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Abstract: Under the goals of carbon peak and carbon neutrality,
the pace of energy transition for Shandong Province will be
further accelerated and a new power system can be built.
However, with the rapid development of renewable energy, the
contradiction of renewable energy accommodation has become
increasingly prominent. This paper studies the integration
capacity of renewable energy in the Shandong power grid.
First, an overview of the renewable energy development
status in Shandong Province is presented, and the mechanism
of renewable energy accommodation and the key factors for
renewable energy curtailments in Shandong Province are deeply
studied. Then, for these key factors, this paper systematically
puts forward various solutions to promote the accommodation
of renewable energy in Shandong Province and quantitatively
evaluates these solutions via the temporal production simulation
method. Through the simulation of the renewable energy
integration capacity based on planning data of the Shandong
power grid in 2025, this paper provides decision support
for renewable energy scale rationalizing and the power grid
expansion planning.

Keywords: renewable energy; absorptive capacity; Shandong
power grid; accommodation measures; temporal production

simulation method
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Fig. 1 Top ten provinces of wind power or PV installed capacity
in 2021
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Fig.2 Comparison between wind output curves, PV output curves
and load curves in Shandong power grid
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Fig.3 Renewable energy generation accommodation space
schematic diagram
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Fig.4 Temporal production simulation method flow chart
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Table 1  Generator capacity of base scenario in 2025
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Table 2 Flexibility transformation of thermal power units
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Fig. 6 Results of renewable energy accommodation in different scenarios

4.3 FRMMRSHT

ARNY 3 A e SR AN X RE R AN R AR . A
AL AR 7 SR AN W) 7 ) B BERIT L 81 7 ST 27 S
RS, W3R, SR IR BRI B R
vt iz, BHUEURINE TR .

#3 FEHSETERMEEER

Table 3 Corrected load curves in different scenarios
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Fig.7 Impact of load on renewable energy accommodation
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4.5 fEREENAE

BB b A D IR Z [ Y e, BERS 22 i i fiE
Ay MR Z [ AN 2220 g, i) TSRS, /)
WEAS 22 o ITAFA LR i AR RERE LA B AT I, )
C & Z5MALEREHR IS 5 iy, OGRS
PHIENRSS  r Hrf RERALO BT RE I A B2, TR
PR RE R LR 25, BARSBL I 36.

F6 FRABETHEEENER

Table 6 Energy storage installation under different scenarios

b5k~ FEAli 55 Yi5ia-1 Y542
FEHHIR/ MW 5000 7500 10 000

BN RRIENIEAE L ME 10 R . Y
F4-1F, HfeHF i N584.8 GWh, FrH REFE N
4.45%; TEG5t4-2°F, HiRelsT R A516.1 GWh,
FEHLRRE}3.93%. NI, A fEREA BV, 5



Vol. 6 No. 6

SiTF, & IFRENHERENX BRSO TR G 573

RV OLA TAR KRGS . (B2, T ke 5T i BE
RPN, BIRG R4 2 RR S B UG
EAR EE T B REICRALIN = DR 1K, B BT RETRREAL
PRI, R AERE T R 1R RE TR AN KO A
Wl . ik, fefagiryk g, i RITEhkhE

uhEBe, RIS AR R RCES BOR S0, 7efegbag
BHARIEIS, 5 PAERER s 2L .

S W4l o a2
0.14
0.12

0.1 —

B | g NEs BEN |
o 0.08
006 — — — 1 —

0.04 — R

02— —

B 10 FEH= TS #aE R iE A &0
Fig. 10 Impact of energy storage installation on renewable energy
accommodation

4.6 RWEARGESHH

RS HE BT RIS 25 S50 AR T 0T L AR F BT E DL
THAN AN RERE A1 Re ABAS R i 70 B B3 A 2 X 2%
TUH NS A TER GV o FTiE AR SR 23 B BV e
R —ENEOUT LR MR R 2R PR L A AR R/
S FE AR ZE0F T, BN GEFREE . N
1, DT At ST T o 22 4 A LA B BT84 i i
BHANRORIATER G 00T, FFEE G BT B 45
HATTHE, 2 HrEi R AR

