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Summary:

Car exhaust is one of the most common causes of ozone hole aggravation. Electrical
vehicles (EVs) represent a promising solution to avoid this problem. Despite the benefits of
EVs, their random charging behavior causes some difficulties regarding the electric network
performance, such as increased energy losses and voltage deviations. This thesis aims to
achieve the proper scheduling of the EVs charging process, avoid its negative impacts on the
network, and satisfy the EVs users’ requirements. The EVs charging process is formulated as
an optimization problem and solved using particle swarm optimization. The optimization
problem formulation considers the EV arrival and departure times and the state of charge
required by the user. Different strategies such as separated, accumulated, and ranked strategies
with continuous or interrupted fixed charging have been applied to solve the uncoordinated EVs
charging problem. These strategies are extensively tested on the modified IEEE 31 bus system
(499-node network), using the combination of both Open Distribution System simulator (Open
DSS) and MATLAB m-files. The simulation results confirm the effectiveness of the proposed
accumulated ranked strategy with interrupted fixed charging in improving the overall power
system performance. The achieved improvements include minimizing: the peak power
capacity, the peak power losses, and the voltage drop. Moreover, the cost of the EVs charging
in most of the feeders has been decreased to a satisfying value. A comparison between the
proposed strategy and some previously reported strategies has been performed to ensure the
technical and economic enhancement of the proposed strategy.


http://www.bu.edu.eg/portal/index.php?act=176&prof_id=919

DISCLAIMER

| hereby declare that this thesis is my original work and that no part of it has been
submitted for a degree qualification at any other university or institute.

| further declare that | have appropriately acknowledged all sources used and have
cited them in the references sections.

Name: Norhan Mohamed Mokhtar Mohamed Date: [/ /2022

Signature:



ACKNOWLEDGMENT

Thanks to ALLAH who gives us the power and hope to succeed.

Thanks must go to Allah the creator of this universe who ordered us to study
and explore his creations to know him better. However, as | come to understand
more, | find that there is so much more knowledge to absorb and to get to grips with.

I would like deeply to express my thanks and gratitude to my supervisors;
Prof. Dr. Doaa Khalil Ibrahim, Associate Prof. Dr. Hebatallah Mohamed Sharaf, and
Associate Prof. Dr. Aboul' Fotouh Abdel-Rheem Mohamed for their faithful
supervision, enormous efforts, and their great patience during the period of the
research.

I would like to thank my father, my mother, my husband, my daughter, and
my brothers for their great inspiration, kind support, and continuous encouragement.

Thank you all.



TABLE OF CONTENTS

DISCLAIMER ettt e |
ACKNOWLEDGMENT ...ttt 1
TABLE OF CONTENTS ...t i
LIST OF TABLES ... oot VI
LIST OF FIGURES ... Vil
LIST OF ABBREVIATIONS AND SYMBOLS ........cooooiieieeee e Xl
AB S T R A T e XV
CHAPTER (1): INTRODUCTION.......coiitiiiiieieaie et snee e nae e sneas 1
L1 OVEIVIBW .ttt bbbttt b ettt 1
1.2 Types of Electric Vehicles MOdElS..........ccooeiiiiiiiiiiee e, 1

1.2.1 Battery EVS (BEVS) ..ccvciiee ettt 2

1.2.2 FUEl CEIl EVS (FCEVS) ..cuiiiiciieceee ettt 2

1.2.3 Plug-in hybrid EVS (PHEVS) ......oooiiiiieieee e 2
1.3 Electric Vehicles Charging Strategies .........cccoerererereririerienesie e, 4

1.3.1 Uncoordinated Charging Strategy (Random or Uncontrolled Charging)....4
1.3.2 Coordinated Charging Strategy (Controlled Charging) (Smart Charging

TECNNIQUE) ...ttt 4
1.3.2.1 Decentralized Charging Control............cccceoiiiiininiiiieeeees 5

