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Basic Energy Needs in Rural Area
In rural areas of the country,
the basic energy needs relate to :

Providing dietary energy for human and livestock,
Agricultural production,

Household and domestic activities &

activities related to:

Agro processing,

v Transportation and

v Civic facilities.

\



Indian Energy Scene
Primary energy consumption - 440 mtoe., about 4.6% of global total.
Per capita energy use is 1/4th of global avg.
Commercial energy demand growing at 4%.
Growing gap between demand and supply
Oil imports to rise beyond existing 78%

156,000 MW power generation capacity is mainly based on thermal
and hydro with about 8% from RE. Peak shortage 12 %. Energy
shortage 9%

153 MT consumption of oil products. 33.5 MT domestic crude

production. Imports 78%, and growing

Coal production about 490 MT/year



Consumption of various forms of energy
in rural areas (11.42 x 1014 kcallyear)

» Non-commercial (65%),

» Commercial (fossil) energy (20%), and

» Human cum-animal energy (15%).

v Household activities (cooking) (64 %),

v" Agriculture (22%),

v Non-agricultural works viz. pottery, smithy, brick
making etc (7%),

v Lighting (4%) and

v Transportation (3%).



Most of the energy required for cooking, space
heating and lighting in rural areas comes from
fuelwood, animal dung & crop residues known as
biomass (80%).

About 56% of energy consumed by almost of
our population is met from biomass system.

Only 45% of rural households use electricity
with supply being inadequate and unreliable. About
80 million households still use kerosene for lighting.

Maijority of villages that are yet to be electrified
are remote and have low load densities. Extension
of grid uneconomical and will increase T&D losses.



Biomass

Biomass is an environment friendly and
sustainable alternate source of energy.

It can be converted to energy either through
thermo-chemical or biological process.

Bioconversion may be defined as conversion
of organic materials in to an energy source by
fermentation process involving living organism.

The common natural process is digestion.
The anaerobic digestion produces energy in the form
methane gas & organic digested slurry.



Contributions of fuelwood to national industrial
energy demand in some developing countries.

Country % of industrial energy
demand met by fuelwood

Tanzania 38

Mozambique 69

Kenya 64

Sr1 Lanka 57

Brazil 21

India 6




Categories of utilizable biomass and other organic waste

Crops waste

Sugarcane trash, weeds, crops
stubble, straw, spoiled fodder

Waste of animal origin

Cattle shade waste, poultry litter,
ship and goat droppings fishery
waste, wool waste,leather etc

Waste of human origin

Feces, urine, refuse

Byproducts and waste
form agriculture based
iIndustries

Oil cakes, bagasse, rise bran,
waste from fruit and vegetable
processing, press mud, tea waste
cotton dust

Forest litter

Twigs, bark, branches, leaves

Waste from aquatic
growth

Marine algae, sea weeds,
water hyacinth




Estimated Quantity of Waste Generation
in India

Waste

Quantity

Municipal solid waste

27.4 million tones/year

Municipal liquid waste

12145 million litres/year

Distillery waste

8057 kilo litres/day

Sugarcane press mud

9 million tones/year

Fruit
__waste

food processing

4.5 million tones/year

Willow dust

30,000 tones/year

Paper & pulp industry waste

1600 m?3 /day

Tannery

52500 m?3 waste water/day




Biogas Potential from Agro- industrial
wastes (in MW)

Sugar 363
Pulp and paper 58
Starch 129
Distillery 503
Milk processing 69
Slaughterhouse 94
Poultry 65
Total 1281




Annual availability of waste in India

»2065 million tonnes human and cattle excreta and urine.
»Manurial potential in million tonnes

N 6.8, P21, K2.85 & Organic carbon 208.02
» Avallability of crop and forest residues 214.6° MT
»Present use

