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Performance Evolution Of Various Models Of
Bio-Gas Technologies In Household Environment
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Abstract: This paper investigates the research and development carried out with bio-gas energy technologies. Its describe the Bio-gas technologies that
are commercially available technologies and performance evaluation in real in-situ term periodical gas pressure monitoring of gas holder and also
carried out the experimental study of gas consumption in a Controlled cooking test (CCT). The World Cow Research Center (WCRC) cow generates
about 10 to12 kg of dung per day, On the basis of these we also calculated the economics of a biogas plant involves the calculation of annual profit cost
for the LPG equivalent of dung. The use of bio-gas technology has benefited the country in improving health, environment, economy and energy

conservation.

Index Terms: Anaerobic digestion, Biogas, Cooking fuel, Designs, Dung

1 INTRODUCTION

Biomass is a major energy resource in rural areas of India. It
plays a major role in domestic cooking and about 80 percent
of domestic energy consumption in rural India is met by
biomass fuel. About 90 percent of biomass using households
of the country use wood, crop residue and animal dung as
their primary cooking fuel [1]. Mostly women and children
collect the firewood and this can take 3-5 hours per day [2].
Leaving this group with less time for education, employment
and recreation. In efficient usage of biomass in traditional
stove results in smoke that is a health hazard for the women
and children who are exposed to it. [3]. Biogas is produced by
anaerobic digestion of biological wastes such as cattle dung,
vegetable wastes, sheep and poultry droppings, municipal
solid waste, industrial waste water, landfill, etc. It is an
environment friendly, clean, cheap and versatile fuel. Biogas is
an appropriate cooking fuel in rural areas. Biogas is perhaps
the best alternative to fuel wood which is becoming a scarce
resource. Biogas technology can be sustainable and cost-
effective in the long run. It is beneficial to the households for
safe [4] and smoke-free combustion [5] for cooking in
households. Rural India has vast potential of biogas
generation and application for fulfilling the rural cooking
energy demand [6]. During the past two decades, biogas has
been promoted mostly as a cooking fuel in the rural areas.
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Being a renewable source, biogas, when utilized appropriately
can replace the commercial and nonrenewable energy
sources to a considerable extent the technology is mature but
operational issues have limited its uptake in rural areas. The
various points have to be kept in mind during the selection of a
suitable site for a digester. Adequate space, should be
provided for plant construction (installation) near the staple
where the animals are placed. Raw material availability, the
gas production is proportional to the amount of raw material
digested. Sufficient water availability, the usual materials
fermented in a biogas plant normally contain a higher
percentage of solids and they are therefore usually diluted with
water. From experiments, it is found that a 1:1 (by volume)
slurry of cow dung and water. Family size, the section of the
household’s family should be small, so easily fulfill the gas
requirement cooking fuel for a full day. Historically, the biogas
technology is over a hundred years old in India. The National
Project on Biogas Development (NPBD) was launched by the
Ministry of Agriculture with an outlay of US$10 million in late
1981. After a few months the project was transferred to the
newly created Department of Non-conventional Energy
Sources. The project focused initially on 100 selected districts,
and a modest target of 400,000 biogas plants was set in the
Sixth Five-Year Plan period. The average success rate of the
plants was close to 85%.

NPBD LEARNING

» Atotal of about 3.4 million family size biogas plants had
been installed all over India by Dec. 2002. Also, more
than 3380 Community Biogas Plants (CBP), Institutional
Biogas Plants (IBP) and Night-soil based Biogas Plants
(NBP) have been installed all over the country [7].

* Feedback on operational problems related to running of
biogas plants was not adequately addressed with the
result that the fixed—dome Deenbandhu model became
the lone surviving designs. Interestingly, this model did
not come from the research network of NPBD.
Consequently; users did not have any design options to
choose from

» Poor performance and slow progress of the biogas
project has led to reduced interest in the technology
among renewable energy specialists. Centralized
bureaucratic control and poor performing State nodal
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Bio-gas technologies that are commercially available
technologies and performance evaluation in real in-situ term
periodical gas pressure monitoring of gas holder and also
carried out the experimental study of gas consumption in a
Controlled cooking test (CCT). Through this paper, we have
tried to evaluate the maximum rate of biogas production.
We also compare rate of cooking speed, Specific fuel
consumptions with the other energy sources which we
use for cooking purposes like LPG, Kerosene and Coal.

