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Strategies for relieving ramp pressure of thermal power units with high-proportion
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Abstract: It is of great significance to study the strategy for relieving ramp pressure of thermal power units with high
proportion photovoltaic power connecting to the grid for improving the level of photovoltaic power consumption and
stabilizing the operation of thermal power units. Analyzing the security and stability of the grid with high-proportion
photovoltaic power, a "source—grid—storage" coordination and optimization model for photovoltaic power, thermal power, DC
modulation and energy storage system is constructed.The model makes full use of the time-shifting characteristics of energy
storage systems and the fast response of DC modulation to consume grid connected photovoltaic power.The proposed model
is simulated on an improved IEEE-24 bus system, and the simulation results verify the superiority and effectiveness of the
proposed strategy.This strategy can effectively alleviate the ramp pressure of thermal power units, improve the photovoltaic
capacity and ensure the safe and effective operation of the power grid with a reduced system operation cost.
Keywords : photovoltaic consumption ; DC modulation; energy storage system; thermal power unit ramp rate ; net load curve;

high-proportion PV power grid connection ; "source—grid—storage" coordination
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Table 1 Output and cost of the thermal power unit

i R/NMEIMW BRI MW A FETE (MW h)

1 62.4 192 19.10
) 62.4 192 19.10
7 75.0 300 37.00
‘13 207.0 519 32.00
14 54.3 155 16.53
15 66.3 215 16.53
22 60.0 300 15.20
700
600+
500+
= L
= 400
¥
= 300F
200+
100
0

RO Q@Q R \Q-.@ \qé“ \;.0“ \g@ \%.9“ W@“ »”"QQ w;.@
%1
Es5 KM
Fig. 5 Predicted PV power

TN 33 S5 B Ay 455 43 B 4T 2% 9 8 K g e
bR 20 MW/min, 8 6E R G851 8007 A
9 3 JU(MW-h) , B 8 6l B0 AL AR B 11
FIT/(MW -h) , FEGIETT R A 11 3£50/(MW -h) ,
I i FEST R B0CH 1000 370/ (MW -h) , K FLBLZH
€3 BN AR I 25 & 70/ (MW = min™) , LA £ 48
H IR IG I TR 2 i ) R HIH A b se g =
B E MG o R I UE AR SC TR R W AT R, R
PLR 2808 S A T0 LA AT o

TS 1 A B A% 55 JH AL AN i BE X T G IR
AT, ERAS IS

WG 2 FERME 1 By LAl L, s B A, A
KR HLA it R DA B B U A R O O AR i AT
TH .

BE TR 0 R - X - R O AR O e AE
Matpower T =47 H 1] FH 2 14 B30 B 4 T 53 30k X6 A
RUGEAT R A 1 6 R 1. 2 A5 6 AR 00 o) 3 B 2 B2 0
FLA B et i 2

HH [ 6 AT AT, SR 1 o4 i far it 4 £ 08:00—17:00
[i) 307 A AT P AL, T 5 s 2 P o £ £ U0 20 s



% 44 £

24001

2200F

2 000F

/MW

1 600f

1 400F

12001

100;;90 FTITSS S S WQ..@ &..@ %@Q
I %1
Ble6 &tk
Fig.6 Net load curve

B8N o X2 1 TR G IR TEHE A Wi S, 3K
W 1 vk AT I 23 R i i e s L D 0 i 2 A 3
EBR L TEEIE AN 220K, TSR 2 P A A
IS R 15 A SR AT 20 G i v A A2 AL
R AERF L D3P, A SR RO T
T h 4, RORZE MR 1 X PLALICH R T .
3.2 FiEREES R

PRAE U5 - it " G AR T A SR ANAE 3% LU 5
W H DGR SO By 52, A 0 % w1 R 2 1O
KRB ER FOCRMIAT R . ASOCIRB BRI
S N A IR A 2R S8 52 B Hh 0 5 A 8 S A Y
e, H

T

ZPPV,t

st t=1
PP\'_ d

yr,

AR B 7 R T 45 5L e 3ot T % il 26 43 5l an
P 7 A 8 s o H L7 RI AN Bt G AR T 3 R
K BZE T BT, CARIB A 3R 5506 T F 5 N I
i, R BN DR K ] T L S RS
BRI, SOR T K LALCYE RE ) B fid
e I A B, N IRIE R G R e BT, T R 5ot
T, 5 — 7 I, WS 2 O IR B BRI A TR
W& 1, FEOT R LR T HRME 1, & TR 2
AT B AS R S, 76 3ROy AL F AR T,
A LEA = BB AR B 33 3R T ATH SR AR AIE T 40
SRR,

