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Multi-Level Inverter with Simplified Control
Strategy for Distributed Energy Resource
Integration with Distribution System

K. Narasimha Rao” and K.S. Srikanth™

Abstract: Distributed generation (DG) provides stability to system reducing the power generation from plants running
with fossil fuels. With the advancements in power electronics, integration of distributed generation became simple and
cost effective. This paper illustrates the scheme of integrating of photo-voltaic (PV) system as distributed generation
to micro-grid. PV system is integrated to grid with three-level inverter and five-level cascaded H-Bridge inverter to
invert the type of supply synchronized to grid. Inverter will be controlled with simple current control strategy. Results
were presented for the proposed work considering cases like DG sending only active power and DG injecting both
active and reactive power through three-level and five-level inverter topologies. Total harmonic distortion in source
current and voltage of grid reduce when using multi-level topology. Rate of change in voltage also reduces resulting
in reduced filters when level at output of inverter is increased. Objective of paper is to send power to distribution
system and hence only injection concept is presented in this paper and no load on distribution grid side is considered.

Keywords: Distributed generation (DG), integration, photo-voltaic (PV), three-level, five-level.

1. INTRODUCTION

Micro-grid structure is phenomenal in the area of power systems possibility with the advancements in power
electronics. Micro-grid is a smallest version of general power grid involving with and without synchronizing
to main grid. Traditional main grids comprises of transmission and distribution of power generated to loads,
but micro-grid gives very less proximity of generation to load increasing the system efficiency and reducing
losses. Micro-grid involves in providing generation, local reliability, storage management and stability to
local area where micro-grid is considered. Micro-grid generally is a combination of several distributed
generations (DG) with loads operating with and without connection to main grid [1-2].

Fossil fuels can generate electrical power in bulk but emission of green house gases is the global issue
these days with using conventional fossil fuels. To reduce the carbon gases emission from conventional
power plants, renewable energy sources is the best alternative to provide stability to power system reducing
the power generation from conventional plants. Photo-voltaic (PV) system [3-4], wind system, fuel-cells
are examples used in renewable sources for power generation. PV system is one of the forefront generation
scheme employed in major. PV cell is a simple P-N junction layer to produce potential barrier between the
two layers. Photon from the light energy when absorbed by the charge carriers in PV cell, electrons starts
flowing and giving rise to current flow [5-6].

Integration of PV system to grid requires an interfacing converter along with interfacing inductors.
Interfacing converter is generally an inverter or a voltage source converter (VSC). Typical PV based micro-
grid integration to main grid was shown in Figure 1. Conventional square wave inverter gives out output
with infinite harmonics which needs high sizing of filter at the output of inverter. Increasing the level of
output at the inverter can reduce the total harmonic distortion in inverter output eventually reducing the
size of filter. Multi-level topology if inverters give better quality of output result reducing the cost of the
system [7-8].
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Figure 1: Typical PV based system integration to main grid

This paper presents PV system integration to micro-grid through multi-level topology as interfacing
converter. Three-level and five-level inverters are validated for interfacing PV system to grid. 3-level and
5-level inverters are controlled with simple current control strategy. Different cases are considered like PV
system delivering only active power and sending both active and reactive powers to the grid and results
were presented using MATLAB/SIMULINK software. Objective of paper is to send power to distribution
system and hence only injection concept is presented in this paper and no load on distribution grid side is
considered.

2. PV SYSTEM INTEGRATION TO GRID THROUGH THREE-LEVEL INVERTER
TOPOLOGY

The schematic arrangement of PV system integration to grid with 3-level inverter topology is shown in
Figure 2. A PV system equivalent was shown and is connected to 3-level inverter. The output from PV
system is generally of DC type and for integration PV system to grid; output from PV system is to be
inverted to alternating type. A 3-level inverter is a power electronic converter inverting the input DC supply
to AC output. A 3-level inverter produces three level output when compared to two-level from conventional
square wave inverter. The output of inverter is now passed through a filter to eliminate the distortions in
source voltage and current. As the number of output level from the inverter is increased, total harmonic
distortion at the output of inverter reduces with less filter needed.
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Figure 2: PV cell based 3-level inverter integration with micro grid

