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ABSTRACT

This Paper has compared two types(Indian and Chinese) of biogas producing
facilities designed and built in Birnin-Kebbi, Nigeria. Available local inputs for the
plants are identified and the isolations of the resultant outputs(products) and there
economic viabilities are emphasized. The importance and the uses of the secondary
products are highlighted. Ways of maintaining the PH in the digester for optimum
gas yield are reported. The difficulties encountered in on the site operation of the
the two models are stated. On the whole the Chinese model is considered most
responsive to the environmental conditions of the study location.
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1 INTRODUCTION

Presently, methane gas has become a. re-occurring decimal in biomass as an energy
resource for heating and cooking. This results in ignoring many other products that
accompany methane production in a typical "biogas plant." Intermediates like carbon
dioxide, hydrogen sulphide are normally considered as wastes despite the fact that they
are useful in other areas of human activities.

Of particular importance is the the solid bi-product of a typical boigas plant(slurry)
which is gaming prominence as a very good natural manure. The production of bio-
gas(methane) through the bi-conversion of agricultural wastes in anerobic digestion
process has been known for centuries as a process that produces 'march gas'.
In the wake of energy crises, probity demands that methane produced from biogas
should be attractive in price, especially when produced from organic wastes. Another
promising source of fuel originating from organic material is ethanol. Its possible uses
as fuels for internal combustion engines and the various methods of deriving it from
industrial as well as from purely organic materials are well documented[l,2,3,4,5]. The
major producers of ethanol as of now are Brazil and the United States of America[6],

The explanation why methane unlike other products of biogas recieve more attention
at this time is not far-fetched; methane has both chemical and physical resemblance to
its sisters in the alkane homologous series. These gases like butane and propane are
widely known and used domestically and are conventional energy sources' dependent.
The clamour for change from conventional to non-conventional energy in view of the
former's adverse consequences(green house effect, pollution e.t.c), has boiled down to
a change of nomenclature as far as the production of methane is concerned. Hence its
consideration far and above all other outputs of a biogas plant.

While most of the intermediates of a biogas plant are found in the liquid state, biogas
is a clean and cheap fuel which contains 60 percent of methane. Methane is inflamable
and is mainly produced in a biogas plant through a process called 'digestion'. This
process is anerobtc and pure methane has a calorific value of 37 MJm"3[7l. Hence a
biogas with 60 percent methane will have a calorific value of 22.2 MJm"3 because the
impurities like carbon dioxide and hydrogen sulphide reduces the calorific value as they
themselves are not combustible.



In this this paper, the biogas plant as a source of renewable energy (methane gas)
and good farm fertilizer is examined. Also highlighted is the presence of other gaseous
products that follow methane. As far as renewable energy is concerned, it can be taken
for granted that the focus should be on methane but that does not make these other
products any less important. Hence the paper has enumerated their isolations, uses and
available local inputs of organic materials for their production. The Chinese and the
Indian models were built and their on the site performance compared.

2 BIOGAS PLANT

A biogas plant consists of: (i) mixing tank and inlet; (ii) digester; (iii) gas holder or
gas storage dome; (iv) outlet and compost receptacle pits; (v) fittings; for example gas
main outlet and water trap. Various designs of biogas are available. They include:
fioating(KVIC 1) type, Fixed dome(Chinese type), Ganesh model and (KVC 2) type.
The KVICs, numbered here for convinience are differenciated by te type of material
by which they are made. For the KVIC 1, the digester is made of an angle iron and
polythene sheet. On the other hand the digester of KVIC 2 is made of pre-fabricated-
cement segments. The Chinese and the Indian models are discused below and depicted
in figures 1 and 2. The KVCs are all versions of the Indian mode!.

2.1 The Indian Model

The Indian design is shown in fig. 1. It consists of two parts; a digester and a gas
holder. The digester is a cyiidrical well dug and built below the ground level. The well
can vary in depth between 3.5 to 6 metres while the diameter can range from 1.35 to 6
metres depending on the quantity of the material to be fed in [8].
It has a partition wall in the middle deviding it into two semi- circular components of
small and big radii. The semi-circular component of the larger radius is for the incoming
undigested slurry while the smaller one is for the outgoing digested slurry.

Two slanting cement pipes reach the bottom of the well on either side of the partition
wall and have their openings on the surface of the ground, by the side, at the top of the
well. One pipe serves as the inlet and the other as outlet for the slurry.
The Gas holder is another component of the Indian model. This is a drum-like sructure
constructed of a mild steel sheet. It fits like a cap on the mouth of the digester, while

it dips in the slurry and rests on a ledge provided inside the digester for this purpose.

