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Abstract: [Objective] With the rapid development of new power systems, the electrc-hydrogen coupling system gradually presents the
characteristics of multiple time scales, multiple uncertainties, high-dimensional multiple levels, nonlinearity, etc., which puts forward
higher requirements for operation scheduling decision-making. Therefore, it is very important to ensure the quality of optimal scheduling
results while dealing with the renewable energy output disturbance, load changes and equipment dynamic characteristics. [Method] In
this study, real-time operation scheduling optimization of the electric-hydrogen coupling system under multi-time scales was carried out.
By establishing a day-ahead-intraday optimization decision-making model based on model predictive control and combining the
equipment operation characteristics with the grid interaction constraints, a multi-time scale scheduling optimization framework with day-

ahead planning and intraday rolling adjustment was formed to provide a closed-loop optimization control strategy under multi-time
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scales. This realized real-time scheduling control that considered flexible resources in the system. [Result] The results show that the day-
ahead planning, based on large time scale, low prediction accuracy data, insufficiently estimated the fluctuation of uncertain variables,
leading to the idealization and homogenization of the results. At the same time, there is the risk of short-term supply and demand
imbalance, which is quite different from the scheduling results under intraday conditions. Under intraday correction, grid electricity
purchase and energy storage, as flexible resources, have become key equipment for regulation. The maximum variation range of the
average and peak values can reach 23.3%. Moreover, under intraday correction, timely responses can be made to sudden changes in wind
and solar power. [Conclusion] The established multi-time scale optimization scheduling model, based on the results of day-ahead
optimization scheduling, accurately predicts the renewable energy output and user energy demand in intraday rolling optimization and
adjusts the unit output. It effectively suppresses the power fluctuation caused by the day-ahead and intraday deviations and can also make
the operation scheduling process more flexible and mobile. It avoids the problem of supply and demand imbalance that may be caused by
scheduling results based on a single fixed time scale and improves the operational stability of the system.

Key words: electric-hydrogen coupling system; uncertainty disturbance; operation scheduling optimization; multiple time scales; real-
time operation scheduling
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Fig. 1 Electric-hydrogen coupling energy system structure

HLRE G L o SURE AR AT, 78 ] 2R RE IR A 2 I A
FHEURRL L A HL, o SRE SR AL F R AR o IR
ANRT LA ik ke P2 BE U A ) 230 45 0 194 1)
A, A8 T LR M AR e A R SN, IR m R SR
Prtte MR ARG, KOG A R AT LA B0 T3l 2
RO ok, Wl DLk 2 i i T . KU
B AL 205 DR T S0 A 8 SRR R R R e L S
MARGERIAER, AR5 DL RERIIE et . KU
i B2 /N T SRR HE SR I, BT AZORE R T L B
P R R T K o R, SRR IR AR B AT R rp
A A EAGBE T T T 2 RGT A BT R

E e R v SibE I S ipuy Il

1) BB

SRERLHAE TAR S R, o A FE L RE T
7 R I 237 A i, SUPORE R T A i S P Y
AT A, 77 L R 2 A A, DAL R AT
VAR K R T R Ge R i i 45

EERERLE R, T B R A AR B HLis
17 T 008 Dy it FH ELASE 1 17 BE B8, BOAS SCRF T
HHORE PR E HL e, BARB AT e d B i ik 0

Pt = ptin.pel e T (1)
e
r o — A T=012 TIN BB A B, £
YteT;

Pt —— LA RO DR (kW)
P ——HURRE A AR (kW)
nt —— FLARRE Y LR R
R R A AR o R P S 7 A — A LA, L
7R RN
Pt = pin gl Ve T (2)
JEEI:P



530

) —— LA A LR AR

il SEURE A At A7 P B P R ALY P A K™ AR O R
A WA U SRR R LU, SR R R R R
P, HAECA I n] KR

fc,in

Phl — Pl;l + (Pfl,uut . nht _ ot

)-At, VteT (3)

Ko
Py —— i SR N 2T Y R (kW)

P R A O RE (W)
P —— Ut B R (W)
e e

wy, ——RARERIOR.

