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ILEE TRANSACTIONS ON SUSTAINABLE ENERGY, VOL. 6. NO. 4, OCTOBER 2034

Impact of Second-Generation Plug-In Battery
Electric Vehicles on the Aging of Distribution

s K s . ~ » e
Transformers Considering TOU Prices o o~ - « < & ol 0 ¢
Yasser O. Assolami, Student Member, IEEE, and Walid G. Morsi, Member, IEEE ° ‘ : ‘ l > M ‘ : M i .
O ~J Y r ~ J " u o J
Abstraci—This paper investigates the Impact of second- Morcover, due to the increased capacity of the onboard batteries
generation (SG) plug-in battery electric vehicles (PBEVS) on dis- i SG PBEVs (e.g.. 85 kWh in case of Tesla S) compared 10 FG
Rionintidn e catiadaring (e finé-oC wile 53 kWh in case of Tesla Roadster), the energy required by
fect of dual Level 2 charging, '
bpyeihisie-iadet ittty Ao the onboard batterics increases, which may increase the thermal
studied. The LOL results demonstrating the effectiveness _loading on distribution transformers and hence may reduce their
SG PBEVs charging as two clusters versus one custer are  insulation lifetime
discussed and conclusions are drawn. ; °
Index. Terms—Aging, Monte Carlo (MC) methods, power 5. Work o Date - s o . P A
distribution. The work presented in the literature is limited only to FG ~ A
PBEVs and is summarized as follows,
§,-DRODUCHON 1) Impact of FG PBEVs on Distribution Transformers' g u
LUG-IN BATTERY electric vehicles (PBEVs) use only  Overload: Studies [4]-[9) focused on assessing the impact of P 54
ctricity for propulsion through an onboard battery and  plug-in hybrid electric vehicles (PHEVs) on distribution trans. rvy E3
an clectric motor. The first generation (FG) of PBEVs is char-  forme tifying the number of distribution transformers
acterized by the limited electric driving range (EDR) due to  exper during 2 typical day. The outcome of
the limited capacity of the onboard baticries. For cxample,  these sudies has raised a red flag regarding the number of
in 2011 N ched its first PBEV known as Leading,  distribution transformers that may expericnce overload dur-
Environmentally friendly, Affordable, Family car (LEAF) with ing the hours at which PHEVs charge. However. these studies
EDR of 73 miles (117 km) as rated by the United States  did not consider either PBEVs which may result into more
Environmental Protection Agency (EPA) [1]. From a cus-  overloads to distribution transformers of the thermal effect on Lod 'S
tomer’s perspective, the EDR autonomy represents the n the distribution transformers” insulation life.
factor contributing to customers being reluctant to purchase  [11] quantified the distribution transformer loa
FG PBEVs. In response to the customers’ concerns, second-  PHEVs and PBEVs, but again the thermal loading effect on
generation (SG) PBEVs emerge and several automakers have  the distribution transformer loss of life (LOL) has not been ] ]
extended the EDR by increasing the battery capacity. In onder  considered
10 alleviate the EDR anxiety concern, Nissan has extended | 2) Impact of FG PBEVs on Distribution Transformers LOL
EDR of their vehicles 10 be 84 miles (140 km) and also Tesla  Yunus et al. [12] developed a stochastic model for plug-in clec-
has launched the § model with EDR [263 miles (426 km)] [2].  tric vehicles (PEVs) charging and used it to study the impacts
As a result, PBEVs' sales in the United Sates have peaked i on distribution transformer loading. Their stochastic model is
2013 and 2014 to reach 52 810 and 34 950 vehicles for SG  based on the assumption that the customers’ driving behaviors
Nissan LEAF and Tesla § [3], respectively follow a normal distribution. Also, the maximun battery capac-
ity considered in the study was 55 kWh, which provides 160
miles for the Tesla Roadster model. Gong ef al. [13] studied the S »
A. Statement of the Problem impact of PEV charging on a 25-kVA transformer’s insulation [N