Objective:
— Evaluate the potential for biogas production
three types of Biogas Plant
— Test the functioning Digester reactors in real-field
conditions and Economic of Biogas plant

with

2 DESIGNS (MODELS) OF BIOGAS PLANT
There are two basic designs of biogas plant that are popular in
India

2.1 Floating drum type

In 1962 this model standardized design was developed and
popularized by the Khadi &Village Industry Commission
(KVIC) of India. Floating drum type plants have an
underground well shaped digester having inlet and outlet
connections through pipes located at its bottom on either side
of a partition wall. A reversed drum (gas holder), made of mild
steel, is placed in the digester, which rests on the wedge
shaped support and the guidance frame at the level of the
partition wall. This drum can move up and down along a guide
pipe with the accumulation and disposal of gas, respectively.
Adjustable weight of the drum applies for develops sufficient
pressure on the gas to make it flow long into the pipeline to
households for cooking or lighting

2.2 Fixed dome type

In 1962 this model standardized design was developed and
popularized by the Khadi &Village Industry Commission
(KVIC) of India. Floating drum type plants have an
underground well shaped digester having inlet and outlet
connections through pipes located at its bottom on either side
of a partition wall. A reversed drum (gas holder), made of mild
steel, is placed in the digester, which rests on the wedge
shaped support and the guidance frame at the level of the
partition wall. This drum can move up and down along a guide
pipe with the accumulation and disposal of gas, respectively.
Adjustable weight of the drum applies for develops sufficient
pressure on the gas to make it flow long into the pipeline to
households for cooking or lighting. Installation cost is very high
for KVIC model, so it cannot reach the most of the rural
people, thus need to think for an apparent need to have an
alternative inexpensive design to bring it within the reach of
the poor rural population.

3 EXPERIMENTAL REVISIONS OF THREE TYPES OF
BIOGAS PLANTS

3.1Study area

The study area was in the Jagadishpur block of Sultanpur
district in Uttar Pradesh, India. The Climate of the study area
Is generally subtropical. Temperature variations due to
difference in Plane land topography are considerable. In the
summer heat is often of high intensity, and winter is pleasant.
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The study area has plenty of ground water, however, the
surface water is scanty. The selected area represents a
diverse section of people with a similar occupational pattern,
commonly observed in other backward states in India. The
testing was conducted in the Village of Ashrafpur and
Mohabatpur, in Jagadishpur block of Sultanpur district in Uttar
Pradesh, India.

}
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Figure 1. Study area of biogas plant map from Google Earth

3.2 Site selection
The following points have to be kept in mind during the
selection of a suitable site for a digester.
= Adequate space should be provided for plant
construction (installation) near the staple where the
animals are placed
= Raw material availability: The gas production is
proportional to the amount of raw material digested.
= Sufficient water availability: The usual materials
fermented in a biogas plant normally contain a higher
percentage of solids and they are therefore usually
diluted with water. From experiments, it is found that a
1:1 (by volume) slurry of cow dung and water,
= Family size: The section of the household’s family
should be small, so easily fulfill the gas requirement
cooking fuel for a full day.

3.3 Biogas plant under study

Matching with the average cattle holding size of rural families,
emphasis on recently has in recent years has been shifted
towards installing 2 m3 family size plants very recently MNRE
has also encouraged dissemination of 1 m3 capacity plant to
benefit weaker section in rural household who may not be
having sufficient number to own a 2 m3 plant [9]. Considering
low cattle ownership due to reasons mentioned above, family
size plants of capacity of 1 and 2 cubic meters were
considered as more suitable options for individual households.
A 1 m3 plant required dung input of around 25 kg per day,
which would ideally require 2/3 cattle. In this study performed
with three models of biogas plant, each having capacity 1
cubic meter, were compared.

51

1JSTR©2014
WWW.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 3, MARCH 2014

3.31 Model A- Balloon Flexi,

A balloon plant digester gas holder conjoining, plastic or
rubber bag (balloon). The gas is stored at the top of the
balloon. Inlet and outlet are attached directly to the skin of the
balloon. Balloon gas pressure on the skin can be enhanced by
employing load. High digester temperatures in hot weather;
uncomplicated cleaning, emptying and maintenance, low cost
manufacturing sophistication, ease of transport, a high
groundwater table suitable for use in areas with shallow water
hyacinths on the establishment of standardized prefabrication
for difficult substrates can be used. Major disadvantages as
low gas pressure may require gas pumps; scum cannot be
removed during operation; the plastic balloon has a relatively
short useful lifespan and is susceptible to mechanical damage
and usually not available locally.

