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Fig.1 External connection of main body under EV
charging commercial operation mode
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Fig.2 Internal and external value factors of projects

under EV charging commercial operation mode
1.2 W EARE Rt
A SCGRIRA ST EV 78R iz E R N
PR (ERE K S RN (B 5% , 25 1R Ml s 78 5 I 8
FAAE RN SN AR U B BE ARG (E R, BT 1 I8 35 BUAT |
FHIZER P 2 EER0 EV 7R f ks BB
Bt MERE VPR R , Ik 1 s,



578

i, 45 JE T O EEE T Y B SR 4 e i B ki B AR S VR A ®

F1 EVREBURAB@EHESTNERER

Table 1 Comprehensive evaluation index system of EV charging under different commercial operation modes
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Table 2 Calculation method of evaluation indexes
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Fig.3 Comprehensive evaluation flowchart of EV
charging benefit in commercial modes
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Table 3 Comprehensive evaluation results under

different commercial operation modes
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Optimal configuration of charging facility for electric vehicle
fast charging station considering charging power
MENG Xuyao',ZHANG Weige' ,BAO Yan' ,HUANG Mei', YUAN Ruiming’, CHEN Zhen’
(1. National Active Distribution Network Technology Research Center,Beijing Jiaotong University , Beijing 100044, China;
2. Power Research Institute, State Grid Jibei Electric Power Company Limited, Beijing 100045, China;
3. State Grid Beijing Electric Power Research Institute, Beijing 100076, China)
Abstract;In order to realize the economic construction of electric vehicle fast charging station and analyze the
impact of the charging power on the charging station planning,an approach to optimize the charging facilities of elec-
tric vehicle fast charging station is proposed. Taking the electric taxi as an example,the travel characteristics of the
electric taxies are analyzed ,and the operational indexes of the queuing system in each time period are analyzed based
on the queuing theory. Subsequently,the waiting time cost calculation model of users is established. With minimum
sum of the investment cost and the waiting time cost as the objective function and considering the utilization rate of
facilities, queuing time , distribution capacity and floor area,the optimization model of charging facilities in charging
station is established. The number and charging power of charging facilities are optimized simultaneously to achieve
minimum in-station social cost. The feasibility of the proposed approach and the economy of charging power optimi-
zation are verified by a case study.
Key words : electric vehicles;charging station ; queuing theory ; charging power; charging facility configuration
S e S L L
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Comprehensive evaluation of commercial operation mode for
electric vehicle charging based on value-chain analysis
ZENG Bo',BAI Jingmeng' ,ZHANG Yuying”,SUN Ende’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. Shenhua Guohua( Beijing) Electric Power Research Institute Co.,Ltd.,Beijing 100025, China;
3. State Grid Qingdao Power Supply Company, Qingdao 266000, China)
Abstract; A comprehensive evaluation model of EV ( Electric Vehicle) charging commercial operation benefit is pro-
posed. Based on the theory of value-chain, the internal and external value-chain and the construction principle of in-
dex system for EV charging commercial operation project are analyzed. A comprehensive evaluation index system is
proposed , which includes the benefit of government,investment operator and user of EV charging commercial opera-
tion modes. Special attention is paid on the aging characteristics and the value-added links of internal and external
value-chain of the commercial operation modes. On this basis,a real-time combined weighting-matter element exten-
sion comprehensive evaluation model is further proposed according to the index characteristics. Consequently , quanti-
tative comprehensive benefit evaluation of EV charging commercial operation modes can be achieved. Different from
traditional deterministic evaluation approaches,the proposed method considers the aging characteristics and the un-
certainty in EV charging market, and introduces an approach that combines the expert real-time scoring and the en-
tropy weight. In this way,the proposed model can achieve a reasonable balance between the information value of at-
tributes and the subjective experiences, and improve the robustness and discrimination ability in practical applica-
tions.
Key words:electric vehicles; charging service ; value-chain ; commercial operation modes ; comprehensive evaluation