SR 0 R H B0 T 5 B
R RGEAT P ARt 23 A2 LA 2 1
FFARINE, UL LB S AR, 4
o e O BEAR B SR K, U D0,

plectt = plein pfe yreT (4)
2

P —— SRR 8 1 25 (kW)

g R PR R

[7] A, A P A TAR R A 2o A — e A
AR, HH IR AR R R

pehn — pln e vy e (s)
e

PR —— R 086t AT (kW)
I L L e

BRI ZAh, SREME B AT B T 200, RV il
RS FNETIANIE S S T SR DR E N (TR E S
Prer 52 0 F B 200 5 SUE TR A il R 2 kA9 BRU A4
FIESVSE

) C ht{ .C _Phl
Pt = min | e Y T | e ()
’ At At-ne!
con o [ Cape P =7vmn-Capy
angx,i=m1n[ e e | VeeT (7)
o
Cap,, —— LAt 2518 (kW) ;
Cap,, — S = (kWh);

Cap,, —WRRHHE IR A (kW);
Yo —MEEHEA A LIR;

5, 4% ZWHERET i EME REER S Ha T M EE (1L 81
y}rlr:in 1%%%§§FKEO
2) R RER R

HL A RE TR L A B R B R IA T
SOC,,, - Cap,,, = SOC, - Cap,,, + P™<" - '~

ch

PR [, vee T (8)
A
SOC, ——HLAHRETE (1 21 A i REAR S, BRIV A%
WL A Y EU A
Cap,, ——HUHREA L (kWh);
Pyt ——HUERE T AL (KW);
Pt —— A RE AL At (KW);

M ——HUARBE SRR,
My ——HUBERERURRCR

IEAh, HAEREIRAE RIS AT 200, A A6 A 8 B i A
SRR ) i K /N A 25 o (B 1ot e A O 1O )
SBRE A VT I B K SRR L T % | FELA BN B W] A 7 F
T EL DL 7 8 B s oA st 220 7 A vl i A 45, LRGSR
NUTF:

SOC,iy < SOC, < SOCp, Vi€ T (9)
0 < PP g ghveh pbateh Cap  VteT (10)
0  pPvdis  havdis ppandis . Cgp Ve T (11)
ey S <, Ve T (12)
SOC, =SOC;, VteT (13)
=K
SOC,;, — HLAARE M REAR S e/ IME;
SOC,,. —— HLAHRE YA BEAR S B KAH;
e —— AR T IR A, Sy AR
FEHL A 1, ANFEHLIA 05
7t —— AR AR RIR S, Sy R AR A
RIS A 1, AN 05
yhueh —— LR RE Y B R TR L
yhudis - ——HI A RE AN B R
3) HL M AE HARER

HARG N AT AR RERUA B SRE & i L AE
JAAC P DA 9 ik A2 A s SRR, ) e O W R, ]S
G 22 A L it ] DURS 1) A o, BRMOCRR o 0 &R
GEini =, 55 v I A 52 T fR 28 48 PN A 43 i P £ LA
L ZGERTEAE, (ELIRIT, BE VR 2R e Ay T R0 x Hi g Fe) 1)
W SECAT A — RE IS, R 05 f ) ) 58 H A7 A LA
Ty



82 7 RETR AR

LERVE

PO =2 Py 2. P yreT (14)
0< P < P yreT (15)
0< PE g pEids yreT (16)
0<SPO<PS ,VteT (17)
P+z<1, VteT (18)
A
P —— S IR (KW);
PS, —— MM B YRR KE (kW)
PEY ——— DHL I L B (kW) 5
peres T FE, 85 L, (kW) 5
P — D HL IR R 5 R (kW) 5
Pha” — ] A B F e e K (kW) ;
z W RS AR B, Sy R AR B I
R 1, AL A 0;
zy —EHUREAR &, Oy gk AR b (e

DB L ES) Sy 1, ANEE IR R 0,
2 ERGEiiERELFHEITIEERLIESS

2.1 ZEEREMRL G EEE

H A6 FRE IR REE 217 B AL Ao — [
R R BE PR AE R =, RIS 2 i, R G0 AN
S R 2R Gn ] PR BT H T B 7 A N 1) 15 2 K B
TEHE T IR 7 S DU IR BE S 0 485 7 A — g 5
M), AN B H AT IR R Ge it — 2 & R it i rpoxt
T AT VA 0 S S5 A B 5K, JU N T 22 I [A) e
PEIL B A B SRS R G, A [ s R R )
ATV EAFAE— B SR BR P, HL S P A B e R
FEF 22 B[] IRUBE (R A 78 000 42 ol %) P B P T 42 ol R
45 ] LA IE 00 5% 25 FOE A R B 22 o R ik, 7R S
oy 22 B ) RUBE (%) H i 9 B2 - H VR 31y S i ] BE 1)
AT TR FE AR

