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Abstract-This article investigates the possibilities for
creating an effective nano-grid model concept in order to
maximise the use of renewable energy for on-grid
systems. The proposed nano-grid design includes power
plants that use photovoltaic (PV) and micro hydro power
(MHP) systems connected to the grid to generate
electricity from renewable energy sources. Software like
HOMER and MATLAB are utilised to analyse the
modelling findings. The HOMER replicates a nano-grid
model with three various options, such as MHP
capacities of 50 kW, 100 kW, and 150 kW depending on
the loads and the availability of water resources. As it
got closer to the peak load capacity, the nano-grid model
with  MHP architecture showed lower energy costs,
responsible depletion in CO, emissions, as well as the
biggest share of renewable energy. According to the
simulation results, the nano-grid model with the
maximum MHP capacity achieved the lowest energy
prices, the greatest reduction in carbon emissions, and
the best use of renewable energy power plant output for
electricity.
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1. Introduction

Nowadays, it makes sense to use less of the
increasingly scarce fossil fuels and to fully utilise
renewable energy sources. Considered to be the
main energy sources for power plants are coal, oil,
and gas. This condition would have an effect on the
rise in carbon emissions brought on by the use of
fossil fuel-powered power plants. We should
increase the use of renewable energy sources to
reduce carbon emissions caused by electric energy
generated from fossil fuels. Due to their
uneconomical and unreliable nature, remote
renewable energy power plants struggle to increase
their electricity supply. It has to do with the way
that the ease of using renewable energy varies

depending on the weather. On the other hand, the
rate of energy production for plants that only use
renewable resources is greater than the price of
power supplied on the local grid. The government's
subsidy of the retail price of power in the grid
system is the cause of this situation. Additionally,
electrical load factors in rural areas are lower [2],
necessitating the use of stand-alone power.
Utilizing hybrid power systems, which combine
numerous power plants with various energy
sources, is an efficient way to preserve the
dependability of the energy supply from renewable
energy sources [3-5]. Nano grids are defined as
hybrid power plants that combine conventional
diesel engines or battery storage with renewable
energy sources like photovoltaic (PV), wind,
micro-hydro (MHP), biomass, and others. A block
diagram of a nano hybrid grid system that uses
renewable resources is shown in Figure 1. These
power plants can operate separately from the grid
or in tandem with it. The diesel generator works in
off-grid areas with the micro-grid, which includes a
variety of power plants that utilise diverse
renewable energy sources. The combination in the
area connected to the grid system would be
improved by the grid system's electrical supply.
Using experimental research, control techniques,
computer modeling, and feasibility studies, several
investigations on nano-grid and hybrid power
generating systems have been carried out globally.
The system layout, control strategy, and various
micro-grid implementations across the globe were
examined in the preview research [3]. The studies
[4-9] looked at the utility of nano-grids that
combined micro-turbines with renewable energy
sources from plants. Previous works [9-12] have
also covered the practicability learning and model
optimization of HOMER based nano-grid/hybrid
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model, appropriate for remote rustic areas. This
study reveals at the phase of developing a
simplified nano-grid model that enhances the
utilisation of confined renewable energy locations
for on-grid area. The preview research looked at
the system architecture, control approach, and
numerous micro-grid implementations around the
world [3]. The research [4-9] examined the
practicality of nano-grids that incorporated micro-
turbines and plant-based renewable energy sources.
The HOMER-based nano-grid/hybrid model's
practicability learning and model optimization,
which are suitable for remote rural areas, have also
been discussed in earlier publications [9-12]. This
study shows that we are in the process of creating a
simplified nano-grid model that maximises the use
of restricted renewable energy places for on-grid
area.
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Fig.1. Block diagram of nano grid system using
micro hydro and photovoltaic power plant

In this work, following are objectives are taken into
consideration:

e The potential for creating a simple micro-
grid model that improves the deployment
of particular renewable energy for on-grid
locations is investigated.

e The scale and several energy conversion
technology types are optimised using the
HOMER programme.

