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I INTRODUCTION

One of the main priorities of the UK Government is to reduce its GHG emissions by at least 34% by
2020 and 80% by 2050 from 1990 levels, according to the Climate Change Act (2008). The Carbon Plan
(December 2011) outlines the actions that needed to be taken in order for the government to achieve the
emissions reductions that it is committed to [1]. The UK transport sector has a crucial role to play in
meeting the targets since it heavily relies on fossil fuels and due to the significant increase in the number of
personal automobiles through the years. Therefore, transport is a major source of greenhouse gas emissions
which contribute both to poor urban air quality but also to climate change. According to the Department
of Transport (DfT) [2], domestic transport rose to 22% of all UK greenhouse gas emissions in 2009, while
just over 90% of these emissions come from road transport as it can be seen in Figure 2.

Figure 1: UK GHG, 1990-2009 [2] Figure 2: UK transport GHG by mode, 1990-2009 [2]

Therefore, with the increased concern about the environment, the existence of sustainable low-carbon
transportation is of great importance. Hence, the use of electrically-driven vehicles is essential since they
are more energy efficient and eco friendly compared to conventional vehicles which are powered by internal
combustion engines (ICEs) running on fossil fuels [3]. There are three main categories of electric vehicles
(EVs): fully electric/ battery EVs (BEV), fuel cell EVs and hybrid EVs (HEV). Battery and fuel cell EVs
use only an electric motor while hybrid vehicles have both an internal combustion engine and an electric
machine as power sources. Plug-in hybrid electric vehicles (PHEV) is a subcategory of HEVs and their main
differences are that PHEVs have a larger battery pack and a larger-sized motor compared to HEVs and also
have a plug in order to be charged from the grid [3], [4], [5].

The use of battery powered and plug-in hybrid electric vehicles is expected to grow rapidly the coming
years because these vehicles enable the usage of renewable energy resources as it can be seen in Figure 3, and
consequently the reduction of fossil fuel dependence as well as contribute to energy savings and the reduction
of carbon emissions and urban pollution [6]. On the other hand, the introduction of EVs to electricity grid
entails important impacts depending on their battery charger characteristics which will determine the load
charging requirements, the amount of EVs that are connected to grid and the period of time the charging
is taken place. Thus, both the challenges and the opportunities for the electric power system resulting from
the penetration of EVs should be examined.
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Figure 3: A sustainable transportation model based on the different types of sources of energy, energy carriers, and types of
vehicles [3]

II IMPACTS OF BATTERY CHARGING

Electrification of transportation is going to have a direct effect on both existing power generation and
distribution networks. Electric vehicle charging results in a rise in electricity demand and as a consequence
existing generation levels will be increased. In the case that a very high number of EVs enterprise to
charge simultaneously or overall long-term demand increases further, the electricity grid is likely to be under
considerable stress. Some countries will be able to handle the added stress from EVs, while other countries
will face severe issues with security of supply [7].

As for Great Britain, a recent study [8] has examined the impacts on generation system in 2030 when
there is going to be a considerable EV penetration in the market and has concluded that the system will
cope with the additional demand. More analytically, the generating capacity and the maximum simultaneous
demand in GB in 2030 are forecasted to be 120 GW and 67.5 GW respectively. Based on the research, under
uncontrolled charging, the projected increase in peak demand, due to a low EV penetration, will be equal
to 3.2 GW. Given that the load factor will remain 67 per cent, equal to that in 2008, the GB system will be
able to match supply and demand, as it can also be noticed in Figure 4, and no further measures are needed
to be taken regarding the generation capacity on the country.

Figure 4: Results of Low EVs penetration in GB and Spanish generation systems. [9]

Consequently, the impact on energy demand is not severe in all cases at the national level. At the same
time, even under low EV penetration, localised concentrations can be significantly high. Therefore, the
impacts on distribution networks are possible to entail major upgrades in grid infrastructure. The main
challenges that the distribution system needs to face are related to thermal overloads, voltage regulation and
power losses. The impacts also depend on clustering which can be appeared even in case of small customer
EV adoption rates [10]. A case study for UK distribution networks in 2030 [11] has shown that residential
charging of EVs leads to an overload of the distribution transformer during winter time regardless the
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penetration level. In addition, tests on underground LV cables resulted that 185mm2 cables get overloaded
for both low and high EVs penetration levels. As for the voltage, although the profile of feeders is modified,
it mainly remains within the accepted limits and only drops below 0.94p.u. in winter under high EVs
penetration. Finally, there is, generally, an increase in power losses in any rise in EVs uptake.

