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ABSTRACT 

Energy is an essential ingredient of socio-environmental development and 

economic growth Biogas can contribute in environmental sustainability. It can 

play vital role for reduction of greenhouse gas emission, and forest 

conservation. It helps improve in health and sanitation through providing clean 

energy and smokeless kitchen that is directly associated with children and 

women's health and environment. Health and environment along with friendly 

surroundings contribute for better enterprise integration. A promising 

alternative energy is the Biogas. Biogas originates from bacteria during the 

process of bio-degradation of organic materials under anaerobic (without air) 

conditions. The natural generation of biogas is an important part of the 

biogeochemical carbon cycle. Methanogens (methane-producing bacteria) are 

the last link in the chain of micro-organisms that degrade organic materials 

and return the decomposed products to the environment. This paper discuss the 

trends in the development of biogas energy from past literature as an alternative 

energy source and solution to energy crisis. 
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INTRODUCTION 

Energy crisis in world is increasing on a daily basis and there are limited 

resources of crude available on the earth.. But there is a lot of waste generated 

from household, factories, schools etc which have a problem of disposal. Bio 

gas production in Nigeria has become very necessary owing to the fact that other 

non-renewable Energy source will soon be depleted. Therefore there is great 

need for the development of the plants which should be based on the Kitchen 

waste, industrial waste and municipality waste treatment across the country. 

Biogas is the end product of anaerobic decomposition process that can be 

produced in different environments, e.g, in landfills, waste water treatment 

plants and biowaste digesters. The product of the anaerobic decomposition is a 

gas containing primarily of methane and carbon dioxide (commonly called 

Biogas) with traces of some corrosive compounds and other contaminants; such 

as hydrogen sulphide, halogenated compounds, ammonia, siloxanes, dust and 

particles and in some cases saturated with water, depending on the method of 

production. The gas can be used directly for heat generation, but for it to be 

utilized for other purposes such as power generation, vehicle fuel, fuel cells or 

injected into the gas-grid, the gas has to be cleaned so that no other compounds 

harmful to engines are combusted and also upgraded (reduce the CO2 content) 

to increase the energy levels. A number of cleaning and upgrading techniques 

are discussed in which among them are Absorption, Adsorption, Membrane 

Separation and Cryogenic process.  

In a first step, known as the hydrolysis process, carbon hydrates are broken 

down into simple sugars, proteins into amino acids, and fats into fatty acids. 

The products of the hydrolysis undergo an acidogenic process (acidogenesis) 

where organic acids and low alcohols are produced. The subsequent acetogenic 

process (acetogenesis) leads to the production of methane. The products of the 

acidogenic process are converted into acetic acid, carbon dioxide and hydrogen, 

which are the compounds required for the methanogenic process 

(methanogenesis). If the process is well balanced, these phases are 

synchronised. 
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Fig. 1: Conversion of fermentation substrate to biogas 

IEA Bioenergy (2005). 

 

BIOGAS CLEANING TECHNIQUES: 

The technique for the removal of corrosive/harmful compounds from the biogas 

is termed as the cleaning of the biogas. The techniques are briefly discussed 

below: 

 

Removal of hydrogen sulphide: 

 Hydrogen sulphide is removed since it is corrosive on most metals. The 

reactivity increases with increased concentration, pressure, temperature and 

occurrence of water (IEA Bioenergy, 2005). In addition, hydrogen sulphide can 

cause problem at the removal of carbon dioxide and cause odour problems. 

For biogas to be used as fuel, the H2S content should be less than 200 parts per 

million (ppm) to ensure a long life for the engines as well as power and heat 

generators (Rufai, 2010). 
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Some of the techniques for the removal of hydrogen sulphide are briefly 

discussed: 

(a) In-situ reduction with iron ions (Precipitation): 

An illustration of the precipitation chemical equation is given below (Hullu et 

al., 2008): 

𝐹𝑒𝐶𝑙2    ↔    𝐹𝑒2+  +   2𝐶𝑙− 

𝐹𝑒2+  +   𝑆−2    →    𝐹𝑒𝑆 

With this method, hydrogen sulphide levels can be reduced from 2000ppm to 

approximately 100ppm, but it’s hard to predict how much iron chloride that 

needs to be added, since the hydrogen sulphide level depends on the organic 

material that is digested. This means that guaranteed overdosing must be done 

to ensure a low level of hydrogen sulphide (Vagdahl, 1999).  

