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Abstract: A primary and necessary focus in creating a greener environment is the conversion of existing
power-generation sources to renewable power sources in the near future. Another important focus is to
develop sustainable household power generation to a low-voltage electricity grid with a power purchase
and selling facility. To help with achieving the above vision, the objective of this work is to critically analyze
the existing low-voltage distribution system and make suggestions for restructuring it to the low-voltage
interconnected microgrid (MG). The test was carried out in the Tamil Nadu Electricity Board (TNEB)
100kVA transformer feeder which was connected to supply around 100 houses with electricity. The
performance analysis of the proposed system was examined through different case studies, represented as a
normal operating condition of the existing distribution system and a reconstructed and interconnected MG
to the TNEB grid. The project was designed and analyzed using PSCAD software. The results discussed in
the project are helpful in examining the effects of multiple distributed energy resources on distributed
generation. In future, knowledge of these effects may be helpful for rural area electrification.
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1. Introduction

Nowadays conventional power systems face
numerous problems including depletion of fuel
resources, poor energy efficiency, and pollution.
Thus, a new trend in generating power is
introduced by using renewable, non-
conventional energy sources including biogas,
photovoltaic (PV) cells, combined heat and
power (CHP) systems, micro turbines, and wind
turbines. This type of power generation is
known as distributed generation (DG) and the
energy sources are distributed energy sources.
Microgrids (MG) are generally attractive to
consumers, and a great number of them will be
installed at consumers’ sites. The cluster of
loads and microsources consider MGs a viable
source of both power and heat for local
communities. This concept also provides a new
model for defining the operation of DG
(Brabandere et al. 2007; Carrasco et al. 2006;
Cheng et al. 2009).

A MG operates on small units of less than
100 kW with static electronic interfaces and low
costs and low voltage but high reliability in a
system that is easily placed on customer sites.
The effectively designed power electronics and
controllers insure that the MG can meet the
needs of its customers and utilities. The best
backup power for consumer sites is the
installation of a MG and the interconnection of
DG with an electricity grid that consists of
electricity generation, energy storage and power
management systems. The MG contains a
combination of technologies, which provide
supply-and-demand-style management and can
be located near the energy center. MGs also
enable a more efficient use of waste heat in CHP
applications, which boosts efficiency and lowers
emissions. The CHP systems provide electricity,
heat for industrial processes, hot water,
refrigeration, space heating and cooling and
humidity control to improve indoor air quality
and comfort.

Over the last few years, however, a number
of influences have combined to lead to an
increased interest in MGs’ schemes. A MG,
when operated as an autonomous systems, can
cause several technical problems in its operation
and control. Such technical issues presented by
the present researchers are discussed here. The
load sharing is possible in multiple DG units
when operated in islanded mode. The frequency
and voltage can be controlled through droop
control to achieve power sharing in a
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decentralized manner (Corradini et al. 2010;
Fornari et al. 2013; Guerrero et al. 2005; Guerrero
et al. 2011; Gungor et al. 2011; He and Li 2011;
Mohamed et al. 2009; Ramanarayanan et al.
2010). A number of methods have been
proposed to solve MGs” power control issues.
The new framework for the frequency-voltage
and real and reactive power concept were
proposed (Li et al. 2011; Mehrizi-Sani and
Iravani 2010) to improve the stability of a MG
system. These methods cannot suppress the
reactive power of sharing errors that can be
experienced  when  small  synchronous
generators are incorporated into the MG. The
proper power sharing between inverter-based
DG units and electric machine-based DG units
are more challenging problems to be addressed.
Harmonic current injection methods (Melicio et
al. 2008) were used to reduce reactive and
harmonic power sharing errors. Ji et al. (2014)
presented a case study of a MG arranged
between two commercial/residential buildings
in order to overcome regulatory barriers. In the
study, a load management strategy aimed at
controlling power withdrawal at the point of
delivery was developed. Pogaku et al. (2007)
proposed a MG smart grid and presented a
review of the optimal distribution models of
MG in a smart grid environment, pointing out
issues in the existing models. The optimal load
distribution model of MG both in objective
functions and constraints was established and
discussed with effective output. Zhou et al.
(2014) presented an optimization problem for
residential MG energy management with
combined cooling, heating and electricity
technology. It was executed in two-stages to
find the optimal installed capacity investment
and operation control of CHP and cooling. The
proposed approach was tested with residential
area energy management in northern China.
Computational results were gathered under
different robustness levels and analyzed in
order to provide investment decisions and
operations strategies.

