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ABSTRACT 
 

The paper is a study of the discovery of anaerobic digestion and its development from waste treatment to 

biogas-for-energy production technology. Anaerobic digestion dates back to 4000 BC when the Sumerians 
discovered the process of fermentation. Anecdotal evidences date the use of biogas back to the 10

th
 century 

BC when the Assyrians used it for heating bath water. The Persians, also, used biogas for the same purpose 

during the 16
th

 century. In 1808, Sir Humphry Davy determined that methane was present in the gases pro-
duced during the anaerobic digestion of cattle manure. The first biogas digester was built at a leper colony 

in Bombay, India in 1859. Anaerobic digestion reached England in 1895 when biogas was recovered from 
a sewage treatment facility and used to fuel street lamps in Exeter. Advances in microbiology led to re-

search by Buswell and others in the 1930s to identify anaerobic bacteria and the conditions that promote 

methane generation. From the 20
th

 century, anaerobic digestion technology has been identified as the most 
appropriate means of treating and processing agricultural wastes, especially in the area of animal produc-

tion, where increased volume of manure and effluents poses an environmental hazard. Anaerobic digestion 
technology is being integrated into cogeneration (generation of heat and power) and trigeneration (genera-

tion of heat, power and cold) systems.  

 
SIGNIFICANCE: The knowledge of evolutio-

nary development of anaerobic digestion will 

change the mindset of some skeptics that the 

technology could contribute, significantly, to so-

cio-economic development.  

 

KEYWORDS: anaerobic digestion, technology, 

biogas, waste, energy 

 

1. INTRODUCTION 
 

Anaerobic digestion is a biochemical process in 

which particular kinds of bacteria digest biomass 

in an oxygen-free environment. Anaerobic diges-

tion is, regarded by many, as one of the methods 

of generating renewable fuel (biomethane) from 

biomass that started with the advent of energy 

crisis of the 1970s. However, this is a misconcep-

tion of the evolutionary development of anaerobic 

digestion technology. Therefore, the aim of this 

paper is to show that anaerobic digestion is an 

age-old process that started many centuries ago. 

Anaerobic digestion and the use of biogas started 

in Assyria in the 10
th

 century (according to anec-

dotes). Persians also used biogas in the 16
th
 cen-

tury. However, the first proven evidence goes 

back only to the 17
th

 century, when in addition to 

noting the emergence of flickering lights from 

below the surface of swamps, the emanation of an 

inflammable gas from decaying organic matter 

was discovered (van Brakel, 1980). Today, anae-

robic digestion is considered as a resource recov-

ery technology that is relevant to a range of indus-

tries. Anaerobic digestion can be used as a pre-

treatment step to reduce the volume of waste and 

control odours and pathogens in order to cut down 

disposal costs. Anaerobic digestion is used as 

primary treatment of biomass to produce valuable 

products such as biogas and biofertilizer. Anae-

robic digestion is practiced in virtually all coun-

tries of the world irrespective of whether or cli-

matic conditions (Meynell, 1976; Colleran, 1992; 

Karekezi and Ranja, 1997; Nordberg et al., 1998; 

Kottner, 2001; Pantshava and Podjarnov, 2001; 

and Winfried, 2003). 

  

2. BACKGROUND 
 

2.1 Concepts of anaerobic digestion 

Anaerobic digestion is a biochemical process in 

which particular kinds of bacteria digest biomass 

in an oxygen-free environment. The product of 

anaerobic digestion is biogas, which is a mixture 

of 50-70% CH4, 50-30% CO2, and some traces of 

O2, CO, H2S and N2 depending on the nature of 

the substrate. In anaerobic degradation, about 90% 

of the energy in the substrate is retained in me-

thane, 5% is lost as low-grade heat and 5% is 
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available for cell maintenance and growth (Colle-