3. PV SYSTEM INTEGRATION TO GRID WITH 5-LEVEL CHB INVERTER

Cascade H-Bridge (CHB) topology of multi-level inverters is one of the simple topologies in inverters
and a five-level CHB topology per phase was shown in Figure 3. Inverter is constructed with number of
H-shaped bridges and each bridge consisting of four power switches. Depending on the number of output
level of inverter, number of cascade bridges depends. For a five-level CHB inverter, two H-bridges are
cascaded per phase. No two switches of same leg in an H-bridge should be turned ON at a time to avoid
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short-circuit conditions. Sequential switching of switches in cascaded H-bridge topology, five level output
is obtained at the output of inverter. The switching pattern of a cascaded H-bridge inverter to obtain five-
level output is illustrated in Table 1.
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Figure 3: 5-level CHB inverter topology per phase

Table 1
Switching pattern in 5-level CHB inverter

Voltage Switching operation
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Figure 4: PV system integration to grid with three-phase CHB inverter

Connecting two H-bridges in cascade per each phase for 5-level inverter topology gives 5-level output.
Similar connection of another two CHBs constitutes three-phase 5-level CHB topology as shown in Figure
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4. A DC voltage is required to drive individual H-bridge. Replacing a DC source with a PV equivalent
can drive CHB as shown in figure. PV equivalent is connected in each of the H-bridge and the three-phase
inverted output will be present at the output in 5-level stepped fashion. The output of inverter still consists
of harmonic distortions and thus by passing the output of inverter through filter, distortion in currents and
voltages are reduced and sent to the main grid via interfacing inductors.

4. CONTROL SCHEME FOR INVERTERS
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Figure 5: Control block diagram for inverters
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Figure 6: Complete schematic arrangement of PV integration to grid through
multi-level inverter with control block

The control block diagram producing triggering pulses to the inverter was shown in Figure 5. Simple
current control strategy was considered to produce triggering pulses to the inverter power switches. A simple
strategy ‘d’ component of current and ‘g’ component of current are combined to form ‘dg’ component of
reference current. The reference ‘dg’ component of current along with the information of current shape
from phase-locked loop is transformed from ‘dg’ to ‘abc’ components producing three-phase reference
currents. This reference current compared to actual currents produces error and the error signal is given to
PWM generator to produce pulses for switches of CHB inverter. The complete schematic arrangement of
PV system integration to grid through five-level CHB topology was illustrated in Figure 6.
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5.  RESULTS AND DISCUSSIONS

Results were presented by considering different cases like PV system delivering active power to distribution
grid and sending both active and reactive power to distribution grid through three-level and five-level inverter
topologies. Table 2 represents system parameters used for development of MATLAB/SIMULINK model.
Objective of paper is to send power to distribution system and hence only injection concept is presented
in this paper and no load on distribution grid side is considered.

Table 2
System Parameters
Parameter Value
PV output Voltage (V) 800V
PV output Power (KW) 80 KW
Interfacing Inductance 7.5 mH
Grid voltage 440V
Grid frequency 50 Hz
Grid Inductance 1.658 uH

Case 1: PV system integration sending only active power through three-level topology
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Figure 7: AC voltage from DG with 3-level inverter

Figure 7 shows the AC voltage delivered from DG using 3-level inverter topology. Voltage is balanced
and maintained at constant peak of 360V.
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Figure 8: AC current from DG with 3-level inverter
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Figure 8 shows the AC currents from DG to distribution grid integrated with help of 3-level inverter
topology. Current is balanced and maintained at SOA constant peak. Since only active power is delivered
to distribution grid, current is at S0A.
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Figure 9: 3-level inverter output voltage

Figure 9 shows the output of 3-level inverter showing output alternating waveform in three steps.
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Figure 10: Active power injected into grid

Figure 10 shows the active power injected to grid from DG. Active power is constant and active power
of 27KW is been injected to grid through 3-level inverter.
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Figure 11: Reactive power injected into grid
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Figure 11 shows the reactive power injected to grid from DG. Reactive power is constant and reactive
power of OW is been injected to grid indicating no reactive power generation or absorption to grid through
3-level inverter.
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Figure 12: Power factor angle between DG voltage and current

Power factor angle between voltage and current of DG were shown in Figure 12. The angle between
voltage and current is nearer to zero indicating system maintained at nearer unity power factor.
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Figure 13: THD of DG current with 3 level inverter

Total harmonic distortion in current is shown in Figure 13 indicating only 1.67% of THD in DG current
which is less and maintained within nominal values.

