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Abstract

The cross provincial and cross regional power transmission of large hydropower stations in a river ba-
sin is closely related to the load demand of the receiving power grid and the characteristics of local
power sources. It is necessary to accurately analyze the load balancing demand for power grid of dif-
ferent time and space to determine appropriate consumption space. This article takes the actual power
transmission project of cascade hydropower stations in the downstream of Jinsha River as background,
and proposes analysis method for power consumption space considering the peak shaving of the receiving
power grid and the demand of local clean energy consumption. This method takes the thermal units of the
receiving power grid as the regulating unit, while other types of power sources use typical operating me-
thods. By balancing the typical daily electricity consumption each month, mixed integer linear programming
models for the minimum and maximum consumption of the receiving power grid are constructed to ana-
lyze and determine the monthly electricity consumption capacity of receiving power grid, and compare it
with the actual electricity received from outside the province in 2021. The results indicate that the local
power supply capability is difficult to meet the electricity demand in all months except February. The loads
in January, from June to August, and December are large, so that the ability to consume power from outside
the province in these months is strong, and the actual electricity received from outside the province of the
power grid is at an intermediate level of consumption space. The results confirm the validity of the
maximum and minimum consuming boundary and provide decision-making support for the suitable
arrangement of the transmission plans for cascade hydropower stations.

Keywords

Receiving Power Grid, Consumption Space, Peak-Shaving, Jinsha River, Cascaded Hydropower Stations,
Power and Electricity Balance

Copyright © 2023 by author(s) and Wuhan University.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

SVPTL NI R SOK B B A . FRME. BRI A SO T3 B R K s bRk R e, B
SN Erhfiskh g iash, NS =0k, BT, ST i DY F s E AR LA R 4646 )1 kW, SRR
i 2000 12 kW-h, FHrh BESRERALA BARAA IS =, RS IR, SARERAL AN, EN5E
UL - ALK Bt — R 4 R 7 i R K B R (1] DT R il 6 S e o L AOS B T H U, Jd
ROt AL BT, 5. PN BRI LIS 4 15 X154 L S AR S e X, 32 i HL A
ANu] R I B AN YR 2], BT A S B HEA R B OCE B ds b, R ORRIEUK R RS A S XA H 5 52
S AT R ASHIL BRI OC,  BR B RIS VE BRI AN, [RIN AR A 0 S B2 i R P R % A e SR 3]
(4], DRV A3 A7 6 B2 5 B 52 S FEL DO AS [ IS 20 F) 117 i SR DURFA R 5 BRIKD TR 9992 80 XA Al mT AR 32 i T 4
TG A B PE R TT 5.

Hal QA2 28 0T e 7RIS B DAt L, S 7 BRSO, SCIR[S1HE 5 8 2 iR IE 75K T
T T B AU 2K FEFKITH 9 R BERT 7T, TR U7 5 RS T 2 22 FEL IR I MIK RV AN AR SR s STR[ 6144 17K R -
PCRIR B R AR, TS SAEms T (R BE LI 94 SCRR[7120 M 1 BRI FLEs 48 DX i g sl R 488 X3 490 T s

il

DOI: 10.12677/jwrr.2023.125051 464 TK YR 5T


https://doi.org/10.12677/jwrr.2023.125051
http://creativecommons.org/licenses/by/4.0/

SEVDTL T WA 5 3 i FEL DO 40 2 ) 23 AT 753

(Y12 L PR R U XE s SCHR[S 9@ 1 — M K R 20 R U TR FEE PR 7K FLES A8 Y N 2 1B) 0 A T3 3k SCHR[O T T —
K HLES 48 X 2 R R R U T O 0 BC TV SRR PO K L 2 IR R0 O 58 ) . LS K 2 SR AR AR R LK
PRAGTE, T B A DR 52 i L I T 49 9K H 5 1