2.2 The Chinese Model

In fig 2 the Chinese model is depicted. Here the system is basically the same With that
of the Indian model except that the digester and the gas holder(dome) comprise one
unit The feeding of the plant is achieved through openings by the side of the plant. The
configuration of this model is clearly shown in the diagram fig 1. Unlike in the Indian
model the feeding of the slurry into the Chinese model is less cumbersome. Again,
because this mode! is all concrete, there in no corrosion problem. Hence the rucin.ng
cost is greatly minimised if a good mansory work is done at the construction stafie.

3 CHARGING OF THE BIOGAS PLANT

The Charge for the plants consisted of the cattle dung. Other available charges are the
chicken droppings and sewage . The bio mass is mixed with water in the ratio of 1:1.5.
The parameter of weight can easily be used to achieve this ratio with ease.
For the indian model, the charge is introduced through the inlet end and as the well
gets filled up, equal quantity of slurry flows out through the outlet pipe which is lower
than the the inlet pipe. The partition wall stops short of top of the well while the wall
remains submerged in the dung slurry. The paitition wall allows easier exhaust of the

. expended charge out of the system as gas is produced.

3.1 Gas Production

The observed time gap for the plants to start gas production is about seven days af-
ter charging, if working temperature falls between 30°C and 40"C This temperature
range is ideal for anaerobic fermentation by the mesophilic bacteria in the plant. The
mesophilic bacteria gives maximum yield of methane gas within 30°C and 40°C.
It is easy to maintain the plant at this temperature since the ambient temperature of
jbkoto falls within this range most part of the year, the harmattan period being an
exception. Otherwise, a provision has must be made for heating the digester and this
means extra cost and above alt not easy to achieve. On the other hand, temperatures



above 4S°C favour thermophilic bacteria but leads to less gas because of equally less
fermentation of the slurry.

The PH of the slurry is very important for optimum gas yield from the biogas plant.
This is because the methanogenic bacteria responsible for the fermentation become
enactive outside PH range of 6.2 to 7.2. Fluctuation of the PH arise because of the pro-
duction of the intermediates such as ethanoic acid which lowers the PH of the medium.
Control of the PH can be achieved by adding 'fresh' organic wastes and the introduction
of little amount of mineral acid to lower it.
In the Indian model, the gas so generated collects in the gas holder. The movement
of the drum upwards is an indication that gas is being produced in the Indian model.
In the Chinese model increase in the pressure as indicated by the attached manometer
shows the gas is being produced. The gas so accumulated can be led to where it is
needed or to the isolation tanks. Adding weights on top of the drum in the Indian
type increases the pressure of the gas inside the drum. This drum easily corrodes if not
properly painted. A fibre glass gas holder is suggested.

3.2 Isolation Of Biogas Products

Gas and manure are the two main products of a biogas plant. The manure component
of the biogas remains partly in the digester. The rest had earlier been expelled out into
the compost pit. Both deposits can easily be removed for the farms. The manure is
very rich in nitrogen, phosphorus and potassium content due to anerobic digestionjS].
The isolation of the gaseous products of the biogas is not as easy. It involes first,
the identification of the different gases present depending on the nature of the input
biomass. Carbon dioxide and hydrogen sulphide constitute most of the 'impurities'.
Other gases like nitrogen, hydrogen and carbon monoxide are also present but in a very
little amount. Luckly, by their nature, they contribute little nothing to the fuel value
of the biogas which is purely dependent on the methane content.

Again, the removal of the carbon dioxide and hydrogen sulphide poses no problem
because it boils down to the elementary chemistry of passing the biogas through serries
of containers that contain solutions that absorbs them. The major impurities of car-
bon dioxide and hydrogen sulphide are respectively absorbed by passing the entire gas
through calcium hydroxidefand or caustic soda) and dilute caustic soda solution.

For cmpleteness, below are the relevant chemical equations:

1. Removal of carbon dioxide:

2.

3.

4. Removal of hydrogen sulphide:

5. 2NaOH{{i)

6. NaOH{l) =NaOH{l)

7. i$w = PbS{l)

3.3 Secondary Products Of Biogas

As can be seen in the equations above, isolation of the primary products of biogas
leads to some other very important compounds. These compounds are very useful
economically, and their uses are well known. Ethanoic acid, sodium sulphide and
sodium carbonate are but to name a few. Perhaps it is worth reminding here that the
focus of the paper is on the biogas as a source of methane. Suffice it to say that the
impurities that we sought to remove are also important in all respects.

