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PREFACE
(For the second revised “Pictorial Field Guide on Grameen Bandhu Biogas Plant™)

India is one of the pioneer countries in the field of biogas technology, dating back to 1897 when the first biogas
plant on human waste was setup in Bombay. The first cattle dung based biogas plant was developed and tested
at IARI, New Delhi in 1939, followed by development of the first field worthy family size cattle dung biogas model
with floating gas holder at KVIC (Bombay), by Mr. Jasbhai Patel in 1956. The KVIC model became the most
popular plant, due to it's launching a demonstration programme to popularize this programme in rural areas,
starting from 1960 on wards. The Gobar Gas Research Station (GGRS), Ajitmal, District. Etawah, (U.P.) S,
however, was the first institution to design a field worthy Fixed Dome biogas plant, named as Janata (people's)
model, in the later part of 1970's, which was approved by the then nodal Ministry (the Ministry of Agriculture,
Govt. of India) for dissemination and extension of biogas technology.

The NGOs Network played a very important and crucial role in promotion, transfer, popularization and diffusion of
Janata Model throughout the country. | have been fortunate to be involved in the planning, developing and
implementation of biogas programme of this NGO Network from scratch, since its inception in 1979. | was
instrumental in developing and conducting training programmes for different levels of biogas functionaries of Non-
Government Organizations (NGOs) for ensuring their effective involvement in the promotion, extension and
dissemination of low cost biogas units throughout India. In 1980, I also initiated the process for developing an
informal biogas network for the decentralized implementation of biogas development programme by grass-roots
NGOs. Subsequently, | prepared a master proposal and secured the financial support of from the interested
funding agencies for the capacity building of the individual NGOs as well as, for strengthening both, the NGOs,
their biogas NETWORK, for systematically promoting household biogas programme, under the centrally sponsored
scheme, known as the National Project On Biogas Development (NPBD) under the Ministry of Non-Conventional
Energy Sources (MNES), Government of India. | was responsible for the overall coordination, facilitation, directing
and guiding the NGO promoted biogas development programme, under the NPBD of the MNES, Govt. of India.

By the end of 1995, this NGO network had grown from an informal FORUM of a few loosely knitted NGOs in 1980
to a strong and stable NETWORK of over 70 grassroots level NGOs, operating over 90 Biogas Extension Centres
(BECs), throughout the length and breadth of the country,. As a result of this, the NGO members of this network
which had been operating informally for about 15 years till then, decided to organize themselves into a formal
body by the name INSEDA, to give it credibility and it's own identity for systematically promoting people centered,
renewable energy and ecological development programmes for the benefit of rural people, through its member
organizations and other partners. Subsequently, the INSEDA (Integrated Sustainable Energy and Ecological
Development Association) was registered as an autonomous national association under Indian Societies
Registration Act in December 1995, with registered office and the national headquarters in New Delhi.

Based on the need expressed by the members of the network in the meetings and workshops and the feedback,
as well as the encouragement & support provided by the biogas network, led to the conceptualization of the new
low cost fixed dome Bamboo Reinforced Cement Mortar (BRCM) Rural Household (RHh) biogas plant (BGP) by
myself, in early 1993. However, the first prototype BRCM model plant of 2 m* capacity was designed by me in the
later part of 1993, which was built in early 1994 for testing its strength, durability and operational performance.
The performance of this biogas model was compared with the same capacity Deenbandhu model (which is
currently the most popular Indian RHh plant), since early 1994. The observations showed that this new model was
as good as the previous three popular Indian models (hamely, KVIC, Janata & Deenbandhu) under similar
conditions. This new BRCM biogas model which is also a semi-continuous hydraulic digester plant was christened
as GRAMEEN BANDHU (friend of the rural people) by me. Later on | also designed four other capacity household
plants (thus now there are five sizes of 1, 2, 3, 4 & 6 m® capacities GRAMEEN BANDHU model), based on the
operating principles of a semi-continuous hydraulic digester biogas plant, for the two different HRTs i.e. 40 and 55
day and two different gas storage capacities (33% & and 50% of the rated daily gas production capacity).
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The experience has shown that no rural oriented technologies, developed outside the rural setting can be
successful at the field level, even if they are low cost, unless backed by complete & comprehensive packages to
ensure decentralize implementation. Therefore, to meet this need, | have designed the construction methodology
for the Grameen Bandhu plant (GBP) as well as, day to day practical training programme on fabrication of
bamboo shell structures by bamboo weavers (especially rural women in their spare time in their own villages) and
construction of this model at site by masons. An effort has been made by me to not only cover almost all the
aspects related to this new and simple rural household (RHh) plant in a comprehensive manual on Grameen
Bandhu plant (GBP), which is available from INSEDA.

Meanwhile the in response to the need to promotional organizations, | have endeavoured to also prepare a
simple pictorial field guide for extension and field agencies to be used by their functionaries for wider
popularisation of this technology. A limited copies of this guide was first brought out in the early part of the
1997. This “Practical Pictorial Filed Guide on Grameen Bandhu plant” has been prepared keeping in view the field
practitioners so that it could be used as a day-to-day guide in construction of this model by trained technician,
master masons and women worker, under the guidance of trained and experience supervisor of the grassroots
NGOs and other developmental organisations.

Being a recently developed technology, based on altogether new construction techniques, the readers may
find certain gaps & shortcomings in projecting them correctly in this practical guide, which will be rectified
after getting further feedback, especially from the field agencies.

In the end, | would like to add that even if this “Field Guide on Grameen Bandhu Plant” is able to meet part of the
aspiration and generate interest in the practitioners of biogas technology; my purpose of writing this would be
fully rewarded and will give me immense satisfaction for making this small contribution.

RAYMOND M. MYLES,

Secretary General-cum-Chief Executive,
INSEDA, New Delhi, India

(Revised in January 2008)
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Section- 1

BIOGAS TECHNOLOGY

1.01 Introduction

1.01.1 Nature has a provision of destroying and disposing of wastes and dead plants and animals. Tiny
microorganisms called bacteria carry out this decay or decomposition. The Farm Yard Manure
(FYM) and compost is also obtained through decomposition of Organic Matter (OM). When a heap
of vegetable or animal matter and weeds etc. die or decompose at the bottom of the backwater
or shallow lagoons then the bubbles can be noticed rising to the surface of water. Some times
these bubbles burn with flame at dusk. This phenomenon was noticed for ages, which puzzled
man for a long time. It was only during the last 200 years or so when scientists unlocked this
secret, as the decomposition process that takes place under the absence of air (oxygen). This gas,
production of which was first noticed in marshy places, was and is still called as ‘Marsh Gas'. It is
now well known that this gas (Marsh Gas) is a mixture of Methane (CH,;) and Carbon dioxide
(CO,) and is commonly called as the ‘Biogas’. The technology of scientifically harnessing this gas
from any biodegradable material (organic matter) under artificially created conditions is known as
biogas technology.

1.02 Decomposition

1.02.1 There are two basic type of decomposition or fermentation- (a) Aerobic and (b) Anaerobic, as

briefly described below:

a).  Aerobic decomposition (or fermentation):
Aerobic means in the presence of Air (Oxygen). Therefore any decomposition or
fermentation of organic material takes place in the presence of air (oxygen) is known as
aerobic decomposition or fermentation. Aerobic decomposition can be achieved in two ways
namely, (i) natural and (ii) artificial.

b).  Anaerobic decomposition (or fermentation):
Anaerobic means in the absence of Air (Oxygen). Therefore any decomposition or
fermentation of organic material takes place in the absence of air (oxygen) is known as
anaerobic decomposition or fermentation. Anaerobic decomposition can also be achieved in
two ways namely, (i) natural and (ii) artificial

1.03 Digestible property of organic matter

1.03.1 When organic raw materials are digested in an airtight container only a certain percentage of the
waste is actually converted into Biogas and Digested Manure. Some of it is indigestible to varying
degree and either gets accumulated inside the digester or discharged with the effluent. The
digestibility and other related properties of the organic matter are usually expressed in the
following terms:

a). Moisture:
This is the weight of water lost upon drying of organic matter (OM) at 100 °C +. 10 °C (220
%F). This is achieved by drying the organic matter for 48 hours in an oven until no moisture

is lost. The moisture content is determined by subtracting the final (dried) weight from the
original weight of OM, taken just before putting in the oven.

|Grameem Bandhu Plant-Pictorial Field Guide: By Raymond Myles, Secretary General-cum-Chief Executive, INSEDA, New Delhi|




BIOGAS TECHNOLOGY 2 SECTION- |

b). Total solids (TS):

The weight of dry matter (DM) or total solids (TS) remaining after drying the organic matter
in an oven as described above. The TS is the “Dry Weight” of the OM (Mofe: after the sun
drying the weight of OM still contains about 20% moisture). A figure of 10% TS means that
100 gm of sample will contain 10 gm of moisture and 90 gm of dry weight. The Total Solids
(TS) consists of Digestible Organic (or Volatile Solids-VS) and the indigestible solid (Ash).

c). Volatile solids (VS)/ Volatile matter (VM):

The weight of burned-off organic matter (OM) when “Dry matter-DM” or “Total solids-TS” is
heated at a temperature of 550 °C+. 50 °C (or 1000 °F) for about 3 hours is known as
volatile solids (VS) or volatile matter (VM). Muffle furnace is used for heating the Dry matter
or Total solids of the OM at this high temperature after which only ash (inorganic matter)
remains. In other wards the Volatile solids (VS) is that portion of the Total solids (TS) which
volatilizes when it is heated at 550 °C +. 50 °C and the inorganic material left after heating
of OM at this temperature is know as Fixed solids or Ash. It is the Volatile solids (VS)
fraction of the Total solids (TS), which is converted by bacteria (microbes) in to biogas.

d). Fixed Solids (FS) or Ash:

The weight of matter remaining after the sample is heated at 550 °C +. 50 °C is known as
Fixed Solids (FS) or ash. Fixed Solids is biologically inert material and is also known as Ash.

1.04 Biogas production system

1.04.1 The biogas (mainly mixture of methane and carbon dioxide) is produced/generated under both,
natural and artificial conditions. However for techno-economically-viable production of biogas for
wider application the artificial system is the best and most convenient method. The production of
biogas is a biological process, which takes place in the absence of air (oxygen), through which the
organic material is converted in to, essentially Methane (CH4) and Carbon dioxide (CO;) and in the
process gives excellent organic fertilizer and humus as the second by-product. The one essential
requirement in producing biogas is an airtight (air leak-proof) container. Biogas is generated only
when the decomposition of biomass takes place under the anaerobic conditions, as the anaerobic
bacteria (microbes) that live without oxygen are responsible for the production of this gas through
the destruction of organic matter. The airtight container used for the biogas production under
artificial condition is known as digester or reactor.

1.04.2 Composition of biogas

a). Biogas is a colourless, odourless, inflammable gas, produced by organic waste and
biomass decomposition (fermentation). Biogas can be produced from animal, human and
plant wastes, weeds, grasses, vines, leaves, aquatic plants and crop residues.

b). The composition of different gases in biogas is given in the table-1 below:
Table-1
Methane (CHy) 55-70%
Carbon Dioxide (CO,) 30-45%
Hydrogen Sulphide (H,S) 1-2%
Nitrogen (N,) 0-1%
Hydrogen (H,) 0-1%
Carbon Mono Oxide (CO) Traces
Oxygen (0,) Traces

GRAMEEN BANDHU MANUAL: By Raymond Myles, Secretary General-cum-Chief Executive, INSEDA, New Delhi




BIOGAS TECHNOLOGY 3 SECTION- |

1.04.3 The schematic diagram-1 shows the advantage of using cattle manure (dung) in biogas plant, as
compared to its present use as of dung cake or as manure made in traditional way in rural India.
The schematic diagram-2 shows the various applications of biogas as a source of renewable, clean
and convenient energy.
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1.04.4 Property of biogas

a). Biogas burns with a blue flame. It has a heat value of 500-700 BTU/ft® (4,500-5,000
kcal/m®) when its methane content is in the range of 60-70%. The value is directly
proportional to the amount of methane contains and this depends upon the nature of raw
materials used in the digestion. Since the composition of this gas is different, the burners
designed for coal gas, butane or LPG when used, as ‘biogas burner’ will give much lower
efficiency. Therefore specially designed biogas burners are used which give a thermal
efficiency of 55-65%.

b). Biogas is a very stable gas, which is a non-toxic, colourless, tasteless and odourless gas.
However, as biogas has a small percentage of Hydrogen Sulphide, the mixture may very
slightly smell of rotten egg, which is not often noticeable especially when being burned.
When the mixture of methane and air (oxygen) burn a blue flame is emitted, producing
large amount of heat energy.

). Because of the mixture of Carbon Dioxide in large quantity the biogas becomes a safe fuel
in rural homes as will prevent explosion.

d). A 1 m?® biogas will generate 4,500-5,500 kcal/m? of heat energy, and when burned in
specifically designed burners having 60% efficiency, will give out effective heat of 2,700-
3,200 kcal/m?. 1 kcal is defined as the heat required raising the temperature of 1 kg (litre)
of water by 1 °C. Therefore this effective heat (say 3,000 kcal/m? is on an average) is
sufficient to bring approx. 100 kg (litre) of water from 20 °C to a boil, or light a lamp with
brightness equivalent to 60-100 watts for 4-5 hours.

1.05 Mechanics of extraction of biogas

1.05.1 The decomposition (fermentation) process for the formation of methane from organic material
(biodegradable material) involves a group of organisms belonging to the family- ‘Methane
Becteriacese’ and is a complex biological and chemical process. For the understanding of common
people and field workers, broadly speaking the biogas production involves two major processes
consisting of acid formation (liqguefaction) and gas formation (gasification). However scientifically
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speaking these two broad processes can further be divide, which gives four stages of anaerobic
fermentation inside the digester-they are (i) Hydrolysis, (ii) Acidification, (iii) Hydrogenation and
(iv) Methane Formation. However, for all practical purposes one can take the methane production
cycle as a three stage activity- namely, (i) Hydrolysis, (ii) Acidification and (iii) Methane formation.

1.05.2 Two groups of bacteria work on the substrate (feedstock) inside the digester-they are (i) Non-
methanogens and (ii) Methanogens. Under normal conditions, the non-methanogenic bacteria
(microbes) can grow at a pH range of 5.0-8.5 and a temperature range of 25-42 °C; whereas,
methanogenic bacteria can ideally grow at a pH range of 6.5-7.5 and a temperature range of 25-
35 °C. These methanogenic bacteria are known as ‘Mesophylic Bacteria’ and are found to be more
flexible and useful in case of simple household digesters, as they can work under a broad range of
temperature, as low as 15 °C to as high as 40 °C. However their efficiency goes down
considerably if the slurry temperature goes below 20 °C and almost stops functioning at a slurry
temperature below 15 °C. Due to this Mesophyllic Bacteria can work under all the three
temperature zones of India, without having to provide either heating system in the digester or
insulation in the plant, thus keeping the cost of family size biogas plants at an affordable level.

1.05.3 There are other two groups of anaerobic bacteria-they are (i) Psycrophylic Bacteria and (ii)
Thermophyllic Bacteria. The group of Psycrophylic Bacteria work at low temperature, in the range
of 10-15 °C but the work is still going on to find out the viability of this group of bacteria for field
applications. The group of Thermophylic Bacteria works at a much higher temperature, in the
range of 45-55 °C and is very efficient, however they are more useful in high rate digestions
(fermentation), especially where a large quantity of effluent is already being discharged at a
higher temperature. As in both the cases the plant design needs to be sophisticated therefore
these two groups of Bacteria (Psycrophyllic & Thermophyllic) are not very useful in the case of
simple Indian rural biogas plant.

1.06 Biogas

1.06.1 Biogas is a mixture of a few gases, such as Methane (CH,)- 55-70%, Carbon dioxide (CO,)- 30-45%
and traces of Hydrogen Sulphide (H,S), Ammonia (NH3) etc formed as a result of anaerobic digestion
of bio-degradable (organic) materials.

1.06.2 The schematic diagram-3 shows efficient recycling of waste biomass (bio-degradable material) for
extracting two very useful products, viz., energy (for thermal. mechanical and electrical application)
and enriched organic (bio) manure for crop production.

GAS PIPE.

S T

=2

a
il DIGESTER
TANK [T
— ]

DISCHARGE
SLURRY. 7

Diagram-3

GRAMEEN BANDHU MANUAL: By Raymond Myles, Secretary General-cum-Chief Executive, INSEDA, New Delhi




BIOGAS TECHNOLOGY S SECTION- |

1.07 Biogas production

1.07.1 Other parameters being the same, the overall efficiency of biogas production for a given plant design
depends upon three things. They are: (i) the optimum yield from a given substrate for a given HRT
(Hydraulic Retention Time) or SDT (Solid Detention Time), (ii) the gas production per unit time
(usually in a day-24 hours), and (iii) the daily gas production per unit of digester volume (m*/m3/day
or Litre/m®/day). These three are very important criteria for ascertaining overall efficiency of a simple
biogas plant, which also results in cutting down the cost, especially in a simple Rural Household
(RHh)-i.e. Family Size Biogas Plant.

a). Gas yield:

(i) Total gas yield:- It is the maximum potential of biogas, which can be given by a
particular organic, feed stock (substrate) under anaerobic conditions. This yield is found out
by fermenting (digesting) 1 kg of substrate under laboratory conditions and optimum
mesophyllic range of temperature till the time the maximum feasible gas releasing capacity of
that particular substrate is more or less exhausted.

(i7) Optimal gas yield- 1t is computed from the gas yield curve for a given Retention Time
(Residence Time) which can be taken as a practical figure for design of a digester. For
example, a simple rural house hold (RHh) family size BG model operating as a semi-
continuous hydraulic digester plant, using cattle manure with 10% TS, will give an average
biogas yield of 0.04 m* (or 40 It.) per kg. of fresh manure (dung) for an HRT of either 30, 40
or 55 days for the three different temperature (ambient) zones in India, respectively.

b). Gas production rate

The gas production rate is the quantity of biogas produced per unit time- it is normally
expressed in terms of cubic meter per day (m*/day) in 24 hours or It./day or ft*/day.

c). Gas production per unit digester volume

It is the biogas production in m® per cubic meter effective digester (i.e. fermentation
chamber) volume per day (24 hours). It is commonly referred as m*cum/day or
liter/cum/day or ft¥/cu ft/day. The comparative efficiency of two or more biogas plants are
ascertained in terms of their ability to produce maximum possible gas from the least possible
volume from their digesters (fermentation chambers)1l for the same substrate and under
similar conditions etc. In case of simple rural household semi-continuous hydraulic digester
the cost of the entire biogas unit also needs to be taken into account to ascertain the biogas
production efficiency vis-a-vis the capital investment to build (install) the unit. Combination of
these two information can also be used as a thumb rule by a layperson to choose an
appropriate Biogas Model based on the least investment per unit digester volume out of the
various options of plant designs, available to him/her for making selection.

1.08 Process description

1.08.1 Biogas generation is a process which is widely occurring in nature and can be described as a
biological process, taking place in the absence of oxygen. The biogas generation process is
characterized by low nutrient requirement & high degree of waste stabilization process, of which
biogas is one of the two useful end products; the other being enriched organic manure in the form of
digested slurry. Both, the biogas (mainly comprising methane and carbon dioxide) and the organic

1 This refers to only the effective digester volume (i.e. the volume of fermentation chamber) of the plant and not the other components of the Main Unit of the Plant
(MUP). The Main Unit of the three Indian fixed dome models mentioned in this manual (Janata, Deenbandhu & Grameen Bandhu), comprises of four sub-
components, they are (i) fermentation chamber, (i) gas storage chamber (GSC), free space (FS) above the GSC and the closed roof (of MUP) in the shape of it's
dome. It has been seen that people often make the mistake of referring the combined volume of the fermentation chamber and GSC (or sometimes even all these
four sub-components) as the volume of Fermentation Chamber, which is not correct. The fermentation chamber is actually the 'effective digester of the three Indian
fixed dome biogas models, namely, Janata, Deenbandhu & Grameen Bandhu plants.
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manure (digested/fermented material) can be used directly for the benefit of rural people, former as
a clean & convenient fuel and later as manure for the agricultural & horticultural production.