25-35 % wet dung =>dried cakes = domestic fuels

Rest 65-75 % as FYM

95 % liquid excreta = Waste




Animal dung, MT dm

 Annual production = 220.3
Utilization pattern

o Leftin fields, 13.9% : 30.6
 Composting, 33.2% 73.1
 Dung cakes, 49.7% : 109.5
- Biogas plant, 2.7% : 6.0

« Otheruses, 0.5% : 1.1



Physical and chemical composition of fresh cattle dung

Sr. No. Constituents Values

Physical characteristics
1. Moisture content (%) 82.60
2. Total solids (%) 17.40
3. Volatile solids (%) 78.60
Chemical characteristics
Carbon 39.98
C:N ratio 31.73
PH 7.20
Nitrogen (%) 1.20
Potassium (%) 0.40
Phosphorus (%) 0.98




National Programme for household
biogas plants operational since 1982

Estimated potential of biogas plants 12
million

Achievement 4.00 million family type
biogas plants (1 Cum onwards)

4000 night soil based biogas plants
Saved 4.6 million tonnes of fuelwood
Produce 46.8 million tonnes of manure

Generated 5 million person days
employment in rural areas.

MNES 2008-09




*Biogas Technology : Appropriate
Technology for Rural

India
*Basic stress . Biogas for fuel
Effluent Slurry . Important byproduct —

rich in basic nutrient
both in micro & macro

*Handling problem

*Drying under sun requires a large space



Importance of Biogas Spent slurry (BSS)

BSS . Biological origin
Important Nutrient : N (vital role)
Mainly N : Ammonical form

Soil conditioning

Application of BSS : Duel purpose
Fertilizer
Increase water holding capacity

Humic Material: Improves soll structure



Comparison of Plant Nutrient Content in
Digested slurry (DS) and Farm yard manure (FYM)

Plant Nutrients DS% FYM%
(BSS)
Nitrogen (N,) 1.5-2.0 0.5-1.0
Phosphorous 1.0 0.5-0.8
(P205)

Potash (K,O) 1.0 0.5-0.8



Plant food elements necessary for the growth of green plants. These
nutrients are called essential elements.

ESSENTIAL PLANT FOOD ELEMENTS
]
] ] ]

Primary Plant Secondary Plant Trace Elements or
Nutrients Nutrients Micronutrients

* Nitrogen  Calcium * Iron

* Phosphorous  Magnesium  Manganese
* Potassium * Sulphur » Copper
« Zinc
* Boron
* Molybdenum

e Chlorine




UTILITY

» Soil conditioning

» Pesticidal application
»Animal feed
»Mushroom cultivation

»Pisciculture

»Algal cultivation
»\Vermicomposting
»Agroresidue composting
»Hydrophonics




Benefits of Biogas Technology

Energy benefits

Provides cooking and heating fuel (stoves &
burners 55% efficient)

Lighting fuel (biogas lamps with mantles)

le. highly acceptable and most convenient
domestic smokeless fuel for cooking &
lighting for rural areas

Used in electricity generation (generators)
Used as engine fuel (stationary)
Used for refrigeration (gas refrigerators)



Environmental & social benefits

Biogas is a renewable source of energy (organic matter
dung)

Reduce deforestation
Significantly reduce carbon dioxide emission
Eliminates odours during decomposition

Biogas is a clean & easy to use fuel (No smoke and soot
during combustion)

Produce a pathogen free compost (eliminates disease
causing agents)

Speeds up material recycling

Produce nutrient rich fertilizer: Nutrients are not
destroyed but made more available to plants

Better sanitation due to safe disposal of waste ie.
Pathogen inactivation



Economic benefits

Foreign currency saved
Cheaper source of cooking energy
Saves cooking time in the kitchen

Jobs are created (builders and technicians)



Based on the effective heat produced,

a 2 cum biogas plant could replace, in a
month, fuel equivalent of 26 kg of LPG
(nearly two standard cylinders) or

88 kg of charcoal, or
210 kg of fuel wood, or
740 kg of animal dung.




