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Abstract

The power grid is the only way of transmitting hydropower generation, and it will inevitably produce a
certain degree of power loss in the transport process. Most previous studies focused on the generation
side of maximum power out or generation benefits, without giving adequate attention to the power loss.
In this paper, a short-term generation scheduling model coupling with power grid constraints is estab-
lished, with the objective of maximizing the generation at the receiving end. A DDGA algorithm is pro-
posed to solve the model, which combines the advantages of DDDP and GA. Moreover, based on the multi-
core computer platform and Fork/Join parallel framework, a parallel processing method is used to im-
prove the efficiency of solving the method. A case study of Lancang River cascade hydropower system
proves that the model and DDGA method can quickly obtain optimal scheduling results, and it can im-
prove the absorptive capacity of hydropower grid effectively. The proposed method is reasonability and
practicability.

Keywords

Grid Loss, Short-Term Scheduling, Hydropower System, Parallel

ot

A EMARIIKER G4 B IBEY

kEpbl, 248, 3 B2 K %L xAF!

URER TR 5K E BRI, LT KE

ZRYT R B A b, WAL i

{EF T TkERI0(1990-), 5B, BALHWF7CAE, WEFITRN/KE RG K BIHE .

CESIF: kiR, FRAEE, XU, WRE, XUAA. A HIN AR K i R SRR I EEWE FT D). K BRI A, 2016, 5(3):
200-210. http://dx.doi.org/10.12677/jwrr.2016.53026



http://www.hanspub.org/journal/jwrr
http://dx.doi.org/10.12677/jwrr.2016.53026
http://dx.doi.org/10.12677/jwrr.2016.53026
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

A F P 2 R R 7K L R G K F R AT 5

Email: zhangyuechi@foxmail.com

Weks HiH: 20164F5 H10H; FHHEM: 20164F5H31H; KA H: 20164F6 A3H

R

EEL R K L B 76 L 23R %%, (EEEME I B AT B A — SRR B TRk, UAEHAKZEF
R BEMFKEYEEF)REBERREREREKR, REATFTHEATERSPEN. Fik, RCWET %R MR
FHRKBAREREBAEER, DUHZIUKERRUAERN. R, $ERTERERBKAEE, RETHESE
T LA B UM 4 B A HRI I B U 4 A5 YR (DDGA), 3R AIFork/JoinZ AESE SEBDDGA I 4T K AR,
PIRIRE AR R MR S RENR, MICTLRBAE RS LRFRE: FritER 5DDGA e PuE kAt
KRB R, AXIRTEMKEBESEE S, BAEBRIT TR,

XA
FHL X5 ﬁ%iﬁ)ﬁ; KBRS, FHAT

1. 53|

IR G E TR E K B ) RGBSR o), AE AR A R B I 6 25055 JE B W 22 g AT 20 . SRS, — T
T, AWK 2 4 Fp e K A B (A S LI AR [1]-[4], Tt B s AT 5 T B BRI A RS IE FE AR, B AUHRE
TERBE T ZR L HS], A SRR A I BIFE NN I T BOK R B T RIAR A R B8 T T A2 F X R 1)
Ak, BEm T MM e R BT, NBERSABOEIKE, R E MR KRB K. B, T
37 L T FE A AE SC 20 SR B DAL T BE R AR SO /K R R B FE IR R iz — . 3 — 05T, BT K L 2 A AE
FEREZIRIKII HERR, KRG TH EL G R LR ARFM, R T AR EHEL RN AR
A, EORBERSR T T COHAS T BON M RCR[6]-[9], REOE KT B M 7 A 07 B 5K [10] [11]17528,
B H BT G — bR AE SRR T, 8 5 ZEAR Y B A o) PR oA 5 & A . BRI, el R B S5 9F
FE50 R FTEILAT () R SR 00, DA 1 7K P 2R 450 30 O PR A TR ) SR R RN 5 SR et 1, ool R KR A
=S S SERIE

