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Fig.1 Structure of integrated energy microgrid
12 BB-B-EREATEEERE

P 0 BE B U8 B2 B b, A2 P B OC
ARG R AL by FAAE Ty R SE 5y TE I M fE k18] 2
TR S s

TEHLAZ 5 J7 1T, I AN RE 5 32 M E AT fig 152
e, 068 5 HAW N T P2P 22 5 , S B AR TR AL S A
HAb. IR BME R A , G0 ] 52 5 A M T BOE
5 32 W8 F s 5 I FR A A% 22 [

FEARAZ 5y J7 T, T AR BE 322 ph A U i
AR A BRI R . Horp RN 27
BeHERL

TERKRAZ 5y J7 T, A WA FERRISAE , A< SCR By
b A LA o 0 A s e HE AT 1o = ) 0 e,
DK KRR T B 47t 2 5 mT LA R - i 2
3BT o AW DR DA 32 19X g R, o T R A — i R 1Y T
BB HERCRC A , 45 S BB HF 3 R R A, ) A 20
PR T 37 v W S B AR RO BC AT, LI SE A% Fiti 7 6 4
G R B Bk M TAEGRAS Y %
B30 S ST M AN A AL AT, BT 98 ) 5 | = 5 Y
AE R RIE T

Tl o - A - TR 5 9 LA e KAk A B 55
it g H AR MR E SO TR Y S AT AR D82 S
BT A . AT AR T ZASE R A A A
55 3 0 R A 5 o 1) v 5 B A T SE R AR AR
JSCAR A8 Xt HIF T 8050 0 S AR 5 a4 Wi s
AL 455 ) A AR AT R RE A WA LA SRS A
HEE 2 A i i s . TR AT R AR



541

RE V5  FET A ST IR T Q W25 Y253 RE VR TR0 HiL - A BRI 5 81 BE S g o5

RUDAZBU RS 2185 2 FELRE A HE AN U RE Y B AT 2 3R
AL ) i 9] A AR 14 A% O A 55 78 T X B I P 1 T
RO A S T S A8 B, DT 8 e S AR 2 T Al 4 o

R ST R A 1 D) i S A R AR R A LA H AR
PRERL L 253 3 BUAS (WL £ B 2 IR AR A  leE R ik 5K
A B s A (A7) —(A25) i 7s o 7 090 AE i8] 2
R, MBZE S 25 SR T MG R HE SR Z A e
P8 XA E RIVE 5 s A28 4k, 1075 22 1 X 171 4 75
SR Bl AT A e T A TR v DL S A e i £ R 7
JHRCHL SR o ok B A e M A4 G g £ A BN —
AR R, i S — > B AR TR 3R () 5, A I, kP
] AR AL AT LU S B 2K AT Ok H 5 i #E (Markov
decision process, MDP) , i IIVE Ry B A, i i fpak
N R GRS IR PRI 1Y SR i KA B AR A

H T 2z 8] ] LAEA T L R 58 o, 22 T A
B2 REAACABE AL | DRk Al I 381 2 ) L e Ry 22 38
AE A PR AR 2027 BT i | £ AT AR Ay il
ST RE A, B BE AR A Je R SR R A T B IR
O, RISl ) 2z ] 3 ek P 1 58 B P R 4 . Y RE
RZ B A EAE G T — s B R R, &8
FE 1A o Syt SR HEAT IR ORI E A B s AT R
[ 8 R e v/ P N 1 7 N [ B S M S e
T TN 23 Be A T SR B R 2 i 8 e AR 3t
[F] 38 K — A~ B — B A Ak B bR, R R R ARt 57
Pt A & BAn. X fob s Ak, &8 e IR TE
AHEAEHI A B8 [ B A R G T
T WPIRAS, BPgNH- 394 . 7R RIS A
FIE A 1Y) SR WS 38 ) — P, R RE AT A R
W T JC 2 38 3 B T R B R SR AR A T e Y
Wt

2 EAFAERMDPIEZESH

2.1 MDP{&#ZE

TE TR0 2 45 O T 25 o 5 B0 R g 2 57
AEVR, 5 BREEFRL A T, I 300 e R 506 M OF e ok 4
¥ B TV I Pl T B A e i B T B 22 )
SN FRBE S L B A BEPRAT B, LR — i
2R (U T 2 BRI S , —aet 8 T LA A 7%
2 MDP HIBEHLIGZE . 7E30 258 RE VR MDP
R 00 0 A 200 S 4 280 B 1A 22 I 1 52 T 5 4
b #2 . — A~ MDP 28 AT fif ik M {S, a,, -+, a,,
Py, bo FUR LS AT RERIT AL TRBE AR 25
2510 5 @, — a, 53 SR B BB 1 — n (9 B4R 25 1 5 P Ry
AR BB, —r, 0 N B L — n 2
e

