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Abstract

In today’s context Newton’s third law which says “every action has an equal and
opposite reaction” seems to be realistic. Climate change is also gne of such
reaction of which has been observed due to increasing greenhou es in
atmosphere. The largest share of greenhouse gases emission rough
industrial sector (25%) followed by Transportation sector (16%). @ n-di-oxide
is one of the abandoned greenhouse gas and 65% of its emi s,occur due
to burning of fossil fuel. Huge amount of fossil fuel is usemproduction of
energy. Coal (Non-Renewable) is the main raw fuel use production of power
generation. Energy in present context has become ntial component for
economic activity and day to day life. Although, apart coal there are many
other resources which are being used for powe eration. Considering energy
as a commodity, distribution charges is proportioRal’ to distribution area and it is

G,

u

do*have sufficient infrastructure

proportional to distribution losses. However

to supply energy to every precinct b 0 dependency on limited non-
renewable energy sources it is unable ater the whole demand. Hence it is

essential to identify renewable and cle gy sources to fill those gaps. This is

also reflected and observed throug @ ous load shading in different areas at
different time. In purview of this, Gowe ght of India has also promised to have
huge renewable energy source %uction of energy by 2022. India comprises
of 97% area and 68.3% @n under rural characteristic. Electrification

charges are also compard ore than that of urban area. Hence local

4
generation will be mor I. Therefore there is a need to develop a
mechanism for generaii f energy based on renewable and clean fuel locally
available in rural In this purview Ratibad Village Cluster has been

identified for detad . The area is rich in cattle population and agricultural

farm-land as e study area also has a potential of generating

5.6kW/day, solar energy. This thesis is an attempt to develop a
mechani or framework to use locally available clean fuel mechanism to
strengthen local power generation and meet the demand through a

sustainable process.

Key words: Fuel Shifting, Renewable energy sources, Rural area
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Chapter 1: Introduction
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Chapter 1. Introduction

This chapter will explain the backgrourQyCd idea behind processing this
0

research topic as thesis for Masters o ning, Environmental Planning. This

will also explain the aim of this stu jectives behind achieving the aim

with methodology. Discussion will_go tilldhe expected outcomes of this study.
Following chapters will continue@is of this study.
0\0‘ ’
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Chapter 1: Introduction

1.1 Background

The recent concept emerged in India today is the Smart City and Smart Villages.
Typically this means a self-sustaining settlement which responds to the activities
done on it. (Smart Cities, 2016). The idea of this study came through thesstudy of
Carbon Emission. If we see the share of emission with respe ectors,

%

other sectors as Transportation with 34%, Industrial with 16%

electricity generation is the one which has the biggest share of 4 ollowed by

est are by

residential, commercial and other sectors (Center for C @

Solutions, 2013). Greenhouse-Gas [here after GHG] eﬁ@ajor component
for climate change. The share of CO2 is 77% withi % from fossil fuel

and Energy

and industrial process and rest 11% from forestry er land use (IPCC,
2014). In terms of Global Emissions by Economic sector, Electricity and Heat
Production is about 25% and Agriculture, forestW]er land use has a share
of 24% followed by Industry, Transportatio er Energy and Buildings (IPCC,
2014).

Hence, it says that Energy sector is the @ch has the largest share in GHGs
emission, but what is the actual de

for future. A study done by TARU
energy is about 778 BKWh in anhda

nd Of energy for present condition and also
tes that the present consumption of
hich is expected to increase to 2280
BkWh by the year 2022 (TARU . However, India being the seventh biggest
country, has the second big acity of generating solar energy of around 6-
7 kKW per Acre (IBGeogranaster, 2015). Having that much capacity of
generation, India only @e about 43GW of energy (Government of India,
t

power consumption will increase twice in coming

cater the upcomi and of energy.

2015). This revels th
years. Hence, there: d of finding different methods of generating power to

However, n @ology which is coming these days, are much more energy
efficient. This efergy efficiency can be determined according to the star rating
given with anual of the electrical device. Following Figure 1 and Figure 2

shows some examples to identify the energy savings.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 1: Introduction

Figure 2: Star Ratting (Example) Q
Hence, there is a possibility that t u of devices can increase but the

consumption do not increase in t% rate. For an example, previously

household lighting provided using aent bulbs, which consumed around 40W

on an average, but at present a

give the same amount of Iig

advance technology will %.

Swapping of electrical s“to save more energy needs economy. However,

economic condition 8%7 eas is much better in comparison of rural area.
t

However, India’s a& % of area is rural. This share of rural area holds
68.9% of rural population with nearly 80,888,766 households according to year

2011 (Census v“‘

we see the cook uel, than among the rural households 62% still uses firewood

uming less power. It is also true that the

11). This was about the consumption of electricity, but if

as major fue ooking and about 43% of them still uses Kerosene for lighting.

Prese India uses a system of point source generation and distribution to other
area, which means the source of the commodity is a point, or certain
geographical area, and supplied to other places. According, to the laws of
physics, loss of commodity is proportional to the area it is being supplied and it is

proportional to the charges invested on the system. Also in our traditional system,

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 1: Introduction

Electricity transmission is done in different steps. This intends the electricity to be
stepped down and up depending on the consumer. One of the important
attributes to be considered is that the transformer’s output power is not the same

as the input, rather it is little less that the input. Hence it is justifigd that the

electricity and fuel supply to the rural areas if India is much mo% nsive
t Rs46

compared to what is for urban area. Rural Electrification charges i
Billion only and for urban it is about Rs26 Billion (Energy Atlas, 2@

Fuels that we use these days are either fossil fuels or the basiwable energy
sources like solar and wind. Hydro energy is also a rer‘%nergy source of

energy. However, construction of hydro power i nges the native
ecosystem as the reservoir cover a huge area "€ 4@; and changes the
ecosystem which was there when it was not under water

Therefore, there might be a need of local power¥@eneration for rural areas, to

D

well as several examples are there re

reduce energy losses and price. There are studies done on this subject as

s kind of initiatives has been

taken,but most of them are failure. Th so Jmeans that the traditional energy

N he
as fuel shifting, because this study
replace the traditional energy so%

1.2 Aim \Q

This study is aimed tq, fi pplicability of renewable and clean energy

resources may change depending up®6 analysis. This step can also be called

0 find out alternate energy sources to

gfefore this study has following aim.

sources for rural areas @c resources by exploring different mechanisms.

1.3 Obj ecﬂ%

To achieve the a , following objectives are framed:

1. To e the context of energy sources and harnessing technologies
forffuel shifting.

2. Toe e the consumption pattern of energy sources in the study area.

3. To identify the renewable and clean energy sources in study area and
analyse the relation between demand and supply

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 1: Introduction

4. To propose suitable mechanism for replacing non renewable energy
sources with new and renewable and clean energy sources in the study

area.

14 Scope

supply for electricity and reduce the load on fossil fue@
1.5 Limitation

As there are several types of energy production ;s well as consumption,

however, this study will consider only two ty sumption which are fuel for

cooking and source of lighting at residenti velonly.

1.6 Methodology
To achieve the aim, different objectiv@ different set of works to perform and

have different output. The sequ ollows:

1. Objective 1 — Backgr done to prove that the study is needed.
This also explains thegpresent status of energy usage by different sectors,
extent of energy co ption, fuels and their efficiency and pollution. This
will also find.ou st techniques of harnessing renewable energy
sources. (Cha a )

2. Objective 2 e a study area is identified and assessed the pattern of
energy co%on in terms of cooking and lighting. Public perception
survey do e to identify the need of people. (Chapter 3)

3. Obje Population projection is also done for estimation of future

motential is also assessed to identify the extent of generation of
nergyresource and how much the demand can be coped. (Chapter 3)
4. Objective 4 — A suitable framework to utilize the local resources to

address the energy demand of the local population. Details of feasibility of

one aspect of energy supply. (Chapter 4)

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 1: Introduction

Methodology

Background —» Aim —————— Objectives

Objective |

Bl 4':: Renewable
—> Fuels Non - Renewable @

i Hernessin,
Literature L : > g
Review Weetianisms Technologies
—> Rural Area
N Othgr Case
Studies .
Objective 2
Population N
— Census Projection
ightin
Secondary —> Fuel Usage a -g
Data —> Present Supply ** Roxng
Collection
—> Livestock
Available .
Agricultural
—> >lR{}sksources —_— L
—» Was
Primary bl
Data —> Desired * \
Collection —

Obijective 3

D — * Demand
Supply and —> ** Supply
Potential

—> ¥ Potential
Objective 3
—> Fuel for —> Biogas, Electricity (Solar)
—> Electricity (Solar)

Possible

Intervention Ly @e'

Figure 3: Methodology K
1.7 Expe@tcomes

As discussed eagli Is study intends to find out the possibility of application of

renewable energy sources especially for rural areas in India to cater

the energy demand while reducing load in national resource supply system. It is
presumed e supply of energy will not be fully self-sustainable at the first
place, rather it may be a phase wise project. The expected outcome will be a
framework which will explain the amount of different resources being used for

different purposes.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 2. Literature Revie

This chapter intends to explain the the and concepts behind the study to

understand in detail about energy a relation with nature, human and
technology. This chapter also tries@am about the goals and strategies

made by central and state governm It also explains traditional power
production and supply system fe rnessing techniques status of biogas
and solar energy production an ing local sources.

0\0‘ ’

C)O



Chapter 2: Literature Review

2.1 Energy sources

Energy is explained as the capability of performing any activity at certain
condition. This can be of many types and forms, such as Kinetic Energy,

Mechanical Energy, Electrical Energy, Chemical Energy etc. Energy c either

be created nor be destroyed, it can only be transformed from one f

@

on earth but, due to technology and natural activity have made [0 use other

However, it is a known notion that Sun is the ultimate source for d of energy

sources of energy. Few of these sources have took millions .@ s to produce.

This types of energy sources are globally classified in @ent types which
are as follows:

Renewable energy sources Non-reneWable energy sources
Solar Power , Thermal Power
Indian Tech

Wind Power S Coal

Bio-Mass Nuclear Power
Hydro Power Limited Indi Oil
Geothermal Natural Gas

Fuel Cells gricultural and domestic waste

Tidal

Figure 4: Types of energy sources

1. Non-Renewable Energ urces — These are the energy sources which

can be used only oncg
resources. Fossil .f ﬁ

These fuels are N

after burning. N energy is also considered to be cleaner than fossil

hey are known as “Non-Re-new-able” energy
e example of non-renewable energy sources.

ydro carbons, which releases Carbon-Di-Oxide

fuel, but the r. jop emitted from those elements are much more harmful

for human R % Hence, of nuclear waste is disposed with proper care
2. Renew apgy Sources — these are sources which can be used
agai min. These can also be defined as those fuels which can be
regenerated within human life time. These are also one of the cleanest
energy sources. Although few of the energy sources do have some
emissions but considered as cleanest because, those emission cannot be
stopped irrespective to use, hence its beneficial for use rather than

keeping it unused.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 2: Literature Review

2.2 Energy’s relation with quality of life

Energy is one secondary need of human being for living. Almost everywhere we
use some kind of energy to perform certain kind of work. The definition of energy
is itself says that the capacity of performing any kind of activity involves
motion. In some places this motions are visible and some pla not. For
example, glowing of light needs energy, but we do not see ind movement.
However, lighting involves movement of atoms and eIec@Qreate certain

frequency which is visible by human eye. Another example this is working of

fan, where you can see the movement of blades wh@ates the air. Similar
thing happens with cooking also and any other a 0. Importance of energy

can be classified in five different ways as follows ( 016):

\/

Infrastructure
shutdown

Figure W Energyl® Relation with quality of life

1. Food and Communication — energy is required for cooking food. This
involves heat or wave energy of particles to cook food. However, Indian
foods are generally cooked using fire. Energy is also necessary for

maintaining the quality of food, like cold storage and house refrigerators

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Chapter 2: Literature Review

and many others. It is also known that all kind of electrical devices needs

electrical power to run. Communication devices are also one important

support system for our living. These devices also run using electricity.