From

n electric power distribution system (EPDS), PBEVs
generally represent an additional load that must be supplied
by the distribution transformers already serving existing loads.

e sutbars are with the Depart Electrical Engloceriag, University
a 5 (UOIT), Oshiwa. ON LIHTK4, Canada

of the figures in this paper asc available online
 hp iccexple
Digital Obyect Id

10.11097TSTE 2015 2460014

1949-3029 © 2015 IEEE. Pe

See bp:ffwww iece.ory

life. Six vehicles consisting of Chevy Volt (PHEV) and Nissan
LEAF (PBEV) arc used in the study. Yan and Kezunovic [14]
focused on the effect of various PHEV/PBEV charging scenar-
10s on the LOL of di

auto models of FG electric vehicles were used: 1) Chevy Volt
(PHEV) with 35 miles EDR and 2) Nissan LEAF (PBEV) with
73 miles EDR. The study also assumed fixed hours for charging
and hence no diversity was considered. Geiles and Islam [15]
studied the impact of PBEVs, specifically the 2012 models of
Nissan LEAF and Tesla Roadster on distribution transformer's
LOL. Qian et al. [16] studied the effect of high penetration level

ribution transformer. Two representative

Assolami, Y. O., & Morsi, W. G. (2015).
Impact of Second-Generation Plug-In Battery

Electric Vehicles on the
Transformers Consideri

Aging of Distribution
ng TOU Prices. IEEE

Transactions on Sustainable Energy.

il el Sl s e

( Smart Charging) S
ASll elal) o sl @Y

iay 25 (35



r’;f\ :

Q/:: o= n

aily sl eilyS jall ciliidi dend
Electric Vehicle Technologies

\ ?éJZL““Jﬁ\

sLa¥) 8 sl Y sadd ol Y1 el e daal) 5508 el Uyl Al oSl e bl ad il Al )

PR EIPAT
<l glwiNissan
LEAF

gy aTesla
Roadster

ol SiTesla S

U sRAV EV

U sRAV EV

S LS jall LS Apran

R TN
( blssks (Blssts
ielu) Asluld)
24 0.30
53 0.28
85 0.38
27.4 0.43
41.8 0.44

saldl) sda
sl
(d=)

84

244

265

95

103

Loss of life in percent

ALl

oSl Y gaal  al V) jeal) (e Ay gl daal) das

5 5 8

e
‘~

’.
-
=

817TKkW mé66 kW

Tesla Roadster Toyola RAVEV Teda s Toyola RAVEV

First gemeration Second gencrution

iay 80126 (35



Naw W by Al
dgilyasll oS yoll Lyl dreas

Al gLy = @j)ﬂ\ Y gaal a8y andl e (Smart Charging) L36553\ calall il dul ya Y

@Jjﬂ\ QYMW\}'\SY\ JMM uAK.)M\ .Jssj\z\_mu
m3.7kW n6.6 kW

2 21,09
15.99

= 20
]
£
£ .
I
% 10 6.51 226
pA 2.00
S s

0

7 pM (one cluster) 12 A.M (one cluster) SC (two cluster)
Nissan LEAF

5 LS jall LS Apran iap, 8127 35



asily sl oS ol wlidi dieos

Electric Vehicle Technologies

a2 IEEE TRANSACTIONS ON TRANSPORTATION ELECTRIFICATION. VOL. & N0, 1, MARCH 2022

Impact on Voltage Quality and Transformer Aging
of Residential Prosumer Ownership of Plug-In
Electric Vehicles: Assessment and Solutions

Yasser O. Assolami®, Student Member, IE

and Ra

Absract_—The efects of cimate change have resuted in the
increased deployment of plu;
photovoltaic (PVs), and energy
The integration of these resources with

order to

» mporal (SAT)-charging activities
models of DT overload and aging, voltage imbalance, and voltage
deviation. The proposed framework provides a more realistic
life expectancy for DTs compared with a simplified model in
the literature, The results indicate that the use of the propased
SAT-based approach has reduced DT lifetime to 6.30 years
from 7.92 years for the same PEV-penetration level.

