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Abstract: A double-layer optimal allocation method for power-to-gas capacity of hydropower station with medium and
long-term transactions is proposed to improve the flexibility of hydropower station regulation and increase the proportion
of wind power consumption in medium- and long-term scheduling. Based on the idea of wind power quality segmentation,
the wind power output is divided into a certain part and an uncertain part corresponding to the upper-level model and the
lower-level model. A medium long-term bidding model with the goal of minimizing the power purchase cost is estab-
lished in the upper-level model to optimize the bidding prices for the wind, hydropower, and thermal power suppliers. The
environmental costs and the appeal of power generators are taken into account, an optimal allocation model for pow-
er-to-gas conversion in hydropower stations based on contract transfer transaction mechanism is proposed in the
lower-level model for the contract transfer transaction, and the positive effects of power-to-gas energy conversion, hy-
dropower abandonment and wind power consumption by large-scale energy storage are analyzed. Finally, the modified
IEEE 30 system is adopted to verify the results.The simulations show that the proposed model can be adopted to effec-
tively improve the wind power consumption capacity and the flexibility of hydropower regulation in the medium
long-term scheduling.
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Fig.1 Frame diagram of double-layer model



824 i LR AR

2023, 49(2)

KB RBEENGLIENTT, 5&448E2T7]IR
HUR AT S AR RS S, ARG A LR R £
KANBW, BEELFALTINE SRR
WL, AT IR AE, 19 248 X A HEL RS ) 2
RANR R ERINE . SRR ELHLE
ks AR G ek i
2 pARIREY
2.1 KEERAE
KB SA 2 ZO RIS AT A, FEFE
BATA T Z N
CG,mhyx :aPGzn,t +bPG”,t tc (1)
ﬁl:':!: CG,mhyx y‘jk EE*[L@H n B@‘J{%ﬁ’ﬁj‘(’ PG,,,t y‘jj(
LA n AE ¢ IS BURH T ay b AT e kAL
Hon FFEERE.
KR B REBHT S AFALZ B Ja, HARHER
Wk
Co ZZ@w““ )

s Copyar KR B 1A 2 5 LR R I K 5
Oy NETLIFALIR BB P N KR HRFE T
2t BB bR TSR B EE: N R
KR HL R K FEALZHEE

Zi b, KERHEBERIRAN

Co = C6miyx T Copyar 3)

o Cg 9K R HL R TR S AR
2.2 JKEERHA

RN TAEFAKEH R R, EKEELE
ML, a3 AR /K R IR = A ) 3 7K P R I 48k
AEHIEEREVR . Rk, KR R RA EERH
I HEA B IS AT AR L B B 0 AR SO AT ik
A, R/
Cy =C + G + Gl

T
VX _ Lbid _ p2,bid
CH - z/'lH,t (PH,t PH,t )

inv 8(1 + ‘(") (4)
Crxg = Cr m

CI(’);} = &pg Z PPazc(t} K

A Cy KRB SA; CF KB RE
ITIAS:  Cong NHFAS S HBER A Cohg N
ML S A RIS AT A s i, 7K ML AT AR B3
RIS BB R B L R (BT

bR Cpe NSRS RE: 7 HESRN
AT REL €NFERE, L BB E
B AERR s &y M HLER SR TR BT B 55 AR
2%IIEE A P, AU SLPRIBAT I
23 REEEA
231 RHLE B BT

ARSI T SCHR[24] KU H it BT 43 B UEAE, R XU
TSN 2 B R ARSI 5 BE A 728,
RN E B NS, KRS XE T
FRCLN B E MRS 1 B, B I E R e
B, anfsiE, ALV BCT Ay 05 XUFLK
B X35k T PR 29 3h X 38 IR RS 2 B, B
TR ERAER, SIS, FERI R ERRM
P RUAS o
232 MHRA

MRS A R L X
Cy =Chp + G + G

VvV M T X
=SS (RN ORT) )

v=1l m=1 t=1

C Z PZbId%bld)‘FZZ(PZbldﬁZbld

A Cy ARHRLERA;  Coen WRUBHIIZITHL
A Co NNHIFMEACHEA);  Cp NN
(0 22 R BRAS s, IIHLIIZAT A R K 7V
NN ERATE R EH ;s M IR X
HIEH: 0, AR AE S SRR

3 WEMMLER

31 EE: vKEBgEHGSNHERE
3.1.1 Hirek#

A SCASE B 7 S S B e T 3 e O
HHCARE, LRSI A RN Hirmd, B
ERIEAN

1,bid lbld
A’Ht PHt

Z(ﬂfwbldPl bld) + Z(/Il bldPl bld

min f = z

t=1

(6)