Another kind of communication devices are the transport sWhich
.

runs in petrol and high speed diesel. Vehicle uses fuel combu

to generation motion. Hence communication also needs enerd
2. Environment - although, humans are not capable ntrol the
environment of globe, but they are equipped to contr environment
within individual buildings for living comfort and ity. However,
human activities can affect earth’s environme condition. Climate
d.

9 or micro, security is

change is one example of environment getting .ﬁw
3. Safety and Security — either we consider ma
necessary to protect assets and safety 4 sary to protect humans

from any king of harm. There are various sy8tems which cross checks the

presence of every element thousang @ imes per second. Safety should

be considered in buildings, road, ets,Wehicles, and virtually any things
which is a threat to humans. Li g i8 one major safety parameter for

both inside and outside buildip

4. Human Health — paramete perature, comfort, education, food,

air quality, are few whic sary to keep humans healthy. All the
systems which control t rameters need energy to run. In case of

any kind of accident, ency service is very handy to handle human

health for certainpe

Hospitals are on@
a

and keep them afterwards.

e, which again needs energy to run. Present

ple which drinks energy to keep humans heal

5. Infrastructur ve every aspect is supported with infrastructure which
keeps thected and helps run them adequately. However, energy
is alson eep the infrastructure running. Things like road signals,

iﬁ and communication network needs continuous energy to

str
ke@p runnihg. This is not only for urban area; it is also same for rural area.

Considering the energy usage for productivity, and productivity is necessary to
have economic growth (Tiwari, 2015). According to present technology, energy is

produced using fossil fuels, which contributes to Carbon emission. Hence

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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economic growth is proportional to energy consumption, and to cater that
demand, energy production will be more, which is again proportional to carbon

emission. Hence, economic growth is directly proportional to carbon emission,

and contributes to GHG emissions. \

2.3 Anthropogenic GHG emissions (D
Transportation is a major contributor for air pollution and fby industries
with mainly by the power generation industries. Discuss

@‘vo« the energy

consumption by human, it is nearly 3.7 Gigajoule er~annum (Trend in

consumption of and production of energy, 1999). | sconomy is growing day
by day. More economic growth needs more ty and activities to be

performed in the same amount of time. This incre amount of productivity

needs more energy consumption as well. onomic growth and energy
consumption are directly proportional ch other. According to past
technology, more energy generation more fuel used and hence leads to
more carbon emission (Tiwari, 2015 e over it is also assumed that the

carbon emission is directly proportionat to the resource use (Shah, Humans and

energy consumption, 2015). A 5ses are more in distribution, losses are

also there in usage as well as co ransformation of energy from one form

to other, which also increasesgth pmand and this can be mitigated by at least

efficient use of energy % 16). More of carbon emission and less too
ligin

might create issue for nvironment. However, sufficient energy is also

required to perform.a This energy consumption is both in terms of

electricity and in tern&\

manner which is, fo work more food is needed, or soon a person may run

King because human body also function in the same

out of strength a issues.

C)O
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World primary energy
consumption 1989-1998
(10" Btu)

Over 25.00
10.01 to 25.00
5.01 to 10.00

2.51t0 5.00
0.00 to 2.50

No data Q
Figure 6: Worldwide primary energy consumption
Now the improving technology have gave us different Many other cases came on

using cleaner fuel for cooking in local areas. Go has proposed many bio
gas plants for provision of cooking fuel in r, areas. Burning of coal is much

more carbon based product and is used i amount for power generation in
India as well as for cooking. Energy hasg@ di lation with human quality of life
in different aspects. Energy is importa rg8afety and security, because it is

needed for adequate lighting at night timefingbuildings and street as well, also to
run surveillance equipment. Energ 0 Mdependent on environment because
major part of energy at present om fossil fuels, hence more of fuel use

will surely affect the environ .

This explains mainly the pr, ion of electricity, but, if we consider the fuel for
4

cooking in different plac i@ in two different areas, one being urban area

and other being rural a &

R
P
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Urban Share

2%

Figure 7: Share of fuels being used in urban areas

Rura re

3% @

Figure 8: Share onlg consumed in rural areas

Crop waste

uLPG

m Kerosene
u Charcoal
= Wood

= Dung

u Crop waste

In Global a ogenic Green-House-Gases (GHG) emission Energy has the

biggest share. Following Figure 9 shows the share of GHG emission through

various s, and also the share of gasses within that.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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GHG Emission

Qel Process

Figure 9: GHG Emissions

In the above figure, others include large @ biomass burning, post-burning,
decay, peat, indirect N2O emission fro on-agricultural emission of NOx and
NHs, Waste and solvent use (IEA est@or CO2 for fuel combustion and

EDGAR 4.3.0/4.2 FT 2010)

2.4 Fuels
Before going to the charactepiSti f fuels for fuel shifting, it is very much
necessary to know that how uel is being used to generate a unit energy. In
following Figure 10 one,ca tand the quantity of fuel which is required to

generate the same a N nergy. Here the we can perfectly see that

chemically active mategial™generally heavy metals found in lower layers of
e%

periodic table) do h amount of energy stored in them compared to other

fossil fuels. This isybecause the number of protons and neutrons an atom has,

and because o inthumber it is hard for the nucleus to control the outer layer
of electro n these are reactive material. This nature of atoms is used to
generate @pergys Just for an example; previous US battle ship used to have liquid
fuel (High Speed Diesel/ HSD), which can give a maximum run time of about 7-8
months. However, the new ship uses uranium as its primary fuel which gives a

minimum run time of about 25 years, and it also allows the ship to have more

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
14



Chapter 2: Literature Review

equipment on-board due to huge reduction in space (Megastructures -
Discovery, 2012)

Fuel and Energy Comparisons . %

The energy in
.57 gram of The energy in
fusion fuel (the 1 uranium fuel
deuterium and pellet this The energy in he energy in
tritium isotopes  size, weighing 30 barrels of oil The energ) .5 tons of
of hydrogen)! = 1.86 grams.2 = (42 gallons each) = 6.15 ton 3

. = o = ;

As energy density increases, the
volume of fuel needed to do the same
amount of work, decreases.

NOTES

1. One eighth of a gram of fusion fuel—deuteriu
tritium is produced in the course of the fusion

2. If this amount of uranium is completely fission
ries, which is equivalent to the combust e

shown here,

Figure 10: Typical comparison Qnerate equal amount of energy
We know that all types which we know about, cannot be used in every
(S

nd in a gallon of water; the

oduce 4.698 x 1010 calo-
ounts of oil, coal, and wood

Source: Dr. Robert J. Moon, 1985

use. Whereas, followi shows a detailed comparison of different types

of fuels being use
extracted from di@ erature, and have been filtered for better understanding

at a glance.
Table 1: Fuel u@

ferent types of activities. This usage of fuels are

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Uses
Cooking | Lighting | Electricity | Transport | Classified | Other
Anthracite Coal oA
Bituminous Coal (Coking Coal) Y g
Blast Furnace Gas
Bunker C
Crude Oil Vg
Diesel
Ethanol
Gasoline
Hydrogen
Jet Al
Kerosene " g «
Lignite (Soft Coal) 4
Lithium lon Battery
LNG/CNG
LPG
Methane
Methanol
Municipal Waste
Natural Gas
Peat
Propane
Water
Wood «

Fuels

D YR SRNENLNEN

(4[4
«@ﬁw«« jala

44
4

|4

3
«%

&[4

& |&
78

&

Note that among this fuels, only li ion fcells can provide energy on the go,

whereas others needs certain part pment to extract energy from them.

Although other fuels depending e usage, they can be used directly, like

for cooking, wood and coal Qtly be used, if one only use the mechanism
ansfer.

of radiation' technique for e
L 4
Hence, it is clear that di N s are used in different activities, because every

activity does not nee ame amount of energy outlet and that also in the
same flow. Hence, t so clear that the fuels do not have the same king of

energy output as emission. However in case of replacing fuel, it is also
necessary to t bute the mass density of fuel because every fuel of same
volume d t the same mass. Similarly the CO2 emission per unit energy
generatioRyis als® not same. Hence, it might present give a fair comparison if we

compare all these fuels, in four different parameters being, Mass Density,

"Note: Heat transfer are of three types, conduction, convection and radiation

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
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Specific Density?, Energy Density3, Carbon-di-oxide generation per unit energy
output. Note: many of the fuel's output is globally present in form of mega-joules,
which are converted to same unit in Kilo-Watt-Hour using standard comparison
ratio. Following Figure 11, Figure 12, Figure 13 and Figure 14 sh@ws the values
of fuels which are taken in this study. Among this fuels, Oil shaleg4 d of fine

grain sedimentary rock from which oil can be extracted.

Anthracite Coal
Bituminous/Coking Coal
Blast Furnace Gas
Bunker C
Crude Oil
Diesel
Ethanol
Gasoline
Hydro-electricity
Hydrogen
Jet A1
Kerosene
Lignite (Soft Coal)
Lithium lon Battery
LNG
Methane
Methanol
Municipal Waste
Natural Gas
Qil Shale
Peat
Propane

Wood

Figure 11: Mass density of qu
0\

Mass Density (Kg/m?3) O 2

1000 1500 2000 2500 3000

2Energy output calculated per unit mass of the fuel. This is a mathematical value
and losses are not included.