Index Terms—Electrical distribution system (EDS
electric vehicles (PEVS), residential prosumer, transforr
voltage imbalance (

1. INTRODUCTION

N AN effort to address the concems related to climate
nge, there has been a substantial change to both the
transportation and residential sectors. Although the trans-
portation sector has previously been limited to conventional
gasoline reliant vehicles, there has been a recent shift toward
the use of electric vehicles (EVs), powered by electricity

Manuscript received Dicember
of pblcsion Jone 15

o aperid b

e Ol B s ot (2

Deparnent of Blcial

) Ramadun El-Shashat are wih the
Computer  Engineer
3GI, Canads (cmail: smp

University

213089460

lan El-shatshat, Senior Membe;

vuda, Member. IEEE
IEEE

Ahmed

clectrical grid, whereas plug-in electric vehicles (PEVs), which
arc a subgroup of EVs, arc classified into vehicles that are
rged from the power grid [1]. Many goverments have
launched incentive programs for PEV buyers and, as such,
the number of PEV sales has risen, with
199826 to 361307 in the Unite
and 2018 [2]. Globally, there has
in sales. In the period 2013- radually increased
10 exceed 5.1 million [3]. For the residential sector in the US,
a similar growih in solar photovolic (PV) pancl instalation
saw PV capacity increase from 2. 0 MW from
2017 to 2019 [4]. Further, there have also been significant
advances in the development of home battery energy storage
(HBES) technologies. As an example, Tesla has released a
second generation of HBES that is double the size of the first
eration (5]. The growth in HBES te
increase in the US reside
market, from the second to the third quarter of 2019, and
installation observed a 32% increase [6]. The presence of a
PV and HBES within residential premiscs has changed the
role of residential customers from consumers (0 prosumers
power producers and consumers). This shift with char
PEV loads has altered the shape of the electrical distribution
system (EDS) while evaluating EDS assets is becoming more
complicated. Performing a o task becomes chal-
netration levels of PVs, PEVs, and
HBESs will introduce new and different kinds of electric loads
and generation into the current infrastructure of EDSs. Unfor-
tunately, PEV loads ar ntional
loads but are instead stochastic in nature and influcnced by
the randomness of a driver behavior, As such, the develop-
ment of 4 PEV demand model requires a reli.
of driving b travel patterns, and PEV 1
specifications. Similarly, PV generat
also stochastic in nature, result

n increase from
S) between 2017

ramatic inc

018, sales

(i

lenging, as increasing the pe

not modeled as additional cons

le estimate

nufacturing
nd conventional load
rom the variation in

ges. will likely negatively
impact EDS assets such as increasing distribution transformer
(DT) overloading and nd affecting the
y of the system voltage, As a result, it is necessary for
utility companies to accurately assess and quantify ED!

tions, with a consideration of different penetrations of
V with residential prosumers, and develop future necessary

2 redistribution
See bapsiwwwi

fex himl for more inf

IEEE permsission.

Aurorized hoonsed use leited to: Universty of Waterioo. Downioaded on Jufy 17.2026 % 01:08:49 UTC from IEEE Xplore. Resicions apply

* Assolami, Y. O., Gaouda, A., & El-Shatshat, R.
(2022). Impact on Voltage Quality and Transformer
Aging of Residential Prosumer Ownership of Plug-
In Electric Vehicles: Assessment and Solutions.
IEEE Transactions on Transportation Electrification.
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Fig. 7. Impact of different scenarios on the percentage of buses experiencing VI. (a) Different PEV penetration levels. (b) Different PEV penetration levels
with 80% PV. (c) HBES with 80% PV and different penetration levels of PEV.
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