Arfe AR L AT A RIARG K KR
7E BB (BRI S Lk P RSN AR
Ko KRB L ¢ 6B bR
3.1.2 AW

D WALk

N T B T3 AR RN SR T A



BV, akAbE, K S BB RIS KR IR E R LR E 825

BE TR L RIR, AT At AR A
REAEBE VBRI Z Py, RP
{/’i’lmin < ﬂ’l\;\zft < ﬂ’inax

1 1,bid 1
ﬂ“min < A’Gn,t < ﬂ“max

0

AP A A SRR RN SRR
2) R AL R R R

9 HL T HHOR E SRR K T 2S5 L T R
i, E)

{osgﬁmsaﬁﬂ

(8)

min 1,bid max
PG,,,t RS PGn,t < PG,,,t

R By oK HUR R R RO R RO L R
SRR K HR BB ATLZ n AR R B LR

3) ML

DR Z AR =N
IS INED WIS WO
X PN RGBS TR
32 TE: ETA4%IURSHNEINMILE B R
32.1 ELEALSE G

KRG AL LE H TT (K IR R 5 K HLK
LT ) A4 32 07 VL R IR ), AR A % B AT I & 4
M, AEPEEBREREN, TEARE S 5 56
RO ERREBITARIIFA T, REEL i 1
T AT G AL S, G IR & A R
B e A ik, RS2 TR E &6
L EIRIR KR G, REH TRy Z ik s
FEAR IR AT S5, HRTE R T 3is AT B ] ) M
BREH A Rt R, SLEAMUSER 54
(100 Hh, 3 AR Bl F S A, T B 2R R e 20 (L
L& DL R i S BRI RIFA R
322 Hirw#

AR JZ AT A L LEHLE L B A
o AL K K3 T EEMEEATE T AL
MU AIAE 55 DR R B R R e R B bR R 4
HARRIEAN:

max S = max (S, +5, - S;) (10)
T M . . R )
S, = 22 ((R+ R ) A - RS ) = o
t=1 m=1
(11)

N
2,bid _ p2.bid 2,bid
PWW,J - PH,t + ZPG,,,I
n=1

S, =8 -8?

T
1 _ 50, __1,fule co, _1,fule
S2 - ZZ(’usan m,, T HQ, m,, )

N
n=1

T N
2 _ SO 2,fule €0, 2,fule
SZ - ZZ(lusan ZWln,t + MO, mn,t ) (12)
t=1 n=1
Lfule _ 1,bid
mn,t - gnPG,,t
2,fule __ 1,bid 2,bid
t _é:n (PG,,,t PG St )
_ pc
S, =0y - AP,
pc ek pre 1,bid 2,offer (13)
ARG =22 2 R~ (R + O
v=1 t=1 m=1

Kb S NEFRREG StOR AR ABFNE: S AR
H 3R K A AR D (R A 51 R K
PR A s S2 R R K LA LR IR B
s Sy HREIRERETT; & Rk NI n i A
EFE R i bR K LA B R FE R
PR R K UL R R f s e, A pa, 5351
950, Fil CO, S AU i 1 A R a2 A
a SRR KL 1 () SO, R CO, S Ak 5
B Oy WRARZETREG APYE JRHAL B
GYRZE R, P, R m T, Py
JREY) m A A LA R, Pr Rk g
TR A LA R, PN LA
n TR & Lo L R
323 2R
1) AL TR T AITR N
Bi + P < AF] (14)
Kt APT & LT R
2) RHF AL TR B R
R PR A PR AN B T 52 5 o T TR
(e,
0< P < P3P
{0 < P}fttbid < P}lljl;id (15)
3) KT AL LR LR
A% 30 5 K L EL R A LA — AN 2
e, KRR PR AL SR, 5 R
AT A L, SRR, REK R
R AR IR R T A2 5 A L3852 BT R
. aKBREFERETN LS 5T %5
e G o TR T 7, R R
JPHAR LG AL AME S KT B H A Lk
R, WO K R R B B S A Lk 5



826 i LR AR

2023, 49(2)

XA R A AL BE A 2 n

JFBAE FLRE T I A L, AR A LR DA B 5 R

NHWBRWNZ 5 X5 5G4 5. =T8S

NAEWE, RGOS E R T,

HBEG T RGN AL T AR AR SR LT AR ILBR 5% A
4 LR

{ /Ifif?in < ﬂi{,’t;id < /»ﬁ[,f:lax

2, min 2,bid 2, max
ﬂ'G”,t < ﬂth < ﬂ“G,,,z

(16)

AP A A
FLFIR AN SRR B
5 MR
P < PG, < PO
0< Ay <A (17)

bid max
0< Py, <P

6) HESRHLAIR

AG™ 4R L K

(1)IZAT HBELI R
By =P — By + By (18)
lﬁ%,={C”GJﬁiZCEG (19)
‘ PI;lst’vatst < CPZG
Xt P, KA L1 iE K&
(Q)IBITAIH
0< P, < Crog (20)
7) K HALL R LR R
Ottmin < Ot < Oftnn @1

KA s Of o KL ) IR Of i 9
K BB R FLIR 1 R PR
8) KB TATLI
V=V +I} -0y, (22)
Kb Vh LV S BIKEEIETE ¢ IR -1 %)
(IREZS: I RIKPETE ¢ I 2R IRN BT i
9) IR LT
Vi <V <V (23)
R vh VR SRR BRI By FRR.
10) 2kt R
- Py <B, <P (24)
Kb B, WL I EREETHINE, BT LRkl
VLI R DT

