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Abstract

Recent transportation system faces major renovation on the way to electrification
with the combination of recently developed smart electric grid for attaining carbon-
free and sustainable future. In this wake, Plug-in Hybrid Electric Vehicles (PHEVS)
are gaining establishment as an environment friendly alternative to traditional
vehicle and playing a crucial role in improving the overall fuel efficiency.
Discontinuous renewable energy resources can be combined efficiently to the
electric grid by the higher participation of PHEVs in the roads. Formation of
appropriate charging infrastructures alongside optimum charging regulation is
essential for further achievement in highway transportation system. This paper
reports technological challenges of PHEVs adoption in the smart electric grid
system and proposes future guidelines for researchers in the domain of plug-in
hybrid electric vehicle.
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1 Introduction

Recent technical studies regarding various strategies related to PHEV integrated
smart electric grid; such as control and battery charging, vehicle-to-grid (V2G), unit
commitment, charging infrastructures, integration of solar and wind energy and
demand management prove the electrification of transportation as a rapidly growing
field of research. Government and manufacturing industry in developed countries
have invested billions of dollars in many partnerships envisioned to decrease the
reliance on fossil fuels [1]. Economic feasibility of PHEVs like Chevrolet Volt,
Honda, Toyota Prius and other electric vehicles are possibly to pave the way for
their large-scale adoption in smart electric grid in the near future. Customers are
more likely to convert their fuel-based vehicle into the electricity-driven car
because of their growing concern over greenhouse gas emissions and its adverse
consequences on the environment. Previous versions of Hybrid Electric Vehicle
(HEV) are now replaced by PHEV because of its large storage capability and plug-
in charging facilities from any charging infrastructures like parking lot near offices,
charging station, shopping mall parking spaces, household charging port etc.
However, the recent advancement in the concept of V2G [2], which ideally permits
bi-directional power flow between the electric vehicle and the power grid hence
increases complication and scalability for traditional power system. The concept
goal of the smart electric grid along with the future placement of the PHEVs puts
frontward various encounters in terms of power grid infrastructure, control and
communication [3].In the future, electric-powered vehicles will be plugged into the
grid, and their on board energy storage systems will be recharged using clean,
renewable electricity. If properly managed, plug-in vehicles could be charged
during low demand periods when there is excess capacity on the grid, minimizing
the strain on the grid and obviating major generation and transmission infrastructure
additions [4]. Without proper maintenance and infrastructure facilities, large
number of PHEVs charging will burden the existing grid hence instability of power
grid. There comes the adoption capability issues of PHEVs in smart electric grid
system. The reminder of the paper is systematized as follows: the nest section will
shade light on the definition and characteristics of PHEV, global transportation
scenarios and pollution, role of PHEV in smart electric grid. Next sections describe
the technological challenges followed by future research directions and conclusion.

2 Worldwide Transportation Situations and Pollution

Global climate variation has been getting growing attention lately. However,
minimizing emissions of air contaminants [such as nitrogen oxides (NOx), sulphur
dioxide (SO2) and Particulate Matter (PM)] is a more crucial problem,
predominantly for developing regions. Among all the pollution producing sectors,
the road transport sector is one of the major cause for air pollution. For example,
road transport accounts for 22.5% and 21.2% of total global NOx and PM emissions
in 2000, respectively [5]. More significantly, road vehicle dissipate emissions are
focused on city areas and thus causes health problems. So, both national and inter-
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national steps towards reducing air pollution from road transport should be given
great priority to lessen air pollution and resulting public health damages. As Figure
1 demonstrations, about 96% amount comes from oil, while the rest is from natural
gas, biofuels, and electricity. More than 60% of the oil consumed worldwide comes
from the transportation sector. So, transport electrification is necessary in order
achieve sustainability and shift towards carbon-free technology.
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3 What is PHEV?

A hybrid is defined by Society of Automotive Engineers (SAE) [6] as: “A
vehicle with two or more energy storage systems both of which must provide
propulsion power- either together or independently.” A PHEV has also been
defined by SAE [6] as “A hybrid vehicle with the ability to store and use off-board
electrical energy in the RESS (Rechargeable Energy Storage System)”. Table 1
illustrates the features of transitional electric vehicle types, including mild and full
HEVs, PHEVs-each of which is gradually more electrified and expected to play a
progressively larger role toward shifting a portion of the transportation energy
burden toward other sources and away from tradition fuel like petroleum. Once the
battery is worn-out, the PHEV operates as a conventional hybrid vehicle. From the
table it is clear that, PHEV offers unique grid connection facility with medium on-
board storage.
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Table 1. Structures of Intermediate Electric Vehicles [7]

Electric On-board Grid Linkage Electric
Vehicle Type
Power | Electric Storage Driving
Mild HEV Low Low No No
Full HEV | Medium Low No Very limited
PHEV Medium Medium Yes Limited

4 Role of PHEV in Smart Electric Grid

PHEVs use the electric power grid to recharge their on-board batteries. Because
household charging can overlap with peak demand phases, the probable load on the
electric power grid could be noteworthy. Bi-directional communication between
the power grid and PHEVs can stabilize the cumulative demand essential for
charging by time-shifting demand loads to periods of lower demand, such as during
the night. These two-way communications from a utility’s head-end scheme to
PHEVs at customer premises require both smart metering and smart charging
facilities. For this, smart electric grid is the only solution as it provides bi-
directional flow of power between two loads. There are five important aspects of
PHEV’s role in smart electric grid. These aspects are described in the next few sub-
sections.

