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Discussion on planning and operation of charging service network integrated with
power and transportation networks

LIU Junyong, XIANG Yue, YAO Haotian, TANG Shuoya, Shafqat Jawad
(School of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Electric vehicles present a fast-growing trend due to their outstanding energy conservation and emission reduction
characteristics. As significant support for electric vehicles, the actual planning and operation of the charging service network
determine the advancement prospects of electric vehicles. Firstly, in light of the elements and development formation of the
charging service network, electric vehicle clusters’ scale evolution method and charging demand forecasting under the
influence of multiple factors are highlighted. Secondly, the coupled relationship among the charging service, power
distribution, and transportation network is analyzed. A comprehensive evaluation system under the integration of three
networks is established to evaluate the performance of the coupled networks. The development of the charging infrastructure
planning method is systematically portrayed, and collaborative network planning method of charging service as well as
power and transportation networks is proposed. In addition, the price mechanism and operation strategy of the charging
service network is analyzed; the charging service price formulation strategy affected by multiple factors is suggested. Finally,
the new business model of charging service network based on technologies such as the ubiquitous power Internet of Things
(IoT) is addressed.
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Fig. 1 Future development formation of charging

service network under the intergration of three networks
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Fig. 2 Causal loop diagram of EV’s scale evolution
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Fig. 3 Influencing factors of charging demand
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Fig. 4 Framework of purchase decision model
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Fig. 5 Agent-based two layer framework for scale

evolution and charging demand

NZRRE TR, AT SRS 3t ) M L SRR SRA T
5 AT AR e LA (K5 . AR5, SEm TR LA
Ay IR 2250 A PR 28 73 1T D SR TR R 2R RS 5 0 R
AN R B . N LR RS BRI 3 2 A
FEROTRAE S LR

3 Z=ZWBEXREREETMESR

HLBNPAE ATE FIR 5 WA REUE SO, RTINS
AT C HL R 5 A ) RO R o DAL, = R )
FEE IR RIS R B F s PR R e
DN e PR = L G NG (/) 7S 2P v N & 2 N LR
W AT W IR AT AL AN A ALARAE . AAAE
DR S AR 28 1A e BE R 15 R 4 o 1 S 78 R 55 A
PC FEL 1 LU B S P A T SR 0 T R 2 A 15 SR AR
FEMIEG b, BE = MRS T 2 e LR N TR
PRV, 4 = RS VLG AT DAY, O =R
R K 78 Ha iR 55 Pz E S AR



R, &

=R R e HUIR S5 RO e R -5-

3.1 ZMEREMBE KKK AR

FE IR S5 9 b BT 0 I Fe LR vt
RIS IS, Feriul . SRS 2R 7
HUIE A B 2 (R AF AR SR M RIOR R, DA 22
WEFTE s 78 AR SF UL Atk v DL A il
AT JRJT G5 s g . B ARSI, AT A
18 I AR 25 B AR B 2 I e T HRFAE, R e v
W5 PRI FRAMERE,  $k S A 8 22 ol 78 F LAt it )
MISRIRIC AR o 5 18 20 4 FE2 TR 300 78 HL R 55 19 4 i B
SERATHE, JZ RS B A, AT A0k
T WP TE ST A I s R S LIS B S

XA M 1 ST R A AT P A TG 3
e HOGIRR 2R, 7R LR E R i D0 &0 B
TR RE N B AT M AL SR, 49 A %
FEAAR MR SR P 3o P - AR 3T B A
AT B S BRIEAT RE ) R R S R . AT
2 1F 5 (ODYRE A A AR R (g Bt T LA
SSCRF o R I ) Be L Bh Y4 AT 1 b T ) A
2SR TE . B2 T DO AT
Wi BE BRI, SCHLRE TR0 it ) 78 HL ki R
2P, OD HERERR 0 3RAFAE S L m i 2 28 0
FIRRRAZ IR AT A & . SCHR[23]4: T OD &
HAGHERRR, $I TR PR BR 5ha&
OD AlivHAe 2 o SCHR[2412E T8 B A LR, Sttt
TRl R BORURL . TR SRR SHERR AT X
OD HiFFI 51k

LSNP [ I R A I P R 5 A2 3 A ) X
Mo —Jr IR N ASE T RS 5AE M is
A7, HATBUR R & Bl 28 SO AT AT, S
RSV IR AR 7S AT 78 f, T RE S BN
(A BOR AN 3 — i, W s H
SCRATE LA R TE A AL I, 7 L A7 e £ I -
B LRATENE, 2 B SO s TR,
TEEC R R AT ZE R PR E . AR
HEALTE R[]

Pk, BARE A b dls, e ke M. o
W A R IR AL T A AR AR A7
FEDI R BRI g LR W 2% XIS S 7e
HUIRSS T 5 ot @ A ikt ie B L, 4R
ANRER 18 FE HL A5 AR, A 2055 BB 21 v L
Rl FRC HL I L A WA B = 193 i) FR DAL B K%
Ao B =R G RIBCIRES, B2l Ol I 2tz
A HL Ty R Sy I AT R AR DL A T
HUIR 55 W o SLEE A T RIRE 2 r, WID e e v
55 94— e P IR =S A () AR R A R A R R o Bl R