4 FRBKHE

£ MATLAB -} & iz f MATPOWER #l
YALMIP/CPLEX =K fifp s X R 31T 3R i, 20 IR AL

Wi 2 fs . BARSKESZIRUT:

1) SRA XGRS BUEAE, FIHAES %
FEAG VT, R 3I R E B 2, XN
T e S FIANTH A 53 AN E 40 R FH IEAS
SATRREL, R SRR T E RS LN 5
PR et 1) K-means 2R HEAT FE 2537 50 iH L ¥
MEZRBE B AT 3 s LR 3R, TR A
FRAE M ST 54

2) WHLE R 5K KBS 50 KIS
Rt HiE, £ MATLAB “F & o i H
MATPOWER 1] SMARTMARKET 47 # A sk
fift, 1330S TPRE L BED AL BT,

3) K BEMERALEBTE, REAE
5K KBERBHEITEAKILZLY, 1E
MATLAB V& {8 F] YALMIL/CPLEX ##47 3K fi# .

4) WIEDIR3) KRMER, BB EELE
b ESNPELH, AN A, W T ZKEKH
T PRI -5 4 R SRS

5) BB ARG AL EIG LW,

Bi
K H K H, i aE] (R
FR KT it T
—— |
K L RE T 3 1B X H
; Fa i A R i B 4%
PEE ]
- FMATPOWERH! [
SMARTMARKETR fi#
FREFHAN S S
BEMG AN
""““(%%%%%E;;; """"""" FaBA |
KR K TE%T%M}
PR ‘k%ﬁ%ﬁ nprmeE
. T 45 20 B 3B
P ER e T B A
‘ YALMIP/CPLEXK fi ‘
|
‘ R ‘

(%E%ﬁ%ﬁ%k%%%%ﬁﬁ%)

K2 BRLRERRE R

Fig.2 Flow diagram of model solving



BV, akAbE, K S BB RIS KR IR E R LR E 827

VU B bR A L RN S IR R AT AR,
BLBSR AR EE R 2 G LA E R A O IE

6) MRIEXZIARME, 152 RINAEE
P B DA B 35 e i e A B Ko

5 BHISH

51 BHhgE

AT E RGBS IEEE30 15 S ARS8, W
sl B1 Fros. Hodr, ke KUBLAIZK HE R #
LA 4:2:1, SHLH &SRR Bl & B2,
% B3 s . AT E T REBUTEEI N 70%123,
RPA BT 358 5 s o5 A B 75 SR 1) 70%, Tt
TN 1.2; 0 B eI R R TS, S
HH T A B 5 B2 i AR AR HE AL A
FAER — AR HR S SRR, R RRAS SR8 s B
790.007 812 5 3£ ju/kg, uc BUEA 0.031 25 £J0/kg.

FE/K B3 T B L ST AR 5 209 10 MW, 1
RS BB AR 800 000 2£70/MW, E4ES AN
16 000 3 70/MW, #4308y 60%, FFZN 5%,
A A 20 al®l; AR SMEEN 0.39 £ o0/mP.
52 BHIERSH
52.1  JRHAHT

FRAE XU EEL it 5 2 BB, SR HESHU% % S A%
TR B A A 3R B FE 4%, T 49 21 X L 8 3
X3, S RBEAT B, B RN 1 s

XoF JR EEL AN iff 5 3 43 P B SR FH SR R RIS Sl AR VE
FC k) K-means SR VEIS 2 (XY 1 AT HL
Y 2 ANt o MIBEN LIz s 3. B 4 Bk

® 1 H AT BUAE R

Table 1 Results of wind power quality segmentation
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Fig.10 Influence of power to gas in hydropower abandonment
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Fig.11 Optimal configuration capacity of power to gas in

hydropower station
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Fig.B1 Diagram of modified IEEE30 node system
E Bl KHENASH
Table Bl Parameters of thermal power units
WA RS FHAER/MW IBAT A 22
1 100 6.8
2 60 6.8

F B2 KHEBESH

Table B2 Parameters of the hydropower station

ZH il ¥ il
A E/MW 200 VI PEZE/(108 m?) 42
R ERR/(m3-s7T) 850 H I RH 8.5
R AR FRR/(ms™) 100 K /m 145
JEZS T RR/(108 m?) 5.00 IBAT AR R EL 10
FEZR T FR/(108 m?) 1.44
# B3 RHNASH
Table B3 Parameters of the wind turbine
| WA H SR ASH
it Puax Prin a b c o ¢
1 200 50 000048 1619 1000 123 409.375 0.048
2100 25 0.00061 1726 970 125 414.063 0.052
380 20 000079 2774 480 125 414462 0.052
4 60 10 000103 2779 670 126 414406 0.053
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Fig.B2 Forecast diagram of source-load electricity
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