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Abstract: Under the promotion of carbon peak and carbon neutrality, in order to effectively reduce the carbon
emissions of distributed generators in islanded AC/DC hybrid microgrid clusters, a distributed low-carbon control
strategy was proposed. Firstly, the topology of the islanded AC/DC hybrid microgrid cluster was given. Based on
these, the low-carbon characteristics of the system were analyzed. Secondly, the distributed low-carbon control
strategy for an islanded AC/DC hybrid microgrid cluster was proposed. This strategy was divided into two parts: the
microgrid converters control layer and the interlinking converters (ICs) control layer. In the microgrid converters
control layer, this strategy taken the differential of carbon emissions from power sources as the incremental carbon
emissions, and introduced it into the secondary control term. It can ensure reasonable power allocation of the
generators according to the principle of equaling incremental carbon emissions, and achieve low-carbon control in
the microgrid level. In the interlinking converters control layer, this strategy introduced the deviation of incremental
carbon emissions between microgrids into the control structure of ICs and achieved low-carbon control in the
microgrid cluster level. Finally, the multi-condition simulation results show that compared with the conventional
methods, the proposed control strategy can realize low-carbon control of the system through collaborative control
between different levels.

Key words: AC/DC hybrid microgrid cluster; carbon emission reduction; distributed low-carbon control; grid-

forming units (GFMUs) ; consensus framework

AR, BEE LA REIR A B R sk SR TS BRI H g™ Y, IR R AR R T R U A B 1

E£TH TR LA RA FRHE S H (PCKI2022-034) 5 [E 5 A R B # 34 W BhIT H (52107121) 5] 744 SLal 5 0 H SE Rl 5% 3L 4
T H (2022A1515240047 ) 5 1 E R BHE B PE T A2 A TR 98 B3 H (XMSB20240711043 ) 5 K E T 4k B 45 IR 57 50 H

(23YDTPJC00090) ; KH:K 24 H EAVHT A4 % B H (2024XHX-0028 ,2024XJD-0045)

YEE R ik 24(1987—) , I3 AR}, TG, 5= 05T )7 10 M A EH A , Email : 690117463@qq.com
EIAEE kT 1 (1998—) , I3 W-AIF5E A, EBEWFFE 7 1) 2 430 xCRE IR S TC /M) , Email : yuweizhang@tju.edu.cn

38



HRSLE IR B R AR W BE A A X AR 35 ) ok

WA 20255 H55K 124

T AT ET, LOBR AL AfEE R £ 1945
A5 2 H PR (distributed generators , DGs )#58] T 72
B o oA A IR e AR IR A R AR
RIEEH o A, oA A IR ) B P sh
FYARF R, IR 4 L ) RGE R Is AT il ok 1 ™ IR Bk
o APz R, G R R SR L R
A A 2 RO ) A R AR SR, Bl
BT 8 P i N 5 75 SR 00820 Z R, BT
H, 0 25 1 32 BR G A7 AR MR [R]85 L1
A& LU TR A W R DR A I X6 A =X R TPk
T 22518 W 22 S B F PR PR T R G RE o
SO I T 31, 38 B R P 1 e
J7 )7,

A it TR A5 R P A A O R g DI TR A
BATARE, FEIRE AT, Tk = s ) 2 3
PP RGN B/ N Bl AT B2 X Hoas AT AR e Tk
TR Y, PR R R T B A 4R T SR e [
HEAS A 2 TR RGeS A8 2 iR/ R S
RS VAR T B B Y s 17 R P Ak
AJAETE,

] A AR 22 27 3 2% 28 LU TR A5 i F, O A
B T4 H AT TIRAMISE . SCRR[10188 ) T —
TP PRI & PR I 42 SR m , S8 T R GERY 4y
BICE B (HZOR M A 5 2 70 By T 1 48, 454
SR, SCERIITER T —Fh 22 IR A i
FA) 2R P 4 ) SR, 3 e P ) 4 ol 45 g BT S B
Z B N D3R B IC B 32 R Mg 7 B 67 o 4
ARG b FEORCR SR E R K2 . H
i DR TR R, 56 T — SO AR 04 A s o O vk
W TG R, SCRR(12142 T — Al
HL AR 23 J2 00 A A ) SR, S T R R
LR IR SR, {H L2 0 R) ) 22 B PR A2 %
SCHR[1314 1 —Fh A2 B 1R & Tk i R A =X
PSR WG, S B s IR AL 5 D R 5 B IR
AW T X RG4S R, FR
THE B B CHE AR I 5 i, S R R R PN 45
TR — A