(b) Adsorption on activated carbon: 

Hydrogen sulphide can be adsorbed on activated carbon (which works as a 

catalyst). The sulphur containing carbon can either be replaced with fresh 

activated carbon or regenerated with nitrogen or steam. The reaction that occurs 

is transformation of hydrogen sulphide and oxygen to sulphur and water. The 

sulphur remains tied to the activated carbon whilst the water passes to gas phase. 

The carbon can be impregnated with potassium iodide, KI, or sulphuric acid, 

H2SO4, to increase the reaction rate (Hagen et al., 2001). The reaction works 

best at a pressure of 7-8 bar and a temperature of 50-70 °C.  

(c) Metal oxides (Chemical absorption): 

Hydrogen sulphide can be removed from the biogas by chemical absorption in 

a fixed material with metal oxides. Commonly, metal compounds of iron oxides 

are used. The reaction can occur at atmospheric pressure, and the overall 

reaction of this purification process is expressed as follows (Hullu et al., 2008): 

𝐻2𝑆   +    
1

2
𝑂2(𝑔)     →       𝑆  +    𝐻2𝑂 

In the reaction described above, H2S is first being absorbed into water and then 

undergoing the dissociation as follows: 

𝐻2𝑆(𝑔)  +   𝐻2𝑂   ↔    𝐻2𝑆(𝑎𝑞) 

𝐻2𝑆(𝑎𝑞)    ↔    𝐻+  +   𝐻𝑆− 

𝐻𝑆−    ↔    𝐻+   +    𝑆2− 

The formation of S occurs according to the following reaction mechanism: 
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𝑆2−  +  2𝐹𝑒3+    ↔    𝑆 +   2𝐹𝑒2+ 

(d) Oxidation with air in biological filter:  

Hydrogen sulphide can be removed from the biogas by oxidation with air in a 

biological filter containing hydrogen sulphide oxidizing bacteria. In a vessel 

with plastic carriers 5-10 % air is added and thereby the hydrogen sulphide is 

biologically transformed to sulphur. The temperature should be approximately 

35°C to promote the reaction. The hydrogen sulphide content can be reduced 

from 2000-3000ppm to 50-100 ppm. Also ammonium can be removed from the 

gas by this method which is an advantage, but Nitrogen still remains in the gas 

(Hagen et al., 2001). The technique can also be used for removing hydrogen 

sulphide from the carbon dioxide rich gas that is being separated in the 

upgrading process (Vagdahl, 1999).  

 

Removal of water:  

Some of the techniques for removal of water are summarized below: 

(a) Refrigeration:  

The amount of water a gas can contain depends on pressure and temperature but 

at 35C there is approximately 5% water in the gas (Hagen et al., 2001). With 

decreasing temperature and increasing pressure water is condensed from a 

saturated gas and thereby the dew point is lowered. This can be used to dry 

biogas (Vàgdahl, 1999).   

The gas is cooled by heat exchangers and the condensed water is separated from 

the gas. To achieve lower dew points the gas has to be compressed before 

cooling and then expanded to the desired pressure (Hagen et al., 2001).  