BT B br, ASCE e AZ AN AZ e E KOy H bR, RIS 5 R BT A, E ST T R IS AT
LI )KL RGO A T BEAR A AR 5 T I S a8 SR S R Zh A RN B4 RIS 25 G A R 2 5D
RIBZIFATIFESAR, $EH T T BB 8% 5% (Discrete Differential Genetic Algorithm, DDGA) i 5 7
BEAT SR A o IV VL IATAA 2K FL s SR 8 Y 45 BRI T I SR A 5 0 I A BRI 5 AT AT

2. FBEHEMARKNKERGBEER
2.1. BfREH
TR EEL A BT BRI T AR BRI, R RSN AL SRR A R, M OROK R HE g RT B R AR F AR T D/
HHRPHRRCR . BT RAEER MRS, ERAKBERGRNREZ UREER A B, BUER BT
oV A LM SEPRIS AT AW . A SCHE FEAL LK T s A R AR b, LASZ il 2 B i KO A AR, &S0 T
M B AT 2R K B R G RO R BEAR Y, e 2R AR 24 s R FEREZG . H AR R 00 R s
MaX An = ii Nin,m,tAt (1)

t=1 m=1

201



B FL DO 4 SRR 7K R 2R G T A FEL R FE

A A, (MWhRFTA RIS E B 2 HL B, N, (MW) RS m ZER B t B R I3

2.2. AREH

AV 2% P L 47 F 3 40 SRR L X 240 S T 4

1) ISR, EES AW, —HHAKNLR, TEAFEKEPEHEAR. EHARKMAR. KERiE
ZIR . KAL) R R R B L RS,

Vit =Ving + 2 Qe )
Zyo =8y, Zyy =by, ©)
Q. Qe =Quy @
Zpy $Zyy S 2y, ®)
S < Sme < S (6)

K v, (M) VL (MO)ERIRAKHE m 7E5S t B IRIR EZS, S Q,, (MYs)FR/KPE m E5 t I &R E
R, NEEANTE, HENT, Q. (MYs)y Z,, (M) S, (MYs)/rAIERARAKE m fEH t I BAR HE . FIKAL K
FIrHR AW, EEAFERH AW, IR AW HUHIREI X LW I ORI ) 24 45

N <Ny <N, ™

[Nt =N o < AN, (8)

(NS =Ny J(NS, =N, ) >0 ©
(Npioa=Npias)(Npe =Ny )20, A=0,1,2,-,tv,, (10)

A N, (MW) RS m 72 I BERIH ), AN, J9Fst m Bt Bp Kok, NS RINS 43519 HLs m
55k ANREN X ERRARER, tv, Sy Huh m A4 s /N R R BOE, B RS ) ET R BCT R i 0 R AR E Y
e/ DMRFFIN BOE

2) MR, EEAFRLRGFELR, KHARLR., WEBFEL R,

Noue,me = 77Npy (11)
Mout,m,t < Nout,m,t < Nout,m,t (12)
Nin,m,t = f (Um’ I‘m’ Nout,m,t) (13)

Rebte Ny, o I m 7E B, 7ER A TIR, 5 NIRRT 1%. A, (MWh) i
3 m 7E U BRI RAREE, L (m)s U, (KV)Jg HE 3 m eb R B 30 % 2 B o

2.3. MBIRFEATRTS %

FE R P B PO S5 R 7 B W T SR AT, TR R, T P R B, S SR R
U SRR A R T S S A R HO I R T SRS, BB TT 808 o [R] G 75 6T H R R 3R AT M1 4k 1 55 DASRE e U SR
AR 7 AT B B R FE[12] [13], HHE TR R

2 2
3| 2 Nout,m,t +Q0ut,m,t

tm — Uri (14)

202



B FL DO 20 TR AR 7K R R G e S0 R R TR EE B

I o L 15
itm = tZ;, T (15)
AA, =31% R TAt+3600 (16)

At 1, (KA R (Q) AA (MWh)F3 I Rt m ZETHSEI BERG R D5 R AR . ARSI HLBERRE, 1,
(A) Ay HLEE m FERS B t AR SUF AL, Q,, (MVar) NERER i), BT 2B DR T 1, ACFER A A2
W& TG Th AT G o 1 PORRE Bl L Th AR N, R O AR U B, R NSRBI T R
SR ARG, AHAURR A K, WA E(E, MR SN 2R A R A SR, O T RIS, AR
WA R, N EH &,

