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Abstract

Carbon capture and gas hydrogen blending are both important means to achieve green and low-
carbon integrated energy system. The green certificate quota system to encourage the development
of green energy and the carbon emission trading system to limit carbon emissions are widely used
in the power market. In order to make full use of renewable energy while reducing economy and
carbon emissions, this paper proposes an integrated energy system operation optimization strategy
with carbon capture and gas hydrogen blending, which takes into account green certificate and car-
bon joint trading. Firstly, carbon capture equipment and gas hydrogen mixing system are introduced
to reduce carbon emission and system cost, and the influence of hydrogen mixing ratio on carbon
emission is analyzed; secondly, through the green certificate trading mechanism and carbon trading
mechanism to stimulate the integrated energy system to further green low-carbon, and the effects
of the green certificate quota coefficient on the system economy, carbon emissions and renewable
energy consumption are analyzed; finally, a comprehensive energy system operation optimization
strategy under different scenarios is constructed and solved by using gurobi solver in Matlab. The
numerical results show that the proposed model can effectively improve the low carbon and econ-
omy of the system and increase the consumption of renewable energy.
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TR 75 JRBAE E Ke b, FEEAMR M B KW oE vk, 714+3) 2030 ol B,
F| 2060 FSEILBRHRI[L]. R AR IR B2 S0 H PRI OCEE[2] . ARFTFE, 256 REVR R GurE /b ik
ooy B A BRI [3].

HRER— P RE Y BHORW KRG EREIR, FITE 1ES HHREIRIGE G . LB Uk
[41RN[5] & ET AR RE R, 3FE4T FL A (electrolyzer, EL). H5eAk SN 2% (methane reactor, MR) FI & Ak}
Fi it (hydrogen fuel cell, HFC) @B 55 SRR B &6 AR, MR T 4R G RBUR RGN A Trig T8, 45 RR BT
P27 FENT BEVE AR BRI A I AT (B D #A B KTt

RO T AR AR SR A DT T LS — i R, X AR B SRR B TR A, DH TR
SBEAEXERE IES IB1THI# M. SCER[6]M9 8 R - ZRE - B2 RIR < (Hydrogen Enriched Compressed
Natural Gas, HCNG)# & R 4t, 74T T B LA =B B 08X REUs T2, B [F37 50t L e
TEEBEAN AT HEMA G . SCER[7] AR ()& B A 250, SRS A M348 7
B, FRFEBRSB AN RMEERAERL; SCHR[8]FIH HCNG fI#VERIEXIE S OIS BEN R4i1E
AT . IR SRR 2 RSB A M B A @A T 8BS DR B AR RIS AT I

WA SR N —FMIRERF B, FERRIRAT WARBRAL (a3 S B SR 70 Lo SCHR[9]AN[10] #6255 F& ik
% H) (carbon capture power plant, CCPP)5 i 3L &5 &, [RIBS 75 S fmr (0 2% RS 75 SR B2, 327 T i 46
O RENE, XK T RGBT AET . B 7. BRBEASEATE, BUFIEHEH Tk

DOI: 10.12677/mos.2024.135460 5083 e RSE TR


https://doi.org/10.12677/mos.2024.135460
http://creativecommons.org/licenses/by/4.0/

BV, 5kEL

Gy HU S ZRAUESE ) WU A5 BUR SRRt — D HERE B HR . SCHR[L1]-[13PREERIIE - SRR S AL SI A R S
L ERUE DT LA 5y, 53 3 3 T SR AE B S T7358 5y BRI R SRAIE- SRR S 53 (KT B IX TR B 2R 52 5
IR FIBAT AL I . DL b SCRR S B SRIE AR AL B S, BINGEG IR RS, FEAREFI .
BAr R 5 BRI R HERE R G G MEAMIRER Ik o 2RI - BRIE G 58 5 X S5 & BE IR 2 ¢ B 1 #4522 380Ul
TER, AR R R G

BT BT R, AR — M B ARIE - BB G S5 M S BRI B B RS REH R gie T
WHTFT. B, PABRSEBE AR TS ARG, I 138 A R AR 1520 .
SRJE Bt ZRAIE - BRIK & 52 2 WL R 2 Ge itk — 2D AR BF B HE,  JF 0T 7 SRE R AN R STz AT IR
Wi, fr)E MRS E BRI RGBT I 5, AR TR IES MRBRIEMZGHET IR, 2 5%
k.

2. ZRERERIBITER
AR F FEERAIE - BRI 552 5 B S Bl SR AR B A SR & REIR R GUEZR WA 1 o, A=A
w7y, 73 RO REIRGE RN L REVR AN G fr N o

&

BRUER B AL

B B

11w

ZERIERS

— BN B g AR — - H e > Co,

Figure 1. Structural diagram of the integrated energy system
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Figure 2. Diagram of hydrogen energy production and utilization
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P < PEL,t < IDmax,EL (1)
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ERERME sk ATk, R A L D 28 B B OB R ML s e » — O, min 20 A A EMRRL HLIE
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(3) Hbt e M AU [15]

PMR,g,t =Tur PMR,t
PMR,min < PMR,t < PMR,ma\x (3)

_dMR,min < PMR,t+1 - PMR,t < dMR,max

KA, Pyry NTBESBLES N ZIEINZHHIN: Pyg o N FRESSLES I ZIRIR TS s pye NTEER
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(4) BAIAT =Y
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LI A5 B A RN Ay
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Perp.t = Kimix | — +
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Ky, Ky, Ken,
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(85 Popers Popne o Poypy 20BN U BB ZU HUB BLALEOHI I . STD SR RO AL R IR I
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2.2. CCPP #iZ#=8Y
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Eiese :depe,t
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HAER R GAERR Ky ARWUR RS SUERCR 2 WA AR B RS, 1 AGHEXNR 1
MW-h 1R T — AN o, N IES SHIFERETCAREG P, vt %1 R G0 o v & T
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(2) CET #Ll