3Energy output calculated per unit volume of the fuel. This is much more accurate
and includes fait share of energy loss too.
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Specific Density (KWh/Kg)

Anthracite Coal
Bituminous/Coking Coal
Blast Furnace Gas

Bunker C

Crude Oil
Diesel \
Ethanol
Gasoline
Hydro-electricity
Hydrogen

Jet A1

Kerosene
Lignite (Soft Coal)
Lithium lon Battery

LNG

Methane
Methanol
Municipal Waste
Natural Gas

Qil Shale

Peat

Propane

Wood

Figure 12: Specific Density of fuels

0 100 200 jOO i 400 500 600

Energy Density (KMWh/L)

Anthracite Coal
Bituminous/Coking Coal
Blast Furnace Gas
Bunker C

Crude Oil

Diesel

Ethanol

Gasoline
Hydro-electricity
Hydrogen

Jet A1

Kerosene

Lignite (Soft Coal)
Lithium lon Battery
LNG

Methane

Methanol

Municipal Waste
Natural Gas

Qil Sha

100 120 140 160

Figure 13: Energy density for all fuels
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CO, Density (g/KWh)

Anthracite Coal
Bituminous/Coking Coal
Blast Furnace Gas
Bunker C

Crude Oil

Diesel

Ethanol

Gasoline
Hydro-electricity
Hydrogen

Jet A1

Kerosene

Lignite (Soft Coal)
Lithium lon Battery
LNG

Methane
Methanol
Municipal Waste
Natural Gas

Qil Shale

Peat

Propane

Wood

800 1000 1200 1400

Figure 14: CO2 Density per unit energy outpuof f

Information of mass density for oil d peat, information of specific density

for hydroelectricity, municipal hale and peat, information of energy

density for hydroelectricity, muni

of CO2 emission for Blast furw

te, oil shale and peat, and information

S, bunker c oil, Jet 1 oil, methanol, municipal

waste, natural gas, olil , t and propane cannot be found or cannot be
converted into same uniq parison.
L 4
2.5 SoIar@a e
About the generati f energy, solar energy is one of a kind, and unending

energy source Qn . This type of energy is counted two different ways
rl

1. Glo

eiv. n top of a unit surface area aligned parallel to horizontal ground

ntal Irradiance (GHI) — which represent the irradiation

er ajcertain period of time, and
2. Direct Normal Solar Radiation (DNI) — this represent the solar irradiation

received by a unit surface aligned facing towards the sum all the time, over
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a certain period of time. This means that the surface would follow the path

of sun over the day time like a sunflower

Within this two types of solar irradiation, DNI is a greater value than GHI for most
of the cases, but traditional sources in India uses GHI over DNI beGause it is
much more cheaper for installation. DNI also requires a solar track@tem to

locate the sun and aligned the panel according to it so as to g aximum
amount of output which increases the cost value of this kind of Sf

MAL" IRRADIANCE

v

‘HORIZONTAL" IRRADIANCE i “GLOBAL TILT" IRRADIANCE

<\ ‘DIRECT" b “DIRECT - ol ool

"\ from sun ! 3, from sun —— 2
O ot o X _ ol S V4
N\ S, Ny e,

S $¢| - b R % V. 4
)\\" ™N £ R N ¥ /

// R, .\ by A ™ . i \ \ ¥ 4

L N orruse W A Uil

/ ‘ N

|
R\, ! . |

: N\ .
/ R from sky A Fiadd . from sky ko A Y 4
f { Gy O { R \\:\ /,
| ( Dy | . / \ XV /
S —— L |
FIXED HORIZONTAL 5
i SURFACE TRACKING
COLLECTING SURFACE

COLLECTING SURFACE

Figure 15: Types of Irradiance @

Source: www.earthexhibit.com

2.6 Electricity Supplysand)Cohsumption

Concentrating the electricity%&n, in India, typically there are stages of

transformers and distribution ork. Generally the power outlet from the power
station is at least 33,020 ver, some time it reaches up to 2,66,000V,
which is then stepped 11,000V and distributed for city scale and

industries and about 2 to 30,000 volts for railways. This 11KV line is then

stepped down to 44% then again to 220V or 110V in three or four phase

depending upon u@‘

250V in generaﬁ Wl is considered that one power supply plant can cater the
e 0

serve in just 80% of its full capacity (EPA, 2012). This is

because @emand of electricity is not the same in overall day. 50% is the medium

his 220V power supply fluctuates from about 170V-

populationg

capacity to run and 98% of total capacity is the maximum load.
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transmission lines distribution lines
350 kY ‘ g 18 KV g”
~1008 miles city/urban 4\
. residential 2300V,
Schematic of 116V 5
electrical power 1 230V %
distribution M5V T
[ 37T

Figure 16: Traditional Transmission process with multiple step-downs

%

Color Key &
Blue Transmission Subérar;smlss:on
Green: Distribution Transmission Lines 26k%soc:‘rgg:(v
Black: Generation 765, 500, 345, 230, and 138 kV
0, 2
) 2 X .
| -] | - Primary
Customer
!’] E %;l p 13kV or 4kV
: Secondary
Generating Generator Transmission Customer
Station Step-up Customer 120V or 240V
Transformer 138kV or 230kV

Figure 17: Schematic representation of Trans,

Presently the generation of electrigi e in three steps. Following Figure 18

shows the process of electrici tion of a traditional thermal power plant
where coal and water is used a erial. This also explains the conversion

of energy from one form to Mccording to laws of physics, transformation

between forms of ener duCes few per cent of loss. Hence, three times
conversion means nergy loss, and less efficiency. However,
hydroelectricity planfs ks in the same manner, but there is only two
conversions are | ved in that process. This means the losses are
comparatively le it is clean too. In case of hydroelectricity production,
instead of pres d water vapour, natural water flow is used.

O
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Combustion Turbine Electricity

* Burning of fossil * Pressurized * High speed
fuel emits heat water vapour is rotating turbine
which evaporate exposed to a is con. ~cted to
water turbine which generator “‘hich

« Hear energy to rotates it at very gene’ ar
Kinetic energy high speed electic ty
* Kinetic energy * M:cn.nical
to Mechanical €. oy /fo
energy -y, Wy,
ene gy

Figure 18: Traditional process of thermal power plant

Source: Arouri, Youssef, M'henni, & Rault, 2012

This many step down is needed because to su ertain MW of electricity to a

far apart location is because the flow if electri contains two components,

Voltage and Current. Both of them are relateg ach other to represent the

amount of energy get supplied at ce peniod of time. Following equation

represents the relation between energy, ge) and current.

Equation 1: Relation of components of F@/

Source: NCERT, 2009
Here V represents the Volte speed in which electrons are flowing, A

stands for Current or thg a

of electrons which is passing the cross-section

e

at certain amount of timﬁw presents watts. Hence, to supply large amount
of energy, it is necess ither increase the voltage or the current. However,
increased current flo&d need bigger cross-section through which electricity
is flowing. Rathere voltage flow do not have certain restriction, but it do
increase the r duction radius around the media through which power is
flowing. L ge would create bigger magnetic field. Hence, the second
option is more feasible and so the wires are placed in much higher altitudes from
living area, and it also avoids going over the residential areas. Also there are
losses at user level. This also includes the efficiency of electrical equipment. In

typical condition, power supply shares are as residential, commercial, industrial,
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transportation and others*. Following Figure 19 shows the share of electricity

being used in different sectors.

Energy Consumption

0% 1% %
] ResidentiaQ
-Comm
Industia
-qsporyh'on
ther:

Figure 19: Energy consumption by different sector z

In rural areas, the above mentioned fuelSfcan be availed as well as there are
some vernacular fuels which are avail ith us, which are crop residue and
|

animal dung. These are the two sources which are available in almost

every rural areas. Now that w en fuels, issues, power supply, price,
emissions, local area, equipme transformations, uses of fuel etc., it can
now be fair if we go for area s ion and see what actually going on ground and
what all opportunities tha have. At present per capita Electricity consumption
is about 805 kWh of Indi ever, if we see only of rural it is about 637 kWh
per capita in the yea? he World Bank, 2015)

Area selection is bagedwon rural area, rural population, cattle population, solar

radiation opportuni others which will be discussed in detailed later. There

are three step@ssification. First one being that in which state this study is
e

on. This classification is done in very simple manner by

of rural over the country is about the same. However, the basic income sector

may vary. Following Figure 30 shows the area difference of different states. This

4This includes PSP, recreational areas, and other land use.
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figure only shows the top seven states. This classification is further considered
for selection of study area (but not as a major parameter of selection).
Accessibility is taken in consideration while selection. (Explained in Heading 3.1
P42)

2.7 Renewable Energy Harnessing Technologie(b

As we have seen earlier that there are various sources of renerergies. To
00

harness those energy sources, there are various techniq -*Following

paragraphs will explain about the technologies to harne ent renewable

energy sources and for different uses. There are also and passive use of

these renewable energies.

2.7.1 Solar energy harnessing technologles

Solar energy is one of the renewable energy Vlrtually its energy is being
used. Changes in atmospheric condition, g position, temperature, seasons,
and every other environmental conditj aintained due to the energy

received by the earth from sun. It is sidered to be the ultimate source of

energy. Technologies are available @ ses this energy for different purposes,

like generation of electricity, pass 3, and temperature control, heating
and cooling, cooking etc. last f we came across solar panels which
converts solar energy (actuall Nergy) into electrical energy. At present day,
we have more technologies £0

heating and cooling. Folpw & some of the technologies:

2.7.1.1 Photovolt hcells

These are traditiona anels which energize when exposed to extreme light.

These are generQﬂe of flat glass plates filled with silicon and other photo-
electric materi filled materials have two poles, which acts as anode and

cathode posed to sun. These panels are aligned as facing south at
25-43 de le for maximum efficiency. These panels are generally fixed

panels and work only about 8 hours per sunny day. These panels are about 15%

rnessing solar energy both for electricity and

efficient in generating electricity when compared to the area they consume.
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Hence, power generation is proportional to the area used for setting up panels.

The calculation of their potential can be done using DHI.

Figure 20:Photovoltaic (PV) cells @

To increase the efficiency, thesef
walls at household level. These sjcost around Rs.3800/- for 4ft>. These
same panels also power th sial’Satellites at space. They do have limited
lifetime, but it is enoug Nhuman to use it over his/her lifetime. This

h f
technology is also usedﬁo level. We can see calculators having solar
attery life. This generally uses 3-4 PV cells. Few of

panels at the top to ipcreg

the pioneer watch c@e
e

low light. Now that chnology is changing, and much more efficient panels

also use it inside watches, which power it even in

are one the way {0 et, they are more efficient and pricy too. The new panels

are coming wi @ coating instead of glass. This reduces the weight and also

makes the ;@f Bxible and durable.

2.71.2 mart flower

This is relatively new technology compared to PV cells. However, this system
also contains PV cells as the source of generation, but they are much more

efficient. This is a hybrid system and it has its own stand, sun tracking system,
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battery backup, all direction rotating arm and an advance 10 system to control
these elements. This system is portable and flexible and advance. Like the name
says that “smart” it is smart enough to judge the direction of sun and according
moves the panels towards it. The rotating property of this complex system makes

it more efficient using the same PV cells.

>
S
>

Green Building Elements

Figure 21: Smart Flower

This system is about 60 ient compared to the area it consumes. The

2

éan generate power up to 9 hours per sunny day, and

o/
battery backup is about OV. This can be a stand-alone system for one

household. This syste
power storage mak ive for more than 9 hours. However, the extra backup

time depends upo xt

2.7.1.3 C@tra ed Solar Power (CSP) type 1

As the tefin explains that the usage of solar energy in concentrated form. This is

t of usage.

generally re d to a thermal power plant, where water is heated using solar
rays. First type consists of a system where a fluid (generally water) runs through
a small pipeline which is surrounded by concave reflector surface. This concaved

surface helps in concentrating the sun rays which heats up the fluid, and this fluid
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runs through a turbine which is further connected to generator. This involves a

series of concave reflective surfaces placed in parallel. The pipeline generally

runs in either north to south or opposite direction.