A3 IR 1 SRS 2 T A 45 KR AL S i T
KA A B K IR G DR L, nE 9 R, ARG
i 18] 95 55 4 60~90 min 22 8] f)F- 34 1 2 28
76.56 MW, 5K W& 2 1Y K HL I A5 € 33 3 558 247 3k />
2.55 MW/min. 5 EC45 F U0 TIE A SC T $2 5 78 4 +F
LI 2 R B AT B R, A RO R T SR BLAL
eHs 77 .

x 100% (23)

SARIBIB %

¥

110 L L L L L L L L L J
1.0 1.1 12 13 14 15 16 1.7 18 19 20

AR B T K Hetl
7 RREERML

Fig.7 Permeability curve of PV power

35000

30000 -

25000 -

20000 -

FOLTIHMW

15000 -

10 000 -

5000F

0. L L L L L L L L L ]
1.0 1.1 12 13 14 15 16 1.7 18 19 20
SGARTIIN Ly 1K L)
B8 FtIhE sk
Fig.8 Abandoned PV power curve

1800

— g 1
1700 | — %% 2

1 600[

1 5001

/MW

1 400+

1300F

1200

% 50 e w0 s w0
INFI] 45 A4 /min
B9 NBEBAINERME
Fig.9 Joint power of the thermal power unit

HE— 25 1, DR AT U - —fit DG O T 9 SR g A
75 G L AT 2V HE G AR FBI Bh FE 43 0 X SR 1
WG 2 T RGLE G RS TR, 25 R an & 10 fr
7o HELTO AT, Bl 25 405 28 S AR Tt 2y 246 L 451) 328
LT 2R T RGBT LR A U SE BN S T
FR, R 1 EL SRS 2 SR AT IR B E, X RN R A
PR EGAT 38 K, K R AT TR 52 23 R B 7l H ) 28
Pk #| BB, REFOCEANE LA, FEBGECA
BN 53—, RS 2 1 RGBT LR A AR IR A




%14 SRS, 5 @ e 2 e R AR IF R 6 K e Rk R A 4 R R ek -7 -

TS 1, X2 R SR 2 A F I R I AAR T8
1, LSRG 2 rh B A i — 2 S e 2R
N5 ZR GG B BE J1 , KRS I HIL 2 TE 35
Ao G EFTIR A SCHT R SRIS A AR T RS LR G
A e RYLs T & v

6.251

D ENY P

R
1.0 1.1 12 13 14 15 16 17 18 19 20
AR T T FI K L

10 BRTITEE R A ML

Fig. 10 Comprehensive operation cost of the system

4 it

ARSCEE R i L BDCARIFE T v G4y D1 R U 30
W BE N, R AL A BB S o i by G AR A i 7 A= 45
RE3E e T 19 9] B, 45 5 ik e 28 48 o HL AT 1) ] ek
Ko . n] ] 5 A P AL U R A B e R 4
U~ — ik R A B T SR LLSF- T i 7 7
2, e K r LA s g, I 3 ik 552 451 5 BB Uk
TARSCHT RS A A . SRR AR SO Y
U~ ks R A G OR T AR R R 3R SR, T
SIAIT KCEALZE A BE 2R S8 LA LA A ] 1] £
PIBATRAE, RIFIR S T RGa 1T AT, 12
ANEIRFEEAR R EDCIRIE A EE S B RIS, s 1
KLU B RE T , o 1 4B BE TR M 2 fift 2R 4t
P SRAL TR M IR L N R 1B AT R
A TR E

Sk :

[1]Z50E, B i R e+ = 1L LRI A Hr aE IR i
(7). H 77,2017,50(1) :30-36.
LI Qionghui, WANG Caixia. Analysis on new energy
development based on the 13th five - year electric power
planning[ J ] .Electric Power,2017,50(1) :30-36.
28R 208 5 L B =, 55 B IR R R HE TR PR AR AR
o0 5 RE R 2 AR 2R BE 1 3BT [0 ] K L RE TR AR}27, 2018, 36
(11):212-216.
HU Jiayi, LI Yiyan,ZHOU Yun, et al. Analysis of east China

power grid's ability of admitting new energy resources
considering output characteristics of new energy [J]. Water
Resources and Power,2018,36(11):212-216.