TR LA, S0 5 2R Wi I 1 O F) T 20 1
B DIl15 P S I R DAk 1WA N R R 0 AP N
i 75 s R RE VR BRI A A B vy o K%
2 AR Y RO 32 3 HL PR TR 5 T S ARLA R AR SR 0, X
HRETH RIS VI . SR, HRZRER I L2k

W BN R BE DCUMR, IR 32 L XU R Hi
FrOR, ARELHRR IR, IR EERDE . X T
T3 SO HME LA BB REIRIN . RALH AN
B AR AR A IR T B, BRAS LRI IR OIS R A%
fEBEIHAARIAERT . BEAh, B IR AR IS 45 X 8 P
WOLH AL B LB MAL R R K, GR L SZ L R TE
TEHEH T RS R IR . (HEMNRIPRE ., K
BRI AGTAE L, AR R Lk L, 2
HERTREIRIH AN B JI 00t o I H LA 5255 1 S g
i BEREAILAE (2 T REVRIF 20 J7 T % 00 B ¥ 44 AR
AR o EJR R ML S35 P B Pt ok B AL T 20 B
A HRER) T3 22—, DI, DT A it 18 4%k
Yi, N TR K LA R ISP, OO T Rk
REFL L

BRI T8, K AL RS M s 5 2R L A
I HEE, o e e, B R
TBCRMUA; fEREFR IS 2 PR BOR G| SRR
i, RN E—E BRI . BRI
L5 R s XTI e, F2ak . 32 um e M XUT &
TRPR T, RATPRRTR AL NG o R N EER i
FHEL A, IR BB AR B it el g A

Li b, WHHIRE, BLAWIT R K LA R
s AGERE R A B WM, RSl 1] Bess
LIk TR, TR R M R SRR, A
UFHTRETRIE N ST T LA -

5 #ig

R % figp LL1Z P A RE IR DR 5 RE TR 4 [
MERI G, T REHT RE U5 40 58 1 B2 I8 991 OG5 P = F
FE, A ILUZR R IO R TR A R LK) R T 4 e o o 2 A
DS ¥ Ea ) O BRI 1 VIR L A O Ny

D IR M iy i B 8 “TIB i FF
fib, RGPS CRIRIEREI AN, b

R7 BUUHRNERHSGTHEER

Table 7 Comprehensive assessment results for various measures

EEE -y EXi5%: BUERA/ATT  EIEME/MWh  ERERA  BECEHFEHRA/ (T - (kWh)!)
25%K tﬁﬂzéﬁi?ﬁ'ti 60JC/kW 122 040 158919 20 0.03
B SAE A REREAL 1J7G/kWh 500 000 94 034 10 0.53
BURIRER Lk HL I £& 0 146 608
5% s R 17 276/kWh 304 166 270 145 1.13




574 ESSer

REEXRY

iR BTREIRRALIC R LR MU R 2 i i L AR
FEL [RRIT RE T 24 (R ALY 2 22 A

2) IS e A AU AR L 202 54 LRI 47 5
PEATHTREIRIH AN BE ST AL, SEIRIWT: e PR E
S K HLHLAL IR RE ) . JRIETRIE S, PR ik RESE R
{1 R R R R RS s A P 0 2 sk A1 FEL e G 2
szvmbpieE], PedERTREIRES A B DI AN s AEAL P S|
ATFERWENL, 5| R RMZ 5 i

3) M T A g A R IR
B WA IR 5 P A RE FRL il L
AR, WA B2 2k TV A T, T
RIS GRS BRE IR AN T T Al

[1] XUk, JAlEvK, 7245, 45 PHRE TR BOK KOG R I & BT

JE[J]. AERREWR LM, 2023, 6(3): 225-237.
LIU Zehong, ZHOU Yuanbing, LI Jun, et al. Trans-basin
complementary planning of hydro-wind-photovoltaic
systems in southwest China[J]. Journal of Global Energy
Interconnection, 2023, 6(3): 225-237 (in Chinese).