T iy o b | —

/ :

m

Figure 22: Concentrated Solar Power (

2m to increase the overall day usage of

solar energy. As itis a Sc% | Power Plant it runs only for day time.
2.7.1.4 Concentrat Power: type 2

1 4
This system is also t

This system also has sun ftr,

above. It is also a thermal power plant, with fluid
running through th m. Unlike the above system, where there are multiple

rows of reflective ed in parallel with multiple pipelines for heating the water,

taih one pipeline at the centre of the system. The system
tower through which fluid flows. The top of the tower is

coveredgwit r black surface, which helps in quick heating. This helps in

this system o
contains an
heating the ter. To make the black surface much more heated, the tower is

surroun with several reflective surfaces, which reflects sunlight towards it.
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Californiaenrgy.department

N

Figure 23: CSP (type 2)
In this system there is one sun tracker a motion control system which
controls every single reflective surf; reflective surfaces rotate according
to the sun. This system is more effici omipared to the above type because of

less number of pipelines runk gh. These needs less maintenance

compared to type 1. HowQse are not the only devices which uses

concentrated solar energy are few more and are explained in next

N

paragraphs L

2.7.1.5 Solar Su

This technology is ixture of smart flower and CSP. The machine uses
both solar PV ce ell as reflective surface, but in a different manner. This
system works k @ centrating the solar rays to a small point where very efficient
PV cells gre kept. Here, we do not have any king of power transformation like
CSP. The nergy is directly getting converted into electricity. If we consider
the smart flower, than replacing the solar panels by concave reflective surfaces
and placing an efficient PV cell at the focal point of the surface, this will make a

solar sunflower. However, this technique is much more costlier than any of them
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above but also it is the most efficient system available in market today.
Althoughthis system is still under research and development. This is also a stand-

alone device and can power an average sized household included backup.

"

4

Figure 24: Solar Sunflower

This can generate an average /of er unit per day. This system also has

sun tracker to make it more effi
%ing

2.7.1.6 Solar heatir%
This system is now a d d in many buildings in many places. The name

itself tells that solar ﬁ@sed for heating and cooking of certain materials.
s

The common devic ar water heater, and solar cooking kit. This contains
small reserve waterftank from which water is discharged to multiple pipes
arranged parall e pipes are half coated with black reflective materials which
helps to make owing water hot. Further that hot water is directly used for

different se

O
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Figure 25: Solar water heater
2.7.1.7 Passive solar energy

This refers to a concept where solz not used directly or immediately as

the above mechanisms do. This s g used for lighting certain places which

needs to be lighted over the da ever, running electrical lights for 24 x 7 is

not recommended because | uces the lifetime of the light source as well as
consumes lot amount of el ity. Also not only lighting, in some cold places,
sun is used to heat-up t. building so as to get comfortable temperature
during night time.

Arnessing technologies

2.7.2 Hydroe
The technolog@allows and supports us in harnessing the energy from
water bodi wn as hydro energy harnessing technologies. It is a concept
of that era when'humans didn’t know about electricity. During that time the flow of
canals or r is used for farming. That system itself throws water to the
cultivable area. Although at modern times, the energy is used for electricity

generation. Following are some of the techniques of energy harnessing from

hydro.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
30



Chapter 2: Literature Review

2.7.2.1  Run-of-river hydropower

The generation of electricity or any kind of power using natural flowing water

without having it stopped. This is generally done at small rivers and canals.

These are generally small scale power generation for Iocalitywver, this

needs continuous flow of water in canal or river. This system (@s a funnel
e ‘and

multiple fittings like this one after other. This system als ‘W ides continuous

generation of power with little amount of flexibility %usage fluctuations.

This system do not need any kind of power stora due to its continuous

running capability.

B

" Diréctional Energy -

—
Figure 26: Run-of-r @ dro@ower

2.7.2.2 hydropower
This igfa basic concept of general hydro electricity generation plant. This has a
huge r to hold water at higher altitude. This elevated tank is connected to
a turbine chamber via a small duct. Through this small duct, water is released,

and due to its altitude and capacity, the flow of water is very high. This

pressurized water is then exposed to the turbine within a closed chamber, which
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rotates the turbine at very high speed. A generator is connected to the turbine
which generates electricity. In India Damodar valley corporation (DVC) is one
body which has good history in generation of hydroelectricity. These projects are

very large projects, and the generation capacity is huge. The «eservoir is

designed in such a manner that it can last about a week.

=B

- ///// Y4

>y // /j"

~-~

Damodar Valley Corporation

Figure 27: Storage Hydropower

DVC was also one of the firs%ade which involves “regional planning” after

the west ghats

4
2.7.2.3 Pumpeds @hydropower

All the hydropower %generation system have one basic concept, that is,
water drives the @ I

this the elevate@ g tank is artificial and filled using the same power which is

generated qand

this case also the same thing happens. However, in

etime outer sources is also needed. This system needs
backup storage as well as breakup time to refill the tank. This system also works

as a backup system for other power generation sources during peak demand.

2.7.2.4 Offshore hydropower
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This is also known as tidal power generation. Due to increase and decrease in
sea level near coast, it is confirm that there is movement in sea water. This
movement is used to drive turbines dipped inside water. However, installation of
this kind of techniques needs at least 5m difference in tidal level. &here are three
types of offshore hydropower generation which are; Barrag ces and

turbines.

2.7.3 Wind energy Q
This is a system which utilizes the flow of wind to gener. ng. This is also a
direct mechanism of power generation where win ives a turbine which is
connected to a generator. This system needs an controller for number of

rotations made by the turbine. Although other syste ntrol the RPM (Rotation
per Minute) of turbine by controlling the ubstance which drives the
turbine. Installation of these kind of system_a illy terrine to have continuous air

flow at sufficient speed. This system

stalled at high level to reduce the
chance of impact on materials at gro level, This system has very less ground
footprint. The above system that we e geen, uses the raw material/source in
different manner to generate enesg t in this case wind is only used directly to

rotate the turbine. However the e lies in the orientation of axis of the

turbine. Following are the tw
++» Horizontal axis wi%
o Up/down-wj ine
o Shroudb\D urbine
% Vertical axisv% ine

o Savonils wind turbine

[
o F ing panel wind turbine
o D wind turbine
oeir

-mill wind turbine
2. Biggas and Biomass

Unlike the above system, this is totally different system. Mainly cattle dung, and
crop residue and organic waste are used for power generation. Although biomass

and biogas are two different things. Biogas plant essentially uses dung waste to
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generate different types of gases like CO2, N2 (Nitrogen), CH4 (Methane), Hz
(Hydrogen) and O2 (Oxygen).Biomass energy production is typically an thermal
power plant, but at small level. The raw materials for biomass may be the these
gases or other organic waste. This is considered as renewable fw:use,

oto

these can be generated multiple times within the lifespan of hum
@se has

make more understanding, these are not 100% clean fuels, becau
certain amount of emissions. However, these are considered tolb e cleanest

ompose and

because the organic raw materials are anyways going t
contribute to emission. However, if we can use the emissio e use than it

is of some importance. This is the reason that it is conSidered as one of the

cleanest fuel. Q

Biomass and biogas production system needs real concentration towards the
maintenance, and regular input of resources.?ergy generation is also
affected by the climate. This system is v, popular in rural areas.a.

Biomass power generation units a roduce a significant economic
benefit to the area surrounding the pla@ W biomass power generation
can create approximately employ 0 workers during the 18 months’

me r
construction phase, 25 full-time w oyed in the operation of the facility,
and 35 persons in the collectio ing and transportation of biomass

material.a.

The principal source of biome husk, woody biomass (such as Julie flora,

casuarina), other agro .res Jues¥such as stalks/cobs/shells), sugarcane trash,

cotton stalks, groundnutﬁs :
|

below 6 MW is not su le. However, biomass power plant in the initial setup

&

.a. The economic viability for the capacity

phase in India had a led capacity of 6 to 7.5 MW. The right kind of capacity
from economic vi w point of view should be between 7.5 to 10 MW. Beyond
this capacity, t jsttes of managing raw material would be difficult. The project
size depe o) fuel (biomass) availability near the project location. For a
capacity of 10 and for a biomass fuel with average gross calorific value of
3150 Kcal/Kg, the total fuel requirement is around 1.0 lakh/annum. The collection
and storage of biomass is the critical activity for any biomass project to
succeed.a. The Fly ash discharged could be used in the manufacture of bricks
for construction of buildings and civil works or as bio compost fertilizers in dry
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agriculture lands.a.Capital subsidy, exemption from payment of excise duty on
machineries and equipments purchased for initial setting up of a power plant are
available. Apart from this CDM benefits on reduction of CERs and preferential

tariff for power exported to grid are also available. \

2.8 Electricity Consumption (b

It is observed that electricity is used in every work. But forQortation, only
trains are now fully electrified. Other all transportation sy re“still running in
fossil fuel. Very little share of transportation sector uses ty. Here, fuels are

used for many different purposes which are as follo

Share of Electricity usage by s rs
Transportation

\ /

)
Figure 28: Share of Electr@;e by sectors (EPA, 2012)
2.9 CaA

In purview of Qproduction, cattle play a major role. This is because of their
capability of @ g human to live life. Previously when machinery was not there,

then e @re used for agriculture, transportation, and many other uses.
Howe t also needed special care because they are also living organisms
and they also have needs like humans. Cattle can be of various types such as

cow, buffalo, pig, goat etc. hence, for calculation, one single unit is needed. The

single unit is named as Adult Cattle Unit (ACU) below Table 3 shows the needs

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
35



Chapter 2: Literature Review

of one ACU in daily basis. However, like we count our traffic volume using
Passenger Car Unit (PCU), ACU also has factors for different species. Below

Table 2 shows the multiplication factor for calculation of one Adult Cattle Unit.

Table 2: ACU Multiplication Factor (MEP2015, 2016)

Cattle species ACU Factor

Buffalo 1

Cow 1

Pigs 0.3

Goat 0.1 Q
Table 3: Requirements adn Outputs of one ACU per day (Governm 1a, 2012)

Weight of Adult Cattle Unit

Total Fodder consumption

500 kg
0 kg
40 kg
Dry fodder requirement 10 kg

Water required 40 |

Milk Production 3.8 kg

Dung production @ 27 kg
2.10 Biomass an% Production in India

India is a rural based co d it have lots of agricultural and livestock

resources. Other than the,e e§ mentioned above in page 24, other resource

is also there, which is biggasenergy. This is a mechanism of generating energy

Wet fodder requirement

from organic waste andlivestock dung. However, this system needs periodic
maintenance and ar ihput of raw materials. Conventional biomass system
are 35% efficient | s of energy production while combined heat and power
system (CHP) @ eat and electricity and it is 90% efficient in performance.

Productio@rgy depends on the type of raw material being supplied for the
plant. This includes moisture, quantity per day, quantity of water, quality of waste

and other filling materials. For an example one ton of rice paddy will produce
about 290 kg of straw and 220 kg of husk. This 290 kg of straw is able to produce
about 100 kWh of power and one ton of husk is equivalent to 410 — 570 kWh of
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power with a moisture content of 5% to 12%. Following Figure 29 shows the

production of biogas in the year 2014-15 in lakh cubic meter.