1.08.2 Even though, theoretically, the biogas Process is be divided into Four Stage Process; however, for all
practical purposes, for Simple Rural Household (RHh) Biogas Plants, they can be essentially
considered to be a Three Stage Process, as shown in diagram-4 and given below:

a). Hydrolyses

b). Acid formation, and
c). Methane generation
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Diagram-4
1.08.3 In the first stage a group of facultative microorganisms that can act both under aerobic and

anaerobic conditions acts upon the organic substrate. These bacteria act on complex polymers and
enzymatically hydrolyze them converting them into dimmers and subsequently soluble monomer
sugars. These monomers become the substrate for the microorganisms in the second stage in which
these simple sugars are converted into organic acids. These soluble organic acids-primarily acetic
acids-act on the substrate for the final stage of the decomposition process catalyzed by
methanogenic bacteria. These bacteria are strictly anaerobic and can produce methane in two ways:
- by fermenting acetic acid to methane and carbon dioxide, or by reducing carbon dioxide to methane
using hydrogen or formate produced by other bacteria. The production of methane in the third stage
reduces the amount of oxygen demanding material remaining. This produces a biologically stable
residue, which can be used as organic fertilizer. Bacterial growth occurs during all stages of the
fermentation process, the proportion of total substrate utilized to support bacterial growth, however,
is low compared to that utilized in aerobic biological processes.

1.08.4 For all practical purpose the first two phases are often defined as a single stage i.e. hydrolysis & acid
formation phase are grouped as acid formation stage. Microorganisms taking part in this stage are
termed as "Acid formers". As a group these organisms grow rapidly and are not much dependent on
surroundings.

1.08.5 Product of first stage consisting of two phases serve as the raw materials for third stage where
organic acids are utilized as carbon source by methane forming micro-organisms, aree also known as
methaneogens. Atmospheric oxygen is extremely toxic to methaneogens as they are strict anaerobes.

1.08.6 Substrate and microbiology of Stage-1I: Polymer breakdown

a). Initial substrate for Stage-l including various waste materials is composed primarily of
carbohydrates, some lipids, protein and inorganic material. The major carbohydrates are
cellulose and other plant fibbers such as hemi-cellulose and lignin. These are found in crop
residues and animals wastes and are often not digestible. A broad spectrum of anaerobic
bacteria is required to solubalize these materials, including bacteria possessing cellulolytic,
lipolytic and proteolytic enzymatic capacity.
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b). Cellulolytic activity is the most critical in reducing complex raw material in to simple, soluble,
organic compounds. The largest fraction of organic matter (OM) in sewage sludge is cellulose
and if crop residues are utilized directly, then the total Dry Matter (DM) or Total Solids (TS)
will have even higher proportion of cellulose.

). Cellulytic bacteria are generally grouped in three classes depending on the optimum
temperature at which they act. The (i) Psycrophyllic bacteria have optimum working range of
10°-20° C. The (ii) Mesophyllic bacteria have optima in the range of 30°-40° C, as in the
rumen of cattle. While the (iii) Thermophyllic species of bacteria work optimally at 45°-55° C.
All the three groups of bacteria have pH optima in the range of 6.6- 7.6.

d). Co-operative action of a variety of cellulytic and other hydrolytic bacteria is important in the
breakdown of complex carbohydrates such as cellulose.

1.08.7 Substrate and microbiology of Stage-I1: Acid production

a). The monomer components released by the hydrolytic breakdown that occurs during stage-I
bacterial action become the substrate for the acid-producing bacteria of stage-Il. The end
products of stage-lIl are acetic, propionic and lactic acids as the major products.
Methanogenic bacteria are very restrictive in substrate utilization and are probably capable of
utilizing only acetic acid. Some species can also produce methane from hydrogen gas and
carbon dioxide. Methane can also be produced by the reduction of methanol, another
possible by-product of the carbohydrate breakdown. However, acetic acid probably accounts
for approximately 70% of the substrate for methane production.

b). The microbiology of stage-11 is not well understood as many bacterial species are involved-
The proportion of acids, hydrogen gas (H,), carbon dioxide (CO;) and simple alcohol
produced depends on the flora present as well as environmental conditions.

1.08.8 Substrate and microbiology of Stage-111: Methane production

a). Apart from the substrate mentioned above methanogenic bacteria can utilize formic acid that
however, is not usually present in anaerobic fermentation. Methanogenic bacteria are also
dependent on stage-l and stage-11 bacteria to provide nutrients in a useful form; e.g.,
organic nitrogen compounds must be reduced to ammonia to ensure efficient nitrogen
utilization by the methanogenic bacteria. These bacteria also require phosphate and other
materials to function properly. Methanogenic bacteria being obligate anaerobes, their growth
is inhibited by small amounts of oxygen and it is essential that a highly reducing environment
be maintained to promote their growth. Not only oxygen, but any highly oxidize material
such as nitrites or nitrates can inhibit methanogenic bacteria.

b). These bacteria are also very sensitive to changes in pH; the optimal pH range for methane
production is between 7.0 and 7.2 although gas production is satisfactory between 6.6 and
7.6. When the pH drops below 6.6 there is a significant inhibition of methanogenic bacteria
and the acid conditions of a pH of 6.2 are toxic to these bacteria. At this pH, however, acid
production continues since the acidogenic bacteria produces acid until the pH drops to in the
range of 4.5- 5.0. Under balanced digestion conditions, the biochemical reactions tend to
maintain the pH in the proper range automatically. Although the volatile organic acids
produced during the first stage of fermentation process tend to depress the pH, this effect is
counteracted by the destruction of volatile acids and reformation of bi-carbonate buffer
during the second stage.

). If imbalance develops, however, the acid formers outpace the methane formers and volatile
organic acids build up in the system. If imbalance continues, the buffer capacity may be
overcome and the pH may drop drastically. This occurs sometimes during the initial charging
of a biogas plant when equilibrium has not been reached between the different classes of
bacteria. Under circumstances when acidity develops, buffering with lime or other agents
such as ammonium hydroxide may be necessary. Care must be exercised since excess
ammonia as well as the ammonium ion can be toxic. The sodium, potassium, calcium,
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magnesium and ammonia are stipulatory in low concentrations and inhibitory at higher
concentrations.

d). In the anaerobic process only the gases including methane, carbon dioxide and trace
amounts of hydrogen sulphide and ammonia are removed thus the sludge from plant
residues and animal waste conserves its nutrients needed for continued production of crops.
It is important to note that only 1% of the organic nitrogen is lost in the anaerobic digestion
process. Therefore, to minimize the loss of nitrogen due to volatilization in the effluent
sludge, the digested slurry should be stored in deep lagoons or tanks that present a
minimum of surface area for ammonia to volatize. The Nitrogen is conserved to the greatest
extent if the sludge or digested slurry is injected below the soil surface a few days before
crop planting or just prior to cultivation. If the sludge is spread on the soil surface and
allowed to dry without interruption by rainfall nearly all the ammoniac nitrogen will be lost by
volatilization.

1.09 Parameters affecting anaerobic digestion

There are several parameters that affect the anaerobic digestion/gas yields and they can be divided
into two- (i) Environmental and (ii) Operational:

1.09.1 Environmental parameters
There are a few environmental parameters that limit the reactions if they differ significantly from their
optimum levels. However, the parameters of most interest in relation to simple Rural Household
Plants are three, namely- (a) temperature, (b) pH and (c) nutrient contents of the raw materials.
These three important environmental parameters are described in the subsequent paragraphs.

a). Temperature:

() The temperature is one of the important parameters, which affects most small and
medium capacities, simple design, family-size biogas installations in India. There are
three zones of temperature in which three different sets (groups) of anaerobic
bacteria especially methaneogens function well they are given below:

*  Psycrophylic
*  Mesophylic and
Thermophylic bacteria

(i) The optimum temperature range of digester slurry for Psycrophillic bacteria is
between 10-20° C; for Mesophyllic bacteria, the range is between 30-40° C and for
Thermophyllic bacteria, the optimum range of temperature for digester slurry is
between 45-55° C.

(iii) The Mesophyllic bacteria are found to be working in a wider range of temperatures,
starting from a lower range of 15° C to a higher range of 40° C. Their efficiency,
however starts getting adversely affected as the temperature of digester slurry goes
down below 20° C; and goes down considerably at a slurry temperature in between
10-15° C. If the temperature falls and remains below 10°C for a longer period, the
mesophyllic bacteria almost cease to function. It is for this wide range of working i.e.
good tolerance to fluctuation in temperature to some extent, which makes the
mesophyllic bacteria more useful in case of simple Indian rural household digester
biogas plants, which are designed to operate at ambient (atmospheric) temperature.

(iv) The minimum and maximum range of ambient temperature may also fluctuate
considerably between the day and night, during summer and winter season, but
would fluctuate less during the rainy season.

w) The too much sudden variation of the ambient temperature in a given season can
also adversely affect the functioning of anaerobic bacteria, which could also affect
the rate of gas production in a given season.
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(vi) In case of most of the rural household plants operating at ambient temperature the

biogas production goes up in summer and goes down considerable in winter,
especially when it becomes very cold.

(vii) It is for the above reason; India has been divided into five climatic zones based on

the mean atmospheric (ambient) temperature during the winter months, which are
given in table-11.

Table-11

ZONE™ MEAN TEMPERATURE DURING WINTER MONTHS

1 more than 25°C

11 20-25°C

11 15-20°C

1\ 10-15°C

Vv less than 10°C

* Note: €y

(&)

The_Zone-V has not been considered suitable for setting a simple rural household biogas plant designed to operate
under ambient temperature.

In places/regions, which have cold winters, it is also advisable to prepare the daily input slurry with hot water. In
rural areas, the simplest and easiest way to do this would be to put buckets full of water outside in the sun during the
day and use this hot water for mixing the dung for preparing the slurry in the evening for feeding in the plant. This
method of heating water will be cheaper and would save other energy and once the plant owners get used to this
method, it may turn out to be more practical in rural areas. If enough space is available with the plant owner then a
semi-permanent or permanent water tank can also be built for both storing and heating the water (using direct solar
energy) in the cold winter months.

(viii) The states/union territories of India have been grouped for the four different zones

of temperature ranges vis-a-vis the three corresponding designs HRT for simple rural
household digesters. These are given in table-l11l.

Table-111

HRT

(HYDRAULIC RETENTION TIME) TEMPERATURE ZONE PLACES IN INDIA (STATES/ UTs/ ITS)*

Biogas Plants based on 30 days HRT ZONE- | Andaman and Nicobar islands, Andhra Pradesh, Dadar Nagar Haveli,

Goa, Tamil Nadu Karnataka, Maharashtra and Pondichery

Biogas Plants based on 40 days HRT ZONE- Il and 11l | Bihar, Chandigarh, Gujarat, Haryana, Jammu area of J&K State,

Madhya Pradesh, Orissa, Punjab, Rajasthan, Plains of Uttar Pradesh.

Biogas Plants based on 55 days HRT ZONE- 1V

Himachal Pradesh, All North Eastern Regions, Sikkim, Kashmir area
of J&K State, Hill Districts of Uttar Pradesh and such areas which

have severe winter for long period.

* Note: U.T.= Union Territory; 1.T.= Island Territory

b).

C).

pH:

The pH range suitable for biogas production is rather narrow i.e. between 6.6 to 7.5- a pH
value below 6.2 (acidic slurry) and above 8.0 (alkaline slurry) becomes toxic to the bacteria.
The pH is some times also controlled inside a biogas plant by natural buffering effect of NH,
and HCO? ions. The pH falls with the production of Volatile Fatty Acids (VFAs) but attains
more or less constant level once the reaction proceeds.

Nutrient concentration:

Biogas producing raw materials can be divided into two parts i.e. (i) Nitrogen rich and (ii)
Nitrogen poor. The Nitrogen concentration is considered with respect to carbon contents of
the raw materials and it is often depicted in terms of C to N ratio. The optimum C/N ratio is
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in the range of 25:1 to 30:1. In case of fresh cattle manure (dung) the problem of nutrient
concentration does not exist as C/N ratio is usually 25:1.

1.09.2 Operational factors

These operational factors contributing to biogas production process are- (a) Retention Time (RT) also
referred as detention or residence time, (b) slurry concentration; (c) mixing & (d) bacterial wash out.
a). Retention time (RT):

@) The retention time (RT) or residence time is the period during which any organic
matter is subjected to the anaerobic environment and reaction (or fermentation) time
in a biogas digester. Ideally, it should be the period (duration) for which the slurry
should be held inside the digester for getting between 75 to 90% of the total
recoverable biogas in a simple rural household (RHh) plant. In view of this, the RTs
for simple RHh plant designs need to be ascertained and prescribed for each zone,
based on field experience of several years. This will help the designers to optimize the
design parameters for any simple Hh biogas plant for different mean temperature
zones of any country.

(i) When the organic matter is fed in the digester each day in the form of fresh
homogenous slurry2 and approximately between 85 to 95% of the liquid in the form
of digested slurry is discharged, the term used is Hydraulic Retention Time (HRT).
Whereas, if the organic matter is fed in the solid form [having total solid (TS)
content of 20% and above which can not flow freely out of digester] then it is
referred as Solid Retention Time (SRT). The designed HRT of a simple semi-
continuous hydraulic biogas plant (unheated plant without any temperature
controlled device) is directly related to the temperature zone in which it is to be
operated, as explained under the sub-title temperature. The Retention Time (RT)
has a direct bearing on the size (volume) of digester- the volume of fermentation
chamber (effective digester volume) of a biogas plant is equal to retention time
multiplied by the quantity (volume) of daily feed.

b). Slurry concentration:

The Dry Matter (DM) or Total Solids (TS) content of the feed inputs denotes the slurry
concentration. The optimum input for a cattle dung slurry (for a semi-continuous hydraulic
digester plant) is between 8 to 12% TS (an average of 10% TS). Any variation from this
range of TS may result in lower gas production. Mixing 4 parts of dung with 5 parts of water
(4 kg: 5 It.) form a slurry with TS of 9%, where as 1 part of dung to 1 part of water (1 kg: 1
It.) would give a slurry concentration of 10% TS. The increase or decrease in total solids (TS)
may also affect the daily loading rate of slurry in the plant.
C). Mixing and stirring:

Proper mixing of manure to form homogenous slurry before feeding in to the digester is an
essential part of operation for giving better efficiency of biogas units. On the other hand
proper and regular stirring of digester slurry ensures repeated contact of microbes (bacteria)
with substrate (feed stock) and results in the efficient utilization of the contents (organic
matter) in the digesters. An important function of stirring is to prevent the formation of scum
layer on the upper surface of the digester slurry which if formed, reduces the effective
digester volume and restricts the upward flow of gas to the gas storage (collection)
chamber/tank. It is also to be kept in mind that while unstirred or irregularly stirred slurry
may form scum and reduce efficiency due to lesser and un-uniform contact of bacteria with
the feedstock (digester slurry) as well as scum formation on the other hand, if too much and
too often stirring is done it can discharge prematurely digested or fresh material mixed with
older materials, especially in the case of simple Rural Household BGPs.

2  Homogenous slurry is slurry prepared by mixing fresh cattle manure with water in the ratio of 1:1 by weight- this would have total solids (TS) of 10%.
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d). Bacterial (microbial) wash out:

In a simple rural household biogas plant there is every scope for short-circuiting of the
material, which means the bacteria that are adhered on the surface of the slurry will go out
with the digested slurry (affluent) each day. As the methanogenic bacteria grow very slowly
compared to the acid forming bacteria, if too much of bacterial wash out takes place, the
digester efficiency can go down considerably. As a result of this the negative effect of low
ambient temperature during winter season on biogas production gets too much noticeable in
simple rural household digesters. In winter months, in colder regions of the country, the
efficiency of methanogenic bacteria goes done due to fall in the slurry temperature inside the
digester. Added to this, if too much bacterial wash out also takes place then it affects the
plant efficiency considerably. It is because of this reason that some times it is advisable to
recycle certain percentage of digested affluent (which has active bacterial mass) back
through inlet to increase the overall efficiency of the plant.

1.10 Type of digestion in simple household biogas plants (BGPs)

1.10.1 The digestion of organic materials in simple household biogas plants can be classified under three
broad categories. They are (i) Batch-fed digestion (ii) Semi-continuous digestion and (iii) Semi-
batch-fed digestion.

1.10.2 Batch-fed digestion

In batch-fed digestion process, material to be digested is loaded (with seed material or
innouculum) into the digester at the start of the process. The digester is then sealed and the
contents left to digest (ferment). At completion of the digestion cycle, the digester is opened and
sludge (manure) removed (emptied). The digester is cleaned and once again loaded with fresh
organic material, available in the season.

1.10.3 Semi-continuous digestion
This involves feeding of organic mater in homogenous slurry form inside the digester of the BGP
once in a day, normally at a fixed time. Each day digested slurry; equivalent to about 85-95% of
the daily input slurry is automatically discharged from the outlet side. The digester is designed in
such a way that the fresh material fed comes out after completing a HRT cycle (55, 40 or 30
days), in the form of digested slurry. In a Semi-continuous digestion system, once the process is
stabilized in a few days of initial loading of BGP, the biogas production follows a uniform pattern.

1.10.4 Semi-batch fed digestion

A combination of batch and semi-continuous digestion is known as Semi-batch fed Digestion. Such
a digestion process is used where the manure from domestic farm animals is not sufficient to
operate a plant and at the same time organic waste like, crop residues, agricultural wastes (paddy
& weed straw), water hyacinths and weeds etc, are available during the season. In as Semi-batch
fed Digestion the initial loading is done with green or semi-dry or dry biomass (that can not be
reduced in to slurry form) mixed with starter and the digester is sealed. This plant also has an
inlet pipe for daily feeding of manure slurry from animals. The Semi-batch fed Digester will have
much longer digestion cycle of gas production as compared to the batch-fed digester. It is ideally
suited for the poor peasants having 1-2 cattle or 3-4 goats to meet the major cooking
requirement and at the end of the cycle (6-9 months) will give enriched manure in the form of
digested sludge.

1.11 Stratification (layering) of digester due to anaerobic fermentation

1.11.1 In the process of digestion of feedstock in a BGP many by-products are formed. They are biogas,
scum, supernatant, digested slurry, digested sludge and inorganic solids. If the content of Biogas
Digester is not stirred or disturbed for a few hours then these by-products get formed in to
different layers inside the digester.
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1.11.2 The heaviest by-product, which is Inorganic Solids will be at the bottom most portion, followed by
Digested Sludge, and so on and so forth as shown in the three diagrams— 5, 6 and 7 for three
different types of digester.

a). Biogas:
Biogas is a combustible gas produced from the anaerobic digestion of organic matter.

Comprising 55-70% Methane, 30-45% Carbon Dioxide, 1-2% of Hydrogen Sulphide and
traces other gases.