LW R ST E TS HarME S H N
VR B SR WA 2 T

HATIHEELL | h IR BE R fe, 256 % I R Nt
T KR MW MBIT 2, DRI (24 h) N &
Ge B AT A AR B AR T AR L, 23t 24 4>
VR B B, AR R R 24 h i1 H R E RIS B N E
ERUES%

H Py S2 A8 BE LA 15 min S (8] & . 4 h by J& 35 ok

FrRENIAL IR EZ, 331 96 A EERT BL . H IR LL
H i B8R E B BRI 2%, LI A (4 h)
NEIBTTIAS I B H AR SR BRI ) (MPC)
3%, MPC TE7R 3l i 18] 1 1 A BEAT A4k, 7 25 i
i 2 22 48t I8 LR 2 e, S BIZE & H RT3 AR
T B S A T R 2, #EAT R —A B MBI S,
T 7 2 29 RS E BB AR AN W7 -4 5 — i ] 7
B LA, M 1E H AT

TEME H NI R v, 257 ¢ I BeRs 2
BRI BRI 5 2R o B A 4 h AL a]
FEA REVR H 0 Bt . DA Al LA M [1+4, 24] B BEY
JE U6 TIOR8, BB AR I (2, 247 B A% R T3
ARIER B B AR T, 10 B IR EEAE R — MR
SRS HE. BARTEER I 2 Fs.

AFEDREE: 1h AfTalE): 24 h

H wij

s JINRHNRRE NIRRT R

- HRIREE *%mwﬁ\ o

||||||||| R Tg

— 2 | iF

i (10 1T e
. ot —

A L - T -~

2 ZMEBEREREREERE
Fig. 2 Multi-time scale scheduling method framework
22 HurEEsmK
H A fe DU BE A 30 5K 24 h, BRI TATRR A 1 he
AV B R R P, S AR B/ ME . R
AP AR BEYR 0 A T A LA K B e A FIOI AL, Ay £
e AP BE IR AR A, 5 B R G s A7 e R
C™M. WL A C™° L B LR B SR LA ¢
FBRHEREST C™ MR H I8 B B BUAS B/ ME Sl B
P ek &L, W R
min TOCpeeq = min(C™ + C Grido _ gGrids 4 cWA C( EM) )
19
HIURATH A 0 (20) ~ K (24) PR
IBATYEP A
T [P P (P Py
CcoM = Zr=l [03  pelout . (fe . pleout 4 che(pelout . plein)
(20)

e
PP —— ARG DR (kW )5



530

R, 2 ZmRRE S B E RS is IR LA 83

PP —— XL D (kW) 5

¢, — KRN BITHEY A (JTAW) .
W) HEL AR
CGridb _ Z; pgli;l . puidd (21)
.
pE—— W L A% (SE/KWh)
B
pOids _ Z; pirﬁi ) Pgrid,s (22)
o
P —— B A (GE/AWh) .
FrHL AR :
M= P (23)
A
Coa — NI FFHLAR (UKW )5
P FEH IR (kW) .
IR HEAAES
CEM =c, j;l CDEgrid . P;grid,b ( 24 )
o
Ce —ﬁi}%ﬁé(ﬁ/kg);
CDE*™ —— 1 W 7= |, 1) — 4 £k ok HE ik A 7
(kg/kW) .

H AT S R bR & B bR s B0k, &%
YIRS, ZYARAAE ) Ry A 48 B 32 17 R 2 R R
(1)~ 18) LUK AN 7 1 e & 1L 75 V- 7
&, 55, FERE-PA 7 A L3I K s DR 25

va + P;"p " P:c,out n P?at,dis " Prgn‘d,b _ Ptgrid,s _

PP 4 pPrteh 4 petin . pYA Wt e T (25)

0K PP +P" VteT (26)

