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A Novel Single Phase Cascaded Multilevel Inverter
for Hybrid Renewable Energy Sources
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Abstract This paper presents a novel single phase cascaded
multilevel inverter for renewable energy applications. The pro-
posed inverter consists of two H Bridge inverter connected in
cascade. The top H Bridge inverter is a conventional H bridge
inverter and is capable of developing three level output whereas
the bottom H bridge inverter is a novel inverter which is capable
of developing multilevel output. The proposed inverter is driven
from a novel hybrid modulation technique, which eliminates the
problem of capacitor voltage balancing issues. The proposed
novel hybrid modulation technique switches the top inverter
switches at high frequency and the bottom inverter switches at
low frequency. The proposed inverter can be fed from any renew-
able energy source. In this paper, the top inverter is fed from PV
arrays where as the bottom inverter is fed from wind turbine. The
proposed inverter has many advantages such as; it has minimum
number of power electronic devices, minimum conduction and
switching losses, improved ef ciency and minimum voltage stress
on the devices. The proposed inverter fed from renewable energy
sources is simulated in MATLAB/SIMULINK environment. To
validate the simulation results a laboratory prototype is also
built. The entire hardware setup is controlled by using FPGA-
SPATRAN 3A DSP board.

Keywords: Multilevel inverter, Hybrid modulation technique,
Capacitor voltage balancing, PV array and Wind Turbine.

I. INTRODUCTION

ICROGRID research is gaining more and more impor-

tance due to the need of economic usage of electric
power. Nowadays, fossil fuel is the main energy supplier of
the world wide economy, but it is a major cause of ecological
problems (such as global warming, air pollution etc.). The
need of producing more energy combined with the interest in
green energy technologies results in an increased development
of power distribution systems using renewable energy sources
(RES) such as wind energy, solar, hydro, biomass, wave
energy, tidal power and geo thermal energy [1]. Further stress
on the present electrical power system is also increasing,
due to the increase in power demand, limitation on power
delivery capability of the grid, complications in building new
transmission - distribution lines, and leading to blackouts [1].
Developments of power electronic converters along with its
high-performance controllers make it possible to integrate
different types of renewable energy sources to the microgrid.
Different converter topologies as well as control methods
to integrate renewable energies, i.e., wind power and solar
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power, etc., in power grids are surveyed in details in [2]-
[10]. In the cited papers, it can be seen that extensive research
is undertaken to connect renewable energy sources to three-
phase grids using three-phase pulse-width-modulation (PWM)
inverters. In case of medium power microgrid application,
single-phase inverters are gaining popularity [11]-[25]. The
existing literature show that on one hand, the single-phase
inverter is directly connected (through an interfacing choke
coil) to the point of common coupling (PCC) [11] to facilitate
power ow to PCC. On the other hand, the grid (microgrid)
and the loads are also connected to the PCC. In a typical
residential application, the renewable energy is used to reduce
the load power demand from the microgrid.

The energy from the renewable/natural sources tends to vary
throughout the day and hence optimizing the energy capture
is a necessity.For wind turbines (WT) and PV arrays, the
output power is determined by the wind speed and irradiation.
Hence, the control of these systems needs to behave appro-
priately according to the variation of these parameters. For
example, the turbine speed for wind needs to be adjusted for
different wind speeds such that the generated power available
is optimized and the system runs at Maximum Power Point
(MPP).Similarly,the output DC voltage and current of the PV
array systems need to be adjusted in order to run them at
MPP.Numerous types of converters have been used to provide
grid connected renewable energy systems. In PV applications,
DC-DC converters are utilized to regulate the variable and low
quality output voltage of PV panels. A DC- AC converter is
used to generate desired voltage and frequency for the grid
connection. Similarly, AC-DC-AC converter is essential for
the WECS as wind energy is variable.

Due to the rising demand for medium and high power
applications, multilevel inverters (MLI) have been attracting
and growing consideration in variable speed WT and PV sys-
tems recently [3],[4]. Multilevel converters enable the output
voltage to increase without increasing the voltage rating of the
switching devices, so that they offer the direct connection of
renewable energy systems to the grid voltage without using
the expensive and bulky transformers. Various topologies of
multilevel inverter have been investigated in the literature. The
most common types among them are the diode clamped [5],
the ying capacitor [6] [7], the Cascaded H-bridge multilevel
inverters (CHBMLI) [8] [9], modi ed H-bridge multilevel
inverters [10] and the full bridge with cascaded transformers
[11].

Among the various types of multilevel inverter, cascaded
type is more popular especially in particular for grid connected
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Fig. 1. Proposed Cascaded H Bridge Multilevel Inverter.

renewable energy applications due to the following reasons,

1. Individual H bridge can be connected to a separate
renewable energy sources such as PV modules, Wind Turbines,
Fuel Cell stacks etc.