Composition of biogas

Methane (CH,)

Carbon dioxide (CO,)
Nitrogen (N,)

Hydrogen (H,)

Carbon Monoxide (CO)
Hydrogen Sulphide (H,S)

55-70%

30 - 45%

1-2%

In small traces

In small traces

In small traces



Properties of Methane (CH,)

»Flammable, Colourless
»QOdourless, Tasteless gas,

Other gases contained give it a slight smell of garlic.or rotten
eggs.

Methane is

»20% lighter than air, Ignition temp : 650 — 750°C
»CV : 20MJ/ m?3 (4713 kcal/ m3).

»Non-poisonous and non-toxic gas,

»burns with blue flame, without soot or any offensive smell.




Physical conditions for fermentation
Process is governed by set of factors

» Temperature

»pH Value

»Solid Contents
»Anaerobic Condition
»C/N Ratio

»Nature of Organic Material

»Supplementary Nutrition of Slurry

» Retention Period




Biogas Plant

Biogas plant is a special type of structure
consists in such a way that, if a solution with
some specific qualities is kept for a certain
period of time will generate combustible
methane gas after anaerobic digestion

Types of Biogas plants

+
| | |
Continuous System Semi continuous Batch system
system




Continuous Process Type Biogas Plant

« Feed material is continuously charged to the
digester with simultaneous discharge of the
digested material e.g. plug flow type or well
mixed type

Advantages
* No chances of scum formation
« Suited for large size units

« Useful in sugar factories where molases could
be used for biogas generation

Disadvantages — Need constant attention ‘to
monitor the loading rate, temp., pH etc.




Semicontinuous Process Type Biogas Plant

* A predetermine quantity of feed material mixed with water
at specified interval of time

Digested material equivalent to the volume of feed, flows
out of the digester. The digestion volume remains always
constant.

Advantages

Constant rate of biogas production

Less retention time

More efficient decomposition

Less cost and less space is required

Operationally more convenient, with minimum labor

Only one unit is sufficient to generate predetermined
quantity of gas per day.

Disadvantages Formation of the scum on the surface




Batch Process Type Biogas Plant

Material is loaded in one single operation and
left to ferment until biogas production ceases.

Advantages

Agro residues can be used as feed material
More than one digester is required for definite
quantity of gas

Need more capital and more space

Need considerable labour

Need large quantity of feed material

This type of plant has not become popular for
field application




Types of Semi continuous Biogas Plants

» Semi continuous (daily fed) system
a) Floating gas holder type bio-gas plant

1) Khadi and Village Industries Commission type
(KVIC)

2) Pragati model
3) Ganesh model
4) Ferro-cement model

Fixed dome type biogas plant

b)
1) Janata model
2)

Deenbandhu model
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Comparison of floating gas holder and fixed
dome type biogas plant design

Floating gas holder
design

Initial cost of
Installation is more.

Repair and
maintenance cost
during operation is
high.

Steel gas holder needs

to be replaced due to
corrosion effect.

Fixed dome design

Capital investment for
the corresponding size of
plant is less.

As there is no moving
part, the maintenance
cost Is minimum.

Steel gas holder is not
required.



The life of digester is
expected to be 30 years and
that of gas holder is 5-8
years.

Drum(gas holder), which is
exposed over the ground,
does not allow the use of
space over the plant for other
purposes.

Because of metallic gas
holder the low temperature
during winter effects gas
production.

The life of the plant is
expected to be
comparatively more.

As the unit is
underground, the space
above the plant can be
used for other
purposes.

Effect of low
temperature is less.



It is most suitable for It could be easily

processing of dung and modified and
night sail slurry. Other adopted for use of
organic materials may clog other types of

the inlet pipe. organic wastes.

The construction of digester Construction of

Is simple, and therefore no  dome portion of the
specially trained person is unit is a skilled job
required but the fabrication and only trained

of gas holder requires mason can do it.
workshop facility.