ran, 1992). Different types of bacteria work to-

gether to break down complex organic wastes in 

four distinct stages (Figure 1) resulting in the pro-

duction of biogas. Operating temperature ranges 

are generally classified into three different catego-

ries: psychrophilic (< 68°F), mesophilic (95°-

105°F) and thermophilic (125°-135°F). The anae-

robic digestion process begins with separation of 

household waste into biodegradable and non-

biodegradable waste. The biodegradable material 

is shredded, slurried and then screened and pas-

teurised to start the process of killing harmful pa-

thogens. It is then pumped into the digester where 

bacteria break down the material and form biogas, 

leaving a digestate. There are four main process 

stages in anaerobic digestion as follows: Hydroly-

sis - Insoluble organic polymers such as carbohy-

drates, cellulose, proteins and fats are broken 

down and liquefied by enzymes produced by hy-

drolytic bacteria. 

 

ANIMAL WASTE 

CONTAINING 

ORGANIC AND 

VOLATILE SOLIDS

MONOMERS, 

POLYMERS, 

AMINO ACIDS

HYDROGEN, 

CARBON DIOXIDE, 
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ACETIC ACIDS, 
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CARBON 

DIOXIDE

76%

4%

24%

52%

72%

28%

 HYDROLYSIS PHASE
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METHANOGENESIS 
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20%

 
 

Figure 1: Phases of Anaerobic Digestion 

 

Carbohydrates, proteins and lipids are hydrolysed 

to sugars which then decompose further to form 

carbon dioxide, hydrogen, ammonia and organic 

acids. Proteins decompose to form ammonia, car-

boxylic acids and carbon dioxide. During this 

phase gas concentrations may rise to levels of 80 

per cent carbon dioxide and 20 per cent hydrogen. 

Acidogenesis - Organic acids formed in the hydro-

lysis and fermentation stage are converted by ace-

togenic micro-organisms to acetic acid. At the end 

of this stage carbon dioxide and hydrogen concen-

trations begin to decrease. Methanogenesis - Me-

thane and carbon dioxide are produced from the 

organic acids and their derivatives produced in the 

acidogenic phase. The methane is a useful fuel 

source and methanogenic bacteria play a further 

role in maintaining wider breakdown processes.  

2.2 Status of anaerobic digestion technology 

Anaerobic digestion may be considered as a re-

source recovery technology that is relevant to a 

range of industries. Anaerobic digestion can be 

used as a pre-treatment step to reduce the volume 

of waste and to control odours and pathogens in 

order to cut down disposal costs. Anaerobic diges-

tion is also used as primary treatment of biomass 

to produce valuable products such as biogas, and 

biofertilizer. As pointed out in this paper, anaerob-

ic digestion was initially developed for low solids 

application predominantly for the treatment of 

waste water and sewage. It was later viewed as a 

useful technology for handling high moisture con-

tent feeds. Anaerobic digestion technologies exist 

in various configurations and operate on different 

feedstock (Table 1).  

Anaerobic digestion was being used in Europe to 

treat agricultural waste for several years and it 

now treats segregated municipal solid waste. For 

example, biogas potential in Germany was esti-

mated at 8.7 billion m
3
 /year, 86% of which comes 

from the agricultural sector. German animal hus-

bandry records show that there are about 16 mil-

lion cattle, 26 million pigs and 114 million poultry 

in the country (Kottner, 2001). Trials conducted in 

Finland and Germany (Winfried, 2003) indicates 

that CO2 gas released during anaerobic digestion 

process can be harvested and used to grow vege-

tables (e.g. cucumber) in glasshouses. Biogas 

technology can provide farmers with fuel which, 

consequently, protects forest and the environment. 

A biogas plant with a 6-8 m
3
 reactor, getting ex-

creta from 3-5 pigs as feedstock can generate 

more than 400 m
3
/year. This is equivalent to 501.6 

kJ of energy sufficient to meet the demand of a 

Rufai, I.A. 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET) VOL.5 NO.1, FEBRUARY 2010 

 

102 

 

rural family’s energy for cooking and lighting. 