4 GENERAL CONSIDERATION OF BIOMASS AS
ENERGY SOURCE

The products of the biogas plant has been discussed as per above. However, biogas
provides cheap fuel when used 'raw'. The gas can be used to power oil engines, heating
and lighting. On the average, 425 litres of gas is required per horse power per hourjQ],



for an oil engine. Utilization of the biogas manure is done in various ways. The outlet
slurry as it comes out is in a finely devided condition.

In this form, maximum benefit is derived from the manure because the nitrogen
content of fresh slurry is over 2 percent and it is in a better condition to mix with
the soil. When the slurry cannot be used after croping season,it can be employed in
the fermentation of compost in preparation for the croping season. For this purpose,
a series of compost pits are dug near the gas plant. The outbound slurry is led into a
channel which connects a number of pits. In the pits, the slurry is allowed to mix with
refuse like grass, leaves, corn cobs and many other kinds of waste materials. The lignin
and fibre in the slurry help to improve the soil structure.

4.1 Economic Considerations Of Biomass Products

There are a number of industrial products derivable from biomass. Top on the least is
alcohol derived from molasses through fermentation. Recently, attention has shifted to
the possibility of substituting petroleum and coal as sources of some industrial materi-
als. For instance, gayule plant that grows in Mexico and the southern USA is used to
produce high quality rubber than currently obtained from petroleum products] 11],
In an area where methane, carbon dioxide and hydrogen sulphide are required as a
source of raw materials, attention may be geared towards production of biogiis espe-
cially in marked industrial areas. Again antiseptics, industrial chemicals and solvents
etc. can easily be produced from biogas plant products.

Hitherto, the most widespread use of biomass is the direct burning of wood and
wood products. It has been estimated that more than half of the wood cut down in
the world today are used for cooking and heating[10j, and this activity is closely associ-
ated with existing agricultural activities. The use of wood biomass for cooking is more
pronounced in the developing countries with the attendant result that the cusumption
rate of wood fuel exceeds the capacity of natural regeneration. However, there is now
growing intrest in the development of intensive energy forestry (grow ing of trees as an
energy crop).
Animal and plant wastes have long been used as fertilizers and to provide fibre for soil
structure.

These forms of biomass have considerable energy potential. By the world bank esti-
mates, as many as 800 million people, mostly in the developing countries are dependent
on the crop residues and animal dung for most of their cooking needs. It is adviserble
and better if biogas is produced from wastes for cooking because the thermal output is
more compared to that of the wastes when burnt.
It is necessary to indentify the various biomass products as per their needs in many
facets of life. Different communities make use of biomass products in many different
ways. A typical example is in china where more emphases is placed on the fertilizer
component. In India however, the emphases is on the gas aspect. Proper costing will
however fovour the fertilizer aspect because it is more expensive to purchase than the
methane gas. The Chinese is mobel excellent for optimum production of gas and manure.

lit

Futhermore the molasses from the sugar cane factories have been used as fuedstock
for cattle. Immense use is made of molasses in the production of of ethanol which is
more profitable. It ia also possible to convert ethanol to ethylene, an important base
resource for the chemical industry. The bagasse from sugar cane can be burned as
fuel and in fact is used as energy source to distill the fermented licjuors in the alcohol
production process in Brazil. However, until recently, it has not been economical to
break down cellulose to glucose to be used as a food or fuel. The widespread burning of
wood and wood products may not be lucrative in areas where building and construction
industries constitute the economic mainstay of the people.

5 CONCLUSIONS

The importance of biomass as renewable energy resource cannot be ignored if the energy
need of the future would be met. In that line, efforts should be made now to reduce the
rate at which organic waste producers, like plants are destroyed without replarement.
Growing of energy trees should be done in a large scale to support a continuous utiliza-
tion of biomass energy without destroying the ecological balance.

It has been seen that biogas could be used in varieties of ways depending on the need
of the user. However, to sustain gas pn duction in a biogas plant, extra care must be
taken to ensure un-interruptible supply of wastes. To this end, collection centres should
exist in a biogas producing community to ensure the supply of agricultural, industrial
and municipal wastes. The effective utilization of wastes particularly agricultural, in-
dustrial and municipal wastes will increase the energy production of any nation as well
as enhancing environmental sanitation,
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