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Multi-time-scale low-carbon optimal scheduling of integrated energy systems

considering hydrogen energy coupling and ladder carbon trading
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(1.State Grid Tianjin Wugqing Electric Power Supply Company, Tianjin 301700, China;2.School of Electrical and Electronic Engineering,
North China Electric Power University, Baoding 071003, China)

Abstract: In order to realize the efficient utilization of energy, as well as reduce carbon emissions and source load
uncertainty, this paper proposes a multi-time-scale low-carbon collaborative optimal scheduling strategy for integrated
energy systems considering hydrogen energy coupling and stepped carbon trading mechanism. Firstly, in order to
effectively reduce the carbon emission level of the system, a ladder carbon trading mechanism is introduced, and a
low-carbon economic scheduling model is established. Secondly, to give full play to the efficient and clean characteristics
of hydrogen energy, a hydrogen energy coupling equipment model based on electrolytic cell, hydrogen fuel cell and
methane reactor is established, and a multi-source energy storage model of electricity, heat and hydrogen is developed.
Finally, with a purpose to reduce the impact of source and load prediction errors on the optimal scheduling of the system,
and taking into account the response differences of electricity, heat, gas under different time scales, the scheduling
models for day-ahead and intra-day multi time scale are constructed, respectively. The example analysis shows that the
introduction of hydrogen energy coupling system and stepped carbon trading mechanism can not only improve the operation

economy, but also reduce the carbon emissions, and the proposed multi time scale scheduling strategy can effectively
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suppress the power fluctuation, and reduce the uncertainty of the system source load.

Key words: hydrogen energy coupling; multi time scale; carbon trading mechanism; collaborative optimization;

multi-source energy storage

T2 WU B AR BK S T, K K R E it BRI L 4
e A IR ) TR € By Al R 40 S8R A — > R
Tt EUREAE N KRR R, A R (R
i HoTS Qe A, T 7E £ A BB TR R 4 (intes
grated energy system, TES) 1 ] fil 5 A [a] G 5 JE =
Z B R G XF 4E R R g Be IR R R LGB AT R
AR Do HE 25 HLAT H B8 Y Ak, 7R i H g mT
PR BE IR A TES 95 B0, TES {75 XU 2 i 2H
BRI ENE, X HIESREZBIT S5 RT
— PR

H O A K E A8 TES (e 5z 1T
JETF TR ARIOFIE o SCHR L1048 2 DL # e k 7
% 4t (combined cooling heating and power, CCHP)
R A% TES 258 BERLAY , LLis 4T A fe /i A
b SE ML 1 B Ot 75 SCHRT 1T ] 37 % #Ar 16 ™
Z 4t (combined heating and power, CHP) L4 B X,
By Ko H PR KOS R TR 5 B A8 10 TES A 16 9 AR
AL hnss 7 U2 RS R B e TR RE IR Y TH
WBET) o R T IR 7 R SR A IR R GRS
SCHER[12]51 A Zg G w5 5K i 7 (integrated demand re-
sponse, IDR) % B , 8 37 7 HL 5 SR £ 56 B8 1Y) BE
P5AR AL A A AR, S5 B0 P 4 g B R 8 BE 5 S
R L 13 BT X v A A7 ) 22 PR R P 4 o — B
BEAN B Z 5T 9 IDR A A, 57 31 & IDR /9 AL 34
IES 2 3% I BE BB 4 i 7 OB BB IRIH M Be ) o 4RI,
R SCHERAN AN TES 28 55 M 07 T AT A 5T, 200 T A]
P BRI S A A TN 5 2 X R Ge UG Ak VA EE 1Y 5 e o

N TSR RE IR AR GE N TR A I A5 22 X R
GEAAL IS e, LT A A Ak 1 22 ) Ta) RO I JEE
RSB T N . SCERL 14 TR IS
T AN [ I 18] RUBE b i AH OGP A B x4, $2 00 T H
T — H P OBUR ) )RS I A A8 A0 5 SOk [ 15 ] 3% T
AT 2 5 J7 32 (model predictive control, MPC)
IR I = VAR S = I 1N = W B S S R a7
4 22 I [) KBS P A 78 B2 SR W, BEORAIE 1 TES 1Y iz 47
ZETE R LR AR T U A S 05 2 A0 R Y T R B
SCHR [ 16 100 2% p& H 5B A A L ORETE AN [) o 8] RUEE Y

i B RE 7, A ST RS B ) RO Y TR s A Ak A A
FEAE H AT IE B 5| A £ 88 205 R LU T IES i2
17 RE P SCIR (17 142t — b B 7 43 43 20 MPC 5
5 TES 2 i ) RUBE O Ak 8 B2 7 126, 38 2o %) 45 F &
B Py R 4 SR R LA . R, T
TR SR FUER G L B AR R X TES 34T 9 B A AL
ZREAE I I 0 KRB IR, WY AR TES 1 H A
AEEE L,