III CONTROL STRATEGIES REGARDING BATTERIES’ CHARGING PERIODS

Electricity demand varies hourly and seasonally. An example of a typical daily load profile in UK for
both winter and summer is presented in Figure 5(a). It is obvious that peak demand occurs during evening
time in winter. From that point onwards, the demand decreases slowly and then at a higher rate till after
midnight [12]. The demand increases rapidly during the morning and then it reaches almost a plateau.
According to Yang and McCarthy [13], the period of the day that the EV charging is taking place is very
crucial since it determines whether the use of EVs is beneficial or worsens the impacts on the grid.

A commonly held assumption is that, under no control regarding when charging occurs or without any
incentive to influence consumer behaviour, users will charge their vehicles as soon as they return back home
from work at around 6p.m. [12], [14]. Therefore, charging coincides with the pre-existing peak demand and
an even higher point is observed in daily load profile. As a result, this uncontrolled charging is very likely
to affect supply/demand matching, especially in case of high EV penetration, and to lead to significant
upgrades of distribution infrastructure which will possibly increase the electricity cost. This seems to be the
worst case scenario.

(a) (b)

(c) (d)

Figure 5: UK Winter load curve and three different scenarios for EV charging [12]
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Two different scenarios that allow high EV penetration without resulting in such grid problems are off-
peak charging and smart charging. Off-peak charging, according to Putrus et al. [12], assumes that the users
delay the initiation of the charging due to incentives for off-peak use and they plug their vehicles at 1:00a.m.
and unplug them at 7:00a.m.. As it can be observed in Figure 5(c), there are improvements in the daily
load profile since charging is concentrated in periods of low demand. Therefore, the impact on distribution
network decreases. However, a peak still exists after midnight under high EV penetration level which can
lead to voltage drops [5].

Smart charging refers to phased charging over off-peak hours [12]. In this way, the daily load profile tends
to be a flat line. Thus, smart charging is the optimal scenario because the highest number of vehicles can
be connected to the grid without causing any additional stress. In addition, the fact that the load is more
uniformly distributed and there are less peak periods results in less power losses [5]. Finally, since marginal
generation cost is low during night and the network cost remains the same, electricity consumers are going
to be benefited from lower charging costs [15].

IV V2G CONCEPT

Renewables have a crucial role to play in meeting the carbon reduction obligations and hence renewable
power generation is expected to continue its rapid growth over the coming years. However, the intermittency
of renewable energy entails the need of back up when the renewable source is insufficient and storage when
the power is available in abundance. The integration of electric vehicles into the grid can greatly contribute
to the deployment of a higher number of intermittent renewable generators through smart metering [16].
This means that EV charging will be scheduled when renewable output is high in order to absorb excess
generation supply. In parallel, a recent study [17] regarding the effects of EV charging on UK distribution
networks with distributed generation (DG) shows that the combination of smart metering and high DG
penetration result in further decrease of EV impacts on distributed infrastructure.

Additionally, electric vehicles can be used not only as loads but also as generating sources since they
can release the electricity, which they have absorbed, back to grid when there is too much load in the
system. This concept is known as Vehicle - to - Grid (V2G) [18] and is characterised by a ”two-way” flow of
electricity as it can be seen in Figure 6 [19]. Therefore, electric vehicles can be used as renewables backup
every time that the renewable output is low. The main advantages of this scenario are a decrease in overall
electricity generation since there is less need of standby power supply, a parallel decrease of the costs related
to the integration of intermittent power on the grid and reduction of GHG emissions due to less fossil fuel
generation [13].

Figure 6: An illustrative schematic of proposed power line and connections between vehicles and the electric power grid [19]
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As a consequence, the role of the V2G is of great importance taking into consideration the increasing
support for electricity from intermittent renewable energy sources [20]. On the other hand, there is some
concern about the V2G implementation. The utilization of the energy, which is transferred, depends not only
on the supply capacity control to and from the grid but also on the number of the vehicles connected to the
grid. This number is directly dependent on the willingness of users to participate in V2G concept and the
probability of participation seems to be decreased since the frequent recharging means a reduced battery life
and the users are not convinced that their vehicles are going to be charged whenever they need them [7], [15].
Therefore, in the short term, the EVs tend not to be the solution for large scale storage of overage generation
from renewable energy. An alternative solution in this case is the ”Vehicle to House” concept according to
which EVs can be used as a ancillary supply contributing to the reduction of the demand on the grid to the
house or as a backup in case of power outage [15].