Layering Useful fractions
Gas «— BIOGAS +—r Combustible gas
Fibrous ] SCUM +—> Fertilizer
Liquid ] SUPERNATANT }——» Biologically Active
Semi Solid D — DIGESTED SLUDGE — Fertilizer
Solid ] INORGANIC SOLIDS — Waste

Diagram-5: By-products of Batch-fed digester

Layering Useful fractions
Gas D E— BIOGAS I Combustible gas
Fibrous D SCUM | G Fertilizer
Liquid “—| DIGESTED SLURRY (EFFLUENT) | > Fertilizer
Liquid 4] SLURRY INDIFFERENTSTAGES | * Biologically Active
OF FERMENTATION
Solid D INORGANIC SOLIDS Waste

Diagram-6: By-products of Semi-continuous fed digester

Layering Useful fractions
Gas — BIOGAS > Combustible gas
Fibrous < SCUM > Fertilizer
Liquid <«—— | DIGESTED SLURRY (EFFLUENT) | Fertilizer
Liquid <4+—— ] MIXTURE OF SUPERNATANT AND }—» Biologically Active

SLURRY IN DIFFERENT STAGES
OF FERMENTATION

Semi Solid —] DIGESTED SLUDGE > Fertiliser

Solid — INORGANIC SOLIDS S Waste

Diagram-7: By-products of semi-batch fed digester
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b). Scum:

Mixture of coarse fibrous and lighter material that separates from the manure slurry and
floats on the top most layer of the slurry is called Scum. The accumulation and removal of
scum is sometimes a serious problem. In moderate amount scum can’t do any harm and
can be easily broken by gentle stirring, but in large quantity can lead to slowing down
biogas production and even shutting down the BGPs.

C). Supernatant:

The spent liquid of the slurry (mixture of manure and water) layering just above the
sludge, in case of Batch-fed and Semi Batch-fed Digester, is known as Supernatant. Since
supernatant has dissolved solids, the fertilizer value of this liquid (supernatant) is as great
as that of effluent (digested slurry). Supernatant is a biologically active by-product;
therefore must be sun dried before using it in agricultural fields.

d). Digested Slurry (Effluent):

The effluent of digested slurry is in liquid form and has its solid content (total solid-TS)
reduced to approximately 10-20% by volume of the original (influent) manure (fresh)
slurry, after going through the anaerobic digestion cycle. Out of the three types of
digestion processes mentioned above, the digested slurry in effluent-form comes out only
in semi-continuous BGP. Digested slurry effluent, either in liquid-form or after sun drying
in slurry pits, makes excellent bio-fertilizer for agriculture, horticulture and aquaculture.

e). Sludge:

In the batch-fed or semi batch-fed digester where the plant wastes and other solid
organic materials are added, the digested material contains less of effluent and more of
sludge. The sludge precipitates at the bottom of the digester and is formed mostly of the
solids substances of plant wastes. The sludge is usually composted with chemical
fertilizers as it may contain higher percentage of parasites and pathogens and hookworm
eggs of etc., especially if the semi-batch digesters are either connected to the pigsty or
latrines. Depending upon the raw materials used and the conditions of the digestion, the
sludge contains many elements essential to the plant life e.g. Nitrogen, Phosphorous,
Potassium plus a small quantity of Salts (trace elements), indispensable to the plant
growth- the trace elements such as boron, calcium, copper, iron, magnesium, sulphur and
zinc etc. The fresh digested sludge, especially if the night soil is used, has high ammonia
content and in this state may act like a chemical fertilizer by forcing a large dose of
nitrogen than required by the plant and thus increasing the accumulation of toxic nitrogen
compounds. For this reason, it is probably best to let the sludge age for about two weeks
in open place. The fresher the sludge the more it needs to be diluted with water before
application to the crops, otherwise very high concentration of nitrogen my kill the plants.

f). Inorganic Solids:

In village situation the floor of the animals shelters are full of dirt, which gets mixed with
the manure. Added to this the collected manure is kept on the unlined surface which has
plenty of mud and dirt. Due to all this the feedstock for the BGP always has some
inorganic solids, which goes inside the digester along with the organic materials. The
bacteria cannot digest the inorganic solids, and therefore settles down as a part of the
bottom most layers inside the digester. The Inorganic Solids contains mud, ash, sand,
gravel and other inorganic materials. The presence of too much inorganic solids in the
digester can adversely affect the efficiency of the BGP. Therefore to improve the
efficiency and enhance the life of a semi-continuous BGP it is advisable to empty even it
in a period of 5-10 years for thoroughly cleaning and washing it from inside and then
reloading it with fresh slurry.
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1.12 Biogas plant (BGP)

1.12.1 Biogas Plant (BGP) is an airtight container that facilitates fermentation of material under anaerobic
condition. The other names given to this device are ‘Biogas Digester’, ‘Biogas Reactor’, ‘Methane
Generator’ and ‘Methane Reactor’. The recycling and treatment of organic wastes (biodegradable
material) through Anaerobic Digestion (Fermentation) Technology not only provides biogas as a
clean and convenient fuel but also an excellent and enriched bio-manure. Thus the BGP also acts
as a miniature Bio-fertilizer Factory hence some people prefer to refer it as ‘Biogas Fertilizer Plant’
or ‘Bio-manure Plant’. The fresh organic material (generally in a homogenous slurry form) is fed
into the digester of the plant from one end, known as Inlet Pipe or Inlet Tank. The decomposition
(fermentation) takes place inside the digester due to bacterial (microbial) action, which produces
biogas and organic fertilizer (manure) rich in humus & other nutrients. There is a provision for
storing biogas on the upper portion of the BGP. There are some BGP designs that have Floating
Gas-holder and others have Fixed Gas Storage Chamber. On the other end of the digester Outlet
Pipe or Outlet Tank is provided for the automatic discharge of the liquid digested manure.

1.13 Classification of biogas plants (BGPs)

1.13.1  Simple household biogas plants (BGPs)

a). A simple Indian household biogas plant can be described as an underground masonry, well
shaped fermentation tank connected with inlet and outlet pipe or tanks and covered by an
inverted floating or fixed gas storage tank/chamber.

b). The simple rural household BGPs can be classified under the following broad categories-
(i) BGP with Floating Gas Holder, (ii) BGP with Fixed Roof, (iii) BGP with Separate Gas
Holder and (iv) Flexible Bag Biogas Plants.

1.13.2 General characteristics of four categories of household biogas plants (BGPs)
a). Biogas plant with floating gas holder:

This is one of the common designs in India and comes under the category of semi-
continuous-fed plant. It has a cylindrical shaped floating biogas holder on top of the well-
shaped digester. As the biogas is produced in the digester, it rises vertically and gets
accumulated and stored in the biogas holder at a constant pressure of 8-10 cm of water
column. The biogas holder is designed to store 50% of the daily gas production.
Therefore if the gas is not used regularly then the extra gas will bubble out from the sides
of the biogas holder.

b). Fixed dome biogas plant with fixed and integrated gas storage chamber:

The plants based on Fixed Dome concept was developed in India in the middle of 1970,
after a team of officers visited China. The Chinese fixed dome plants use seasonal crop
wastes as the major feedstock for feeding, therefore, their design is based on principle of
‘Semi Batch-fed Digester’. However, the Indian Fixed Dome BGPs designs differ from that
of Chinese designs, as the animal manure is the major substrate (feed stock) used in
India. Therefore all the Indian fixed dome designs are based on the principle of ‘Semi
Continuous-fed Digester’. While the Chinese designs have no fixed storage capacity for
biogas due to use of variety of crop wastes as feedstock, the Indian household BGP
designs have fixed storage capacity, which is 33% of the rated gas production per day.
The Indian fixed dome plant designs use the principle of displacement of slurry inside the
digester for storage of biogas in the fixed Gas Storage Chamber. Due to this, in Indian
fixed dome designs have ‘Displacement Chamber(s), either on both the Inlet and outlet
sides (like Janata Model) or only one the outlet side (like Deenbandhu or Grameen
Bandhu Models).
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Therefore in Indian fixed dome design it is essential to keep the combined volume of Inlet
& Outlet Displacement Chamber(s) equal to the volume of the fixed Gas Storage
Chamber, otherwise the desired quantity of biogas will not be stored in the plant. The
pressure developed inside the Chinese fixed dome BGP ranges from a minimum of 0 to a
maximum of 150 cm of water column. And the maximum pressure is normally controlled
by connecting a simple Manometer on the pipeline near the point of gas utilisation. On the
other hand the Indian fixed dome BGPs are designed for pressure inside the plant,
varying from a minimum of 0 to a maximum of 90 cm of water column. The Discharge
Opening located on the outer wall surface of the Outlet Displacement Chamber and
automatically controls the maximum pressure in the Indian design.

C). Biogas plant with separate gas holder:

The digester of this plant is closed and sealed from the top. A gas outlet pipe is provided
on top, at the centre of the digester to connect one end of the pipeline. The other end of
the pipeline is connected to a floating biogas holder, located at some distance to the
digester. Thus unlike the fixed dome plant there is no pressure exerted on the digester
and the chances of leakage in the Main Unit of the Plant (MUP) are not there or minimised
to a very great extent. The advantage of this system is that several digesters, which only
function as digestion (fermentation) chambers (units), can be connected with only one
large size gas holder, built at one place close to the point of utilisation. However, as this
system is expensive therefore, is normally used for connecting a battery of batch-fed
digesters to one common biogas holder.

d). Flexible bag biogas plant:

The entire Main Unit of the Plant (MUP) including the digester is fabricated out of Rubber,
High Strength Plastic, Neoprene or Red Mud Plastic. The Inlet and Outlet is made of
heavy duty PVC tubing. A small pipe of the same PVC tubing is fixed on top of the plant
as Gas Outlet Pipe. The Flexible Bag Biogas Plant is portable and can be easily erected.
Being flexible, it needs to be provided support from outside, up to the slurry level, to
maintain the shape as per its design configuration, which is done by placing the bag
inside a pit dug at the proposed site. The depth of the pit should as per the height of the
digester (fermentation chamber) so that the mark of the initial slurry level is in line with
the ground level. The outlet pipe is fixed in such a way that its outlet opening is also in
line with the ground level. Some weight has to be added on the top of the bag to build
the desired pressure to convey the generated gas to the point of utilization. The
advantage of this plant is that the fabrication can be centralized for mass production, at
the district or even at the block level. Individuals or agencies having land and some basic
infrastructure facilities can take up fabrication of this BGP with small investment, after
some training. However, as the cost of good quality plastic and rubber is high which
increases the comparative cost of fabricating it. Moreover the useful working life of this
plant is much less, compared to other Indian simple Household BGPs, therefore in spite of
having good potential, the Flexible Bag Biogas Plant has not been taken up seriously for
promotion by the field agencies.

1.14. Functioning of a simple Indian household biogas plant (BGP)

1.14.1 The fresh organic material (generally in a homogenous slurry form) is fed into the digester of the
plant from one end, known as Inlet. Fixed quantity of fresh material fed each day (normally in one
lot at a predetermine time) goes down at the bottom of the digester and forms the ‘bottom-most
active layer’, being heavier then the previous day and older material. The decomposition
(fermentation) takes place inside the digester due to bacterial (microbial) action, which produces
biogas and digested or semi-digested organic material. As the organic material ferments, biogas is
formed which rises to the top and gets accumulated (collected) in the Gas-holder (in case of
floating gas-holder BGPs) or Gas Storage Chamber (in case of fixed dome BGPs).
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1.14.2 A Gas Outlet Pipe is provided on the top most portion of the Gas-holder (Gas Storage Chamber) of
the BGP. Alternatively, the biogas produced can be taken to another place through pipe connected
on top of the Gas Outlet Pipe and stored separately. The Slurry (semi-digested and digested)
occupies the major portion of the digester and the Sludge (almost fully digested) occupies the
bottom most portion of the digester. The digested slurry (also known as effluent) is automatically
discharged from the other opening, known as Outlet, is an excellent bio-fertilizer, rich in humus.
The anaerobic fermentation increases the ammonia content by 120% and quick acting
phosphorous by 150%. Similarly the percentage of potash and several micronutrients useful to
the healthy growth of the crops also increase. The nitrogen is transformed into Ammonia that is
easier for plant to absorb. This digested slurry can either be taken directly to the farmer’s field
along with irrigation water or stored in Slurry Pits (attached to the BGP) for drying or directed to
the Compost Pit for making compost along with other waste biomass. The slurry and also the
sludge contain a higher percentage of nitrogen and phosphorous than the same quantity of raw
organic material fed inside the digester of the BGP.

1.15 Components of a simple household biogas plant (BGP)

The major components of a simple Indian household (Hh) BGPs (either floating gas holder or fixed
gas storage chamber, are — (i) Digester, (ii) Gas-holder or Gas Storage Chamber, (iii) Inlet, (iv)
Outlet, (v) Mixing Tank and (vi) Gas Outlet Pipe. Refer figure-1 (floating gas holder model) and
figure-2 (fixed dome & fixed gas storage model) for main components of Indian Hh biogas plants.

VERTICAL [©) @?E-»m.w&
= oo . —@

0
=

! @ — TLET COVER
i g‘hpsﬁou RBe SUe _S:mwra.
MI%ING | @S FIPE: G M & 45
AN pub et ) = e
7 o prick Masensy L
> Lo e 2 1 Hiex. WiTH
P RN NG R S
&'&W»‘w N\ TP BT SPACE pice ol a
= ACEMENT
INLETF :’EIPE ] CHAMBER.
e Py
#5 Tk B
152 ok GAS STORAGE ¥ Tk bR : L4,
s e e e e OUTLET "
OUTLET OPEN TAHK L ":-
DIGBSTER gl i ST P e
FOUNDATION K
HEST CONEETE
% ey
1, INLET TANK e
2. OUTLET TANK -
3. GAS OUTLET
4. 100 mm @ A. C. PIPES
Figure-2

1.15.1 Digester

It is either an under ground Cylindrical-shaped or Ellipsoidal-shaped structure where the digestion
(fermentation) of substrate takes place. The digester is also known as ‘Fermentation Tank or
Chamber'. In a simple Rural Household BGP working under ambient temperature, the digester
(fermentation chamber) is designed to hold slurry equivalent to of 55, 40 or 30 days of daily
feeding. This is known as Hydraulic Retention Time (HRT) of BGP. The designed HRT of 55, 40
and 30 days is determined by the different temperature zones in the country- the states & regions
falling under the different temperature zones are already defined for India. The digester can be
constructed of brick masonry, cement concrete (CC) or reinforced cement concrete (RCC) or stone
masonry or pre-fabricated cement concrete blocks (PFCCB) or Ferro-cement (ferro-concrete) or
steel or rubber or bamboo reinforced cement mortar (BRCM). In the case of smaller capacity
floating gasholder plants of 2 & 3 m® no partition wall is provided inside the digester, whereas the
BGPs of 4-m3 capacity and above have been provided partition wall in the middle. This is provided
for preventing short-circuiting of slurry and promoting better efficiency. This means the partition
wall also divides the entire volume of the digester (fermentation chamber) into two halves. As
against this no partition wall is provided inside the digester of a fixed dome design. The reason for
this is that the diameter of the digesters in all the fixed dome models are comparatively much
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bigger than the floating drum BGPs, which takes care of the short-circuiting problems to a
satisfactory level, without adding to additional cost of providing a partition wall.
1.15.2 Gas holder or gas storage chamber

a). In the case of floating gas holder BGPs, the Gas holder is a drum like structure, fabricated
either of mild steel sheets or ferro-cement (ferro-concrete) or high density plastic (HDP)
or fibre glass reinforced plastic (FRP). It fits like a cap on the mouth of digester where it is
submerged in the slurry and rests on the ledge, constructed inside the digester for this
purpose. The drum collects gas, which is produced from the slurry inside the digester, as
it gets decomposed, and rises upwards, being lighter than air. To ensure that there is
enough pressure on the stored gas so that it flows on its own to the point of utilisation
through pipeline when the gate valve is open, the gas is stored inside the gas holder at a
constant pressure of 8-10 cm of water column. This pressure is achieved by making the
weight of biogas holder as 80-100 kg/cm?. In its up and down movement the drum is
guided by a central guide pipe. The gas formed is otherwise sealed from all sides except
at the bottom. The scum of the semidried mat formed on the surface of the slurry is
broken (disturbed) by rotating the biogas holder, which has scum-breaking arrangement
inside it. The gas storage capacity of a family size floating biogas holder BGP is kept as
50% of the rate capacity (daily gas production in 24 hours). This storage capacity comes
to approximately 12 hours of biogas produced every day.

b). In the case of fixed dome designs the biogas holder is commonly known as gas storage
chamber (GSC). The GSC is the integral and fixed part of the Main Unit of the Plant (MUP)
in the case of fixed dome BGPs. Therefore the GSC of the fixed dome BGP is made of the
same building material as that of the MUP. The gas storage capacity of a family size fixed
dome BGP is kept as 33% of the rate capacity (daily gas production in 24 hours). This
storage capacity comes to approx. 8 hours of biogas produced during the night when it is
not in use.

1.15.3 Inlet

a). In the case of floating biogas holder pipe the Inlet is made of cement concrete (CC) pipe.
The Inlet Pipe reaches the bottom of the digester well on one side of the partition wall.
The top end of this pipe is connected to the Mixing Tank.

b). In the case of the first approved fixed dome models (Janata Model) the inlet is like a
chamber or tank-it is a bell mouth shaped brick masonry construction and its outer wall is
sloppy. The top end of the outer wall of the inlet chamber has an opening connecting the
mixing tank, whereas the bottom portion joins the inlet gate. The top (mouth) of the inlet
chamber is kept covered with heavy slab. The Inlet of the other fixed dome models
(Deenbandhu and Grameen Bandhu) has Asbestos Cement Concrete (ACC) pipes of
appropriate diameters.

1.154  Outlet

a). In the case of floating gasholder pipe the Outlet is made of cement concrete (CC) pipe
standing at an angle, which reaches the bottom of the digester on the opposite side of
the partition wall. In smaller plants (2 & 3 m® capacity BGPs), which have no partition
walls, the outlet is made of small (approx. 2 ft. length) cement concrete (CC) pipe
inserted on top most portion of the digester, submerged in the slurry.

b). In the two fixed dome (Janata & Deenbandhu models) plants, the Outlet is made in the
form of rectangular tank. However, in the case of Grameen Bandhu model the upper
portion of the Outlet (known as Outlet Displacement Chamber) is made hemi-spherical in
shape, designed to save in the material and labour cost. In all the three-fixed dome
models (Janata, Deenbandhu & Grameen Bandhu models), the bottom end of the outlet
tank is connected to the outlet gate. There is a small opening provided on the outer wall
of the outlet chamber for the automatic discharge of the digested slurry outside the BGP,

GRAMEEN BANDHU MANUAL: By Raymond Myles, Secretary General-cum-Chief Executive, INSEDA, New Delhi




BIOGAS TECHNOLOGY 18 SECTION- |

equal to approximately 80-90% of the daily feed. The top mouth of the outlet chamber is
kept covered with heavy slab.

1.15.5 Mixing tank

This is a cylindrical tank used for making homogenous slurry by mixing the manure from domestic
farm animals with appropriate quantity of water. Thoroughly mixing of slurry before releasing it
inside the digester, through the inlet, helps in increasing the efficiency of digestion. Normally a
feeder fan is fixed inside the mixing tank for facilitating easy and faster mixing of manure with
water for making homogenous slurry.

1.15.6 Gas outlet pipe

The Gas Outlet Pipe is made of Gl pipe and fixed on top of the drum at the centre in case of
floating biogas holder BGP and on the crown of the fixed dome BGP. From this pipe the
connection to gas pipeline is made for conveying the gas to the point of utilization. A gate valve is
fixed on the gas outlet pipe to close and check the flow of biogas from plant to the pipeline.
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Section- 11

BENEFITS OF BIOGAS TECHNOLOGY

The biogas plants digest, treats and converts biomass or any other biodegradable materials into
two useful end products, (a) inflammable gas as fuel and (b) enriched organic manure.

Biogas provides a smokeless, high efficiency fuel for domestic purpose (cooking and lighting), as
well as heating and power generation at the village level.

The manure obtained from cattle dung by using biogas plant has a higher nutritive value as
compared to that of conventional Farm Yard Manure (FYM) produced from the same dung.

Biogas is a clean fuel and keeps, kitchen, household and the surroundings clean.

