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Modeling of Electric Vehicles as Mobile Energy Storage Systems
Considering Multiple Congestions

YAN Haoyuan', ZHAO Tianyang', LIU Xiaochuan’, DING Zhaohao’
( 1. Energy and Electricity Research Center, Jinan University, Zhuhai, Guangdong 519070, P.R.China;
2. Energy Research Institute, Nanyang Technological University, 639798, Singapore;
3. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, P.R.China )

Abstract: To realize the optimal operation of urban coupled transportation power systems underthe road, charging facilities,
and transmission line congestions, a dynamic optimal traffic power flow (DOTPF) model was formulated under
congestions. Based on the time space network (TSN) approach, a novel TSN with queues was proposed, considering the
moving, parking, charging, and queueing state transitions. A vehicle routing problem was formulated for electric vehicles
(EVs) and further incorporated into the dynamic traffic assignment problem (DTAP), reducing the traffic demand losses.
With security and reserve constraints, a dynamic security-constrained carbon dioxide-oriented optimal power flow (OPF)
problem was formulated to reduce the carbon emission and generation cost, by optimizing the scheduling of thermal units
and energy storage systems. A multi-objective DOTPF problem was formulated, and further reformulated into a convex

mixed-integer quadratic programming problem. The effectiveness of the proposed DOTPF was verified based on the
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simulation results on coupled IEEE-30 and Sioux Falls system.

Key words: congestions; dynamic traffic assignment; times space network with queues; urban coupled transportation power

systems
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Table 1 Simulation scenarios

scenario road congestion charging congestion line congestion
1 — — —

5 capacities of roads (1, 2) and (1, 4) are reduced _ _
to 25% during 2:00—16:00

capacities of charging stations are 1 fleet

3 - during 0:00—24:00 -
4 _ B capacities of lines (2, 4) and (3, 4) are reduced to
20% during 7:00—15:00
5 capacities of roads (1, 2) and (1, 4) are reduced capacities of charging stations are 1 fleet B
to 25% during 2:00—16:00 during 0:00—24:00
6 capacity of roads (1, 2) and (1, 4) are reduced to capacities of charging stations are 1 fleet capacities of lines (2, 4) and (3, 4) are reduced to
25% during 2:00—16:00 during 0:00—24:00 20% during 7:00—15:00
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Table 2 Results under different scenarios for case 1

scenario total cost Cyoar/$ generation cost Coeneration/$ carbon emission M, o/t unmet traffic demand D
1 104 356.54 68 517.91 1396.38 4900
2 108 356.48 68 517.71 1396.40 5700
3 112 091.69 67 626.85 1473.50 6500
4 115 984.50 68 140.42 1397.05 7300
5 112 092.09 67 628.23 1473.38 6 500
6 120 024.68 67 663.61 1460.72 8100
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P BH ZE 25 BRI e H AR 45, (o AT ZEAat sl F— 20 M, o B 2 FNE St 5 v B far it 2 22 R 3R W, S Lt BH 2E
FHFEH AT ] 10: 00—11: 00 %8 5 5% 6 v, TEIE M . FoHLul | 2 i[RI PHZERT, e A far f 10: 00—12: 00
AL 14: 00—18: 00, [FIRT FEL Bl 7R 4 1] 1a) HEL I PN VR AT Z2 )38, A DL, B 2E 25t 355 ) 3 L £ 7y A R 2o
AR A —FBHFERT, £ BH FEXT 70 F D) 110 5 i i A T B . FeF ity | Rt ] s BH ZE R, Fe A B fof & AR B B AR .
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Fig. 3 Total charging/discharging load profile under different scenarios
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Fig. 4 Power flow on line (3, 4) under scenarios 1 and 4
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Fig. 5 Traffic flow on road (1, 4) under scenarios 1 and 2
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Table 3 Results under different scenarios for case 2

scenario total cost Cio /$ generation cost Cyeneration /$ carbon emission M, /t unmet traffic demand D
1 261 404.13 175 428.59 10588.12 0
2 287 652.67 166 613.51 11581.17 5400
3 263 758.63 172 999.91 10869.30 500
4 271 298.96 169 484.63 12 292.40 400
5 287 657.34 167 446.14 11479.21 5400
6 287 713.96 167 626.16 11464.01 5400
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Table 4 CPU time and gap under different size of fleets in scenario 1 for case 2

fleet number computing time #/s gap 6/%

8 <20 0

12 <30 0.03
16 <30 0.03
20 <50 0.03
24 <100 0.3
28 <600 0.6

6 # ik

ARSCLASR T 238 - TS R G IS XT 42, LR S i sh 255838 73 B A VIR, LS 2R SERRHERL |
SRS AT B bR, M T e U A5 SSE L AR, X 2% H Sl A2 4 BN L IRBILEE R RE A T
JE, T 2 FRIR A BB ORI IR L. 2 1T TR HETR A . HR AT RN A, K5 2 FAR MU e o B H A
AR BEA TSR M. LA IEEE-30 4545, Sioux Falls % R & 28 ¢ 058 1, 3468 bE 23#r, S60E 1 AR SCH H ) 3l
S L ISR RO T . RO | 2 b HLA 1 BH ZE AE F

AR SR XS Sl T DAY PR T e 5 i AR ) — W Sl ) S i O AR R ) ik — 2D 56, {9 B0 BB ) 9
AT A A5 F P R s TV A UCTPSs B A 22 1A, LA ARy s g 22 ik L SR i AL, 76 R ok
W TAE 518 2 AR L o3 Ai XA oK A J5 vk RIS, 7EAb B n] #AE REIR . G0 S5 N0 2 07 T, 75 2R
BENL, B A A7 i AL BAR I R AN E TR R,

M R
W PV — line O station
/g, energy storage @ bus <> road
O generation  [Jcharging station -- coupling

=
e [
et | |

|

|

Lo

! O

S e e e S

B A1 KRS 2 A
Fig. A1 Single line diagram for case 2
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Fig. A3 Routine of electric vehicles fleets under scenario 6
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