Requires relatively less Requires more
excavation work excavation work.

during installation.



The location of defects in Location of defects in the
the gas holder and its dome and repairing are
repair is easy and can difficult.

be done in workshop.

Release of gas is at Release of gas is at

constant pressure variable pressure and it

because of fixed weight may cause reduction in

of steel gas holder the efficiency of gas
appliances.

In areas having a high Construction of the plant

water table, horizontal s difficult in high water

plants could be installed. table areas.



Biogas Plant- General Design Criteria

The design of biogas plants for rural areas
can be based on two objectives:

1. either on the site, with use of the gas
determined by the amount of dung
produced; or

2. the production of a required quantity of
biogas for a specific purpose.



The criteria for determining the design
parameters for a methane generating system

‘Determine the production requirements of
biogas

The size of a plant depends on the quantity of gas
needed.

‘Inventory the raw waste materials

This should include animal, agricultural, human
and any other waste that can be digested for the
production of methane.

‘Determine the time needed to accomplish the
optimal digestion of the waste materials
(retention time)



Determine the size of the digester

Minimum vol of digester can be determined
by RT x vol of material added daily

Decide whether to divide the digester
volume in to two or more stages

Determine the size of the gas holder

Vol of gas holder depends upon daily
production & uses

Determine the safety measures

Health hazards & risk of fire or explosion



Design considerations
dependent on size

*The amount of raw material available
*The quantity of raw material available

*The average particle size of the raw
material

‘Heating requirement
‘Mixing requirements

Construction materials available



Design considerations independent
on size

*Minimum corrosion problem

*Preventing contamination of drinking water
sources

*Determining the best flow of materials
(continuous, semicontinuous or batch)

*Selecting construction materials



Design of 60 m3 biogas plant (KVIC Type)

The basic parameters adapted for designing biogas plant are
as under:

1. Gas production = 0.4 cum or 1 cum per 25 kg day
per kg of fresh dung
2. Density of dung and water mixture =1020 kg/m3
3. Retention period =55 days
4. Delivery pressure =10 cm of water
column
5. Capacity of gas holder =50% of the gas
production
According to the first parameter dung requirement for
60 cum biogas plant per day =60 x 25=1500 kg

Addition of water at 1:1 ratio for preparing the slurry to feed
the plant = 1500 kg



=1500 + 1500 / 1020

Volume of daily feed
=2.94 cum

Because the retention period is 55 days the volume of digester will be
V=294 x55=161.7

=162 cum

Assuming diameter depth ratio 1:1 V =[]/4 d?h
162=[]1/4d3
d=5.85m

Design of gas holder: For further calculations, standard dimensions
of digester is taken i.e. d=5.95 mand h=5.75m

Assuming diameter of the gas holder 5.75 m
20 cm less than the dia of digester and gas storage capacity 50% i.e.

30 cum
V =[]/4d?h

30 = /4 (5.75)%h
h =115m



The weight of the gas holder is calculated on the
basis of the diameter of the gas holder. The circular
roof area x 101.65 kg / m? will be the weight of the
gas holder to deliver gas at 10 cm water column
pressure.

Weight of gas holder =(5.75)? x 101.65
=2500 kg

Total weight is adjusted by taking the weight of
angles, pipes, flange and sheets according to
availability and local standard gauges etc.



Economics of 2 m3 Biogas Plant in Operation

For working out economics of biogas technology,
data like average installation cost of biogas plant,
average life of plant, average quantity of cow
dung used, quantity of biogas plant spent slurry,
value of nutrients, fuel value of biogas, light value
of biogas, junk value depreciation cost were taken
and the economics of 2 m?3 biogas plant was
worked out by using cost analysis method.

Farmer will get back the installation cost within
three and quarter years and subsequently derive
net income of Rs. 2182.75 per annum for a long
period of approximately 21.75 years.