Tl FE, IO 1) B s 42 ) 22 FH T DG 18 & i 1A
JE 38 2k FE ST DG B AR RO RL R B HE AR 5
R HE LA K AT A B R AR . SCHER[14]
&t —Fh Z BE G 2 H AR LA B 5 %, el T
RY AT TR S A (BAGE T T2
FPREIRAE G W37 5 o SCHR1S ]I ] P, RO, 4
Hh— M T A AR RE Y 2 HARDCARIC & 07 i, S

REMAT-Rk-rT 5217, HEERL RS
XF T B 4 7 SR A A s AN, BHE R il e
(1) 5 H AR 22 W 78 Sy e A L A Sr B
AR bR . TESLT ST A4S R BT 4R 5
NBRHRTIASE Z3 HLTH , 52 BUAT 2% 1) Bl ol HE o SRk
[16]7E G G AL 2o 7 v 5 ] A8 52 B3 LT B AT
FRGERAHRTCR: , {E T4 07 VR AU R A B 52 B
A RRIEAT TR SCHR[17-18 K5 ik 52 55 AL
il e 2 G DR S 5, S B T 22 A 1 ) 5
B SE 5 o AH FIRSCERT 48 05 2 2w T B2
AL TA L S Re 3, 122 S )2 Z A 7R3
R A TR RUBE 22 5, AN T 90 22 B AL TR &
P FETE Z2 A I B RUBE R AR BR R o [R) IS, 9520
SCHR B0 B F 2R 8 A8 i sl HE 2 ) R AT T 400 28
FE P, i ] e BEAT BF 5T A BE A B S o
PR = B — PR B P 1 75 1%, SE I R SE A
S 1] RUBE T i me sz il , B R

BEX I 22 ELIC IR A T r R A% 8 4 1] 5
W TG 12 T 425 i J2 AT S0 R AT 2R e A e HF Tl o, AR
SCHR T R B2 U IR A TR R 2 A =X
RRB 2 1) SRS o IR E i s SCRIR HE O 32, O
A TGl r, R PN 72 48 g 15 1) ] B 28 488 6 1Y)
PE R b, DRAIE R G0 A 4 v TR A5 B HR g
Sy BECA Ty 38 1 S B A R o %) ARG Al s o
i 22 TOUT W05 B 3 A, Sk 1 R B9
A2 L Uit 1R G P, TR 0 A1 AT At 4 1) S W 14 A7
RUPE S8
1 3R E R AR Al M B4 &

AR AR 5 ) 45 5T

R4 541 S 5 R £ B D B
FI X EE R A BT I AR ] SR 3E 1 1)
2 FEAT UL 5 B 23 A W H TR 190 ARG Atk A ) R
P, O Ji A ) SR B 15T B JE Al
11 MBXEREAMBMERD

AR SCHIF 5 19I5 22 L it TR e, R 4 b
UnlEL 1B e A A S 3 Bl ) (AC mi-
crogrid, ACMG) | H. I f H1 B (DC microgrid, DC-
MG) 5 ¥ 8] H 5k 728 7% (interlinking converters,
ICs) , % ACMG il ICs 5 DCMG 4 ELUi BEZRAH i
(G SO Hoan 2 A A LB BEER) S 2 0 M)
ELR AR

/TR R TRIZAS N GEN IR ' K G
F¢ BB X 7 55T (grid-forming units, GFMUs )

39



wAEF 2025F £55K H 124

TR, A AN By AL AL AA Rl AR A KARBR AR ] o

55 18 R AU BT (grid—f()ﬂ()wing units, GFLUs) , H:
H, GEMUSs 3t 5 >R T~ 2 47 1] DA S fol ol I 2
P i R 3% ; GFLUs [Rl AR AT LUK T 446,
RENAB RS RENIRE T HRME
W P = A 7 AT A 5T (dispatchable units,
DUs) 5 Jj & #I s g (power units, PUs) ", DUs #
R il R, SO AL B R s PUs 3
SUR/HECY S = & RN R U LIPIVATE /TN A S AY P B
DGs ¥ 1] S IR G MY R G, K F 25
JRBEHE L (fuel cell, FC) VA EE ML (micro gas
turbine, MGT) 4§ . ASCRHE T 4T B KL JBIK
ENHIES I RE N DG LN BA 771 )54
PERY

