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A mid/long-term power system production simulation approach

considering charging load of electric vehicles

TAO Xingyu, YANG Jianwei, NIU Mutong, XIANG Yueping, LTAO Kai, HE Zhengyou
(School of Electric Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: The increasing charging load of electric vehicles will have an impact on the economy operation and reliability of
the power system. Power system production simulation is an important analysis method of cost and reliability , and it is
necessary to consider such charging loads. Firstly, based on the impact of the temperature, the charging load prediction
model of electric vehicles is established by the Monte Carlo sampling method. Then, in a continuous load model for electric
vehicles to pursuit the lowest annual production and operation cost of the system. The factors such as maintenance plan,
start and stop cost, and operation cost constraints of each generator are incorporated, an optimization model of mid/
long-term power system production is built. Finally, the CPLEX is used to solve this optimization model to realize the
simulation of power system productions, which can modeling the factors like production and operation parameters of each
generator, maintenance scheme, total system power generation and total system operation cost. Based on the modified
IEEE-RTS 79 test system, a case study is presented to verify the feasibility of the proposed method, and the influence of
electric vehicle charging load on power systems is also analyzed.
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Figure 1 Flow chart of electric vehicle charging

load calculation
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Table 2 Annual operation parameters of the system
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Figure 5 Annual operation state diagram of each generator
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Table 3 Production simulation results under

different load segments
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Figure 6 Comparison between charging load and

conventional load(take week 1 as an example)
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Table 4 Monthly operation parameters of the system

BITEH CA 4
ARG KW GW «h 1417.05
FEHL GUA R GW +h 170.21

RYIBAT BA JC 8.70 10"
BN L R AR J6/(MW «h) 61.42

5 T B B8 A [, AT AL 5 Rt wT AR A A5 R
LA T35 o DL LS HLAl h B, HH B & i i
W7 PR . T AR H Bl VR S T A Y S
A5 B 2 SR Bl VR A T H B e B AL 2
X AR

AR SC 3T H A AR, B R T R R E RS )
Z AT B A [ e AT o B, BT DAAE AT
PR A3 A b8 TS ME, B AR T A o 22, AT
BRR A AR R E R, HE 7R, BT Rk
JE P, 38 B fer E RS H o K s BIL A M T 1 5
i) 45 K, BT 488 7 v A 4 JE B Ta) RO, AT 3R A A
B SR P AT R R R . ) A e
o) R B S i = S v S R £
H V-2 % B fE 1 865.7 MW « h, AEL TR % i i (14
15841 MW «hi i 17% . L] WL, 754 i g
SRR W= T 2 NI 1 R 2 e 8 W R
Jiv s R 1 SR B0

AT

B7 MaxeF(A1l5HmAl)
Figure 7 Generating capacity of generators

(take generator 1 as an example)

RGBT R WD X T e M A AL O R
Az PR R AT AT ARG AT SR R, T BL AT SR 4y 5 e
B VR 4 78 L BT Y S L A AL BT T R R A
1R JE s ok (4 67 fef A8 Ak o 5y A, A5 ) 3 2o i A
il IRF J7) BEL 7 4R 252 9 i 23 B, O W S 22 Ao I ] R
N A PR A, LA — o R
43 HBHRFERBEEHWHH

R 4 BT L B YRR T H B er 6 L T B G T R
R A, I B — D B A AL N . AT
FEAS TR HL Bl 15 AR AR AT R KOF T R A S 42 0 vk
AT T A PR

B S MCE S, T 1~5 BBk
HARA EAR YA 110 000,130 000,150 000,170 000,
200 0004 , Hox 24005 J il 350491 243 AH [

A SCAH 2R 7 fif % (loss of load probability,
LOLP) &R &1 5B I REMWEENE., %5
S AU 25 L Gn ] 8 s

25 27L'5 20
' =)
2.00 ] 16 =
= &
¢ 1.5) 12 ¥
3 by 5
E 1.0 g ¥
K &/
pes
0 0
0.0Ls ‘
1 2 3 4 5

77
B8 ZumhAFERAZTAKFETHEATE
Figure 8 L OLP at different levels of electric

vehicle ownership

FEAR B9 v 24 F 3 5 R AT B 0 R
B8 28 35 e 971y e g OB I B AT Al RE HY B K B Y



538 55 1 1)

