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Abstract— This paper focuses on advancement and development of power converter technology in PV systems generally
used in grid connected residential setup. Grid-connected PV systems play a key role in power systems, which are connected
by power electronics converters. The conventional inverters with transformers connected in PV grid-tied generation system
are now being replaced by transformerless inverter. Thus this paper gives an overview on inverter technologies available for
connecting solar photovoltaic (PV) modules to a single-phase utility grid. Various transformerless inverter topologies are
presented, compared, against demands, lifetime and operations. Finally, a topology is picked out and suggested to be most
suitable for single PV module used in residential application.
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I. INTRODUCTION
Nowadays, the invention and development of new energy sources are being continuously enhanced which in turn makes
renewable energy sources to become a more important contributor to the total energy consumed in the world. Traditional power
generations that are on a basic of fossil fuel resource are considered to be unsustainable in long term national strategies. This
has been one of the main driving forces for an increasing installation of renewable energies like wind power, solar Photovoltaic
(PV) power, hydropower, biomass power, geothermal power, and ocean power, etc. into the public grids [1], [2]. Among the
major renewable energy resources, photovoltaic (PV) power supplied to the utility grid is gaining more and more visibility,
while the world’s power demand is increasing [3]. Not many PV systems have as yet been unified into the grid due to the
relatively high cost as compared with other traditional energy sources. This paper starts with an examination of the total
renewable energy installed capacity in India and the year-wise targets of grid connected rooftop solar system. This is followed
by the discussion on power converter technology for PV system, demands for the inverters, the requirement of grid-tied system,
the PV modules, and the operators. Next follows an overview of some existing power inverter topologies for interfacing PV
modules to the grid. The approaches are further discussed and evaluated in order to recognize the most suitable topologies for
residential grid-tied PV inverters, and, finally, a conclusion is given.
II. TOTAL RENEWABLE ENERGY INSTALLED
A. Capacity:
India is fourth largest energy consumer in the World, which is mainly due to its population growth and economic development.
The Government of India proposed to launch its Jawaharlal Nehru National Solar Mission under the National Action Plan on
Climate change with plans to generate 1,000MW to 20,000 MW grid-based solar power and 2,000 MW of off-grid solar power
[3]. The Mission aims to achieve grid parity (electricity delivered at the same cost and quality as that delivered on the grid) by
2020. The Table(1) below gives the detail of the total renewable energy by installed capacity in India as of 30 Nov 2015, MNRE
India[4].
The Ministry of New and Renewable Energy has released the year-wise, state-wise target for rooftop Solar. According
to revised target, government has raised the solar targets to 100 GW by 2022, and rooftop solar will contribute 40 GW to the
revised target. Fig(1) shows the year wise target of solar rooftop power generation in MW as on 30th June 2015, MNRE India.
Source
Total Installed Capacity (MW)
Wind Power

24759.32

Solar Power(SPV)

4684.74

Small Hydro Power

4161.9

Biomass Power

4550.55

Waste to Power

127.08
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Total

38,283.59

Table 1: Renewable energy by installed capacity in India

Fig. 1: Year-wise Target for grid connected rooftop solar system.
III. POWER CONVERTER TECHNOLOGY FOR PV SYSTEM
Photovoltaic (PV) power generation has become one of the major approach to the use of solar energy and the distribution
generation system are normally interfaced to the grid through power electronic converters or inverter [5] as shown in Fig(3),
each of the grid-connected concepts consists of series of paralleled PV panels or strings, and they are configured by a couple
of power electronics converters (DC-DC converters and DCAC inverters) in accordance to the output voltage of the PV panels
as well as the power rating. [6].
A. Grid-tied photovoltaic inverter:
PV systems are modular by nature and can therefore be implanted in a wide power range. There are mainly four configuration
concepts[2],[3],[6],[7] available to organize and transfer the PV power to the grid, as it is shown in Table(2).
The main norms that grid connected inverters have to comply with are:
 Total Harmonic Distortion (THD) and individual harmonic current levels
 Power factor (PF)
 Level of injected DC current
 Voltage and frequency range for normal operation
 Detection of islanding operation (islanding or non-islanding functions)
 Automatic reconnection and synchronizing
 Grounding of the system
B. Requirement of Grid-tied system:
The PV system connected to the grid requires two distinct tasks, one of which is to ensure that the solar panels are operated at
MPP and the other is that the injected current must be sinusoidal which has to satisfy some specific standards[8]. Grid-connected
solar PV system feed solar energy directly into the building loads without battery storage. Surplus energy if any is exported to
the grid and shortfall, if any, is imported from the grid.
C. Sytem components and Capacities:
A grid-tied solar PV system consists of the following components.
 Solar PV array
 Solar Grid inverter
 Filter
 Protection devices
 Cables
The size of a solar PV system in India depends on the 90% energy consumption of the building and the shade-free
rooftop area available. The recommended inverter capacity in KW shall be in a range of 95% - 110% of the solar PV capacity.
The PV generates DC voltage; thus, it requires a converter to convert into a voltage of corresponding amplitude at the main
frequency for feeding it into utility grid.
The inverters role in grid-tied PV system is to be the interface between two energy sources: the PV module and the
utility grid. Since the role of the inverter is to convert DC power of PV module into AC power for integration into utility grid,
it is responsible for power quality that needs to be satisfied by the requirement of different standards. Depending on the galvanic
isolation between the PV module and the grid, the PV inverter can be categorized as isolated or non-isolated. The galvanic