FIF A 88 R A FE ¢ 20 BT b B 858 1R 2523 e o
$ 8,251,500 s, |, FETPE B 7 o B 220 FIR A

TE XN
50=] Pl Pita Pi Pi Kl KK ] (D)
%o Pyt S E B ar ) R SR 5 P AR A ) A
oK s Py N IR T & B LR & H s Py AR &
FL 2 A 1 i f 5 K A ) FEL TR A A6 fL P Y
R 5 K O T EEL DX A I BALANT B ) B A5 5 K2 Ry Bl R ]
HEATHL 38 5 (A
BB 7E ¢« 20 1 DA @, B35 H o e T 1) 1Y
SR LA S F e st ) sh 2, B
aiv,Z[aﬁ;',aﬂ"] (2)
P s al R AR e R 1 R I A S e s e A RN
H o R ) SRR . 2 R I, TR BT
SIS 65 f i it B H Tt A7 i HL R i
M R B, T ORI SR LG A K i
A FEL A R T R e b
BREAAR i AE ¢ B 20 BT 0AS ) A8, Pl FE 2 Dl
PRER TR ), fl I I Bl (O R T ik Ak 2 >
FroRsi A Ak , DL sge Bt R 00 ShVE S ms , AT S PR i
T EE . KhE R -
1o =Rt R R p2p Cw=Cip— Cﬁ'.; ))))) hased
C=Clvan=C= €l (3)
AR AR B R RS S R, LR, 5T
5910 Ay i) = ) R At B P B L AR 2 5 €y L C oy I
YA A € oed HAH LA 5 €, LI ] 22
HIA;C L HABRAS s € R RIRRA
22 HEIEHESR
B SR A =X (A22) AT LLE Y, B i 25 52 ] T
Y R A o X ) 5 56 s R 6 A 5 ) e ) (1] = 22
PEATHL RS 5, 2 5 ol P 5 2 I K i, i LA
Al FEL 7 7 A BB O W) ST LA AR ) B B AS . AHAR T
A =2 PR g S i o e ), R 2R v A, R T
P B O (R Bt 2 T el 0 T R I £ S L Tt SR 448
s (LR ) T AR M RN S 15 1 (EL R AR T 28 A 5 IR A
RETBE A5 1) LA FIBECR . R G000 P 3R, A e R 5 P e
AL S R MR HL T R AR I SRR A I R
U, SN D i T 2 22 R SC & i 2 o . &
W RS TR RE KO ZR 48 R . BT
A e AL AT o0 SRR B R E BB R R
W o XA B DGR 11 R S o R B T R (] 2 11
S, DR I B D 5 B 25 2 R A P DR 3 R A T A A
PIME R IRk
FEGL TGRS #6) b | 45 FE AR DR SR AR T 52 ), 34
T RGERIHEVERARTENE . WURARYE SR i S
F 8 B S, LA 3k B 1 2R 1 e & H g1ty
5o DAL S GRS S BT HE R v i) SC AR B IS T
H OHT o025 52 PR EERNEL . 175




li0g ® 0 & % L B

%46 %5

e TR

_____________________________________________

RO BRI

_____________________________________________

—= HfiE, —

B2 MMEEEXR

Fig.2 Game relationship among microgrids
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Nash-dueling deep Q network based electricity-heat-carbon joint dispatch

strategy of integrated energy microgrid
LI Haitao',QIAO Lu',XIE Dongxue', YANG Yanhong’
(1. School of Information Science and Technology,Beijing University of Technology,Beijing 100124;
2. Institute of Electrical Engineering,Chinese Academy of Sciences,Beijing 100190)

Abstract: Along with the large-scale integration of various renewable energy generation equipments into the
main power grid in the form of microgrid,the coordinated dispatch and operation among microgrids become
increasingly important. However, the existing multi-agent reinforcement learning has the shortcomings of di-
mensionality disaster and low training efficiency when dealing with dispatch problem. Therefore,a joint dis-
patch strategy of microgrids is proposed based on Nash-dueling deep () network reinforcement learning. An
energy dispatch model considering electricity, heat and carbon trading is constructed for integrated energy
microgrid, which adopts carbon capture equipment and stepping carbon emission trading mechanism in the
aspect of carbon emission management. The game relationship among microgrids is analyzed, and a Nash-
dueling deep @ network based electricity-heat-carbon joint dispatch strategy is proposed. The example simu-
lation results show that the proposed dispatch strategy can improve the economic benefit of microgrid and
effectively reduce the carbon emission, which realizes the temporal and spatial energy complementation and
benefit equilibrium among microgrids.

Key words: microgrid; dispatch; carbon capture ; multi-agent game; Nash equilibrium; deep reinforcement lear-

ning;stepping carbon trading;integrated energy system