BT, 4 T L B R T SRR A H ) R R R A L B AT S 25

B, mE S, L YR ERA R
WA, B R G B e R AR, BUE
U2 G B4R B K B 20 5 W I I 2R G i ok
B far %35 ] 2.5500, & R A & & T 15 7 86 i
0.225% KA RE 1052 , 17 RGBT FEvE A
JIT REAR

IR AT B AR ST AR A ALy ik R R Tl
BRI o T, A Rk AT A P L, O
F R ST SR M T R AT SRR L BT AR A5 R
TSR KRR KR B R
ARG EENE B RGO B 1T R R R
3 2 B F B R 2 T F A A B T

5 4hiE

A SCH SR RIS AR B B SR E Rl
Gufar, I 3 T R 22 o il 28, SR O A B L 4R Y —
it B v 21 VRS 70 H B AT I L T R e A R UL T
B HETBEWA IEEE-RTS 790138 £ 48, 4 Frif )7
AT T B AR DL S5 R

1) Fr Az = B 5 vk vl A A B T R g
KM AR P2 B, O 58 43 25 S8 Bl VR 7 T L AR e Y 4
AL KR B HLE 1 e 45 o AT AR AR & HL A 4 4F
TN MLAK BT R EMA S RRIBIT S

2) Jr B A 7R 5 VA AR W L B R G IR A
Yy F nA RSB A R B, O Tl A R S
KA B R J RG AT S, 45 R
AL KRR A 1 L SR R R GE RRIR D RS
AR, RRH RG] BT RE AWM E
T8 SRR e L T

FE LA JE WA 58 L Rk e o AR b i R LA
It AT R D e R TR T

S E 3k
[11  EBN.EBHREHAFRIM]ACE P E KR K AR
#,1990:1-3.

WANG Xifan. Power system optimization planning[M].

Beijing: China Water & Power Press, 1990 1-3.

[21  JARTE I, A0 EI , 55 T E B VR e it R
T 5 R A R ST 0. B R GRS s, 2021,
49(24): 177-187.

(3]

[4]

[5]

(6]

(71

(8]

[9]

ZHOU Yantao, DAl Jun, YUAN Huili, et al. Demand
forecasting and planning layout of urban electric vehicle
charging facilities[J].Power System Protection and Control,
2021,49(24):177-187.

SRR RAR e, SR R VK, 45 T B R e
F, g 0 SRR ER, 6 R ) 4 5 o 23 47 D0, b RS g, 2021,
54(7):11-17.

YU Xiaoxiao, SONG Fulong, ZHOU Yuanbing, et al.
Investigations on the impact of new infrastructure on
electricity forecast and power system planning during the
14th five-year plan period[J]. Electric Power, 2021, 54(7):
11-17.

BRBL RS AR IR, 45 HLBAL H SR AR A 3
R O BIF 5 9 e £ AR D], EURE 07,2021, 49(6): 75-82.
CAI Li, ZHANG Quanwen, DAI Nina, et al. Review on
research progress of large-scale electric vehicle access to
active distribution network[J]. Smart Power, 2021, 49(6):
75-82.

WY IR L AE AR R A TS X B R
JR 2l B 52 0[], L 0 55 35 s B U, 2021, 37(2): 91-98.
MENG Xianzhen,ZHANG Yan, AN Qi, et al.Influence of
electric vehicle access charging on voltage fluctuation of
distribution network[J]. Power System and Clean Energy,
2021,37(2):91-98.

BT R S I A K KR R GE BB AE 7 A
B9 P B B X ) 45 00 F o R RO D). 0 B Bl Ak 4
2017,37(11):169-175.

HU Xiaofei, LIN Jie, GUO Ruipeng, et al. A two-stage
fixed-range equivalent energy function method for
probabilistic production simulation on hydro-thermal
system[J]. Electric ~ Power  Automation
Equipment,2017,37(11):169-175.

AR, R VRN R T T 2 R £ R YR R T
RGP AR AL 0 0 A 3 Ak 4, 2021,41(7):
1-6.

ZHAO Shugiang, SUO Xun, XU Zhaoyang, et al. Time

generation

series production simulation of multi-energy power system

considering  section  constraints[J]. Electric ~ Power
Automation Equipment,2021,41(7):1-6.

SRORRA T BT A, A S AR IR R B ) RS
Iy B I AL A= 7 BT A R R, 2013, 37(6): 1499-
1505.

