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Abstract

The paper reviews the potential of renewable energy sources specifically, biogas produced in a polyethylene tube
biodigester, as an alternative for the supplementation of energy requirements especially in the rural areas. A biodigester is a
container which processes the organic material via anaerobic decomposition and produces biogas with methane and carbon
dioxide being the major constituents. The chemical composition and properties of biogas, effluents and sludge are discussed
and the use of biomass for biogas production is analyzed with reference to the utilization of biodigester effluent for fish
farming and biogas for fish smoking. Comparison is made between direct fertilization of fish ponds with animal manure and
with biodigester effluent in terms of public health risks. The polyethylene tube biodigester-fish system (PBFS) is
recommended for use by fish farmers and fish processors and benefits of the system are outlined.

Keywords: Polyethylene, Biodigester, fertilization, pond, fish, smoking.

Introduction

Production of energy (biogas) from renewable sources like
biomass is one of the potential solutions to the energy problems
in energy deficient countries like Nigeria. Renewable energy is
derived from natural (renewable) resources like as sunlight,
biomass, wind, rain, tides and geothermal heat, which may be
naturally replenished'. Significant investment in research and
development of renewable energy sources is needed to aid the
socio-economic development of Nigeria especially in the rural
areas. Renewable sources of energy are of increasing
importance due to negative issues like deforestation and global
warming connected with the use of traditional energy sources
like fuel wood and fossil energy sources like petroleum™’. In
addition, the large amount of solid organic wastes produced by
urban dwellers can be utilized by biodigesters for the production
of useful biogas and it will also facilitate solid waste disposal.
For instance, it is estimated that 6.8 million litres of biogas
equivalent to 3.9 million litres of petroleum in energy terms can
be produced in Nigeria daily*”.

Biogas is produced from the anaerobic digestion (fermentation)
or bacterial degradation of organic matter (sewage, manure,
plants etc.) in a biodigester’. Ordinarily, the decomposition of
manure produces NO, and CH, which warms the atmosphere
310 and 21 times, respectively, more than CO,. Converting
manure into biogas which is used as energy source, reduces
global warming and is a means of reducing energy poverty
which hinders economic development in Africa’. Production of
biogas in a biodigester enables the controlled management of
large quantities of animal dung and plant wastes, makes gas
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available for cooking, lighting or power generation and it can be
done at the household, commercial, or village scale®. Biogas
technology has supplemented a substantial part of the rural
energy requirements in countries like China, India and Taiwan.

One of the constraints to fish farming is the high cost of fish
feed and development of low cost systems of fish production is
desirable for the small-scale fish farmer. Direct fertilization of
fish ponds with animal manure in an integrated system is used
in some countries as a low input system of fish production.
However, this practice raises public health issues like the risk of
pathogen and heavy metal contamination of fish and the transfer
of these to human and animal consumers of fish and fish
products”'’. The use of biodigester effluents/sludge for fish
farming becomes pertinent since pathogen load and heavy metal
content are substantially reduced in the biodigester effluent
which can be used as a source of fish pond fertilization thereby
reducing the risk of transfer of contaminants from fish to
consumers''. The biogas produced can also be used to power a
gas smoking kiln for the smoking of fish. In addition, the use of
biogas for fish smoking will reduce the pressure on Nigeria’s
forest resources. It is also a better alternative to the use of fuel
wood which deposits a lot of unwanted and potentially
hazardous substances on smoked fish. Effluent from a
biodigester utilizing chicken manure is a better fertilizer than
dried chicken manure'”. Widespread dissemination of
information on biodigester-fish system is a potential source of
wealth creation for farmers and employment generation for
unemployed youths in energy deficient countries.
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Types of Biodigesters

Biodigesters can be described according to location,
construction material, shapes, input process etc. and they
include: Surface and underground digesters, Fixed-dome and
floating drum digesters, Metal, plastic, cement block, concrete,
clay, ferrocement and stonework digesters, Circular and
cylindrical (tubular) digesters, Vertical and horizontal digesters,
Batch, semi-batch and continuous digesters

Anaerobic Digestion Process

Anaerobic digestion is actually a collection of several processes
but may be regarded as four stage biochemical transformations
engineered by different groups of bacteria as follows''*: Stage
1: Breakdown of organic materials like cellulose, hemi-
cellulose, fats and protein, Stage 2: Acidogenesis or conversion
of products of stage 1 to organic acids, alchohols, hydrogen,
ammonia and CO, by acidogenic or fermentative bacteria, Stage
3: Acetogenesis or conversion of products of stage 2 by
acetogenic bacteria to mainly acetic acid, carbon dioxide and
hydrogen, Stage 4: Methanogenesis or conversion of products of
stage 3 to methane, CO, and other products by methanogenic
bacteria. The overall processes for carbohydrates can be
represented by the chemical equation:

C¢H,06 — 3CO, + 3CH,4

These processes are illustrated in figure-1.

