233

U ER TR

2024 -9 H Electric Power Engineering Technology F£43E £S5

DOI:10.12158/7.2096-3203.2024.05.024

AlE TR I HLH S SAC Ik py R AU ) 22 RE L AR Bk 4 JEE

MR, AL, HER’, 2L
(1. EMTTIA A PR A ZR MR 732 /] V958 Z8 M 22530052, KRR TR AR
{95 RIA 21009653 EifgHL I RA2 55 54 B2 e, _E IR 200090)

# . &4k ) (virtual power plant, VPP)4E 4 % 46 i B 6 42 AL R M 4%, L p% A P B An ik 52 BLAUAR B AR WY &
2/ &, 12 VPP W3 TR MR EE @G 2 R BeRERE AR HBELAB ENME S5 LD
BB PAC B AT 2 K X SF PR, A A aX s o) A, S 4% B — @k A-E & /) AL (attention mechanism, AM ) 5
F M VA (soft actor-critic,SAC) ik 69 VPP % 8 KA A B 75 ko B 2L, 4848 VPP 6§ LB A1, @ & 3
BABGE KT N et IRAC G B BB R B X G U], 8, ARG A ek i3 4 B AR M E 42 VPP %
BRRARABAEA, KRG, F BRI AR LA F YA RS R T A A B AT A, A) R Ak e AM 6 Bt SAC IR
SR ] ok B R A AR A RAT R, e, S RAIAELERETG AN AT LR BIET X F
T k0 TTAT R AR TR SAC Ik 369 s FOR A,

KR maind - (VPP) ;5 % ki ; B 2% 5 ) ALkl IR R AL 5] 5 i & A AUH (AM) 5 ik sh4E 3R (SAC) ik
hE4SE S . TM732 MRS A ME RS :2096-3203 (2024 ) 05-0233-14

RS MR BRI BERRY s SCHR 12 ) FE 00 A5 A RE

0 = : .
518 A REIRR SR SR [ P
S 7 B b BUOURE AR 9 36 SRR AL S & BT R4 Cintegrated o

w3 BRI (virtual power plant, VPP) /E k£
REUR HIK 255 BE IR M 45 , X5 0 BICLE 22 Fh BE UL 0 2%
FREIRIAT A SR . BT VPP Py
DL ) A0 A AT itk 9 B T 11 £ 8 Tk 5C 2y A5 28 2 80
FOULPESR | 22 BE T Y R TR R B TR I AL A 4
S s A S EO AL B AR TE 2K A IR 3 55 1)
RO i i AR 4 R R I AR B H A
(B LR B A i N 20 28 S B0 s 1, T A Y
SRR RE T 57 7% P e A ASE B 5K fire 1 X A, PR b i 20
WEFE— R ] = 4E AR AL S B 1 & A 2 B i VPP
TESARBI IR FE T3 1%, S 4 T 28 T 8 4 1) (] B A A1
e HECR

SURESEA L = BV PR Ak R IR B
IR RG] T2 AR P B O TE . AT E R8T
RV B AE R ) ST &5 5 L il AR, w] AT
AR i AR SR, o DR RS XL L T 40, [] it A2 S
oK, B ERA RIS g0 SCHRL 10 ] #E ST i B X
Hi-FRE R G B IR, e T4 Fh U R R
X 25 B T RN 2R B PRS2 e 5 SCHR L 11 ] 35 T Ha fige
AHAKARELTTTI AT RGBS 7 XIH N,
HEAL LAY H AT A SR A A H AR 4 R 4D X 0

WS B H1:2024-03-03 ;455 B H1 :2024-05-11
KR E LR T EAE AR TR R AT HRN akb
89 R AL LI B 4TS ) B AAE T (BE2020688)

nergy system with hydrogen energy, H,-1ES ) flk ik i5 17
T SCRL 13 ] 2 I K- KB ZRER G 2 RE
PR TR bR OB B TR0 = U - R AL
B R bR AR, FIRSCER 20 E TR R
R ARG A D3 [) 328 77 HE RPN XURE Y 28 &2 v 972 iy e
B 22N RZE R TS 5 A RERY Tz A
1R BEm S Sy ML 114 25 80 ] P ) A

J3—J7 0, 16 VPP SEBREEH , BEIR A B B S
Tfar e KA A B B sh ARt SR 14 ] R H]
948 X[ P R 2 v 0 TR [ B e G 12 A BERASE A vp
VPP RGNS SR 15 ]33 VPP A 22 %:-
AT (ER B ) O£ B I R Rk KRB HEAT
Gy BOR g SCHRL 16 148 H 3 FAEL A A XAk 3
PEiB A7 7, b g — A o i B 1 i2 58 5 3 5 1
[i] 5 SCHRL 17 14 HE SR i S el B , A
P 07y BRI R 2 1) O 22 i i =1, S U B AR 5 |
G A RBIE SN PSSR, AL etk Oy ik
Xof VPP ] JBE 5] A T SR A A7 AE S I P[] 3L, TGk X
VPP 58 i TELR BT

