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Abstract: Rural electrification plays an essential role in socio - economic expansion of rural people and overall nation.
However, there are many rural areas available in India which does not have access of electricity due to infeasibility of
grid extension or limited availability. In addition, there are several rural households available in India which is not
electrified till yet. Utilizing diesel generator (DG) in this situation is not a good alternative due to environmental
impacts. In these circumstances, power generation through locally available renewable energy sources (RES) could be a
viable solution due to cost-effectiveness, demand-supply gap, global warming & climate change, fossil fuel depletion
etc. In the present investigation, feasibility analysis of hybrid power system utilizing locally available RES has been
carried out for un-electrified rural households of Mewat district of Haryana state in India. Different possible
configurations of off grid and grid connected mode has been developed and compared. It has been found that grid
connected SPV/Wind/Biomass/Biogas hybrid system is most optimal solution in terms of net present cost (NPC) and
cost of energy (COE).
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1. Introduction

Electrical energy plays a significant role in improving the socio-economic development of any nation.
Further, in developing countries like India, a major portion of population is residing in rural areas. Presently,
India has around 18452 villages and out of which 23% rural households are still un-electrified due to some
technical and economical reasons [1]. In addition, the nation has an installed capacity of about 330 GW as on
30.06.2017with a major share of approximately 70% from fossil fuels that leads towards greenhouse gas
(GHG) emission, health issues etc. It has also been observed that only 18 % contribution from renewable
energy sources (RES) that can be enhanced by harnessing more and more available RES [2]. In nutshell,
power generation through locally available RES in these rural areas could be a viable solution due to several
reasons such as non-feasibility of grid extension, environment friendly energy, improving health issues etc.
Further, the power generation from RES is expected to increase drastically and is estimated to be around 175
GW by 2022 which would be a great achievement in Indian power sector [3]. Besides, Ministry of New and
Renewable Energy (MNRE) provides several fiscal and non fiscal incentives like concessional custom duties,
exemption of excise duties, subsidies, preferational tariff for purchase of renewable power, generation based
incentives etc. [3].

However, RES like solar, wind energy are intermittent in nature, so combination of such sources called
hybrid systems is recognized as a feasible solution to get economical, clean, green and reliable energy. The
hybrid system may work in off grid and grid connected mode. Further, the performance of a hybrid system is
highly dependent on the geographical locations; availability of RES; environmental conditions etc. Therefore,
feasibility analysis at a particular site for the development of hybrid system is required to explore the cost,
component size and overall economics. In this regards, several research has been carried out by several
researchers by using several simulation tools and methods [4-24].

In light of the above discussion, the aim of the present work is to perform feasibility analysis of development
hybrid power system for rural area of Haryana state in India has been carried out. This hybrid system will
provide the reliable supply to un-electrified rural households. At first, the potential of different RES
available at the study area has been estimated. Further, the total load demand of the selected site has been
computed. Utilizing popular software, Hybrid Optimization Model for Electrical Renewable (HOMER),
different feasible configurations in off grid and grid connected mode are compared and selected the most
feasible in terms of techno-economic analysis.
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2. Study area

Silkhoh is a village situated in Taoru block of the Mewat district of Haryana state in India. The longitude and
latitude of the study area is 76.96° E and 28.15° N respectively [25]. According to census 2011, this village
has a total population of 3467 alongwith 596 households. Based on the collected data, it has been found that
the selected area has 398 un-electrified households [26]. Therefore, it is essential to design a power system in
order to meet the energy needs of rural people.

3. Potential of different RES at selected site

In order to design a RES based hybrid system for a specific site, it is necessary to find out the potential of
available RES and their capability to generate efficient and reliable power. Therefore, the potential of
different RES viz. solar energy, wind energy, biomass and biogas has been calculated based on the site visits
and collected data and is given in Table 1.