Biogas Production Technology is an environmentally sound and Eco-friendly technology and also
a Carbon Neutral System. Whatever carbon is produced while burning biogas for energy
purpose, at least the same amount (quantity) if not more is offset, directly or indirectly. For
example, indirectly by carbon offset due to reduction in deforestation (by replacement of
firewood) thus reducing the greenhouse gases to the atmosphere as well as directly through use
of biogas digested slurry (bio-manure) for biomass production, which again absorbs carbon from
the atmosphere.

Controls environmental pollution and promotes public health through preventing flies and
mosquitoes which breed in the fresh dung heaps, staked near the rural house and streets,
especially during rainy seasons and prevents, foul odours due to stopping of decomposition in
open areas.

Digested slurry if applied directly along with the irrigation water to the crops and tree plantation
then less nutrient will be lost from the slurry.

Digested slurry is good for backyard horticulture and kitchen garden, undertaken for supply of
nutrition from fresh fruits and vegetables to the rural families as well as, would give additional
income to them from the sale of surplus slurry in dried or composted form.

Biogas plants saves time in cooking, cleaning utensils and removing drudgery to women and girl
child in the Indian villages.

Biogas is a very safe fuel in village home as it cannot explode easily due to 35-40% CO, (Carbon
dioxide) in the biogas mixture.

Prevents, eye and lung disease in women and children who are normally in the kitchen when
food is cooked on firewood and dung cake in traditional stoves.

Manure prepared from digested biogas slurry has humus apart from all the nutrients and trace
elements that enrich, builds and regenerates the soil thus contributing to better and sustainable
crop yield.

Application of manure from biogas plant also increases the water holding capacity of the soil,
which makes it easily available to plants.

The application of biogas manure changes texture and structure of the soil and makes it porous
for better aeration, thus contributing to better crop yields.

Biogas slurry (effluent) can be used for seed treatment, which is found to give better seed
germination.

Biogas slurry can be used in the intensive composite pisciculture to give better returns to the
farmers.

The dried slurry can be used as feed for poultry and pigs.
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Section- 111

POPULAR DESIGNS OF HOUSEHOLD BIOGAS PLANTS IN INDIA

3.01 Introduction

3.01.1 There are several rural household digesters (biogas plants), which have been designed by
different R&D Institutions, in India. However, the Ministry of Non-conventional Sources of
Energy (MNES), Government of India has recognized a total of seven models till date for
promotion under the National Project of Biogas Development (NPBD). Out of the seven
approved models, there are only three models, namely, KVIC, Janata and Deenbandhu, which
during the course of time became popular and accepted by rural people at large. In order to
ensure correct and foolproof construction of these three models, as per the Indian standard (IS
9478-1986) approved and released by the Bureau of Indian Standards (BIS), well trained
technicians & artisans and standard construction manuals should be used for building them.

3.01.2 Brief description of these three popular Indian models (KVIC, Janata and Deenbandhu) to date,
are given below:

3.02 KVIC model BGP

3.02.1 In 1961-62, the Khadi and Village Industries Commission (KVIC) decided to undertake Gram
Laxmi-11l model, designed by the Late Dr. Jasbhai Patel, the then Director (Biogas), KVIC in
1956-57, for popularisation. Since then this plant has been associated with KVIC and is now
popularly known as KVIC model- refer figure-3 (a) & (b). It is a semi-continuous flow hydraulic
digester BGP.

3.02.2 The KVIC design consists of a deep well shaped underground digesters connected with inlet and
outlet pipes at the bottom, just opposite to each other but are separated by a partition wall
dividing the digester into two equal parts. The height of the partition walls is 3/4% of the total
height of the digester. A mild steel gas storage drum (gas-holder) is inverted in the digester over
the slurry, which goes up and down around a guide with the accumulation & withdrawal of gas.
In KVIC model, the cost of steel drum gasholder itself constitutes around 40% of the total cost
of the plant. Refer figure-4 (a) & (b).

Figure-4 (a)

Figure-3 (a) Figure-3 (b)
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3.02.3 The gasholders of KVIC model can now be made of Fiber Glass Reinforced Plastic (FRP), Ferro-
cement and High Density Plastic (HDP), in place of steel gasholder, but till date have not been
widely accepted in rural areas.

3.03 Janata model BGP

3.03.1 The Janata model {refer- figure-5 (&) & (b)} is a fixed roof (dome) biogas plant which was
developed by GGRS (PRAD), PRI, Lucknow, U.P. in 1978. This is also a semi-continuous flow
hydraulic digester BGP.

3 1'4-~
o SN
Figure-5 (a) Figure-5 (b)
3.03.2 The main features of Janata BGP are that the digester and gas storage chamber (gas-holder) is

integral part of a composite unit made of bricks and cement mortar. The Janata Biogas Plant
(JBP) has a cylindrical digester with dome shaped roof. A large ‘Inlet Chute’ and an ‘Outlet Tank’
is attached, respectively with the Inlet and Outlet Gate of the Digester. The top end of the Inlet
Chute and Outlet Tank is attached respectively to the lower end of ‘Inlet Displacement Chamber’
(IDC) and to the ‘Outlet Displacement Chamber’ (ODC) of equal volume (capacities). The upper
end of the IDC is connected to the ‘Slurry Mixing Tank’ with a channel. Whereas, the outlet wall
of the ODC has a small opening (known as discharge opening) for directing the digested slurry
automatically to the slurry storage pits (or the compost pits) each day when Janata BGP is under
regular operation as per the prescribed guidelines-refer- figure-6 (a) & (b). Construction of JBP
requires shuttering, form-work and mud mould for making a gas leak-proof dome shaped roof,
therefore skilled and properly trained master masons are essential for construction of this model.
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3.03.3 The JBP costs between 20-30% less than the KVIC model biogas plant.

3.04 Deenbandhu model biogas plant

3.04.1 The designing and development of this fixed dome (roof) model, was taken up a team of
engineers and specialists of AFPRO (of which the author was one of the members), on the
recommendation of the NGO network promoting biogas programmes. The objective of Action
R&D for the development of this model was to further reduce the cost of rural household (RHh)
plants to make biogas technology within the reach of a wider sections of rural society, as the
cost of building materials had started going up. The team was successful in designing and
fabricating a new low cost fixed dome model BGP which was not only around 20% cheaper than
JBP but also more sturdier and simpler to construct, after the master masons were given
systematic, brick-by-brick training on the construction techniques of this technology. The
reduction in cost was brought about without affecting the strength and efficiency of this new
model. This plant was christened as the Deenbandhu (friend of the poor) as the design was a
step closer to making this technology within the reach of poorer sections of the community. The
Deenbandhu model {figure-7 (a) & (b)} is also a semi-continuous flow hydraulic digester plant.

Figure-7 (a) Figure-7 (b)
3.04.2 After intensive trial and testing under controlled conditions as well as, field evaluating it under

farmers field conditions, the design and drawings of 1, 2, 3, 4 and 6 m*> Deenbandhu biogas
plants (DBPs) were standardized for promotion as rural household digesters. A manual on
Deenbandhu Model was prepared and the design of DBP model was submitted to DNES-
Department of Non-Conventional Energy Sources in 1986 (which later became the Ministry of
Non Conventional Energy Sources- MNES; and have recently been renamed as the Ministry of
New and Renewable Energy- MNRE), Government of India. The DNES approved this model for
transfer, promotion and extension under the NPBD from the financial year 1987-88 onwards.

3.04.3 The Deenbandhu BGP {refer- figure-8 (a) & (b)} is built manly with locally available building
materials such as brick, sand, and local skills, in the form of rural master masons. The cement is
the only building material that comes from the factory at a distant place but is easily available
throughout the country. As the construction of Deenbandhu requires no formwork and
shuttering materials, therefore, labour requirement is also reduced. The requirement of cement
and bricks are also less as compared to Janata BGP. There is considerable saving in the
construction time as compared to Janata BGP due to the simpler and less time-consuming
construction techniques.
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3.04.4 The Deenbandhu BGP is the most popular plant in India at present, amongst all the approved
designs (models) of MNES, constituting over 75% of the share of annual target of over 100,000
plants constructed each year under NPBD.
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Section- 1V

GRAMEEN BANDHU BIOGAS PLANTS

4.01 Development of Grameen Bandhu biogas plant

4.01.1 The process leading to the development of Grameen Bandhu biogas plant dates back to the early
1990's, it became clear that the cost of Deenbandhu biogas plant had started going up. It was due
to increasing cost of building materials, especially cement and bricks as well as increasing in the
wages of master masons and other skilled labourers. As a result of this the over all cost of DBP had
also gone up considerably, almost doubled compared to the cost when its design was finalized in
1986. At the same time the Government of India’'s subsidy for biogas plants were not matching with
the cost of building plants due to overall inflation.

4.01.2 While on one hand, usefulness of biogas plant had just started being noticed in the villages, on the
other hand, the dream of covering the wider sections of rural society was slowly slipping out of the
grips of serious and committed extension organisations, especially the grassroots NGOs. This was
mainly due to substantial rise in the cost of building materials. Thus the biogas network of NGOs
during one of its meetings held in late 1990 recommended that while efforts should be made to
reduce the cost of existing biogas models, at the same time attempt be also made to design a new
low cost appropriate model. The emphasis should be given to use locally available building materials
and local skills without compromising on the quality and strength. Thus the author of this manual
initiated Action R&D in 1991 to experiment with different building materials, different methodology
of construction of Deenbandhu Plant (DBP) at the Biogas Centres of some of the NGO members of
the biogas network who had such facilities. Some of the experiments done were to construct DBP of
different sizes using building materials. They were (i) Pre-cast (Pre-fabricated) Cement Concrete
(CC) Blocks (or Tiles) to replace Bricks; (ii) Cast DBP with Cement Concrete (CC) at situ by using
right size and shape mud mould; (iii) Reinforced Cement Concrete (RCC); and (iv) DBP made of
Ceramic Tiles. While all these plants worked well but either they were expensive or cumbersome to
construct or both, therefore, did not provide a better option as compared to the existing DBP model
made from Bricks; hence, they were not put to further tests under farmers field conditions.

4.01.3 In early 1992, after getting enough feed back from the field and his own practical experience and
inspiration from the NGO network who were building household biogas plant under NPBD, the
author initiated action to make the appropriate design modifications in the existing DBP. The aim of
this exercise was to attempt to further reduce the cost, by optimizing design parameters of some of
the major components of the existing DBP model.

4014 These efforts resulted in redesigning the outlet displacement chamber (ODC) of DBP. Thus the
rectangular shaped outlet displacement chamber in the existing DB Biogas plant was replaced with
a spherical shaped Outlet Displacement Chamber (ODC). The first prototype of modified DBP with
this design (a spherical shaped outlet displacement chamber), using bricks and cement mortar was
built in State of U.P. The cost of this new model (modified DBP) came to approximately Rs.500/-
less than the existing DBP. The was due to spherical shaped Outlet Displacement Chamber (ODC),
resulting in to reduction in surface area as well as a smaller Manhole Opening of 61 cm or 610 mm
(2 ft) diameter, requiring much smaller manhole cover for ODC. This modified Deenbandhu model
had since been functioning well. However, as it was only a minor success to launch a massive
programme for transfer of this model (which also required approval of MNES for getting subsidy
under NPBD). Therefore was not promoted seriously, leaving it solely to the discretion of the
respective biogas extension NGOs for promotion and extension, in their areas of operation. One of
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the grass-roots NGO members of the network got built a few prototype of this model for
demonstration, during one of the construction training programmes for rural masons on DBP model.
Later on, constructed a few more models of this design on the request of farmers, which are
reported to be functioning well.

4.015 Meanwhile, during this period the author also mooted the concept of the present family of Grameen
Bandhu Model, with a view to completely replace the bricks with more environmental friendly civil
construction (building) materials. The suggestion for using woven baskets from different types of
locally available biomass for building biogas models first came in the middle of 1992, from the
Executive Director of a grassroots level women's development organization, the Women's Action for
Development (WAFD). The design framework for building fixed dome biogas model using Bamboo
Reinforced Cement Mortar (BRCM) was conceived in early 1993 by the author. But the actual
experimentation could only be initiated towards the middle of 1993, after collecting all the available
information and details on civil construction based on BRCM. Experimentation on small scale were
also initiated for using other biomass e.g. pruned mulberry stems and branches, which are readily
available in Western UP and presently being used for making baskets by rural poor for livelihood.

4.01.6 The experiments for building biogas plants with both bamboo and mulberry cuttings (from pruning)
were successful, however, bamboo was preferred as the information on it are more readily
available. Moreover it is widely grown world over; and the properties of bamboo as a building (civil
construction) material, are well documented. Therefore, to start with the author (chief designer of
this new model) decided to use bamboo as the reinforcement material with the cement concrete
(mortar), for building this new biogas model.

4.01.7 Meanwhile, based on the field visits and several feedbacks during 1993, the author came across a
few crucial things related to the implementation of biogas programme of the NGO Network. These
aspects, especially the shortcomings needed to be looked into critically, with the objective of
improving the ongoing implementation. As well as to also make the future biogas programme, more
useful, safer, accident free, ozone friendly; and above all more relevant and meaningful from the
point of view of long-term developmental perspective-They are:

a). The RBC slab of the Outlet displacement chamber (ODC) was deliberately designed by
designers to be as the integral part of the DB plant. However, in several cases, the ODC of
Deenbandhu model were not covered by RBC slab by plant owners to save on the
construction cost to the tune of Rs.200/-. This was a serious thing as it could lead to accident
in the village situation, by small animals falling inside the plant through ODC, especially
during the dark night if plants were built too close to the narrow Village Street.

b).  Women masons trained earlier by some grassroots NGOs, could not be involved in the large
scale construction of DBP in rural India because of:

()  The socio-cultural reasons to employ trained women masons for plant construction in
rural areas of India.

(i)  In a few cases the trained women masons were willing to take up construction of
Biogas plants but due to family pressure and other constrained could not travel to
distance places and stay for longer duration in the field to effectively participate in the
construction. They also could not earn a living on regular basis by constructing plants.

(i) 1t was difficult task for the women master masons to supervise men construction
labourers working under them.

(iv)  Taking up job as masons (mainly far away from their homes) was not likely to reduce
drudgery of women masons, as they still had to perform their daily household chores.

4.01.8 The analysis of the above two factors {as mentioned in paragraphs 4.01.7 (a) & 4.01.7 (b)
above} provided ample scope, which inspired the author to once again closely look into the
shortcomings in the designs of existing popular Indian fixed dome biogas models (namely,
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Deenbandhu and Janata models), if any. The objective was- (a) further optimization in the designs,
(b) possibility of improving on the construction techniques; as well as, (c) experimenting with the
use of alternate building (civil construction) materials for fabrication/building of simple rural
household plants. After closely looking at designs of various popular Indian models, the author
decided to concentrate on the Deenbandhu model only, which was still the most popular and
cheapest BGP in India. The design of Deenbandhu was more specifically studied from the point of
view of overcoming the following existing shortcomings in it, while designing the new low cost
biogas plant model.

a). As the Deenbandhu model had rectangular shaped ‘outlet displacement chamber (ODC)’,
there was further scope to optimize the design by making it spherical (or hemi-spherical) in
shape, for saving in building materials and construction time.

b). The Janata and Deenbandhu models were built completely from bricks, replacing the
expensive and energy intensive (non-renewable) steel gasholder required in the case of KVIC
model. However, both Janata and Deenbandhu (which was the most popular and cheapest
model till date) models required first class bricks for their construction, which were not eco-
friendly and environmentally sound proposition. The making of bricks not only involved
digging of good quality soil (earth) but also required coal and firewood as fuel (energy) for
baking. At the same time, the brick making was not an ecologically sound proposition, and
normally required to be transport from distance places to the construction sites of the BGPs.
On the other hand, the burning of coal & firewood for baking bricks were also contributing to
green house gases in the form of CO,. Moreover, production of coal also used non-renewable
sources of energy.

4.01.9 Therefore, the author felt the need to look into the possibility of replacing bricks with
environmentally sound and eco-friendly alternate building materials, at the same time ensuring,
reduction in energy use, especially the non-renewable sources of energy for building the plants.

4.01.10 The author was also aware that the development of the proposed new biogas model had to provide
the solutions to most of the above mentioned problems in Deenbandhu model, at the same time be
environmentally sound and ozone friendly technology. In addition, the new model would have to be
equally strong and efficient, use locally available skills and eco-friendly building materials, simpler
and cheaper to construction. Further, it could be easily maintained and repaired in the village itself;
as well as would promote & generate employment (mainly self-employment) in rural areas, both for
landless peasants, artisans and farm women, preferably within a their own villages or within a
reasonable distance from their villages.

4.02 Grameen Bandhu biogas plant

4.02.1 Keeping the above in mind the first prototype model of new biogas plant was conceived by author
(designer of the Grameen Bandhu biogas plant) in 1993; and the design for the first prototype was
finalized by the author in January 1994, which was built in March 1994. As about 45% of the cost of
building this new model goes towards the wages to labourers, therefore the designer/author
christened it as Grameen Bandhu (friend of the rural people) plant.

4.02.2 The Grameen Bandhu plant (GBP), was field tested and found suitable for field demonstration,
imparting training on its construction techniques, as well as promotion, transfer and dissemination.
Even though, simpler to built, the Grameen Bandhu plant (GBP) is as efficient as the three earlier
popular Indian plants, namely (i) KVIC, (ii) Janata and (iii) Deenbandhu model of the same capacity
and same HRT, operating under similar conditions. At the same time GBP {figure-9 (a) & (b)} is
stronger; and 10 to 15 percent cheaper than the existing least cost most popular Indian BGP- which
is the Deenbandhu (DBP) model.
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4.02.4 This “Practical Pictorial Field Guide on Grameen Bandhu biogas plant” covers in important aspects

related to the Grameen Bandhu plant (GBP), which has the maximum potential of being built in
India and other South Asian Countries, as well as other developing countries of the world.
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Section- VvV

COMPONENTS OF GRAMEEN BANDHU BIOGAS PLANT(GBP)

5.01 The Grameen Bandhu (GBP-1) Model is made of two major components and several minor components
and sub-components. They are categorized as, (A) Main Unit OF The Plant (MUP), (B) Outlet Chamber
(OC) are shown in figure-10 (a), (b) & (c); whereas (C) Other Minor Components are shown in figure-11
(a) & (b). These major and minor components are further divided into sub-components, as given below:

5.02 Main Unit Of the plant (MUP)

5.02.1 The Main Unit of the Plant (MUP) is one of the major components of Grameen Bandhu plant (GBP). The
MUP has the following six main “Sub-Components”:

a). Digester {or Fermentation Chamber (FC)}

b). Gas Storage Chamber (GSC)

c). Free Space Area (FSA), located just above the GSC

d). Dome (Roof of the plant-entire area located just above the FSA); and
e). The following three other sub-components: -

[{(e)-(i) the Foundation of the MUP & (e)-(ii)} the Ring Beam for MUP (these two have also been
considered here as the two sub-components of the MUP} and {the third is (e)-(iii) the Gas Outlet
Pipe (GOP), for better explanation & understanding of the constructional aspects of GBP plant].