169

Single Phase Transformer less Grid Connected PV Inverter
(IJSTE/Conf/NC-RMSCR /2017/035)

isolation between the PV module and the grid can be observed by using a line frequency transformer or a high frequency
transformer that adjusts converter DC voltage[9],[10].

(a)
(b)
Fig. (2): Grid connected PV system inverter (a)low frequency (LF) transformer (b) high frequency (HF) transformer

Fig. 3: Grid connected PV system with Transformer less inverter.
Converters including a transformer either use a low-frequency transformer or a high-frequency transformer. Lowfrequency transformers are identified as poor components due to increased size, weight, and prize. Converters with highfrequency transformers include various power stages and are understood as pretty complex. A higher efficiency, smaller size
& weight and a lower price for the inverter is possible in case the transformer is omitted. Transformerless concept is
advantageous as it increases the efficiencies of the system which reaches up to 97%– 98%, which is highly attractive for
distributed power generator systems[11].
To increase the efficiency and reduce the size and cost of grid connected power systems, the most competent remedy
is to remove the isolation transformer. But it leads to the inception of common mode leakage current as the parasitic capacitance
is present between the PV panel and the ground. The common-mode leakage current flows via parasitic capacitance of the panel
to the system which is not desired to be energized. It causes personal safety issues, degradation in panels, system losses, reduces
the grid-connected current quality and induces the severe conducted and radiated electromagnetic interference [13]. To
overcome the this drawback of the transformerless inverter, bipolar and unipolar sinusoidal pulsewidth modulation is employed
with a combination of half-bride or full-bridge inverter [9],[10],[11].
Another major concern related to the system is that the inverters must also be able to detect an islanding situation, and
take appropriate measures so as to avoid damage to persons and equipment [14]. Islanding is a condition when the energy
resource continues to supply to the load even when the utility grid has been removed on purpose, by accident, or by damage. In
other words, islanding mode of operation causes the grid to be disconnected from the distribution generation [15].
IV. INVERTER TOPOLOGIES
Inverters can have one or more stages according to the levels of power conversion. Generally single-phase systems are most
commonly used in the private sector or residential application. The majority of such PV systems can have up to 5KW and are
roof mounted with a fixed tilt and a southward orientation [12]. Taking into consideration the presented scenario, highly efficient
single-phase inverter topologies that will most likely reach a high level of efficiency at low cost are the ones established by a
single-stage transformerless inverter. Fig(4) gives a detailed layout of the different transformerless inverter topologies[24][25].

Fig. 4: Transformerless inverter topologies
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A. Zero state decoupled topologies:
1) H5 topology:
This inverter basically consists of a full-bridge along with an extra switch, as shown in Fig 4(a).This type of topology is similar
to the already presented single-phase chopping and, hence, have some of its advantages in common. This inverter topology
applies unipolar-SPWM to operate this inverter with three-level output voltage .During the positive half cycle current flows
through S1, S4, S5 and switches S4 and S5 are commutated with switching frequency. The zero voltage vectors are achieved
when S4 and S5 are turned off and the freewheeling current flows through S1 and the body-diode of S3. In the negative half
cycle, S5 and S2 are switched with switching frequency and the freewheeling current flows through S3 and the body-diode of
S1. One of the major drawback of this topology are the higher conduction losses due to the series association of three switches
during the active phase, and operation with reactive power is possible only with modified switching strategy characterized by
increased losses.