3.32 Model B- Floating Drum (HPDE)

Floating-drum plants, potable and whole body of Biogas plant
made up with High-density polyethylene and consist of an
above ground digester and a moving gas-holder. The gas-
holder floats either directly to the fermentation slurry or in a
water jacket on its own. The gas is collected in the gas drum,
which rises or moves down, according to the amount of stored
gas. Either directly in the fermenting slurry or a separate gas
holder floats in the water jacket. Biogas which the drum that
provides stability and keeps the drum upright an internal and /
or external guide frame. If biogas is produced, the drum
moves up, if gas is consumed, the gas-holder sinks back.

3.33 Model C-Bamboo Cement (Floating Drum)

Digester is insulated and made of bamboo, cement and
concrete. Floating-drum plants consist of an underground
digester and a moving High-density polyethylene drum gas-
holder similar to the model —B. Model A and Model B were
prefabricated and commercially available in Indian market.
Both the plants have a life span of more than 5-10 year and
their installation required no skilled person.

3.4: Pressure Measurement

The appearance of biogas plants pressure depends on high
digester temperatures, Sludge quality opening of the inlet and
outlet, and the gas pressure is achieved by through the added
weights in place on the gas holder. In Balloon Flexi model
having the extra pressure developed by the elasticity of the
balloon. If the gas is required at constant pressure it is
recommended to install a pressure regulator in the digester of
choosing a different design of biogas plant to avoid the gas
pressure fluctuates substantially. The gas pressure rises if gas
consumption is lower the production if the gas storage is full.
The volume of the plant remains constant, but the gas
pressure varies [10]. In Table- 1 given that the monthly (Oct-
10- June-11) variation of pressure in three types of plant in
Situ condition. Model B having maximum pressure drop, it may
be due to longer retention time of slurry and model A and
Model C more or less similar in both plant performance.
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TABLE 1.
MEASUREMENT OF MONTHLY (OCT-10- JUNE-11)
VARIATIONS OF WITH THREE TYPES OF PLANTS

Months
Model Model Model IModel Iodel Fvlodel
A B C A B C
Height of fluid Manometer Pressure, Ap in
column, hicm) pa
Oct-10 10 8 10 951 785 951
MNov-10 9 7 10 883 687 051
Dec-10 7 6 7 687 580 580
Jan-11 7 4 ] 687 392 589
Feb-11 7 4 6 687 392 580
Mar-11 5 6 9 78h 589 883
Apr-11 10 8 10 951 785 051
May-11 10 8 10 951 785 051
Jun-11 10 8 10 951 785 051

Fluid density Kg/1
Acceleration of gravity g (9.81 m/s2).

3.5 Gas Consumption in Controlled cooking test (CCT)
Controlled cooking test (CCT) provides a standardized
comparison of stove performance for real cooking session
involving use of local fuel, food, and cooking practices, this
test has been designed to “assess the performance of the
improved stove in terms of time required and fuel consumption
for cooking. CCTs were carried out as per international test
protocol of CCT Version 2.0 [11]. Using the Controlled Cooking
Test (CCT) a common standard meal was chosen for this
study and a single cook was asked to prepare that meal as
they normally would use biogas stoves three times each. The
meal chosen was a typical meal consisting of pulse (skinned,
green gram) and rice. 200gm of the pulse and 500gm of rice
were taken for each time of cooking. Aluminum made Indian
pots with lids which were easily available in the local market
was chosen for the test purpose. The lids were used about
50% of the cooking time.

TABLE 2.
GAS CONSUMPTIONS IN CONTROLLED COOKING TEST

Standards Cooking tasks Controlled cooking test (CCT)
Items  Weight of Plant/ Gas Fiel  Cooking Food
n cocked Model  consumpti consump  Time( Min) Cooked
ingredients on (litter)  ton g/1 (gram)
(3ens)

Rice 400 Model 4 134 - 49 3159
Pilse 200 Model B 160 : ) 3181
Water 3300 Model C 186 - ) 3188

Model D - 166 64 3317
Model E - 04 46 3246

During Test Biogas Flant Manometer pressure was 981 Pa

Modsl D- Traditional Biomass Cook Stove, Model E-Force draft Biomass Stove

CCT test results also compare with traditional biomass cook
stove and improve Cook Stove and analysis result in Table -3.
There are two important observations if the result of CCT.
Firstly, the results indicates that reduction in specific fuel
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consumption traditional mud stove and average reduction in
specific fuel consumption as 36-47 % and secondly reduction
in time 18-28 %.