2. Step up transformers are eliminated since the output
voltage level required for grid power injection can be achieved
by DC-DC boost converters and the cascaded connection of
H bridge outputs.

3. The CHBMLI has very less total harmonic distortion
(THD) when compared to three-level based inverters, which
in turn reduces the output Iter size for the compliance of grid
harmonic standards [12].

4. Since this topology allows the connection of indepen-
dent renewable energy sources each dc link voltages can be
independently controlled, the maximum power extraction of a
reduced number of PV modules can be accomplished with the
help of Maximum Power Point Tracking (MPPT) algorithms
[14].

This paper proposes a novel single phase grid connected
multilevel inverter fed from PV arrays and wind turbine cou-
pled permanent magnet synchronous generator (PMSG). The
proposed inverter is switched by hybrid modulation technique.
In order to track the MPP of the PV array and the wind
turbine a novel sliding mode control strategy is used, which
is more accurate and fast in tracking the MPP for varying
environmental conditions.

Il. SYSTEM CONFIGURATION

The proposed single phase eleven level grid connected MLI
is an enhanced version of the inverter developed in [9]. It con-
sists of two inverters connected in cascade (namely upper and
lower inverters). The upper inverter is a conventional H bridge

inverter, where as the lower inverter is the one established
in [9]. Fig 1 shows the circuit con guration of the proposed
multilevel inverter. This proposed inverter con guration has
lot of advantages such as less number of power electronic
devices, power diodes, capacitors and isolated DC sources
when compared with other con gurations and is best suited
for renewable energy applications.

The upper inverter is fed from a PV module through a DC-
DC boost converter and the lower inverter is fed from a wind
turbine driven PMSG through an uncontrolled recti er and a
DC-DC boost converter. The DC-DC boost converter in the
upper inverter is used to track the MPP of the PV module.
The uncontrolled recti er in the lower inverter converts the
AC voltage generated from the PMSG to a DC voltage.
The DC-DC boost converter in the lower inverter is used
to track the MPP of the wind turbine and to convert the
recti ed DC voltage to a high voltage DC. High dc bus
voltages are essential to make sure that power ows from
the PV module and the wind turbine to the grid. A Itering
inductance Lf is used to Iter the current injected into the
grid. Switches SW1 and SW2 are used to disconnect the PV
power generation system and wind energy conversion system
from the grid during islanding operation. The load is placed
between switches SW1 and SW2. By switching the inverter
properly, it can produce eleven output voltage levels from the
DC supplies.

A. Operation of the proposed multilevel inverter

The proposed multilevel inverter con guration is of asym-
metrical type. The magnitude of each DC link capacitor in the
lower inverter is two times the upper H bridge capacitor.(i.e
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term is generated by comparing the aggregate dc-link voltage
to a xed set point, /gt ~and feeding the error to a PI
controller. The aggregate dc voltage command value, V4'ah o,
must be chosen suf ciently higher than the peak grid ac
voltage. The sum of i approx  a@nd iadj then form the peak output
current command i

The second stage of the master controller is designed to
synchronize to the grid and regulate the output current. As
shown in Fig. 1 and Fig 7, the measured grid voltage is
utilized by a phase-locked-loop (PLL) to generate a sinusoidal
reference, sin ('t ), which is in phase with the grid voltage.
Here it is assumed that operation at unity power factor is
desired. The PLL is conventional, as outlined in [27]-[32],
for the proposed application. A sinusoidal current reference
is created by multiplying the peak current command with sin
(). Lastly, a conventional current controller can be used to
generate the system level modulation signal, Msy s, which
then goes to the both the local controllers.
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Fig. 10. Inverter output voltage with modulation index of 0.95 (a) Simulation
(b) Experiment.

B. Local Controller

The collection of two local controllers is shown in Fig. 9.
The primary purpose of each controller is to regulate the dc-
link voltage of its respective sub-inverter. As shown, each dc-
link voltage is compared to a xed dc reference, V ;' and
V,55! This voltage reference is related to the aggregate dc-link
command by
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Fig. 11. Total, Upper and Lower Inverter voltage along with load current of
the proposed CHBMLI (a) Simulation (b) Experiment.

The output of the 1st and 2nd PI controller is then multiplied
by the master modulation signal,Msy s, to create the local
modulation signal M; and M,. Ultimately, the local mod-
ulation signals and interleaved carriers are used to generate
PWM signals which control both H-bridge inverters. As the
modulation signal, M 1, is decreased in amplitude, the output
power of the 1st sub-inverter decreases and the upper dc link