[3]SCHUEPBACH E, MUNTWYLER U, SCHOTT T, et al.
Swiss energy strategy 2050: Research on photovoltaic
electricity  production [C]//2015 Tenth International
Conference on Ecological Vehicles and Renewable Energies
(EVRE).IEEE, Monte Carlo, Monaco,2015.

[4]CHEN Z, YU R, HU C G, et al. The voltage fluctuation
characteristic analysis of regional power network with high-
penetration PV system [C]//2017 4th International
Conference on Systems and Informatics (ICSAI). IEEE,
Hangzhou, China,2017.

(5] m e, 250, 4 o0 AR X L IS TR v 2 S A 5T

[J]. ML 4R ,2010,19(2) :33-37.
GAO Debin, LI Qun, JIN Yuan. Analysis and research of
operational characteristics of wind power generation in
northeast power grid [J].Electric Power Technology, 2010,
19(2):33-37.

(61 M 15, B, Jl G , 45 . TC HL 19 rh o T I 2 43 DAY e 1L

B A7 KOCIRGE R P [T ). i R G A Bhik, 2017,
41(21):147-155.
XIAO Chuanliang, ZHAO Bo, ZHOU Jinhui, et al. Network
partition based cluster voltage control of high - penetration
distributed photovoltaic systems in distribution networks[J].
Automation of Electric Power Systems, 2017, 41 (21)
147-155.

(715888, TIEHE, FRREH , 55 . % & L DG AR i B A 2 -

AL Qs hEpe e[ 1] 8 ) 5248 A 84k, 2018, 42
(6):33-39,91.
ZHENG Neng, DING Xiaoqun, ZHENG Chengtuo, et al.
Multi - objective coordinated optimization of active and
reactive power for distribution network integrated with high
proportion of photovoltaic generation [J]. Automation of
Electric Power Systems,2018,42(6):33-39,91.

(81t , R Ao B, 45 s LD AR & Fi ORI 25 T v

el 2 5 FL PR A R (). P AL TR 224, 2018, 38
(S1):39-44.
LU Siyu, ZHOU Baorong, RAO Hong, et al. Research of the
prospect of China power generation structure with high
proportion of photovoltaic generation [ J]. Proceedings of the
CSEE,2018,38(S1):39-44.

(9 VAR, i, Tk, 2 58 He g P HDGAR AR A E i, g B

Hh — sl W BEHL R T S [ ] MR 2019, 43
(4):1271-1280.
CAI Yongxiang, TANG Wei, ZHANG Bo, et al. A two-stage
Volt - Var control in LV distribution networks with high
proportion of residential PVs[J].Power System Technology,
2019,43(4):1271-1280.

[TOJZERAN, =2 & B E  LUBIR A 32 A THC HL 190 it RE 78 H 5



-8

% 44 }

SR RIS A SR D7 [0 ). B 1 R 58 A shi1k, 2018,
42(23):40-47,85.

LIANG Junjie, LAN Fei, LI Jinghua. Gridding scenario
evaluation method for energy storage capacity demand of
photovoltaic based distribution network [J]. Automation of
Electric Power Systems,2018, 42(23):40-47,85.

(1T IRARE, B 6 s e, 55 T 23 A7 X H 0 40 B9
HL R~ K R0 28 5 R B2 D5 ¥ [0 ). L R 2 H 81k, 2019,
43(11):95-115
SONG Shiheng, MU Yunfei, MENG Xianjun, et al. Joint
economical dispatch method of power distribution network
and water distribution system for distributed generator
accommodation | J |. Automation of Electric Power Systems,
2019,43(11):95-115.

L12]5KSEH, X SCR, 2500 L 45 . e LU BT R 54 A H I T 3
KL= KR PR O AR 1 T ik ()] A ) A B ik
#,2021,41(4):1-7,32
ZHANG Yaoxiang, LIU Wenying, LI Xiao, et al. Optimal

load

concentrating solar power and thermal power for power grid

control method of peak regulation combined
accessed with high proportion of renewable energy [J].
Electric Power Automation Equipment, 2021, 41 (4) :
1-7,32.

