IJEE . . .
wrsraes  Volume-9 « Number-2 June -Dec 2017 pp. 79-85 available online at  www.csjournals.com

Design and Sizing of RES Based Hybrid System for
Rural Applications of Haryana State in India

Priyanka Anand, Sarbjeet Kaur Bath?, Mohammad Rizwan®

'Department of Electrical Engg, I. K. Gujral Punjab Technical University, Kapurthala, India
Department of Electrical Engg, G. Z. S. Campus College of Engineering & Technology, Bathinda, India
*Department of Electrical Engineering, Delhi Technological University, Delhi, India
'anand_priyankal0@yahoo.co.in , “sjkbath77@gmail.com, 3rizwan@dce.ac.in

Abstract: In developing countries like India, there are still a large number of villages which are not electrified or grid
accessibility are not available. In addition, there are plenty of rural locations like hospitals, base transceiver station etc.
are available which require continuous electricity. However, there is an enormous prospect to tap the renewable energy
sources (RES) at these locations. In order to offset this situation, the distributed power generation through RES could be
a viable solution. However, the cost of renewable energy based systems is relatively high. Therefore, optimal sizing of
renewable energy based system is essential in order to get cost-effective and reliable supply.

In the present investigation, four feasible configurations are compared and found an optimum in terms of techno-
economic criteria and green house gas emission. Hybrid system comprises of solar-biomass along with battery is
proposed to provide continuous supply to rural locations of Haryana state, India. The proposed system has found
optimal in terms of size, net present cost (NPC), cost of energy (COE) and emission.
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1. Introduction

In past few years, electrical energy demand is increasing day by day due to several reasons like globalization,
escalating population, energy consumption, industrialization etc. Further, a major portion of energy is
generating through fossil fuels, as a result contributing in climate change, green house gas (GHG) emission,
and health issues etc. In addition, rural electrification plays a significant role in energy access in rural
locations and eventually socio-economic augmentation of rural human beings and overall nation. In
developing countries like India, a large number of population are situated in rural areas and many of them are
not getting grid supply due to the non feasibility of grid extension. Further, those rural areas have access of
the grid, received limited hours of supply. Therefore, distributed power generation through RES could be a
viable alternative in such circumstances. In India, huge amount of RES like solar, biomass, biogas is
available in these rural locations. Additionally, Government of India (GOI) is also making endeavors for
promoting RES based power generation by initiating several schemes like subsidies, Jawaharlal Nehru solar
mission, Green and clean energy, etc. and also fixed a mission of adding up 175 GW power generations
through RES by 2022 [1]. Further, the percentage share of conventional sources and RES to the total installed
capacity in India as of 31.03.2017 has been depicted in Figure 1.
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Figure 1. Contribution of energy sources to the generated power in India [2]

However, the capital cost of renewable energy based system is comparatively high compared to conventional
energy based system. Therefore, sizing is one of the necessity to ensure the electricity in a cost effective
manner. Further, in recent investigations, it has been noticed that the hybrid system comprising of two or
more energy sources could be a more attractive wayout compared to the single energy system in terms of
reliability, economy, sizing etc. [3-6]. In this direction, a lot of research has been carried out by several
investigators by using several simulation tools and methods [7-26].
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Keeping in view of, above all, the aim of the present study is to design and sizing of hybrid solar-biomass
system for rural location of Haryana state, India. This hybrid system will provide the continuous supply to
two major rural locations viz. Base transceiver station (BTS) and hospital. Using HOMER tool, four
different feasible configurations are compared and found most desirable in terms of least NPC, COE and
GHG emission.

2. Methodology used

In the present investigation, a methodology used involves brief description of selected site, assessment of the
potential of RES, estimation of hourly load demand, and optimization method which are illustrated in the
forthcoming sections:

2.1 Description of the Selected Site

Kakana is a village situated in Gohana Tehsil of Sonipat District of Haryana state, India. This village has a
29.15° N, 77.01° E latitude and longitude respectively. According to census 2011, this village includes 634
households along with a total population of 3435. Presently, a hospital located in this village does not have
access to electricity. In addition, base transceiver station also requires a continuous supply. Therefore, it is
necessary to design a system in order to provide a continuous supply to these locations. Further, the detailed
description of the study area is given in Table 1.

