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Artificial Intelligence Enabled Microgrid Optimization Technology for Low Carbon Economy
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Abstract: Safety, stability and efficiency, flexible energy flow, and economic and environmental benefits are the basis of a
microgrid’s low-carbon economic operation, however, with access to multiple types of distributed power sources and
flexible loads of multiple interests to the microgrid, the technology of “cloud computing+big datatinternet of
things+mobile internet-+artificial intelligence” is extensively applied, and the network mode and operation of a microgrid
are changing. To this end, the key technologies and challenges of Al-enabled microgrid operation are summarized and
summarized. Firstly, we introduce the physical architecture of microgrids and summarize the development trend of intel-
ligence, and then we discuss the characteristics of microgrids and the challenges of optimized operation under the goal of
a low carbon economy. Secondly, the principles of Al-enabled smart microgrid optimization are explained in terms of de-
cision variables, optimization objectives, constraints, and solution methods. Then, the application effects of Al-enabled
microgrid optimization are analyzed and summarized by focusing on typical application scenarios such as renewable en-
ergy power forecasting technology, microgrid optimization scheduling technology, carbon trading mechanism and
uncertain regulation technology under the deep integration of Al. Finally, the future development direction of Al-enabled
microgrid optimization operation is summarized and analyzed to provide a reference for the development of green mi-
crogrid technology.
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Fig.2 Hierarchical architecture of smart microgrid
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Fig.3 Features of low carbon economy microgrid
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Fig.4 Optimization principle of microgrid operation
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S
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[66] Fuzzy-ANFIS

SO ) 3 Bl BT 1 Kb PR I B BB R 2 5F
PERTH .
32.1  ZPEFH AT RIE T EOR

TR A% S I O BE i 17 22 RE AL AR
ARTEZ R SR MR RERET. A
SR LA E AR & B & I N BOR 1S ol
PEATRERE A R R RS, (H AL
SRR E N BB PR B LU BE kit
A A LIRS TRt D Bl B X R R B I A AT R Pk
o PRIE, 75 78 7375 B8 Bl B X U5 — i 55 D s
e, € 2 LPF R e s, SRR IR AR
FEARA L P R, ASEBIOR R 22 P 5 L IR
KPFIBAT .

TR X PR R RS AT IR, R IS
ITET G kR ). e SRR R
BAGEHABERRARD), ERRIBOHN EEE%
JEIBATAL IR 2 AR 2R g0 2 i A A (K is AT 4
P M5 B AT & BRI A AL Be it o 5 2 Holi-
WA fir—fitt P R ) 32 S R i REEAT, AT REAEfE
PR B FE DT BL R BHE OB B SRR (A 3R N 25 RS
FEN o BERTH SRR . BRI LA LK 9% 5t
AEBCEE L i BEAI FH 3R EL IR P i T R S A
[ R A br G ZE NIRRT, JEA ] 2 ARt
WFBL ARG TH. G R HERARER KT
AR] A BRE YRR F 2R el 32 e ol i X B Ak s 2
VAT, SEBLE A 2E . IREREEZ H AR,

VR i —fidf 2 [ (¥ B 1 3247 W] LAAT Rdie sty
FHAEREIH AN, PR B AT AR 2545148 .
TE T8 73785 RS R X 5 i 8- 000 T 8 B B3 0
FEHY “YRRELAD 7 RPN 7 Py i L
7 g o



2228 i LR AR

2023, 49(6)

“URIF AN SIS T P B A i A
HAN, AAE 2 AN U7 A REIR IR S A
R GRIR M, TR B AT AR B )
(IRENLIE AR, 5 R it F B R 2 e m] 42071,
RO H g PTE I R R R Y, 2 AR R X
s T O3 TR SR AN B R R L B RIS
) P 75 SR A0 73 A o AU 7 A 9 s AR A X ok L A )
AHIFZMR, JFE G R T AR AR, K
AR 5 P BT A0 gE SCER[73] Y, A
035 35l 8 SR A0 2 9 % 7 4 2 T B HELAY
IR, FEDR I SIS DX AN ELIAL X AT AR BEYE
HAMRIL, FERIUEEA TR R 5 O H R P L RET 65

YRR K H N 2 otk F R fE
71, FIRVERERTERAR . AU BTG B, fE
“PR-IRE AN BARTE S N AEA R RIR. AR S
Jr A EAMER A YE,  ZEMHT REUR 1 5 MR
I & o SEBL O3 ORI S Hh 2 i MLy SRR A AL
HIFH L RE A 8 A R I AR, Rt R
TETTRE ST o X T URM B AN E 1k, BENLBER I 5
AHELFE. L RBEM ML ERA TR O
R Z o