[2] KRR, MEHAS, 20, 5. 5 L 2 Y

J A TR BT RE TR TE AN BE T IPAR ], I RIECR, 2022,
46(5): 1947-1955.
ZHU Junpeng, SHI Kaijie, LI Qiang, et al. Time series
production simulation and renewable energy accommodation
capacity evaluation considering transmission network power
flow constraints[J]. Power System Technology, 2022, 46(5):
1947-1955 (in Chinese).

B3] ZAL, BrEEdk, Ei . TR AUNES R Y B Re I

HANHE I XU PPAR [J]. LA, 2020, 44(12): 4479-
4485.
LI Yifan, FANG Xinyan, WANG Bo, et al. Risk assessment
of new energy consumption capacity considering node
vulnerability[J]. Power System Technology, 2020, 44(12):
4479-4485 (in Chinese).

[4] ZEalAk, SRIRAS, W, A ] IR AR A B H T i AR A

L5 Eo ] RGP SR, 2022, 50(13): 33-
42.
LI Jianlin, GUO Zhaodong, ZENG Wei, et al. Modeling and
simulation analysis of lithium battery energy storage oriented
to frequency modulation[J]. Power System Protection and
Control, 2022, 50(13): 33-42 (in Chinese).

[51 L&, IMVBCEF, ®fh, & mim “eakig. mrRrhoRT
FIALE ) RG], REREEIR I, 2022(5):
439-446.

WANG Rui, SUN Qiuye, HU Wei, et al. Power flow
calculation of new power system for carbon peaking and carbon

neutralization[J]. Journal of Global Energy Interconnection,

2022(5): 439-446 (in Chinese).

[6] INASHT Ak RE B3 PR A ETEHT TEI2 8 R AEREDT F 5812 LML
#5155 J7 T FL[EB/OL].(2023-02-17)[2023-05-16]. http:/fgw.
shandong.gov.cn/art/2023/2/17/art 91681 10385868.html.

[71 A &G DT, AF. 32 R e TR RRIR

AT T S RERR R IPAG[T]. AR, 2022,
46(10): 3777-3785.
WANG Renshun, ZHAO Yu, MA Fuyuan, et al. Operational
bottleneck analysis and energy storage demand evaluation for
high proportional renewable energy consumption in receiving-
end grid[J]. Power System Technology, 2022, 46(10): 3777-
3785 (in Chinese).

[8] Z=dtie, Ziot, AR, 5. [ BUHTRE RN QYT Ak

HIOTEA I BT TAREEOR, 2022, 41(5): 85-93.
LI Jiantao, LI Yongguang, ZHU Boxu, et al. Analysis
of common methods for intermittent renewable energy
consumption assessment[J]. Electric Power Engineering
Technology, 2022, 41(5): 85-93(in Chinese).

[91 MI Y, LIU C, YANG J, et al. Low-carbon generation
expansion planning considering uncertainty of renewable
energy at multi-time scales[J]. Global Energy Interconnection,
2021, 4(3): 261-272.

[10] = ME, ALY, 2RkaE, 5. F L RAGVEDT IR0

R EE (Y TEC F DO BRI AN SR M [J]. HR B4R, 2022,
37(7): 1820-1835.
JIANG Yunpeng, REN Zhouyang, LI Qiuyan, et al. An
accommodation strategy for renewable energy in distribution
network considering coordinated dispatching of multi-flexible
resources[J]. Transactions of China Electrotechnical Society,
2022, 37(7): 1820-1835(in Chinese).

[L1] MR, xfh, xl=wl, & R T ILAR D IS

TR FEL 0 21 75 SRS [J]. LR IR, 2022, 49(10):
53-59.
CHEN Xiaozhong, LIU Wei, LIU Yuming, et al. Research
on profit and loss strategy of renewable energy station in
Shandong power spot market[J]. Shandong Electric Power,
2022, 49(10): 53-59(in Chinese).

[12] X2, EFH, BB, A% BT 07 IR KU AR T
HE TR B RG Ak, 2014, 38(11): 13-19.
LIU Chun, CAO Yang, HUANG Yuehui, et al. An annual
wind power planning method based on time sequential
simulations[J]. Automation of Electric Power Systems, 2014,
38(11): 13-19(in Chinese).

