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Source-load Low-carbon Economic Dispatch Method for Hydrogen Multi-energy System
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Abstract: In order to promote the low-carbon and clean transformation of energy system and promote the on-site con-
sumption of a high proportion of new energy, this paper proposes a source-load low-carbon economic dispatch method for
hydrogen multi-energy system (HMES) based on mutual recognition of carbon-green certificates and electric and thermal
flexible loads. Firstly, on the source side, the heat loss and waste heat utilization during the electrolytic cell hydrogen
production process are taken into consideration, and a hydrogen energy multi-link utilization model including the electro-
Iytic cell heat-hydrogen co-generation link, the hydrogen-to-thermoelectricity link and the hydrogen-to-methane link is
established;on the load side, the transferable, cuttable, shiftable and substitutable characteristics of electric and heating
loads are taken into consideration, and a combined electric and heating demand response model is constructed. Secondly,
while considering the mutual recognition relationship between carbon quotas and green certificates, a carbon-green certif-
icate joint trading method is proposed. In the HMES objective function, reward and punishment ladder-type carbon
transaction costs and green certificate transaction costs are introduced.Finally, with the lowest comprehensive cost as the
goal, the low-carbon nature and economy of the system are taken into consideration,and an HMES source-load
low-carbon economic dispatch model is constructed. Multiple scenarios are simulated and compared for analysis, and the
results show that the proposed method can be adopted to reduce the comprehensive cost of HMES system by 25.6%, car-
bon emissions by 39.2%, and achieve full consumption of new energy in the system,verifying that the proposed method
can be adopted to effectively improve the consumption capacity of renewable energy and achieve low-carbon and eco-
nomic operation of HMES.
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Ce,cl = ge,clzf)e,cl (t) (24)
t=1

A oot AR AT FIFNE R Pea(d) AT HI
I3 A7 T DR
432 ETHIEAA A A

xR AT T AR (1 GBI B P, AT
TE AN 5 M A8 A7 Ao SRR IR P P T R AR AT KN e 1R
ANEma OO B A MR R AT E M R E N
[Fnmin,Fhmax]o TEMGIREIE R, AT HIEA G A

Ph,cl,min S Ph,cl (t) S Ph,cl,max
Ph,cl,max = Cwmw (Hh,max - Hh,O ) / At (25)
Ph,cl,min = CW mw (Hh,min - Hh,O ) / A[

e Poa() AT HIBA U DI Phelmax Phiclmin
TP AT AR DI By RRR s ew /KT EL
AR, HLA42x10° Ikg"C): mw NBFINS TN RIS At
FIP A ey K BT i s Hio A HIIRTELE «

AT EIRFA AT (IR A Chet 92

T
Ch,cl = gh,clz Ph,cl (t ) (26)

N ene R HIRRIA ST (AN R B Pha(f) W]
HIIBRIR S D
44 AENRGSE

N T INsRE AT AR S E, BRIk
AR, IR

ABeload,alt = _gdr,eh APeh,alt (t)

AR g = Earen?en Ao an (t ) a7
O < APeload,alt < APeload,alt,max

O S A})hload,ah S APhload,alt,max

s APeloadaits APhload al 73 51l 4 FL A7 faf A1 #R A7 ff 72
¢ B Z AT B AR AT BN s APenan(f)N ¢ BV Z FEL S
M EARE, HHONIER, DLHARH, Rk,
DARARHL:  earen 9 HLRAAAT Z A4 FOIRS R &,
PAHIARER I 1, DARARHLINT B =15 yen Jy FE AL AT
BRI REG APeoadattmaxs APhloadaltmax 73519
F, A7 A PR AP AT AT AR A7 AT o o R
£ L., HMES [] IDR MU A A -

CIDR,HMES = Ce,sl + Ch,sl + Ce,lr + Ce,cl + Ch,cl (28)

A A : Cior imes A HMES BI255 7 =R 0 B2 RAS o

5 HMES Bi{ERE5T AR R

5.1 BFfrEH

HMES AL FERBLR LLE & BROAS F /N H bR
PR, AAESHIERS 5 A . BRAS 5 A . T RE AR o
BARAIBATYEY A . IDR AN AR . 32RO AR,

RIEAN:
min F' = CGCT,HMES + CCOZ,HMES + CBUY,HMES +

(29

COM,HMES + CIDR,HMES + CWP,HMES
AHF: FN HMES BA; Csuymmes A HMES 1
RERAS s Comnmes A HMES WA IZ4ERUA ; CwenMes
N HMES KOG RAS .
5.1.1  JWRERA
C =C. +C

BUY,HMES e,buy g,buy

Copy = ;(pePe,buy () (30)

T
Cg,buy = z (pgpg,buy (t))
=1

K Cepuys Cobuy 735179 HMES WHLL A
Pepuy(?)s Pebuy()7373)79 HMES W HL T SNE: pes
pe 35109 HMES T HEL . TS A4 -
512 BYERA

Commves = z Cowm.i

r (€29
COM,i = Z(SOM,iPi,in (t))