(b) Adsorption: 

Water can be adsorbed with e.g. silica gel, aluminium oxide or magnesium 

oxide. The water is adsorbed on the surface of a drying agent. The drying agent 

is packed in two containers which alternating adsorbs water and regenerates. If 

the drying, is performed at elevated pressure a minor amount of the dried gas 

can be depressurized and used for regeneration. This gas is then recycled to the 

compressor inlet and thus passes all cleaning steps again which means that the 

capacity of the compressor is lowered. If drying is performed at atmospheric 

pressure the regeneration is performed with air and a vacuum pump (Hagen et 

al., 2001).  
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(c) Absorption: 

The biogas can also be dried by absorption of water in different types of glycol 

or hygroscopic salts. Normally the drier consists of an absorption vessel filled 

with salt granules. The wet gas is fed from the bottom of the vessel and the salt 

is dissolved as it absorbs water. The saturated salt solution is withdrawn with a 

valve from the bottom of the vessel.  The salt is not regenerated and new salt 

granules have to be added to replace the dissolved salt. (Hagen et al., 2001).  

 

Removal of siloxanes: 

Siloxanes are compounds containing a silicon-oxygen bond. They are found in 

biogas from sewage sludge treatment plants and in landfill gas. When siloxanes 

are burned, silicon oxide, a white powder, is formed which can create a problem 

in gas engines. Siloxanes can be removed by cooling the gas, by adsorption on 

activated carbon, activated aluminium or silica gel, or by absorption in liquid 

mixtures of hydrocarbons. (Petersson and Wellinger, 2009). 

 

Removal of other contaminants: 

(a) Removal of particles: 

Biogas contains particles which are separated in mechanical filters made of 

paper or cloth. Remainders of oil possibly added to the gas during compression 

can also be removed with a filter. The removal can be done before the upgrading 

plant or before CNG stations. The pore sizes of the filter can be chosen 

according to maximal allowed particle size in the gas (Vagdahl, 1999).  

(b) Removal of ammonia: 

Ammonia is formed in anaerobe digestion of protein and exists normally in low 

levels in biogas, which means that removal is usually not necessary. Ammonia 

is removed indirectly by separation of condensed water but also in carbon 

dioxide separation with water wash (Vagdahl, 1999).  

(c) Removal of Oxygen and Nitrogen: 

Oxygen and nitrogen can be present in landfill gas if the gas is collected using 

an under pressure or when air is introduced into the digester. These gases can 

be removed by adsorption with activated carbon, molecular sieves or 

membranes. They can also to some extent be removed in desulphurisation 

processes or in some of the biogas upgrading processes. Both compounds are 
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difficult (i.e. expensive) to remove hence, their presence should be avoided 

unless the biogas is used for CHPs or boilers (Petersson and Wellinger, 2009). 

(d) Removal of organic silicon compounds: 

Organic silicon compounds exists only occasionally in biogas. The compounds 

can be removed in a liquid with a mixture of hydrocarbon with special ability 

to absorb the organic silicon compounds. The organic silicon compounds can, 

if not separated, cause severe damage on gas engines (lEA Bioenergy, 2005).  

 

RECENT RESEARCH (REVIEWS) 

There are many suggestions that the biogas was used for heating bath water in 

Assyria as long ago as the 10th century B.C. and that anaerobic digestion of 

solid waste may well have been applied in ancient China. However, well 

documented attempts to harness the anaerobic digestion of biomass by humans 

date from the mid- nineteenth century, when digesters were in constructed in 

New Zealand and India, with a sewage sludge digester built in Exeter, UK to 

fuel street lamps in the 1890s (Asgari, M. J.. (2011).)   

Biogas is a very essentially technology for the bio-digestion of any organic 

material under anaerobic conditions. This process does not require large 

expenditures of energy, as we know it is biological process driven by a mixed 

culture of bacteria in the absence of oxygen. But Beyond making a carbon-

neutral, renewable source alternative to natural gas, biogas production provides 

a sustainable method for disposing of organic wastes (Avnimelech, Y. 2005). 

This is an ideal alternative advantage because it could be a less and better 

expensive option for lower income communities. An ideal renewable energy 

source is one which is locally available, affordable and can be easily used and 

managed by local communities. The problems arises when non-sustainable use 

of fossil fuels are promoted and traditional biomass fuels have led to increased 

the worldwide awareness on research on the accessibility of new and alternative 

to renewable energy resources like biogas. The development in the field of 

renewable energy sources i.e. particular to biogas technology and can be helpful 

to reduce the dependence on other non-renewable sources and minimize the 

social impacts on the environmental degradation problems which is related with 

fossil fuel (Dahl, Ander(2001)..  

