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a b s t r a c t

Grid-tied inverters are the key components of distributed generation system because of their function as
an effective interface between renewable energy sources and utility. Recently, there has been an
increasing interest in the use of transformerless inverter for low-voltage single-phase grid-tied
photovoltaic (PV) system due to higher efficiency, lower cost, smaller size and weight when compared
to the ones with transformer. However, the leakage current issues of transformerless inverter, which
depends on the topology structure and modulation scheme, have to be addressed very carefully. This
review focuses on the transformerless topologies, which are classified into three basic groups based on
the decoupling method and leakage current characteristics. Different topologies under the three classes
are presented, compared and evaluated based on leakage current, component ratings, advantages, and
disadvantages. An examination of demand for the inverter, the utility grid, and the PV module are
presented. A performance comparison in MATLAB/Simulink environment is done among different
topologies. Also an analysis has been presented to select a better topology. Finally, based on the analysis
and simulation results, a comparison table has been presented. Furthermore, some important experi-
mental parameters have been summarized.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The conventional generation systems such as coal fired, gas and
nuclear power as well as hydroelectric dams are centralized and
often require electricity to be transmitted over long distances. The
security and stability of the conventional electrical power system
are under threat due to a number of blackouts caused by chain
failure [1] and electric grid ruptures caused by extreme weather
[2]. In contrast, distributed energy resources such as solar power,
wind power, biomass, and biogas are decentralized, modular and
more flexible. As well, these energy sources have the advantage
that the power is produced in close proximity to where it is
consumed [3,4]. This way the losses due to transmission lines can
be reduced. In addition, the constant consumption of fossil fuels is
leading to energy crisis and increasing environmental pollution
problems. Therefore, the distributed energy resources, particularly
PV and wind power basis [5], have achieved great response in
current years to meet the world energy demand and become the
important alternatives of traditional power sources [3,4,6].

Among a variety of renewable energy sources, PV is predicted
to have the biggest generation, up to 60% of the total energy by the
end of this century [7,8], because the energy which is converted
into electrical energy is the light from the sun, which is free,
available almost everywhere and will still be present for millions
of years long after all non-renewable energy sources have been
depleted [7,9]. Though the PV module is still expensive, due to the
large-scale manufacturing it is becoming increasingly cheaper in
the last few years. In addition, the PV module has no moving parts,
which have made it a very robust, long lifetime and low main-
tenance device. Based on the newest report of International
Energy Agency (IEA) on installed PV power, the milestone of
100 GW PV system all over the world was achieved at the end of
2012, and increased to 140 GW at the end of 2013 which is shown
in Fig. 1 [10].

Fig. 2 shows the share of grid-tied and off-grid PV installation.
It can be seen that the off-grid market can hardly be compared
with the grid-tied market. The evaluation of the share of grid-tied
PV market per region from 2000 to 2013 is shown in Fig. 3. Though
Asia started to dominate the market in the early 2000, after 2004 a
great development can be seen in Europe. While Europe and Asia
presented a major part of grid-tied PV installation globally in 2013,
the Middle East & Africa started to grow in 2012 and 2013.
However, for grid-tied PV system, the power electronic technology
plays an important role in the integration of PV energy sources

Fig. 1. Evaluation of PV installation [10].

Fig. 2. Share of grid-connected and standalone PV installation [10].
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