[13] ZONG W G. Size optimization for a hybrid photovoltaic-wind
energy system[J]. International Journal of Electrical Power &
Energy Systems, 2012, 42(1): 448-451.

[14] Bde, WA5R, A3 TR T A REIRAE AN e T BIF ST
[0]. I RGP 588, 2013, 41(15): 110-115.
YANG Long, HU Shaoqiang, YANG Ping. Research on
Guangdong power gird’s capacity of renewable energy
integration[J]. Power System Protection and Control, 2013,
41(15): 110-115(in Chinese).



Vol. 6 No. 6 SiTF, & IFRENHERENX BRSO TR G

575

(15] TH, fiscle, XUBTs, 4. 11 XU SR AN RE T A A9 X

[16

—

B Ay M R AR AR I S . rh E AL TR
i, 2016, 36(15): 4064-4071.

DING Ming, XIE Jiaolong, LIU Xinyu, et al. The generation
method and application of wind resources/load typical
scenario set for evaluation of wind power grid integration[J].
Proceedings of the CSEE, 2016, 36(15): 4064-4071 (in
Chinese).

X4, JEUEWE, SO, 5T BEAL A AL R e U TH
YNBE SIITAG 0], T E AL T AR, 2020, 40(10):
3134-3143.

LIU Chun, QU Jixian, SHI Wenhui. Evaluating method
of ability of accommodating renewable energy based on
probabilistic production simulation[J]. Proceedings of the
CSEE, 2020, 40(10): 3134-3143 (in Chinese).

[17] ALSAYED M, CACCIATO M, SCARCELLA G, et al.

Multicriteria optimal sizing of photovoltaic-wind turbine
grid connected systems[J]. IEEE Transactions on Energy
Conversion, 2013, 28(2): 370-379.

(18] BP e, WIT o, WM. & X MK RE L 1 R GTHY I Fr B

HUAE =R, AR, 2017, 41(9): 2769-2776.

LIAO Qinglong, XIE Kaigui, HU Bo. Sequential probabilistic
production simulation of power systems with wind power and
energy storage[J]. Power System Technology, 2017, 41(9):
2769-2776 (in Chinese).

[19] A4, WM, WFS, 45 &SROtk iR

[20

[l

ERENY 2 HE R L ) RGEM 7 BEALAE BT i A
2020, 44(9): 3246-3253.

ZHU Rui, HU Bo, XIE Kaigui, et al. Sequential probabilistic
production simulation of multi-energy power system with wind
power, photovoltaics, concentrated solar power, cascading
hydro power, thermal power and battery energy storage[J].
Power System Technology, 2020, 44(9): 3246-3253(in
Chinese).

I, BREE, HBEHG SF. BT ARG AT VER T A R
TP PRAG[T]. AR, 2017, 41(7): 2187-2194.

LI Zeheng, CHEN Lei, LU Xiaomin, et al. Assessment of
renewable energy accommodation based on system flexibility
analysis[J]. Power System Technology, 2017, 41(7): 2187-
2194 (in Chinese).

21] #A7, WA, JuREE, S5 ST RNL B hE

TRAEBEE A RE A Sk R (I, L T, 2015,
48(12): 166-172.

DONG Cun, LI Mingjie, FAN Gaofeng, et al. Research and
application of renewable energy accommodation capability
evaluation based on time series production simulation[J].
Electric Power, 2015, 48(12): 166-172(in Chinese).

[22] XUHidE, i, ARG, . IR TIN T IS TR KK

IR A B RC LA 2 (1], i RGP 540, 2021,
49(21): 53-62.
LIU Xinmiao, LU Xun, LOU Yuanyuan, et al. Optimal setting

of wind-thermal-bundled capacity ratio based on chronological

[23

[24

[25

[26

[27

[28

[29

[30

operation simulation[J]. Power System Protection and Control,
2021, 49(21): 53-62(in Chinese).

XGRS, SO, EARNE, S 2 IR R P % 29 TR
B8 RGN LIHANRE 0 H (0], I RGEASE, 2011,
35(22): 77-81.

LIU Dewei, HUANG Yuehui, WANG Weisheng, et al.

Analysis on provincial system available capability of

—

accommodating wind power considering peak load dispatch
and transmission constraints[J]. Automation of Electric Power
Systems, 2011, 35(22): 77-81(in Chinese).