WA 2 WL e il s N AV OB TBORL, I o 26 77 78 2 T 37 AT B HE RSO SE 5 33k 1T ik 8142 ) i
TR HI[17]. 1ES HR BB HFROE F 2 3 25 BN CHP FIHL Mg [F, &3 MR 1S
AR CO ML, SEBRERHFBUE AL N T

EIES,C = EtotaI,C - EMR,C

:
Euic = 2 (az B, Pt + €5 Prars )
5 ®

Ptolal,l = PCHP,e,l + PCHP,h,l + PG,t

T
EMR,C = ZUMR PMR,g,t

t=1

A Epge M 1ES BISERRBRHEB R By 9 CHP BN MR SRIBRHFIE: Eygc N MR S2FRIE
Wi CO2 &5 @, by ¢, A NFER R RE R A& BT 24 nye 9 MR A REFE R
R CO, IS 4L

TE# & GCT #1 CET MLl A EEAl b, FEBRHFBOBCE LN, AT I8 i B GeR A AE 5 2 I e s HE 2 4K 30
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() Wk C,,,
T
Cbuy = Zﬁt Pg,buyyt 12
t=1

K Py NUBRIIAE; BNt BRI N .
(2) FEREAC,
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Cre = §re§( Pre,t - PW,t) (13)
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(3) BRI A CG
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(4) ﬁﬁ%iﬂ‘ﬁﬁk‘z& Ccarbon
-
Ccarbon = ;I:kc (ECOZ,t - EMR,C ):| (15)

sk AEAFERALF R CO2 A
(5) CET M1 GCT A W= (10)F1 (7).

3.2. AREH

(1) T4
GrOEIRS A RBIH Hh B ST B TR AT

PG,t + PW,t + PCHP,e,t + PHFCet + les et + Pbuyet - PEL et + I:,Ioad et + Pch et + PC,t

Perpnt + Piisnt = Poagnt + Penne (16)
PMR Hpt T PHFC Hpt T PCHP Hpt T Pch Hpt — PEL,HZ,t + Pdis,HZ,t

PMR,gt + lesgt + Pbuygt - PCHPgt + Pchgt
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Figure 3. Load curve
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EEXF AR ST 5 R A S B AR RN LA BRI R BN A BF I FE AL G stk WE TR 4
s st

Y 1: 55E CCPP UL - & IES RAR&FF M EEA A, (5 )E CET,

Wit 2: FFE CCPP MVS B AN - & IES RIRAFF AL, [ SIB AN 5%, UHRE
CET.

Wit 3: # & CCPP MR SIBANMH - &l 1ES RIRATHHERAL, HETBALL HBA A RN
10%, X% & CET.

Wikt 4. % & CCPP AR SB AN - & IES RIR&EFHHERAL, HERBALL HBAH EIRAN
10%, % GCT-CET BEA 28 ML

Table 1. System parameters

#z 1 REEH

e HfE e HfE
1 3 4 7
PG,max 400 MW PMR,max 250
PG min 100 MW Ore 0.75 JG-kw
Omin, dmax 150, 150 Pt 376-md
Ecit 0.9 a,b,c 0.12,10.6,73.4
KHyn KCHy 3911 MJ/m? ke 30 Jo-t
HELJHFC /]MR 0.87,0.95, 0.6 HGCT 160 JG- A&
Pmax,eL 450 MW e 0.25
Pmax HFc 250 MW Kcer 120 JG-t

4.2. MEBESTHT

4.2.1. ElEBSEESH
X2 NEGEWIABESE RN, f# 2 /M, £RERLFIERAEHRIER L, HEETERE 1, %k
TR BEARGE 2. 3WIE TEMESR, HMETEEBEAN, HELBALRTTE 3 B,

Table 2. Comparison of scheduling results in each scenario

2. BRREAELERIEL
Yoo KHUBA, WORESUAS  BREACRR CET AT GCT A FENUSA,  iHbC A

i Ji7t Ji7t JiJt JG JiJt Ji7t /g Ji7t

1 148.90 166.99 8.54 -32.8 0 6.72 2687.48 300.35
2 151.19 138.13 7.89 -31.4 0 5.53 2763.45 272.06
3 154.48 120.87 8.75 -30.1 0 4.79 2878.04 258.79
4 149.06 118.6 7.32 -35.3 -8.9 2.12 2587.89 232.90

XFEC BT 4 R0 2 AT, 375t 2 LA AR EE I 5t 1 FRIR T 9.4%, HRRTE T35 2 HBIRAE
2 BEARELBEIREENAM, NG ataE, BRI A

MARGRRHCE, 7rHTE 5 A5 2 A, 5% 2 BRAbCE N T35 18K T 2.83%, XK 5t
2 [H5E 7B AL, BRI, i 2 ISP AT e Hil S ESR, JCOR RN 71, PR A
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Figure 4. Hydrogen power balance in scenario 1 and 2
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Figure 5. Electric power balance in scenario 1 and 2
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Figure 7. Relationship between carbon emissions, system costs and green certificate quota coefficients
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KRLGREHRRFAGEANRINE, BESGERHRECN 0.2, JHE NSRRI AL 0.3 1, £
FREVR R G R I SAERC AR b7 5698 MW, FCATRHREL s, LI KRR GRS D, W ARG
GCT Wi Bk, ARG A . HEERHUR LN 0.15 I, LR REIR ARSI RFA (2RI BC AR R
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