Economics of 2m? biogas plant in operation

Quantity of biogas plant spent slurry
from the quantity of dung in Item No.3,
kg

(Calculated on the basis of 32 per cent

semidried biogas plant spent slurry from
fresh cow dung slurry)

SN |ltems
1. | Average installation cost, Rs. 7250.00
2. |Average life of the plant, Years 25
3. |Average quantity of cow dung used in 22888.00
thebiogas plant per annum, kg @ 50
kg/day
4.

7275.00




.| Quantity of nutrients in biogas plant spent
slurry from item No.4, kg (Calculation
based on 2 per cent N,, 0.5 per cent P,O,
and 0.6 per cent K,O from biogas plant

spent slurry).

(N =146, P =36, K=44)
. | Value of nutrients of biogas plant spent
slurry in terms of chemical fertilizers,
Rs.(Calculation based on N @ Rs 9 per kg
of nutrient obtained from AISO, @ Rs 16

per kg of nutrient obtained from Murate of
Potash at current price)

(N=1314,P =576, K=396 )

Total value of nutrients obtained from
biogas plant spent slurry, Rs.

2286.00




10.

11.
12.

Fuel value of biogas per annum in terms of
the cost of firewood, Rs.

(Calculation based on price of firewood @
Rs. 150.00 per quintal

Total return(6+7), Rs.

Junk value(i.e., value of material after
expiry of life of plant), Rs.

Fixed cost, Rs.

Depreciation charges, Rs.
Interest @ 12% on fixed cost, Rs.

Operational cost, Rs.
Labour charges Rs. 8.50/day for 1 year

6258.75

9044.75

725.00
7250.00
261.00
870.00

3102.50




13.
14.
195.
10.

17.
18.

Cost of cow dung @ Rs. 5/day for 1 year,

Rs. Maintenance and repairing, Rs.
Interest on operational cost, Rs.
Total cost of operation, Rs.

(Fixed cost+ Operational cost)
Gross income per annum , Rs.

Net income per annum, Rs.

1825.00
100.00
703.50
6862.0

9044.75
2182.75




Limitations of Biogas Plant

Shortage of feed stock for the plant.

Fixed dome type biogas plant are severely
affected by the local soil condition resulting
into construction failure.

Pressure variation in the biogas plants affects
the distribution of the gas to the utility point.

Low production of gas in winter season.

Slurry handling: Wet slurry is to be dried before
its transportation to the field.

Choking of gas distribution line due to water
vapor.

Shortage of water for mixing the cow dung for
feeding into the plant.

Low methane content in the gas.

High retention time.



Biogas Engine

The kit consists of

» Gas carburetor
for air gas mixing,

* Ignition Mechanism
for generating spark

« Charge control Manual /Automatic
Constant Load/Variable Load




Motive Power Generation

consider Diesel Engine of capacity 5 HP
Specific fuel consumption = 180 gm/bhp-hr.
Total operating days = 25in a month
Diesel requirement =180 x 5 x 8 x 25 = 217 liters.
1000 x 0.83
Cost of diesel @ Rs 40/litre = 8680/— per month
Now, operating same engine with Biogas will save 80% diesel
(217 — 174) = 43 liters of diesel will be required,
Engine cost (operated on biogas) = 80,000/-

Saving per month 174 x 40 = Rs 6960/- Engine cost will be recovered in
80000/6960 = 12 months

Exhaust smoke density is less

Exhaust gas temperature remains the same

Engine deposits — general cleanliness of the engine is better than diesel engine




Biogas cost estimation

Dung available = 50 kg/day
Biogas plant capacity = 2 m3
Total cost = 12,000/-

Cost of accessory = 1200/-
_ife of plant = 30 years

_ife of appliances = 15 years

Rate of interest = 10% per annum

Part of daily feed to be discharged off as spent slurry
every day = 80% with 10%. Total solid content




N=15%
P=1.0%
K=0.08%

Aop

Aint

Market Rate

Rs. 10.00/- kg of Nitrogen
Rs. 12.00/- kg of Phosphorus
Rs. 5.30/- kg of Potassium