References

[1] V. C. Agency, “Cars and carbon dioxide.” http://www.dft.gov.uk/vca/fcb/

cars-and-carbon-dioxide.asp, October 2013.

[2] U.K. Department of Transport, “Transport energy and environment statistics 2011,” pp. 2–4, 2011.

[3] C. Mi, M. A. Masrur, and D. W. Gao, “Hybrid electric vehicles: Principles and applications with
practical perspectives,” pp. 1–4, Wiley.com, 2011.

[4] K. Clement-Nyns, E. Haesen, and J. Driesen, “The impact of charging plug-in hybrid electric vehicles
on a residential distribution grid,” Power Systems, IEEE Transactions on, vol. 25, no. 1, pp. 371–380,
2010.

[5] J. Lopes, F. Soares, and P. Almeida, “Integration of electric vehicles in the electric power system,”
Proceedings of the IEEE, vol. 99, no. 1, pp. 168–183, 2011.

[6] J. Larminie and J. Lowry, Electric Vehicle Technology Explained. Wiley, 2012.

[7] CE DELFT and ICF and ECOLOGIC, “Impacts of electric vehicles - Deliverable 3, Assessment of the
future electricity sector,” Delft, 2011.

[8] P. Papadopoulos, O. Akizu, L. M. Cipcigan, N. Jenkins, and E. Zabala, “Electricity demand with
electric cars in 2030: comparing great britain and spain,” Proceedings of the Institution of Mechanical
Engineers, Part A: Journal of Power and Energy, vol. 225, no. 5, pp. 551–566, 2011.

[9] L. Cipcigan, Grid Integration of Electric Vehicle. Cardiff University.

[10] A. Maitra, Preparing the Distribution Grid to Embrace Plug-in - Electric Vehicles. Electric Power
Research Institute (EPRI).

[11] P. Papadopoulos, S. Skarvelis-Kazakos, I. Grau, B. Awad, L. Cipcigan, and N. Jenkins, “Impact of res-
idential charging of electric vehicles on distribution networks, a probabilistic approach,” in Universities
Power Engineering Conference (UPEC), 2010 45th International, pp. 1–5, 2010.

[12] G. Putrus, P. Suwanapingkarl, D. Johnston, E. Bentley, and M. Narayana, “Impact of electric vehicles
on power distribution networks,” in Vehicle Power and Propulsion Conference, 2009. VPPC ’09. IEEE,
pp. 827–831, 2009.

[13] C. Yang and R. McCarthy, “Electricity grid: Impacts of plug-in electric vehicle charging,” pp. 16–20,
EM Magazine, Air and Waste Management Association, 2009.

[14] C. Camus, J. Esteves, and T. Farias, “Integration of electric vehicles in the electric utility systems,” in
Electric Vehicles - The Benefits and Barriers, pp. 135–139, 2011.

5



[15] Arup and Cenex, Investigation into the Scope for the Transport Sector to Switch to Electric Vehicles and
Plug - in Hybrid Vehicles. Department for Business Enterprise and Regulatory Reform and Department
for Transport, 2008.

[16] W. Su, H. Eichi, W. Zeng, and M.-Y. Chow, “A survey on the electrification of transportation in a
smart grid environment,” Industrial Informatics, IEEE Transactions on, vol. 8, no. 1, pp. 1–10, 2012.

[17] P. Papadopoulos, S. Skarvelis-Kazakos, I. Grau, L. Cipcigan, and N. Jenkins, “Predicting electric ve-
hicle impacts on residential distribution networks with distributed generation,” in Vehicle Power and
Propulsion Conference (VPPC), 2010 IEEE, pp. 1–5, 2010.

[18] W. Kempton, V. Udo, K. Huber, K. Komara, S. Letendre, S. Baker, D. Brunner, and N. Pearre, “A
test of vehicle-to-grid (V2G) for energy storage and frequency regulation in the pjm system,” Univ. of
Delaware, Tech. Rep, 2008.
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