FHARIAR 94 26 B 48 o = A R 45 R IR IR AT Bt
Ht o FHA 199 45 B 2 HE A2 2% W 2% [ A 78 PR AR AR A
mo ATEVERXTARK 25 1R S R M EREA TR 9. AR LS
fitl En] DURR AR I 2 B Rt 20 e, o
SEFS LIRSS WY L TR L AT ) A5 K R0 5 ) A A
PR BE L AR 1 IR R
3.2 ZMESERITMIER AR

SRR T WSS ORIy % M s s jE AR
JTEIWETTRD, R 3 B0 78 F IR S5 P9 A A ik
ATH . SCHR[25175 K8 1 e W S RE D 5 3R b
PR e Ul 55 PR PSR bR, e TR AR T
TR RIRIT I 2 R SR VAR R . SCHR[26]
7 18 AN 78 HL it SR 5 7 FU R e P 5 P T
DR 500 78 HUR 55 WU IR 55 RE T (K05, dth T AT 78
LRSS 32 fE ) I VR T ik

FEFSHIRSS P L CHL I L A ) AT B ) R Kl
KIESRACIZE LR, AT B A ]
B M S sitiia s mnas 2 i Al o Ak
LA AR FR. Wt @] IR
FERHRAT A AE T AL R HL A R 2% 2 A PR BRI T
B2 5 E HL R P T2 AT, $ i e H I 22 5 TS e
78 HL I T A B AT UK 78 R el A E R U
KITTp r e B, SCBL B s E i e s 1
S A B e LA SE A R A B SRR ATk
WAL BUM IS B 78 e ik Al i i B,
FERBCHRAT Ay SRl e W s B AR I 0, RIS T
FUR R S B K. 252 YRR R
EAEXECL R AL, HERA A

Pk, fE=M AR, A=K
SR PP TEAR AR, BRI B R 2 b
SRR B R S HFRR, hAHE=
W 2 i PRI S H bs S A 22 Al = I DL LS
B, SEBL= M RIS U2 A Rk, 1
B BTG AN N A R BT 3 S D 31 1R A AR
W, SRERVEO A R BN AR, EMNPE
Mo PP At I XA = W Rl DL R S = A 5 (X 3
20 AR R T 1v) LA R 15 BRAZ S SEms

4 =S TRERZSMAKEZENR

4.1 Z M EMXIEE
78 HL IR 55 X Bt B0t DAy L 33 e HL R T2
SCHE, MRALHIENEE AT 58, AT LA R e F ik
BRI AT . N Es S .
78 HHR S5 190 R R REANN 75 2225 R L i
it e AT oK ST RR S BT, RIS
W% S RO HL « AZIE ) H AR R AR AT,



_6- @ H LB D EH

T, L 25 22 A2 AR ST A R A T
SCHR[28]E &b & T 78 i A SERL R PP B i s () 2 it
b VR TE R R I B YR, D g
YT FE T RO 0 AL T35 K 78 R IR S5 R 25
PPUTIRbRR R o AR GUTE FLal LRIy A AT 5 18 2
Beot i S5 I W B AR, SCRR[29]88 2% 1
PR SF LR AT I e Lt XSUZ DU AR BC B A A,
B 1N 200 e B s B 2 an 5 - 28O D H bR
1778 B RIR AR . RS RIS FL M, STHR[30]
R T 7 r st B G Y i PR e B P W B BB [ R e
A, IRl A7 iy F S ReA doe N Ay I Bied 78 rst
[y

AL GUEL S 78 FL A5 IO R 3 It PO R T T AR
R8T BT T L R S S MR I, (HE

AT L AR E HL R 5 A2 T P M 2 R, T
BERE =AW 28 8] R AR S B8 R AT R S BT, K
1176 18 2 N AT = M i Rl

SR 78 HL R S5 X AR B X 2% 304 T P RN
R AW FUIE 32 EEEE p A 78 H IR 55 A L TE R R PR P 1)
R o SCHRR3 1126002 ML B 180t 78 Ha iR 55 M
P P PR f b ) MR il R A TR S, B R 00
DA AL 2 e KR C HE R R BB AR S H b
BEAT PRI o A5 78 FL RS 19X A L A ) 1 [ R el
T, ARSI BESEN. TTIARAEZ T A 3R
o RIS, BCH RS HL R S5 19 R R
X B MR EEh @ N SOFT . T LR ATIN (A 2R
SN RFTHLE LK OGP 73 Mk b Ay 78 Hi il 55 e i 1Y
(REA PRI, BRI W 6 Fios.

AT S RIR B HE Y

M

_m;ai;“” A

IAL ELib

CI 15 URAEARIETT TS L

W) At A S )

AL AR B AR FCSIn R A %

EYip 6ot Lt ‘ UCAERC I ki 7 5624

JRIRAFE L W %1% 7 5

URAFRC M ik 75 %¢3#

R e TG | ShT OREREE HE T 4 R
J#MOPM

VG VES e s PR
EENRIFEN T4 5 %

Bl 6 HFEETHEE RN T RERRKEHF

Fig. 6 First year planning scheme and correlation sorting based on time windows scroll update
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Fig. 7 Charging service fee and influencing factors
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