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Abstract:-. Independent power systems (IPS) consist of a solution for the electrification of applications when
the access to a large transmission network is not reasonably viable or even unfeasible. Their size can range
from few hundred Watts to tens or hundreds of MW.This paper discusses the economic analysis of integrating a
solar, wind, battery storage systems into diesel-electric power systems for remote villages, in which the cost of
electricity supplied is reduced with the help of different combinations of PV cells, wind with diesel, battery
system. The economic part of the model calculates the fuel consumed, the kilo watt hours obtained per litre of
fuel supplied, and the total cost of fuel, savings due to PV, wind and battery system. The above concept is
studied for six different cases and their corresponding models are designed with the help of Matlab/Simulink
Software
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l. INTRODUCTION

Energy is essential to human being and it generates economic development. While in most western
countries electrical energy is seen as a common commodity, in many other countries people have scarcely
access to a sustainable power source for electricity. According to the International Energy Agency an estimated
1.3 hillion people in the world are without access to electricity. Furthermore, over 2.7 billion people are without
clean cooking facilities.

If present policies do not change, the International Energy Agency predicts there will still be 1.2 billion
people who have no access to electricity by the year 2030. As described above, the role of electrical energy is
essential for development. Access to energy reduces hunger and improves access to fresh drinking water
through the ability of preserving food and pumping clean water via a pumping system.

Rural areas in developing and developed countries, without the necessary grid infrastructure, are a
characteristic example of applications with a high potential for the development of Independent Power System
(IPS). Taking into account the strong association between the economic development in these areas and their
electrification, the importance of powering them is obvious. Other application fields include houses, physical
islands and remote telecommunication and industrial installations.

IPSs can be based on renewable energy sources (RES), such as solar, wind, battery storage and fossil
fuel generators. Due to the intermittent nature of renewable energy, storage devices and appropriate demand
management strategies are necessary when conventional generators are not included in the system In the case of
IPS electrified by fossil-fuel units, Diesel Generator (DG) is usually utilised, due to their low cost and
reliability. However, the fuel used is polluting and expensive taking into account the transportation costs. A
solution to these problems can be the introduction of RES in the energy merge, when ample resources are
available. In such a case considerable improvement can be accomplished in terms of fuel saving.

However, for the achievement of a large diffusion of renewable sources technical issues related to
system stability and reliability of supply, due to the fluctuating and intermittent characteristics of RES must be
confronted, to overcome this can be achieved through the introduction of controllable storage devices and
demand-management techniques[1].

The input data to the model are acquired using a remote terminal unit (RTU). The RTU allows for
remote data collection and system control while also providing information necessary for modelling the APS. In
this paper a model is proposed to process the information obtain from RTU to optimize the performance of the
APS.This paper presents a model based on an IPS in which different combinations of its input sources are
preferred for the economic generation of electricity. Using Simulink, other renewable energy sources, dynamic
operation, and control system strategies can be easily incorporated into the existing IPS model to study the
overall performance of the system.

1. INDEPENDENT POWER SYSTEM MODEL
Electrical energy is a crucial constraint for economic and of essential substance in societal and
industrial development. The ample energy available in nature can be harnessed and converted to electricity in a
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sustainable way to supply the necessary power to raise the living standards of the people without access to the
electricity grid.

In general, when two or more different sources of electricity are connected to a common grid and hand
in hand to supply the desired load, the system becomes an IPS [2]. A simple model diagram of an IPS is shown
in Fig.1. The sources of electric power in this system consist of a diesel generator, a battery bank, wind turbine,
and a PV array. The diesel generator is the main source of power for many of the remote villages around the
world. The output of the diesel generator is regulated ac voltage, which supplies the load directly through the
main distribution transformer. The battery banks, wind turbine and the PV array, are interlinked through a dc
bus.

Diesel Generator
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Battery Bank
Fig.1. Independent Power System Model

RTU is control block which control the flow of power by switching between different input units based
on the load need to be supplied. As we can see in the block diagram of autonomous energy power system the
different energy sources such as PV cells, wind turbine connected to the centralized DC bus and even battery
bank is also connected to the same bus. Diesel generator is separately connected to AC bus and all these units
are again connected to the RTU. Now based on the load, RTU sends signal to the different units to supply load.
If the demand is more RTU activates the other sources (Solar, Wind and Battery bank) to meet the maximum
power demand.