e In the short-term, two key factors are the
cost of energy and the decline in carbon
emissions.

e Simulink-MATLAB software is also used
to assess the micro-grid model's overall
performance.
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2. Methodology
The river stream flow was suggested as a source of
power for a micro hydro power plant (MHP). The
flow of stream was at its lowest in April and was
2141 L/s. 1251 L/s, or 1.28 m?/s, of the stream flow
can be utilised to generate power when the
remaining flow of 1000 L/s is taken into account.
Equation [1] can be used to determine the nominal

power of MHP.
Punp=g .h.Q4 (1)

g is the acceleration caused by gravity [m/s%], Pus
is the power output of the micro hydro power plant
in KW, Qq is the design flow[m®/s] and h is the
gross head in meter. The design flow alternatives
for the micro hydro power plant and simulated as
0.8, 0.7, and 0.5 m%s while taking the loads and
water resources accessibility into account.
Meanwhile, the average gross head for all phases
was 25m. For 50-150 kW power [12-16]. The
replacement cost is used to determine the cost of
replacing energy equipment. Using the following
equation, HOMER calculates the PV power
generation's power output:

Pov=Kp/G Is/lr 2

Where: I is the solar radiation (kW/mZ), Kpy is the
rated capacity of PV (kW), the derating factor of
photovoltaic cell is G, and Ig is 1KW/m?.
Photovoltaic modules are connected in different
connection (i.e. series and parallel connection). The
cost of purchasing solar panels, mounting panels,
control systems, wiring, and installation is included
in the capital cost per kW, which is USD 2000 [9].
The age of a solar module is estimated to be 25
years based on the specifications [17-18]. To boost
the micro-system grid's performance, a battery is
necessary. This apparatus is used to respond to
transient disturbances and fluctuations in solar
irradiation. The total number and power of batteries
are used to match the power and voltage of the
photovoltaic generator. A battery has been taken
into account in this model. The converter may
move electrical power in two directions
(bidirectional). On the other hand, depending on
the flow of power, the power converter can
function as both a rectifier and inverter mode. This
type uses a 10.5kW converter steam power plants
that serve as electric source for the grid emit gases
during normal operation. CO, emissions are among
those that have the greatest impact on global
warming [19]. As a result, the current analysis
exclusively considers CO, emissions. The grid's
emission coefficients are calculated by considering
two major factors i.e emission coefficient and the
electrical power system [20-21]. It is necessary to
model the performance parameters of the nano-grid
using Simulink-MATLAB for validation process.
Figure 2 displays Homer software based model of
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nano grid system. MHP, Photovoltaic power, the
grid and the load are used to build this model.
Figure 2(a) reveals the PV grid-connected system
modelling using HOMER software [22].
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Fig. 2 (a). Solar PV grid-connected system
modeling by HOMER [22]
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Fig.2 Homer software based model of nano grid
system

The converter, transformer, filter, and PV module
make up the PV power generation block. This
model puts phase Il configuration into practice. PV
modules were connected in both series and parallel.
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An induction machine supplied by the MATLAB
software was employed by the MHP block. A block
grid is used to simulate how power is distributed
from the substation to the nano-grid.
3. Result and Discussion

The results of the suggested simulation grid
performance using Simulink MATLAB are
revealed in Fig.3. The micro hydro power has been
providing electricity to grid and load system before
t=0. At t = 0 photovoltaic power coupled to the
grid. This graph illustrates photovoltaic and micro
hydro grid system shared power to grid and load.
The load is increased at t = 0.4s. On the other hand
the grid will boost power for the micro-grid to
prepare for the rising load, photovoltaic and micro
hydro power keep power at standard level. In this
situation, the grid, MHP and photovoltaic systems
will contribute to powering the load. The load is
decreased at t = 0.7s. Since the supply of micro
hydro power and photovoltaic can satisfy various
requirements of load side, the grid system will be
divided from the nano-load grid's system. In a
nutshell, the planned micro-electricity grid's
supplied by renewable energy sources were
optimised, and the grid system's power was
adjusted with the demands of the load.
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Fig.3. Power and reactive power profile of
(aPhotovoltaic system using MATLAB simulation

