% 0 6 # & B

Electric Power Automation Equipment

E375FE 118
2017 £ 11 B

S IR S PER K sy i Pl 05 7k

A& EWE, SR, EER K B
(b HRF THRARBER, LT 102206)

Vol.37 No.11
Nov. 2017

HE, AL EFH AN AL PRI BN ASBETRERBITUEN I Toie &RETRELA
T2 & L, R B AR A 22 K AR R A BAL B AR IR B Y R R S AR AR B S AR, AR ) R %
F A BAG G EHNARERBITOE LG E ABATHEL ST EAAR S RER AN R GBI ARG
MK KR GBI REIEF KKK EEG B AT ER LA ZAEARAT ZRENE—ZLAA AmiLd A
RO ESF A BAKE G AL T T, RSt K e ARk RER R AR R,
B — K s TR TALL AR ZTHREXN IR AR REKEEF A Book AR s

2 RNGE T PRI O ikl A b ST AT P A R

K@, wHBFEE, AVAK, RHAK, Ku, BAWAH

FESES. TM 761 XHERFRISAD . A

0 518§

75 L LSBT B BEFIXT oA ok v 0 3] B2 3 47 73
IR, FR Ty e P B A S
A4 L 2l AR — B[] AR 31 1L T 38 8 v 44 g ol 1
HL 2R A e A AR A I B R AR L A | RIS R i Y
B sh |k AL R AR TR 2 HE B A
B HIAF AR O . F AR AR 3 H 7 & GE A B £
7 i R0k B 2 A PR IEAE AR B b i A&
Ul ) ML RN R B R AT S B E A E AT TR AL
JE BT DA 7K AT Rk B L ) R R Y 02
FL ) 2R G0 H I R S A R R P R AT LG HR Y
FL P (19 A2 A B s 5 | R H g P A AR A i
- 1 A A AR T BOR B AT R AR AR, L 7R
TE BN ARG A A il as 47 5 AU T L g L A
S, L4 v A B, SRAT L ) A A A S —

AbF IRl —AN o R G rb Ry sl TR AR
HH RIS PERE JHIERE 1 2 AT O T A4
ALl TAEEE A D5 | PRAIE 2% A Fa 3 22 18] P13 4 i
B, TE LI LA R R ) T A AR 1A
% B UCED T Bk B8 DD AT | B IR AT
JE RSk ] A H A/ 3 DL B 32 9 ok R ) e
A RRE AR Ll ) H R DL R R R TARE R
O35 L ZR g A T A K SF AR B 1 7 2l

K EHE.2017-02-19;f&E HEF.2017-09-11
BE£WB.«+t=2"8 % F 584 X% (2016YFC04022-
08,2016YFC0402308,2016YFC0402309) ; B % & &K A 5 A &
TR B (51279062,51679088 ) ; F & &y A& K A Ak 4% %
RG4S B (2016XS53)

Project supported by the “13th Five-Year” National Key Research
and Development Program of China (2016YFC0402208,2016-
YFC0402308,2016YFC0402309) ,the National Natural Science
Foundation of China (51279062 ,51679088) and the Funda-
mental Research Funds for the Central Universities(2016XS53)

DOI: 10.16081/j.issn.1006-6047.2017.11.026

FL e SRR e S PR s AR P AR G H e P T
VRO E I I Rl iy H i e, R ) vk
TP L FR Gt H A P R R SRR ok ) E UK
POl ) AR B 2 — Kl AR B E e s
I H 7 A P K 32 L ol P A 0 £ DD R R 7
R GBI H 87 Ay [T IR S R — /K B AR
LB R e — R A A E S TR
o P D T AT sl 3R] RHE B H Gy, ek i IR
IR RS X 3587 27 Q%) i R R i S A S
UESEBR AR th 4 B LA B9 % 2 fa g s 4T, A
BIR ) HLLE NE 3 5 2 SR 25 1 figp DR 17 A A o WA
A I B A RE ] i s 1) fit g S B9 )R B AR T
o 110V AT fE A FH 2 Al 3 F O Ok B ul
TEBER GEM iy HFR e K () IR A B 5 K L o
By AT BEH P AR AL | DL RRAER K H il R FL AR R
DA b T7 i mOARBE RS A5 B 25 A a7 H N H
i, (AR 25 Lk H P34 07 B M AT B 25T,
ANREFR I H f A5 A B A AR G SG & T E
[F] — FL 3 75 A [R] A9 T3 7 1 B9 1 0l R AN A TR
TCIEPAEAS B AT R AR A B A

AR MR /N 3 AR S A5 s s Y H A
LS ] AR LU /DN EUR B E A i 2
TS f i A T 2 A H R /0N i 8
B 7 o A O AR 5 Rk B R A H R D
PR, B R Hh 7 R AR B 220, 328 20 K F 9 e
T LU ) B e 3 O R A SR FH B A 4 i G 2
U E G TR LA b ek R T AR A R AT B A
BRI S A i B IR BA A AT BE D K R B )
i R S AL S T T R OL T B ORIE T
L it A RIS IR B ) 22 (6 R I Jpi 3l 38 SR | S
A5 Kk AL vl e KA B R 2] B Bk Ir ik