Table 1: Description of Selected Site

Description General Information
Country India
State Haryana
District Sonipat
Block Gohana
Village Kakana
Population 1455
Total households 261
Latitude 29.133° N
Longitude 76.80° E

2.2 Assessment of Potential of Renewable Energy Resources

In order to assess the potential of RES, an extensive site visits has been carried out and data related to solar
radiation, biomass from crop residues and cattle dung has been obtained. The potential of RES of the selected
site has been illustrated in Table 2.

Table 2: Renewable Energy Resources Potential at Proposed Site

RES Potential Annual Energy Potential (kwWh/year)
Solar energy 2

(Daily solar radiation) 522 kWh/m*/day 19053

Biomass 1005.54 ton/year 1005500

(Crop residue)

From Table 2, it has been emerged that huge amount of potential of renewable energy sources are available
in the study area and adequate to fulfill the electricity demand.

Further, the power output of the solar photovoltaic (SPV) system (Ppy (t)) has been obtained using equation
(1) as [28]:

Qpv ()

PV1STC 1)

Pov (t) =Rpy xDFx
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Where, Rev denotes rated capacity of SPV array under standard test condition (STC); Qpy (1) represents

solar irradiance incident on SPV array in kW/m?; Qpvste is the solar radiation at STC (1 kW/m?). DF is
derating factor of SPV array that used to consider reduced output under real world conditions like dust,
shadow etc.

The power output obtained from biomass generator system (Py, (t)) has been computed using equation (2) as
[28]:
Qam* CVy % 1, %1000

Pyt =
m( 365 x 860 x Hy,

@

CVm is biomass calorific value in kcal/kg, Mm

Where, Qam is yearly available amount of biomass (tons/yr),
is conversion efficiency and Hu represents operating hours per day of biomass generator system.
2.3 Hourly Load Demand Assessment

The hourly load demand of the selected area has been prepared based on the information collected from the
respective staff. Further, two seasons viz. summer (April to September) and winter (October-March) have
been considered in order to consider the impact of temperature variation in energy consumption pattern.
Further, the day to day and step time random variability each of 5% has been considered. Furthermore, the
daily load pattern of both the seasons have been shown in Figure. 2.
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Figure. 2 (a). Daily load profile of selected site during summer season
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Figure. 2 (b). Daily load profile of selected site during winter season

2.4 Optimization Method

In the present investigation, Hybrid Optimization Model for Electrical Renewable (HOMER) tool has been
employed for simulation and optimization purpose. It simulates various feasible configurations and scaled
them in terms of NPC [29].

The NPC of the hybrid system has been evaluated using the following formula as:
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NPC = Total annualized cost/Capital recovery factor 3
Further, capital recovery factor of component or system has been computed as [19]:

Capital recovery factor = (R(1+R)") / ((R(1+R)") -1) 4
Where, R denotes yearly real rate of interest and n is lifespan of component or system.

The COE is also one of the important parameter in order to design hybrid system which has also been
considered and can be computed by equation (5) as [19]:

COE=TAC/Ey (5)
Where, E,qdenotes total annual energy generated by the hybrid system (kWh/year)

2.5 Technical and Economical Input Database

In order to get most cost-effective hybrid system among various options, different generators such as solar
photovoltaic system, biomass generator system, diesel generator (DG) with other necessary system
components based on availability has been considered. Further, a set of technical and economical data related
to system components like cost, lifetime required for the simulation and optimization has been given in Table
3.

Table 3: Technical and Economical Input Database [30]

Biomass Diesel Battery
Parameter SPV System Generator Generator (Vision Converter
(DG) 6FM200D)
Capital cost 920 $/kW 770 $/kW 1000 $/kwW 184 $/kW 117 $/kW
Ejs‘;'aceme”t 920 $/KW 700 $IKW 900 $/kW 154 $/kW 117 $/kW
Operation and
maintenance 10 $/kW/year | 0.001$/kW/hour | 0.008 $/kW/hour | 1.84 $/kW/year | 3 $/kW/year
(O & M) cost
Lifetime 25 15000 hours 15000 hours 4 years 10 years
Fuel cost - 4 $fton 0.8 $/litre - -
Size to be
considered 0-30 0-30 0-30 0-30 0-30
Project life 25
Operating
reserve as % | 10%
of hourly load
Operating reserve
as % of solar | 25 %
power output
Dispatch . . 0 .
strategy Cycle charging with 80% setpoint state of charge