This can save 1,500 kg of firewood, (harvested 

from 500m
2
 forest) that would have, otherwise, 

been burnt. Biogas potential in Russia has an in-

stalled capacity of 152.02 MW electricity and 

2,753.74 x 10
12

 calories thermal energy (Panseha-

va, 1994). Biogas can replace energy produced 

from fossil fuels (686.37 x 10
3
 toe.) thereby re-

ducing CO2 emissions.  

 

Table 1: Characteristics of digester technologies 

 
Characteristics Covered lagoon Complete mix digester Plug flow digester Fixed film 

Digestion vessel Deep lagoon Round/square 

In/above ground tank 

Rectangular 

In-ground tank 

Above ground 

tank 

Level of technology low medium low medium 

Supplemental heat No Yes yes No 

Total solids 0.5-3% 3-10% 11-13% 3% 

Solids characteristics Fine Coarse Coarse Very fine 

HRT (days) 40-60 15+ 15+ 2-3 

Optimum location Temperate and warm 

climates 

All climates All climates Temperate and 

warm 

Source: Pansehava, 1994. 
 

Anaerobic digestion can reduce water, air, soil and 

food pollutions from pesticides and chemical ferti-

lizers. An anaerobic digester of 8 m
3
 reactor can 

produce enough biofertilizer for 0.2-0.3 ha fruit 

trees or 0.13-0.2 ha cropland. In this respect, bio-

fertilizer can reduce the application of chemical 

fertilizer. Biogas production reduces dissemina-

tion of pathogenic organisms and is suitable for 

improving soil fertility. It has been shown (Pant-

shava and Podjarnov, 2001) that 1 ton of animal 

waste can generate 40 m
3
 of biogas (60% CH4) 

and up to 1 ton of liquid biofertilizer.  

The problems of using biogas as an energy source 

in mobile power systems (tractors and automo-

biles) are associated with its lower heating value 

(22-29 MJ/kg) and traces of CO2 and H2S gases. 

However, cleaning and upgrading biogas gives 

biomethane – a gas closer to natural gas, contain-

ing 95…98% CH4. Biomethane has a lower heat-

ing value of 50-55 MJ/kg and an octane number of 

110 that exceed the corresponding values for pe-

trol (44 MJ/kg and 72-85 respectively). Methane 

contributes approximately 15% to global warm-

ing, two thirds of which are of anthropogenic ori-

gin and mainly from agriculture. The global 

warming potential of methane is 21 times more 

than that of carbon dioxide. However, sequestra-

tion of methane emissions can be achieved by 

employing biogas technology. It is undeniable 

fact, therefore, that the importance of anaerobic 

digestion technology in ecological and sustainable 

development can not be underestimated. 

The most advanced stage of anaerobic digestion 

today is its application in cogeneration (generation 

of power and heat) and trigeneration (generation 

of power, heat and cold) plants. Advances in anae-

robic digestion have lead to its incorporation into 

cogeneration systems. The technology of cogene-

ration of heat and power represents an ecological-

ly and economically attractive possibility of utiliz-

ing biogas, which is won from regenerative ener-

gy sources. The fuel for a variety of cogeneration 

systems may be biogas that is produced from 

landfills, sewage treatment plants, and bioreactors 

of different configurations.  

A lot of success has been reported on the 

achievements of cogeneration in Laholm, Sweden, 

where about 30,000 t of dung and 5,000 t of or-

ganic waste per year from slaughter houses and 

other industrial enterprises are digested to produce 

heat and power (Jenbacher AG., 

http://www.jenbacher.com). In order to kill patho-

gens, the biomass is pasteurised (heated for an 

hour at 70°C). The pasteurised biomass is then 

transported to a reactor tank (2,250 m
3
) to undergo 

anaerobic digestion at a temperature of 38°C. The 

biomass remains there for 20 to 25 days. Under 

such conditions, bacteria convert 40-50% of the 

organic material of the biomass into combustible 

biogas, 60-70% of which is pure methane. The 

hydrogen sulfide contained in the gas is removed 

in a chemical process; the gas is then compressed 

to about 1 bar and dried. In this manner, within a 

period of 24 hours one gets about 3,000 m
3
 - 

4,000 m
3
 of biogas per day, which corresponds to 

2,000 - 2,500 ltr of oil. The biogas from the La-

holm plant is piped through a 2-km long gas line 

to a newly constructed residential area, where it is 

used to run a Jenbacher cogeneration module of 

the type JMS 312 GS-B/N.L. 