UMt B Kitdae. BRI H
FHMBIERE T SRR SR IBEIE . B BE & 7 78
By 5] /RO s iy S ER ARt 77, Pl
e O I A IR A VLR RE o S BEAE e B
AR N N TR, SCER[74]
$ Y — A3 T OUAR I B —S0R B fi RE O X AL ALAE
20, SRR BT AN [ B ) RUBE 0 BE R A 75 AN UL
BEAIPRAL . AN, 3 I il 78 R Hh A i U AN Tl
AR B Mt — DI m i R vt s, $RT1 “ -
PR 7 BER o B IENERIRETT, S B RE T 5E
PERUG R . (Efif B BEUR -5 AT A BRI S R AR AT
A5, WAL A SNRE R, ST T i g
TSRO A 2, 0 e T2 iy, e
A FL A 55 A1 B S AN HHT £, D/ NI A 22
V- —fifs — AR DRI AT R T, il A v 44
oA Q] FRAERENR, KR LA AT AR R B ik
HEGL IFPAT N R R 4R
322 RGHHBMEEREBILLEAR

EMS 7Eiii & R G LI AR FAFIIFIT, St 7 ftes
AT SROE 2, ERCE IR E T Is T IdRE K
HE ETTE. EMS 14t T2 4rab, A o Ak R
FERTTRE . IR SR RIPR M AT, W] FEVE R

KA AR BE P4 2 IR = SRR L A
P2 52K A BRATS, (HERIRE BT IR bl
5 ok P DX ¢ i 57 A 00 PR 8 DA RT R AR BRI Y
ELIR e 2 g, R 2 — P R &
EHEAKSE R EMS BMERE. L4k mE kK
Bk, BATIE S RS BEEHRIE A CEN
T4 EMS &8T5, AR 2 0 BOIE
ZRREREIAR . MR, i )% N TR ReH:
ARAEZ IR o

EMS £ AE il FL I b 7 B — N s RGRE
L [E) BV T AR AR IR IR B, BORI 2 4 1 (fuzzy
logic control, FLC)n] Uil it 5 T FRAR G = AL
Tl P s o) SRS PR SIS, SIEIILR R I PRAT 22 i )
Remy A =, H 3B Re 2 — Pl it it e
H 7 HHR S (state of charge, SOC), FHIEKFar. $2
HFRRIE T, HhAh, FLC HF5 BB AGE R4
e, EHRE. — AR LD R PR AR IR )
MRASE SR . B2, BB A EEEE . 6t
Z SN R | OV A S SRS SO A R . I
EF B E KB FLC RGnT UL mfe
HFIFEHIES], WM EBITREE., FIRARR A
ST  H - AT, X BRI R Y AR
W, G R E IR G SOC. #5H| HshiR 42 7R i
AT N BRI D FEL B VR 2 KB R G X Tl P R ) L R 5
B IEEIBAT AR BT RS AR I SR R U8

ANN BEHEHEEMGIEIE RGP E AR
PERRIIGEST, EHTW RA RS E . Ak
&G ITIEME SRR Sy 5. SCHR[7914e 2 T
ANN [1] EMS, FI F#% ] AC-DC IR A L [l D%,
IS oA UK AR D 3 L 3R KA1 SOC
SRR R TR, 7EAC TR A o R
L ONRRUUBRE R G078 LA A PR s AT
IR, SCHR[801FE H 1 — PP T N L& W 45 (1) 2
HIREXMEMER RS, 5RA - IMRBEZENZ
ENTHEM GG, Higdb 72040, 3+ Hid
ik 2 3] AN IR AT DS B S5 AR A . IR
FiH, ANN KIEH B E R EHER M N &
H 22 SRR IR SS  eA R, (H2HIRe
B ZR. 6 DRI AV HLAR R R SR
BRI ANN 2 EMS fe it — Pk . ANN H1J3
RIS G AT DA SR A R N LE RE R 2 Ak
HPERE o SCHR 8114 th — Al 5 T 38 U b 22 I 2%
(recursive neural network, RNN){] % §t EMS £ AR,



R JOIH, ReW, . MAIRBRZSE I TR BRI A MR IS AT BOR 2229

8 BIMSOIRARAL 2% (ant lion optimizer, ALO)SyZ:SZH
M BERE TR, o RNN AT i R T,
F$E 7 R RE S AT R AR R A BRI AR 201, DL/
REVE AT 2 P 75 (R B RR oK o SCRR[82]FR H —Fh
TR Y R ER BRI ROR, AR B LR
7% (bacterial foraging optimization algorithm, BFOA)
AANN £545, o ANN BRI 24 h (561K
RAUREH LRI T R, EiREET FLC Fl ANN
HIRIF 50 YR HE X e B B R s AT I BE AN 2 5 RN
TSI, TR R ARE . % Ba AL
RG] FEVESE R R AR TRV A