OUTLET 'y
CHAMBER (0)

MAIN UNIT OF THE 'h'

PLANT (MUP) 1 I ??" "'1"-‘
1L fy Digester or Fermentation Chamber (FC) ||
v V,;J—_vﬁtL ‘\\\\ = i
MAIN COMPONENTS OF GRAMEEN BANDHU BIOGAS PLANT (GBF) MAIN COMPONENTS OF THE MAIN UNIT OF THE PLANT (MUP) MAIN COMPONENTS OF THE OUTLET CHAMBER (0C)
Fiqure-10 (a) Figure-10 (b) Figure-10 (c)

5.03 Outlet Chamber

5.03.1 The Outlet Chamber (OC)) is the second major component of Grameen Bandhu plant (GBP). The OC
has the following four main “Sub-Components”:

a). Outlet Tank (OT)

b). Outlet Displacement Chamber (ODC)

C). Empty Space Area (ESA) above the ODC (though for all practical purpose the ODC
includes the Empty Space Area (ESA) above it. However, from the designing point of view,
the effective ODC of GBP is considered up to the starting of discharge opening located on
its outer wall.

d). Discharge Opening (DO)
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5.04 Minor components of GBP plant

5.04.1 The Minor Components of the Grameen Bandhu plant (GBP)-refer figure-11 (a), (b) & (c) are as
follows:

a). Inlet pipe (IP)
b). Outlet gate (OG)
C). Mixing tank (MT) or Slurry mixing tank (SMT)
d). Short inlet channel (SIC)
e). Gas outlet pipe (GOP)
f). Grating (made of bamboo sticks)
). Manhole cover (MHC) for ODC
i| m::t::(:'::”-“‘s"zwm (GOF) o
Figure-11 (a) Figure-11 (b) Figure-11 (c)

5.05 However, for all practical purpose the components and sub-components can be taken together and can
be divided in to eighteen components and sub-components of a Grameen Bandhu plant (GBP), as
shown in figure-12, and are briefly described in the subsequent paragraphs:

5.06 Foundation
This is a water leak-proof base made of Cement Concrete (CC) at the bottom of the plant pit, having
defined diameter and thickness over which the bottom segment (lower segment) of the MUP of the GBP
rests. The foundation bears full load of the slurry filled in the digester as well as the weight of the entire
plant.

5.07 Ring beam
The Ring Beam is cast with BRCM at the junction (meeting point)3 of the two, inverted bamboo shells,
comprising two hemi-spherical surfaces (both segments having exactly the same diameter at their
peripheries where they meet each other) of the ellipsoidal shaped MUP of the SBP-I. The function of the
Ring Beam is to provide extra strength to MUP at the junction (meeting points) of the Top and Bottom
Segments of the MUP. The Ring Beam together with the Foundation of MUP also acts as the load
bearing structure of the plant and the load due to the weight of slurry inside the digester; and_transfer
the total load to the earth, thus provides stability and strength to the entire plant.

3 The inner side diameter of the Junction of Ring Beam, Top Segment and Bottom Segment of the plant or their diameter at the inner periphery is also

the inner diameter of the ellipsoidal shaped Main Unit of the Plant (MUP) of the GPB.
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5.08

5.08.1

5.08.2

5.08.3

5.09

5.00.1

5.09.2

5.09.3

Digester (fermentation chamber)

In this manual, the term Digester actually refers to the effective digester volume of GBP, which is the
volume of the actual Fermentation Chamber and not the combined volume consisting of effective
digester (i.e. the rated or designed digester volume) and the Gas Storage Chamber (GSC). This is often
the point of confusion in the minds of designers and the field functionaries in respect of Indian semi-
continuous fixed dome hydraulic plants. The fermentation chamber (effective digester)4 of the GBP
consists of the entire concave shaped Bottom Segment of the ellipsoidal shaped MUP plus the lower
portion of the inverted Top Segment (i.e. up to the Crest of the arch shaped Upper End of the
rectangular Outlet Gate Opening)- refer figure-10 (b).

The combined height of the effective digester (i.e. designed height of fermentation chamber) and the
gas storage chamber (GSC) is kept such that, for a given capacity GBP, it will determine (correspond

with) the top end of the combined digester volume (fermentation chamber + GSC).

The Grameen Bandhu plant (GBP)is designed for the effective digester volume (fermentation chamber),
of 40 and 55 days HRT, for two different temperature zones in India (refer Table-11).

Gas storage chamber (GSC)

In Grameen Bandhu plant (GBP), the Gas Storage Chamber (GSC) is integral part of the MUP and is
located just above the imaginary line starting from where the upper portion of the Fermentation
Chamber (effective digester volume) ends, as per the designed HRT. In other words, the GSC starts
from the top end (crest) of the Outlet Gate opening and extends upwards. The height of the GSC
measured upward from the crest of the outlet gate, is determined by the maximum volume of usable
biogas to be stored in the GSC under pressure.

The Indian family size (household digester) plants are designed to store either 1/3" of the daily gas
produced (Janata & Deenbandhu model) or to store half of the daily gas produced (KVIC Biogas Plant)5
in a day of 24 hours. However, in case of Grameen Bandhu plant (GBP) the gas storage chamber (GSC)
is designed for two capacities i.e. 1/3" or 8 hours (or 33% of rated gas production capacity) as well as
for half (or 12 hours or 50% of the rated gas production capacity). This is to provide choice (option) to
the prospective plant owner, to select from two different gas storage capacity of GBP-1 model.

The combined volume of slurry inside the MUP would be equal to the volume of the fermentation
chamber plus the volume of GSC, which is equal to the selected HRT of the SBP-I x daily slurry input +
GSC Capacity of GBP6.

When the slurry (mixture of fresh cattle manure to water ratio of 1:1) is filled up to the level of the crest of the arch shaped upper end of the
rectangular outlet gate opening, the volume of slurry would be equal to the volume of fermentation chamber (effective digester volume). This volume
is determined by the HRT selected for a GBP. For Example:- for a 2 m3 capacity plant of 40 days HRT, the volume of fermentation chamber
(effective digester) would be equal to [(50 kg fresh cattle manure + 50 litres of water) x 40 days] = 4,000 litres or 4 cum. Whereas for a 2 m? capacity
plant of 55 days HRT, the volume of fermentation chamber (effective digester) would be equal to [(50 kg fresh cattle manure + 50 litres of water) x 55
days] = 5,500 litres or 5.5 cum and so on.

Normally, the Indian family size (household digester) plants are either designed to accommodate 1/3rd of the daily gas produced in a day of 24 hours
{i.e. 8 hours or 33% of the rated (design) gas production capacity of the plant} as in the case of the two fixed dome models Janata and Deenbandhu
or to store half of the daily gas produced in a day of 24 hours (i.e. 12 hours or 50% of the rated gas production capacity of the plant) as in the case of
KVIC biogas plant.

During the initial loading (charging) of GBP the slurry (mixture of fresh cattle manure to water ratio of (1:1) is filled up to the level of the combined
height of the effective Digester {(i.e. the designed height of Fermentation Chamber) and the Gas Storage Chamber (GSC)}, and the combined
volume of slurry would be equal to the volume of fermentation chamber (effective digester volume) plus Gas Storage Chamber (GSC). This is equal
to the selected HRT of the GBP x daily slurry input + GSC Capacity of GBP plant. For example: - for a 2 m3 capacity plant of 40 days HRT and
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5.09.4 Thus for a correctly designed MUP, the fermentation chamber (effective digester) will hold slurry which
is 40 or 55 days old- the number of days will depend upon the selection of HRT of GBP. Whereas the
digested slurry that is more than 40 or 55 days old will be lighter (after it has produced optimum biogas
due to fermentation) would be held inside the Gas Storage Chamber (GSC). This is to ensure that as far
as possible the undigested slurry or partially digested slurry doesn't go out with the fully digested slurry
through outlet gate of the plant along with the older digested slurry.

5.09.5 When the plant is accumulated with biogas, it displaces equal quantity of digested slurry (after the
optimum gas production potential of the slurry is tapped) from the Gas Storage Chamber-GSC (located
just above the fermentation chamber) into Outlet Displacement Chamber-ODC.

5.10 Free space area (FSA) {located between GSC & dome of plant}

5.10.1 The Free Space Area (FSA) starts from where the upper portion of the Gas Storage Chamber (GSC)
ends. For easy reference and all practical purposes FSA can be taken as a sub-component of the Dome
but in this sub-section, it is treated as separate sub-component of the Main Unit of the Plant (MUP) for
better understanding.

5.10.2 As the Free Space Area (FSA) is also very important from the point of view of designing the SBP-I plant,
therefore, it is shown separately in the diagram- refer figure- 10 (b), for better explanation to get clear
understanding of its role and importance, as elaborated in this section.

5.10.3 While designing the GSC, it is assumed that whatever gas is collected in the Free Space Area (FSA)
above the initial slurry level of the GBP, cannot be used. The reason for this is that this biogas would
normally be at a slightly higher than zero pressure above the atmospheric pressure for a correctly
constructed Grameen Bandhu plant (GBP). This means that the biogas generated initially inside the
plant will be stored in the Free Space Area (FSA), just above the slurry level and up to the Dome
Ceiling. But the biogas inside the FSA cannot be utilized in the appliances even when the gas outlet pipe
is opened at this stage, due to lower pressure than required. After enough biogas is produced to exert a
minimum pressure of 100 mm (4") water column on the slurry inside the Combined Digester Volume7
then the quantity of gas which is above this pressure (100 mm or 4") could be utilized in biogas
appliances, is termed as the Usable biogas. The pressure of this biogas inside the MUP of the GBP is
ascertained by measuring the total height of the slurry, displaced from the GSC into the ODC.

5.10.4 The maximum quantity of usable gas stored in any Grameen Bandhu plant (GBP) could be either be up
to 33% or up to 50% of daily gas production, depending upon the choice of GBP model for a particular
gas storage capacity. It is important that construction of a GBP is done keeping in view that in a
functioning plant; the slurry levels under the following five situations would be at the same height, to
ensure maximum storage of biogas in the unit as per the rated (design) capacity of GSC. They are (i)
the initial slurry level after filling the plant with fresh slurry mixture, just before the commissioning of
the plant, (ii) the level at the time when all the usable gas is utilized, (iii) the level of slurry in the Gas
Storage Chamber (GSC), (iv) the level of slurry in the Outlet Displacement Chamber (ODC) and (v) the
level of slurry in the Inlet pipe (IP).

33.33% Gas Storage Capacity, the combined volume of the Fermentation Chamber and the GSC would be equal to [{(50 kg fresh cattle manure +
50 litres of water) x 40 days} + (0.33 x 2 m3)] = 4,000 Its. + 330 Its. = 4330 Its. = 4.33 cum. Whereas for a 2 m® capacity plant of 55 days HRT and
33.33% Gas Storage Capacity, the volume of fermentation chamber (effective digester) would be equal to [{(50 kg fresh cattle manure + 50 litres of
water) x 55 days} + (0.33 x 2 m3)] = 5,500 Its + 330 Its. = 5,830 Its. = 5.83 cum and so on.

7 Combined digester volume includes the volume of the Fermentation Chamber plus the Gas Storage Chamber (GSC) of the MUP of GBP.
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5.10.5

5.11

5111

5.12

5.13

5.13.1

5.14

5.14.1

5.15

5.15.1

During the regular use of gas, the slurry level in the plant reaches the zero level, even then there will
still be some biogas left in the Free Space Area (FSA) just above the slurry level up to the dome portion.
However, as the biogas pressure at this stage would be just above the zero atmospheric pressure level,
therefore, this gas will be only occupying the FSA but cannot be utilized in the appliances.

Dome

The “Dome” is spherical shaped roof of the Grameen Bandhu plant (GBP), which is integrated with the
Free Space Area (FSA) and the Gas Storage Chamber (GSC). The dome covers the entire upper (top)
portion of the plant just above the Free Space Area (FSA). The Top (Highest Point) of Dome is known
as Crown of the dome, where the gas outlet pipe (GIP) is fixed.

Gas outlet pipe (GIP)

The “Gas outlet pipe” (GIP) is made of 100 mm or 10.0 cm (1 inch) diameter and 175 mm or 17.5 cm
(7 in.) long galvanized iron (GI) pipe. The bottom end of GIP has treads cut into it for fixing it inside an
appropriate size socket. The two opposite ends of this socket have two flat (or round) iron pieces
welded to it. These flat iron pieces are embedded inside the “crown” of the dome to ensure that the
Socket is properly fixed there at the time of casting and plastering of the “top segment of the MUP”.
This is to ensure that no biogas leakage takes from the sides of dome where the socket of the GIP is
fixed to it. The top end of GIP is also treaded so that the “gate valve” can be fitted to the GIP after the
GBP biogas plant is constructed, cured & painted from inside, and ready for initial feeding with feed
stock for biogas production. Due to this, if at later stage, for any reasons, the Gl pipe of the GIP unit
gets damaged then it can be easily taken out by un-screwing it from the fixed socket and replacing it
with a new one, without damaging the entire GIP unit. GIP unit is the only sub-component of GBP and
is made of metal.

Inlet pipe (IP.

The “inlet pipe” (IP) for directing the fresh slurry in the GBP is made from 100 mm (4") diameter AC
(Asbestos cement) pipe that is readily available throughout India. The top end of the inlet pipe (IP) is
connected to the discharge end of the short inlet channel (SIC); whereas the other end of the IP goes
inside the digester (fermentation chamber) at an appropriate angle and rests on a supporting pillar of
appropriate height. It is properly fixed (joined) to the digester wall so that it (IP) doesn't move and
come out. The main function of inlet pipe is to direct the well-mixed fresh slurry inside the fermentation
chamber of the plant.

Outlet chamber (OC)

The “Outlet chamber” (OC) is divided into two major sub-components- (i) the Outlet tank (OT) and (ii)
the Outlet displacement chamber (ODC). Both these sub-components are joined to each other,
described below:

Outlet tank (OT)

It is a rectangular shaped structure with two steps, one end of which is connected to the bottom end of
outlet gate. The surface of the second step in the “Outlet tank” (OT) is the bottom surface of the “outlet
displacement chamber” (ODC) and is in the same line as the top edge of the gas storage chamber
(GSOQ).
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5.15.2

5.16

5.16.1

5.17

517.1

5.18

5.18.1

5.18.2

The outlet tank (OT) is made of BRCM by joining four flat rectangular pieces of woven bamboo panels
to fabricate (construct) its four sides and casting it with cement mortar in appropriate ratio. At the time
of initial feeding (loading) the fresh slurry is filled up to the second step, counted from the bottom. The
size of OT is designed big enough, to enable a medium sized person to go inside and come out of the
MUP.

Qutlet displacement chamber (ODC)

The “Outlet displacement chamber” (ODC) of Grameen Bandhu plant (GBP) is hemi-spherical in shape
and made of BRCM. The effective volume of ODC is only taken up to the discharge opening provided on
the surface of its outer wall. The portion above this discharge opening is only an empty space. The
volume of effective ODC has to be the same as the GSC. The “empty space area” (ESA) located above
the Discharge Opening (DO) is not of any great importance except for providing symmetry and shape
and for making manhole at it's centre, on the crown of the ODC. The manhole is always kept covered
(closed) with an appropriate size “Manhole cover” (MhC). This is to prevent, either the rainwater, or
living things or any other materials falling inside the ODC and therefore, it has been kept as small as
possible. A portion of the bottom surface of ODC is connected to the top end of the outlet tank;
whereas one part of the bottom end of ODC rests on the outer surface of MUP- this is located just
above the GSC portion of the wall of the MUP and the balance portion rests on the foundation of ODC,
made on the levelled earth below it. On the top of ODC, a 60 cm or 600 mm (2 ft.) diameter manhole
opening is provided to facilitate easy entry or coming out of one medium size person at a time from the
digester (MUP) via the rectangular outlet tank (OT). The manhole opening is covered with the pre-
fabricated BRCM cover to prevent any living thing (human being, domestic animals etc) accidentally
falling inside the plant through the outlet displacement chamber (ODC).

Discharge opening (DO)

The outer wall of the outlet displacement chamber (ODC) has small opening called as “Discharge
opening” (DO), located at a pre-determined height, to allow the digested slurry equivalent to between
80 to 95% of the daily feed, automatically discharged into, either the slurry drying pits or directly into
the compost pits. The height of lower end of the discharge opening (located at surface of the outer wall
of ODC) is always kept lower than the highest point on the ceiling of the dome of the MUP [this point is
in the centre (crown) of the plant dome where the gas outlet pipe is fixed] to prevent choking (or
blocking) of gas outlet pipe, by either the slurry or the foam from the fermented slurry, entering in to it.
From the field experience of earlier two popular fixed dome models- Janata and Deenbandhu models-
the minimum height of the highest point on the dome ceiling of the MUP of GBP should be kept as 150
mm (6") from the bottom end of the OD, located at the outer surface of the wall of the ODC.

Qutlet gate (OG)

The “Outlet gate” (OG) is provided at the outlet wall of the digester of the plant. The bottom surface of
the opening of the outlet gate is connected to the bottom end of the Outlet Tank (i.e. the first step from
the bottom surface of the outlet chamber-OC).

Main functions of the outlet gate are- (a) to be used as entry and exit for persons (one person at a
time) in and out of the MUP; (b) for the outward movement of displaced slurry from gas storage
chamber (GSC) in to the outlet displacement chamber (ODC) due to accumulation and pressure of
biogas in the GSC; (c) for the inward movement of slurry from ODC into digester at the time of gas
utilization; and (d) to be used as an opening for emptying the digester for cleaning or testing of plant
leakage in future.
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5.18.3

5.18.4
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5.19.1

5.19.2

5.19.3
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5.20

5.21
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5.21.2

In addition, if and when required, only to a very, very limited extent, the outlet gate can also be used
for stirring the digester slurry by means of a long and slightly bent bamboo pole or stick; however, by
and large, it is very difficult to do stirring of slurry from the outlet gate in the case of GBP due to only a
small size manhole on top (crown) of the ODC. In view of this, a special provision has been made on
the inlet side of GBP for stirring the slurry in an effective manner, as explained under sub-heading-"
Mixing tank".

The size of the Outlet Gate (OG) for the smallest family size GBP model is kept large enough for a

medium size adult to go inside and come out of the plant without any inconvenience. For a larger
capacity plants, the size of the Outlet Gate (OG) can be increased to a practical size.

Mixing tank (MT)/Slurry mixing tank (SMT)

The “Mixing tank” (MT) is sometime also referred as “Slurry mixing tank” (SMT) and is fitted with a
feeder (mixing) fan inside it. The MT of GBP is made of BRCM and located on the top end of the inlet
pipe. Main function of this tank is to prepare a homogenous slurry mixture before it is released into the
digester to achieve better efficiency of fermentation of organic materials.

The outlet opening of the mixing tank (MT) is connected to the inlet pipe (IP) through the short inlet
channel (SIP). The lower end of the mixing tank wall has a 75 mm (3") diameter “Inlet slurry opening”
(1SO) which opens in the short inlet channel (SIC); whereas, the other end of this channel is connected
to the top end of the inlet pipe (IP). Just on the opposite lower end of this 75 mm (3") inlet slurry
opening (ISO), a 25 mm (1") diameter opening is provided for removing the dirt, mud, silt and any
other finer particles of inorganic materials (mixed with dung as it is normally kept on the dirty and un-
plastered floor in villages) from mixing tank (MT).

The Mixing Tank of GBP is placed on one side of the Inlet Pipe (IP) in such a manner that the IP can be
conveniently used for stirring the slurry inside the plant, using a right size bamboo pole or stick. In view
of this, the most ideal location for placement of mixing tank is at right angle to the line of Inlet Pipe, on
one side of the surface of the MUP, to facilitate better stirring of the GBP. Normally, during the mixing
and preparation of slurry in the mixing tank, using the “Feeder fan”, a ‘slurry stopper’ (made either of
wooden plank or iron plate) closes the 75 mm (3") diameter “Inlet slurry opening” (ISO). As and when
the slurry is to be released, the slurry stopper is lifted and the homogeneously mixed fresh slurry goes
inside the digester of GBP plant through “Short inlet channel” (SIC) via the inlet pipe (IP).

In order to make uniform homogenous slurry; it is advisable to fabricate a properly designed feeder fan
for the mixing tank.

Short inlet channel (SIC)

The “Short inlet channel” (SIC) connects the outlet opening of the mixing tank with the top end of inlet
pipe. Function of SIC is to guide & direct the slurry from the mixing tank to the inlet pipe.

Gas outlet pipe (GOP)

A small piece of galvanized iron (GI) pipe is fixed at the crown of the plant dome during the
construction, and is called as “Gas outlet pipe (GOP). An appropriate size ‘Gate valve' is fixed to this pipe
for controlling the gas flow and cutting of the gas connection from the plant to the pipeline when not in
use.