Production of Biogas (Lakh Cubic Meter 201%

Odissa

Tamil Nadu
Madhya Pradesh
Assam

West Bengal
Uttar Pradesh
Gujarat
Karnataka
Andhra Pradesh

O

Maharashtra
0 500 1000 1500 2500 3000 3500 4000
Figure 29: State wise production fo Biogas (WEL Power, n.d.)
India’s revolution regarding renewab is very old. After so many years of
independence, India still has areas are un-electrified. However, India also

sources are identified. Now apostant is whether fuel shifting is possible in

rural areas. For this study pter will explain.

2.11 Govern 's Targets
 J
Other than solar e gNm e is also wind energy, which is one of the most

cleanest energy sources. Some of the countries are generating 1MWh of
electricity from one d tower. In India, Government of India has recently
launched man ions for cleaner energy and provision of energy specially for
rural areas.@of hich is Jawaharlal Nehru National Solar Mission (JNNSM),
has thgée p s in which aims to certain works to be done. Phase one was from
2013 @ Phase two is from 2017 to 2021 and third phase is from 2021 to
2025. There are mainly three segments which are firstly Ultility grid power

including rooftop solar energy generation, secondly off-grid solar application to
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reduce distribution charges and losses and lastly solar collectors. Following Table

4 shows the targets of each phase in each segment.

Table 4: INNSM targets

Cumulative
Sr. Tasget for
Segments Targets for phase 1 target for phase
No. 2 é

Utility grid power
1 1000-200 MW
including rooftop

Off-grid solar
2 200 MW 2000 MW
applications
3 Solar collectors 7 million m? 20 million m?
Madhya Pradesh state also has different targe eaner energy supply. The

Vikas Nigam Mission (MP-UVNM)” whic

state has developed its own mission, which is_kn@wn as “Madhya Pradesh Urja
Q: f8llowing objectives (MNRE,

2016)

1. To promote and create awarene oull the uses of solar, wind, biomass,
biogas and energy efficient S based various technologies among
the public

2. To promote the policie ms necessary for popularising the
applications of various d renewable energy technologies in the
state

3. To promote the i.nst @ of power plants based on renewable energy
sources for energ r
4. To promote the €néugy conservation measures for efficient use of energy
resources, an
5. To promot building design for efficient use of energy in housing,
commer: dVipdustrial sector
Day by d h e of fuel is increasing as well as the price of equipment too.
Many facter incrgase the price of this elements one of them is the demand and
supply, but other factors do have significant effect, which are like the quality of
fuel, service delivery, efficiency, and etc. This efficiency means the capability of
generating more energy in less fuel giving certain amount of fuel saving. The
price of fuels have nearly increased from 8% to 53% for different fuels in last two
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decades and about an average 30% increase in price of equipment (Ryan and

John, 2013). Major components of output of daily life fuels are CO2 and H20.

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
39



Chapter 2: Literature Review

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
40



Chapter 3: Introduction to case study area

N
S
<
QD

Chapter 3. Introduction to c study area

This chapter will give an detailed intro jonYabout the study area, Ratibad

Village cluster. Location details, popula rea, land-use, and furthermore.
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3.1 Site selection

The village cluster from Madhya Pradesh state has been selected for study.
Madhya Pradesh (M.P) is second biggest state, and also second largest state

having rural area. MP is also second in terms of potential of so nergy

Area (in sg.km) Q

generation.

CHHATTISGARH
ODISHA
KARNATAKA
GUJARAT

JAMMU & KASHMIR
UTTAR PRADESH
ANDHRA PRADESH
MAHARASHTRA
MADHYA PRADESH
RAJASTHAN

50000 100000 150008,200000 250000 300000 350000 400000

m Rura an Area

Figure 30: State selection according to

The selection criteria for t%rea has kept as that it should lie in legal
jurisdictions of government increase the flexibility of implementation of
any kind of interventione H ongoing project of Integrated Cluster Action
Plan (ICAP) for rural de@ent has selected seven clusters of villages. Out of
those seven clusters, o within the boundary of Bhopal District. The Ratibad

village Cluster ha@a ady categorized as non- tribal cluster among seven

allocated clusters dhya Pradesh under Shyama Prasad Rurban mission.

ge in Phanda Block in Bhopal District of Madhya Pradesh

igure 32. It belongs to Bhopal Division. It is located 14 KM
towards est from District headquarters at Bhopal, 15 KM from
Phandakalan and 15 KM from Bhopal city. The Cluster comprises of thirty five
(35) villages that comes under Huzur Tehsil, within 5-7 km radius of centrally

located Ratibad village. The major concern for selection is to identify the
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renewable and clean fuel resources to exploit it for energy so that mechanism

should be developed for fuel shifting for major uses like electricity generation and

cooking fuel.

3.2 Land-use \
Here, predominant land use is agriculture which is then follow aste land.
Following Figure 31 shows the share of land-use. This is ab 279 Acre and

the next major land is waste land, which is spread across @u of the cluster

shown in Figure 32 Q
Area Q

0.79%

217% = Agriculture
0.25% \ u |nstitute
1.32% = Mining Land
0.46% m Upper Lake
Village Aabadi
= WastelLand
m Water Body

Q

Figure 31: Lan @ are of Ratibad village cluster

Land ﬁ_)rd Cover is one of the important feature which helps to make any
feasibl or any place. Land cover of Ratibad Cluster is shown in Figure 32
which is prepared by studying various patches from imagery and other relevant
document. Land cover map is prepared under 6 heads namely village abadi area,

agricultural land, water body, Institution, forest land and Mining land
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Selection of ICAP village cluster makes the plan more sucessful in terms of any
kind of intervention. As this also represents government identified land only.

Hence, jurisdiction boundary is fixed, there might not be any expectection of

failing to implement any kind of intervention. \

Other than the land-use, terrien is also one major concern which ne to be
considered. This will help in understanding the flat and steap la . These
areas can also be used for different purposes. Such as for this olar panal

can be fixed as flat as well as steap areas, but for native ag re, flat plane

land is a primary requirement. Following is one map shr@ elevation of the
study area. If we concentrate on the south east of t ' ea, v h
comparitively low lieng and has water bodies.

S

RN

S
O

as more uneven

surface compared to other areas. North east a west corners are
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Figure 32: Land use map of Ratibad Cluster
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V- U Lak To SH18 Upper Lake i )
N FPETEE @nopatindore Ratibad Cluster

Digital Terrain Model
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Figure 33: Terrien Map

Source: SPA, 2015

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas
46



Chapter 4: Data Collection and analysis

N
S
<
QD

Chapter 4. Data Collection analysis
This chapter explains the raw data need llected to complete this study.
This includes primary survey, seconda ta collection, Estimation, population

projections, estimation of demand, fCal tions, strategies and other parts of

analysis. Before going to the anaytE%study area would be explained.
0\0‘ ’
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4.1 Study area profile

In previous chapter we have seen the study area, which is Ratibad. Here,
Ratibad cluster lies just adjacent of Bhopal Municipal Corporation. Few villages
do have a mixture of rural and urban characteristics with less agricultu rea in
them. The villages towards the border of Bhopal district (south) a of the

least populated areas.

To SH18 Upper Lake
N Uppettsis (Bhopal-Indore Pes

ibad Cluster
n of the Villages

A

‘ “‘ u" To Bhopal
A\

p 4 ‘ v \Yx 7 ‘
T~ BV, A

ﬁ‘! \. ushalpura

_/! / - ¢

L s ¢ ‘

hua Kheda

To Sehore

Legend
——— Other Roads
Major Roads

Legend ——— State Roads
Aabadi Area I[ Bavali Kheda Drains
Population I I District Boundary
34 -654 (14) {
[ 655 - 1740 (18) \-\,\ Raisen
2 1 0 2 4 S S

Figure 34: R@pulatioM(Census of India, 2011)

As per India vernment, census accounting is done in every 10 years, and last
was on 2011 which is six years earlier than now. In coming four years, national
population survey will be conducted. Demand is always calculated for either

present or future. This projections will be further discussed in page 57 There are
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many components which can be used for energy generation locally, so, following
are the possible components available locally. Population as per 2011 census

was 32193 with 6472 households, and average household size of 5.05 persons.

4.2 Agricultural land \
mllages are

very rich in agricultural area. Major agricultural products are @‘v rice for major
seasons and other small vegetables are also grown here @Ja a, cauliflower,
0

grapes etc. Following is a map shows agricultural Iancﬁ% 435 Hectare

As explained earlier in P43 that the area is majorly agricultura

-
- Unper Loke To SH18 W ke . h
(Bhopal-Indore] 0 Ratibad Cluster

Auric iltural area (in Hec)

To Bhopal

h . Mendora —

ushalp ra.\_)

ahua Kheda

To Sehore

;ricu Itural area

Lege Bavali Kheda
—— [Bther Road | 0-217 (13) ll “.
— o0ads’ [T 218 - 435 (16) \ ‘ N
State Roads [l 436 - 652 (6) "\\\ \ A
. Drains ! __ I District Boundary 2 1 0 2 ”"’K;r:;rs N . )

Figure 35: Agricultural area
Source: Author
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Cropping is done over the year in different places. Although major area is
cultivated with two seasons as shown in Figure 37. Following Figure 36 shows
the cropping pattern. It is assumed that present fallow land is the land area used
for other one season cropping only. The specific area for each typesf cropping
land is required to calculate the total crop waste which can be attamhole

year. This crop waste will act as one of the strength for the area bec tis one
of the organic waste used for biomass energy generation. Q

p —

> SH18
(Bhopal-Indore)

———— — Upper Lake
~

N ¢
Y
28

To Bhopal

B

ey,

~—

To Sehore

— Legend
i Ratibad

| District Boundary

—— Other Roads
Major Roads
State Roads
Drains

Cropping

- Fallow Land

[ Kharif . |
wi == e A
Two Sgason Source: Bhuvan, 2012\’-‘/\'\/_‘\\ )

Bavali Kheda

Figure 36: Cropping Pattern
Source: Bhuvan
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Cropping Pattern

ree or more Season

Q- Two Season

0.04%

Figure 37: Cropping Pattern Q :

4.3 Crop sown area
The gross area of cropping is kno %Crop Sown area. This implies that the

total area which is used for

ing fin the whole year. Multiple cropping
increases the crop sown area. cpease the cropping area as well as crop
production. More crop produ give us more residue for biomass. As per
the discussion with localéggoplenit is derived that about “one Hectare produces
nearly 4 ton of crop”. FolloWi igure 38 shows the crop sown area. Therefore, if
we compare the agrit a and sown area, than sown area is almost 1.5

times the total agric al area. Formula for Crop sown area calculation

Equation 2: Crop sow%culation
anarea
O = Sumof (areaundertypeofcropping

X timesofcroppingannually)

Furththe calculation of total crop residue is done using following equation

Equation 3: Crop amount calculation

Gross agricultural area X amount of crop per unit area

= aggrigate amount of crop
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Hence, total agricultural area is as follows

1. Kharif - 2349 Ha
2. Rabi - 819 Ha
3. Three Season - 4 Ha \
4. Two Season - 6510 Ha m
5. Other One season - 753 Ha
6. Total agricultural areais - 10435 Ha
7. Total sown area - 16953 Ha O
( roiste it ’e Ratibad Cluster |
' ' Crop Sown Area (in Hec)
|/
To Bhopal
.‘_‘.\_'_\' ~—
(¢

\jj

//
/ ‘
™\ Kalyangiup
To Sehore
O ,’ Bavali Kheda

Swon Are Il

. 0-37 { N

[ 371-739 (16) \‘\\_\ \ A

B 720- 1109 (7) 2 1 0 2 4 TN TN
\_ Kilometers Ty Y

Figure 38: Village wise Crop Sown Area
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Hence, considering 4 ton of crop generation per Ha as basis, we can calculate
that total generation of crop is 67,812 ton per annum “(16,953 X 4 = 67,812)".

