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Abstract Plug-in hybrid electric vehicles (PHEVs) are
becoming more popular. The batteries of these electric vehi-
cles may be charged from a standard outlet at home. These
extra electrical loads have several impacts on distribution
networks. This paper presents a methodology to quantify the
impact that charging of different penetration levels of PHEVs
may have on the security of distribution network. The net-
work security is reflected through the well-known N-1 con-
tingency analysis before and after charging PHEVs at home.
The proposed methodology is applied to a realistic distribu-
tion network. The results show that network security may be
remarkably degraded as the penetration of PHEVs increases.
However, the extent of network security degradation largely
depends on the charging period of PHEVs. As revealed by
the results, daytime charging, from hour 06:00 to 14:00, may
have the most adverse effect on the network security.
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1 Introduction

The fast technological developments in the automotive sec-
tor, together with the growing environmental concerns and
the increase of oil prices, have triggered the appearance of
vehicles with diversified energy sources. This is the case of
plug-in electric vehicles (PEVs). Basically, these vehicles
have two models: pure battery electric vehicles (BEVs) and
plug-in hybrid electric vehicles (PHEVs), which essentially
work with a combination of two power sources, i.e., batter-
ies and gasoline. The latter are an extended version of cur-
rent hybrid electric vehicles including a battery with larger
autonomy and able to connect to the distribution network to
be charged [1].

The charging of PHEVs has several impacts on distri-
bution networks because these vehicles consume a large
amount of electrical energy and this extra demand of elec-
trical power can lead to large and undesirable peaks in the
electricity consumption [2]. In the literature, much effort has
been devoted to the study of PHEVs charging impacts on
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