The pipeline for conveying the biogas to the point of use is fixed to one end of the gas outlet pipe,
which is dealt in detail in Section- VII of this “Pictorial Field Guide”.
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5.22

5221

5221

5.23

5.23.1

5.23.1

5.24

5241

Grating

The ‘Grating’ made by weaving bamboo mats, has been suggested (to the plant owners, which can be
provided with minor additional cost) as an additional precautionary measure for protecting any one
(especially small animals) falling accidently inside the plant. The grating is an added feature of the
Grameen Bandhu plant (GBP), which is not there in the other two Indian fixed dome models (Janata
and Deenbandhu) plants. The Grating is made of 25-mm (1") diameter bamboo sticks and is placed and
tightly fixed on top of the second step (from the bottom) of the outlet chamber (OC).

The size of this grating is made as per the size of the horizontal opening (facing the sky) of the outlet

tank (OT). However, grating is optional, as some of the plant owners prefer GBP without it, as there is
manhole cover (MhC) which is much easier to covers the manhole of the OC.

Manhole cover (MhC) for ODC

In the case of Grameen Bandhu plant (GBP), the ODC is designed in the shape of hemi-spherical
structure. Due to this, there is only a small size manhole opening, having a 60 cm or 600 mm (2-ft)
diameter, is provided on the top (crown) of ODC of the SBP-1 model. Thus an appropriate size of
circular slab, known as “Manhole cover” (MhC) to cover (close) the manhole opening of the ODC of
GBP, is substantially reduced.

The Manhole cover (MhC) is made of BRCM which can be easily placed on top of the Manhole, for
closing it, and is comparatively much cheaper than making RCC or RBC slabs for closing a large size
rectangular opening of the ‘outlet displacement chamber’ (ODC) in the case of Deenbandhu model
biogas plant.

Notaional dimension sketch of GBP

The key notational dimensions of the Garmeen Bandhu biogas plant (GBP) is given in figure-12 (a)
and 12 (b) used for caluculating the various dimensions of the GBP.

P %
i "t; 11
SECTIONAL ELEVATION PLAN
Figure-12 (a) Figure-12 (b)

|GRAMEEN BANDHU MANUAL: By: Raymond Myles, Secretary General-cum-Chief Executive, INSEDA, New Delhi




PICTORIAL DEPICTION OF THE IMPORTANT 49 SECTION- VI
STAGES OF GRAMEEN BANDHU BIOGAS PLANT

5.25 Notaional dimension sketch of GBP

5251 The notatioanl dimensional drawsing of the Grameen Bandhu biogas plant (GBP) is given in figure-
13.

DIMENSIONAL DRAWING OF GRAMEEN
BANDHU BIOGAS PLANT (GBP)
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Table- 1V

Dimensions of Grameen Bandhu Biogas Plant (GBP)
{Hydraulic Retention Time (HRT)= 40
Days}

(Original calcualtion on Jan 1, 1996- Revised on Jan 1, 08 based on practical experience)

Notation | 1 M3 2 M3 3m3 4 m3 6 M3
A 1050 1275 1450 1590 1800
B 420 510 580 636 720
C 100 100 100 150 150
D 2100 2550 2900 3180 3600
E 70 245 350 420 570
F 180 175 200 240 290
G 100 100 100 150 150
H 295 470 575 645 770
I 570 660 730 836 920
J 400 570 700 810 960
K 350 400 430 460 460
L 335 160 95 95 5
M 730 730 730 730 730
N 1400 1540 1800 2000 2400
O 138 148 183 102 268
= 150 150 150 200 200
Q 150 150 150 200 200
R: 1050 1275 1450 1590 1800
R> 1758 2083 2363 2528 2988
Rs 700 770 900 1000 1200
S 1845 2160 2405 2681 2975
T 75 75 75 105 105
U 790 1055 1230 1356 1590
V 500 555 600 630 640
W 475 645 775 885 1060
X 390 485 530 546 630
z 150 150 150 200 200
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Section- VI

PICTORIAL DEPICTION OF IMPORTANT STAGES OF CONSTRUCTION OF GRAMEEN

6.01

6.02

6.03

6.04

6.05

BANDHU BIOGAS PLANT(GBP)*

The Grameen Bandhu plant (GBP) can be best described as the Bamboo Reinforced Cement Mortar
(BRCM) plant. The reason for this is that its construction technique falls in between the RCC
(Reinforced Cement Concrete) and Ferro-cement. In fact its construction methodology can be said to
be more close to that of Ferro-cement. The GBP, being simple, is very easy to built (i.e. fabricated
and constructed) under field conditions, even in remotest areas of the region and country. After
systematic training of rural artisans (masons and women bamboo weavers) this low cost technology
can be easily built (fabrication or pre-fabrication of bamboo structures and construction of plant at
the farmers’ site) by them. This is due to use of over 90% of locally available building materials and
use of local and traditional skills available in rural areas, since centuries.

All the conventional (semi-continuous hydraulic digester) fixed dome Indian biogas plants; e.g.
Janata and Deenbandhu models use bricks and cement concrete as the building materials. However,
for quite sometime, the need was being felt to not only cut down on the construction cost of existing
biogas plants but also utilise eco-friendly building materials in place of bricks for plant construction.
Alternatively, to design an altogether new biogas model that would have both the advantages,
without compromising on the strength. Keeping this in view, the Grameen Bandhu family of Biogas
plants were developed and designed by the author based on his long field experience of working
with all the aspects of low cost biogas technology, more specifically the two popular fixed dome
Indian household plants, namely, Janata and Deenbandhu models.

A few family size plants of Grameen Bandhu plant (GBP) model are in operation for over one decades
now and have been found to be working satisfactorily as a simple semi-continuous hydraulic digester
biogas plant.

In this design (GBP model) a large ellipsoidal shaped structure, called as the “Main Unit of the Plant”
(MUP) is woven with bamboo strips in two segments and are joined together tightly using binding
wires. The “MUP” of the Grameen Bandhu plant (GBP) is made by joining these two bamboo baskets
(each of which is actually segment of different spheres of two different diameters) at their open
ends to form an ellipsoidal shaped structure. The diameters of these two baskets-like structures at
their peripheries (i.e. at their open-ended bases) are the same; therefore, they will perfectly match
each other). When joined together at their junction and properly tied using binding wire, the shape
of MUP thus formed would look almost like an oval shaped football. However, only the top structure
of the entire composite bamboo structure, placed inside the plant pit can be seen from outside, thus
from outside the MUP would look like a hemi-spherical basket shaped shell structure.

Joining two fabricated or pre-fabricated woven bamboo shells in the shape of two baskets makes the
Main unit of the plant (MUP) of GBP model. One of them, which comprise the bottom segment of the
MUP, is shallower and looks like a big dish. The bottom segment (which constitutes the lower
portion of the digester or fermentation chamber) also acts as the base of the MUP of GBP model and
rests on the surface of the foundation of the appropriate size plant pit, as per the dimensional
drawing. The bottom segment once cast becomes an integral part of the foundation of MUP and
along with it also acts as the load bearing structure of the unit; as well as carries the weight of slurry
inside the plant. Whereas, the ‘top segment’ is a larger hemi-spherical shaped bamboo shell
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6.06

6.07

6.08

6.09

6.10

6.11

6.12

structure, which looks like a very big deeper basket, and is placed inverted on top of the dished
shaped (looks like a shallow basket) bottom bamboo structure.

The cement mortar in the appropriate ratios, is used for casting (both from outside and inside) the
woven bamboo surface of the MUP. Two coats of plasters, each follow this, on the outer and inner
cast surfaces, to form a continuous BRCM structure for MUP.

In the same manner other components, sub-components and minor components of GBP model are
made of BRCM structures, as described in detail in the GBP manual.

The Grameen Bandhu plant (GBP) being made of Bamboo Reinforced Cement Mortar (BRCM), has
substantial advantage especially for building it in remote and other areas where quality bricks,
stones etc. are not easily available but bamboo is either available or its cultivation can be easily
promoted.

As the bamboo reinforced structures can be either fabricated or pre-fabricated at any place, the
rural women, landless peasants, unemployed rural youth and other marginalized sections of rural
community etc. can be trained to fabricate these woven structures from bamboo strips. This activity
would promote regular income generating activities & opportunity of self-employment on massive
scale in rural areas.

The Grameen Bandhu plant (GBP) built using bamboo as the alternate building material is between
10 to 15% cheaper than the Deenbandhu model. The Deenbandhu model is at present the most
popular fixed dome Indian BGP in the country, constituting aver 75% of the total target achieved
under the Government of India sponsored biogas scheme, the National Project on Biogas
Development (NPBD) with current annual target of rural household plant of around over 100,000.

The photographs showing important stages of building (pre-fabrication and on-the-site construction
of Grameen Bandhu plant (GBP), with brief description about them given in this Section is only to
supplement the ‘Construction methodology’ described in detail given in the “Comprehensive Manual
on Grameen Bandhu biogas technology”, to build a GBP. The pictorial depiction of important stages
of this model (GBP) is described in this section can act as an effective guide for correctly building
this model, only by trained artisans (master masons and master weavers), technicians and
SUpervisors.

The building of Grameen Bandhu plant (GBP) is done by systematic trained (preferably experienced)
artisans (male & female), in two phases [i.e. (i) Weaving of Bamboo Structure (preferably by master
women weavers in ther own villages) and, (ii) Construction of this model at farmers site (by trained
master masons), as two separate activities], as described through the “pictorial depiction in this
Section of the field guide”.
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PICTORIAL DEPICTION OF IMPORTANT STAGES OF BUILDING OF GRAMEEN BANDHU
BIOGAS PLANT (GBP)

l. Fabrication and pre-fabrication of bamboo structures {(weaving using 0.5 in (12.5 mm or
1.25 cm)} bamboo strips for Grameen Bandhu model biogas plant (photograph nos. 1 to 16)

1@ 1(b) 1(c)

PHOTOs-1 (a). (b) & (c): Seasoned Bamboo Poles (2 inch outer diameter and 12 feet length and ¥4 thickness), selected after thorough
inspection for their suitability for weaving structures for Grameen Bandhu plant (GBP)- (1 (a) selection of
appropriate quality and size seasoned bamboo; 1 (b) Purchased bamboo (brought to the site where it will be
woven in to different structures for making different components and sub-components of the GBP; and 1 (c)
Correct storage of bamboo under the temporary shed till used for weaving

2 (a) 2 () | | | 2 () |

PHOTO-2 (a). (b) & (c): Bamboo (after lengthwise, splitting in to 4 strips of 1 in (2.5 cm each), are immersed in water channel or tank
and kept there for 12 to 24 hours (at least overnight). Later on these strips are further made in to 0.5 in (1.25
cm) strip. Only 0.5 in (1.25 cm) strip are used for weaving the different sizes of bamboo stricture for GBP

(Note: Bamboo strips are to be soaked in the water with organic fungicides (e.g., Neem Oil etc) in the ratio of 1 kg to 100 .
water, for 12 hours (overnight)
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e of 5 s .
3(a) 3 (b)
PHOTO- 3: (a) & (b): Taking out & making appropriate size bamboo strips as per the requirement with simple hand tools

[(Note: The bamboo strips are to be soaked in the water with organic fungicides (like, Neem
Oil etc) in the ratio of 200 gram to 100 liter water, for overnight (or at least 12
hours), before using them for weaving bamboo shells for GBP]

g
o .

4(a) | o p (b) .. 4 ©

PHOTO-4: (a), (b) & (¢)  Appropriate size inverted dome shaped excavations made in the ground for weaving bamboo shells for casting
GBP. Photo-4 (a) Mould for making hemispherical shaped Top Segment of Plant (TSP), Photo-4 (b), Mould for
making dish shaped Bottom Segment Plant (BSP); and ._Photo-4 (c) Mould for hemispherical shaped Outlet

Displacement Chamber (ODC)

5@ 5 (b) 5(c)
PHOTO-5: (a), (b) & (¢) Initial weaving in progress, which is normally done on the ground surface for the 3 respective moulds, namely,
Top Segment of Plant (TSP), Bottom Segment of Plant (BSP) and Outlet Displacement Chamber (ODC)
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6 (a) 6 (b) 6 (c)
PHOTO-6: (a). (b) & (c) Initially woven bamboo strips (on the plain ground surface) placed inside the appropriate size underground for

weaving-viz., 6 (a) Top Segment of Plant (TSP), 6 (b) Bottom Segment of Plant (BSP); and 6 (c) Outlet
Displacement Chamber (ODC)

7(a) 7 (b) 7 (c)
PHOTO-7: (a), (b) & (c)  Advanced stage of weaving of -7 (a) Top Segment of Plant (TSP), 7 (b) Bottom Segment of Plant (BSP); and 7

(c) Outlet Displacement Chamber (ODC)

8 (@ 8 (b)

PHOTO-8: (a) & (b) Completed woven bamboo structure for the Top Segment of Plant (TSP)- commonly referred as the Top Segment
of the Main Unit of the Plant (MUP), showing two views- 8 (a) TSP in half standing position and 8 (b) TSP kept
on the plain ground surface, as it will go inside the plant pit on top of the bottom segment of the plant (BSP) and
tied together with binding wire, to form the complete MUP
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9™ 9 (b) “

PHOTO-9: (a) & (b) Completed woven bamboo structure for the Bottom Segment of Plant (BSP)- commonly referred as the Bottom
Segment of the Main Unit of the Plant (MUP), showing two views- 9 (a) BSP in tilted position supported by trained
rural women weavers and 9 (b) BSP kept in inverted position on the plain ground surface, as it will go inside the

lant pit on the surface of the foundation. Later on the top segment of the plant (TSP) would be place on it and
both will be tied together with binding wire, to form the complete MUP

10 (a) 10 (b)
PHOTO-10: (a). (b) & (c)_ Completed woven bamboo structure for the Outlet Displacement Chamber (ODC)- Showing two views- Photo
10 (a) ODC (weaving is just completed with opening for manhole on its crown inside the UGM) ready to be
taken out; Photo-10 (b) ODC kept on ground, with the two structure for TSP & BSP ready inside their
respective underground moulds, can be seen at the back (UGMs); and Photo-10 (c¢) ODC kept on the ground
surface in inverted position (with opening for manhole on its crown) as it will go on the ODC foundation.

11 (a) 11 (b)
PHOTO-11: (a) & (b) Completed woven bamboo structures for- Photo-11 (a) Top Segment (TSP) and Bottom Segment (BSP) of the

Main Unit of Plant (MSU), Photo-11 (b) TSP is placed on top of BSP as they would be placed inside the plant pit
before joining them together tightly using binding wire, before plastering them using cement sand mortar
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12(‘a) R , . AR 12(,b)‘,

PHOTO-12: (a) & (b) Completed woven bamboo structures for- Photo-12 (a) Top Segment of Plant (TSP), Bottom Segment of Plant
BSP) and Outlet Displacement Chamber (ODC); Photo-12 (b) TSP is placed on top of BSP and ODC touching BSP
as they would be placed for constructing Bamboo Reinforced Cement Mortar (BRCM) with cement & sand mortar

PHOTO-13: (a). (b) & (c) Different stages of weaving of bamboo structures for making BRCM Slurry Mixing Tank (SMT)- Photo 13 (a
Initial stage of weaving of bamboo structure for the SMT on the levelled ground without using any
underground mould; Photo 13 (b) Advanced stage of weaving for SMT; and Photo 13 (c) Completed woven
bamboo structure for Slurry Mixing Tank (SMT).

14 (a) 14 (b) 14 (¢) 14 (d) 14 (e)
PHOTO-14: (a), (b) & (c) Other key materials used for weaving and construction of Grameen Bandhu Plant (GBP)- Photo-14 (a) Binding

wire used for tying bamboo strips and joining completed woven bamboo structures for the different
components & sub-components before making BRCM plant; Photo-14 (b) Brick Ballasts used for makin
foundations of MUP, ODC and SMT of the GBP; and Photo- 14 (c) Inlet Pipe (IP) made from CC; Photo-14 (d)
Cement Sand Mortar; and Photo-14 (e) DPC powder (1/2 Kg 50 Kg cement) for mixing with Cement Sand
Mortar for BRCM construction & plastering
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15 (a) 15 (b) 15 (¢)
PHOTO-15: (a), (b) & (c) Transporting of the woven bamboo structures for the three major components and sub-components (namely

BSP, TSP and ODC) by foot within the same village or adjacent village for the construction of Grameen Bandhu
Plant (GBP)- Photo-15 (a) bamboo structure for the bottom segment of plant (BSP) by villagers & volunteers,
from the weaving site to plant site; Photo-15 (b) Bamboo structures for the top segment of plant (TSP) is
being lifted to be carried from the weaving site to the plant site; and Photo-15 (c) Bamboo structure for TSP is
being carried by villagers & volunteers to the plant site within the same village for building the GBP

16 (a) 16 (b)

PHOTO-16: (a) &, (b) Transporting of the woven bamboo structures for the three major components and sub-components (namely
BSP, TSP and ODC) by bullock card in the nearby villages for construction of Grameen Bandhu plant (GBP)-
Photo- 16 (a) Carrying the bamboo structure from the weaving site on the bullock cart; Photo-16 (b) Bamboo
structures are ready to be unloading from the bullock cart at building site of Grameen Bandhu plant (GBP).

17 () 17 l(.b) |

PHOTO-17: (a) & (b) Transporting of the woven bamboo structures for the three major components and sub-components (namely

BSP, TSP and ODC) by tractor and trolley in distance villages for the construction of Grameen Bandhu plant
(GBP)- Photo- 17 (a) Carrying the bamboo structure from the weaving site on the tractor; and Photo- 17 (b)
Unloading the woven structure from the tractor at the site for building the Grameen Bandhu Plant (GBP)
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1. BUILDING OF GRAMEEN BANDHU PLANT (GBP) AT FARMER'S SITE

a). Digqing pit, laying of foundation and the fixing of bamboo Shell structures for the
MUP- (Photograph No. 18 to 21)

18 (a) 18 (b) 18 (¢)
PHOTO-18: (a). (b) & (c) Layout and initial digging of the pit for GBP- Photo- 18 (a) Marking of outline as per the dimensional drawing

for digaing pit for the plant Photo- 18 (b) Initial digging of the pit as per the marling on the ground surface;
and Photo- 18 (c) Using bamboo pole for dividing the diameter of the pit in to two equal parts, as well as
using it midpoint, and taking string of appropriate length for the measurement of the radius, dig the bottom

curvature of the pit.

2 y . o %
19 (a) 19 (b) 19 (c)

PHOTO-19: (a). (b) & (c) Final important stages of digging pit for the MUP of the GBP- Photo- 19 (a) Deepening the pit as per the
dimensional drawing till the collar for costing the ring beam is reached, and also making the rectangular pit for
the outlet tank (OT); Photo- 19 (b) Make the circular color in the pit as per the dimensional drawing, and then
further deepen the pit from this stage onward as per the radius of the pit to perfectly accommodate (shallow
disc shaped) woven bamboo structure for the bottom segment of the plant (BSP); and Photo- 19 (c) Dig the
shallow circular pit (on top surface of the OT, attached to the MUP pit), for making foundation with the brick
ballast and cement.
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" % - Ty - &
20 (a) 20 (b) 20 (c)

PHOTO-20: (a). (b) & (c) Laying of foundation of the MUP- Photo- 20 (a) First the pit surface is properly rammed, then brick ballast of
average size ranging between 1-2 inch (25 -50 mm or 2.5 to 5 cm) are spread evenly on the bottom; Photo- 20

(b) Using wooden ram, the ramming of BBs is done (while sprinkling water) to make it firm and even; and
Photo- 20 (c) Finally cement & sand mortar is spread and further ramming is done (with sprinkling water) to
make the foundation firm, compact & even, as per the thickness given in the dimensional drawing, to complete
the foundation of MUP including the collar for the ring beam. (Note: As brick ballasts are used, the ratio of
cement concrete used for casting foundation is 1:4:8 (1 cement: 4 coarse sand: 8 brick ballasts) by volume.
Main construction will start only from the next day onwards)

21 (a) 21 (b) 21 (c)
PHOTO-21: (a). (b) & (c) Placement of bamboo shell structures for the BSP & TSP, inside the pit on the surface of the foundation of the
MUP- Photo- 21 (a) Placement of dish shaped bamboo shell structure for the BSP of the MUP; Photo- 21 (b)
Placement of hemi-spherical shaped bamboo shell structure for the TSP on top of the concave shaped BSP,

which alsO shows the opening for making the outlet gate; and Photo- 21 (c) View of woven bamboo structure

for MUP, seen from the opposite side showing the circular opening for inserting for 4 inch (100 mm or 10 cm)
ameter inlet pipe (IP) during construction.

