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Abstract-Today the whole world is undergoing a transformational changes and adjust
global warming and continuously increasing production of organic wastes,which

connectivity with the power grid for these remote area V|Ilages is v
uninterrupted power supply. For the progress of this region, there is a nee on of Renewable energy
i to make it self sustainable.
es. The modelling of Hybrid
) software. This Hybrid renewable
ed too costly. This paper explains

mote areas and making the village self

renewable
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A comphrehensive survey of village is done to access the avail
Optimization Model (biomass/biogas + solar) is done with the
energy model is more suitable forthis village where grl
theconsumption of renewable energy sources in
sustainble in its energy needs. ’
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1. INTRODUCTION

Energy plays a vital role for the has to be preserved in a most efficient manner. The
trend of utilization of renewable ant has been gradually increasing so as to fulfill the
energy demand. In urban Indigy,wit i life style , there is a ever increasing demand of power , but to fulfill
these power demands theréii er. In rural area, the power demand may be at medium level but
resources are less. O
installation and distrib
there is higher trangmi

power are considerably more for these remote located areas. Moreover,
ses and interrupted power supply [1]. In rural areas, management of the organic
is the main problem. The burning of crop residue is the simple method to

eliminate t harvesting but it emits harmful gases like carbon monoxide, sulphur dioxide
etc.,which health and also the environment making the soil less fertile [2]. As in present
scenari vide feasible solution,investigation has been done on how these alternatives energy sources
in a villag aluable for supplying the clean energy to the village and make village self sustained in its

his paper deals with the survey conducted in an Indian village, “Bholana” of district Kapurthala
in Punjab, India. This village comprises of 335 houses and the energy requirements of the village based on the
survey are noted below. The methodology for renewable energy sources is proposedbelow:

e Collection of data for electrical load, cattle population, bio-mass residue for village under study.
o Assessment of present consumption of electricity and available renewable reserves in village.

e Photovoltaic and biomass/biogas based hybrid energy system is proposed to fulfill the electricity demand
of village and make it self sustainable.
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2. PROBLEM FORMULATION

To replace the present supply source for village Bholana which is now from convention source to non-convention
source is possible through the utilization of available renewable sources and managing the crop residue and animal
manure. This is also the best way to provide electricity to the villagers at less price. A survey was done to find
information on energy consumption, data was collected from all 335 houses in Bholana. The total cattle population
and total electric load consumption as given below:

Table 2.1 The Total Cattle Population and Total Electric Load Consumption

Name of Indian Village Bholana,Kapurthala
(Punjab),India
Location 31.3881581"°N lati
75.3897366”E St

Number of house hold

Farmed Area (acre)

Cattle population

Average Connected load

(kwWh/d)
Domestic
Community 289
VILLAGE LOAD DATA
The power consumption of village is no i reas. The fundamental energy requirements in
village can be classified into two sectors i.e., unity. In the domestic sector electricity is required
to use appliances like lamps, televisions, i r,cooler, heater etc. The community sector load

contains medical dispensary, schools, shops and

\2\

S00

AC Primary Load (kW)

.1Monthly Load Profile of Village

3. PROPOSAL FOR MEETING POWER DEMAND OF VILLAGE

3.1 HOMER BASED HYBRID RENEWABLE ENERGY SYSTEM

Hybrid renewable energy system (solar + biogas/biomass) is planned for meeting the electricity needs of the village.
HRES designed is based onthe certain important parameters like load profile, biogas/biomass data, solar radiations
data which optimize the size & cost effectively [2]. HOMER software is used which is multi-purpose software
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package used to design hybrid power systems. In order to achieve the optimum design of hybrid systems, Homer
performs a large number of simulations to ensure the best possible results. Additionally, this software can

analyzelife cycle costs to rank configurations in terms of costeffectiveness.
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Fig. 3.1 Hybrid Power System n by HOMERW
4. AVAILABLE RESOURCES IN VILLAG ‘
®

4.1 Biogas Resource
whiefstill,reMains unused. Cattle dung is the main source of
in a q . Through various energy conversion techniques

Biogas is the enormous renewable sourc&f ene
biogas which is easily available in the villa

like combustion and gasification, biogas can be €@nverteghto gaseous fuel and electrical power. Biogas is produced
from organic wastes and animals magure. Bioga ac gaseous fuel which is produced through anaerobic
digestion procedure [3].

ication of Recommended Biogas Plant

PAU Janta
300m3/day
515
anure per month 154 ton
otal Cost of plant 29 lakh

4.2 Biomass Resource

As we know, being agriculture state Punjab has highest production of wheat and rice in India.The crop residue is the
main source of biomass energy which is available in village in a abundant quantity. Biomass is the most budding
option to supply future energy demands. The average biomass available in village is 4 .5 tons per day. Biomass can
be used to generate electricity through the biomass gasification technology which converts any kind of biomass
energy with low heat value (such as waste from agriculture and organic waste) into combustible gas and then feeds
this gas to a generator for electricity generation.
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Biomass Resource (kg/hr)
=
S

Fig.4.2 Avg. Available Bio-Mass per Month
4.3 Solar Energy

Sun is the main source of energy. It is renewable, inexhaustible and environmenta
large amount of sunshine all the year with an average sun power of 4.96 K
systems provide power supply with the help of solar cells that convert sun e
Semiconductor materials are used to make this solar cell in PV module. T
be stored in a battery system. PV systems generally can be much cheape
average solar radiations data has been taken from NASA [4]. HOMER intr
site and the average solar radiations equal to 4.96KWh/m?/day.
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5. DIFFERE OMPONENTS
5.1 PV Arr
PV ce enerate electricity byconverting solar radiations into direct current electricity using
semicond it the photovoltaic effect. The capacity of PV array system is 10KW.