The aim of this work is to critically analyze
part of an existing low-voltage distribution
system and its restructured low-voltage
interconnected MG. The study was carried out
with the Tamil Nadu Electricity Board (TNEB)
100kVA transformer feeder which delivers
power to 100 houses. In the following sections,
this work models renewable sources, presents
distribution feeders, the restructuring of
residential MGs and interconnected MGs.
Performance analyses were carried out for the
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Figure 1. The PSCAD-generated layout of the Tamil Nadu Electricity Board (TNEB) distribution feeder.

proposed MG and are ready for implementation
in Chennai.

2. Modeling of Test System

The work developed in this project was used to
understand and model the electrical effects of
multiple distribution resources on a distribution
system. The analyzed test system was taken
from the TNEB distribution system. The existing
system is connected with a 100 kVA transformer
rating, which supplies power to the houses
connected to this feeder. Section 2 will discuss
modeling the test distribution feeder, house
distribution system, and wind and solar
sources.

2.1 Modeling the TNEB Low-Voltage
Distribution System

Initial studies on this feeder were done in
July 2013 at Rampoornanagar, which is in
Athipet village. The test system consists of three
feeders running between the 100kVA
transformer and 40 houses, including single,
double, triple and bungalow type houses. The
layout, generated with PSCAD software
(Electrotek Concepts, Inc., Beverly,
Massachusetts, USA) and data drawn from the
TNEB Power Engineers’ Handbook (2010), is
modeled in Fig. 1.
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2.2 Modeling the Home Distribution System

The distribution layout of the houses was
reconstructed according to a limited number of
nodes in order to reduce complexity without
affecting the respective loads. The breaker box was
considered the bus and all loads were chosen
based on resistive, inductive, or capacitive
capabilities. The lumped load component in the
PSCAD was considered in this analysis so as to
change the R, L, and C components for the load.
The sample model of the PSCAD layout is shown
in Figs. 2-3.

The selected houses were also supplied with
renewable resources, in this case wind and solar
sources which are ideal in Chennai’s climate.
Modeling wind and solar sources with PSCAD is
described in the section below.

2.3 Modeling Renewable Sources

Wind turbines convert wind energy to electrical
energy for distribution. Aerodynamic modeling
helps determine the optimum tower height,
control systems, number of blades, and blade
shape. Wind turbines are generally divided
depending on their axis of rotation (ie. horizontal
or vertical axis), with the horizontal axis type
always providing better performance.

Of the wind turbine costs, 20% includes the
blade for converting wind energy to low speed
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Figure 4. PSCAD wind turbine model.
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Figure 5. A simulated solar model where anti-islanding schemes were not implemented.

Figure 6. Layout of reconstructed MG system into four sub-systems.

rotational energy, 45% includes the electrical
generator and 12% includes the control
electronics and gearbox. The remaining 23% of
the wind turbine cost includes the tower, land,
foundation, road and installation. The PSCAD
models of the wind turbine generator
connections are shown in Fig. 4.

A photovoltaic (PV) cell is an array that
carries solar voltaic material that changes solar
energy into electrical energy. It includes
multiple mechanical and electrical engineering
components. The materials used in PVs include
mono-, poly-, and micro-crystalline silicon,
cadmium telluride, and copper indium selenide.
The DC power output at the PV device
terminals can be directly used to switch on
small loads like lighting systems or small DC
motors. Maximum power from a PV array is
possible through maximum power point
tracking technology. To integrate the PV cell
into an alternating current (AC) system, the
inverter model is connected at the output of the
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cel, and the DC source for the current-
controlled inverter is fed from the PV source.
Figure 5 shows a simulation model with the
inverter model when anti-islanding schemes
were not implemented.

2.4 Modeling MGs

The restructuring of the present system was
formulated based on a performance analysis of
the system and the present customers’
willingness to embrace renewable power. House
numbers 2, 4, 8, 10, 14, 20, 24, 26, 28, 32, and 34
used  renewable power through solar and
wind. After the survey study with existing
customers, it was decided to convert the present
system into four sub-systems.

Assumptions were made that 50% of the total
maximum loads would go for transition to the
renewable power. In reference to above, the
optimal planning and location of renewable
sources were identified and placed for
simulation. Figure 6 shows PSCAD MG layout.
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Figure 7. Voltage characteristics of the existing distribution system showing that the tail end customer
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Figure 8. House seven’s power characteristics.

3. Simulated Results was assessed. In the designed model, there were
different types of houses which were also being

After designing the model, it was simulated supplied with power from renewable resources

with various parameters and the grid capability like wind and solar. The impact of the designed
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model with renewable resources is investigated
in the following case studies.

Three different case studies were carried out
to analyze the performance of the designed
model. The cases are as below:

Normal operating conditions of the existing
distribution system,

The present system reconstructed into a MG
system, and,

An interconnected MG sub-system.