TIMREZ, WIS, #RTHE, AF BE TR RN R T X

HEEARE WG], HE BT RE2:4, 2010, 30(10):
23-28.
SUN Baogong, YE Peng, SHAO Guanghui, et al. Wind power
penetration limit assessment based on nonlinear interior point
algorithm[J]. Proceedings of the CSEE, 2010, 30(10): 23-28(in
Chinese).

1 MRk, Brarw, BOiRE. SRR I RGEATHREE M

RO A S AR [I]. T RGE A Ak, 2006, 30(2):

22-26.

CHEN Haiyan, CHEN lJinfu, DUAN Xianzhong. Fuzzy

modeling and optimization algorithm on dynamic economic

dispatch in wind power integrated system[J]. Automation of

Electric Power Systems, 2006, 30(2): 22-26(in Chinese).

HPH, AW, SR, AE EETEY 05 E AR IR I 4B

I3 B HARBR S VEAL (0], R RS A Bk, 2014, 38(17):

60-66.

CAO Yang, LI Peng, YUAN Yue, et al. Analysis on

accommodating capability of renewable energy and assessment

—

on low-carbon benefits based on time sequence simulation[J].
Automation of Electric Power Systems, 2014, 38(17): 60-66(in
Chinese).

TR, ke, BUEIZL, SF. 3T KORRE IR IH 8 1 SCHE W

T BRI R AR LR B[], AR, 2020, 44(10):
3717-3724.
BAI Shibin, ZHANG Jinlong, BAO Yanhong, et al. On-line
limit power calculation of correlative transmission section
considering new energy consumption[J]. Power System
Technology, 2020, 44(10): 3717-3724 (in Chinese).

1IRIERE. HE “A =107 BREEOF R AR X RS

R Fast B[], sPIEH T, 2018, 51(1): 2-9.

ZHANG Zhengling. Research on situation and countermeasures

of new energy integration in the 13th Five-year Plan period and

its multi-scenario simulation[J]. Electric Power, 2018, 51(1):

2-9(in Chinese).

RN, BRESE, AR, SRORTRelEE ) R

M ST, AR, 2019, 43(11): 3979-3986.

LI Mingjie, CHEN Guoping, DONG Cun, et al. Research on

power balance of high proportion renewable energy system[J].

Power System Technology, 2019, 43(11): 3979-3986 (in Chinese).

XA, K, SR SRR AL ) Shak i Y5

HAMACED B MERFFT 1], ERAEVR TLEEM, 2023, 6(2):

—

—



576

£BkEE

#
(o)}
o
&
&

TREEAN

[31]

[32]

101-112.

LIU Zehong, ZHOU Yuanbing, JIN Chen. Optimization
strategy study on installation mix of renewable energy power
base for supporting outbound delivery[J]. Journal of Global
Energy Interconnection, 2023, 6(2): 101-112 (in Chinese).
g, sk, HEEIR, AF. ATRRAE BRIRIH AN R 2R 1Y 5T
HREE AT iR [0]. AL TR, 2019, 39(4): 1009-
1017.

LI Hai, ZHANG Ning, KANG Chongqing, et al. Analytics
of contribution degree for renewable energy accommodation
factors[J]. Proceedings of the CSEE, 2019, 39(4): 1009-1017
(in Chinese).

WARA NREUN. I ZRA R A “+IUT” MRI[EB/
OL]. (2021-08-19)[2022-08-03]. http://www.shandong.gov.cn/
art/2021/8/19/art_107851 113859.html.

KfsHER: 2022-08-12; f&EIAHR: 2023-02-13,
EEEA:

WL (1997), B, MEARA,
BRI @ AR IE S B A THEF,
E-mail: 15098765993@163.com,

, AT (1985), ¥, 5w, #F
4 R e A RALR . AR A,
l #4554, E-mail: liuningning@sdu.
DAR:S edu.cn.

WA (19800, %, ik, W4
FIF, ARG @Q@ARCATE . B RASHE5IEHF,

E-mail: myang@sdu.edu.cn.

pail

<

(wiesmit  F4)