ARk, AR BE AL 7 2 AR I N TR RE A
TETESRMRAE L B2 [ R ep W 0z o SCHR[ 18 ] )
JHAZ ;)7 [h) e 7 15 (alternating direction method of
multipliers, ADMM ) ¥ J52 [1) 7251 1) H A oR 55055 b 70
il Ry A AT SKAR - [R)E, 9R 05 54T K 4% - 1)



2 HEHEAR 234

T, S5 ) MR B AR 2 D0 R 1) AL ) e 4 30 it [ 80 1Y) 4
JRfidt s SCHRL 19 ] 32 H 25 18 o 4E AN S P 1) A 1B
VPP 5 [ B B AL A% 00 A 1 BE SR, & 1 s 47)
ELYR A R R R AT A U R TR R AT SR i
XK BAEPACAT: 55 v BB A A8005 1 S PR A A
B2 TSR A8 5 ) S 4E 1, SRR A SRAEAEA
2t

SCP BT A TS, 4R — Al S T S AL
(attention mechanism, AM ) 5 ZZ ¥4 3 /E ¥F #) ( soft
actor-critic, SAC) B 1) VPP Z2 REGARAR I B2 75
26, EEXE VPP 52 bR HE ik &, 7 —Fh 2 g
BOACS B L AR B B B i 52 5 BL TR, 5843 14 3l
VPP i E RS 5 5 T B E . K5,
FET WA AR BN & A Z RB I M 451 , LA TF A% 4
AR Ry H AR ek RO S A A R BE R, 5 A
AM-SAC R EE 3 Ak 57 ) SR AR 2 S5 Bl 1 2 [0 [ et
HATR MR . 25 I BNIZARE R B m 4R v 5 A
SR BT RAE , AL 58 SAC B3k v 14 510 ) 4%
AR5 iy 220 s RS AR v 18 S B A5 L DAL TG 5 B0 R B ik
WNZRad R P A 2RI R AR, PRLERE AM AL SAC 35
T SRME R 255 vh, R T AM 4l bR 285 5 ) o i) o 2
55, T B SR 0 28 A s de A ) s A 70000, AH 4T
15t SAC T R A% 25 Y BT E B 19 D Ak I B2 25 R .
&5, AT AT OE X L 2 A Ak B v e, B
FEAERIUE A IE B R p AT A5 S R
1 FERIZSTHNSEER VPP KL EE
R
SCHEEST I B IR AC b T Y Z Be i VPP

TR BEZRF AN 1 7R o IR 25 e AR 5L 5
HLEN Y VPP #RL5 HF AM-SAC SR iRk~ > 5
LSS R B B s, RS2 M8 50,
SRS ) 5, AN 55,00 A AN ZPRES

% RO AL S PRI VPP SRS h fhza i) |
ZREM MR G M, PEEE MIZR 5% 8 T KRR
Yy LM T, SR IR 18] 22 e R R AL AE, AN
SCRFRERLR I , BT 755 22 BE AL I 1A 0 1) Bl I
BT Gy o & 34 v (B LT,
BT AT p AR I AL S R U e SR R B 98
A P DA ¥4 2 R R I A v AL [ 1 %, v 97 A
HOGIR XU Rt R R I LA LA A
SR, SO p A U 22 0 SR F Tt R
MR, ZREMMAE T LR B =LA A=
e K Ve AR R e ML B A MR SR
KHLHILZE A A A0 L e R R % VPP R GERY
B RRIBAE T2, KO ML 285 WA A S B R
i BURA AR L), AR B B CO, LA AT LA 1] B i
WAy o LR B T L S T A A 1) B DR
BT TN Z RADLIR X

HT R 9 A 2 ) B0 10 SN R SR R p
VPP RGEHTHL & A DA R XU DB IR Y
TN Dy | 2 T A 41 B A [ DB 1T e 2% B T D R
Wtk 7= SRS IR B AR T AM-SAC IR
BEr S IRIZHESR . N TR A A RS A B 22
D FAR-SFRRHEC F AR, 51 A R0 BB R 2
ABUZ A W48 EAIBC G , N2 T At AR
J7 LR BT R R, He T2 ks | A e
PRI , 2t Z2 R VPP 3 B2 S SRS

T AM-SACIE 5 584k 5 =]

5 [ DUHE TR AS B WL O VPP A Y [ SN e o AR ] EE SR

————— NymmmmEEmm=====———o-——( ---os T N it

| A b zgwy | ! i

Criticti kR %L  |s :

