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Abstract— Demand of energy in isolated parts of India is solved by extension of grid power supply but it is not economical at all as cost varies
depending upon distance,land and load demand.In view of this problem,supply of power to remote area demands advanced skill with updated
technical and economical strategies.Because of that expensive and insufficient grid power in rural places have been replaced by renewable
energy sources.So this particular work chooses the best hybrid technology for rural electric generation for a village area in Bhubaneswar. The
solution obtained from using HOMER software presents the economic feasibility of the hybrid generation system for a rural conglomerate in
Ghatikia, Bhubaneswar with latitude 20.26 ° N and longitude 85.76 °E.This paper contains four different type of Hybrid configuration. The
optimization result obtained by using a hybrid configuration composed of a wind energy system, a solar PV system and a diesel generator used

as a backup system.
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l. INTRODUCTION

It is always challenging to supply power to the rural isolated
places situated far away from the main grid. [1]. There are
lots of reason like distance from regional and main
grid,difficult terrain like jungles,mountains,harsh weather
condition which possess hinderance in supply of electricity to
the rural places [2-4]. Setting up of power plants[5] for rural
electrification ~ depend  upon  certain  criteria  like
place terrain,availability —of natural resources[6-9],drid
availability,DG,LPG,storage devices, biomass technologies
etc.Grid extension has been the predominant mode of rural
electrification but depends upon the distance of the places
from the grid[10].Rural electrification has become an
important part socially and economically for the overall
growth and development of India[13]. Rural off grid
electrification provides an alternative solution that reduces
environmental impact and costs in comparison to conventional
conventional grid.

The main of this work to discuss the tehno economic analysis
of standalone power systems and their contribution to rural
electrification in a sustainable manner.Ghatikia, once upon a
time considered as a remote rural village is situated in the
peripheral boundary of the city of Bhubaneswar having
latitude 20.26 ° N and Longitude 85.76 °E.The place is
surrounded by forest reserve area like chandaka at one side
and a famous tourist place Khandagiri at other.Though the
place is situated near the Grid,alternative hybrid energy
sources like PV,Wind will deffinitely make the villagers self
reliable and self sustainable.Bhubaneswar gets an average
solar radiation equals to 4.82 kilo watt hour/m 2 /day.Remote
place like Ghatikia does nt get wind power during all the time
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and solar energy is absent during night hour.These palces need
hybrid form of energy with a combination of both solar and
wind.HOMER micro power optimization model gives a
simplified solution for both isolated and grid connected power
systems. HOMER gets its inputs describing the technology
options ,component costs and resource availability[1].Further
these inputs have been used by HOMER for simulating
different system configurations or combination of different
components.HOMER produces several solutions indicating the
net present cost(NPC) and cost of energy(COE).For a case
study ,a small conglomeration in rural village has been
considered for techno economic analysis.

As grid extension is either impractical or
prohibitively expensive also the cost of fuel increases
drastically day to day, So the software HOMER (Hybrid
Optimization Model for Electric Renewable), developed by
the National Renewable Energy Laboratory (NREL) in the
United States, was used in this paper for evaluating the
economic feasibility of different hybrid systems.Sharma et al
[2] designed a Optimized PV-Solar and Wind Hybrid Energy
System Over Conventional Diesel Generator in village imaliya
(bhanpur) based on input Solar Insolation and hourly wind
speed. Four Sensitivity input Variables i.e. Wind Speed, Solar
Irradiation, Load, and Diesel Price are considered in this case
for getting the optimal result. The best Optimal Combination
of Energy System Component is Two 7.5kw BWC-Excel-R, 1
KW PV-Array and 2 00.500 KW Diesel Generator. The total
Net Present Cost (NPC), Capital Cost and Cost Of Energy
(COE) obtained for such a System Is $112174,% 59400 and
0.692%/Kwh, respectively.J. B. Fulzele , Subroto Dutt [3]
developed a methodology for optimum Planning of Hybrid
Renewable Energy System. The configuration is analyzed and
simulated by using HOMER software. Performance of each
component will be evaluated on the basis of Sensitivity
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analysis. Result shows the solar PV generator with battery and
inverter is the most economical solution over PV- Wind with
battery as the total net present cost and cost of electricity is
minimum.