22 (a) 22 (b) 22 (¢)
PHOTO-22: (a). (b) & (c) Bamboo shell for the MUP's top segment placed perfectly over the shallow dish shaped bottom segment (BSP)

of the of MUP, which are tied & fixed together firmly with binding wires, to make the unit in to ellipsoidal
shaped structure of MUP- Photo-22 (a) Woven bamboo structure for MUP (just before insertion of gas outlet
pipe, also showing the outlet gate opening; 22 (b) A one inch (25 mm) dia & 7 inch (175 mm) long gas outlet
pipe (GOP) is being inserted at the crown of TSP and properly tied using binding wire; and Photo-22 (c)
Woven bamboo structure during the insertion of 4 inch (100 mm or 10 cm) diameter inlet pipe (IP).
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b). Main construction work on the Grameen Bandhu plant-GBP (Photograph No 23- 32)

23 (b)

PHOTO-23: (&) & (b) Application of pure cement slurry on the outer surface of the top segment of the MUP, with brush in 1:5 ratio
1 kg cement: 5 liter water), before starting the first coat of rough plaster- Photo-23 (a) Application of cement
slurry is done using biomass brush on the outer surface of the MUP; Photo-23 (b) Advanced stage of rough
plaster on the Second coat of smooth plaster being carried on the first coat of rough plaster.

24 (a) 24 (b) 24 (¢)
PHOTO-24: (a). (b) & (c) First coat of rough plaster on the outer surface of the woven bamboo structure for the top segment (TS) of

the main unit of the plant (MUP), using cement mortar in 1:3 ratio (1 cement: 3 coarse sand) by volume-
Photo-24 (a) Advanced stage of rough plaster 24 (b) First rough plaster on the outer surface of MUP is in
advanced stage of progress; and 24 (c) Outer surface of MUP is completed with first coat of rough plaster.

i

25 (a) 25 (b) 25 (c) 25 (d)
PHOTO-25: (a). (b). (c) & (d Different stages of second coat of smooth plaster on both, the Ring Beam and the outer surface of

the top segment (TS) of the main unit of the plant (MUP). The ratio of cement mortar used is 1:3 (1
Cement: 1 Coarse Sand+2 Fine Sand) by volume.
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26 (a) 26 (b) 26 (c)

PHOTO-26: (a). (b)& (c Fixing of outlet tank (OT) attached to the outlet gate (OG) and plastering it- 26 (a) Fixing of three flat woven
bamboo mats to make it in to a rectangular shape bamboo structure for OT- 26 (b) Fixing of rectangular
shape bamboo structure to the OG, which also touches the upper portion of the outer surface of the MUP; and
26 (c) Plastering of bamboo structure from inside to make it in to a rectangular outlet tank (OT), using cement
mortar in 1:3 ratio (1 cement: 3 coarse sand) by volume.

27 (a) 27 (b) 27 (©)

PHOTO-27: (a). ()& (c Different stages of plasters of the MUP from insider- Starting with the first coat rough plaster, and then
followed by second coat smooth plaster on the inner surface of the top segment (TSP) and bottom segment of
the MUP. The ratio of cement mortar used is 1:3 (1 Cement: 1 Coarse Sand+2 Fine Sand) by volume.

287(a) | 28 (b) | 28 (©)

PHOTO-28: (a). (b) & (c) Building of Outlet Displacement Chamber (ODC) of the GBP- Photo- 28 (a) Laying of foundation of the ODC
using 2 inch (50 mm or 5 cm) size brick ballasts (or 1-2 inch (25 mm or 5 cm). Wherever stone ships or
ebbles are easily available at lower cost than it can be used (in place of brick ballast) for laying the
foundation; and Photo- 28 (b) Plastering the laid foundation with appropriate ratio of cement and sand
mixture; Photo- 28(c) Preparing the already placed woven bamboo structure for the ODC for the plastering.
The ratio of cement mortar used is 1:3 (1 Cement: 1 Coarse Sand+2 Fine Sand) by volume.
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29 (a) | 29 (b) 29 (c)

PHOTO-29: (a). (b) & (c) Demonstration to visitors about the constructional aspects of GBP- Photo-29 (a) Final stages of construction of
Outlet displacement chamber (ODC); Photo-29 (b) Explaining the functioning of Outlet displacement chamber
(ODC); and Photo-29 (c) Explaining about the last stages of construction of GBP to visitors.

30 (a) 30D

PHOTO-30: (a) & (b) Two main units of the GBP (after curing for approximately 10 days is completed) seen before covering the top
with earth- 30 (a) Main unit of the plant (MUP); and 30 (b) Outlet displacement chamber (ODC) of the plant.

31 (a) 31 (b) 31 (¢)

PHOTO-31: (a). (b) & (c) Completed GBP (after curing for an average of 7-10 days is completed), seen before covering on the surface
of the plant dome with earth- 31 (a) Slurry mixing tank (SMT) is seen on the top; 31 (b) Outlet displacement
chamber (ODC) of the GBP is seen, with it discharge opening (DO) located just above the level of gronud
surface; and 31 (c) View off the entire plant, being covered by earth on its top, except the SMT and top
portion of the ODC.
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32 (a) 32 (b)

PHOTO: 32 (a) & (b) Completed GBP seen before covering on the surface of the plant dome with earth- Photo-32 (a) Completed after curin
for an average of 7-10 days; and Photo-32 (a) After the pipe line has been connected from the plant to the place of
utilization of the biogas.

I11. Utilization_of two_products of biogas plants (namely biogas and digested slurr
(photograph nos. 31 to 37)

33 (a) 33 (b) 33 (c)

PHOTO: 33 (a) & (b) Use of biogas from Grameen Bandhu plant for cooking and lighting Photo-33 (a) A rural woman using biogas
for cooking; and Photo-33 (b) Biogas being used for lighting using biogas mental lamp; Photo-33 (c) Another
rural woman using biogas for cooking.

34 (a) 34 (b)
PHOTO: 34 (a) & (b) Use of biogas from GBP for running dual fuel engine (diesel + biogas) for operating irrigation pumping set-

Photo-34 (a) Trial run after converting(using local level improvisation) the existing old diesel engine in to a
dual engine for operating a pump for irrigation, by using combination of biogas (70%) and diesel (30%); and
Photo-34 (b) Biogas being used in combination of diesel in dual fuel engine for irrigating of farmers field.
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35 (a) " 35 (b)

PHOTO: 35 (a) & (b) Use of biogas for running dual fuel engine (diesel + biogas), for simultaneously operating both generating set
as well as mechanical power (using shaft and pulley) by a farmer in Bharatpur district (Rajasthan state) -
Photo-35 (a) Dual fuel engine (diesel + biogas) is operating a generating set using pulley and shaft for lighting
(during the frequent power cut from the main grid in farmers house; and Photo-35 (b) Same farmer
simultaneously using biogas from the same GBP and same dual fuel engine for operating chaff cutter and
other farm equipments using pulley and shaft.

36 (a) 36 (b) 36 (¢)
PHOTO: 36 (a), (b) & (c) Recycling of bovine (cattle or/and buffalo) manure (collected in Indian villages either from buffalo or cattle or

both) through Grameen Bandhu plant for clean & convenient energy (in the from of biogas) and in the process
also getting enriched manure in the form of digested slurry- Photo-36 (a) Bovine manure collected in Indian
villages from domestic farm animals kept next to their houses; Photo-36 (b) The Grameen Bandhu plant is also
constructed closer to the bovine yard and the farmers; and Photo-36 (c) Biogas digested slurry going in the pit
next to the plant for storage.

te

37 (a) 37 (b) | 37 (c)

PHOTO: 37(a). (b) & (c) Utilization of digested slurry (after drying or making compost) in agricultural- Photo-37 (a) Use of biogas
digested slurry on WAFD's demonstration organic farm; Photo-37 (b) Biogas digested manure used in wheat crop; and .Photo-37 (c) Use of
biogas digested slurry in mustard crop, and in between fodder crop is shown for domestic farm animals.
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6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

It is only necessary to do cement polishing & finishing on the inside surface of all the components
and sub-components of GBP, over the second coat of smooth plaster, using cement paste prepared
in ratio of 1:1 (1 kg Cement: 1 It. Water) by volume.

[Please Note: No cement polishing is to be done on the outer surface of MUP, ODC, OT, Mixing Tank
(MT), Short Inlet Channel (SIC) and the Manhole Cover of ODC.]

For casting and plastering the BRCM walls of digested slurry (compost) pits, the ratio of cement
mortar mixture should be 1: 5 (1 cement: 2 fine sand: 3 coarse sand) by volume, for both, the first
coat of rough plaster and second coat of smooth plaster. Use ratio of 1:3 (1 kg cement: 3 It. water)
by weight for cement polishing on the surface of second coat plaster.

The Grameen Bandhu plant (GBP) is filled with manure slurry. If cattle dung is used then the slurry
mixture is prepared in the ratio 1:1 (1-kg fresh dung: 1 liter of water). However, if manure from
other domestic farm animals are used (or night soil is used) then the ratio will be different, for which
the Comprehensive Manual on Grameen Manual may be referred. However, even if the manure from
other domestic farm animals (or Night Soil) are used, still the plant needs to be initially loaded
(charged) with Bovine (cattle and/or buffalo) manure (dung), the reason for which is explained
elsewhere in this Manual. The Initial filling of the GBP Model has to be done up to the second step
from bottom of the Outlet Chamber (OC)- This is the level of the base of the Outlet Displacement
Chamber (ODC). The filling up to this level is to be completed as soon as possible, say within 3-4
days, using own as well as borrowing fresh bovine dung from neighbours or purchasing from others.
For initial loading (charging) [up to the second step in the Outlet Chamber (OC)] of a 2 m*® Capacity
GBP biogas plant of 40 days HRT (Hydraulic Retention Time) and 33.33% capacity Gas Storage
Chamber (GSC), about 5 tonnes (5000 liters) slurry, would be required. When fresh bovine (cattle
and/or buffalo) dung is used then 5 tonnes (5000 liters) slurry comprise of 2500 kg (2.5 tones) of
fresh dung plus 2500 liters (2.5 m® or tonnes) of water. The exact quantity of fresh dung and fresh
slurry for initial loading (charging) of 1, 2, 3, 4 & 6 m® capacity Grameen Bandhu Biogas Plant (GBP)
is given under table- 1V under Section- VIII of this “Practical Guide”.

The GBP model biogas plant should be left for 2 to 3 weeks after the initial loading (charging) with
fresh slurry is done up to the prescribed level, for proper fermentation of the slurry in the digester.
The Gate Valve on the Gas Outlet Pipe should be closed tightly so that there is no possibility of any
gas (produced during this period) escaping from it.

When the fermentation starts in full swing, the slurry in the Outlet Chamber (OC) will start rising. As
the slurry level reaches just at the lower end of the Discharge Opening (DO) located on the outer
wall of the Outlet Displacement Chamber (ODC), open the Gate Valve and test the biogas for
burning in the stove. Most probably it will not burn. Release the entire biogas and close the valve
again. The reason for gas not burning at this stage is because the biogas generated initially contains
much higher percentage of Carbon Dioxide (CO,) and lesser percentage of Methane (CH,).

Keep on checking the plant every day. As soon as the slurry level in the ODC rises to the level very
close to the Discharge Opening-DO (may be in another 1 to 2 days time, from the day of the first
testing of biogas for burning in the stove), following the procedure described above for testing. Most
probably it will burn with blue flame, otherwise release it again and try the next day, which should
surely burn. Now the Grameen Bandhu Plant (GBP) is ready to be used daily, as a normal routine.
Now it to will start generating biogas closer to its rated capacity- that means if it is a 2 m® capacity
plant then it will start.

At this stage resume the daily feeding with prescribed quantity of fresh slurry (for a 2 m? capacity
plant it will be 100 liters slurry- 50 kg fresh dung mixed with 50 liters of water) and use the biogas
for cooking and lighting, as per normal requirement.

If the Grameen Bandhu Plant (GBP) is operated following all the instructions as per this manual, it
will provide trouble-free service for a long time and it's useful working life will also be enhanced.
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7.01

7.02

7.03

7.04

7.05

7.06
7.06.1

7.06.2

7.06.3

Section- VIl

PIPELINE FOR GRAMEEN BANDHU (GBP) MODEL BIOGAS PLANT

The selection of correct pipe size for conveying the biogas is very important as improper pipe can result
in lower efficiency or higher cost to the plant owner. In designing the gas distribution system the
parameter that needs to be controlled is the gas pressure. Biogas is available at a gauge pressure of 10
cm (4") of water column in floating gas holder plant eg. KVIC model. While in case of two popular fixed
dome Indian models eg. Janata and Deenbandhu, it varies from minimum of 0 to maximum of 110 cm
(0 to 10) and 0 to 75 cm water column, respectively. In case of Grameen Bandhu (GBP) model it varies
from 0 to 80 cm of water column.

For efficient use in burners and lamps it should be available at the point of use at an optimum pressure
of 7 to 8 cm of water column. When biogas flows in a pipe, there is loss in its pressure due to friction. A
properly designed pipeline is one which does not cause a pressure drop of more than 2 to 3 cm of water
column under any circumstances.

For comparable conditions, the pressure drop tends to increase with the consumption (flow rate) as also
the distance of the point of utilisation from the plant. This flow rate can be measured by measuring the
gas consumption rate of the burners and lamps used. The biogas consumption normally varies from
0.46 m*/Hr (m? per hour) for standard burners to 1.88 m*/Hr for a large burner. Though ordinarily the
length of pipeline could be from 25 to 500 meter, with proper & scientific design and planning, this
could go upto any distance, subject to other conditions.

It is a must to employ correct size pipeline for transporting biogas from plants to the points of
utilisation, as it is very crucial from the point of view of efficiency of gas utilization and the cost of
installation.

The gas distribution pipeline has been designed and recommended pipe sizes for different combinations
of flow rates and distances between gas production and utilisation points are given in table-V. These
recommendations are made for galvanised iron pipe. In case of large size biogas plants, it is essential to
design the pipeline properly and select pipe size accordingly. But for rural house-hold (family size) GBP
model biogas plants, the dimensions given in table-V, can be used for selection of right size (dia) pipes.

Laying the gas distribution pipeline:

Like no uniform design can be prepared for suiting all the biogas installations, there is no laid down
procedure for laying of gas pipeline for all biogas systems.

Pipeline may have to be above or below the ground or it may be partly above and partly below the
ground. While a properly laid underground pipeline would require less maintenance, yet it may get
corroded faster at some places; whereas in other places corrosion of above ground pipeline may be
more rapid.

Installing high density polyethylene pipe enables us to overcome the problem of corrosion. However, in
this case underground pipe may be preferred over the above ground pipe.
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7.07

7.07.1

7.07.2

7.07.3
7.07.4

7.07.5

7.07.6

7.07.7

7.08

Important points which have to be kept in mind and adhered to at the time of laying of
pipeline for efficient conveyance of biogas:

Pipe and fittings to be used for laying biogas distribution system must be of best quality. From safety
point of view, it is important to be pay more attention for in-house connections.

All underground pipes should be coated with protective paints to avoid corrosion. Underground pipes
should be laid about 30 cm (1 ft) below the ground level.
Extra emphasis must be given to the selection of appropriate Valves to be employed.

As far as possible only bends (not elbows) should be used for 90 degrees turns in the pipeline. This
reduces pressure drop.

Only Gate Valves, Plug Valves and Ball Valves should be used for gas pipeline to minimise pressure loss
during flow of gas through valves.

For connecting the burners with gas pipeline, avoid the use of transparent polyethylene tubes and only
neoprene rubber tube should be used.

Biogas is saturated with water vapour and slight fall in temperature causes its condensation in the
pipeline. Therefore, adequate arrangements to remove the condensate must be made at the time of
pipe laying. All the pipes must have some gradient and at all the low points water removers should be
installed. Water accumulation in pipe results in pressure drop which causes reduction in flow rate.

- Polyethylene tube

Scale printed
an wall

Glass fube

—

Gas_ vent
ipe
i Coloyred

water

Safety pressure
gauge

Schematic diagram of pipe lines from bigas plant to the place of gas utilisation with accessories

Figure-15

Types of water remover:

The water remover can be of two basic types:
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7.08.1 Manually operated water remover
a).

7.08.2

7.09

7.10

7.11
7.12
7.13

A Sketch of this type of water remover is depicted in figure-16 (a). It is a "T Joint” at the lowest
point of a certain section of gas pipeline. The vertical branch of the "T Joint" is kept in a
perpendicular downward direction and it is connected to 30 cm or 300 mm (1 ft) long piece of
pipe. The other end of this pipe is either plugged or fitted with a valve.3b). The condensate
from the pipeline will flow into this pipe and will be drained-off manually at an interval of a week
or ten days or as guided by experience.

Automatic water removal siphon

a).

b).

In this type of water removers the vertical branch of "T Joint" should be atleast of 25 mm (1")
dia. It is connected to a "U" shaped assembly, as shown in figure-16 (b). Cyledrical type of watre
remover is given in figure-16 (c).
Plug
= =" -
4 SLWE h pl_ug Gas pipe
ki T BEND
Hand
valve 4 3 T JoINT ] Z
Tee - type
Syphon type
16 (a) 16 (b) 16 (¢)
Diffrent types of watre Removers
Figure-16
The height of the free arm of the "U" tube, (marked H) should be atleast 100 cm or 1000 mm

(40" or about 3.4 ft) for Grameen Bandhu (GBP) biogas plant as compared to 90 cm for
Deenbandhu plants, 110 cm for Janata biogas plants and 20 cm for KVIC biogas plants. The
upper end of free arm of "U" should be a little below the gas pipeline. A bend facing downwards
is also provided on top of the free arm of "U" for draining out the condensate. The "U" tube will
always be kept filled with water which can be ensured by periodic checks. When some
condensate flows (water) into the fixed arm of the "U", equal quantity of water from the "U" tube
will be discharged through the bend fitted to the free arm.

Whole gas distribution system should be divided in a few sections so that anyone of them can be
isolated from rest of the pipeline if it were to be repaired. This can be done by providing UNIONS at
points where bends have been employed.

Above ground pipe should be only laid along the walls and not hanging free. It should be hooked all
along the walls with the help of clamps at every 2 meters (6.50 ft) or so and no pipe should sag at any
point. There should be a continuous slope in the directions of water remover.

Biogas cock in the houses should be kept out of the reach of children.

Entire pipeline should be tested for any leakage at a pressure of 1 kg/cm?, At the time of installation.

Burners should be connected in such a way that gas valves are in the front so that to operate the
burner the user does not have to take her/his hand over the burner.
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7.14

7.15

7.16

SECTION- VII

Sketch of a sample layout for pipeline from the biogas plant to the house is shown in Figure-**,
Normally, atleast one water remover for every 100 meter pipe length should be installed.

Details of in-the-house connections are not shown in the figure as it will vary from house to house.
However, all the points mentioned above must be kept in mind while laying pipeline in the house.