The 450 kW of electrical energy is converted to 

20 kV in a transformer and fed into the public 

network. The 636 kW of thermal energy is fed as 

long-distance heating to a new residential area 

comprising some 350 apartments. Due to the high 

energy yield an effective degree of efficiency of 

88.4% is attained. In the event that no biogas is 

available, operation can be maintained with natu-

ral gas without any loss of time. 
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In Russian Federation, anaerobic digestion 

process involves the treatment of organic matter 

with a moisture content of at least 75%. In recent 

years, however, the technology for handling bio-

mass with low moisture content (less than 75%) 

has been developed. Cogeneration is used with 

two principal objectives: i) production of biogas 

and ii) production of ethanol, low fatty acids, hy-

drocarbons and lipids. Cogeneration plants are 

now principally designed for the treatment and 

utilization of agricultural, municipal and domestic 

wastes (Pansehava and Davidenko, 1990; Panse-

hava, 1994).  The country, in particular, has rec-

orded remarkable achievement in technology de-

velopment for the treatment of livestock and poul-

try wastes in the past 20 years. Owing to the 

weather conditions in the country, anaerobic di-

gestion is accomplished under thermophilic condi-

tions (temperature of 52-55°C).  

Biogas can be used as fuel in self propelled driers, 

stationary engines, fuel cells, boilers and even 

tractors and automobiles. However, in using bio-

gas as fuel, some safety precautionary measures 

must be considered. For example, carbon dioxide 

and hydrogen sulphide must be removed from 

biogas prior to its use as fuel on self propelled 

power systems. This is referred to as cleaning and 

upgrade of biogas to biomethane or renewable 

natural gas – a gas closer to natural gas in compo-

sition and properties. The major reasons for clean-

ing and upgrading biogas are: i) biogas has a low 

energy density - only 40-60% methane; ii) biogas 

contaminants (sulfur, nitrogen and siloxanes) are 

detrimental to engine life and the environment; 

and iii) upgraded biogas (98-99% methane) is 

suitable as transportation fuel. Despite the signi-

ficance of biogas cleaning and upgrade, develop-

ment of the technology remains a serious chal-

lenge for scientists and biogas users. This often, 

affects the prospects and adoption of anaerobic 

digestion as a fuel gas production technology.   

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. Carbon dioxide and trace 

gases such as water vapour and H2S must be re-

moved before the biogas can be used as fuel be-

cause the hydrogen sulphide gas is corrosive and 

water vapour may cause corrosion when com-

bined with H2S on metal surfaces (Hagen et al., 

2001). 

Biogas can also be upgraded to pipeline natural 

gas quality for use as a renewable natural gas. 

This upgraded gas may be used for residential 

heating and as vehicle fuel. When distributing the 

biogas using pipelines, Canadian oil and gas pipe-

line standards may become applicable. According 

to Canadian oil and gas pipeline standards, the 

H2S content shall not exceed 4.6 ppm at 0° C. The 

CO2 level should be lower than 2% (CH4> 95 %). 

Producing pipeline gas quality requires the use of 

advanced and expensive technologies. The cost of 

cleaning and producing pipeline quality gas (re-

newable natural gas) is $3-6/GJ and $6-12/GJ, 

respectively (IEA Bioenergy, 2005). 

Biogas cleaning involves the removal of CO2 and 

H2S from the gas – processes that lead to the in-

crease in CH4 concentration and, consequently, its 

energy content. While CO2 removal can be 

achieved using water scrubbing, polyethylene gly-

col scrubbing, carbon molecular sieves and mem-

brane separation techniques; H2S removal may be 

achieved using biological desulphurization, 

iron/iron oxide reaction and activated carbon 

techniques.  