%118

IR S T 0 0 AN 3 5] P B4 e il o g e A @

AR BEAS ARG i1 ) R G R A Rk H P32 1 AR
72 H NS B i B R R R G R H
Tfey ML o A9 H i A N4 B A 2Ry B
HWBIASI IR 25 5 A i 2% 2000
BEAS R B R R S BRSSO R AR —
A FE B A AN AR AR I R G T S KR A A
AN BRI ELIE 3845 B B H AR A P
T e L HL ) AR G G A LA R At L it T H
AN B 20 1 By 01 4 A AN R 22 e

ARSCAE LR SCHR B 56 b 41X i 1 R G
AN BB DL e I st TRk B AN o3 B B[R] L 23
Br e 3 R GE G Ay 5 Lt O BRI A i
(RS E R R PSSP T W e R K]
KRR S b v g e R P A TR A
S G AL B — JCH il ) A A R AT o0 R O X i
B H AT Z2 G R OISR IE TR A LR
SPABUR

1 ARJBREFEHSHERABETHE

1.1 BEFRHEMNITERE
o RG W E— D H N4 H R AR,
iff 2 HL Sl ) AR 25 S BT A 40 1 £y ol 6 10 12k e R
ffar H BB H A9 7, i SbAf e i TAER &  H &
M FEKE s R K Tz H Hfthss H e LUK H
S5 g 4 A R LR S M DR S R H N
A5
L PR R AN 28 50 e — s e il i RS R B
Foon , Hohzm uh e LR H pg H S 5 H A
34 B A0 B
r=L (1)
P,
Hoeh kSR E ¢ 0 RS B P, e L Y S
SERIH Sy P, L A R

T B, 3 2 5160 1 91145 2 40T 26 2 SR L -2
78 5 1 TR S LA
r=2 (2)
Nm

Horb ke RIZH T RGN H P R B N ML RS
9 R S-S5 R0 S N, R I T R G R A
12 REEFEHS5HBRHTE
SRS A R g R A R R A
S B ) R GE R e R ST 5 45 L ol T AR A
MBI G 2 i RGP & A S A A b i
R 2 T A B P40 5C 28 DL Bl i A HL A
HHAR MEAERU L TAERRZEIMNCRN.
N = 2 P, (3)

Ry=2R; (4)

Ni‘nm:Ni,I_Ri_Ni,M (5)
FE N P 53900 19 B D HH, T3 2R B8 1Y B R £
G ¢ R TRy R, 390 L I R G B4
FHA AL § B8 AR N, e Noy Ny 23900
o i M ERR AR LA RSB AR,

T H 60 r 2K P DL R H 3 HR 0 R A
IEY: AR SOl RN SR S RPN R PN
AT R G MR H B RE B W HL ) R G 00 H T A G
£, At B DL Z A5G A&
IR

NmZZPmi (6)
N=XP, (7)
N-N_sP

No= gl =52 (8)

1.3 AATRHUERHME B FEHH ANITERFZE

FETT R L SE AR R B, AR IS LA F/NF
Y NS 5I8 YS RGN A 7E R B0 s H R
EX SUpNITID &I RYBiiBuR: ) (N =T OB R S R
FIxF e Jy 2 58 DL K H At H s o A e E R Y B
R,

a. SRR IR SR R ok R
FERY A S35 1 B S/ AL,

PmH :; PnH[ ( 9 )

pm'l':VZ’lpm'l'i (10)

Horv Py P 5000 7K K Sl B I T S 25
P P 57 3R 85K KESE TSI T7 50 im 5390
K KRR R
b. WKL (11) Fr s ¢ & WAz W)k H il 58 5 1
KL AM TR G A R G A B A
Nm>13nﬁ1+13m (11)
A K L 3 R H A ) T R4S L R

PmTi:PmTz"‘ (Nm_flmll_f)mT) . Ny = Ruy= Ny M_P"LTi
21: (Nrii=Ryi=Noy = Pori)
(12)
FEr Ny Ry N 73900 0 KL i B DL i
EESS - iIE i 2SN
R (13) 78 9 FR A7, WK A, ol 5 22
i FEK R Kl AR SRR B A
Nms i)mH+Pm'[' (13)
c. 7K SRS R HAY [ SF- 2 U SR S
35 R H R R 2 R Ty TRk
JCHL SR F) AT P 2 R LU R HE 2% H Y B R
SR TR




162 ® 0 8 & iR B

¥£37%

3 (Nuu=Ru=Nuw=Pu)
Py=Pu+ (N-N,,) l:|m+,, — (14)
—zl (Ni.I_Ri_Ni,M_Pmi)

X (Npy=Ri=Npw=Pur)
PT=PmT+ (N_Nm) =l

r_,;z]” (Ni<I_Rf_Ni,I\’l_i)lrli)
Hor Py Py ARk KR S R LR HOSE S Y T
NuiiRui Nuiw S K L BN A E
ke &,
d. AR R SRR H Y R