12000-120 1200-120

30 15
468/-

0.1 (12000+1200)
1320

Maintenance cost = 1000/-

Total cost/years

= 2788/-




Now,
Total manure available
= 50 * 0.80 * 0.01 * 365
= 2628 kg
Gas production 2.6 * 365
949 m3
Net cost 2788 — 824.83
1963.17/-

Cost / m3 of gas 1963.17/949
2.06
Cost of gas Rs. per litre = 0.002/-



Some Astonishing Features of
Biogas

. 1m3 gas can cook 3 meals for a family of 5
members

. 0.5 m3gas is required to run the engine of
capacity 1HP per hour

. Cost required to run this engine on biogas per
BHP per hour is Rs. 1/-

. Cost required to run this engine on electricity per
BHP per hour is Rs. 2.61/-

. Thus saving of Rs. 1.61/- per BHP per hour




Modified Solid-state Fixed
Dome Biogas Plant



Traditional Practice
Family size biogas plants (Promoted by
MNRE)
* They use cattle dung as substrate
* They every day require dung & water (1:1)
* The DS discharged from the plant is watery and
requires 45 days for drying.
» Therefore, technology has not been accepted in
water scare regions.
 Number of plants under operation becomes
unserviceable every year because feeding is
suspended due to scarcity of water during summer
months.
» Cattle dung is either being converted to dung
cakes or composted.




For solving the problem of water scarce
regions

*The conventional fixed dome biogas plant

modified for digestion of cattle dung in solid-state
condition, I.e.

water for mixing with cattle dung before feeding is

not required.



Modifications incorporated
* The inlet feed chamber was replaced with 30 cm dia PVC

/RCC pipe.

* The outlet slurry chamber was enlarged to accommodate
total volume of the slurry displaced from the digester.

* The step type construction of the outlet chamber was
changed to an inclined smooth surface for streamlined flow
of the digested slurry.

* The outlet channel was widened from 15 cm to 30 cm to
facilitate self-discharge of the digested slurry on to the

ground.



Salient features of the solid-state biogas

plants

* Nil or very little water is required.

* Feeding is far easier.

* The cattle dung is directly poured into inlet pipe.
* The paste like digested slurry gets dried within a
few days

» Digested slurry is transported easily to fields.

* It requires far lesser space for drying and labour
for handling.

*Produces 30% more biogas than the common
designs due to nearly 100% increase in RT of the
cattle dung fed into the plant.



* The cost of construction is nearly same.

* The plant is initially charged as usual with 1:1
mixture of cattle dung and water (TSC 9 — 10%).

» After the plant operation gets stabilized in a period
of about 40-50 days, the feed is changed from liquid
slurry to undiluted cattle dung.

* The solids content of the fresh cattle dung fed
should not exceed 18 %.

* The solids content of the digested slurry varies
between 10-12%.



Salient design features

* All brick masonry structure.

 Designed for capacity 10 to 90 m? of biogas/day

* 30 cm diameter PVC/RCC pipe is used as inlet.

* The pipe is laid at an angle of 75° with horizontal.

* The lower end is kept at a height of at least 90 cm
above the bottom

* Maintenance free

» Construction cost is 50% less than KVIC plant



Detailed structural design of fixed dome biogas plant
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Layout for excavation of pit for biogas installation
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Construction of biogas in progress



Construction of biogas in progress



Construction of biogas in progress



Modified Janta biogas plant installed at
Wadegaon, Tq. Balapur, Distt. Akola



Modified Janta biogas plant installed at
Bramhanwada, Distt. Washim



10 cum Modified Solid-state Biogas plant
Radhkrishna Temple, Aravade, Distt: sangli (MS)













Available designs Vs Capacity (BIS)