 

3. EVOLUTION AND DEVELOPMENT OF ANAEROBIC DIGESTION 
 

3.1 Discovery of biogas and anaerobic digestion 

According to anecdotes, Assyrians were the first 

to use biogas for heating bath water already in the 

10
th 

century BC. They were followed by the Per-

sians much later in the 16
th

 century. Yet the first 

proven evidence goes back only to the 17
th
 cen-

tury. The appearance of flickering lights emerging 

from below the surface of swamps was noted by 

Plinius and Van Helmont recorded the emanation 

of an inflammable gas from decaying organic mat-

ter in the 17
th

 Century (van Brakel, 1980). Later 

on, in 1808, Sir Humpry Davy (1778-1829, an 

English scientist) experimented with strawy ma-

nure and realized that the flammable gas evolving 

during anaerobic digestion was actually methane. 

However he did not show much concern for it, 

since he was more interested in manure treatment.  

Count Alessandro Volta is generally recognized as 

putting methane digestion on a scientific footing. 

Volta was the first scientist to scientifically de-

scribe biogas production process and its explosive 

nature in the presence of oxygen and concluded, 

as early as 1776 that the amount of gas that 

evolves is a function of the amount of decaying 

vegetation in the sediments from which the gas 

emerges. In 1804 - 1810 Dalton, Henry and Davy 

established the chemical composition of methane, 

confirmed that coal gas was very similar to Volta's 

marsh gas and showed that methane was produced 

from decomposing cattle manure. France is cre-

dited with having made one of the first significant 

contributions towards the anaerobic treatment of 

waste water. In 1884 Gayon (a student of Pasteur), 

fermented manure at 35°C and obtained 100 liters 

of methane. It was concluded that fermentation 

Rufai, I.A. 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET) VOL.5 NO.1, FEBRUARY 2010 

 

104 

 

could be a source of gas for heating and lighting. 

It was not until towards the-end of the 19th Cen-

tury that methanogenesis was found to be con-

nected to microbial activity. In 1868, Bechamp 

named the "organism" responsible for methane 

production from ethanol. This organism was ap-

parently a mixed population, since Bechamp was 

able to show that, depending on the substrate, dif-

ferent fermentation products were formed. In 

1876, Herter reported that acetate in sewage 

sludge was converted stoichiometrically to equal 

amounts of methane and carbon dioxide (Zehnder, 

1978; Zehnder et al., 1982). 

As early as 1896, gas from sewage was used for 

lighting streets in Exeter, England (McCabe and 

Eckenfeldr, 1957), while gas from human wastes 

in the Matinga Leper Asylum in Bombay, India, 

was used to provide lighting in 1897 (Meynell, 

1976). Then, in 1904, Travis put into operation a 

new, two-stage process, in which the suspended 

material was separated from the wastewater, and 

allowed to pass into a separate "hydrolyzing" 

chamber. In 1906, Sohngen was able to enrich two 

distinct acetate utilizing bacteria, and he found 

that formate, hydrogen and carbon dioxide, could 

act as precursors for methane.  

On the applied side, Buswell began studies of 

anaerobic digestion in the late 1920s and ex-

plained such issues as the fate of nitrogen in anae-

robic digestion, the stoichiometry of reaction, the 

production of energy from farm wastes and the 

use of the process for industrial wastes (Buswell 

and Heave, 1930; Buswell and Hatfield, 1936). 

Barker's studies contributed significantly to the 

contemporary knowledge of methane bacteria, and 

his enriched cultures enabled him to perform basic 

biochemical studies (Barker, 1956).  