1.3.2.2 Centralized Charging Control ...........c.cccooveiiiiiiiic e 5

L4 EVS TN EQYPL. ittt nne s 6
1.5  Problem StatemeNnt.........cccooiiiiiiiie e 7
1.6 THeESIS ODJECTIVES .....iiviiiieiieiieieie ettt 7
1.7 Thesis CONrIDULION........c.ooiiiiiieiie e 7
1.8 TRESIS LAYOUL....cciiiiiiieiiie ettt ettt ae e eabeennne s 8
CHAPTER (2): ALITERATURE REVIEW ON EVS.....cccooiiiiiiiiee e, 10
2.1 EVS CRAIQiNg.....coioiiieieiieite ettt 10
2.2 EVS DISCNAIGING ...vecveeiieieiiie sttt ettt st nreas 15
2.3 EVs Batteries ENhanCement...... ..o 16
2.4 EVs Charging Cost REAUCTION .......c.civeiieiieiieie e 16
2.5  Formulation of Different Objective FUNCLIONS ..........cccevvvieiieiicieceee e 16



2.6 Thesis Scope with respect to LIiterature ..........cccvoveveeveeiesie e 18

CHAPTER (3): TESTED SYSTEM AND PROBLEM FORMULATION......... 19
3.1 Overview 0n OpenDSS SOFWAE ........ccooiiiieiiiiireee e 19
3.2 Tested Network Modeling and EVS Data ...........cccoooviiiiniiieieic e 20
3.3 Comparison of Base Case and Uncoordinated Charging...........cccceevevvevveresiennn. 22
3.3.1 Investigating Power capacity, Power Losses, and Voltage Magnitude.....22

3.3.2 Investigating Lines’ Current Carrying Capacities............covververvrveieeinennen 24

3.4 Problem FOrmulation .........cccooeiiiiiieceee e 25
3.4.1 Formulating the Objective FUNCLION............cccvcvviiiiii e 25

3.4, 2 CONSLIAINTS ....vevieiteiecie ettt bbbt re e eneas 26
3.4.2.1V0ltage CONSIIAINT ......oeveeiiiiiiieriesee e 26

3.4.2.2 State of Charge Limits Constraint...........ccccooeveieneneniencsieeen, 27

3.4.2.3 Starting Time of Charging Constraint.............ccccoocevvveveiiieivenene. 27

3.4.3 Continuous Fixed Charging (CFC) ......ccciiveiiiiiieece e 27
3.4.3.1 lllustrative Example for CFC...........cooiiiieiie e, 27

3.4.4 Interrupted Fixed Charging (IFC) ......cccooiiiiiiiiiiiiceee e 28
3.4.4.1 lllustrative Example on the charging period of EV No. i by IFC .28

3.5 Flowchart of All Proposed Strategi€s .........cceiveiieiieieeie e 31
3.6 SUMMEAIY ...ttt b e nne s 32

CHAPTER (4): PROPOSED SEPARATED AND ACCUMULATED

CHARGING STRATEGIES........o oot 34
4.1 Separated Strategy (Standalone) with Continuous Fixed Charging (S-CFC)........ 34
4.2 Accumulated Strategy (Integrated) with Continuous Fixed Charging (A-CFC)...41
4.3 SUMIMAIY ...ttt ettt b bbbtttk e et es e bt e bt e s et e e nneenne s 45
CHAPTER (5): ACCUMULATED RANKED STRATEGY ...cccccoviiiiiiiiriieenn, 47

5.1  Accumulated Ranked Strategy with Continuous Fixed Charging (AR-CFC)..47
5.2 Accumulated Ranked Strategy with Interrupted Fixed Charging (AR-1FC)....54

5.3  Overall Evaluation of Proposed AR-IFC Strategy........cccceeveriveresieesieesesinnnnnns 57
5.3.1 Voltage Regulation [54] .....ccooveeiiieie e 57
5.3.2 Current CapacCity LIMILS ......cccoveieiiriiiie e 58



5.3.3 Economical EVAIUATION.........eeeeeeeeee oo 59

5.3.4 Examining the Uncertainty in EVS Behavior ...........ccccccocveviviieieeneiieennn, 59
5.3.5 Comparative Study of AR-IFC Against Some Reported Strategies.......... 62