Design Rated capacity m?/d
1-6 | Upto 10 | >10-85
Deenbandhu \
Janta \ \
KVIC v v v
[floating drum]
Fixed dome brick \ \ \

masonry AICRP




Fixed dome type family size biogas plant
for digestion of cattle dung in solid-state

 Water requirement : Nil to very low
 Feeding operation : Very easy
* Digested slurry management far more

convenient — time & space requirement cut
by 1/4th

* Cost of plant : up to 10 % higher
« Gas yield : 20-30 %
 Cost/cum gas yield: lower by 10-15%



Design of Janta biogas plant
Gas production of about 10 I/day. The ratio of

volume of digester to the rated capacity has
been taken as 2.2. The ratio of volume of gas

dome to the rated capacity has been taken as 0.6.



Digester
Rated capacity of biogas plant (Vrc),
l/day = 10
Ratio of Volume of digester (Vd) to rated
capacity (Vrc ) of biogas Plant = 2.2
Vd =2.2
Vrc
Volume of digester = 2.2 x Vrc
=2.2x10 =22 litres



Ratio of Height (h) to Diameter (d) of digester has been
taken as 0.5 based on the available data.

__h =05
d
h=0.5xd
Volume of digester of Janta Biogas Plant is given by
Vd=n/4 x d? x h
0.022= n /4 xd? x (0.5d)
d3 = 0.05602
d =0.3826 m =38.26 cm = 39 cm
d =0.3826 m =38.26 cm =39 cm

Height of the digester (h) = 0.5 x 38.26 = 19.13 cm = 19
cm



Gas dome
Ratio of volume of gas dome (Vgh) to Rated capacity
of biogas plant = 0.6
Volume of gas holder (Vgh) = 0.6 x Vrc
= 0.6 x 10 =6 litres
Assume d’ and h’ to be the diameter and height of the gas
holder

Butd'=d =39 cm

Let radius of the gas holder to be r’
Therefore r =d/2=39/2 =19.5 cm

Volume of gas dome is given by
Vgh = 0.5236 x h’ x (3r? + h’?)

6000 = 0.5236 x h’ x [3 x(19.5)? + h’?]
6000 = 597.29 h' + 0.5236 h'3



By hit and trial method

h"=9.5

Now assume R to be the radius of dome

Vgh =1/3 x n x h"?x (3R- h’)

6000 =1/3 x n x (9.5)?x (3R-9.5)

3R -9.5=63.485

R 24.32=24.5cm

Assume slurry displacement inside the digester to be ‘ds’
Volume of dome = 61

Height of dome = h’=9.5 cm

Diameter of done = 39 cm

When gas flow to burner stops then there is 6 / of biogas at
atmospheric pressure is left in the gas dome. Then during
12 hours in night another 5 I of gas is to be stored due to
slurry displacement.



Therefore p1 = 10.33 m = 1033 cm of H,O (atmospheric pressure)
V1 = 6 lit of biogas
m1 = 0.006 kg (assuming density of gas = 1 kg/m?3)
Let p2 — p1=15cm of H,O
p2 =1033 + 15 =1048 cm
V2 = 6+5 = 11 |it of biogas

m2 = 0.011 kg (pbiogas = 1 kg/m)
P1xV1 = P2xV2
M2 m2
1033 x 6= 1048 x V2
0.011 0.006
V2=1033x 0.011 x6
0.006 1048

= 0.985687 x 1.83333 x 6
=1.80709 x 6 = 10.841



Therefore,
Volume displaced = V2-V1 =10.84 - 4 = 4.841
4.84 =n/4 X (0.39)? x (ds)
1000
ds =0.0405m =4.05cm
Now height of outlet (H) =9.5+4 =13.5cm
LetL=W
LxWxH=4.841
LxLx13.5=4.84 x 1000
L2=358.52, Therefore, L=1893cm=19cm

IfL=15W
1.5W x W x13.5 =4840
W2 = 239.01

W =155cm
L=15x15.5=23.25¢cm
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Line Diagram of Janta Biogas Plant