Methane was first recognised as having practical 

and commercial value in England, where a spe-

cially designed septic was used to generate gas for 

the purpose of lighting in the 1890s (Cheremisi-

noff et al., 1980). There are also reports of suc-

cessful methane production units in several parts 

of the world, and many farmers wonder if such 

small scale methane production units can be in-

stalled at their farms to convert waste into some-

thing more valuable (Marchaim, 1992). It is of 

interest to note that methane gas was collected in 

Germany in 1914-1923 and used to generate pow-

er for biological treatment of plants, as well as for 

the cooling water from the motors being used to 

heat the digestion tanks. Numerous additional stu-

dies led to a better understanding of the impor-

tance of seeding and pH control in the operation 

of anaerobic digestion systems. Much of this work 

is still relevant today, and those who are develop-

ing anaerobic digesters as an energy source would 

gain much from review of this earlier work. 

The year 1930 was a turning point for anaerobic 

digestion technology for two reasons: i) the explo-

ration of natural gas reservoirs pushed biogas and 

producer gas into the gloom; ii) the identification 

of the anaerobic bacteria responsible for methane 

production boosted the spread of the technology, 

enabling the extensive use of the process. It 

gained its importance during World War II, when 

the availability of energy supplies was greatly 

reduced. During the war more than a million ga-

sifiers were built in order to compensate for the 

shortage of gasoline being used up by the army. 

Sweden, biogas has been identified as the viable 

alternative of energy. It was estimated that about 

4.4 TWh per annum can be generated by the anae-

robic digestion of crop residues in the region 

(Nordberg et al., 1998). In addition, collection and 

digestion of plant residue will reduce Nitrogen 

leakage from the fields during winter. The nitro-

gen leakage of 35 kg per hectare per year creates 

eutrophication, both in lakes and coastal waters 

(Statistiska Centralbyrån, 1993).  The biogas ef-

fluent has been identified as a biofertilizer with 

societal, environmental and economic advantages. 

On-farm produced biofertiliser with a higher 

amount of mineralised nitrogen (ammonia) relates 

well economically and socially to Sweden's (and 

Europe's) growing organic farming movement.  

 

3.2 Biogas technology research in Africa 
Africa is a continent with abundant, diverse and 

unexploited renewable energy resources that are 

yet to be used for improving the livelihood of the 

vast majority of the population. The production of 

biogas via anaerobic digestion of large quantities 

of agricultural residues, municipal wastes and in-

dustrial waste (water) would benefit African so-

ciety by providing a clean fuel from renewable 

feedstocks and help end energy poverty. 

There is a consensus that achieving the Millen-

nium Development Goals (MDGs) in Africa will 

require a significant expansion of access to mod-

ern and alternative renewable energy. Biogas is a 

renewable, high quality fuel, which can be utilised 

for various energy services such as heat, com-

bined heat and power, or a vehicle fuel. This 

would reduce the use of fossil-fuel-derived energy 

and reduce environmental impact, including glob-

al warming and pollution, improve sanitation, re-

duce demand for wood and charcoal for cooking 

and provide a high quality organic fertiliser. Bio-

gas technology can serve as a means to overcome 

energy poverty, which poses a constant barrier to 

economic development in Africa. Biogas produc-

tion from agricultural residues, industrial, and 

municipal waste (water) does not compete for 

land, water and fertilisers with food crops like is 

the case with bioethanol and biodiesel production. 

Currently there is serious shortage of food in de-
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veloping countries which will continue into the 

future. Therefore, food production is much more 

important and should compete out completely the 

production of energy crops for biodiesel and bioe-

thanol. Unlike other forms of renewable energy, 

biogas production systems are relatively simple 

and can operate at small and large scales in urban 

and rural locations, there are no geographical limi-

tations to the employment of this technology nor 

is it monopolistic. 

As of the year 2007, there were only fourteen 

countries in Africa (Botswana, Burundi, Egypt, 

Ethiopia, Ghana, Cote D’Ivoire, Kenya, Morocco, 

Rwanda, Senegal, Sudan, South Africa, Swaziland 

and Tanzania) with reasonable number of 

small/medium sized (up to 100 m
3
 capacity) bio-

gas digesters (Karekezi, 1994; Laichena and Wa-

fula, 1997; Akinbami, 2001; Omer, 2005). How-

ever, as far as biogas and anaerobic digestion 

technology is concerned, South Africa is unique in 

sub-Saharan Africa because of its high level of 

economic development and many universities 

with state of the art research capacities. Currently, 

some countries (such as Kenya, Nigeria, Sudan, 

Tanzania, Zimbabwe, and Democratic Republic of 

Congo) aggressively embraced anaerobic diges-

tion technology with the aim of including biogas 

in their national energy mix (Mshandete and Pa-

rawira, 2009). 