RZHHE EMS FETrp s iligist, deds
HlZSUER K E  AS R H P AEREBE AT R R,
FFH EMS B S0 RE R B SRS . (HBEE R AL
MG, EMS $85 K, 77 Z RN E K
M RE /ISR R . 28 Ae iR R S (multi-agent
system, MAS)IH ¥ & B 252 B 20 Re A2 i) it
HHUL RS, AN — AN AR, 286
A 1] i % 6 4K 38 {5 15 5 (agent communication
language, ACL) P SO AT IAZ 3, B BEAR S5 84 (1) 70 A1
AR AR BOR BE 88 FIAERLFB M EMS
B9340 I H SRR B, JE T MAS 17 # U3 i) 45
FRedE s EMS FInTSEPERERPE, A28 ik
B AN S AR 43 TAEBS) AN R ) i B 4 T A
WU PR e SRS ARAY, S AT A ARl ) R
M, ERVFEAN T HECE RGN KM FEBTE
Z o An IR A, AR R I T S L YR
i LR RV PRI FE ) 7 22 DA RSB REAN B AS P-4 F) 4%
i ARG 180T, SRy RS 3 Ay 2R HL R ey B AT P 47 1 £
FS AR G e AR T I T 3 B RS Bk R, 4T
X SR 2 B R ARG AL IS AT, RS
2. BN T IS TER N T B
FEW . ZHHEMN. ZEREIRARE R,

54k, 2% 3] (reinforcement learning, RL)FJH J1/R
BRI R, BAHGMRERRT, Y
FEGRZ X IREEHIAE T g A5 100 T fi e il J o AR T
T AT AN T B AR I AU AR Y R SR R AIE
RL CHCATLREIR |G =00 J1 TR . R
ok FEL P R B B R TR AN E P, SCRR[8 714 Hh
— T 2 GV EIR R AL I ok 58 SR E Q M
28 5%, RN AN N W A St e I BN
FHAT IS AT R AL T A Z B (1 7 56 o N NR B fr
A] P A BRI AN L T S A B A PR AN A% AN E 1

SCHR[88Tfk FEL 10X fi 2 7 B i) R AR 4500 By 7Rk W] R
it #£(Markovian decision process, MDP), $#H—
FHURFE Q WS VR E 2% S Sk o 2 HIEAT R T
T 22 P 2 SR A e R ANV E B pR B, 2 ) 7 I 5]
Ui Y 2 SN Y BE o S R A e X 7R SR R TR
AE77, SCER[BOME NG A2 g m 1 HAA 440 =i
WA TEE R 5 5, MA3-C ()2 4R TAF R A
TR AR ) Ak L 5 SR () BE YRR S R B, R T
T HL P 5 SR P RS RS, KORBRAIS T BN AR
TE A R R A e 2R G YR B DT THT,  SCHR[901 M) I X IR
FE Q % I B, SRASAf e 5 40 70 i HaL 428 i B L SRS
SCERIOFR T —Fh 5 54 RIE M8 R (Monte Car-
lo tree search, MCTS)AH45 A 1 RL fft il 7 %, LA#
YLirR R LA e R 80 22 JE BE D LOCAL R R . B
SRR PE Al 7 =) B2 L2 S 1l o e U o 3
AT E AL B FoRMRIE T e RS 4a
S5, AR R FEZ 22 AL K E
BIR BYERA S, HIUIZRm S K
X YIS AR AR () 10 BTG 75— i e
323 ZHMMBEER SR

FE G L A BB AR T, R U EL I I 5 il T
IRFERLG , RS2 RV [R] B AN A] A RE YR T 44
Wi 7 () — X R Js EL I R DX AR B4, A 5 L)
TE LI 2 R X R G L X 2 [ s st A
HAEH, SHE S rTEEBIEA RN, ATk HAb L
B SR DA B A B . IMRVERT A SEME . BEE
i REROR MR e BRI R R, REURAE & i i+
() F2 A [R] B A AR e RAE P2 B (W Mt BEE
FAAG . Fhaeai s, & A PR ) RE IR S S L) gk
—HBIFRHMH, W2 M B A 5 R PR
FSAS S SCHE X IAT AR A Be s i 2t o 98/ Bk R
BA RS X .. RTINS B8 AE 2 L)
i, BANSEF PR EARR 0, T RRRYE K
V)5 B AR a2k T P AR BBV AN, PEARERAES Xk
BEHABAG A R, EH T EPao
ARG EAR T 55K, SRR AE 5
WEF, et AP SO R (peer to peer,
P2P). X Pk, FIRIRAE T HLE] T 2 5 kY e
B G REEOR, B2 i AN S S A
i P, R EHTREIR R AR, R s AT
AR BRI, 2 M BEE A B ER A R LA 5.

P2P RelEAE 5 & — Pl i it =X, feivr
(5] BN 4 g R s A 77 5 R YR 9 o R T R 1) ) 2%



2230 i LR AR

2023, 49(6)
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Fig.5 Multi-microgrid energy trading technology
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Fig.6 Composition of carbon trading market
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Fig.7 Composition of carbon trading market
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