Case 2: PV system integration through 3-level injecting both active and reactive power

Figure 14 shows the AC voltage delivered from DG using 3-level inverter topology delivering active
and reactive powers. Voltage is balanced and maintained at constant peak of 360V.
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Figure 14: AC voltage from DG with 3-level inverter
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Figure 15: AC current from DG with 3 level inverter

Figure 15 shows the AC currents from DG to distribution grid integrated with help of 3-level inverter
topology. Current is balanced and maintained with constant peak. Since both active and reactive power is
fed to distribution system, current reduces below 50A and is maintained near to 33A.
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Figure 16: 3 level inverter voltage

Figure 16 shows the three-phase output of 3-level inverter showing output alternating waveform in
three steps.
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Figure 17: Active power injected into grid

Figure 17 shows the active power injected to grid from DG. Active power is constant and active power
of 13KW is been injected to grid through 3-level inverter.
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Figure 18: Reactive power injected into grid

Figure 18 shows the reactive power injected to grid from DG. Reactive power is constant and reactive
power of 13KW is been injected to grid to grid through 3-level inverter.
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Figure 19: Power factor angle between DG
voltage and current

Power factor angle between voltage and current of DG were shown in Figure 19. The angle between
voltage and current is not zero. When reactive power is been injected power factor angle varies and is
shown in figure.

Total harmonic distortion in current is shown in Figure 20 indicating only 2.00% of THD in DG current
which is less and maintained within nominal values.
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Figure 20: THD of DG current with 3 level inverter

Case 3: PV system integration through 5-level sending only active power
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Figure 21: AC voltage from DG with 5-level inverter

Figure 21 shows the AC voltage delivered from DG using 5-level inverter topology. Voltage is balanced
and maintained at constant peak of 360V.

Figure 22 shows the AC currents from DG to distribution grid integrated with help of 5-level inverter
topology. Current is balanced and maintained with constant peak. . Since only active power is delivered
to distribution grid, current is at S0A.

Figure 23 shows the three-phase output of 5-level inverter showing output alternating waveform in
five steps.

Figure 24 shows the active power injected to grid from DG. Active power is constant and active power
of 27KW is been injected to grid through 5-level inverter.
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Figure 22: AC current from DG with S-level inverter
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Figure 23: 5-level inverter output voltage
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Figure 24: Active power injected into grid

Figure 25 shows the reactive power injected to grid from DG. Reactive power is constant and reactive
power is not been injected to grid indicating no reactive power generation or absorption to grid through
5-level inverter.

Power factor angle between voltage and current of DG were shown in Figure 26. The angle between
voltage and current is nearer to zero indicating system maintained at nearer unity power factor when sending
only active power from the DG.
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Figure 25: Reactive power injected into grid
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Figure 26: Power factor angle between DG voltage and current
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Figure 27: THD of DG current in 5 level inverter



Multi-Level Inverter with Simplified Control Strategy for Distributed Energy Resource Integration with... 917

Total harmonic distortion in current is shown in Figure 27 indicating only 1.45% of THD in DG current
which is less and maintained within nominal values.

Case 4: DG integration through 5-level inverter and sending both active and reactive powers
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Figure 28: AC voltage from DG with 5-level inverter

Figure 28 shows the AC voltage delivered from DG using 5-level inverter topology. Voltage is balanced
and maintained at constant peak of 360V.
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Figure 29: AC current from DG with 5 level inverter

Figure 29 shows the AC currents from DG to distribution grid integrated with help of 5-level inverter
topology. Current is balanced and maintained with constant peak. . Since both active and reactive power
is delivered to distribution grid, current is reduced below 50A sharing for reactive power.
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Figure 30: 5-level inverter output voltage
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Figure 30 shows the output of three-phases in 5-level inverter showing output alternating waveform
in five steps.
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Figure 31: Active power injected into grid

Figure 31 shows the active power injected to grid from DG. Active power is constant and active power
of 13KW is been injected to grid through 5-level inverter.
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Figure 32: Reactive power injected into grid

Figure 32 shows the reactive power injected to grid from DG. Reactive power is constant and reactive
power of 13W is been injected to grid through 5-level inverter.
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Figure 33: THD of DG current with S level inverter



Multi-Level Inverter with Simplified Control Strategy for Distributed Energy Resource Integration with... 919

Total harmonic distortion in current is shown in Figure 33 indicating only 1.49% of THD in DG current
which is less and maintained within nominal values.

6. CONCLUSION

This paper presents the integration scheme of distributed generation to distribution grid through multi-level
inverter. Multi-level inverters like three-level and five-level were explained and integration schemes with
both topologies were explained. Results were presented for proposed work showing voltage and current
in DG, output of inverter, THD in DG current and power factor angle between DG voltage and current.
Inverter is controlled with simplified control strategy which was explained with integration scheme. With
integration of DG through multi-level inverters, THD reduces and rate of change in voltage also reduces
at load.
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