Table 1: RES Potential at Selected Site [27-30]

RES Potential ﬁ(@slﬁl?;eggergy Potential
?Sﬁyegglrgry radiation) 5.26 kwh/m/day 1919.9

womay | (G

(Bci:%?)a:sidu e) 320 ton/year 290909

Biogas 170 m*/day 124100

From Table 2, it is observed that the selected site has huge potential of RES that can be utilized to fulfill the
energy demand of rural people. Further, the power output of the solar photovoltaic (SPV) system (Ppy (1)) has
been obtained using equation (1) as [24]:

Qpv (1)

PViSTC (1)

Pey (1) =Rpy*xDFx

Where, Rpy represents rated capacity of SPV array under standard test condition (STC); Qpy (t) is solar
irradiance incident on SPV array in KW/m?; Qpvstc depicts the solar radiation at STC (1 kW/mz). DF is
derating factor of SPV array to consider reduced output under real world conditions like dust, shadow etc.

The power output of selected wind energy system at hour t can be calculated as per following equations [31]:

0 whenV < Vg and V >V,
B V2 + y,V + Z, whenV, < V <V,
Pr@ =Y v yv + 7, whenV, < V <V, )
x3V2+ y3V + Z whenV, < V <V,

Where, V is wind speed in m/s; V;, and V., is cut in and cut-out speed of wind turbine respectively. x,y, z
represents coefficients of quadratic equation.

The power output obtained from biomass generator system (Py, (t)) has been computed using equation (3) as
[24]:

Qam* CVyy x 1, %1000
365 x 860 x H,

Pm(® = ©)

Where, Qam represents yearly available amount of biomass (tons/yr), CVy depicts biomass calorific value in
kcal/kg, nw is conversion efficiency and Hy, represents operating hours per day of biomass generator system.
The output power (Pg (t)) of biogas generator system is computed as [32]

Qe*xFs*xng

P (t) =
o) 860 x Hg

(4)
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Where, Qg is biogas availability per day (m3/d), Fe is calorific value of biogas (kcal/ms), ne is overall
conversion efficiency from biogas to electrical power production. Hg represents operating hours of biogas
generator per day.

4. Assessmentt of Hourly Load Demand

The hourly load demand of the study area has been computed based on site visits, day to day use appliances
by nearby villagers etc. The electrical appliances such as light emitting diode (LED), television (TV), fan,
mobile charger, heater and water pump have been included while preparing the hourly load demand. Further,
two seasons have been considered due to inclusion of temperature variation at study area in a year. The step
time and day to day random variability of 5% each has been considered. The daily load profile of both the
seasons has been depicted in Figure 1.
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Figure 1(a). Daily load profile of study area during summer season
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Figure 1(b). Daily load profile of study area during winter season

The daily energy requirement of the selected area during both the seasons is calculated as 2075 kWh/day and
1598 kWh/day respectively.

5. Methodology

Hybrid Optimization Model for Electrical Renewable (HOMER), well known software has been used for
modeling of hybrid system. This software simulates several feasible configurations and ranked them on the
basis of net present cost (NPC) [33]. In order to design and develop hybrid model in HOMER software,
various technical and economical input database such as cost, size, lifetime etc. of system component are
needed and is given in Table 2.
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Table 2: Technical and Economical Input Database [16, 31]

Renewable energy | Capacity Numbers Capital cost Replacement O&M cost Lifespan
technology considered | considered cost

SPV System 1kwW 0- 100 $ 1333/kW $1333 /kW $ 26/year 25 years
}’:’Jig_d;sl;rbi“e model |y 0-100  |$3500/WT | $3500/WT | $60/WT/year 25 years
E\;:t';‘;ss gasifier | g 0-100 | $1033/kW | $750/kW | $0.0/kW/hour | 15000 hours
?V'Sotgear; generator 1kW 23 $660/kW | $450/kW | $0.01/kW/hour | 20000 hours
Battery  (VISION 12V, )

6EM200D) 200 Ah 0-250 $ 284 [kW $ 220/kW $6/battery/year 5 years/battery
Converter 1Kw 0-100 $ 117 /kw $ 117 /kw $3/kW /year 10 years