T
Nin,m,'( = Nout,m,t _AAn,t (17)
LI H IR H 5 m (R A,
At Nsut,m,t + ozut,m,t
An,m - m;(Nout,m,t - Rm Tj (18)
SR BT, 7EN BRSNS m A A, s
At N(?UI m,t + chut m,t
S _R —outmt T Koutmt 19
An,m,t 3600(N0ut,m,1 Rm U,%, j ( )

BT B, B BARRN:
Aﬁn,m,t ~ bNout,m,t -4 Nz (20)

m " “out,m,t

A a,, b BAH L
R, At At
a, = = b=
3600U7 3600

R ATR(20), ATBUBEILL T SR I 1).

FEIEF 1 ATLAE B A O, F RERRE R IRAUE S, TS R 2 KR B s,
SOHEWAEND, B 2 DU R ORI e, 2SI L 0 TS0 P S L B I s
BURE AL TR SRR L

3. &T 31T DDGA HIRER#F %

WA P X RIS SRR, DU R R BB AR O TAT AR PP AR . 20 st
ST HACREAR, EEA MW IRE: — I AR, SEOTENER AL BT E
JE IR AR ZE AN, FET LR . B LR G, ASCR MR R B G, 454 DDDP AT
JERE AR, ST T T 2 R AT IV B R 3 1A% SR 8 BB A SV AT it s DA v A R R R A B
3.1. SLEREE izt

DDDP ezl MBIKIATAERE, M2 —MIEUIITTE, & mBEATAT TR, FEIEA AT T ROIR S
BT RIS . AE “JERIE” WA ShARIRAE, DU AR BEA AT AT AR B, LR
BV ALAE Y 11 DDDP BAT i/ I A7 B A TSI 18] (D8 5, DA SR e e 4 R 7K H R G0 A i 38 il AR A3 17 7

20 W AR B0 5 I SO0 T BRI A 22 R A NI TR R 48 2 S8R . MEZE R AN, FREE — 2R

(1)

203



B FL DO 4 SRR 7K R 2R G T A FEL R FE

AAEEI

il

el
-
P
-
-
-
.-
-
.....

-2 111} —— ke Noutms

Figure 1. The relation curve between the power station output and
its related electricity
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Table 1. Calculation parameters for each hydropower plant

=1 BRRMTESHE

HLuh 4 WRE S FHUMW IEH m7KAL/m FEAKAzim 7K Az/m RIRALIm YABE H F8 X ] m¥s

INTES ZAE 4200.00 1240.00 1166.00 1219.00 1219.00 664.34

B ES 1670.00 994.00 988.00 992.00 992.00 110.91
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Figure 2. Power curve and loss curve before and after considering the grid constraints
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Table 2. Result of output power and transmission losses of stations before and after coupling grid constraints

7 2. BARMYRATEMHRKERLH N KRB RE

— LML AT HH B8 RZ R 7] 5 8 HL R ) ST 45 5 8 HL R ) U
UNE B KWl s e REhL N g OREl NE 8l Rl
00:00~01:00 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 000 0.0 0.00
01:00~02:00 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 000 0.0 0.00
02:00~03:00 7000  300.0 0.0 7000 3000 0.0 8.00 343 0.00 800 343 0.00
03:00~04:00 7000  500.0 0.0 7000 5500 0.0 8.00 9.52 0.00 800 1152 0.0
04:00~05:00 7000  500.0 0.0 7800 5500 0.0 8.00 9.52 0.00 993 1152 0.0
05:00~06:00 7000  500.0 0.0 7800 5500 0.0 8.00 9.52 0.00 993 1152 0.00
06:00~07:00 14000  500.0 00 16000 5500 0.0 3200 952 000 4180 1152 0.0
07:00~08:00 21000  620.0 00 19000 6000 0.0 7200 1464 000 5894 1371 0.0

