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Abstract: The impacts of technologies such as hydrogen energy and carbon capture on the operation of
micro-energy grids were considered, and the system structure of micro-energy grids with multi-energy
conversion of hydrogen, heat, electricity and gas was constructed. The influence of the launch of China
certified emission reduction (CCER) trading on the transaction and operation of micro-energy grids was
analyzed, and the cost and benefit of micro-energy grids under the coupling of the electricity-carbon-
green certificate market were calculated. On this basis, a two-stage multi-timescale rolling optimization
model was constructed. The day-ahead hourly scheduling scheme was formulated, and intra-day rolling
optimization was realized with real-time scenic energy data updated at a 15 min timescale. Scenario-
based control method was adopted for numerical simulation. The results indicate that the hydrogen
energy module can reduce the power purchase cost and demand response cost of micro-energy grids.
With the improvement in the energy conversion efficiency of the hydrogen module, the overall
operational cost of micro-energy grids can be effectively cut down. When the carbon allowance price is
higher than the green certificate price, micro-energy grids tend to apply for CCER certification and
issuance to offset excessive carbon emissions, or sell surplus CCER quotas for additional revenue.
Furthermore, rolling optimization can efficiently revise the output of each energy unit, thereby

improving the economic performance of micro-energy grid operation.

Keywords: coupling of electricity-carbon-green certificate market; micro-energy grid; multi-time

scale; CCER trading; rolling optimization

TG ot 4 B fil T e AL R B B 9 e o R kA
TR 8L 190 14 g — b 82 1 22 TR X R B 1 /N BB 255 4
AR ML %, HAARRIR I . Sk . FI4 RIfE
e, AT AR R FIOR . R AR AE U
A . SRR 2R A B AR

TR VB D) — R i b R L BT RE R R
PR HLEE R Sl 1R ™, o RIS RIS
WA R RE SR, R E LA B s 2 AR
kT b M X T A R e S e R R AL
[T, 4% 237 T80 Ak g 5 A7 o SR R 7 b B 5 B
TPEFICEAALY . SRR R T Z RN
RAEMIMACZ TR, B0, AL fEaEm A £
2] DX A, A e T T 7 A 0 o A 1 9 Y B
A rErgE A, B R AR R R R G A
MG % L SRS AL, T 25 SR R 1 Y
T S R B S 26 N B SV ) 2 )
GEFF U X TR L RE AR SRR T b i R T L BRI A
Bkl . A& HIE LRLAAT IR
5, BT d s AU G A A
o RN A i 5 A A T IRl — L A o 2 A
VIV R 41128 L o B W 1 5|
L 126 il 0 2 B R 0T 15 4 0 5 LM YL 4T 351
fy 22 % e i U

W% 45 25T 35 S WL Y R TR 5 3, IMBR IR
W2 47 2 2 B i . GHET .
IR AR A [ RU AR A UMW N B =78
T BRI B R R AR, SRIE T RN T R
W o e IR & s, BT 3 v I R e HE
BN MR L 190 v K H BILZELIE AT 28 B e A i Y
SETRRTT R R, ABETET AW RE A 5 L,
L5y S PR ) TR 1Y) R 532 1 6 T M R B R
Bk, T EAET & R, BT S B 4 v )
TR DX R BE R S EIE A 5 A G, S50
TE S 45 5 I REIR R AL s P2 3 T
H-m 2 RIS X R, A%EE 1 YRR
HL B A8 5 (R A R AR ILTE T 5 47 45 R 1
T 7 ks 2 L G X T ERE S 5
BRAERISS 5 BT 5 22, AT BFSE 4R SR IE— i HE 25
WA T, BIFES 5EHEAC 5 LR I, ke
VR L B T S B A B0 G HE e T 7 B HE A A%
FIRBAMIGIY , I B HERL T 358 5 7 s 2o
SET U, TRA — SIS 4 A R A H o N £
B B 5 B T B A 2 v 5 A A R 7 9
BAZ S D . WA, SEARTEA R I
BeHERCR T B BT AT R T R, IRt — AR
H SR ETE FH T 30631 F 7 0 32 o o 7 5% 8 ] R



%2

FEE, A B RS T A N RORE IR 22 i 8] R TR BE AR 211

WG RS LT ANERT ., S8

REIR RS2 5 ML —TR—ERAIE T 37 58 5 i AL DR 3R

HE# (CCER) &2 & E #7381, CCER 3d ik %t Al #A4=
AR & B AT H I HESCR AT AL L RS
i, FU R FE BE A ok 45 ik HE T AT R 3K
CCER FH T e HE 0 S50 1 4G B B R
FERABIR N 5, #Re R A% & 1% CCER BE W] i
AT 3528 5 8, n] TR R s HL A
AT B HERC, DT ELEE 5 T B R N 2 5 4258
Gy AR SIS

gi b ik, RUEAEIR M A s 1T L S
ety . SRR G SO I A WIS,
A 2 AR T D) Hh S BB AR B 9 4 FH LA B H —fise —
SR ARG T IR IR M B 1T 05, AR E—
HURERT G 2 (8] o AR SCH 56 7% 1 SR L AE T g
VR (g 8, BT BB TR 2 A7 A AR i 22 1)
M, A A A R £ R B AN RE R 25
¥ H¥K, 5 HF CCER 22 5 ) sh e #i Al & i
HLHI N RB IR M 22 i . felm, W/ =43
B iy 2o B[] RUJE 9 B B3 R AR AR AR AR, 43 A R
TR B 1T 28 551

1 FE-A-BE-SHHEERERMIZIT
=AY
11 WEEER &M

TRAREIR M N, P IR ™ L ZE 15 A X o
o P IR 25 v g Scter ANEA g Ser, I L TR

—> A
1 HBEEREMA-B-S- K-k E

Fig.1 Flow diagram of micro-energy grids incorporating heat, electricity, hydrogen, gas and carbon
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Fig.2 Analysis of the coupling relationship between micro-energy grids and the electricity-carbon-certificate market
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Fig.3 Analysis of micro-energy grids' participation in the coupling of carbon-green certificate trading
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Tab.5 Optimization results of scenario 4 and 5
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Fig.13 Day-ahead scheduling plan with real-time correction in scenario 2
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