E3 I WA R S AR TR A h' T G N )
A ZEFME T ACMG-n,n € Ny ={1,2,---,N} [§

A nm A A R B IT 5l AN BRI R BT
nm,nl € N, = {1,2, ceenm, e, nm + nl},N/l\fé‘]ﬁ
T eR, G 1 4% [ BT 10 (it VAN ) SE LA
1 S e = ) IO R T M O A R SR R At B
JERI BTG g AN IR IE  p,g e Ny = (1,2, -,
pop+ Lep gl ZCUHL I P 45 BT Y AS
w5 1Cs Y221 FH WA R T o e Y5 R0 AR 40 25 B U L
FL I P 45 BT8R 8 L] DC/DC AR i

A LR A R R DO R 14 A X 6% Al R TR
WG E S BICARARE (F 2 A8 B, 76T 38 {5
JZ e BCH T DY ) 25 BRI G A — AN BB AR
HBR AR E R T, 45 1C i A — N B RE IR
RAE T S S AT, 4% S o R R
—AN GFMU 55 7 4 1C #3738 {5 5 4%, B0 AR )
W —A~ DU 545 1C 8y il (54 B .

P 38 ELI IR A Tl H, PO e L 8 4
o | T S/ R O £ IR e £
s *** bl el *** el [ PV @, P ‘___’g
[ [4 [ [ i Hi é o é ..........................................
% % % % EEH e : :g GFMU/DUF figki
@ o @ | B GFLU/PUHIfE !
e ] e e = R D S (R
| NI R
GFMUs #4 #4555
DC GFLUs fR %850 DC DC
€1 ~ac DUs ] i i # 4. 50 Ac|1C-2 Ac|1C-N
PUs  TpRAHIT
[ | | | ﬁ
| Pl el o pegEn: DERED:
7 A 2 .. 2| =] ; Ui
a5 NE - KA |(KA XA B2 B 2 T2 E[ 8] 7] &
PVs | Ec1 FCI ||FC1 FCm o |of |9] [@ o) o| |8]]9] [© 7o
ACMG-1 GFLUs GEMUs ACMG-2 ACMG-N

P15 B A OB RS b
Fig.1  Topology of AC/DC hybrid microgrid cluster
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Tab.l ~ System simulation parameters

e B/ A
ACMG HE IS o 50 Hz
ACMG i 7E AH L K e, 220 V
DCMG & HL e uy, 800 V
0 M DG e KR P, 50 kW
ACMG 45 DG T3 R Hf ke 0.89
DCMG 4% DG 3 R AU ke 66.73

R2 REHESHY

Tab.2  System circuit parameters

CIVH 280 LT XA

EERTRLEENES 900 V

ACMG  GFMUM LCUEN 2 S 4L 2 mH, 150 wF

GFLU WY LCUE I 28 24 2 mH,200 wF
ARG HEA) H, 600 V

DCMG
5 R VR 18 908 D P JRK 5mH
IC LCIE 2S5 2.5mH,200 pF

®3 BB HXEIRERNRIERRE

Tab.3  Carbon emission coefficients of DGs in each microgrid

ZGAT WA (FE= R a b ¢
GFMUMYDG  2.74x1073 0.85 0.05
ACMG GFLUIIDG  2.15x107° 0.79 0.06
GFLU2 DG 2.02x1073 0.88 0.04
DU Y DG 3.68%1073 0.68 0.05
DCMG PUL DG 2.26%1073 0.71 0.03
PU21#% DG 2.35%107 0.78 0.06
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Tab.4  Microgrids load capacity of each time period in case 1
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Fig.6  Simulation results in case 1
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Tab.5 Microgrids load capacity of each time period in case2
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Fig.10  Simulation results of the proposed strategy in case 3
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Tab.6  Variance of incremental carbon emissions of

DGs in each microgrid (method in reference[13])
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