Fig. 4(a): H5 inverter topology

Table 2: Comparison of inverter configuration concept
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Fig. 4(b): HERIC inverter topology
2) HERIC topology:
This topology is as shown in fig 4(b), to obtain higher efficiency it combines the advantages of three-level output voltage given
by the unipolar PWM, but still there exists the common-mode behavior as in case of the bipolar PWM, as in [9][17] the Highly
Efficient and Reliable Inverter Concept (HERIC).The bidirectional switch consists of two insulated-gate bipolar transistors
(IGBTs) and two diodes (S5 and S6). During the positive half cycle of the load voltage, S6 is switched on and is used during
the freewheeling period of S1 and S4. On the other hand, during the negative half cycle, S5 is switched on and is used during
the freewheeling period of S2 and S3. This way, the zero-voltage state is accomplished by short-circuiting the output of the
inverter, during which period the PV is separated from the grid, because S1–S4 or S2–S3 are turned off. The output voltage of
the inverter has three levels and the load current ripple is very small, although, in this case, the frequency of the current is equal
to the switching frequency. The inverter generates no common-mode voltage; therefore, the leakage current through the
parasitic capacitance of the PV would be very small as compared to other topology.
3) Improved H6 topology:
A H6-type MOSFET inverter topology is proposed in [18] where the low effective IGBT’s are replaced by MOSFET
as shown in Fig6(c). For this topology unipolar-SPWM is implemented with three-level output voltage. During the positive half
cycle of grid current, the switch S1 and S4 are turned off ,the freewheeling current flows through S5 and D1. During the negative
half cycle, switch S2 and S3 are turned off and current flows through S6 and D2.The indicated peak efficiency and European
efficiency of H6-type MOSFET inverter on 300 W prototype circuit with 180 V DC bus voltage and 30 kHz operating frequency
were 98.3% and 98.1%, respectively [18,19]. The grid current flows through three switches during the active mode; as a result,
conduction losses still prevail in the system. Another concern is that the anti-parallel diodes of MOSFETs will be activated if a
phase shift occurs between the inverter output voltage and current. As a result, the system is less dependable due to the low
reverse recovery issues of MOSFETs anti-parallel diode.
B. Zero state mid-point clamped topologies:
1) H6 topology:
This topology consists of six switches and two diodes as illustrated in fig 4(c).Replacing the switch S5 of the H5 inverter with
two split switches S5 and S6 into two phase legs and adding two freewheeling diodes D5 and D6 for freewheeling current
flows, the H6 topology was proposed in [12]. During positive half cycle switch S1 and S4 are on, S5 and S6 commutate at the
switching frequency together with switch S5 and S6. During negative half cycle S2 and S3 are on and switch S5 and S6
commutate at switching frequency together with switch S5 and S6. The switching losses of this topology is lower than those of
the bipolar PWM full bridge and can be to some extent similar to those of unipolar PWM full bridge[26]. The H6 inverter can
also be implemented using MOSFETs for the line frequency as switching devices, eliminating the use of less efficient IGBTs.
The fixed voltage conduction losses of the IGBTs used in the H5 inverter are avoided in the H6 inverter topology which inturn
improves efficiency; however, there are higher conduction losses due to the three series-connected switches in the current path
during active phases. Another disadvantage noted in the H6 inverter topology is that when the inverter output voltage and
current has a phase shift the MOSFET body diodes may be activated. This can effect in body diode reverse-recovery issues and
decrease the reliability of the system.
2) HB-ZVR topology:
Full bridge inverter topology with AC bypass has been proposed in [12] called H-Bridge Zero Voltage Rectifier (HB-ZVR)
topology, where the short circuited output voltage is clamped to the mid-point of the DC bus during freewheeling period through
a diode rectifier and one bidirectional switch. In order to oppose the lower DC link capacitor from short circuiting, an extra
diode is added as shown in Fig4(e). It can be stated that the principle of operation of HB-ZVR inverter topology is very similar
to the HERIC topology. The gate pulse of switch S5 during the positive half-wave is the opposite of the gate pulse of switches
S1 and S4, with a small dead time to neglect short circuit of the grid [12]. During the negative half wave, switch S5 is controlled
using the opposite gate pulse of switches S2 and S3 and creates zero-voltage state by short-circuiting the output of the inverter
and clamping them to the mid-point of the DC bus. The clamping function of this topology has been achieved using diode D5,
which allows one-directional clamping only if the freewheeling path has a higher potential than the mid-point voltage of the
DC link. As a result, CM voltage fluctuation could be monitored when the reverse condition is occurred. Disadvantage of this
inverter topology is the necessity of dead time which increases the distortion of the output current.
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3) PN-NPC topology:
The neutral point clamped (NPC) topology is an excellent research for the grid-tied PV system [20,21]. There are basically two
kinds of switching cells, the positive neutral-point clamped cell and the negative neutral-point clamped cell to develop NPC
topology, called as the PN-NPC topology which is illustrated in Fig.4(f). The working principle of this topology is similar to
that of the H6 topology. During freewheeling period, the short circuited output voltage is directly clamped to the half of DC
input voltage through S7 and S8. Consequently, the CM voltage is kept constant at VPV/2 and the leakage current is also low.