2.3 HWERIFHELREW

T 5 2% 25 5 30 H AT A S Pris 1 TR E S A
FEZE S, E H P A R FE R R] Y, S PR SE PR A pI 4R
AR HAGHHME S 2 %14, [8] i34 ik % H A/ H
DAL i 2 38 50 AR, 3 SRS TE B B E H N
WA 1o BT I RS IE ) H TR S Ak AT ik
/AT P A R TR R 670 ar AN 8 e S L a5 2
XF Iz AT R EE B S2 e, AT 5 2R Ge LAk SR w1 & 3
PEFER M

ARG R TS T Al fE T F B,

X AEAT R G AT LA R G # W I H R A A S 9
JBE o AR H NS 3 B R R, B R SE IR AR AT BEAS
AT H AT, RGN ] RE s R I 1 AR R, S
ARGz vrEsusty. Wik, 7 B NREBL, A% &
12 AR R HE RIS, HE I 18 A Rl 22 £
i CY, H NEEE B
min TOCjyper = Min(C¥® + C™ — B+ €Wy (27)
P RATH I 3R

+) (AP +
+cry +
CTJ — Z:l T |APfC’0m

+[apEes )
RV

e ——RLREREDN AT AR R B GT/AW )

e ——ERERHT AR RA R A (TT/AW);

oy ——HL A B TR AR R B (TAW ) 5

AP — BB IR (W) o

H RS AR A H R B A 2 1,
BN BB A A eI S T P2

_APbat,ch < Pbat,ch _ P:Jat,ch < APE:t,ch’ vt c T ( 29 )

down t+1

A Pbat,ch
Cbat (l t

R bat,dis
|AP!

grid grid,b
5 (|aps

(28)

_APbat,dis < Pbat,dis _ Pltnat.dis < APZ;t,dis, \7’1‘ c T ( 30 )

down t+1

—APS < P — PR S APEY YreT (31)

down t+1

—AP S PSP — PR SAPEYS Yre T (32)

down t+1
—AP,, < Pi - P < AP VieT (33)
—APg <P = PP AP, VteT  (34)
X

AP, —— A7 E I ] N & B A D AR ) A
AT R PR AMEL (kW) 5

AP, — A B I A] PN 4505 5 TR ) R I
NS ) R B (kW) o
24 MRUWRBIKAE

A SR H Y 22 B ) RUBE S B Iz A T Ak I AR A
2 28R A RS S MILP A, SR B MATLAB ()
YALMIP T ELA6 4 K i a5 3047 SR A, oK M i A2 43
R H AT s i) ROBE ARSI SR A A0 H P e B 1) RUBE VR Bl
ALK g B B, H Al B B B2 BT AR 25 SR8 H N
BIFE S, H PR A gt S AR T A X H R R A
RAE BB IE, HEAR R ME 3 PR



84 R RETR A I 512 %
— - =B
1400 e BANA L AN
e e e 1200 F iR TR
i ABHE KL H TR
>H AT 1000
> Otk R T SR R 300 1
]

. #y H A A
E > H R B 2(19)
:
|

> BB RE R T G—R(D)-(18), 25)-26)
'

| MILPAE {5 it
[}
| i 1 el |

iy A K
> ORI T) . R L B SR S S T bl
v
ST H TR B ALY
] > HAReB—(27)
> s i AR e —X(1)-(18), 29)-(34)

| MILPE LK i
[}
| i 2] F PR S

B3 sHERERAEELREER

Fig. 3 Multi-time scale scheduling algorithm process

3 BfIoH

3.1 HUEHEA

AT D — 1 MR 2 S BB IR AL A s N LR
G RGBT G2, ) FH S8 BRI i A S g 2
B[] RO I8 BE AR AL B A TS 3 by . RS H T
H AT FRAE RRIR ) ) R f gy, #5828, A S
KA anE 4 ~ 6, 21 s,
32 #RowEITR

AN HETH NS R, R
i 1) JRUBE T LA ] B2 235 R A8 TR AR I A K 5 AR e i
— I [] RUBE I o B 45 R 1Y) 2 S Pk 5 RO A ik, AR
MEERINE 2 R T~ 9N, F 2R T HAT
PAEE 5 H NI B Y 3408 5 (R 45 2R 22 S 0 B DA Bk
AXF AR, B 7. K8 5IE 9 WITEA /R 1 M BETT
Rl ot LA o