A. Charge Scheduling

Charge scheduling deals with proper charging management of PHEVs coming
to the charging infrastructure. The power demand of smart electric grid varies with
the passage of time. If the owners of PHEV charge their on-board electric storage
devices (for example, batteries) in uncoordinated pattern, then it will increase the
peal load demand. Recently, noteworthy research studies have been conducted to
coordinated PHEV charging. A network sensitive linear optimization model was
proposed by Richardson et al. [8] for maximizing overall delivered charging power
electric vehicles while maintaining thermal and voltage limits. A 2-stages
optimization model was developed by Luo et al. [9] to reduce the load fluctuation
and pick load. Some researchers suggested three types of coordinated PHEV
charging approaches to reduce the overall load factor, power losses, in a distribution
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domain. Overall research areas in PHEV charge scheduling are: constructing real
time intelligent algorithms for charging, charging control in the grid, game theoretic
models for coordinated charging and optimal battery charging operation in smart
electric grid environment.

B. Integration of Renewable Energy

Integration of renewable energy sources is a challenge for upcoming smart grid
technologies. Most of the renewable energy sources such as solar and wind rely
considerably on factors like weather. For this, energy produced by renewable
sources tends to be intermittent in nature and have the characteristics like short time
fluctuation. The on-board battery of PHEV plays a significant role in decreasing
this fluctuation of renewable energy production [10]. The smart grid concept deals
with the uncertainty of renewable energy production by scheduling the PHEVs
according to the availability of renewable energy resources. During the pick time
of electricity demand, the PHEV can be charged from renewable energy-based
charging infrastructure hence optimize power production from the traditional grid.

C. Vehicle-to-Grid (V2G)

Plug-in Electric vehicles can be linked into tradition power systems and run with
different purposes such as dynamic loads by drawing power from the power grid
during charging or dynamic energy storage system by feeding power back to the
grid. It is worth mentioning that the latter is referred to as V2G [11]. The interaction
of PHEVs with a power grid is an attractive research topic which has drawn
attention to a number of people in the academia, industry, private and public
research centres. The possibility of PHEV to return back the extra power from its
on-board battery to the grid is the main concept of V2G. As a result, PHEV can be
used for ancillary services, peak load shaving and real-time frequency regulation in
smart electric grid condition. Any vehicle need three (03) main features in order to
perform V2G operation: Power connection capability to grid system,
communication and control devices in order to help grid operators to access PHEV
batteries and smart metering system to track the flow of energy. This V2G
capability will help the vehicle owner to earn money by selling battery power back
to power grid. Various technological steps essential to integrate PHEV into smart
electric grid in an effective manner are yet under development phases. Research
actions and pilot projects initiatives are already in place to facilitate the V2G idea
into reality.

5 Technological Challenges

There are several technological challenges for the implementation of PHEV
friendly smart electric grid. As the traditional power grid serves for general
industrial and household purpose only, this PHEV acts as an extra load to the grid
system hence disturb the power system stability. Proper PHEV load management is
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a challenge for the researchers and success of this vehicle is substantially depends
upon this.Moreover, Atrtificial Intelligence (Al)-based methods like neural
network, fuzzy logic, and metaheuristics are needed to be applied for solving
complicated uncertain problems of PHEV in smart grid. The knowledgeable
researcher should capable to select the suitable algorithm depending on the
problem. Multi-objective optimization techniques can also be applied for a multi-
criteria optimization problems [12]. Optimization methods can only be applied by
creating mathematical objective function with system constraints. Cost and life
cycle of PHEV batteries, complications of chargers are two important challenges as
far as the PHEV storage and charging system is concern.

Lack of proper and adequate charging infrastructure is another issue regarding
PHEV compared to typical fuel station. As a result, uncertainty in energy
management for the driver named as ‘Range anxiety’ develops which restricts the
conventional vehicle owner to switch their vehicle to PHEV ones. Selecting
appropriate place for fast charging station can decrease this range anxiety. Now-a-
days, Inductive charging or contactless power transfer of PHEV is gaining much
attention because of its convenience for the user to charge their vehicles
magnetically. It has some disadvantages such as manufacturing complication, low
efficiency, bulk size and cost.

The price of PHEV is another important issue. Due to complex battery
technology, the price is still high enough compared to traditional vehicle.

6 Future Research Directions

This paragraph suggests future directions of techniques and procedures for PHEV
in smart electric grid. This specific field of research is comparatively new and
possible future outlooks have to be highlighted, so that new techniques can be
comprehended.

(i) Charging infrastructure efficiency is a key performance indicator for successful
penetration of PHEV in smart electric grid. Different sensors are needed for
charging control and automatic detection of State-of-Charge (SoC). So, researches
should design and construct sensors for this purpose.

(i) Computational intelligence based techniques should be applied to solve
numerous mathematical optimization problems in PHEV integrated smart electrical
network [13-14].

(ili) Some of the research fields like smart parking lot design and market
participation strategy previously got little attention. So, researchers should pay
attention to this issue.

(iv) PHEV business model is another field of study where very less research work
has done. Without proper business model it is impossible to implement several
techniques within smart electric grid environment.

(v) Two promising technologies are PHEV and the smart building. The combination
of these two developing technologies embraces great futures in boosting the
reliability of power supply, comfort management and building energy flexibility.
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The overall aim of smart building is to maximize the customer satisfaction with
lowest power consumption.

7 Conclusion

An ever increasing number of PHEVs will drastically change the age old views
of the control and transportation industries, the social atmosphere, and the
commercial world. The transport electrification carries both opportunities and
challenges to existing critical infrastructures. There is still significant amount of
investigation needed before the full version of the electrification of transportation
comes into reality. In this paper, various challenges and adoption issues of PHEV
in smart electric grid are highlighted in order to raise awareness among the
researchers in the field of renewable energy resources. The future research
directions section also suggests some technical measures necessary to be
implemented in order to facilitate the upcoming PHEVs fleet into the road transport
network.
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