6. Simulation Result and Discussion

Based on the locally available RES, the objective of the present work is to develop a hybrid model in
order to fulfill the energy needs of the un-electrified rural households of the selected site. The hybrid model
has been developed using HOMER software by providing technical and economical input database. At first,
four feasible configurations in off grid mode have been considered and compared in terms of NPC and COE.
Finally, best off grid configuration has been compared with grid connected and found most feasible. Further,
the description of the four feasible off grid system is as follow:

I.  SPV/Wind/Biomass/Biogas Generator with Battery
Il. Wind/Biomass/ Biogas Generator with Battery

I1l. SPV/ Wind/Biomass Generator with Battery

IV. SPV/ Biomass/Biogas Generator with Battery

6.1. Feasible off grid configurations

Four feasible off grid configurations are developed using HOMER software to meet out the hourly load
demand of the selected site and their technical and economical results are presented in Table 3.

Table 3: Technical and Economical Results of Feasible Off Grid Configurations

SPV/ SpV/
Wind/Biomass/ | Wind/Biomass/ . . SPV/ Biomass/
. . . Wind/Biomass | .
Description | Parameter | Biogas Biogas Generator Biogas Generator
. Generator .
Generator with Battery with Batte with Battery
with Battery y
SPV (kW) | 35 - 15 130
Wind
turbine 231(70 nos.) 274 (83 nos.) 297 (90 nos.) -
Blomass | ¢, 65 80 90
. generator
Technical Biogas
parameters generator 23 23 - 23
Battery | ;g4 170 200 225
(nos.)
Converter
(kW) 60 50 60 100
(T$‘;ta' NPC | 1005729 1005970 1173716 1339541
oo | Cos o
P energy 0.118 0.118 0.137 0.157
($/kwWh)
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From Table 3, it is observed that the configuration SPV/Wind/Biomass/Biogas generator with Battery offer
lowest NPC and COE of $ 1005729 and $ 0.118 respectively. The size of the configuration consists of 35
kWof SPV system, 231 kW of wind energy system, 65 kW biomass gasifier system, 23 kW of biogas
generator and has 180 nos. of batteries along with 60 KW converter.

6.2. Comparison between grid connected and best off grid configuration
The best off-grid configuration has been compared with grid connected mode and it is observed that grid
connected configuration has least NPC and COE of $ 788780 and $ 0.092 respectively. The system rating
and economical parameters of grid connected configuration is given in Table 4.

Table 4: Results of Grid Connected Hybrid RES System

Biomass Biogas .
. . SPV UE-33 Battery | Converter Grid COE
Configuration enerator enerator NPC ($
g KW) | (kw) ?kw) ?kw) (no.) (kW) (KW) ® | @mkwh)
Grid connected
SPV+ Wind 0 | 27 60 23 140 50 5 | 788780 | 0.092
+Biomass+
Biogas+Battery

From Table 3 and Table 4, it is concluded that the grid connected SPV/Wind/Biomass/Biogas/Battery has
been proposed for the selected site. The schematic diagram of proposed hybrid model is shown in Figure 2.
Further, the cash flow summery in terms of NPC and monthly average energy generation of proposed
configuration has been depicted in Figure 3 and Figure 4.

.y
Load Demand P
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Figure 2: Schematic diagram of proposed hybrid model for selected site
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Figure 3: Cash flow summery in terms of NPC of proposed hybrid model
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Figure 4: Monthly average energy generation of proposed grid connected hybrid model of study area
7. Conclusion

In the present work, RES based hybrid model has been developed for providing continuous supply to un-
electrified rural households of Mewat district of Haryana state in India. Different possible configurations in
off grid and grid connected mode has been considered and compared in terms of NPC and COE. The
proposed grid connected hybrid model composed of 40 kW of SPV system, 271 kW (82 nos.) of wind energy
system, 60 kW of biomass and 23 kW of biogas generator system alongwith 140 no. of batteries and 50 kW
of converter. The proposed hybrid system would be very helpful in achieving the target of “Electricity to All”
and rural electrification in India.
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