GUO Xuyang, XIE Kaigui, HU Bo, et al. A time-interval
based probabilistic production simulation of power system
with grid-connected photovoltaic generation[J]. Power
System Technology,2013,37(6): 1499-1505.

LI H,LU Z,QIAO Y, et al. A non-sequential probabilistic



26 L I . . B S S SR 2023 4E 1 1
production simulation method for wind energy curtailment CSEE,2020,40(13):4072-4081.
evaluation considering the seasonal heat supply [15] KRG, MEPLAS, 2508, 25 2 18y el 1) I 24 3R 0 s
constraints[J]. IEEE Transactions on Sustainable Energy, A PR AR KK RE IR T 40 58 1 PEAR D], B R ,2022,46
2018,9(1):462-473. (5):1947-1955.
(101 J , IR, WIF Bt 5% & KU —e iR —Je e —sK i — ZHU Junpeng, SHI Kaijie, LI Qiang, et al. Time series
, _ R ab ol 42 4k 3 . . NN
K HL—fit B 1) 2 R IR P 7 2R G U AL 7 BT, production simulation and renewable energy
HL R, 2020, 44(9):3246-3253. . . . S
accommodation capacity evaluation considering
ZHU Rui, HU Bo, XIE Kaigui, et al. Sequential L. . .
transmission network power flow constraints[J]. Power
probabilistic production simulation of multi-energy power
System Technology,2022,46(5):1947-1955.
system with wind power, photovoltaics, concentrated solar - . . R e .
[16] 5, IE , F M8 2k T 2 A R 5800 i SR 4 Ui
power, cascading hydro power, thermal power and battery T T
C J1. HL K,2015,39(1):48-54.
energy storage[J]. Power System Technology, 2020, 44(9): Ul )
3246.3253. XIN Hao, YAN Zheng, XU Shaolun. Multi-agent system
(1] BB T L i TF 55 L W . o JXU R RO B H 7 28 6 1O B T based coordinated charging strategy for electric vehicles
B HLAE P KB, L I A L2017, 41(9):2769-2776. [J].Power System Technology,2015,39(1):48-54.
LIAO Qinglong, XIE Kaigui, HU Bo. Sequential [17] ICEE IR 8 B2 M0, 45 . 2% 08 KOG 1 2 1 A 5 ™)
probabilistic production simulation of power systems with 28 B WU TSR B[], L 5 1Y 3R,2023,60(3):107-114.
wind power and energy storage[J]. Power System ZHENG Yuanli, GONG Jinxia, MET Guangyin, et al.
Technology,2017,41(9):2769-2776. Economic risk game model of microgrid considering wind
[12] B 8000, Wk Ik 4 25 08 Jr e b B2 IR my i ) & and photovoltaic power uncertainties[J]. Electrical
iz PR HL B AR, 2014,38(6): 1523-1528. Measurement & Instrumentation,2023,60(3):107-114.
DUAN Wei, HU Zhaoguang, YAO Mingtao, et al. Power [18] RIBLE . L F4700 T 00 (4 4l i 8l V5 4 RE FE L J &L o
system production simulation considering demand R FFEID]. LB L B AR k2% 2014,
response resource|J]. Power System Technology, 2014, 38 SONG Yuanyuan. Energy consumption modeling and
(6):1523-1528. cruising range estimation based on driving cycle for
[13] GONZALEZ ] A.Probabilistic production costing modeled ) ) . ) )
electric vehicles[D]. Beijing: Beijing Jiaotong University,
with AMPL[J].IEEE Transactions on Power Systems,2002, 2014
P (9] A T o SR T
- \ ) 44 2y 19 AR IRIG % Z 0 B FA R 07 A H A )
(14]  HBBON, EHEMT , S BRAEE, 55 . 5 B2 RE TR B AR M e

FIRGE R R I A BT, P P T R 244i, 2020,
40(13):4072-4081.

SHAO Chengchen, WANG Yanan, FENG Chenjia, et al.
simulation

Mid/long-term  power system production

considering multi-energy generation[J], Proceedings of the

WAEEIY(I]. T R 48 A 314k, 2019,43(21): 80-87.

YU Haidong, ZHANG Yan, PAN Aiqiang. Medium-and
long-term evolution model of charging load for private
electric vehicle[J]. Automation of Electric Power Systems,

2019,43(21):80-87.