AT X EURE 7E TES I F (4 BIF 9% 32 22 Pl % il
S SRR R R B SN R AR R S T S . Sk
(18RI H P2G I s A e 5 RAAME T
H—S— 2 A 1R A i s B AL SCHR [ 19100 A&
TES mhoin A XU H i) S8 8, 408 T RUH ] 08 X
U TES 247 BUAS B2 55 7 B U5 40 58 ) 1 5% ) 5 3C
ik [20 ]2 5 — A ik K AU H T BE B Y o — < H
WAt e TES PLAL B AL, B iE 1 IDR 5K W S S0 g
X RCHL (9 T A AR L A BRI T IES Has AT 5 .
N T BEAR R G HE R, SCER[ 21 )8 T H IR AU S
B HE B H— I — R — U TES H F i B AR, 4 3L
BAIE T R Geis 17 25 vE MR AR A 5 SCik [ 22 ] 0 41 xit
7 NI R N (R =SV R A e L
Pk K S RERS 40 AL B (9 TES AR R . 1 5 SCik T
X EURE W T AR MR BEAT T O IR AR S E Y R
LT B A i 15 RN A g R v S0 Sk R 0 1 AL T R
FEWESE , 220 T W5 —far 22 [] ) AS A o 1

X b R ) B, A SCER X RE AR A R G TR
i AN 72 VT TES A £ 3 B2 52 e () 1) R0, 322 3 — b
% R EURE AR B R B B L B 38 B B 9 TES Z2 1 i) )R
FE AR BE SR o SR R T TR A R AURE 1 AL
TS R RRE  EE ST T DL R SRR L T | e
IO i B S At R ZH Y SRR A R gL . K, A1 il AE
FOAG H P 8 B A5 v g | A B B 78 58 5 AR, )
HET T B Bl 22 By BL ) A A e O A R AR A
SRIG L 75 I B N [ R 576 S [ B ) RUBE T iy o R 2
Stk T MPC Jr 43 3 A 7 30 mim 2 H A4
B i) R AR RN RN 5 mnin 2% A4 H P92 IR (] R B
PR REAS Y B T, 38 A SR 07 FL I UE 1T AR AR T



#5538 54 3 1)

BRAL T, 5 2 R U RE R 1 B B B A 52 B 1 25 5 RE TR 2R 498 22 I ) RUBE IRk 12 £ 981 12 37

AN RS TE SR TV TES 28 T 1 AV ER QR A 1 [ 1), A7
AR T R GRS B0

1 H—A—R -GG RERS

7

RSO B B — R — A —Z TES 45 141 1
7o P SRR PR AL A A AT U R AR AR
LA K U AR PR R G B A A4S SR L Ttk
(hydrogen fuel cell, HFC) . B & [z i #% (methane re-
actor, MR) & Hi, f# f# (electrolytic cell, EC) . I 4h

B A 5 R R e ML (gas turbine, GT) | 4y #4440
(waste heat boiler, WHB) & #% < % I (gas boiler,
GB) Fl Ll it 1 (electricity storage device, ESD) . fiff
# (thermal storage device TSD) K fiff & (hydrogen
storage device, HSD) M iy Z R RE2E H . i,
ZURRRE T R A DL B 22 U5 A R ke Y B R
A2 WL SCHER 227, W8 B0 i 1Y) 50 A5 0 AT DL Sk
(23], AR B A 5 I FOR S50 0 1) B2 i A
AL SCHR[15] .

H1 T S0 RE B9 AR Bk T I R R L R BB B TE L
LI R TES Sl LU S 7 B U5 A4 H 1
£, U\Wﬁﬁﬁﬁiﬁﬁﬁﬁi?ﬁﬁE‘Jgéﬁﬁ?l‘%éfﬁo £

RETE TES th iy A 2R, v DL e — P HEZh BRI R 46
[ R B 35 T LRI R R B, S B TES IR 48 U

:@170
| et g |
A
G L I r 3 V> £ i
Eﬁﬁlﬁf@? ]—————; SRR
o i
[ fe 2 r%H% ] L
A Hh I 7 : ................................. Y. x..Y ...... » AT
[RUEUURTS. A TR
e e, >
BEN A BET AE I TR I