08:00~09:00  2800.0 620.0 880.0 2200.0 600.0 800.0 128.00 14.64 29.50 79.02 13.71 24.38
09:00~10:00  2800.0 620.0 880.0 2200.0 600.0 800.0 128.00 14.64 29.50 79.02 13.71 24.38
10:00~11:00  2800.0 620.0 880.0 2200.0  600.0 800.0 128.00 14.64 29.50 79.02 13.71 24.38
11:00~12:00  2100.0 670.0 160.0 1900.0  650.0 190.0 72.00 17.10 0.98 58.94 16.10 1.38
12:00~13:00  1400.0 670.0 160.0 1600.0  650.0 190.0 32.00 17.10 0.98 41.80 16.10 1.38
13:00~14.00  1400.0 670.0 160.0 1600.0  650.0 190.0 32.00 17.10 0.98 41.80 16.10 1.38
14:00~15:00 1400.0 670.0 160.0 1600.0  650.0 190.0 32.00 17.10 0.98 41.80 16.10 1.38
15:00~16:00 1400.0 670.0 160.0 1600.0  650.0 200.0 32.00 17.10 0.98 41.80 16.10 1.52
16:00~17:00  1400.0 670.0 160.0 1600.0  650.0 200.0 32.00 17.10 0.98 41.80 16.10 1.52
17:00~18:00  1400.0 670.0 160.0 1600.0  660.0 200.0 32.00 17.10 0.98 41.80 16.59 1.52
18:00~19:00  1400.0 670.0 220.0 1500.0 660.0 210.0 32.00 17.10 1.84 36.73 16.59 1.68
19:00~20:00  1400.0 670.0 0.0 1500.0 670.0 0.0 32.00 17.10 0.00 36.73 17.10 0.00

20:00~21:00 1400.0 670.0 0.0 1500.0 670.0 0.0 32.00 17.10 0.00 36.73 17.10 0.00
21:00~22:00 1400.0 670.0 0.0 1500.0 670.0 0.0 32.00 17.10 0.00 36.73 17.10 0.00
22:00~23:00 1400.0 670.0 0.0 1500.0 670.0 0.0 32.00 17.10 0.00 36.73 17.10 0.00

23:00~24.00  1403.3 704.2 0.0 1500.0  700.0 0.0 32.15 18.89 0.00 36.73 18.67 0.00

33603.3 13524.2 3980 33560 13500 3970  976.151 32420 97.17  903.78 32121  84.90
Mt
51107.5 51030.0 1397.52 1309.89

SR BN 51,030 MWh, fiiFESN 1309.89 MWh, =7 HELI5Z FL & A 49,720.11 MWh, BRI, SRR HMH &
A T 22.5 MWh, 1B T BRI T 6.3%, 52 B 52 H & s i 48 0 17 10.13 MW, 1528 52 LN L 257 17 0.20%0,
TE R MR AR A5 0 R B v R sz el i sz i, SR % .

4.3. 71T DDGA e GriBte B AWM RIS

K DDGA X LB BEAT TH5E, FIAT 3.2 FPMR I IR E IR R, BOOUR R B DNIE N L R 5, H5 30
AR X ] R AR e X AT LU BT 5, 15 2115 3 B MW S5 15 h 2k
M3 FTLAE Y, A8 E R /NS LR AR JRE 1 R A A S SR BERG , (HAEJE 2 A R A
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Figure 3. Convergence of three kinds of mutation methods
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Table 3. Multi-core parallel computing speed
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PA T RIS HAT TR 8k . THEEE R 3.
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O BOERURIE L BIE R (B, ZEIFTIFER T B BEAT ARSI, BN rmER, —
T RAT S R RERE s 57— R EVEA R GA L RS RE SL I AT, A LB BT,

5. &hip

AL EBAECL NG LI T B AR: 1) EFXTIE W SR 25 fE A RE i Wy, ST 1 R B L X AR AR
LYK B3 R G LA TR R Y, T8 PR S ke 1 RIS $2 Bk BV g s s 2) 45 iR m M pe i St
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