Considering average residue production ration as 1.5

RPR

1.5 0r 3/2 (D
Equation 4: Crop residue calculation
Residue Production = 3 X (67812 - (3 +2)) = Q ton

4.4 Cattle
In rural areas, cattle are used in various works as st for humans. This

started long back when humans used horses fo%, buffalo for agriculture,

pigs for livelihood, cows for milk and many more. Cattle dung cake was also used

for cooking in small rural households. Alth use of cattle were limited to
certain activities only before the inventi biogas energy. This opened a new
gate for gases generation in which, COg, N2 and other gases too. However, to
calculate the total amount of gasesfo total input is according to the adult

cattle population. This number of e4alSo needs to have sufficient amount of

fodder and water to survive. Thi that total crop residue which we get

from cropping cannot be used terial or biomass is as follows. As well

as total amount of required M erial to make the cattle population survive.
is

Figure 39 shows the villa@otal adult cattle population.

Equation 5: Annual cattle dung

An{ﬁ!{

Total cattle units ip the cluster is 10148

Dung generatiACU

Hence, tota %? 2 dung per day

27 kg per day

10148 X 27
= 2,37,996 kg
therefore, annual cattle dung = 2,37,996 X 365

= 10,30,65,050 kg
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On the other hand, as per explained earlier, cattle need sufficient amount of food
and water to survive. Therefore, total requirement of fodder is 40kg wet and 10kg
dry fodder per adult cattle unit. As cattle need dry fodder, another form of crop

residue. Considering that the crop residue is total dry, than that cam,directly be
used as dry fodder for the cattle population. m
-

a To SH18 v/ Lake
Upper Lake Ppercalo
(Bhopal-indore ad Cluster

O Cattle Units (ACU)
Bhopal

)

To Sehore

Legend ACU / // ' I', Bavali Kheda
o i

——— Other Roads \ = i A
e " \

Major Roads

b Raisen

State Roads

A4 O
\: Drains ! “ i

Figure 39: v@ ACU Distribution
Calculatio al water requirement and total fodder requirement is as follows.

This also gives the rest amount of crop residue left as raw material for biogas and

biomass energy generation.
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Equation 6: Annual water requirement for cattle population

Annual total water requirement = (ACU X 401) X 365

Annual water requirement = (10148 x 40) x 365 = 148,160,800 |
Equation 7: Annual fodder requirement for cattle population
Annual fodder requirement = (ACU x 10) X 3@

Annual fodder requirement = (10148 x 10) x 365 = ,40,200 kg

4.5 Household organic waste O
In all the components, households waste is als Qd to be one of the

reusable material. The organic waste from hou%re now a day used as

one of the source of compost for agricultural use. This can also be used as the

raw material for biomass and biogas gen on. Household organic waste

generally acts as the wet part share of r, atewial for biogas plant. The details
is explained later in chapter 5. The amo f household organic waste depends
on the number of households. This gen counts the amount of kitchen waste
generated from each household. 0 rural areas are sparsely developed
compared to urban areas, whic itidifficult to collection and transportation.
However, calculation can be d spective of these threats for estimation of

total amount of organic wast(Me obtained for biomass or biogas generation.
Indian average kitchen e generation for rural areas is about 1.3 kg per day
(Central Statistics Orga ion, 2007). According to census, Every household
has kitchen, irrespe&K de of house or outside. Hence, following is the

calculation for hous d waste calculation:

Equation 8: Annual h waste estimateion

Total House nual waste = (Waste from individual HH X 1.3) X 365
Total houseaste perday =6472x1.3 = 8,413.6 kg

Annu H waste generation =8413.6 x 365 = 30,70,964 kg

Following Figure 40 shows the total household waste generation with respect to
villages. This gives an idea about the spatial distribution of the concentration of

waste generation for better collection system (only if feasible).
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Figure 40: Village wise HH Or%\ni

4.6 Rooftop@ te land
The two major com from where solar energy can be harnessed are roof
top area and wa d. This waste land includes those areas which are not
utilized, areas wihi ve undulations in slope, areas which are covered with

rocks and ills These areas can be used for other useful purposes like

generation of solar energy. This is because, after studying all the technologies
and renewa esources, it is understood that the area do not have huge running
water bodies, no tidal condition, no canals, not much wind flow for wind mills and
others. Hence, only solar energy can be harnessed as a source of lighting in the

area. The study area is capable of generating 5.6 kWh/day/m?.
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Figure 41: Village wise w@tﬂ\
4.7 Pop kon Projection
To have any ki f estimation, it is necessary to have the present demand as
well as the fut and. This is because, any kind of infrastructure is made to

—— State Roads

Drains

L___i District Boundary

serve a ce agnitude for a certain time. This magnitude can be population,
standard units, or time. Such as battery’s life is calculated as per the usage. This
usage ith respect of the current being drawn from it in certain rate. This
determines the lifecycle of battery. Best example of this is laptop batteries, they
are made to have about 300 cycle of charges. With time, the capacity of battery
decreases. The time when the capacity reaches 70% of the total capacity, these
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cycles are complete, and the cells needed to be replaced. Other example of
magnitude is any kind of services being provided to settlement, such as water
supply system or sewage system. These infrastructure are made to cater certain
number of population for certain time only. Afterwards the sysiem needs
repairing. Another example being the roads. This infrastructure, is Ighed to
cater certain PCU (Passenger Car Unit) for certain number of @
consider two roads which are constructed similar, but on one rQy cars are
running while on the other one trucks in same number. The QN
[

trucks will require repair sooner compared to the road whichsi ing only cars.
This is because PCU value of truck is more than car.

This manifests that any infrastructure is designed to ertain magnitude for

. If we

h running

certain time duration. Hence, any kind of intervention or changes in infrastructure

with respect to energy distribution, will need t an clear idea about the
population which it will serve for next years rding to Census of India, every
10th year is census year, and next one is Considering 2021 as first census
from this year, second one will be 20314 H er, projections are also required
for two decades from now. This study will g ard with respect to projection for
second census year from now. T ree types of projections which are
followed for this irrespective of any ki external factors. Following
Table 5: Population Projections N
Year 1991 2011 | 2017 | 2021 | 2031| 2037 | 2041
Arithmetic Growth | 16619 32193 | 36776 | 39890 | 47677 | 52350 | 55464
Exponential Growth | 16649 32193 | 39818 | 45447 | 63254 | 77131 | 88037
Logarithmic Growth 166& 32193 | 36738 | 39825 | 47516 | 52112 | 55169

100000

80000 -

60000 -

40000

20000 -

0 - ; ; ; ; . . .
1 2 3 4 5 6 7 8
= Arithmetic Growth Exponential Growth =~ ====| ogarithmic Growth

Figure 42: Population Projections
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Source: Author

Among all this projections, exponential is giving way too much population,
whereas arithmetic and logarithmic growth is giving approximately the similar
values. However, logarithmic growth is little less than the other arithmetic growth.
Hence, considering arithmetic growth as the base of populati jections,

further calculations area done.

4.8 Source of Lighting Q

Above paragraphs explained about the potential of genesation. However, it is also
necessary to observe the amount of resource being or different purposes.

S
‘#@. There are two maijor

sources of lighting, which are as electricity and kerosefe. Other sources are like

This section will explain the sources used fo

other oils, solar electricity and no lighting owing paragraphs explains

the context of sources being used for lighti

Sourc hting

m Electricity
m Kerosene

m Solar energy

m Other oil
= Any other
L 4 = No lighting
Figure 43: Share Lw hoI)Iighting source
Source: Censu
4.8 4™E| city
As the Vi cluster lies adjacent to capital city Bhopal Municipal Corporation,

and is well developed. All the villages in the cluster is electrified. According to
MPSEDC, each connection in the area pays around Rs.660/- — Rs.930/-. This

price do not include agricultural supply. Almost more than 50% of the villages
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have 90% or more share of households using electricity as their primary source
of lighting. This area also suffers power cuts, due to load distribution between the
cluster and other surrounding areas. According to Chief Engg. of MPSEDC, the
area suffers power cuts about 2.5 to 3 hrs a day during summer, andythe timings
are somewhere from afternoon ~3:00 pm to ~4:00 pm with addition%\

from ~9:00 pm to ~10:30 pm. Figure 44 shows village wise house

time
hare of
usage of electricity as primary source for lighting. Althou ording to
ISsabout 635
Bank, 2015).
idering 635 kW being

standards and past experiences, per capita rural electricity

kW in annual basis and India’s average is 805 kW (Th
Hence, estimated demand of electricity by year 2031 co

per capita annual demand:

Equation 9: Annual electricity demand

Annual Electricity demand = Per capita X 2031 population

Annual average demand = 635 x 47677 = @ 4,895 kW or 3,30,274 MW

Daily average demand is around 82.9% 0,274 + 365) and 3.45 MW is
5

average hourly demand. Considerin as designed capacity of power
supply system, than considering x apacity of the plant then:

x 100
X

Hence x is about 4.32 MW.
4
~ A power supply pIantth .5 MWh is enough to supply 24x7 electricity to

the village cluster till 2081-
Although the pop projections is done irrespective of any external growth

factors. And this 'Qot confirm that it will only increase. However, it can also
be assumed as @ population might decrease. Considering a positive notion of
increase i popdlation, 4.5 MW plant can run till 2031. A buffer of 0.5 MW can be
added to y kind of fluctuations. Hence, total 5 MW plant will probably be

enough for provision of power to the village cluster.
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Figure 44: Map of village M@ usage at HH level

4.8.1 Kerosen

Kerosene is the important fuel source used for lighting in the cluster.
According to @y survey, it is identified that kerosene is only used for
emergency @ Only in few cases, where household electricity connection is not
there, S is used as primary source of lighting. Although, following Figure
45 shows village wise percentage of household usage of kerosene as source of

lighting. Kerosene is only used to understand the pattern of fuel consumed for

lighting.
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Figure 45: Village wise HH Iigr@
4.9 Cookin I

As it is explained Qt electricity is the basic source for lighting in the study

Kerosene

area followed ene, similarly; for cooking fuel, firewood and LPG are
major sources. ever, other sources are also there like crop residue, cow
dung cakeg, coalJlignite, charcoal, kerosene, electricity and biogas. The next most
used fuel f king is cow dung cake. This is due to availability of huge number
of cattle in the area. This is necessary to understand for any kind of fuel shifting.

Although, villagers get subsidy in only kerosene and LPG. This is explained later
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in detail. There are three biogas plant within the area, which are at Mendori,

Kodia and and Jhagariya Khud.