Methane is a very clean and pure energy source and one of the main constituent 

of biogas which has a great potential to be an alternative fuel. It is the abundant 
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biomass source available from the various institutions and could be a greater 

source for Methane production where combination of waste treatment and 

energy production would be a great advantage.  

Thus the peoples are focuses on the generating the biogas and many attempts 

are to be made for the optimization of the various parameters i.e. physical and 

chemical in order to determine the most favourable conditions for maximize the 

biogas production from the digested kitchen food waste. The biogas yields are 

to be determined by using the batch anaerobic thermophilic digestion tests for 

a period of 90 days (Deublein, D.A. 2008). 

Anaerobic digestion is a two stage process as specific bacteria are fed on the 

certain organic materials like food kitchen waste. In the first stage, acidic 

bacteria disintegrate the complex organic molecules into peptides, glycerol, 

alcohol and the simpler sugar molecules. When these compounds are produced 

in sufficient quantities, and a second type of bacteria starts to convert these 

simpler compounds into methane gas .These methane producing bacteria are 

particularly influenced by the ambient conditions, which can slow or halt the 

process completely. (European Commission. 2006). 

The waste generated from the kitchen are in the form of vegetable refuse, stale 

cooked and uncooked food, extracted tea powder, waste milk and milk products 

can all be processed in biogas digester. Based on our understanding of 

thermophilic microorganisms in particular and microbial processes, in general 

there are two important modifications made in the conventional design of the 

biogas plant. Then later the waste is converted into slurry by mixing water in 

sufficient amounts (Dahl, Ander 2001). 

The Biogas plant is the best and most successful option for households which 

are having organic raw material in abundant as an input for Biogas digester, to 

become a self-dependent for cooking, gas and highly organic enriched bio-

fertilizer. It is necessary to provides the solution for protection of the households 

from the problems of indoor air pollution generated as a result of burning of 

wood or animal dung cake and while saving the cost on the refilling of LPG 

cylinders (Grande, C.A., Rodrigues, A.E., 2007).  Kitchen waste is a most 

suitable substrate for anaerobic fermentation than the other waste. It is also a 

very energy rich- material which should be investigated as the main constituent 

raw material for the biogas plant. However, due to its high protein and fat 

content, it have been procedural problems with the high concentrations of 
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ammonia and volatile fatty acids components. If this investigation is able to 

increase the biogas yield per unit of waste material, even in small biogas plants 

would achieve economic profit (Farquhar G. I. . (2017)..  

Kitchen waste is an organic material which is having the high calorific value 

and that’s why efficiency of methane production can be increased by several 

ways. It means the higher efficiency and size of the reactor and cost of the 

biogas production is reduced. And also in most of the cities and places, kitchen 

waste is disposed in landfill or discarded which causes the many public health 

hazards and diseases like malaria, cholera and typhoid. An Inadequate 

management of wastes like uncontrolled dumping causes several adverse 

consequences. It not only leads to polluting surface and groundwater through 

leachate but also further promotes the breeding of flies, mosquitoes, rats and 

other disease bearing vectors. Also, it emits the unpleasant odour and methane 

which causes a major greenhouse gases which is contributing to global warming 

(Farquhar G. I.2017) 

This techniques is used for the conversion of organic materials to biogas and it 

have been in existence for many years. Methane generation has been applied to 

meeting the energy needs in the rural areas. In the England, India, Taiwan, for 

example, methane generating units as well as plants using animal manure and 

municipal waste have been in operation for years. The use of rural wastes for 

biogas generation, rather than the directly used as fuel or fertilizer, offers 

several benefits such as, the production of energy resource that can be stored 

and used more efficiently, the production of stabilized residue (sludge) that 

retains the fertilizer value of original material and the saving of energy required 

to produce equivalent amount of nitrogen-containing fertilizer by synthetic 

process (Harasek, M. 2011). 