(131 T 1% R, £52, 5 5 IR 45 29T XU HL /K Ha 13

[ S o DAL g 1 L0 ). v Pl AL TR 2412, 2017, 37(18)
5286-5293,5527.
YANG Xiuyuan, CHEN Qiyu, WANG Meng, et al.
Cooperating control for wind farm and hydro power plant
based on the fruit fly optimization [J]. Proceedings of the
CSEE,2017,37(18):5286-5293,5527.

(14 bk, BT, B 50T, 25 25 BB XU P S 46 T 11 ) 3 o0
ROERRLT]. I RS A 31116,2019,43(6) :49-56.
YE Lin, LU Peng, TENG Jingzhu, et al. Power prediction
and correction model considering wind power ramping
events|[J |. Automation of Electric Power Systems, 2019, 43
(6):49-56.

[15 IR3CAE, KA, W, 55 25 18 H R P2 i B eIk o

JE S A B RE A B [0 ). ¥ R 58 A 81k, 2019,
43(20):31-38.
ZHU Wenli, ZHANG Li, YANG Ming, et al. Imprecise
probabilistic prediction of photovoltaic power ramp event
considering daily periodic effect[J]. Automation of Electric
Power Systems,2019 ,43(20):31-38.

(16 I SCEF, ARSI, S0, 25 1 Kt SR 1o 1) JFH P e AR
o Wt HE G B ik ] A Bk, 2020, 42(5) - 22-
24,79.

LIU Wenxuan, SONG Xuankun, HAN Liu, et al. Energy
storage configuration method for user - side photovoltaic
micro - grid considering demand response [J]. Electrical

Automation,2020,42(5) :22-24,79.
[17]5 008, 3238 XU, 3R B, 4 RRBERR L IE ™ 2R G2 i A% g 1L

A W STk R LT ]. AR AL R 2021, 43 (3) - 48-56.
FANG Xu, PENG Xuefeng, ZHANG Kai,
Development of heating retrofit using waste heat from coal-
fired CHP system cold end[J].Huadian Technology, 2021,
43(3):48-56.

[18]JIN W, XIE Z, BEI L.Battery energy storage system smooth

et al

photovoltaic power fluctuation control method and capacity
demand analysis [C]//17th International Conference on
Electrical Machines and Systems (ICEMS) , Hangzhou,
China,2014.

(191 ¥ 22/, SR, Bl , 45 . & D AROR v S g 1 T Ha, 1)

BE T~ — i BT WL TR 2 At A i s [ .
MR 5HOR 22, 2020,35(2) : 120-127.
XIAO Annan, ZHANG Weixiang, ZHANG Chao, et al.
Voltage security optimal control strategy of distribution
network with PVs and ESs under "source—grid-load"
interaction [J]. Journal of Electric Power Science and
Technology,2020,35(2) : 120-127.

(20 746, il fiif 5t . K A HLAL 0 AR BT 55 %
(] R RGEA Ik, 1999(23):7-10, 14.

LENG Wei, FANG Deshan, XU Zhigao. The application
and development of fossil power plant simulation[ ] ]. Power
System Automation, 1999(23):7-10, 14.

(21 J8IEsh R SCE, , 2577 6T RBF 2% 14 K F LA S AL

AAELAETTIL L] L TR 2440, 2004, 27 (7)) -
246-252.
WEI Haikun, SONG Wenzhong, LI Qi. A RBF network
based online modeling method for realtime cost model in
power plant [T]. Proceedings of the CSEE, 2004, 27 (7):
246-252.

[22 JUSARATNIWART E, SIRISUKPRASERT S. Adaptive
enhanced linear exponential smoothing technique to
mitigate photovoltaic power fluctuation [C /2016 TEEE
Innovative Smart Grid Technologies—Asia (ISGT-Asia) ,
Melbourne, VIC, Australia,2016.

(23 {RFfiz , 7 [, HEZL0F , 45 BT DAB RDLRERNR & &
GE AP S )] B R 5 ORI, 2020, 35
(6):138-143.

FU Xiangyun, TANG Guosheng, CUI Hongfen, et al.Study
on power regulation and control based on DAB for a hybrid
system with photovoltaic and storage[J ].Journal of Electric

Power Science and Technology ,2020,35(6) : 138—143.
(KL% 7km)

1EH BN

gk FH(1988) , 59, AR, T2#mi+, N ) Rk
FE T IRFST , 42665138@qq.com;;

JAE(1978) 4o, B TR, {4, N ) Rgefase
BYBFFT , zhouxia@njupt.edu.cn.

RIBAEVER .



