): 8-9.

YU Q. Difficulties and suggestions for the development of
virtual power plant business[J]. China Power Enterprise
Management, 2025, (04): 8-9.

R AR TP 10 2 1
PR BR R T (0] REER AR ( AR S
TARHEARR ) , 2024, 57(08): 836-846.

YANG T, ZHANG J, CAI ST, et al. Collaborative
scheduling method for multivirtual power plants

considering privacy data protection[J]. Journal of Tianjin

University(Science and Technology), 2024, 57(08): 836-
846.

BT, MRS, AR, SF. ORI mimbLElS
AR B 47 S0 700 (0], R RG A ik,
2025, 49(09): 17-30.

HUANG Y X, HUANG W L, NIUZ Y, et al. Market

[1

—_—

mechanisms and profit modes of virtual power plants and

analysis of their operation cases in europe[J]. Automation of
Electric Power Systems, 2025, 49(09): 17-30.

[12] X, M) OUAie e S R Dria TSR (D).
LT TR, 2024
LIU N. Research on optimal configuration and low carbon
economic operation strategy of virtual power plant[D].
Liaoning: Shenyang University of Technology, 2024.

[13] flirh 2%, AR%%E, EAET, 5. ROLASEORAE L
HLT AR TR BE R BIESE (], FLHLAE R, 2019, (18):
96-97.

FU Z X, ZOU R R, WANG J N, et al. Research on

optimal scheduling technology of commercial and technical
virtual power plants[J]. Mechanical and Electrical
Information, 2019, (18): 96-97.
[14] XSS, MOl B A R . PR AR S (],
KIRWIGE, 2025, 42(02): 37-43.
LIU H J. The effect, challenge and countermeasures
of virtual power plant construction[J]. Development
Research, 2025, 42(02): 37-43.
JARER. 355 5 R AR ) R e 25 8] [N,
[ HL 14, 2025-05-16(004).
ZHOU T R. Market trading virtual power plants will usher
in broad space[N]. China Electric Power News, 2025-05-
16(004).
[16] 5k#%. HEUH T S5 -G T A1 2 5 ML &
SEOTRIEHTST (D). RS KRR, 2023.
ZHANG J Z. Research on the trading mechanism and

[15

—_

bidding strategy of virtual power plants participating in
the combined electricity and carbon market[D]. Henan:
Zhengzhou University, 2023.
(7] T 8. FIEKAS S i i) i fiz 17 MU s 53 Bic
WHFE D). Jbat: Aedbr iRy, 2021.
LEI R Y. The optimal operation and revenue allocation
of virtual power plant considering carbon trading[D].
Beijing: North China Electric Power University, 2021.
(18] SWHEH:, B, 2k, 5. 5 IEORAS b Al K i b
F9 R AL FL AR Al 28 D IR (0], 4 A SURE R, 2025,
10(02): 69-80.
GUOKZ, ZHAOJ, LIHT, etal. Low carbon economic

dispatch of virtual power plants considering carbon trading



036 P LS BT ) R 50 B3 B
Carbon Neutralization and New Power Systems 2025 4 6 H

and demand response[J]. Distributed Energy, 2025,

10(02): 69-80. Wk HI: 2025445 H 31 H
[19] Biil , BN, ERak , D, S20R0E . SIE - B H HLET T UEATPIE

IR R TR R 1 XA RRVR R LA TR B [T]. 2%
BEERRE | 2025, 47(5): 21-30.
CHEN Hao, MA Gang, QIAN Da, MA Jian, PENG Leyao.

SR (1987 =), T, TR,
WFSETT IR HREIR A LB AR
Optimization of regional integrated energy systems under
green certificate and carbon trading mechanism considering
tiered demand response[]J]. Integrated Intelligent Energy,
2025, 47(5): 21-30.
[20] HEIMAE. 1M BRAS S B AL T DR AR BERE Y ()], =
Bk Sk, 2025, 41(02):177-181.
HONG Y H. A virtual power plant optimal dispatching

model considering carbon trading[J]. Yunnan Water
Power, 2025, 41(02):177-181.

[21] EfE, KR, &5, % BIEWZH I ZEUR

7 MR B R SR (D], R D SR A0 A B, 2025,
27(01):80-87.
WANG B W, ZHANG B H, LUY, etal. Multi-virtual
power plant master—slave game coordination strategy
considering carbon trading[J]. Power Demand Side
Management, 2025, 27(01):80-87.

[22] FFAET, R, Ea, . FEEKA SR ELE)

HOATHL i S sa e sems ()], i 0 TREEOR, 2024,
43(05):58-68.
SHU Z Y, ZHU K X, WANG C, et al. Virtual power
plants participating in day—ahead electricity market bidding
strategy considering carbon trading[J]. Electric Power
Engineering Technology, 2024, 43(05):58-68.

(23] Bhokif, R, THEAR, % RIEELE) LR
(R RO BB AR B S 20 BT (0], WL HL A7, 2025,
44(02): 13-31.

ZHONG Y J, TANG CJ, WANGZ D, etal. Analysis of
the evolution, key technologies, and challenges of virtual
power plants in China[J]. Zhejiang Electric Power, 2025,
44(02): 13-31.

[24] 5K ICHE , Z2 30, XIAENT , BREM , XIHTE , BALE .
ZRAE — L —BRAE G 11T 1 T E R SR me 1y 5 A 5T 2L 5 i
AERG VPP 001k 19 B2 SRS (7). £ 580 RRRE TR, 2025,
47(5): 31-40.

ZHANG Wenbo, QIN Wenping, LIU Jiaxin, CHEN Yumei,
LIU Boyang, ZHAO Anting. Robust optimization scheduling
strategy for virtual power plants considering demand
response and leasing shared energy storage under the green
certificate—electricity— carbon coupled market[J]. Integrated

Intelligent Energy, 2025, 47(5): 31-40.