Chemical Composition and Properties of Biogas

Biomass (materials derived from living or dead organisms) is
regarded as renewable energy sources because they are naturally
occurring and can be harvested without significant depletion if
managed properly”'®. Biogas produced from biodigesters
utilizing organic feedstocks is a mixture of different gases but it
mainly consists of methane and carbon dioxide. The
composition of biogas depends on the feedstock used, organic
load applied time and temperature''. Different authors give
slightly different composition of biogas. Biogas is a mixture of
methane (55 - 70%), carbon dioxide (30 - 45%) and traces of
nitrogen, hydrogen, carbon monoxide, water vapour, ammonia
and hydrogen sulphide'®. It may also contain about 55-65%
methane (CH,), 35-45% carbon dioxide (CO,), 0-3% nitrogen
(N,), 0-1% hydrogen (H,) and 0-1% hydrogen sulphide (H,S)"*.
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Clean biogas burns with a blue flame like liquefied petroleum
gas (LPG)"". It is odourless and colourless; is about 20 percent
less dense than air and has an ignition temperature range of 650
— 750 °C. The calorific value of biogas ranges from 4800-4900
Kcal/m’ while pure methane has a calorific value of 9100
Kcal/m® at 15.5°C and 1 atmosphere®. In energy equivalent
terms, 1.33-1.87 m’ and 1.5-2.1 m’ of biogas are respectively
equivalent to 1 liter of gasoline and 1 liter of diesel'®. Biogas
production depends on temperature of operation, feedstock used
(nature of organic matter), concentration of solids in the
feedstock, loading rate, retention time, pH and microorganisms
present. There are two temperature ranges that affect biogas
production — mesophyllic ((30 — 40°C) and thermophyllic (50 —
60°C) ranges. Optimum biogas production can be obtained
while using both processes but the mesophyllic process is
preferred for feedstocks that are not lignified"”. Optimum pH for
action of anaerobic bacteria is neutral and it needs to be
controlled in order not to inhibit bacterial action. Bacterial
action will also be inhibited by high accumulation of salts,
insufficient alkalinity (acids are produced as intermediates
during the digestion process), presence of heavy metals and high
ammonia production.

Production of Effluents/Sludge

The effluent from the digester has 60 — 80% less BOD
(Biological Oxygen Demand) compared with the input
material®. Tt has been shown to be a high quality fertilizer*'**.
Biodigester effluent quality depends on the nature and
composition of feedstock used; loading rate and retention
time™. Research has shown that higher productivity may be
obtained in fish ponds when biodigester effluent is used in
comparison with direct fertilization of ponds with raw animal
manure. Pathogen load in animal manure is also significantly
reduced in a biodigester because the anaerobic fermentation
process kills pathogens (bacteria, intestinal parasites etc.)
making the effluent chemically and biologically improved. In
the past, biodigesters were used mainly for the production of
combustible gas from waste organic matter but due to increased
emphasis on the sustainable use of natural resources in farming
systems, biodigesters are now being used for the recycling of
nutrients from plant and animal wastes for use as fertilizers for
crops, aquatic plants and fish ponds®™. This helps in reducing
dependency on inorganic fertilizers.

PERE ANAEROBIC DIGESTION PRODUCTS
Amnimal manure, Biogas
p=J
sewage, grasses,
“’eedz: i’g‘sidue E Hrydrolysis ‘ ‘ Acidogenesis Acetogenesis ‘ ‘ Methanogenesis gglél;t
from crop farming
and food
Figure-1

The Anaerobic Digestion Process
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The Polyethylene Tube Biodigester-Fish System: For the
small-scale fish farmer and processors, the polyethylene tube
biodigester-fish system (PBFS) is recommended. It is relatively
simple, cheap and easy to adopt. A typical PBFS (figure-2) will
consist of an excavated pit which may be earthen or lined with
cement blocks. A roof may be constructed to prevent
atmospheric damage to the digester. The tube-shaped (tubular)
biodigester is made with plastic material like 1.5mm high
density polyethylene (HDPE) and placed in the pit. A stirrer is
also constructed to stir the feedstock. The exit and entrance
tubes for addition of feedstock and exit of effluent respectively,
are made with PVC pipes while a hole is made at the top of the
digester with PVC pipe to channel the biogas produced from the
biodigester. The pipe is made to pass through a chamber for the
removal of carbon dioxide, water vapour and other gases. After
construction, the biodigester is charged with feedstock/water
slurry and this is added daily until the biodigester plastic
inflates. Effluent from the biodigester is channeled into a nearby
earthen fish pond and fish growth and water quality parameters
are monitored in the ponds. The biogas produced can be used to
power a gas smoking kiln for the smoking of fish. The solid
effluent (sludge) can also be dried, ground and packaged for
sale as organic fertilizer for the farming of vegetables and other
crops. Potential Benefits of Benefits of the PBFS include: i.
Reduction of greenhouse gas emissions and deforestation. ii.
Preservation of threatened forest resources. iii. Production of
more health friendly smoked fish. iv. Increase in personal
income through savings on energy. v. Source of fertilizer for
crop production, fishpond fertilization etc. vi. Increased food
production, poverty alleviation and employment generation. vii.

Gas Smoking Kiln

Biogas Outlet

Feedstock Inlet

BIOGAS
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Facilitation of animal and plant waste disposal leading to the
reduction of surface water pollution

Conclusion

Energy constraint is a factor militating against the economic and
social development of energy deficient countries of the world.
The use of renewable and relatively cheaper energy sources is
an important avenue for ameliorating this scenario and the

feasibility of such energy supplementation has been
demonstrated in countries like China and India. It then
important  that  governments, research  organizations,

communities and entrepreneurs should engage in research and
design of renewable energy based power systems such as the
Polyethylene Tube Biodigester-fish System which has the
potential of providing energy in form of biogas, enhance fish
preservation/processing and lead to reduction in deforestation.
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