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Coordinated optimization of a distribution network and multi-integrated energy microgrid
based on a double-layer game
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Ministry of Education, Xinjiang University, Urumgqi 830017, China; 2. State Grid Xinjiang
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Abstract: To fully explore the potential value of the integrated energy microgrid (IEM) and promote the consumption of
renewable energy, a two-layer game-based distribution network-multiple IEM cooperative optimization model is proposed to
address the problem of cooperative management of multiple IEMs in the same distribution network. For the construction of
the IEM model, a carbon capture system and an electricity-to-gas conversion device are added to the cogeneration units to
obtain low-carbon benefits. At the same time, robust interval planning is used to deal with the problems of renewable energy
and load uncertainty in the IEM. This paper initially establishes the framework of the alliance system between the DSO and
IEMs, analyzing the game dynamics among various players. Subsequently, the two-layer game is further categorized into a
master-slave game and a cooperative game. The DSO, as the game leader, sets the tariff to guide the IEM coalition to
optimize with the goal of maximizing its own benefit. And the IEM coalition, as the game follower, responds to the DSO's
decision by cooperating with members to share energy with the goal of minimizing its own operating cost. At the same time,
Nash negotiation theory is used to solve the cooperative operation problem of the IEM coalition, and the dichotomous
method and alternating direction multiplier method (ADMM) are combined to analyze the model. Finally, an illustrative
example is presented to validate the feasibility and effectiveness of the proposed model and methodology.
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Fig. 1 System model framework diagram
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Fig. 2 Two-layer game framework diagram
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Table 1 Power grid electricity prices
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25 Fif B ~ .
(JG/kWh) (75/kWh)
BB 22:00—06: 00 0.4 0.35
06:00—09: 00
PR BE 14:00—17:00 0.79 0.68
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17:00—20: 00
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Table 2 DSO revenue under each scenario

it
Y5t DSO Y7
1 1.5528
2 2.6388
3 2.8086
4 3.0098

* 3 BIFETHI IEM B

Table 3 IEM cost under each scenario

it

Yyt IEMI A IEM2 A IEM3 A IEM A
1 27772 2.4224 1.5716 6.7712
2 2.7896 2.7061 1.4067 6.9024
3 2.8149 2.7672 2.2583 7.8404
4 3.2765 3.1468 1.6650 8.0883
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Table 4 Costs and benefits before and after the IEM cooperation
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1 2.7896 2.7772 2.7424 0.0472
2 2.7061 2.4224 2.6582 0.0479
3 1.4067 1.5716 1.3572 0.0495

MF 4 W LAEH, TEM B & R e SRR G
WCRRAE > BISETE T 472 JC. 479 J6. 495 6, HILE
T+ 7 1446 Jt. XULH T IEM BCERE 3T S ERETR
SR DU SRR & B IS AT A, R 3B 44
FHRAE FTES IEM (R TUGES Rl A 5
A3



_34- )RR HEH

4.2 gREXBMUERS
BBt —H DSO Xt IEM 1) 85 FLAf 1] 52 45 SR 4
K5 B

1.2 8--a-H— &
Y
0.8r P )
0.6

0.4F

2 5 B /(7E/kWh)

—8— LR UWHN
0.2F —¢— I
—b— B2l

R fwam

[ ) . L
0 5 10 15 20 25

N
E 5 REHRTEMEZ DSO HIEB ML
Fig. 5 Curves of master-slave game DSO to develop tariff

under different scenarios

3 A5 1 5175 2 (1) DSO i & BN 3E T4
Bro IS FTLAE H, 35 2 1) DSO il & 6 HL Ay
—HKTI%5: 1 (1 DSO #ilEWr i, ZF g
175 2 2%E T IEM BRI REIRE1ERL 5 o
R, BT IEM &R 5% DSO ML, IEM
HHEZ kAT B 5 g 0P i, DSO i@
Io 1) AR I H LA SRR 3E TEM 5 B Bt TAC |,
PLMCRSETE B S a, AITIERTS B 2 WA 25 (]

% IEM Ji 7 (8] 28 B AR 45 SR a0 P 6 FTm o M
K6 iTLAEH, % IEM [l B MK T DSO il
SE R HLAA% , BRITTT % TEM RENS 58 A ot 47 Ha fE
TH, Rt BRZEE, FRRWARR T IEM
AEfi% 5 DSO WA HIALF .

1.1

o R 120

LOF i 13 ety
09} —— 23 EELAf
= 08t
=
B 07t
=
= 06f
ﬁ 0.5)
0.4}
0.3 e ala-toK
0.2
0

I} [5]/h
& 6 %& IEM [BIZ B R fiphsk

Fig. 6 Interaction tariff curve among IEMs

% 1EM [A] FEREAS H H AMRR AR Il LA S TEMT A
G I ESPATE L ol an i 7. B 8 e

—+—IEMI IEM3
1000F —o— [EM2—— Fifizk

e

FIEM HLREAS H I #/kW
(=3

~1000

0 5 20 25

i} [f)/h
7 & IEM BHEEX HE

Fig. 7 Interaction diagram of electrical energy for each IEM

4000

I i) [ +IEM24; 1 [ 1EMI1%2
I cH % [ +IEM3451 I 1EMI143
AL 2B 5 A

3000 - = HEM1H gy I -TEM 1 {5 )7

[ I o I e ——— WIS
2000 -
z
>
s 1000F
R
0
-1000}
2000 : : : :
0 5 10 15 20 25

I &/h
[E 8 & CCS 5 P2G HY IEMI1 BTN T EE
Fig. 8 IEM1 electrical power balance diagram with CCS and P2G

M7 WTLAE H, & IEM () fF) FLRERS B IR
AR 0, e DIRHEEAT B HAMS LR, [,
IEM1 ZZ HE5E 8 FHAAR B IHRM 8. L%
& CCS 5 P2G 3 B () IEM1 HLAEI AL 45 5 A1),
ME 8 TTLAE H, SETBOEReli i 2, i
THYETRER . AL E 1 B AT il 28 LEATT 46 97 g ih 2655
T2, UHAXT IEM1 WS 7 HIEIASER .. 76
01: 00—06: 00 LA K 23: 00—24: 00 I}, HT-#i5E
AU, FTLL IEM fR5G1R DSO M H K 2 H £
Fifr TR, BERS IEM [ DSO IHAHN T Z, £
A% 1) B BE 3 ) ik B FE T 78 FEL DA R P2P 3T B A
At IEM HHATIHGY, DAREREIERIAE. 7E
07:00—21:00 B B, BT DSO il & B AH X5 e
FrLA IEM F#AK 7% DSO T RR R, @i ihng &
CHP HLZH I 77K 2 B & ffar 753K, DAk B
KB HIE17 A



N, 5F

T NUR FZRRBC -5 2 25 6 RE TR P i DLt - 35 -

PIEEE RN, AT I XUE R A
RCSI T C FE I 5 22 25 REVR RO [ P BB AT
4.3 TRHE S N EE S

i — B ULHILE IEM N CCS 5 P2G 3 &
KRB AL 2 1B L, %% TEM I BRHFUE Dl an &
5 e

&5 & IEM fRHERUE R
Table 5 Carbon emissions of each IEM
kg
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IEM CCS 5 P2G CCS 5P2G CCS5HP2G CCS 5 P2G

AR BRHPBON  BRHEBOY B

1 13 034.95 10 573.90 11 626.54 9181.48
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Table 6 IEM carbon emissions and operating costs

under different robustness factors
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