By using HOMER software Rachit Srivastava and
Vinod Kumar Giri [4] Optimized renewable energy sources in
Electrical Engineering Department of Madan Mohan Malaviya
University of Technology at Gorakhpur, India. The
performance of the system is analyzed and sensitivity analysis
also has been performed at different conditions. Optimal result
is obtained by using 5kW PV pannel, 4kW Gentator, 10
batteries and 4.5 kW Inverter. Deepak et al. [5] used
homer software to design a hybrid alternative energy power
system model for modeling, simulation of renewable energy
system in the rural areas of Sundargarh district, Orissa ,India.
Simulation result shows cost of energy (COE) in the proposed
method is higher than that of conventional energy sources. S.
Salehin et al. [6] Presents an Application of Techno-economic
Feasibility Study of a Solar PV Diesel mini-grid system in
Northern Part of Bangladesh (having latitude, Longitude
(25.75°N 89.66°E)). Sensitivity variable used here are diesel
price and solar irradiation. By using these two sensitivity
inputs, Comparison done between the proposed hybrid
renewable energy system and an energy system using diesel
generator only. The COE of PV-diesel system is only $0.038
higher than diesel generator. Shown in Fig.1. COE in HOMER
is defined as the average cost/kWh of useful electrical energy
produced by the system.The equation for the COE is

Cannual

+E

mentioned as COE =

E +E

primaryAC primaryDC grid

Il. SURVEY REPORT

General Survey has been done to know the information of
energy consumed per day in the rural area considered for case
study. 122 houses are leaving in this village. On an average
one unit (house) has three bulb (100 W each), one fan (150
W). Details about the village briefly described below.
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Fig.2.Map details of Khandagiri (Ghatikia)

Table 1.Village Description
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Description about Village

Village Ghatikia Bhubaneswar
Latitude 20.26 °N
Longitude 85.76 °E
Solar Insolation 4.76 KWh/m2/day
Wind speed 3.98m/sec
No of houses 122
Considered
Average family 5
member
No of Population 610
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Fig.3.Block diagram of a Hybrid power system.
I1.A.Defining the site load

HOMER finds out the average daily consumption
of system depending on the outlined power profiles.
This paper contains a load detail for different configuration of
the village Ghatikia,selected as a case study(Table.l). A
primary load of 366.20 kWh/day having 45.41 peak loads is
taken for simulation. Fig 4.(a) Daily and Fig.4.(b) Seasonal
load details.Fig 4.(c).stands for yearly profile load data.
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I1.B.Renewable Energy Sources

Wind&solar data are collected using NASA surface
meteorology database (http://eosweb.larc.nasa.gov/) having
the wind direction at 25 meters above the surface of the earth).
Database gives the monthly average wind speed data for a
period of 22 years (July 1983-june2005). All locations do not
happen to be suitable for effective wind turbines and therefore
annual average wind speed is taken as indicator for
determining suitability of a place for a wind turbine(Fig.5).
Detailed information for this particular site having latitude
20.26 °N and Longitude 85.76 °E are downloaded from NASA
website for further analysis(Fig.6).
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Fig.6. Monthly Average Wind speed

Solar data gets imported by HOMER from NASA
surface meteorology database by entering latitude and
longitude. Using the coordinates the annual solar radiation of
this area is 4.82 kwWh/m2/d as shown in Fig.7.
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Fig.7. monthly average solar radiation & clearness index
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11. SYSTEM CONFIGURATION OF DIFFERENT
CASES

For detailed analysis, four cases have been considered
where the system configurations get evaluated by the use of
HOMER (Hybrid Optimization model for energy Resource
Version 3.6.1).Simulation outcome projects different
configuration of renewable sources with comparative analysis
in terms of system design,capital cost,maintenance
cost,salvage,fuel(Fig.8).

Fig.8.Detailed working of HOMER software

In case of the first model(case 1) as shown in Fig.9,the
battery has been connected to the DC terminal, generator is
connected to the AC terminal and the converter is attached to
AC and DC bus bars.Load profile has been a maximum load
of about 366.20 kwh/d. HOMER calculates the system and
operating cost by simulating the load profile and making
energy balance calculation for 8,760 hours in one year.In
Fig.[10-11] the model has been represented with a PV based
generation unit having same amount of load connected.
Improvement is seen in the system by the addition of wind
based system as shown in Fig.12.
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Fig.9.schematic representation of diesel power plant
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Fig.11.schematic representation for (wind-diesel) hybrid

model
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Fig.12.schematic representation of (pv-wind-diesel) hybrid
power system model

IV. Simulation results

After simulations, HOMER sorts the possible feasible
cases in order of increasing the net present (or lifecycle) cost.
This cost is the combination of present value of the initial,
component replacement, operation, maintenance, and fuel
costs. HOMER lists the optimal system configuration, used for
optimizing the lowest net present cost. Four different
configurations and its simulation results are shown below in
Table I1-V.
Table I1. Optimal solution for DIESEL power system
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Table IV. Optimal solution for DIESEL with WIND system
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Table V. Optimal solution for Hybrid PV-WIND-DIESEL
power system
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The wind turbine power curve and cost curve are shown in
Fig.13. and Fig.14.