Fig. 4(c): H6- MOSFET topology
The PN-NPC inverter has three-level output voltage with magnificent DM characteristics. The main drawback of the
PN-NPC topology is the use of higher number of switches which leads to more complexity. Another drawback is that the
inductor current flows through four switches in the positive half cycle of grid current; thus, higher conduction losses are also
present in this topology

Fig. 4(d): H6 topology

Fig. 4(e): HB-ZVR inverter topologies

Fig. 4(f): PN-NPC inverter topology
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C. Solidity clamped topologies:
1) NPC three-level VSI:
The neutral point clamped half-bridge topology is the multilevel-based topology for single phase operation. This type of
topology is mostly used in high power motor drive applications. In recent times, many research work have been done and some
are still going on and lately an NPC topology has been proposed in [20] for single phase operation to be used in the grid-tied
PV system. It consists of four switches S1–S4 and two diodes D1–D2 to clamp the mid-point voltage as illustrated in Fig4(g).
The use of the clamping diodes is to provide the freewheeling path for the output current during the freewheeling mode, resulting
in the 0V output state [20]. The principle of operation of this topology is very similar to that of the half-bridge topology, but
the efficiency is greater and current ripple is less[23]. Moreover, the high frequency CM voltage is kept constant; thus in return
the leakage current is minimized. The major drawback of this topology is the necessity of higher input voltage 800 V if
compared with the FB topology. Therefore, it requires high capacity bank of capacitor, which is another additional disadvantage
of this topology
2) Dual-parallel-buck topology:
A solidity clamped transformerless topology in [7] called dual-parallel-buck converter as shown in Fig4(h). This topology has
been derived to get reverse power flow. The negative output of PV module is directly connected to the neutral of the inverter
during the positive half cycle as well as to the phase during the negative half cycle. Thus, high frequency CM voltage oscillation
is minimized, resulting in low leakage current[22]. The inductor current flows through two switches in the active mode; thus
the conduction loss is reduced. The reported maximum efficiency and European efficiency for a 4.5 kW prototype circuit with
16 kHz switching frequency were 99% and 98.8%, respectively. The main disadvantage of this topology is that the grid will be
short circuit if no dead time is present between switches S3 and S4 through which the grid is directly connected. At the moment
of zero crossing, a dead time of 500 mS has been added that may increase the distortion of the output current and reduce the
reliability of the topology

Fig. 4(g): NPC inverter topology

Fig. 4(h): DLL inverter topology
V. CONCLUSION
Transformerless PV grid-connected inverters for residential applications are the devices on the market with the fastest growth
and development. Transformerless inverters offer better efficiency, compared to those inverters that have a galvanic isolation.
But, in case the transformer is omitted, the generated common-mode behavior of the inverter topology greatly influences the
ground leakage current through the parasitic capacitance of the PV array. This paper has reviewed the different transformerless
PV inverter topologies presently available. The principle of operation, advantages and disadvantage of different inverter
topologies have been discussed. For residential system the power required is relatively low as compared to industrial system
and other system. Thus the most suitable inverter topology would be H6 topology which has two input capacitor, 400 VDC, six
switches, two diodes, transistor voltage and number of switches , 600 (2) 1200 (4), the leakage current is also very low and the
efficiency is 97.4%
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