index system;matter element extension model
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Table A1 Index weights
Ak A
Ja A A, As
LTS An Ay Ay Ay Ay Ay Az Ay Az
JUPS 0.033 0.015 0.021 0.022 0.031 0.041 0.021 0.029 0.074
WA 0.047 0.024 0.024 0.018 0.029 0.05 0.018 0.022 0.039
¥k 0.029 0.028 0.029 0.039 0.08 0.066 0.044 0.034 0.059
Tk A B
JEbE A, B, B,
EEL Ay Ag Bi1 B1, B3 Bus By B, Bas
IO 0.043 0.062 0.024 0.027 0.122 0.027 0.024 0.103 0.079
BAE 0.071 0.023 0.034 0.059 0.034 0.012 0.025 0.022 0.012
ok 0.039 0.057 0.021 0.015 0.032 0.021 0.015 0.069 0.059
Ltk B o
JEbE B, C1 G G
Bl By Cu Ci Cis Con C» Car
SO 0.060 0.024 0.038 0.032 0.017 0.018 0.015
WA 0.090 0.023 0.040 0.055 0.029 0.111 0.088
Hioke 0.085 0.039 0.037 0.020 0.037 0.018 0.029
* A2 HFEARIN G MU K AE
Table A2 Classic domain and level of indexes
2 L,
TR B febr HE1 HE2 HES3
14 24 34 4%
A Ay 9.00 3.00 8.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00]
An/%  3.80 2.84 2.92 [0.00,1.00) [1.00,2.00) [2.00,3.00) [3.00,4.00]
Anl% 178 1.61 1.88 [0.00,0.80) [0.80,1.30) [1.30,1.90) [1.90,2.50]
Ayu/% 693 7.02 7.01 [1.00,3.00) [3.00,5.00) [5.00,7.00) [7.00,9.00]
A, Aw 4.00 7.00 5.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00]
A Ays/%  2.32 2.99 3.27 [1.00,1.80) [1.80,2.50) [2.50,2.90) [2.90,3.70]
Ay  7.00 8.00 8.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00)
Ay/%  5.76 6.32 7.67 [5.00,5.50) [5.50,7.00) [7.00,7.40) [7.40,8.00]
As  An/% -0.67  -2.22 -3.24 [-1.00,0.00] [-2.00,-1.00) [-3.00,-2.00) [-4.00,-3.00)
Ay/fCTC 30774 1.00 0.57 [0.01,0.40) [0.40,12.00) [12.00,100.00) [100.00,310.00]
A An/Ji7G 19328 1037 12844 [0.00,70.00) [70.00,120.00) [120.00,160.00) [160.00,200.00]




Bu/fZJC 0.14  73.62  49.86 [75.00,100.00] [50.00,75.00) [3.00,50.00) [0.10,3.00)
Bi,/f{Z7C 036 187.74 127.00  [100.00,200.00] [20.00,100.00) [5.00,20.00) [0.30,5.00)

o Bis/fZ7C 0.01  7.04 6.27 [7.50,8.00] [7.00,7.50) [6.50,7.00) [6.00,6.50)
Bi/Ji7C 10.00 28000.00 18000.00 [19000.00,30000.00] [5000.00,19000.00) [700.00,5000.00) [10.00,700.00)
B,i/Ji7G 61.04 188024.3798382.76 [50.00,800.00)  [800.00,9000.00) [9000.00,150000.00) [150000.00,200000.00]
Bn/fZ7C 0.01 2404  19.48 [0.01,0.20) [0.20,2.00) [2.00,10.00) [10.00,25.00]

> B,s/JiJG 48.85 12680.85 7680.85  [40.00800.00)  [800.00,3100.00) [3100.00,9300.00)  [9300.00,15000.00]
B,u/JiJC 424.00 432.00 75600.00 [400.00,8000.00) [8000.00,12000.00) [12000.00,46000.00) [46000.00,80000.00]

Ciy 500  5.00 5.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00]

GG Cp 700  6.00 8.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00]
Cis 400  5.00 8.00 [0.00,3.00) [3.00,6.00) [6.00,8.00) [8.00,10.00]
Cu/% 57.63 5464  59.36 [45.00,49.00) [49.00,53.00) [53.00,56.00) [56.00,60.00]

“ Cp/)iC 1296.36 77.86  2722.50  [50.00,600.00)  [1600.00,1000.00) [1000.00,2300.00)  [2300.00,3000.00]

G Gu/fZ7t 1232 1259  12.96 [15.00,16.00] [14.00,15.00) [13.00,14.00) [12.00,13.00)
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