41 O Iw) B

O T

s ! i

T N A @ | ’
| P AR N | v : :
! ‘1 | = Pﬁiﬁ e “l |l ewE L
i I ol i ;K*“"{/.\':‘/w\ﬁf" s r i |
TR B | e e b @ ! 5
LS VoBE e = A w0 el
iﬂﬂ } :imiJ\F O BT T

! i } L e Actorfii % |} !

| ;;fzz;umm%m&wﬁ ]~ O | |
7T It Gl v S [ vl

— PR R —ss | T

AL B

1 FEBRI SRS EER VPP L RERY
Fig.1 Optimal scheduling architecture of multi-energy flow VPP considering carbon market
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Fig.2 Workflow of the parameter optimizer
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Table 1 Equipment parameters
174 L 6 ’154(102,[/ 3.6
[MJ-(kW-h) '] [t-(MW-h)™"]
i 0.71 s 0.68
MNp2c 0.65 PBESS 0.025
NpTC 0.95 NBTD 0.95
T CHPE 0.33 TcHPH 0.42
Nr2n 0.85 Nurc 0.45
Pece min’ MW 120 APy /MW 80
Pee man MW 430 AP/ MW 70
Pep min/ MW 0 Heyp in/ MW 0
Pep max’ MW 150 Hepp o/ MW 160
Spess, min” MW 10 Pt min/ MW 0
Spess, ma” MW 130 Py e/ MW 160
o
-_— V
VPP Eqn|
i X A - -
RE < R )
— PR
B % H B B
$|7n ﬁlm ﬂil G $|7n
IRl GIEE ﬁ*ﬁi\: A
Hi g ki) IR fi# R

5 E&HizHZEH TR VPP
Fig.5 VPP under centralized control structure
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Table 2 Time-of-use electricity price
and time-of-use gas price

B Aﬁumm/fl ﬁﬁﬂ”:mﬁf/

[JE- (kW - h)™"] (7E'm™)
01;00—07:00 0.36 1.8
07:00—10:00 0.67 3.2
10:00—1300 0.84 3.2
13:00—1400 0.66 3.2
14;00—1800 0.66 2.7
18:00—2000 0.86 2.7
20:00—22:00 0.86 3.2
22:00—23:00 0.66 3.2
23:00—24:00 0.36 3.2
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Fig.6 Iterative process of Bayesian
hyperparameter optimization
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Fig.7 Comparison of reward training
process of different algorithms
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Fig.8 Electricity dispatching balance
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Fig.13 Comparison of economic viability and low
carbon performance in different scenarios
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Table 3 Comparison of AM-SAC algorithm
with other algorithms

BATINA BRAFCREAGS] YIZRmbEl, e

ik X BA/EG min B
GA 129.5 1.37 63.4
Double-DQN 139.2 1.53 133.5 21.9
SAC 123.2 1.24 145.7 23.7
AM-SAC 119.8 1.27 159.3 10.6
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Optimizing multi-energy fow scheduling of hydrogen-inclusive virtual power

plants based on deep reinforcement learning under dual-carbon targets
YU Xiaorong' , XU Qingshan®, DU Puliang’, WANG Dong’
(1. State Grid Taizhou Power Supply Company of Jiangsu Electric Power Co.,Ltd., Taizhou 225300, China;
2. School of Electrical Engineering,Southeast University , Nanjing 210096, China;

3. School of Economics and Management , Shanghai University of Electric Power,Shanghai 200090, China )
Abstract ; Virtual power plants, as a comprehensive energy network with multi-energy flow interconnection, have become an
important player in China’s accelerated pursuit of its dual carbon goals. However, it is difficult to coordinate internal resources
with low-carbon emission when facing challenges such as tight coupling of multi-energy flows, subjectivity of traditional carbon
trading model parameters and difficulty of online optimization with high-dimensional dynamic parameters. To address these
issues, this paper proposes a virtual power plant multi-energy low-carbon dispatching method that integrates the attention
mechanism (AM) and soft actor-critic ( SAC) algorithm. Firstly, based on the random carbon flow characteristics of virtual
power plants, an improved stepped carbon trading mechanism based on Bayesian optimization is established for dynamic
parameters. Next,an economic benefit and carbon emission-based objective function is constructed for the decoupling model of
multi-energy flows in virtual power plants. Considering the high-dimensional nonlinearity and real-time updating of weight
parameters in this model , the improved SAC deep reinforcement learning algorithm with integrated attention mechanism is used
to solve it in a continuous action space. Finally, simulation analysis and comparative experiments are conducted to verify the
feasibility of the proposed method and its efficiency compared with SAC algorithm.

Keywords : virtual power plant ( VPP ) ; multi-energy flow; improved carbon trading mechanism; deep reinforcement learning;

attention mechanism ( AM) ;soft actor-critic (SAC) algorithm
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