M3 2 AT DL Y, R G0 N B4 110 I 35 12 (R 06
fHAE H N 38 H AT T A 38R0 O, F

600 |
400 +
200 |

HLIR/KW

—200

0 2 4 6 8 1012 14 16 18 20 22 24
i [t/
B4 REBETNRARRATBERIEHIE
Fig. 4 The system day-ahead forecast data of energy demand
and renewable energy output

— - = LI

Ha0or e BB T A
1200} — SR TR
SO )

1000
800 -
600

CVIESIQY

400 |,
200 -
0

—200

0 8 16 24 32 40 48 56 64 72 80 88 96
HFE]/15 min
E 5 RGEEATN R R AT B AR RH S E
Fig. 5 The system short-term forecast data of energy demand
and renewable energy output

Wi B
—— e

—_
(=)
T

o
o0

Bk /(T kWh)

N
IS
|
|
|
I
I
|
|
|
|
I
|
|
1

e
o

0 2 4 6 8 10 12 14 16 18 20 22 24
i 1E]/h
B 6 REMEEMIEE

Fig. 6 System electricity purchase and sale price
Hh R A B 0 1 F di o B I, R R 0 R

T 16.3%, FCHL &R IIEIG N T 10.2%, i 06 {5 ) 14
TNk 23.3%.  FL ) HA, 57 38 BRI N AR, {HE



530

e, & ZWRE T ARG RGNS Rha T E L 85

RO MR TS MR A S

System equipment operating characteristic parameters
[24-25]

*1
Tab. 1
and cost parameters

&2 HAEI.BAMA BIEEEEERSELL

Tab. 2 Comparison of cost, peak and average values of day-

ahead and intra-day electric power scheduling

ZH Hf

Z#/MWh 1.5

AN A/ G- (kWh) '] 0.2

BRFEH AR 0.2

o — 5y GRS 0.4
FEHLRCR 0.95

G & 0.95

SOC, e 0.95

SOC,;, 0.2

H R A kW 195

CiN AL PV 0.6

it EHEA H/MWh 1.95

TE ST REACR 0.95

. A RERERERICR 0.95
PR T2 B kW 190

SRR R 0.55

LA IR A TR A/ [T (kWh) '] 0.1

SR AT A A/ [T - (kWh) ] 0.05

A U A T AR A/ [T (kWh) ] 0.1

R R T/ kg (kWh) ] 0.556 8

WBi/Ot kg ™) 0.06

L3 H F, Do g v PR T W 300
A, 0 5 R il /e W 600

FEHIETT/ [T (kWh) '] 0.2

PR BT A/ [T (kWh) '] 0.8

EIEINT 10.0% . X2 T H A 7000 foRG B AE X 358
AR5 st ) RO 3 A5 RS ), B ) RO 3o K 2 3K
S5 S HARAG 5 Y Bk, XU U P ) SE B A7 e
W5 T A BRI S ) BB S A TS 2, T B2
T 0 B L AN () I O o L B 7 3 L DR 1) B
391G R 55 0 F (B A G OR, X U R E B &
B S5, R S U S0 (B T A R I TR B4 e A
FL I A8 B R AT SR R S I AN ), R 8 T
T L BLAS 1Y) 6.7% H4 MR S ik HERR ST 1Y 9.7% 31 .
T RGENAFEARERLEL, W RS L 40 Jyn]
DL SR, T A B L, S A AT
gh, W L Y s . R RE IR A
WA RRE, HATH N 2E R K, X e & Rk
TR 1), S RBABIHR ) 15 £ R 1 0 1) T RS R

H i HI
¥IfE VA fE UL
FEL i i 70 HL T /AW 66 294 67 342
FHL A BB F H kW 59 400 65 493
FL BB T T AR/ T 30.2 30.6
A H, O i kW 131 300 144 300
Ji) Fi, DO 5 R kW 0 0 0 0
W H AR /7T 27257 2909.4
BRHEES /o0 96.3 105.6
FL A AR L /KW 124 195 125 195
SO0} B S L B KW 40 190 40 190
2500 - EHLAHRETCH. m EAEFEE ol ShyR 4T B fr
i o L EREICE s R b
2000 e i, mpd T Bk )
Il

LI /AW

FL IR /KW

i,

-2 500

0 8 16 24 23 40 48 56 64 72 80 88 96
i fE]/15 min
B7 mEGAmAER
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Fig. 10 System electric energy storage charging scheduling
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Fig. 11 System electric energy storage discharging scheduling
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