NI, ASCRAG VDTN B OK HL 25 4 5 DA L TRE DT 5, RIS 52 0 HL R SE RIS ATARDL, B RE %R
PR FGBATAIR, PR — R K vk 52 i L XV 90 22 180 70 A ik o 2005 1A 25 18 52 i WL T REVR ML AL AT
I AR AT AR, I DLAz s B Y A PR LA LR FHEATIRES Dy b ) AR 8 2y S P S 1 B
IR R TH 29 LB (TR A B B IR R, i VDV B 32 s L I % ) Y 40 )

2. {RBgE

SEVDTL RO K P Sk 10 52 3 FEL G LUK R 2 ANRT RS KO S35 il RS D i 48 HManis r 4R P AE VTS,
AR LB AE PN 7 BC B RS AR M 5 Vi RE VR 4N, SOAT RE N e R PR (R R I I g BRI, R A B2 i L Y R e 1 )
S Sty HL DR A S R BE VRV AN O TSR N, TR B HL O AN S () e BT, WRE A ) AN SR RE S, B P
eI N B K AL 8 rETHRISR IR HESCRF o 323 FL IR 0 2 8] 0 A 20 BRI

1) MR I RE o HRAE 32 i L R SE PR Is AT ST A F IR H L 5 R8s T R M s L A A e i
P, MR R G A 5 A T RE U Y 0 2 2 M A A A B A i R

2) e e/ INHANAS ] o AESE R DUATARAS I B, A2 FE I K L AR P TRV B i /N BOAR H 38 AT 2 K e K
TIHLE R FFARYE e Bl g BB s T SR A A O R, R R A A e B R I TR AR 15 214
Shiar e, dRJE R SR R A S A ) AU SRR A E A2 0 A 1 25 H MR T

3) i€ e R AN A o AE SR AT MR B, 3T BR =5 RE 21 At B 7 (38 T8 e K I B 77 1 o K BT
PUA B, MR ARAT I B KRR P TR Ve i PO R =5 R Ay TR 4 M L R o g L7 8 A L T R I TR
MR EIE MR, R AR S A A R % T RBURI SRR E & H e KT A A A

2.1. BfrR#
RGO JEEE, 7o H 2 N N R R, DL N E RN Hir, BEREE RN

min il’t”’” x0.25%xn (D
TETT 552 i FEL Y e KT A FL I, DA AN HL & A KON £ B B bR A W B TR AP = /N NI B R,
M % Hbnt Ay, HAK B PRk 0N

96 )
max ZP,”"e x0.25xn o
t=1
96 )
min 0.25 X N X Z(Ptrwh + Ptlack ) (3)

t=l1

Krfre 025 R PAIFAL RS B FOR BN BB AR S H I B e I ), MW 0 FORB A RS B
TN LN TEC I B ¢ B AR, MW PU* SRRt B ¢ B3R, MW,

2.2. AREH

1) ERATTLIR
ﬂB _ Esular _Ewind — Bequ (4)

A pRRFHMEHBRERY, PR G H Ferid i, MW; B 375 32 o i o L8 [ OKBH fig

DOI: 10.12677/jwrr.2023.125051 465 TK YR 5T


https://doi.org/10.12677/jwrr.2023.125051

SEVDLL T W B 3 i FEL IOV 40 2 (80 0 W 7

B ¢ B 7, MW Pind eom s e I g 780 1 RARIT B ¢ B HE 7, MW P R R s i PR he T i
FH 255 AT A H T AR VR LA S I 7R, MW
2) KHHLALIE T LR
px Bl < P < ux PR (5)

min

Pﬁre =yx Nﬁre (6)

X PSRN KHENALERT B ¢ (77, MW PR RoR K AL I s/NBOR g, Gl 5 K B L2 I G IR
[, MW; Pl Rom KBS HLAL RO /1, MW; N7 R JORPLALENLIA R, MW; 5y £oR KR4
WIEIREE ;  p o KHBEHLHBITIRES, KA k|3 &,