3. Simulation Result and discussion

Based on the considering locally available RES at the selected site and several input database, constraints,
etc. a hybrid model has been developed using HOMER software and presented. After hourly simulation over
a year, four feasible configurations have been obtained and compared. The most feasible hybrid system has
been chosen in terms of least NPC and COE. Further, different system components such as SPV system,
biomass generator, diesel generator (DG), Battery alongwith converter have been chosen to get an optimal
hybrid system for the selected area and demonstrated in Figure 3.
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Figure 3. Considered system components for developing optimal hybrid system for selected site

Further, the techno-economic and GHG (CO, SO, and NOy) emission analysis based

considered configurations are presented in Table 4-Table 6.

Table 4: Technical and Economical Output of Feasible Configurations

results of the

SPV/Biomass | SPV/DG/Biomass | Biomass Biomass/DG
Description | Parameter Generator Generator with | Generator Generator
with Battery | Battery with Battery | with Battery
SPV (kW) 8 9 4 -
Biomass generator
3 3 - 4
(kW)
System (El)(l\(/a;)el generator | 2 i 3
rating
Battery (no.) 6 12 10 12
Converter (kW) 8 9 7 5
Total NPC ($) 36174 38482 48415 51632
Total annualized
capital cost | 468 643 230 8873
($/year)
Total annual
replacement  cost | 736 656 1399 32281
Economical | ($/year)
parameters | Total O & M cost
($lyear) 128 153 64 1719
Total fuel —cost | ;g 257 356 12869
($/year)
Total annualized
cost ($/year) 1447 1539 1937 51932
Cost of energy
($/kWh) 0.083 0.089 0.112 0.120
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Table 5: Energy Generation by Feasible System Configurations

SPV/Biomass SPV/DG/Biomass | Biomass Biomass/DG
Parameter Generator with | Generator  with | Generator Generator with
Battery Battery with Battery Battery
SPV array 0 0 ) )
(kWhiyear) 13,531(58%) 15222 (63%)
Biomass o
generator 9,788 (42%) 8743(36%) 18123(100%) | 17356 (97%)
(kWh/year)
Diesel generator
(kWhiyear) - 371(2%) - 559 (3%)
Total  electrical 0
power production | 22319 (100%) | 54336 (10006) 18123(100%) | 17916(100%)
(kWh/year)
Renewable 0 o 0 0
fraction (%) 100% 98% 100% 97%

Table 6: Green House Gas Emission of Feasible System Configurations

SPV/Biomass | SPV/DG/Biomass | Biomass Biomass/DG

Pollutant Emission Generator Generator with | Generator Generator with
with Battery | Battery with Battery | Battery

Carbon dioxide (CO,)

emission (tons/year) 1.956 2.432 0.29 0.709

Sulphur oxide (SOy) *1 (AL *1 (A %10, %10,

emission (tons/year) 4,338*10"-3 5.316*10"-3 1.27*10"-3 2.11*10"-3

Nitrogen oxide (NO) | jcex1ong | 0011 7.792¥10n-3 | 0.0143

emission (tons/year)

From Table 4-Table 6, it has been conclude that the hybrid SPV/Biomass along with battery system has least
NPC and COE with negligible GHG emission.

4. Conclusion

In the present investigation, design and size optimization of hybrid SPV/biomass generator along with battery
system has been carried out for providing continuous reliable supply to hospital and base transceiver station
of the rural area of Sonipat district of Haryana state in India. Four feasible configurations were compared in
terms of net present cost and cost of energy. The proposed hybrid system consists of 8 kW of SPV, 3 kW of
biomass generator along with 14 kwWh (6 no.) battery and 8 kW converter. The cost of energy of the proposed
system is $ 0.083 with negligible greenhouse gas emissions. The proposed hybrid system would be very
helpful in achieving the target of “Green and Clean energy”, “Electricity to All” and rural electrification in
India.
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