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Abstract

The use of electric vehicles (EVS), to reduce greenhouse gases and air pollution caused by the fossil fuel
consumption, seems to be an inevitable solution. The increased penetration of EVs imposes a large
variable load to the grid. However, the battery of EVs in an aggregator provides a large source of energy
storage. Therefore, EVs depending on the charging or discharging modes can act as flexible loads or as
flexible energy sources. Then, the proper coordination and control charging and discharging of EVs,
using vehicle-to-grid (V2G) technology, not only can minimize the undesirable effects resulting from
the increased penetration of EVs, but also can improve the voltage profile. In this paper, a new algorithm
with variable-objective function is proposed to control variable quantities of generation and consu-
mption. In the proposed method, the control of the point of common connection (PCC) voltage in a
specific value of a determined permissible range, which depends on different operating conditions, can
be considered as a variable-objective function. Moreover, there are constraints to state of charge (SOC)
of electric vehicles (EVs) batteries and charging/discharging time. Other advantages of using the
proposed method are the reduction of network losses in peak load hours and the establishment of an
appropriate coordination between charging and discharging EVs. The simulations of the IEEE 14-Bus
distribution system with V2G capabilities based on the proposed variable-objective function (VOF)
algorithm are implemented for both charging and discharging modes using MATLAB/PSAT software
and tested for the various scenarios. Finally, the results of the proposed method are compared with the
traditional method and the merit of that is proved.
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Table (1): Total available energy under discharge mode in scenario 1
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Figure (4): Flowchart of the proposed method for the charge-discharge controller of the V2G system

Table (2): Total available energy under discharge mode in scenario 2
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Table (3): Total available energy under discharge mode in scenario 3
A (592 )b 50 5yLbo Iyl pd coxd 29290 JS (551 1Y) Jgu

5 35290 551 | 5Lb combgaeys | | Berbesbesss |
e g S srgyo95 sl 5oL Comdg w0
5l 5L S99 (celuv-wlgsles)
-4 Yy ¥ Ve YV
-y -0 ¥ \F ¥o
Y¥. Y. €. Y. A-
" B Slogyd9> 580 5l (AL 29250 T 555

(\20)




FAN Bus 14

V2G system
i Charging/
Bus 12 Discharging

Controller

.

AR AR
S
==Pus 01

[ ormscer
@ GENERATORS
@ SYNCHRONOUS
F COMPENSATORS
J—T——Elus 03

© Qpm

A 4 (B ($9)995 SIPPST A e Al T 2595 e H(B) S5
Figure (5): IEEE 14-bus distribution system equipped with V2G technology

Table (4): Total energy required under the charging mode in scenario 1
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Table (5): Total energy required under the charging mode in scenario 2
99§92yl 0 55Lb bl il coxi 5L 9590 S (5551:(B) Jeua

Gl 3o 0y90 @5l | Sl Camdgaoys | Cy | el ebed 1
. . S sy yogS olus Gyl Camsg w0
s L 5,L0 5k 9)80 (celuv-0lgsles)
VYO 2 Yo - Y.
Ve ¥ Yo Vs 5
Yoo \. A Y. q.
fro S slegyess 55l ln ks 990 JS 55

(\#%)



YOY-AYENEF L /S5 g s o)l [003les Jlo /50 o [0 iadign sla o, 4 a8

Table (6): Total energy required under the charging mode in scenario 3
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Table (7): Using the proposed algorithmic method for discharge mode
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Figure (6): Voltage and active power exchanged between aggregator (V2G bus) and grid (connection node) in scenario 1, a) Aggregator
(V2G) bus voltage b) Connection node (PCC) voltage, c) Active power exchanged between VV2G bus and PCC
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Figure (7): Voltage and active power exchanged between aggregator (V2G bus) and grid (connection node) in scenario 2, a) Aggregator
(V2G) bus voltage b) Connection node (PCC) voltage, c) Active power exchanged between V2G bus and PCC
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Figure (8): Voltage and active power exchanged between aggregator (V2G bus) and grid (connection node) in scenario 3, a) Aggregator
(V2G) bus voltage b) Connection node (PCC) voltage, ¢) Active power exchanged between VV2G bus and PCC
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Table (8): Network losses with and without VV2G operation during peak hours
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Figure (9): SOC changes of EVs battery before and after discharge mode

Table (9): Using the proposed algorithmic method for charging mode
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Figure (10): Voltage, active and reactive powers exchanged between aggregator (V2G bus) and grid (connection node) in scenario 1, a)
Connection node (PCC) voltage, b) Active and reactive powers exchanged between VV2G bus and PCC
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Figure (11): Voltage, active and reactive powers exchanged between aggregator (V2G bus) and grid (connection node) in scenario 2, a)
Connection node (PCC) voltage, b) Active and reactive powers exchanged between VV2G bus and PCC
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Figure (12): Voltage, active and reactive powers exchanged between aggregator (\V2G bus) and grid (connection node) in scenario 3, a)
Connection node (PCC) voltage, b) Active and reactive powers exchanged between V2G bus and PCC
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Figure (13): SOC changes of EVs battery before and after charging mode
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Table (10): Comparison of the proposed VOF method with the conventional FLC method in discharging mode
5yLis Ll 58 pgmpo (531 Blako 0uldS LS (g b piio Bud Bl (gOlduiay (g o :(14) Jour

Lo 5 5Ly Ltoo gloy | (Bresdes 981 olg 39290 (551 ylade )
. o (s . by, gy yLew
(Copg) | (Colo) 5l | (lgphs) e & (sl clsalss)
| YIVO Vo f QRIS RV
ve. )
<A YIVO yof 6B v ouiis oS
+13331Y Y aF o Sun b
< [AAYYA YIVE & Jue LI PR RV Y \ay Y
<120 (< +/3A) YIfY & &L Blw ousls oS
Table (11): Comparison of the proposed VOF method with the conventional FLC method in charging mode
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. Fuzzy logic controller (FLC)

10. Point of common connection (PCC)
11. State of charge (SOC)

12. Electric vehicle (EV)

13. Variable objective function (VOF)
14. Charging-discharging controller
15. Aggregators of EV's

16. Aggregator of aggregators

17. Charging/discharging controller-aggregator protocol
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18. Aggregator-aggregator protocol
19. Aggregator-EV protocol
20. Grid-to-vehicle (G2V)
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