Wind Turbine Power Curve
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Fig.13. Power curve of wind turbine
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Fig.14. Cost curve of Wind Turbine

The fuel consumption curve and its efficiency is shown in
Fig.15.
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Fig.15.Fuel consumption curve and its efficiency

IV.A.Comparison of Optimal Solution and Economic
Result
The System Configurations are evaluated by using

HOMER (micro power optimization model).The results
are calculated by using optimization and sensitivity
analysis algorithms. For each system the system design
costs are calculated. The system cost contains capital
cost, replacement cost, operation and maintenance cost,
Salvage and fuel cost. Here we considered four different
types of configuration for comparison and estimation of
lowest net present cost (NPC) with lowest Cost of
Energy (COE).The Table VI.shows the Comparison of
four different models with best optimum solution.

Simulation result shows the PV-Wind-Diesel
model gives Lower Cost of Energy in comparison to other
three configurations such as Diesel power system, Diesel with
PV power system and Diesel with wind power system. As the
Hybrid PV-Wind-Diesel power system gives lower Net
present cost (NPC) and lowers Cost of Energy (COE) in
comparison to other three configurations. So the hybrid PV-
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Wind-Diesel model is chosen as Energy and Economic
analysis.

1V.B.Economic Result

HOMER software helps in conducting the energy
balance calculation for each system configuration. It also
helps in determining the feasibility of configuration and
determines the stability of the system. The system is
verified whether it handles the electric demand as per
specification and estimates the economic status of the
project.The system cost calculations account for costs
such as capital, replacement, operation and maintenance,
fuel, and interest. In the entire analysis process of the
PV-Wind-Diesel Hybrid power system the detail
information such as Cost Summary, Cost type, Cash
flow summary, Monthly average Electric production,
Fuel consumption and Total emissions are described
below in Fig.(16-20).

£700,000

$600,000
$500,000
$400,000
§300,000
$200,000

0
PV BWC Excel-R

Autosize Genset Surrette 4C525P Converter

Fig.16. Cost summary

Component Capital (8) | Replacement (§)| O&M (§) Fuel (§) Salvage (5) | Total (5)

PV $18,000.00 $0.00 $767.00 §0.00 §0.00  $18767.00
BWC Excel-R £90,000.00 $28062.00  $23010.00 §0.00 (815727.00) $125345.00
Autosize Genset  $25,000.00 §75081.00 47869400 $42077400  (§931.99) $599,517.00

Surrette 4C525P 52760000 $89.987.00  §11761.00 §0.00 ($106100) $128.286.00
Converter $9.216.30 §3,845.60 50,00 8000 (§71579) $12346.00
System $169,816.00 §197.876.00 $11423200 $42077400 ($18436.00) $884,262.00
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Fig.17. Cost type (P6)

Replacement Fuel Salvage

Fig.18. Cash flow summary (p6)
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Fig. 19.Monthly average Electric production
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Fig. 20.Monthly average Fuel Consumption
Table VII. Fuel Consumption

Quantity Value Units
Total fuel consumed 32,916.00 L
Avg fuel per day 90.19 L/day
Avg fuel per hour 3.76 L/hour
Table VIII. Emissions after Comparison
Quantity Value Unit
Carbon dioxide 86,678.00 Kalyr
Carbon Monoxide 213.95 Kalyr
Unburned Hydro carbon 23.70 Kalyr
Particulate matter 16.13 Kalyr
Sulfur Dioxide 174.06 Kalyr
Nitrogen Oxide 1909.10 Kalyr

The HOMER software conducted the simulation within a
small span of 15 second. The least COE of this system is
found to be $0.117kWh. Renewable fraction of the optimum
hybrid system has been 1 considering nil electricity purchase
from the Grid.

V.Conclusion

Economic analysis has been done for the rural area
considered in the paper. Four different hybrid configurations
are considered and compared for this purpose. Simulation
shows the configuration PV-WIND-DIESEL gives better
result in comparison to other hybrid configuration. As the
Hybrid PV-Wind-Diesel power system gives lower Net
present cost (NPC) i.e. and lowers Cost of Energy (COE) i.e.
in comparison to other three configurations. So the hybrid PV-
Wind-Diesel model is chosen as Energy and Economic
analysis. This paper recommends how the PV-WIND-DIESEL
hybrid system increase the energy demand of the rural area
considered for Case study.
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Appendix

a)

Monthly Average Solar radiation (1983-2005)

Month Average radiation Clearness
(kwatthour/m%/d) Index

January 453 0.608
February 5.26 0.622
March 5.82 0.603
April 6.34 0.602
May 6.18 0.566
June 4.50 0.409
July 3.88 0.356
August 3.80 0.359
September 4.15 0.421
October 4.57 0.524
November 443 0.581
December 4.38 0.616

b) Monthly average Wind speed (1983-2005)

month wind Speed(m/sec)
January 3.15
February 3.48
March 4.32
April 4.68
May 4.24
June 4.37
July 4.64
August 4.31
September 3.45
October 3.35
November 3.78
December 3.42

C) Monthly average temperature (1983 — 2005)

Month Temperature
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January
February
March
April
May
June
July
August
September
October
November
December

20.93
24.11
27.60
28.77
28.98
28.50
27.62
27.29
26.94
25.50
23.42
21.08
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