1. MODELLING OF INDEPENDENT POWER SYSTEM
In this paper the following load curve is considered for six different cases as follows
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Fig.2. Load Curve
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The results of the simulations are used to perform an economic analysis and predict the environmental
impacts of integrating a PV array into diesel-electric power systems for remote villages. The economic part of
the model calculates the fuel consumed, the kilowatt hours obtained per gallon of fuel supplied, and the total
cost of fuel. It also calculates the CO,, particulate matter (PM), and the NO, emitted to the atmosphere [3-6].
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1. TOTAL LOAD SUPPLIED BY DIESEL SYSTEM:
In this system the 24 hours of load demand is fulfilled completely, only by the diesel generator. It is
responsible for supplying both the peak and the average load of the system.

2. TOTAL LOAD SUPPLIED BY PV DIESEL BATTERY SYSTEM (PVDB):

In this case we have divided the 24 hours of load in to two 12 hours sections in which the morning
section that is from morning 6 A.M to evening 6 P.M is being supplied by diesel generator of 50KW rating (it is
responsible for supplying both the peak and the average load of the system in its duration) and the night load
from evening 6 P.M to morning 6 A.M is supplied by the battery of the required rating which charged with the
help of photovoltaic cells from 8A.M to 5 P.M (considering constant solar insolation during this interval)
supplies the night load. Ratings of the equipment’s used are Diesel generator rating is S0KW. Battery rating in
(KWh) the load that is to be supplied by battery for 12 hours from evening 6 P.M to morning 6A.M is constant
load of 25KW as shown in Fig.2.

3. BASE LOAD SUPPLIED BY DG

In this case the base load of 25kW of the system as shown in the load curve will be completely
supplied by diesel generator for 24 hours and the peak load of 25KW from 10A.m to 6P.M i.e. 8 hours out of
which 7 hours of load from 10am -5pm will be supplied by the PV cells directly (because of the limitation of the
solar insolation after 5pm as considered), and the last one hour of peak load i.e. from 5pm to 6pm will be
supplied by the battery which is charged in the morning hours before the occurrence of the peak load, through
the PV cells. The load that is to be supplied by battery for 1 hour from 5pm to 6pm is constant load of 25KW as
shown in Fig.2.

4, BASE LOAD SUPPLIED BY PV CELLS AND BATTERIES

In this case the base load of 25kW of the system as shown in the load curve will be completely
supplied by Photo voltaic cells for 24 hours and the peak load of 25KW from 10A.m to 6P.M i.e. 8 hours is
supplied by the diesel generator. Since here base load is completely supplied by the PV cells and the Batteries.

In this case the day time base load of 25kW from 8am to 5pm is directly supplied from the PV cells and
the remaining load 25kW from 6pm to 8am are supplied from the batteries which are charged during the period
8am to 5pm. The load that is to be supplied by battery for 14 hours from evening 6 P.M to morning 8A.M is
constant load of 25KW as shown in Fig.2.

5. TOTAL LOAD SUPPLIED BY PV CELLS AND BATTERIES:

In this case we have divided the 24 hours of load in to two 12 hours sections in which the morning
section that is from morning 6 A.M to evening 6 P.M is being supplied by diesel generator of 50KW rating (it is
responsible for supplying both the peak and the average load of the system in its duration) and the night load
from evening 6 P.M to morning 6 A.M is supplied by the battery of the required rating this charged with the
help of wind energy from 8A.M to 5 P.M supplies the night load. Ratings of the equipment’s used are Diesel
generator rating is 50KW. Battery rating in (KWh) the load that is to be supplied by battery for 12 hours from
evening 6 P.M to morning 6A.M is constant load of 25KW as shown in Fig.2.

In this system since the whole load is being supplied Photovoltaic cells and Batteries there is no need
for diesel generator. Ratings of the equipment’s used, Battery rating in (KWh) the load that is to be supplied by
battery for 14 hours from evening 6 P.M to morning 8A.M is constant load of 25KW as shown Fig.2.