(15)

o= (16)
Pui

o= L1 (17)
PmT

HorP ey By 30 2R 7K KCHL AR T TR R

WA ko> 8, BV JCH Sl BE I 9 R A0 o #e IR
8 6,6 —MHCN 1.05~1.20, W F75 2235 in & H 3 H -
By iR I ¢ A,

e. M =X (1) 20 B A5 7Kk R sl g LY | O
B Ty, AR SRRk ek OS5 ) AR B T AR K
WK B R K TR R A, ok,

ﬁHi>NHi,max (18)

R

ﬁHi:NHi,rmx (19)

2 MEMBERVIAEEHENB#RRE
HAE iR

SRS AR L | KRl I E T B8 | ke rLas AT
AT Ry | ) S A XA P RS kbl A K R v 9
W, AFUR ph T A AR R, O O T RAIE K L ol Y 22
e R AR JC o H /N g e 1
VAR AT R B0 Z 5 K ) S 25 5
PR G,

T GE i) L 7 v A A5 7 RS L T R G P KR
FEEME— KRS 5 s B T A e
K FEAT L 3 WP S AA AT AR K
UHIBAT LIRS A B KRG R B i 7
B T H 33007 vk A RE A 21 KR Bl 1 P 3 rEL S Y H
Tk OF HA A B E D R A0 i A
I FELEAEOL N R H G IR B A

AR SCHR AP SCHR 5] v b 2 09328 U DD 60 £ 3k 5 ik
EE R A SNZE R TE AN T T8 A 2 U 1 L
R B Ol Y TR A AT A b AR
W 7 g B U1 53 5 PN V2 2 A AR B0 74 30 ) 9 0 R 5 R
PR AT K L SR S AR A AR R R

Al 5 H AN ECE 2 S 518 I
HAFE R mE 1 fis,
R P WA R A

vl

Vil Bt |- U |
1Ehsakat i
e | L | T |

[l O 5 0 B0 ik |

B 1 #REGFHERRVATERE
Fig.1 Principle of successive load shedding method
with nested structure
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I IR KCHL S R R T AL A ‘ Table 3 Average monthly output of hydroelectric power
station in a power system
[Hosm v h 7 AV E T 1MW
—J b

by sk ke ks okl ke ki skl ke
Wl ouh2  ¥h3 U4 w5 uhe U7 A8
127.0 60.1 1627 236.6 48.6 853 363 67.1
172.0 68.1 157.7 236.5 49.6 930 39.7 68.1
156.0 76.5 134.8 2372 419 101.1 43.1 225
101.0 88.7 112.0 238.8 619 381.5 2733 30.6

68.0 2079 2473 2398 714 5349 2284 973
136.6 287.0 379.8 240.7 1399 572.8 1894 1274
145.9 273.7 456.0 254.7 135.0 600.0 238.0 76.0
175.5 323.3 3894 287.6 1402 572.8 267.5 61.7
136.8 218.4 400.9 257.7 1129 525.0 2437 76.4

PR R HL B T B
T Rl R I A
4

v
LY B G A i D) AT T

= 2], =X e EL ik R 5 H
AT 5 By, TAEAE R Ny, | LDV

[e BN e R o S

z
el

10 1257 2004 2715 2673 836 2687 1312 562
Y 11 700 1165 1546 2514 534 1157 278 618
ot il g B I R AR i=i+ 1 12 940 1960 163.7 2394 479 985 421 670

x4 REHNRGNBEARMHEA
Table 4 Minimum monthly output of thermal power
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Fig.3 Schematic diagram of power balance
for a power system in dry season
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Fig.4 Schematic diagram of energy balance for
a power system in dry season
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Table 6 Peak shifting capacity of each power plant
for a power system in January and August
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Power and energy balance method of thermal power station
based on uneven output
LIU Minghao, WANG Liping, WANG Boquan,Ll Chuangang,LIU Yi
(School of Renewable Energy,North China Electric Power University,Beijing 102206, China)

Abstract: The calculation of power and energy balance is important to the future operation of designed
power stations and the allocation of load and spare capacity of online operation power stations,and can guide
the rational use of water resource and fossil energy,the reduction of resource waste and emission. According
to the load variation within one year/month/day and the output of online operation power station in power
system,the correlation of heterogeneity between system load and output of power station is analyzed. The
monthly adjustment coefficient is controlled in a certain range by the method of water discharging in hydro
power station and output increasing in thermal power station,thus the yearly/monthly/daily power and energy
balance of power system can be achieved. The calculation method of power and energy balance of thermal
power station group is improved,and according to the principle of successive load shedding,the yearly/
monthly/daily output process of each thermal power station can be obtained by the nested iterative
calculation of working capacity and peak shifting capacity of the power station. Case results verify the
correctness, feasibility and effectiveness of the proposed method.
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successive load shedding

power and energy balance; regulation coefficient; non-uniformity; thermal power station;



