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Effect of flexible load regulation of thermal power units considering coal
consumption rate on wind power utilization

LI Mingyang, JIANG Yuanyuan

(School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Flexible load regulations of thermal power units are one of the key approaches to increase the wind power
utilization in power systems. Power units under flexible load regulations have higher coal consumption rates than
those in normal operating modes, while such characteristics are not captured by existing power system dispatch
models. In this paper, a unit commitment model considering thermal power units in flexible load regulations is
presented, and coal consumption rates of flexible units are characterized by using piecewise linear functions. The
model is solved by using existing mixed integer linear programming (MILP) methods. Then, numerical examples
on the IEEE 30-bus system with practical wind farm and thermal power unit data are presented. The verification
results demonstrate that, the flexible load regulations of thermal power units can substantially improve the wind
power utilization and reduce the generation costs.

Key words: power grid, dispatch model, thermal unit, flexible load regulation, coal consumption rate, unit
commitment, wind power utilization

B KSR REIR RN, “FERFL” ILGE 2018 AFAEFF B EA Fik 277 12 kKW Bl i AL
H RO L RIS AT T B B R TR R RSN SR T BRI RE S S I AT, B
RO, FERMARE, HrREIR S B ) B S R R R 2 AR U 7 RN B, & TR
HSETERMEMT, REFHFREBERE, H2E B, HXEEFEE XA A foR . X

¥ %5 B H3: 2019-09-16

B & Il H: ExXESHRHRITHQOL7TYFB0902100): H ok Bk 5L AR 45 B 411 % 4 74 111(2018ZD05)

Supported by: National Key Research and Development Program of China (2017YFB0902100); Fundamental Research Funds for the Central
Universities (2018ZD05)

FE—EHEN: 2045(1983), B, WL, PHT, EEHFIRITEN R RGN LR, limy@ncepu.edu.cn.



46 o kROH

2020 4F

SRR 2 DX I R X PR e T >R — o TR HED, (i f K=
A TEIEA BN -

i ke DR FEL Y 48 I 1 S i S 3 L LI
H I VSR . SCRR[L10-13)5 FE R K HL . RARS
PR 75 SR B fit B S5 st YR AT
Ree— e P2 LR HERRRIR Vg, SR, R
WHE “FHMDRER” MREIRGN, BRIEKBAE
BER BRI  GE EE AL, RS0k LA
730 Vg B 77 BR ) B R 24 1 R TR R K RIS i R
TR ghya-18,

9 MRS | 2038 1) 240 3 BRI T 9N R R 2%
I A SR R K ) HEE AR K LA R s T g iE
1T BFERGZESERRFERE 2018 FHHE K
i (CRFITHE I RABPTTRE 14 TR L) 0o,
RFV A B2 SR 2% 1 5 BURF 55 L g Ak HEdE “ ik R
TR AR, I hnam e U R R ENE Y,
73 K ML R v M it e I R R 0 0B AT E AR
BT A SRR WY GE. Har, RELH
I R FNLAH 23R e AR B, ] He R ) R
FETRT R H AT B 5242 W I 57 600 MW ALZE d it i
MRS RERGHES RS SuEiL, SS3 7
gk TOL T s/ H TR 30%Pe; HERET #K
REARAFKEMNR] . EREFERBEERA
P 5 350 MW AL ZEL 8 i 438 Jon [ 4k i 25 0 s B
KRR IR R s

WAk, 7 HL NS AT I BE ks 7 2 78 5 A LA
1) R E R YR IR SR e TRV 4, AR T
KL R IS I 1B AT (1) 77 v S B A T A A
AR 2 28, MR it &R B IR G e 4
FAUAAE R BT, Gn SRR [18]42 HE 2 TR /R £ Bt
BINLEEEAT H IR BRI RS, (B RF R BT
FRCAS s SCHR[L9]H@ H A 18 g AR X R R i) XU F, H 7 fef
ARG A ZENLS TR = SRS, (HARIRN T
K EATLEH A A PSR 1 R, R ASE B 2 M
FUVEE A FEURNFZ Y0 R G TR0, VR BEAR 2 B R &5
¥y, BRI LI A g — RIS, SRk [20-22]
BT WL A oRE 8 37 1 IR BT R 0 K H LR 1 4y
BURRAREL, AEAR AN, B AL AR RE 1T 577
HAFEVERAE; SCRR[231EE L 1 AL & IR FE TG Kk
MLZH S R B mT Hp b S gy R R BE ALY, 3G E T AL
TRBE R U R PR TR P AR, (R TEAH 3 B X HL ¥
PG

B0 K FE LA R TR VIS AT ) H O
), AN SO e T 0ot 8 R AT ZEL 1) 2R 3 R s A

http://iwww.rlfd.com.cn

FERFIER 20T, S R i 2R B E AR, R
FH 73 B M R B IR K FB LA ) R AR . SR e
SEAL T R 1 U6 K LR R LA B L D R G
H AT A A AR, ZAR R F I VR A 8 5
AR (MILP) J5ikskff. mJath T IEEE-
30 REE R EBIE R, HAEX Y = N 5&5H
FERETY (1 25 AT X LE AT, BRAIE K FETLZH R V5
WSO T T8 AL B, BRI LR AR R R

1 KEHER RIS TRERSE

K1 Ak R R AR 2, Horh
Pmax NEKH T, Prin HERERES/NH T, Po i
Fnh R N T, BRGNS T,
LTI, R HIEIZAT X E) ] 2 Ay Bl 0 [X
(] [Pb, Prmax] 5 TR U X ] [Prin, Po]o 7E A U
X [a], MLHEFERBE 22, —RCNBE 5 G K
MR NIERPE R R EIRBE G (0], ML EFER
AR, FRS e MR R At A X A) N o R JE] A
K FEATLEH R S At U 5 /N HE 77 Py — A 50%6Pel?6],
23 AR B R AL R FE I 5 /N ) Proin ATIE
30%Pe, H & FKER2,

HEE %’( g-(kW'h] L]

e i 0% i

P P, P
HLE H HMwW

B 1 XEHE R TE IR %
Fig.1 The coal consumption rate curve of thermal units in
flexible load regulations
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Tab.1 The actual coal consumption rates of a typical
thermal unit at different loads
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Fig.2 The fitting curves of the generation cost function of
typical thermal units
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Fig.4 The wind and thermal power outputs by using the
proposed model and the conventional model in Scenario 1
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