6. TOTAL LOAD SUPPLIED BY WIND WITH DIESEL BATTERY SYSTEM
In this case we have divided the 24 hours of load in to two 12 hours sections in which the morning

section that is from morning 6 A.M to evening 6 P.M is being supplied by diesel generator of 50KW rating (it is
responsible for supplying both the peak and the average load of the system in its duration) and the night load
from evening 6 P.M to morning 6 A.M is supplied by the battery of the required rating which charged with the
help of wind energy from 8A.M to 5 P.M supplies the night load. Ratings of the equipment’s used are Diesel
generator rating is 50KW. Battery rating in (KWh) the load that is to be supplied by battery for 12 hours from
evening 6 P.M to morning 6A.M is constant load of 25KW as shown in the load curve.

In this system since the whole load is being supplied Photovoltaic cells and Batteries there is no need for
diesel generator. Ratings of the equipment’s used, Battery rating in (KWh) the load that is to be supplied by
battery for 14 hours from evening 6 P.M to morning 8A.M is constant load of 25KW as shown in Fig.2.
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AV SIMULATION RESULTS
A model of an IPS was designed using MATLAB/Simulink to study the performance of the proposed
power system. Simulink also allows the dynamic operation and the control system strategy to be incorporated
into the IPS model to study the dynamic performance of the system. In this model the diesel generator is
represented by the three phase source, The PV cells are represented by DC source, Battery is directly
represented by the Li-lon battery bank model, Wind Turbine represented by alternator.

The control operation of RTU is given with the help of Circuit Breakers (C.B) controlled by the pulse generator
which switches on /off based on the pulses applied. As mentioned earlier we have divided the 24 hours of load
in to two 12 hours sections in which the morning section that is from morning 6 A.M to evening 6 P.M is being
supplied by diesel generator of 50KW rating (it is responsible for supplying both the peak and the average load
of the system in its duration) and the night load from evening 6 P.M to morning 6 A.M is supplied by the battery
of the required rating which charged with the help of photovoltaic cells from 8A.M to 5 P.M (considering
constant solar insolation during this interval) supplies the night load.
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Fig.3. Simulink model of IPS system

Now the control of diesel generator is done with the help of C.B in subsystem 3 this C.B will be on
from 6 A.M to 6 P.M since the pulses are given like that which can be seen in the output graph. Parallely during
that period the batteries are getting charged by the PV cells which are controlled by the C.B in the subsystem7
and since both the operation i.e. DG supplying load and charging of the battery are done at a time so both are
controlled by the same pulse generator.

Now during the time 6pm to 6am batteries are switched on by the C.Bs of subsystem 5 and 4. The
control of application of peak load of 25kW is done with the help of pulse generator and the final output is seen
across the scope “P,Q”. The output of the above simulation is shown in Fig.5.As mentioned earlier the base load
of 25kW of the system as shown in the load curve will be completely supplied by diesel generator for 24 hours
and the peak load of 25kW from 10A.M to 6P.M i.e. 8 hours out of which 7 hours of load from 10 A M -5P.M
will be supplied by the PV cells directly (because of the limitation of the solar insolation after 5pm as
considered), and the last one hour of peak load i.e. from 5 P.M to 6 P.M will be supplied by the battery which is
charged in the morning hours before the occurrence of the peak load, through the PV cells.
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G 5

Fig. 4. Simulation results of PVDB system

Here the diesel generator will be on for 24 hours which is implemented by giving a constant pulse to
C.B in the subsystem 3. and the peak load is applied by switching the C.B connected to the pulse generator. now
during the peak load the power is supplied by the PV cells for 7 hours and battery for 1 hour is achieved by the
control of C.Bs in the subsystem 4 and 5.The subsystem 4 is the common path for the powers from PV cells and
the battery and its switching on and off should be at the same time as that of the peak load occurring time
therefore same pulse generator should be applied at the peak load C.B and at the subsystem C.B.The final output
is seen across the scope “P,Q”. The output of the above simulation is shown in Fig.5.