=1

. Comi N i HIIBHERNA; comi NS i 1Y
FALIBAT Y B 5 Pin(0) N1 2% | TAERIH A DD
i 43515 GT. WHB. GB. AEL. MR. HFC. WT.
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PV. ESS, M, ESS i35 ES. HS. H2S. GS.
513 FRIEEA
CWP,HMES = 5WTZ(PWT (t) _Pwind (t)) +
t=1
, (32)
5PV z(PPV (t) - va,re (t))

t=1
AHF: Swrs dev A AARBRALF R FHET REG
Pwr(t). Pev(0)5r 519 WT. PV FITRIITh 2
52 ZREH
52.1 RemE-PTZ R
P (t)+[)pv (t)+PGl',e (t)+PHFC,e (t)"' YA (t) =

Pe,load (t) + PAEL.e (t) + PES (t)
PGT.h (t) + PWHB,h (t) + PGB,h (t) + PHFC,h (t) + PAEL,hg ([) =
Ph,]oad (t) + PHS (t)

Prein (t) = Bircn (t) + R (t) + B (t)
PMk,g (t)+Pg.buy (t) = PGT.g (t)+ PGB.g (t)"' Fss (t)

T Phjoad(d) NI T s Pes(£)~ Pus(f)~ Przs(f)~
Pas(f)53 519 ES. HS. H2S. GS 7E ¢ I ZI ¢ Th 3.
522 HREKAKR

Ak, ARG PV, WT [ H 14038, AEL.
MR. HFC. GT. GB. WHB. ESS Z%iz{TZ1 %l
SR SCHR[17-18]0 BRI M S AT AS SO B IR

6 FHHISH

[y 3 [X 45 HMES R 45 (1R etk J1 0L 2
H L P TS L 1 4 BT . HMES fif g 24
S REAN AR 7 AR 1. 3R 2 Fis. w9 0.368 T
kg, KJNFRE o MIETRE 0 75508 0.15 #1 0.2,
TRHER AR X [ K E d 9 2 000 kg, HATRAL S
ZHNSCHR[5]. RUESE G Sgreen 79 0.085 70/kWh.
owr~ Opv N 0.6. ZEA T RN SE eesn e
gect 79 0.21 0.3 045 engs ena 73724 0.1, 0.2;
yen N 1.2. S AL, BGRMEGUR AT TS B

NISGUEA ST A AR, LR E TR
7R RBAT M TR 1, LG MES AR AL I EE
By FE2, EHE 1 EGEE, SINHES R
f# EL. MR Ml HFC ZHR A ReR AR, KA
GrE | EERID), R 3, AR 2 KR, 5
NS e AR AR R A e 2 36715 1 R ALY
T4, fERE 3 MR L, SINSIERIEER CET
MUl J7% 5, 1EJ7% 3 2EA E, 51\ GCT #liil;
HE6, fE7% 3 %At L, 51N CET-GCT BtA %
Ll HE T, R 6 KL, #—P5IA
FITHE (1) FE A A7 fir 75 SR i R ABE A

(33)

—H— H A g AT
1600}
=1200f
~
f§ 800
400}
O 1
0o 5 20 25

10 15
I 6 /h
Bl 4 SR R e Pl il 2

Fig.4 Various power sources and load prediction curves
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Table 1 Parameter list of energy storage devices

ffReidcs  AEAW  FET. ERAW  BEE% FRBCRRGE%

ES 2000 400, 1600 0.1 97
HS 1500 200, 1400 0.1 97
H2S 2000 200, 1800 0.1 97
GS 1500 250, 1400 0.1 97

®2 ANIEREN S

Table 2 Purchase energy prices from external networks

iy Bt HA/OTkWHT) — H/OG kW
01:00—05:00, 23:00—24:00 045 0.40
06:00—12:00, 19:00—22:00 1.21 0.40
13:00—18:00 0.73 0.40

[ e fesinr [ voehs s ] mr A s s 2l T 74 i 61 i1
B vk S ] e 5 4 fFfT'ﬁmfﬁﬁﬁf|]]]llll[[|[ﬂ]]1ﬂll AT MRS A
SRS

HT[E]/;I B [8]/h
(a) FMEH AR I (b) FMER S S 53 A
B 5 FtEr. S

Fig.5 Distribution of flexible electrical and thermal loads
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6(c)R %1, 7E 01:00—07:00 JyFAififmisll], o
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®3 BIRPELER
Table 3 Scheduling results for each scheme
TR MERERA/ T BYERA/TT FRIGHA/T  IDR AL CET A/ 7T GCT J§&A/75 LA AT WU Br/kg
1 182279 4330.8 1132.7 23 691.4 14 010.7
2 16 387.4 5075.6 245.1 21708.1 13083.4
3 16 009.4 5016.9 0 21026.3 12 583.2
4 15 808.0 5505.7 0 —781.2 20 532.5 10 616.8
5 16 016.7 4957.1 0 —1094.4 19 879.4 12 191.1
6 15924.6 53704 0 —1001.5 -1073.1 19 220.4 10394.4
7 13792.5 4738.6 0 1204.4 -1013.3 -1093.6 17 628.6 8518.8
E= 2oy nrdl EL FEE ES