Fuel for Lighting \

al, Lignite, Charcoal
Kerosene
uLPG/PNG
u Electricity
1 Biogas
Any other

= No cooking

Figure 46: Source for Cooking fuel
Source: Census 2011
4.9.1 Firewood as cookm

As per the above Figure is identified that firewood is the major source of fuel
used for cooking. Fir.ew be considered as one of the renewable fuel for
cooking. However, w iS adiving material and killing them for cooking purpose.
This is also cleane coal and other traditional fuels but not clean enough to
be recommende ss use. This is because those living organisms will emit
gases is any @ ion"but in slower rate. Burning them makes this process
quicker. Thi YAt is clean compared to other fuels. However, regeneration of
that m VDNI” t

month§. Accarding to discussion with the local people, reason of using firewood

ake few years unless they are hybrid and generated in few

as cooking fuel is that they do not have so much to cook for which they would
spent huge money for LPG or Kerosene. Whereas firewood is almost free to
them. Following Figure 47 shows village wise share of household usage for

firewood as cooking fuel.
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Figure 47: Village wise HH co%inrewood
492 LPG as Cool@e

LPG is the second %d fuel for cooking within the cluster. Availing LPG at
urban areas is ver . Here comes the similar point of distribution which says
that more the ition area, more will be the cost and more emissions.

Although there

some ace@ident @ccur. The distribution of LPG has to be made very carefully

any kind of losses observed in distribution of LGP unless

because it nted as one of the most flammable fuels. After availing subsidy
residents buy a tank of LPG (15.6 kg) in Rs.362/- and Rs.433/- depending upon
the subsidy card. Whereas kerosene costs around Rs.10/- per litre after subsidy.
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Following Figure 48 shows the village wise share of household using LPG as

cooking fuel.

To SH18 Upper Lake

N Ypperigis (Bhopal-Indore! - —

A

~
tibad Cluster
Source o king is LPG

N
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P £
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State Roads

Legend

/ /’/~ =
7
Cooking from LPG 6 — i
0-4(17) L 4 '
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B 22-756) d 0 S e
\ — “ TN J
Figure 48:Village wj coaoBing fuel is LPG
Above discussi es a picture, that the area might look urban in northern area
and rural in area, and it is the same according to the fuel usage and supply.

Funh@o sum up and understand the strengths, weakness, opportunities
and thr his will help in finding out the possibilities and scope of intervention

of new mechanism to use renewable resources present within the area locally.

Bavali Kheda Drains

r:___-i District Boundary

This is to demonstrate the way of usage of different fuels for different purposes.
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4.10 SWOT

4.10.1 Strengths

1. Area is well connected with electricity line. As discussed in &5‘(9, all
villages are electrified. Transportation of electricity can be mm and

reliable.

2. State highway is there and connectivity is good. However,Q\e villages
which are adjacent to the road are connected quite goo

3. Few of the villages have LED street lighting with sol . Narela village

has the maximum share of household lighting squrc solar

4.10.2 Weakness

1. Poor available infrastructure. Villages a ted with roads, but the
quality of those roads are not very good

opulation

in few villages like north most

2. Required raw materials for feeding

3. Water scarcity. Water is not only &
village, Berkheda Nathu, Mend@
Berkhedi Bezyaft.

4. Present power supply syst stage transformer system, which

Mendori, Kushalpura, Neelbad and

might led to replacement afth y system.

4.10.3 Opportunities Q
1. Presence of waste %his can be used for any kind of physical
intervention. \

2. Seasonal crop tion is possible for fodder generation as well as raw
biomass

3. Promise of: % of renewable energy sources by 2030 by Government of

India wil® 2 any kind of intervention.
hre

4.10.

1. Future unplanned development and demand. Bhopal city is developing in
an unplanned manner. The development of the city is mostly towards the
Kolar road. In some of the news and public discussions it was said that to

attract the development towards north, land use are being transformed.
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2. Unwanted pricing difference. Price of land is one major component while

any kind of proposal, but the price of equipments are also important for

This is understood that to fulfil the energy requirement might be cater using the

local resources. However, the calculations of its feasibility is explaiped in next

chapter. m
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Chapter 5. Possible Interventions
This chapter will discuss about possible j eftions that can be done to fill the
gap. This intends to fulfil the require of energy for different purposes by

using local resources. @



Chapter 5: Possible Interventions

5.1 Concept

The area already has enough power supply and cooking fuel supply to sustain,
but they are all traditional sources. Such as for cooking still coal, firewood, cow

dung cakes etc. are being used and for lighting electricity and kerosene used.

only two needs which needed to be catered using local resource eo there are
about 5 types of resources which are available and can be used. A conceptual

diagram is shown below that how the sources will cater the nee

Vn
Q
S
Y
"G
&

5.2 Hou 0 lectricity

The need of h lectricity can be catered directly from solar power. This
system at sme 40% generation of the total demand. However, 100% use
of the totakwastelland would generate more than enough power which is useless.
If at all the system runs for at least 8 hours, this can cater day demand of the
area. Day demand of 8 hours would be about 18 MW. Following is the

calculation:
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Total Population = 32193
Per capita demand =635 kW (annual)
= 1.7 kW (daily)
Total daily demand = 56007 kW (24 hrs)
Demand for 8 hrs = 2333.625 kW (8 hrs) \
Hence, a power plant which can generate 3 MW daily, can ca day time

demand of the area.

Area requirement for power plant.

Potential of Solar energy generation =5.6 kW/da@i

Efficiency of PV cells =15%
One square meter will generate =5.6x0.1 .84 kW/day/m?
Hence, to generate 3 MW per day, total areaent:
0+0.84

= 3%74 m?
Total available waste land is about %2,62,471 m?
Generation of electricity using s 0
Per unit generation capacity =12 kW/day
Average HH size N =5.05
Per capita demand =1.7 kW/day
Generation unit require gwer one Household is

quiredgo p

'K\ = (5.05 x 1.7) + 12

= 0.7 units
However, if only Amand is needed to be catered than
=(5.05x0.68) + 12

02 = 0.3 units

Hencef electticity demand of approximately 3 HH can be catered by only 1 smart

flower is do not include the inbuilt battery supply.

These panels costs about Rs.3,00,000/- per unit. To supply total area around
2157 units would be required. This makes the total cost of Rs.64.72 Cr. Which do

not require any kind of repairing in natural condition for next 25 years. However,
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rooftop can also be used as installation of solar panels but this might lack the

standard requirement of roof, which is concrete roof.

A

Figure 50: Household Share of roof material

Source: Census, 2011 N
5.3 Household (@ fuel

Cooking fuel demand ca @red using three different sources. These are
cattle dung, crop residuﬂ itchen waste.

Annual cattle dung % =10,30,65,050 kg
Annual crop residQ = 4,06,87,000 kg (a)

Roof Materials

Wood/Mud et
m Plastic/ PQ&
= Hand iIe
] in ade Tiles

%Erick

m Stone/ Slate

m Grass/ Thatc@o/

m G.1./ Metal/ Asbestos
sheets

m Concrete

Any other material

Annual fo ment = 3,40,40,200 kg (b)
Remaininghgropgresidue = 66,46,800 kg {(@)-(b)}
Annual kitchen waste = 30,70,964 kg

Typical biogas system requires about following amount
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Table 6: Biogas plant requirements

Required dung Required Cooking for

Size (cum.) (kg/day) cattle (no's) no. of persons

15 375 35-40
25 625 60-70
35 875 70-80
45 1125 100-110
60 1500 140-160

85 2125 200-220 Q -350

Source: Vattenfall, 2016

Hence, biogas plants can be proposed with respe illages locally to reduce

transportation charges and viability of dung, quick water requirement

biogas fermenter

at recycled ‘
o fermenter

Figure 51: Raw materials for biogas plant

Source: Vattenfall, 2016
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Biogas goes to: OR Biogas goes to:
combined heat
and power unit bomethane upgrading plant

heat supply electricity supply CPG for vehicles natural gas substitute

for cooking and heating Q:S destate
Figure 52: Outputs of Biogas plant
Source: Vattenfall, 2016
Table 7: Comparison of Possible interventions

liquid digestate

10 Acre for 7.5-12 4 sq.ft per
Land MW @ 4.5-7.5acreper MW ' -
\‘ 691.09 Lakh/MW,

Capital cost for non 3to4.5
Lakhs Battery based system lakh per

Capital cost N 8= @ fot:: for costs about Rs 90-100 unit (with

MW unit 12kW /W and Rs170-210/ 30

W for battery based panels)

\\ system
CEMEETO Rs3.§§/kWh NIL NIL
Cost

UM EILES O 12-13 Lakh /year/MW
cost
(o)
COz Rele AV EmEEl oy NIL
utput
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IREDA and other Bank IREDA, Third PartNank

Fumhing banks Loans Loans and Bank oans

Service time 24 Hrs 9Hrs 8 Hrs O 2 8 Hrs
Raw NG WEEE, Sunlight &19\0: Sunlight
rs

Materials water
lifetime
without 20 years 20 yea 15 years
repairs
Q1 ears of tax holiday
, and afterwards
CETphel Gk @i o 19.9305% tax, 30%
PRI o7 v subsidy is available for
: Maintainance and

Subsidy only upto 100kW

operation charge
are covered by the
system revenue

N

X

§)
R

C)O

power plant, No
subsidy is applicable
for over 500kW power
plant
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Annexure

Annexure 1: Village wise Arithmetic growth of population

Year

Name 1991 | 2001 | 2011 | 2017 |2021 |2031 | 2037 | 2041
Rural Population | 16619 | 24137 | 32193 | 36776

Kodiya 956 691 1454 | 1432

Nandni 416 547 654 729

Kharpi 351 435 542 595

Narela 696 835 959 1040

Kalyanpur 82 89 138 148

Moondla 567 727 875 969

Dehriya Kalan 377 453 496 537

Khurchani 633 883 978 1107

Jhagariya Khurd | 276 476 580 687

Sarvar 471 1011 | 1265 1551? 2107 | 2345 | 2504
Badjhiri 917 1156 | 1351 75 | 1792 | 1923 | 2009
Anwala 737 983 1200 1436 | 1668 | 1807 | 1899
Rasuliya Gusain | 321 329 605 711 774 816
Sikandarabad 689 926 1604 | 1918 | 2106 | 2231
Kharpa 498 562 805 912 976 1019
Barkheda Nathu | 1403 | 1863 2784 | 3245 | 3521 | 3705
Neelbad 778 1328 5633 | 7385 | 8437 |9137
Rolu Khedi 26 63 64 73 79 83
Mali Khedi 325 4 881 1073 | 1189 | 1266
Kal Khedi 659 1537 | 1838 | 2019 | 2139
Mittu Khedi 49 74 12 128 141 173 191 204

198 222 256 341 392 426

985 1090 | 1118 | 1187 | 1228 | 1256
1740 | 1989 | 2144 | 2529 | 2760 | 2915
761 877 952 1001 | 1123 | 1196 | 1245
1009 | 767 1197 | 1346 | 1720 | 1945 | 2094
119 34 74 78 90 98 102

628 743 846 907 1058 | 1149 | 1210

Kushalpura
Berkhedi Bazyaft
Ratibad
Semri Bazyaft
Chhapri

Amarpura 147 168 194 207 217 240 254 264
Bhanpur 1084 | 1508 | 2120 | 2399 | 2607 | 3125 | 3435 | 3643
Samasgarh 240 383 387 454 484 557 601 631
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Year