3) KHHLAH JITes 2ok
plre _ pire

t+1

<axAt @)

XA o BonKBEETESPIEHEZR, MW/min; Ar £ H 70 B 15 min.
4) KEEHLVESEFR N L H

96
025xY B >E,, ®)

X E,, TR K i/ NER RTINS 73 FC 208 7 3678 H S 1K A i, MW-h, SR 32548 4 K L% 3 R
/NI BT SR P /N Kt B9 0 BE 28 2% R 18 D RECT ) B 31 % A H
5) BEHUIB TR
I)tnuclear =p (9)

e P RORE S TERT B 1, MW p SRORAZ HLE S B HE g, 8RS TR A2 vty FE A% FE S ALY
&, MW.
6) SHIBITAR

96

0.25x > P x At = E** (10)
t=1

0< P < N (11)

b P FORAHUEFER B ¢ (I T, MW E* FORSHREES A H K R, MW-h; N*“ FRRS
HLIE LA B, MW
7) KHL AR AT T AR
Pthydru — })thydro (12)
})thydro — {})thydro , k})thydro} (13)

At PP RS2 v K B AR AT O R, (12) 7R 52 0 LK B AE AU AN 2 5 v R S (RS B
MW;  (13)FRERK IS 5 32 b r R R 77, MWk RS HK L g Ve S5 AR A I BEHS T L
8) HHLZLEK A B LR

0 < })tline < Nline (14)

b B RN ML AE I H ST B U Y1, MW N RORE AR BRI iR A i, MW
9) SERA T LI

DOI: 10.12677/jwrr.2023.125051 466 TK YR 5T


https://doi.org/10.12677/jwrr.2023.125051

SEVDTL T WA 5 3 i FEL DO 40 2 ) 23 AT 753

Bequ — Pz fire + Ptgas + Pthydo + Ptnuclear (15)

Ptequ _ I_)[line 4 Pt fire n Bgas 4 Ptnuclear n Bhydo n Elack _ Brich (16)
P >0 (17)

Pthwk > 0 (18)

A 15 KA Z B Wi BOTH 982 8] B3R P AT 4R .
2.3. BRIRES %

AT 3 90 K S 5 i L X /)N Y 900 2 ) R o RV 0 2 () PR AR TR, AR R 1) FH VR 6 B 0 2 1 &I (ML P)
HATRAE, IR EBEEM ML RN BGIEHARE . tHEEREEEES A, EKA. B, geIREMN
WASE T M H[10] [11]e ASSC LAz b B X K FRATLZH oA o0, FLALIS TR N it dl AR &, MR A
LR MR, R FH R M B S B r ROR A
3. MZFsEHI
3.1. TIES=

SVPVL UK Sk 2 AN 0y, ASCUAHEE N, 7T 52 im H N JE g8 A E s ) s A AR B T A
o, ZHEMKHEIEVIE RN 6173 75 kW, HEEENEEN 58.4%, HAFEKE. KHAE. &, KESEFE
BEUR, HEHIRBENUB R ERE 1.

Table 1. Installation of the receiving power grid in the end of 2021
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Figure 1. Typical daily load process diagram of the receiving power grid
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Figure 2. The minimum (left) and maximum (right) consumption space diagram of typical day in January and August
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Table 2. The consumption space of receiving power grid

2. ZiREMIHNZETELERE

EE7S /ML kKW h) K12 kW-h) 2021 44 HPBRZ LR (12 KW-h)
1 100.8 211.7 111.2
2 0.0 129.6 62.3
3 15.0 171.1 95.3
4 15.4 167.6 88.3
5 28.1 196.5 102.2
6 64.7 196.6 119.1
7 92.6 232.1 155.8
8 107.5 233.1 144.5
9 48.4 171.0 123.5
10 8.2 187.0 111.7
11 13.7 176.6 106.3
12 83.9 206.9 119.0

&t 578.1 2279.6 1339.2
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