PGB I, M= AR 7N, BRI
TR HLESKE, f HMES (98 5 A% & . i B K
6(b). (AFAI, HZE 2 fE5| N7 EL. MR Fll HFC
MR AR A fS, £ A 01:00—07:00 F
22:00—24:00 %0 Bt, TIAIA EL Kb BCE AR I
LA RO, A KEESR, st HFC Al
MR IO ATRI . A SEE AU
TR IR B K, B PR T R R BHE R -
FHER 3 T%0, HRE2MITE 1, B HMES iz
YERA DL > BT, AH TR T FW RE s A AN
FERIE A, {775 2 (1) HMES %5 & A PR T
8.37%, BRHEREFFE T 6.62%, I6iE T % EAfEF]
FHRERIAE ST 2R G 205 P AV B 1 7 T P 281k

J5E 3 SRR R 2 kR, d3EbERE T
T FRARRE T AR AR B, BRI R T AEL AR A
B, ReEMLRRE S 7 Fros. B 7 "T%0, AEL
AT R ) s v ) S Pl o e AR AT RS, AN
M Bt N AT, DLERRTE 01:00—07:00 £l
23:00—24:00 &R A IR 1. TSI
FANEL ) AEL Ji&, FHECAESE BL MIRERFI F 2%
=P i i 2575 W WS I W N 23 2 S D S 2
HEZRREINR . thoh, BT RMEIBGRN T —5
IrRREHERL, HE—2DU> T WHB TE R A7 e I )
EX I IhR, A T CHP DIHGE IR B 1R 3
AIAE, AHEETTS 2, J7% 3 (1) HMES 58 BUA Mk
HEBCER 7379 R BT 3.14%F0 3.82%.
6.2 CET-GCT BX &R ZHFIEm ST

P8 N7 % 3 AT & 4 W m R ALAL H S50,
R Z RGP R ASNEE T, RBRATLZ R
SHA. 5HE3 ML, HR4AETNKERERE
CET HL#lJ5, BT HMES F#RS LA L Ebie i, i
SN AER AR CET J5, HMES A i 2 i KA1

LA

[ e Ezrev [ wr
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i fé)/h I ii)/h
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Fig.6 Energy supply and demand situation of schemes 1 and 2
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GCT ML), W THA RS b s, # HMES
RETESRUEAS &) TR ERIE 2, 18T T RAW
SV ai. MR 3, 77E 5 HMES 286 A
TP T 5.45%, BRAFETRE T 3.12%. HITE 4
MIJTZ 5 XL %N, B CET HLHIA GCT MLk 7E$R:
B RGICEEE ATE EIa — e AR, (B
MUHII/E P B AN 77 4 b CET HLHITE G s HE
HMERRERE, TR S5 * GCT HLHIfERE R
Gt BRI .

% 6 5| N7 CET-GCT BEAZE ML, 1415
HMES fe[F] I TERRAS 5 T 37 I SRIEAL 5 11 3 HR 3R L
W2k Hhah, Eid# R CCER 54F M BN B
REVR AL AR J5 B BIRcHE B, JE 1T R R R G BRI AT,
{75 CET ML 5 GCT WLl #H B ARG - CET-GCT Bk
G GNHIR i — DK R G B E, 25
ARG SL AR TR, g 3 T
A, MR ATHES, TE 644 T CET ML
A GCT HLEIFFHLE] I E LS, {Ff HMES 254
FA A HE R R 3 — 2 N, WU T AR ST iR
CET-GCT Bt& 22 G HLil R a & 5 P
6.3 IDR5CET-GCTEBA&X SIS TFI A
Bt ER LT HMES RI5200

B9 NTT%E 7 i AT 7 SR R 1
HHE 9 v, 5IAIDR J&, HAGMLE 09:00—13:00
AT 17:00—21:00 11 fif g U AR B R FH A7 A W10
AN B A AT BACREAT “HIE”, £ 01:00—06:00
F1 23:00—24:00 B fap (UG BRI, SR FH a4 4 . P F%
AT HEAT “ IS 7, 45 B AT R e K U2
72/ 1037 kW PR 778.6 kW, /N T 24.92%.
[FFE, HAAHLE 01:00—08:00 £ 20:00—24:00 F# b7
it v Ve TR SR P 97 A B 9R0RT A0 EL 97 A B ARGEEAT )
U7, 7E 14:00—17:00 FAAfaf KA B K f i ~F
B AR AT “ A7, S AT IR B R 0
B2 893.2 kW &N 716.4 kW, 4i5/N T 19.79%.
SINAT B G, T H AR B5 # G e
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Fig.8 High and low-carbon unit output of schemes 3 and 4
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Fig.9 Response of electricity and heat load demand in scheme 7
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