5.2 Generator

Internal combustion (IC) engines which can work for both on liquid and gases fuel can be used. In this village the
availability of biomass/biogas is sufficient for the 400KW generator set operation .The fuel is used for the generator
is biogas. Advantage of using biogas as fuel is that it is clean fuel which reduces the contamination of engine oil and

also reduces deposits on piston.

5.3 Battery

The lead acidic batteries are used in this system to store the electricity and to operate the power system when power
from system is absent or insufficient. The total no. of batteries used is 20.
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5.4 Converters

A solar converter is used to convert the DC power output of solar panel into the AC power and to maintain the
flow of energy between dc and ac components. The 12KW size converter is used in this system.

Table 5.1 Various Components and Technical Data

Components Capacity Total Capital Total Total O&M | Life Time
cost ($) Replacementcost ($) Cost ($) (years)
PV panels 10 17000 150000 60/year 25
(KW)
Generator 400 (KW) 135000 100000 0.01/hr 25
LA 20 batteries 5800 3000 .01/hr 10

Converter 12 4800 3500
(KW)

6. HOMER SIMULATION RESULTS

In the current scenario, the collection and sizing of components of hylfid power
HOMER software. HOMER is user friendly software which simulates each

has been done using
ombination system design in
result sorted based on the

the specific search space. Only the viable one will be displayed at opti i
combination of system components is arranged from most effective cost to the least'effective cost
a t a
Architecture Cost Gend00
Operating . :
Py Gend00 Converter o COE NPC Initial capital — | O&M Fuel
- LA t P O&M Cost
B )Y T VAT Ty Vg Vo Y ® V% Yw V¥ ot ¥

L E] 100 400 10 120 50,0333 4873316 §35,938 $150,200 §9.040 538 8023
w00 40 10 120 $0.0533 §873317 $55936 $150,200 $9040 538 90R
- E] 100 400 10 150 500534 3874549 §35939 $151,400 §9.043 538 8023
L - E] 100 400 10 150 500534 4874549 §35939 $151,400 §9.043 538 8023
L E] 150 400 10 120 500541 9885584 855918 $162,700 $9,048 536 8023

L4+ E] 150 400 120 500541 $885,584 955918 $162,700 §9,048 536 9023

10
\\\‘ Fig.6.1 Optimization Results
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Fig.6.2Monthly Avg. Electric Production
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Cost Summary Cash Flow Electrical Fuel Summary 400kW Genset | Renewable Penetration battery Generic flat plate PV System Converter Emissions

Quantity Value Units Quantity Value Units Quantity Value Units
Hours of Operation 8,760 hrsfyr Electrical Production 1,342,353.00 kWh/yr Fuel Consumption 537.99 tons/yr
Number of Starts 1.00 starts/yr Mean Electrical Output 153.24 W Specific Fuel Consumption  0.28 kg/kWh
Operational Life 2.28 yr Minimum Electrical Output  100.00 W Fuel Energy Input 575,346.00 kWh/yr
Capacity Factor 383 % Maximum Electrical Output  400.00 W Mean Electrical Efficiency  233.31 %

Fixed Generation Cost 6.13 S/hr

Marginal Generation Cost  0.00418 $/kWh

Generator Power Output
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Fig.6.3 Generator Summary
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(HRES) is proposed
hich contains 10KW
ost of energy (COE) of

7. COST ANALYSIS

To meet up the power requirements of village, a standlone hybrid rene
whose result is found with the use of HOMER software. The total capacit
solar PV array system and 400KW biogas/biomass generator system,
$0.0533/Kwh and the total net present cost (NPC) of $873316.

Generic flat plate PV $20,000
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‘ Fig.7.1Cash Flow Summary

CONC

This paper has concluded the study with problem under optimization results and effective/cost analysis of HRES
using HOMER software. Hybrid energy system providing stability in power system and also providing power on
environmental friendly basis. In this study total renewable sources existing in the Indian village has been assessed
and a viability plan has been made as to produce electric power from these renewable energy resources. The
renewable energy system has higher reliability, cost effective and also improving the quality of power supply. With
the use of these resources 410 KWp power plants is proposed for the village which includes 400kW Biomass/Biogas
power plant and 10 KWp Solar PV power plants and per unit cost generation is $0.0533/ kwWh. The two of main
problems of managing the organic waste and inconvenient power supply of village could be well overcome with the
help of renewable energy resources and a first step towards the making village sustainable in its energy needs. The
aim of increase the power system efficiency and increase the use of renewable sources also fulfilled. Before
implementing a conventional energy sources to provide power in a site if we appraise the availability of renewable
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energy resources than the whole scenario may change to a sustainable one which can be superior for us and good

step towards the make environment green and clean.
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