An extensive review of literature on peer reviewed 

journals on biogas/anaerobic biotechnology re-

search in other sub Saharan countries revealed 

scanty or no scientific publications at all. Howev-

er, the potential for biogas production in those 

countries exists since there is availability of huge 

quantities biomass from agriculture and livestock, 

food processing, municipal solid wastes, wastewa-

ters, agro-industrial wastes and forest wastes etc. 

Thanks to the programme "Biogas for Better 

Life", an African initiative supported by Nether-

lands and Germany, anaerobic digestion and bio-

gas technology is being applied based on expe-

riences with multiple technologies (such as float-

ing drum, plug flow, fixed dome, batch and semi-

batch). Biogas for Better Life initiative, have re-

sulted in a number of positive spin-off effects on 

anaerobic technology in terms production of value 

added products from organic wastes in the form of 

biogas and biogas manure production. The initia-

tive covers a number of countries in sub Saharan 

Africa such as Benin, Burkina Faso, Cameron, 

Ethiopia, Ghana, Guinea Bissau, Kenya, Lesotho, 

Madagascar, Malawi, Mali, Niger, Rwanda, Se-

negal, Togo, Uganda, Zambia and Gambia. 

In Africa, the interest in biogas technology has 

been further stimulated by the promotion efforts 

of various international organisations and foreign 

aid agencies through their publications, meetings 

and visits. Many digesters were installed in some 

sub-Saharan countries, utilising a variety of waste 

such as from slaughterhouses, municipal wastes, 

industrial waste, animal dung and human excreta. 

Small-scale biogas plants are located all over the 

continent but very few of them are operational. In 

most African countries, for example, Burundi, 

Ivory Coast and Tanzania, biogas is produced 

through anaerobic digestion of human and animal 

excreta using the Chinese fixed-dome digester and 

the Indian floating-cover biogas digester, which 

are not reliable and have poor performance in 

most cases (Omer and Fadalla, 2003). These 

plants were built for schools, health clinics and 

mission hospitals and smallscale farmers, in most 

cases by non-governmental organisations. Most of 

the plants have only operated for a short period 

due to poor technical quality. The development of 

large-scale anaerobic digestion technology in 

Africa is still embryonic despite the enormous 

potential in the continent.  

Also there has been research on biogas utilizing 

cassava residues as the feedstock (Cuzin et al., 

1989, 2001). The processing of cassava roots to 

produce cassava meal (fufu) in the ROC includes 

peeling, retting by soaking roots in water for three 

days and drying. During this process, large quanti-

ties of solid wastes (cassava peel) are produced. 

Based on the previous, data on the annual produc-

tion of 700 000 tons of cassava roots, the unuti-

lized cassava peel was estimated to 175 000 tons, 

which could be used to produce biogas and gener-

ate part of the energy needed for the mechanical 

processing of cassava (Cuzin et al., 1989, 2001). 