Fig. 4 shows optimization results of nano grid
using considering 50 KW MHP utilising the
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HOMER. It has been observed that nano-grid
model with 150 KW MHP reduces CO, emission,
and share largest load as it approached the peak
load capacity.
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Fig.4 Optimization results of nano grid using
considering 50 KW MHP
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The optimal configuration for each choice was
solved as eight items as a result of the optimization.
Additionally, a minimum capacity of 5kW for PV
systems was usually advised. In order to create the
suggested nano-grid model, the configuration
incorporating all nearby renewable energy sources
(PV and MHP) was selected for each phase (Table
1). The suggested nano-system grid's performance
needed to be improved, which necessitated the
battery system. Phase | was more expensive in
terms of initial capital expenses. As opposed to
phase 111, which has a higher energy cost compared
to the power grid's tariff, phases I and Il have lower
energy prices. The phase | and phase Il have
negative operating costs as a result of the sale of
electrical power generated by surplus power to
grid-system. The system's operational expenses will
be covered by the earnings from the sale of excess
power. Furthermore, the cost of MHP for phases |
and Il was still less expensive than the grid
electricity rate. The measure of carbon emissions
produced by nanogrid system as well as number of
carbon emissions reductions on the environment
were connected with the percentage of renewable
sources. The CO, emissions created by phases | and
Il for the nano-grid are pessimistic. It refers to a
nano-grid that lowers grid system CO, emissions as
a result of supplying the grid with electrical energy
from renewable energy sources. The measure of
renewable energy produced overall as well as the
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carbon emission coefficient of the economy
together define the overall amount of CO,
reduction on the environment. In phase I,
renewable energy sources (MHP and PV) met the
whole demand for electricity. The nano-grid system
sells roughly 56% of the energy it generates to the
grid in sellback price that exceeds the MHP cost.

Table 1
Phases of nano arid svstem
Ph  Photov M Gr Photov MHP  Grid Carb
ase oltaic H id oltaic (Redu (Redu on
S power P po (Reduc ction ction emis
(KW) (K we tionin in in sion
W r CO, CO, CO,
) (K emissi emissi emissi
W on) on) on)
)
Ph 5 15 20 6,956 1, 10 765,
ase 0 O ,110,7 321
| 44
Ph 5 15 20 6,956 798,3 10,93 498,
ase 0 O 85 8 986
I
Ph 5 15 20 6,956 399,2 1505 301
ase 0 0 30 29 332

The nano-energy grid's cost will drastically fall as a
result of this circumstance. Additionally,
phtovoltaic and MHP power generation cost is
greater than the rate of grid. Energy prices for this
choice will be higher due to this requirement than
the tariff of grid electricity.

4. Conclusion
In order to maximise the use of local renewable
energy for on-grid areas, this article has examined
the potential for developing a straightforward nano-
grid model. Three design alternatives for the MHP
model—150 kW, 100 kW, and 50kW—are taken
into consideration depends upyon the load profile
and the accessibility of water supply. The nano-grid
model with MHP design generated economic
energy at minimum cost, biggest decrease in carbon
emission, and maximum share of renewable energy
as it approached the peak load capacity (150 kW).
Contrarily, this requirement demanded the high
preliminary capital expense. While a model of
nano-grid using MHP design that approaches load
capacity (50 kW) needs cheap initial capital
expenditures, it often has high energy costs and
limited CO, emission reduction. However, the
advancement of photovoltaic units on the planned
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nano-grid is extremely promising in the
expectations given the increase in electriccal load
and the descending drift in the levelized price of
photovoltaic. MATLAB-SIMULIK simulation was
used to monitor the nano-grid performance.
According to the simulation's findings, renewable
energy power plants produced the most efficient
amount of electricity. In order to maximise the use
of local renewable energy, this research requires to
be sustained with the creation of a nano-grid
control plan.
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