5.4  Comparison of the Charging Periods Achieved Using the Proposed Strategies
.......................................................................................................................... 63
CHAPTER (6): CONCLUSION AND FUTURE WORK .......ccoviiiiiniieiecieeie, 69
6.1  ThesSiS CONCIUSIONS .......couiiiiiieiecie et nreas 69
6.2 FULUIE WOTK ....oiieeee ettt sttt nne s 69
REFERENCES ...t 70
PUBLISHED WORK ...ttt e 76
AP P EN D X A e 77
POWER SYSTEM MODEL PARAMETERS. ... 77
APPENDIX B ittt bbb 79
ELECTRIC VEHICLE’S DATA ..ot 79
APPENDIX € ettt 86
PARTICLE SWARM OPTIMIZATION ..ot 86
APPENDIX D et 89
PREPARING OPENDSS SCRIPT FILE .....coviiii e 89



LIST OF TABLES

Table 3.1: Maximum current at different lines for the base case and the uncoordinated

CRAIGING CASE ... .ottt 25
Table 5.1: Ranking all feeders to apply the proposed ranked strategy. ..........cccccovene.. 48
Table 5.2: Cost reduction for AR-IFC Strategy .........ccocevveiieiieeiiiie e 59
Table 5.3: A case study for the uncertainty in EVS behavior ............cccccevviiieinnnn, 60

Table 5.4: Comparison of the proposed AR-IFC strategy with some other strategies 63
Table 5.5: Comparison between the charging periods of a sample of EVs through
different charging StrategiesS..........ccvviveiiiiieiie e 64

Vi



LIST OF FIGURES

Figure 1.1: Classification of VENICIe tyPeS.........coeiiiiiiiiiiieee e 2
Figure 1.2: Types of electric vehicles configuration ...........c.cccoeveieiieniiiniseee 3
Figure 1.3: Uncontrolled charging strategy 0f EVS.......cccccieiiiie i 4
Figure 1.4: Decentralized charging control of EVS ......cccocoieiiiiiicciecceceee e 5
Figure 1.5: Centralized charging control 0f EVS ... 6
Figure 2.1: Overall classification of previous EVSs research..............ccccoevniiiiicnnne, 10
Figure 2.2: lllustrative flowchart for the applied strategy of [27] ......cccovevviieivennne. 13
Figure 2.3: The steps of the applied strategy in [29] ......ccoevviveiiieiiceseee e 14
Figure 2.4: The distribution of EV's numbers in each station for controlled / uncontrolled

charging as deduced IN [29].......ccoiiiiiereeee e 15
Figure 3.1: The modified IEEE 31 Bus 23 kV distribution network................cc.c...... 21
Figure 3.2: Residential load curve and tariff curve [53]......ccccocvvveiiiiieciecc e, 22

Figure 3.3: Total power capacity for the base case and uncoordinated charging of 63%

PENELIAtION EVS .. .o 23
Figure 3.4: Total power losses for the base case and uncoordinated charging of 63%
PENELFALION EVS ..ot 24
Figure 3.5: Voltage magnitude of the weakest bus for the base case and uncoordinated
charging of 63% penetration EVS ... 24
Figure 3.6: Example for the permissible period to start charging EV No. i by continuous
FIXed Charging.......coveiieee e 28
Figure 3.7: Step No.1 of the illustrative example ... 29
Figure 3.8: Step No0.2 of the illustrative eXxample ..o, 29
Figure 3.9: Step No.3 of the illustrative eXxample ... 30
Figure 3.10: Step No.4 of the illustrative example .........ccccooeeviiiiciie i, 30
Figure 3.11: Step No.5 of the illustrative example ..., 31
Figure 3.12: lllustrative flowchart of the applied strategies ..........cccoocvvceririiinniniienn, 33

Figure 4.1: Applying the separated strategy with continuous fixed charging (S-CFC)

Figure 4.2: Results of peak power capacity by applying the S-CFC strategy for the
whole system while optimizing each feeder individually ............c.cc.......... 35
Figure 4.3: Results of peak power loss by applying the S-CFC strategy for the whole
system while optimizing each feeder individually ............ccccooiviiininnn. 36

vii



Figure 4.4: Results of the voltage magnitude by applying the S-CFC strategy for the
whole system while optimizing each feeder individually .......................... 36
Figure 4.5: Results of the charging cost by applying the S-CFC strategy for the whole
system while optimizing each feeder individually ..............cc.cooniniiiennn. 37
Figure 4.6: Results of peak power capacity by applying the S-CFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