E1 IES#%#
Figure 1 System structure of an IES

2 Birs AL 52 oy AL il

h R AR TES BYAR AR R0, 51 A BB B Bk 52 55 Bl

il > PRl 2R 40 0 Bl HE I e o AR SR FH TG A 4 TR 1Y
75 O 2 G2 0 0 b B HE R 4 EA T 4 T L B R R GG
Ti] A0 ¥ FL 60 114 W fL o 2 R R AR A R TRk
N TES i HE i ok B T 4h g i ) .CHP #il GB
=AY B S8 By 1) TG e HE JRCTC AR 4y L AR
G=CGuu+ Gow+ Goy

T
G = €ezP§.u/yAf

Geyp = €1(E¢1P(1r+PW1IBz)A

Gop = 5112 Py At
=1

', Goros Gene . Gon 73 51 0 TES AR | ) . CHP
Je GB By To 2 BL & ; G A TES BV IR LA Pt R
TES 4N HA, k5 e o0 23 1) S B A7 R B R BAL Q7 #1011
TCAE R FC A0 2R 45 oo N K FBL S T 53 LB AR B (4T 55
FB, B 6 MI/(KW « h) ™5 Par oA GT i 1) Ha 2
R s Py, Pos. 20 10 WHDB F1 GB % H #h

5 18 F MR &R % 4 R 8 S 23 Wl — 6
Oy ZAAARRR , R A I TES 52 PRz 17 0 Bk HE i
R T UE— 2 % R MR B 45 % AR R A R AR
THANE T o D) S B 1 e HE IO HE ST S AN F
GM'= G+ Goti — Gug
Gl =, Pl A

=1

(1)

Gli=>(a,+ b6, P+ (PRY)  (2)

T

G1/<:1€:1:2(a2+b Pll +Cz( 111,;)2)

=1

Prwi=Per.,+ Pwus., + Pos.,
X, GY R TES SEBR B iR HE & 5 Gose . G 43 11
Sy A HL RSP 1 S B B HE B Gl MR
W1 — SRR B B 5 P o 42 5B IR ML AL 199 55 R0 B
% 5 @ S MR 5 48 2o B b Wlie — Ak ik 1 50%
B Py, N MR I KRIR R T E a0 e fll as
by 53 ) g A W R T R AR AL Y e T
e8¢
%T‘*ﬁwﬂﬁﬁﬁﬁmﬁm%mMﬁm%
35 WA VSRR B A7 T HE DK ) HE R R
TR X TR], A R mﬁu%x%m%imcE%%
RN




38 I <

15

Eid =S 3 202345 A

MG —G), GM<G+h
A1+ )G — G —h),
G+h<<GY“< G+ 2h
(24+y)Ah+(1+2y)AG* — G — 2h),
G+ 2h<<G"< G+ 3h
(34 3y) Ah+(1+ 3y)A(G* — G — 3h),
Co+3n<<G™<<C,+ 4h
(44 6y) A +(1+ 4y)A(GY — G — 4h),
G+ 4h<< G

F(*

(3)
K, Fo oy TES FKAH I 5 58 5y AR 5 A0 T 3 4 B
PLARAZ 5 W 4% 5 o B HE T XTI JEE 5 h 454 B e
YRR AZ 5 A A 19 9 MR

3 ZZ I Ta] RO I Ak v JRE A AR

Sy Uk /0 AT P AR RE R e S S B4 O A E P
IES 8 J£ (52 0, A SCHESE T H i — H A 2 i 1] R
B A IR B AR, B R AR AN 18T 2 B s o H IR B
BB L1 h o e ROBE , LI RE A 38 47 A BL &
W B T ik 52 oy AR 2 M i /N D H A pREL, A5 31 45 1
24 h i) HETs 47330 o B iR s O A 98 i ) g
MH I TR 2 R A [R] R IR A 9 B I ) R L
8 2 S P, R 43 T R 8 A B P A TN A B R AT B

¥ 2
i AL DefR Kol | iy AL R IR M
g H F‘iﬁﬁ?iﬂlﬂéﬁ(ﬁ &Wﬁ'&’;‘z‘%ﬂ&%%ﬁ(

¥
FR 38 2 - DU BB JSAR 32 A7 J00AR 2 86 L 8k 58 5 A ‘
il 5 R 98 R

v

T H S min AL O |

R B B0 o T AR L
v

16 H N 30 min ZEELR -2
IR L A g R

v
T5HH M 30 min % XAL DG
AR H AR o T A
v

PLH 25 A i/ B
B VA 4 0 A () H i

v

[ 0 e 2 L e

B2 IES %&b RERERAE

Figure 2 multi time scale scheduling flow chart of IES
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Figure 4 Electric power dispatching results under

different schemes
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Figure 5 Thermal and hydrogen power scheduling
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Table 5 Comparison of results under different

intra-day scheduling schemes
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Figure 6 Day-ahead and intra-day comparison

results of each energy storage equipment
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Figure 7 Comparison of daily output of some equipment
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