Name 1991 | 2001 | 2011 | 2017 |2021 |2031 | 2037 |2041
Samaspura 136 222 257 302 326 387 423 447
Mendora 302 707 899 1114 | 1233 | 1532 | 4711 | 1830
Mendori 479 1232 | 1070 | 1400 | 1518 | 1813 \ 2109
Bavali Kheda 58 85 136 155 171 210 249
Total 16619 | 24137 | 32193 | 36776 | 39890 50 | 55464

O

Annexure 2: Village wise Exponential growth of population
Year Q

Name 1991 | 2001 | 2011 | 2017 2037 2041
Rural Population | 16619 | 24137 | 32193 | 39818 3254 | 77131 | 88037

Kodiya 956 691 1454 | 138 1851 2099 2282
Nandni 416 547 654 761 1045 1196 1310
Kharpi 351 435 836 953 1039

Narela 696 835 1134 | 1331 1465 1562
Kalyanpur 82 89 169 219 256 284
Moondla 567 727 1099 | 1365 1554 1695
Dehriya Kalan 377 453 578 663 720 760

Khurchani 633 883 1263 | 1570 1789 1952

Jhagariya Khurd | 276 0~ | 768 | 891 |1291 |1614 | 1872

Sarvar 471 1862 | 2268 | 3717 5000 6092

Badijhiri 917 1537 | 1661 | 2016 2264 2447

Anwala 73% 1200 | 1410 | 1554 | 1983 2295 2530

Rasuliya Gusain 574 635 817 951 1052

Sikandarabad

1316 | 1583 | 1802 | 2490 3024 3442

Kharpa 562 712 7 835 999 1112 1194

1863 | 2324 | 2732 | 3022 | 3890 4526 5006

1328 | 4282 | 6424 | 9035 | 21197 | 35357 | 49729

63 45 65 73 95 113 126

452 710 880 1028 | 1520 1921 2247

886 1261 | 1518 | 1728 | 2390 2904 3306

Mittu Khedi 49 73 112 143 169 255 326 385

Kushalpura 28 31 198 266 393 1045 1880 2780

Berkhedi Bazyaft | 847 1107 | 985 1099 | 1133 | 1221 1278 1317
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Year

Name 1991 | 2001 | 2011 | 2017

Ratibad 969 1409 | 1740 | 2131

Semri Bazyaft 633 761 877 974

Chhapri 19 1009 | 767 4720

Mahua Kheda 10 119 34 91

Fatehpur Dobra | 440 628 743 897

Amarpura 147 168 194 210

Bhanpur 1084 | 1508 | 2120 | 2588

Samasgarh 240 383 387 482

Samaspura 136 222 257 329

Mendora 302 707 899 1381 4110 5112

Mendori 479 1232 | 1070 | 1632 3645 4281

Bavali Kheda 58 85 136 173 ?314 406 481

Total 16619 | 24137 | 32193 | 439 55839 | 134310 | 287054 | 518985

Annexure 3: Village wise Logarithmic Growth of p@
Year
Name 1991 ﬁ‘ 2047 | 2021 | 2031 | 2037 | 2041
Rural Population | 16619 W‘F 38 | 39825 | 47516 | 52112 | 55169
Kodiya 956 14 1430 | 1529 | 1774 | 1921 | 2019
Nandni 416 776 894 964 1011
Kharpi 351 633 727 784 821
Narela 696 o 1040 | 1092 | 1222 | 1299 | 1351
Kalyanpur 82 138 148 159 186 203 214
Moondla 56 7 875 969 1030 | 1182 | 1273 | 1333
Dehriya Kalan 3 53 496 537 561 619 654 678
Khurchani 83 978 1107 | 1175 | 1345 | 1447 | 1515
Jhagariya Khu 476 580 687 747 897 987 1046
Sarvar 1 1011 | 1265 | 1549 | 1707 | 2099 | 2333 | 2489
Badijhiri 917 1156 | 1351 | 1488 | 1574 | 1788 | 1916 | 2001
Anwala 737 983 1200 | 1343 | 1434 | 1663 | 1800 | 1891
Rasuliya Gusain | 321 329 532 562 604 708 770 812
Sikandarabad 689 926 1316 | 1477 | 1601 | 1911 | 2096 | 2219
Kharpa 498 562 712 761 804 909 972 1014
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Barkheda Nathu | 1403 | 1863 | 2324 | 2598 | 2781 | 3235 | 3507 | 3688
Neelbad 778 1328 | 4282 | 4923 | 5617 | 7346 |8380 | 9067
Rolu Khedi 26 63 45 60 64 73 79 82
Mali Khedi 325 452 710 803 1258
Kal Khedi 659 886 1261 | 1415 2128
Mittu Khedi 49 73 112 128 203
Kushalpura 28 31 198 221 422
Berkhedi Bazyaft | 847 1107 | 985 1090 1254
Ratibad 969 1409 | 1740 | 1988 2900
Semri Bazyaft 633 761 877 952 1240
Chhapri 19 1009 | 767 1196 2082
Mahua Kheda 10 119 34 74 102
Fatehpur Dobra | 440 628 743 845 1204
Amarpura 147 168 194 ZT 240 254 263
Bhanpur 1084 | 1508 | 2120 9 2602 | 3114 | 3419 | 3623
Samasgarh 240 |383 [387 ][44 [483 |[556 599 |628
Samaspura 136 222 2 0 326 385 421 445
Mendora 302 707 8 12 | 1231 | 1526 | 1702 | 1819
Mendori 479 1232 1399 | 1516 | 1809 | 1983 | 2099
Bavali Kheda 58 85 155 171 209 232 247
Total 16619 ZK 36738 | 39825 | 47516 | 52112 | 55169
Annexure 4: Village wise sourc ing in percentage household
Maip S lighting
Area Name \ Solar Other Any No
ElgCtsicity | Kerosene
energy oil other lighting
Ratibad 0 0 0 0 0
Kalyanpur 0.6 0 0 0 0
Jhagariya K 65.6 0 0 0 0
Neelba 941 0 0 0 0
Kodiy 97.9 1.4 0 0.4 0 0.4
Nandni 971 29 0 0 0 0
Kharpi 94.5 55 0 0 0 0
Narela 95.8 3.6 0 0.6 0 0
Kalyanpur 100 0 0 0 0 0

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas

91




Annexure

Main Source of lighting

Area Name Solar Other Any No
Electricity | Kerosene
energy oil other lighting

Moondla 98.1 1.9 0 0 0 0
Dehriya Kalan 100 0 0 0 0

Khurchani 98.9 1.1 0 0 0

Jhagariya Khurd | 98.4 1.6 0 0 0

Sarvar 79.7 19.9 0 0 0 0.3
Badjhiri 95.9 4.1 0 0 0
Anwala 99.5 0.5 0 0 0
Rasuliya Gusain | 98.2 1.8 0 0 0
Sikandarabad 98.7 1.3 0 0 0
Kharpa 98.9 1.1 0 0 0 0
Barkheda Nathu | 95.4 3.9 0.5 ? 0 0
Neelbad 98.7 1.2 0.1 0 0
Rolu Khedi 100 0 0 0 0 0
Mali Khedi 99.2 0.8 0 0 0 0
Kal Khedi 98 2 0 0 0
Mittu Khedi 92.9 7.1 0 0 0
Kushalpura 100 0 0 0 0
Berkhedi Bazyaft | 96.7 3.3 0 0 0
Ratibad 97.9 1.8 NO 0 0 0.3
Semri Bazyaft 96.3 0 0 0 0
Chhapri 97.4 0 0 0 0
Mahua Kheda 100 0 0 0 0
Fatehpur Dobra | 98.7 0 0 0 0
Amarpura 100 0 0 0 0
Bhanpur 0 0.8 0 0.3
Samasgarh 171 0 0 0 0
Samaspura 0 0 0 0 0
Mendora 0 0 0 0 0
Mendori 98.8 1.2 0 0 0 0
Bavali Kheda 100 0 0 0 0 0
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Annexure 5: Village wise share of household of cooking fuel

Area Name Type of Fuel used for Cooking
g | g

B é g % — 0] O > 8’

| 882|885 |28 5

I O O (ONN®) X — LLI pd
Ratibad 98812 |0 0 0 0 0
Kalyanpur 976 | 1.8 0 0 0 0
Jhagariya Khurd | 100 | O 0 0 0 0
Neelbad 72418 [259]0 0 [0 o o
Kodiya 678 |0 0 0 23.7 0 0 0
Nandni 95110 0 0 0 0 0 0 0
Kharpi 81827 (155 |0 0 0 0 0 0 0
Narela 30506 |593|0 8 |0 48 |0 0
Kalyanpur 100 | O 0 0 0 0 0 0 0
Moondla 94410 0 0 19 |37 |0 0 0 0
Dehriya Kalan 976 |0 0 1.2 |0 1.2 |0 0
Khurchani 0 0 0 0 0 05 |0 0
Jhagariya Khurd 08 |0 0 81 |08 (16 |0 0
Sarvar 0 0 53 |0 0 0 0
Badjhiri 0 0 5 0 0 0 0
Anwala 1 0 0 1 0 0 0 0
Rasuliya Gusain 0 0 0 0 0 0 0
Sikandarabad 0 0 51 |0 0 0 0.4
Kharpa 0 0 0 0 0 0 0
Barkheda Nathu 0 0 106 | O 05 |0 0.2
Neelbad 4. 0 4 454 10 0 0 0
Rolu Khedi 0 0 0 0 3330 0 0 16.7
Mali Khedi 9210 0 0 0 0 0 0 0 0.8
Kal Khedi 310 0 0 0 71 |0 0 0 1.6

25 |0 0 0 0 75 |0 0 0 0
46.3 | 0 46.3 | 0 0 49 |0 0 0 24

Berkhedi Bazyaft | 76.5 | O 202 |0 0 22 |0 11 10 0
Ratibad 63.112 (1.2 |03 3 296 |0 0.3 |06 (0.6
Semri Bazyaft 0 05 (9740 0 21 10 0 0 0
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Area Name Type of Fuel used for Cooking
g1e
212815
8ls /5| 8|8/2|%
= || 2| .88 |a =g
' S| 2 |ms ag| 2|0 o | O
2 o o) o < ) a Qo 9
L (@) (@) o _0O X 1 L om
Chhapri 69.3 |0 0 0 2 28. 0
Mahua Kheda 100 | O 0 0 0 0
Fatehpur Dobra | 78.7 | O 07 |0 0 0
Amarpura 100 | O 0 0 0 0 0
Bhanpur 979 |0 05 |0 0 0 0
Samasgarh 943 |0 29 |0 0 0 0 0
Samaspura 100 | O 0 0 0 0 0 0
Mendora 719114 (05 |0 0.5 0 0 0.
Mendori 8730 0 0 0. 0 0 0
Bavali Kheda 100 | O 0 0 0 0

Questionnaire

Other tables

S

X
N
S
S

Exploring Mechanisms to Promote Renewable Fuel Strategies for Rural Areas

94