The table-VI gives recommended pipe diameter for different flow rates of biogas.
Table- V

Recommended pipe diameters for different flow rates of biogas and distances between the plant and point of

gas utilisation

DISTENCE 25 M 50 M 100 M 150 M 200 M 300 M 400 M 500 M
FLOW RATE INSIDE DIAMETER OF PIPE
F3/ M3/ Hr | Diameterin Diameter in Diameter in Diameter in Diameter in Diameter in Diameter in Diameter in Inch
Hr Inch Inch Inch Inch Inch Inch Inch
@ (b) (© (d) © ( @ (h) 0] ()
8 0.23 1/2" 1/2" 3/4" 3/4" 3/4" 3/4" 1" 1"
cft/hr m3/hr
16 0.46 1/2" 3/4" for 25m 3/4" 1" for 100m 1" for 150m 1" for 200m 1" for 350m 1"
cft/hr m3/hr and 1/2" for and 3/4" for and 3/4" for and 3/4" for and 3/4" for
next 25m next 50m next 50m next 100m next 50m
24 0.69 1/2" 3/4" 3/4" 3/4" 1" for 150m 1" 1%" for 200m 14" for 200m and
cft/hr m3/hr and 3/4" for 1" for next 1" for next 300m
next 50m 150m and 1/2"
for next 50m
32 0.92 1/2" 3/4" 3/4" 1" for 100m 1" 1v," for 200m 1%" for 200m 14" for 350m and
cft/hr m3/hr and 3/4" for 1" for next and 1" for next 1" for next 150m
next 50m 50m and 3/4" 200m
for next 50m
48 1.38 3/4" 3/4" 1" for75m 1" 1" 1%" for 150m 1%" for 300m 1%" for 400m and
cft/hr m3/hr and 3/4" for and 1" for and 1" for next 1" for next 100m
next 25m next 150m 100m
64 1.84 3/4" 1" 14" for 50m | 1%"for 100m | 1%"for 150m 14" 14" 2" for 150m and
cft/hr m3/hr and 1" for and 1" for and 1" for 1v2" for next
next 50m next 50m next 50m 350m

Note: The above recommendations are meant for G.I. pipes, where PVC pipes are used then it should be one size (i.e. diameter) smaller under similar conditions.
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SECTION- VIl

SECTION-VIII

INITIAL LOADING (CHARGING) OF GRMAEEN BIOGAS PLANT

8.01 Initial charging (loading) of plant with the fresh dung (manure) slurry if bovine (cattle and/or
Buffalo) dung (manure) is used then mixture is prepared in the ratio of 1:1 (i.e. 1 kg fresh dung
mixed with 1 litre water) is done upto the level of second step on the outlet chamber (this is also the
top surface of Outlet Tank-OT and the bottom surface of Outlet Displacement Chamber-ODC).

o el 5 :f";‘;'—fik
' P o |
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\%gi | Gmstomgachimer(gs) \;\*}\ i .‘! % G Storage Chamber (65€) %1 i i‘
':aqzswu r Fermentation Chamher(/FC(]& %I.; ) I_] el n?mlorFermamaHnn Chamber Wj/%i
dﬁ:ﬁ*”"l T it “?'—tw_—.‘.:'_‘:rf"'{f
Level of Initial Loading of Fresh Dung Slurry inside the Level of Initial Loading of Fresh Dung Slurry inside the
Grameen Bandhu Biogas Plant (GBP) Grameen Bandhu Biogas Plant (GEP)
Figure-17 (a) Figure-17 (b)

8.02 The amount of slurry required for a 40 days HRT plant would be 40 times of the daily input of fresh
slurry plus volume of the Gas Storage Chamber-GSC (33% of the designed (rated) gas generation
per day + volume of the outlet tank + Volume of inlet pipe upto this level. Refer tables-VI to get
approximate total amount of fresh dung (manure) and fresh slurry required for doing the initial filling
(loading/charging) of different capcities Grameen Bandhu (GBP) biogas plants of 40 days HRT.

Table-VI
FRESH DUNG FOR INITIAL FEEDING OF GRAMEEN BANDHU BIOGAS PLANT
Plant Daily Feed Vol. of Height Vol. of Vol. of Outlet Vol. of Outlet Slurry Fresh
Cap Digester of Gas Displace- Tank Vol. for dung for
Outlet Storage ment Initial Initial
Tank Chamber Chamber Loading Loading
M3 (Kgs) (Lt) M3 (Mt) M3 M3 M3 ) )
(@) (b) ) (d) () (f ©) [h=(0.36 x €)] | =(d+f+h) j=(i12)

1 25 50 2.75 0.475 0.33 0.33 0.36 x 0.475=0.171 3.25 1.63

2 50 100 5.50 0.645 0.66 0.66 0.36 x 0.645=0.232 6.39 3.19

3 75 150 8.25 0.775 0.99 0.99 0.36 x 0.775=0.279 9.52 476

4 100 200 11.00 0.885 132 132 0.36 x 0.885=0.319 12.64 6.32

6 150 300 16.50 1.035 1.98 1.98 0.36 x 1.035=0.373 18.85 9.43
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8.02

8.03

The Initial loading upto the second step on the Outlet Displacement Chamber (ODC) should be
completed within 4-5 days, as far as possible using slurry prepared from fresh bovine (cattle and/or
buffalo) dung (manure). But if due to practical problems collection of such a huge quantity is not
possible then the dung collected each day (as soon as the plant contruction starts) needs to be
stored at one place on clean surface till the time plant is ready to be charged Thus the plant owner
can easily collect dung from his/her cattle for upto three to four8 weeks (i.e. 15 days of construction
time (including on an average 3 days required for digging of plant pit) plus about 10 days of curing
time. Thus the plant can be loaded (charged) using own dung collected each day plus borrowing or
purchasing some fresh dung from the neighbouring farmers.

It is always good to do the initial feeding (loading) of the plant with fresh slurry to extract the
maximum potential of the biogas from the slurry. If for any reason the plant owner is not able to get
the fresh manure to complete the entire initial loading on one day then the maximum quantity of
collectable dung with out loss of appriciable potential of nutrient under well protected condtions can
be taken as 5 to 6 days. Beyond this period the dung start losing its potential as the microbial
bacteria (mainly aerobic microbe) have already started decomposing the dung (manure). However,
based on the practical problems faced by the farmers to collect such a huge quantity of manure
from his/her farm as well as from his neighbour farms, the field (extension) agencies end up
suggesting the plant owner to collect dung (manure) from his/her own farm during the course of
building the Gramee Bandhu plant (GBP), yet it has to be recognised that the certain percentage of
potential of biogas production would have been lost from this dung fed initially.

8

When using dung (manure) kept for such a long time, especially if it had been exposed to the sun and light then it is advisable to remove the top few
centimeters as well as, a few centimeters of bottom layers kept for longer period. As far as possible use only the middle layer of dung for initial
loading (charging) of GBP.
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Section- IX

CARE AND MAINTENANCE OF GRAMEEN BANDHU PLANT (GBP)

The Grameen Bandhu plant (GBP) is simple to operate & handle by any plant owner or his/her
family in rural areas. Being a simple technology based on the principle of fixed dome rural
household semi-continuous hydraulic digester BGPs, which are very common in India e.g.
Janata & Deenbandhu models, the maintenance and daily care needs to be done in the same
way, which can be easily looked after by the rural house wife or even the teen age children by
devoting only 15 to 30 minutes each day.

Some of the simple guidelines and tips for general care and maintenance given below, if
followed regularly, will increase working efficiency and the operational life of the Grameen

a). The gate valve should be opened only when the gas has to be actually used.

b). Before opening the valves, one must ensure that all the preparation for cooking have
been made, to avoid unnecessary wasteful consumption of biogas.

c). The air injector should not be closed very tightly on the side of burner. The inflow of the
air should be adjusted properly in the injector.

d). The manhole provided on top of the Outlet Displacement Chamber (ODC) of plant should

Specific care and maintenance

In addition to above, the daily, weekly, monthly, yearly and five yearly care and maintenence
should be done as per the schedule given below:

a). Add the recommended quantity of feed material in the plant.

c). Use clean feed material, free from soil, straw green biomass and other floating material.
d). Clean mixing tank thoroughly before and after use.

Weekly care and maintenance:

a). Do gentle stirring of the slurry inside the digester for about 5-10 minutes9 every week.
Use a long bamboo pole with a piece of cloth or jute mat tied properly at its one end so
that it can conveniently go inside the 10 cm or 100 mm (4") diameter Inlet pipe and act
as a piston10. This will also ensure proper & effective stirring of slurry inside digester.

9.01 GENERAL
9.01.1
9.01.2
Bandhu plant (GBP) several folds.
never be left uncoverd.
9.02
9.02.1 Daily care and maintenance:
b). Use proper slurry mixture.
9.02.2
9

The Grameen Bandhu plant (GBP) is designed in such a way that proper stirring can be done from the inlet pipe only. Because of the
smaller size opening [manhole of 60 cm or 600 mm (2 ft)] on the Outlet Displacement Chamber (ODC) as compared to Janata and
Deenbandhu models, as both these models have a very large size rectangular ODC. Using a bamboo pole for stirring is practically
impossible in the case of Grameen Bandhu plant (GBP); and precisely for this reason the Mixing Tank in Grameen Bandhu plant (GBP) is
kept at a 90° angle to the line of Inlet Pipe, for easy stirring by using a long pole.

10  Thereis one distinct advantage of using pole with one end of a piece of cloth or a piece of jute mat. It acts like a piston inside the Inlet pipe and
gives the effect of an Hydraulic Ram; therefore, with a lesser pressure (which can even be applied by a child of 10 to 12 years age) the entire
slurry in the digester as well as in the ODC can be stirred and desired impact of stirring is achieved even in a shorter duration.
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c). Open the tap of the manually operated Moisture Trap to drain off moisture condensed in
the pipeline.

d). The nozzle of the biogas lamps should be properly cleaned.

9.02.3 Monthly care and maintenance:

a). Remove digested slurry from the slurry collection tank to the compost pit.

b). If compost pits are provided next to the Outlet Displacement Chamber (ODC)- check the
level of slurry in it- If filled, divert the slurry to the next compost pit.

c). Check gate valve, gas outlet pipe and gas pipe fittings for leakage.

d). Check the biogas pipe pipeline and the moisture trap (water removal system) for any

possible leakage.

9.02.4 Annual care and maintenance

a).
b).

).

Check for gas and water leakages from pipeline and appliances.

Repair the worn out accessories include pipes (if polyethylene pipes of cheaper quality,
are used, there are chances of developing cracks in them).

Replace damaged or non-working accessories. Open the gate valve and remove all the
gas from the plant. After this, check the level of slurry in the Outlet Chamber (OC). If
the slurry level is above the second step counted from the bottom in the Outlet
Chamber, (above the initial slurry level) remove it up to the second step.

9.02.5 Five yearly care and maintenance

a).

b).
).

d).

Empty the plant completely and clean the sludge and inorganic materials from the
bottom of plant.

Give a thorough check to the gas distribution system for possible leakage.

Repaint the ceiling of the Dome, Free Space Area (FSA) and Gas Storage Chamber (GSC)
with black enamel paint.

Recharge (reload) the plant with fresh slurry.
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10.01

10.02

10.02.1

10.02.2

10.02.3

10.02.4

10.02.5

10.02.6

10.02.7

10.02.8

10.02.9

10.02.10

10.02.11

10.02.12

10.02.13

10.02.14

10.02.15

SECTION- X

DOs, DON'Ts AND GENERAL PRECAUTIONS

Some of the important DOs, DON'Ts and General Precautionary Measures essential for the
installation & operation of Grameen Bandhu plant (GBP) are given as under:

DOs

Select the size of the Grameen Bandhu plant (GBP) depending on the quantity of dung
available with the beneficiaries.

Install the Grameen Bandhu plant (GBP) at a place near the kitchen as well as the cattle shed
as far as possible.

Ensure that the plant is installed in an open space, and gets plenty of sunlight for the whole
day, all round the year.

Ensure that the outer side of the plant is firmly compacted with soil.

Feed the biogas plant with right proportion of fresh slurry mixture prepared from animal
manure and water- for example, when the bovine (cattle and/or buffalo) manure is used as
feed stock then add 1 part of cattle dung to 1 part of water by weight for making a
homogenous slurry mixture.

Ensure that the fresh slurry (mixture of dung and water) is free from soil, straw etc.

For efficient gas utilization, use good quality and approved burners and biogas lamps.

Only use appropriate appliances.

Open the gas regulator/cock only at the time of its actual use.

Adjust flame by turning air regulator till a blue flame is obtained-this will give max. heat.

Light the match before opening the gas cock.

Cover the Manhole of Outlet Displacement Chamber (ODC) with BRCM Manhole Cover, to
avoid accidental falling of cattle and children inside the plant.

Check that the Grating (made of bamboo sticks) is properly placed and fixed on the
horizontal opening at the level of second step (from bottom end) of Outlet Chamber (OC).

Purge air from all delivery lines allowing gas to flow for some time prior to first use.

Adjust the flame by regulator, provided on the biogas burner/stove, till it is blue in colour.
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10.03

10.03.1

10.03.2

10.03.3

10.03.4

10.03.5

10.03.6

10.03.7

10.03.8

10.03.9

10.03.10

10.03.11

10.03.12

10.03.13

10.03.14

10.03.15

10.03.16

DON'Ts

Do not install a bigger size of Grameen Bandhu plant (GBP) if sufficient cattle dung or any
other feed stock to be used for gas production is/are not available on regular basis?

Do not install the Grameen Bandhu plant (GBP) at a long distance from the point of gas
utilization to save the cost on pipeline?

Do not install a plant under or very close to a tree, especially a big tree?
Do not allow soil or sand particles to enter into the digester?

Do not allow the scum to form in the digester, otherwise the production of gas might be
affected and biogas generation may even stop completely?

Do not burn the gas directly from the gas outlet pipe (GOP) even for the testing purpose as it
can be dangerous?

Do not use burner in the open; otherwise there will be enormous loss of heat?
Do not leave the gas regulator (valve) open when the gas is not in use?
Do not use the biogas if the flame is yellow?

Do not let any water accumulate in the gas pipeline; otherwise the required pressure of gas
will not be maintained and the flame will sputter?

Do not make digested slurry pit more than 1.0 m (3.0 ft) deep?
Do not inhale the biogas as it may be hazardous?
Do not add any foreign material in the plant to enhance the gas production?

Do not hurry to get biogas after initial loading of slurry, as it may take 10-25 days for gas
production in freshly loaded plants?

Do not allow building a maximum pressure above 80 cm or 800 mm (800 Kgs/M?) of water
column to avoid any damage to the Grameen Bandhu plant (GBP)?

Do not allow any person to enter the Grameen Bandhu plant (GBP) when it has slurry inside
to avoid accidental fall due to slipping which may cause even death?
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10.04 GENERAL PRECAUTIONS AND IMPORTANT THINGS TO REMEMBER

104.1 Some of the precautionary measures with respect of Grameen Bandhu plant (GBP) are which
relate to common constructional and operational aspects etc. are covered in this sub-section.

10.04.2  For making cement mortar mixture use wooden boxes for correctly measuring the volume of
cement, fine sand and coarse sand for making proper ratio of mixture.

10.04.3  Use the following Cement Mortar, Cement Paste and Cement & Damp Proof Cement Powder
(DPC powder) mixtures for construction of different components and sub-components of the
Grameen Bandhu plant (GBP):

a).

b).

).

d).

e).

f).

9).

h).

i).

D-

K).

m).

n).

The Foundations of Ring Beam, MUP, Outlet Chamber-OC (OT+0ODC) & MT is to be
cast using concrete mixture prepared either in ratio of 1:4:8 (1 cement: 4 coarse
sand:8 brick ballast) or 1:3:6 (1 cement:3 coarse sand:6 stone chips) by volume.

For the casting as well as the first coat of rough plaster of the Ring Beam, use cement
mortar ratio of 1:3 (1 cement: 3 coarse sand) by volume.

For the second coat of smooth plaster on the Ring Beam, use cement mortar ratio of
1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.

For the casting as well as the first coat of rough plaster on outer surface of MUP, use
cement mortar ratio of 1:3 (1 cement: 3 coarse sand) by volume.

For second coat of smooth plaster on the outer surface of MUP, use cement mortar
ratio of 1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.

For the casting & first coat of rough plaster on the inner surface of the top segment of
MUP, use mortar ratio of 1:3 (1 cement:3 coarse sand) by volume.

For second coat of smooth plaster on the inner surface of the top segment of MUP, use
mortar ratio of 1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.

For the casting as well as the first coat of rough plaster on the bottom segment of
MUP, use cement mortar ratio of 1:3 (1 cement: 3 coarse sand) by volume.

For second coat of smooth plaster on the bottom segment of MUP, use cement mortar
ratio of 1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.

For the casting as well as the first coat of rough plaster both on outer and the inner
surface of the rectangular shaped Outlet Tank (OT), use cement mortar ratio of 1:4 (1
cement: 4 course sand) by volume.

For the second coat of smooth plaster both on outer and inner surface of the
rectangular shaped Outlet Tank (OT), use cement mortar ratio of 1:4 (1 cement: 2
coarse sand+2 fine sand) by volume.

For the casting as well as the first coat of rough plaster both on outer and inner
surface of the hemi-spherical shaped Outlet Displacement Chamber (ODC), use cement
mortar ratio of 1:4 (1 cement: 4 course sand) by volume.

For the second coat of smooth plaster, both on outer and inner surface of the hemi-
spherical shaped Outlet Displacement Chamber (ODC), use cement mortar ratio of 1:4
(1 cement: 2 coarse sand+2 fine sand) by volume.

For the casting as well as first coat of rough plaster, both on outer & inner surface of
MT, use cement mortar ratio of 1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.
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0).

p).

a).

S).

0).

V).

For the second coat of smooth plaster both on outer & inner surface of MT, use cement
mortar ratio of 1:4 (1 cement: 2 fine sand+2 coarse sand) by volume.

For doing the second coat of smooth plaster for the Main Unit of the Plant (MUP), the
Outlet Tank (OT) and the Outlet Displacement Chamber (ODC), add Damp Proof
Cement (D.P.C) powder in the cement bag @ 1 kg (DPC) to 50 kg Cement.

For doing the second coat of smooth plaster for the Mixing Tank (MT), Short Inlet
Channel (SIC) and the Manhole Cover (MhC), add Damp Proof Cement (D.P.C) powder
in the cement bag at the rate of 1 kg (DPC) to 50 kg Cement.

For cement polishing and finishing (only on the inside surface, on top of the second
coat of smooth plaster for all the components and sub-components of SBP-1)11, use
cement paste, in the ratio of 1:1 (1kg cement: 1 litres of water).

For casting and plastering the BRCM walls of digested slurry (or compost) pits, for
both, first coat of rough plaster and the second coat of smooth plaster, use cement
mortar ratio of 1:5 (1 cement: 2 fine sand+3 coarse sand) by volume.

For cement polishing and finishing on top of the second coat of smooth plaster (only
on the inside surface) of the walls of the digested slurry (or compost) pits, use cement
paste, in the ratio of 1:3 (1 kg cement: 3 liters water).

Before starting construction or plastering of any components and sub-components of
SBP-1 model biogas plant, use cement water in the ratio of 1:5 (1 Kg Cement: 5 Liters
of water) by volume. This cement water has to be poured slowly, using a mug etc.

Before starting construction or plastering of walls of the digested slurry (or compost)
pits, use cement water in the ratio of 1:5 (1 Kg Cemet:5 Liters of water) by volume.
This cement water has to be poured slowly, using a mug.

B S e S S e e S e e A A I T R e R e R S S R A e

11 No cement polishing & finishing to be done on outer surface of, either Main Unit of the Plant (MUP), Outlet Tank (OT), Outlet Displacement
Chamber (ODC), Mixing Tank (MT), Short Inlet Channel (SIC) or Manhole Cover (MhC).
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