3.1. Normal Operating condition of the
Existing Distribution System.

To evaluate the normal operating condition
of the existing distribution system, the present
system with a normal operating load was
considered for analysis. In this condition, the
houses are simply supplied with power from a
grid supply. The existing distribution system
was designed and evaluated to verify the
performance of the system. The representation
of bus voltage with respect to the bus number
(Fig. 7) shows that the tail end customer
receives lower voltage than the initial
customers.

From Fig. 7, it can be concluded that there is
a gradual decrease in voltage at the tail end of
the system, implying that the system
performance also gradually reduces. This
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implementation for renewable resources is that
such a system will improve performance. The
graphic results for houses seven and 38 show a
gradual decrease in voltage which will impact
the quality of power (Figs. 8 and 9).

The above graph shows the real reactive
power characteristics of house seven. From the
graph, it is clear that the performance is reduced
when compared with the transformer
characteristics, and especially the power curves.

The above graph shows the real reactive
power characteristics of house 38. From the
graph, it is clear that the performance is reduced
when compared with the transformer
characteristics. The VI-characteristics and the
power curves become more oscillatory as a
result of the reduction in the voltage profile to
25%.

3.2. The Present system restructured into a
MG System

The present system restructured into four
sub-systems connected through renewable
power generation is called a residential MG.
Each subsystem operates with its own
renewable power sources connected through the
different houses. The voltage output of the sub-
systems with respect to bus number is
represented in Figs. 10-13.
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Figure 10. Voltage characteristics of subsystem one.
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From the above graphs, it can be observed
that the proposed system will be able to deliver
power under normal load conditions. Each
graph indicates an increase and decrease in
voltage between 390 and 440 volts, indicating
that houses with renewable power have good
voltage profiles. The PSCAD output of the
sample house is expressed in Figs. 14 and 15.

From the above results, it can be observed
that the voltage performance is maintained at
440 under a sudden change in load. The
limitation of the above system is that only 20%
of the houses had voltage profiles of 400 volts.
To improve the voltage performance to 440 volts

at all the buses, the sub-systems should be
interconnected with the main grid, as is
discussed in next section.

3.3 An interconnected MG Sub-System

In the case of an interconnected MG sub-
system, the interconnections of all of the MGs
are connected with the help of a breaker. By
making this connection, the power among each
sub-system MG can be managed; thus, in case of
power failure, they can receive power through
another DG. The interconnected MG is shown
in Fig. 16.
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Figure 16. Interconnected MG layout.

The above restructured MG layout was executed The comparison of the existing and proposed
in PSCAD in different cases, including in the case system is shown in Fig. 17. It can be observed
of opening/closing the breaker, thereby checking that an interconnected MG will provide better
the performance of the system. By doing this, the performance when compared with independent
supply can be shared throughout the network. In systems. The MG will provide stable, good
such a case, even if there is a failure in any part of quality power throughout the system, all the
the network, the entire system will be supplied. way to the tail end.

—#— Existing System  ==k=Sub-System Microgrid === Interconnected Microgrid

450 -
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Figure 17. Comparison of the existing and proposed MG.
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3.4 Discussion

The existing and proposed feeders were
simulated and analyses of bus voltage in all the
cases are shown in previous figures. The
existing bus voltage varies from 370-420 V, with
a PSCAD voltage regulation of 16%. The
practical voltage regulation was measured at
23%. The bus voltage of the restructured MGs
varies from 400-440 V, with sustainable power
throughout the system. The voltage in bus
numbers 2, 4, 8, 10, 14, 20, 24, 26, 28, 32 and 34
was maintained at 440 V, clearly indicating that
the DGs are connected at these buses in the
houses. The case study analysis and the tail end
5% voltage regulation show that the proposed
system is of a high accuracy. Due to space
limitations, results of the case study on a
sudden drop or increase in load and various
fault conditions are not reported. However, the
case study shows that the system would be able
to handle such a situation, resulting in better
voltage on the bus. The proposed system was
recommended to the customers for
implementation in April 2015.

4. Conclusion

The present necessity of energy saving through
a restructured MG is discussed in this paper.
The local generation of renewable power and
the interconnection between MGs may be a
green solution for the issue of an energy
shortage. The team, after performing a local
survey with the customers, identified a
distribution feeder for conversion to four local
grids (MG1, MG2, MG3 and MG4). The
proposed isolated and interconnected MGs
were tested through case studies. The output
predicted that the proposed system will work
well even through interrupted faults. The
customers agreed to implement the restructured
MG feeders for effective operation and energy
savings. The cost analysis for implementation
will be reported in future work.
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