 

BENEFITS OF BIOGAS TECHNOLOGY 

During the last years, anaerobic fermentation has developed from a 

comparatively simple technique of biomass conversion; Well-functioning 

biogas systems can yield a range of benefits for users, the society and the 

environment:  

a. Production of energy (heat, light, electricity); 

b. Transformation of organic wastes into high-quality fertilizer; 
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c. Improvement of hygienic conditions through reduction of pathogens, 

worm eggs and flies; 

d. Reduction of workload, mainly for women, in firewood collection and 

cooking; 

e. Positive environmental externalities through protection of soil, water, air 

and woody vegetation; 

b. Economic benefits through energy and fertilizer substitution, additional 

income sources and increasing yields of animal husbandry and 

agriculture; 

c. Other economic and eco-benefit through decentralized energy generation, 

import substitution and environmental protection. 

d. Reduces Greenhouse Effect 

 

REDUCTION OF THE GREENHOUSE EFFECT 

Last but not least, biogas technology takes part in the global struggle against the 

greenhouse effect by reducing the release of CO2 from burning fossil fuels in 

two ways. First, biogas is a direct substitute for gas or coal for cooking, heating, 

electricity generation and lighting. Second, the reduction in the consumption of 

artificial fertilizer avoids carbon dioxide emissions that would otherwise come 

from the fertilizer-producing industries. By helping to counter deforestation and 

degradation caused by overusing ecosystems as sources of firewood and by 

amelioration of soil conditions, biogas technology reduces CO2 releases from 

these processes and sustains the capability of forests and woodlands to act as a 

carbon sink. Methane, the main component of biogas is itself a greenhouse gas 

with a much higher "greenhouse potential" than CO2. Burning biogas also 

releases CO2. Similar to the sustainable use of firewood, this returns carbon 

dioxide which has been assimilated from the atmosphere by growing plants. 

There is no net intake of carbon dioxide in the atmosphere from biogas burning, 

as is the case when burning fossil fuels.  

 

ANALYSIS OF ECONOMIC FEASIBILITY FOR BIOGAS 

CONSTRUCTION 

Economic evaluation of small scale biogas plants requires measuring and 

valuing the fertilizer and fuel output, then comparing the gross value of output 
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with the costs of plant construction and operation to arrive at a benefit-cost ratio 

or other index of value. It is also necessary to include in periodic costs for the 

maintenance of biogas equipment. The cost of lab our and material for 

managing and maintaining the biogas pits are also included here. Biogas 

production also has many indirect benefits, which sometimes play a very 

important role in biogas development. 

Furthermore, biogas development brings about social benefits in many respects. 

The increase in organic manure can result in using less chemical fertilizer, 

improving soil and increasing production. Environmental improvement in rural 

area reduces illness and build up people's health. Besides, in regions where 

biogas is used to generate electricity, cultural, recreation and spare time study 

conditions can also be improved. 

 

CONCLUSION 

This paper is concluded with the following findings 

1) Biogas based energy could provide sustainable solution for rural areas 

2) As the economics is attractive, it becomes a multipliable and scalable 

model 

3) Supply of energy would assist rural businesses and enterprises to grow 

and prosper 

4) Production and use of organic fertilizers would improve soil and increase 

yields 

5) Considerable savings in subsidy bills and foreign exchange outflow 

could be achieved through such projects 

6) The project would help employment generation by creating local job 

opportunities 

7) Through availability of fuel and energy, the overall health and hygiene 

in the region will improve. 

In order to use biogas as vehicle fuel or to distribute it to the natural gas grid the 

gas must, as previously mentioned, be cleaned and upgraded. Purified biogas 

provides reductions in GHG emissions as well as several other environmental 

benefits when used as a vehicle fuel. Clean Biogas emits less nitrogen oxide, 

hydrocarbon and carbon monoxide than gasoline or diesel, and engines fueled 

by purified biogas are quieter than diesel engines.  
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