Figure 4.7: Results of peak power loss by applying the S-CFC strategy for 63% EVs

penetration compared with the base case and the uncoordinated charging case

Figure 4.8: Results of the voltage magnitude by applying the S-CFC strategy for 63%
EVs penetration compared with the base case and the uncoordinated charging

(072 PO PP PR PTRTPR 39
Figure 4.9: The illustrative flowchart for the S-CFC strategy ..........ccccevvveveiiievvenenne. 40
Figure 4.10: Applying the accumulated strategy with continuous fixed charging (A-
(1 =) OO 41
Figure 4.11: Results of peak power capacity by applying the A-CFC Strategy for all
FEEARTS .o s 42
Figure 4.12: Results of peak power loss by applying the A-CFC Strategy for all feeders
..................................................................................................................... 42
Figure 4.13: Results of voltage magnitude by applying the A-CFC strategy for all
FEEAETS .o 43
Figure 4.14: Results of charging cost by applying the A-CFC strategy for all feeders
..................................................................................................................... 43

Figure 4.15: Results of peak power capacity by applying the A-CFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

Figure 4.16: Results of peak power loss by applying the A-CFC strategy for 63% EVs

penetration compared with the base case and the uncoordinated charging case

Figure 4.17: Results of voltage magnitude by applying the A-CFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

viii



Figure 5.1: Applying the accumulated ranked strategy with continuous fixed charging

(AR-CFC) SIrAtEOY ...vvecveereiieiiieiieeieseesieaieseesteeeeseesseesaessee e esaesneesseenseans 47
Figure 5.2: Results of peak power capacity by applying the AR-CFC strategy for all
L{1=T0 (<] £ USROS 48

..................................................................................................................... 49
Figure 5.4: Results of voltage magnitude by applying the AR-CFC strategy for all
(=T8PS SPRSRRR 49

Figure 5.6: Results of peak power capacity by applying the AR-CFC strategy for 63%
EVs penetration compared with the base case and the uncoordinated charging

Figure 5.7: Results of peak power loss by applying the AR-CFC strategy for 63% EVs

penetration compared with the base case and the uncoordinated charging case

Figure 5.8: Results of voltage magnitude by applying the AR-CFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

(07 O P PP PPR TP 52
Figure 5.9: The flowchart for the AR-CFC Strategy.........ccovvrmereneneieneniseseeienes 53
Figure 5.10: The flowchart for the AR-IFC Strategy ........cccccvevvevieiiiieieeie e 55

Figure 5.11: Results of peak power capacity by applying the AR-IFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

Figure 5.12: Results of peak power loss by applying the AR-IFC strategy for 63% EVs

penetration compared with the base case and the uncoordinated charging case

Figure 5.13: Results of voltage magnitude by applying the AR-IFC strategy for 63%

EVs penetration compared with the base case and the uncoordinated charging

..................................................................................................................... 58
Figure 5.15: The maximum daily current flow through different CTs when applying the
AR-TFC SITAIEQY ..eeeeiee ittt 58



Figure 5.16: Detailed cost reduction for all EVs when applying the AR-IFC strategy

Figure 5.17: Simulation results for considering the uncertainty of EVs behavior (a)

Power capacity, (D) POWEE LOSSES........ccvrieiieriieie e sieeie e 61
Figure 5.18: The uncoordinated charging period of EV N0. 199 .......c..ccccocv e 65
Figure 5.19: The simulated timeline for EV No. 199 by the S-CFC strategy.............. 65
Figure 5.20: The simulated timeline for EV No. 199 by the A-CFC strategy............. 66
Figure 5.21: The simulated timeline for EV No. 199 by the AR-CFC strategy .......... 67
Figure 5.22: The blocked period in the simulated timeline for EV No. 199 by the AR-

L O 21 (=10 |V PP UPRRURRPPRN 67

Figure 5.23: The final step in the AR-IFC strategy for charging EV No. 199 charging
USING AR-IFC SIrategY......coviieiieieieiteresie e 68