[

In the case of PVDB system the day time base load of 25kW from 8 A.M to 5 P.M is directly supplied
from the PV cells and the remaining load 25kW from 6 P.M to 8 A.M are supplied from the batteries which are
charged during the period 8 A.M to 5 P.M and the peak load is supplied with the help of diesel generator. Here
the circuit breaker of subsystem 4 is on for 24 hours in order to supply the base load completely for 24 hours
from PV cells and battery. The diesel generator should be on only during the peak load hours and hence the
pulse generator controlling the peak load application and switching of diesel generator is same. The final output
is seen across the scope “P,Q”.
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Fig.6. Simulation results of PV cells
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Fig.8. Output wave forms of Wind Diesel Battery system (WDB)

Thus as discussed in Section 111 cases the load sharing is done based on the availability and flexibility of
different sources, the simulation results of Total load by PV cell, base load by PV cells and WDB system load
sharing according to the load demand are shown in Fig.7. to Fig.9. The economic analysis of above designed
APS is as follows

1. EcONOMIC ANALYSIS:

TABLE-I
S.No Equipment Rating Cost/Unit in Total Cost in
Rupees Rupees
1. Diesel generator 50KW 5,00,000 5,00,000
2. Battery 300KWh 1152 3,45,600
3. PV cells 34 KW 120 40,80,000
4. Wwind 50KW 5,00,000 5,00,000

Diesel cost — 45 R9/lit.

3.1kg of CO, liberated for every combustion of 0.85kg or 1.17lit of diesel.

8gm of NO, and PM are liberated for every 1 lit combustion of diesel.

Compensation cost of CO, 1.44Rs/kg of CO..

Compensation cost of P.M& NO, is 1.632Rs/gm.

4 litres of diesel is required to supply full load for an hour.

Cost of PV cells 120Rs/watt.

Cost of Lithium ion battery 1152Rs/kWh.
Note: The above values are taken from the IPCC (Inter Governmental Panel of Climate Change) & Power
theme Equipments (Pvt.) Ltd.

The economic analysis part of the simulation model involves calculation of the simple payback time
(SPBT) for the proposed methods. In most of the remote villages, battery banks are used as back-up sources for
power. Therefore, the PV with diesel-battery system is compared to the diesel-battery system in the analysis of
SPBT. The SPBT is given as [7-9]
Simple Pay Back Time (SPBT):
In the case of PV system
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SPBT = Additional__cost for the PV cells, battery
Savings per year
In the case of Wind
SPBT = Additional _cost for the Wind System
Savings per year
TABLE - 11
Note: The above calculation are done based on the standard formulas referred from the previous papers[7-9].
Wind with
Parameters Diesel PVDB Base Diesel Base PV PV System Diesel
System System System System Y Battery
System
System Cost (Rs) 5,00,000 49,25,600 35,28,800 85,83,200 1,10,83,200 48,45,600
Fuel Consumed (L.it.) 72 42 60 20 - 42
Total cost of fuel (Rs) 3240 1890 2700 900 -- 1890
CO, emitted (Kgs) 191 111 159 53 -- 111
NO,, PM emitted (gms) 576 336 400 160 - 336
Avoided cost (Rs) 1214 708 1012 337 - 708
Running cost (Rs) 4452 2598 3712 1237 -- 2598
System load (kWh) 800 800 800 800 800 800
Energy supplied by diesel _
generator (KWh) 800 500 600 200 500
Energy supplied by PV
cells/wind and battery - 300 200 600 800 300
(KWh)
Savings/year (Rs/yr) - 6,76,710 2,70,100 11,73,475 16,24,980 6,76,710
SPBT (Yrs) -- 6.53 11.21 6.88 6.82 6.42
B Additional Cost (10L) B CO2 emitted (10Kg) Running cost (1000Rs) M SPBT (1Yr)
191 1.1 159115 11 1.1
B4, 44985 3gaid 5358 oo 1313 64
Diesel System PVDB System Base Diesel System Base PV System PV SyswWind Battery with Diesel Sy

Fig.9.Comparison graph
Note: above calculated cost data is subjected to increase, costs are considered based on local available
sources in Indian remote locations

V. CONCLUSION

The simulation results presented here highlights that the integration of a PV, Wind into a diesel-battery
APS reduces the operating costs and the greenhouse gases and particulate matter emitted to the atmosphere by
utilizing the RES based on load curve duration.

A Simulink model of independent power system for six different cases is developed in this paper to
verify the distribution of load to RES based on availability of non conventional energy sources. With few
modifications, the model can be extended to incorporate other renewable energy sources. The incorporation of
additional renewable sources of energy, such as biomass, fuel cells, Husk power in this system, could further
reduce fuel consumption. Hence by resolving to the non conventional means of generation, electricity can be
economically provided to the remote location without harming environment.
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