TABLE 3
TEST RESULTS FROM CONTROLLED COOKING TEST
Farameter Unit Model Model  Model — Model — Model
A B C E D(IC)
Timetakenby IC  min o4
Réductionintime vis-2-vis TC % 234%  187%  187% B1%
Spectfic fuel consumption (SEC) 04
by TC
Reduction inSpecificfuel % 476%  45% 3Tk 4358%
consumption vis--vis TC

4. ECONOMIC BENEFITS FROM BIOGAS PLANT

Cow-dung based biogas plant is doubly beneficial as Firstly, it
provides clean combustion fuel for cooking.Secondly, and the
residual slurry is a good source of bio-fertilizer [7]. Other
indirect benefits of biogas plants as Reduction in fuel wood
consumption, Reduction in the use of agricultural residues in
stoves, Reduction in the use of dried cattle dung in inefficient
stove and reduction in chemical fertilizer use. The calculation
for modem biogas plant the economics of a biogas plant
involves the calculation of annual profit, cost for the LPG
equivalent of dung given in table — 4 are based on following
assumptions and calculations:

Dung generation by one cow = 10-12 kg. Per day
Dung required by 1 cu.m. Plant = 25 kg.

Wd = Annual wet dung requirement (kg) = Plant capacity (m3)
* 25 * 365

Fdd = Fraction of dry dung in wet dung = 0.30
EqLpg = Kg. of LPG Equivalent to 1 m3 of biogas = 0.43 kg.
Dpm3 = Dry Dung cakes required per m3 of biogas = 12.3 kg.

LPG Equivalent of dung =Wd * 0.30 *0.43 */ 12.3

TABLE 4.
MONTHLY SAVING IN REFERENCE WITH LPG EQUIVALENT
TO DUNG,
Plant AdultCatfle Annualdung Annual lFG  Annual Menthly
capacity (m3)  Require requirement  equivalentof  costfor saving
(kg) dung LPG Rs Rs (LPG
(Kg equivalent)
1 2 9125 9% 2680 223
2 4 18250 101 5359 447
3 ] 27375 287 8039 670
4 g 36300 383 10719 803
5 10 45625 479 13398 117
] 12 54750 574 16078 1340
7 14 63875 670 18757 1563
§ 16 73000 766 1437 1786
9 18 87125 861 u7 2010
10 20 91250 957 26796 2233

LPG cost of per kg 26 INR (14.6 kg refill domestic cylinder cost of 400 INR in March 2012 )
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The economics of a biogas plant involves the calculation of
annual profit and the payback period for the different models,
Where

Annual profit = Annual income - Annual operational cost

Annual operational cost of a biogas plant involves the annual
depreciation on civil construction work and other installations,
annual maintenance charges and cost of dung required to run
it per annum. The corresponding annual depreciation will be
4%, 10% and 5%. Further, the maintenance charges are taken
to be 2% of the net installation cost. [12] As the cost of a 2 m3
capacity “Fixed Dome Biogas Plant” works out to be about
18500 INR (TERI 2011) and 2 m3 capacity plant table 5
annual profit 5359 INR. Thus payback period 3.5years.

5. CONCLUSION

We all aware of how the cattle populations in rural areas are
depleting because of various factors as a result of
modernizations and urbanizations for rural people. Therefore,
it is a very difficult task to select an appropriate model and size
of biogas plant to meet the present requirements of the people
in rural communities. Two types of digester models (fixed and
floating dome) are the most commonly available designs. Both
designs are having own specific feature and advantage or
disadvantages. There is considerable scope in improving the
performance of these models by making design changes such
as eliminating the dead volume and sizing the plant
appropriately. In addition, by using the locally available
material such as bamboo or other alternatives such as HDPE,
the biogas plant cost can be brought down. By reducing the
cost of construction and bringing it at affordable level the
technology can be used by more people in the rural areas.
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