The anaerobic digestion of raw cassava peels was 

studied using a 128 L plug flow digester. The re-

sults showed that a biogas yield of 0.661 m3 per l 

kg volatile solids (VS) was obtained. Energy-

saving calculations showed that a bioreactor of 88 

m3 is sufficient to produce the methane necessary 

for drying one ton of cassava meal (Cuzin et al., 

1992a). Apart from producing energy in the form 

of biogas the 128 L plug flow digester was used to 

reduce cyanide levels during methanogenic fer-

mentation of cassava peel liquor. The results 

showed that cyanide removal was sufficiently fast 

to maintain a cyanide concentration in the fermen-

tation liquor which was non-inhibitory for the me-

thanogenic microflora, consequently methane 

production was not inhibited in the anaerobic di-

gester (Cuzin et al., 1992b). Recently, a new spe-

cies of the genus Methanobacterium, namely Me-

thanobacterium congolense sp. nov Strain CT, a 

nonmotile, mesophilic, hydrogenotrophic, metha-

nogenic bacterium, has been isolated from an 

anaerobic plug flow digester used for the treat-

ment of raw cassava-peel waste in RCO (Cuzin et 

al., 2001). These results demonstrated that the 

presence of cyanide tolerant methanogens is vital 

in enhanced biogas production from raw cassava-
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peel waste in anaerobic digesters. In order for bio-

gas technology research to have a positive impact, 

the relevant and appropriate areas of research need 

to be identified and prioritized.  

Prioritization of biogas technology research activi-

ties results in the selection of the optimal research 

portfolio given the resource constraints. Thus, 

resource allocations based on identified research 

priorities will be more efficient and responsive to 

the research system objectives than when resource 

allocation is not based on research priorities. 

Most African countries are endowed with abun-

dant biomass resources which include agricultural,  

municipal and industrial waste and wastewater for 

anaerobic digestion and therefore biogas produc-

tion. These resources consist of a wide range of 

forms and classes and fractions. Researchers need 

to focus on the resources sustainably available 

locally and carry out investigations that would 

result in optimised biogas production from them 

following the stages of anaerobic digestion. Codi-

gestion of these substrates would provide oppor-

tunities to optimise biogas production in Africa.  

Anaerobic digestion of sewage sludge is already 

being practised in many African countries but 

most the digesters are being operated at far below 

capacity and therefore there is need to carry out 

research focussing on improving the performance 

of biogas digesters at wastewater treatment plants. 

The biogas currently being produced at sewage 

treatment plants is not being utilized since most of 

it is vented into the atmosphere and little is some-

times being used to heat the digesters. Therefore 

the biogas should be collected utilised to generate 

energy. 

 

3.3 Biogas technology research in Nigeria 
Nigeria is an energy rich resource country in 

terms of both fossil fuels such as crude oil, natural 

gas, coal, and renewable energy resources like 

solar, wind and biomass. The urban poor and the 

rural households however, still depend on biomass 

for their energy needs. In Nigeria, identified 

feedstock substrate for an economically feasible 

biogas production includes water lettuce, water 

hyacinth, dung, cassava leaves and processing 

waste, urban refuse, solid (including industrial) 

waste, agricultural residues and sewage (Akinba-

mi et al., 1996, 2001; Okagbue, 1988; Ubalua, 

2008). It has been estimated that Nigeria produces 

about 227,500 tons of fresh animal waste daily. 

Since 1 kg of fresh animal waste produces about 

0.03 m
3
 biogas, then Nigeria can potentially pro-

duce about 6.8 million m
3
 of biogas every day 

from animal waste only. In addition, 20 kg of mu-

nicipal solid waste (MSW) per capita has been 

estimated to be generated in the country annually 

(Mathew, 1982). Literature on biogas production 

shows that biomass of both plant and animal ori-

gin are used to generate biogas in Nigeria (Mat-

thew, 1982; Fernando and Dangoggo, 1986; Gar-

ba and Sambo, 1992; Lawal et al., 1995; Adebu-

soye et al., 2007). Adeoti et al., (2001) conducted 

a study on the potential of biogas production from 

agricultural wastes (solid waste and livestock 

excrements) in Nigeria. The study revealed that as 

of the year 1999, Nigeria biogas potential 

represents a total of 3.78 × 10
6
m

3
 of biogas/day, 

or 1.38 × 10
9
m

3
 of biogas/year, (equivalent to 4.81 

million barrels of crude oil per year). Projected 

annual increment (minimum value) was 138.7 × 

10
6
m

3
 of biogas, or an annual equivalent of 0.48 

million barrels of crude oil.  

Biogas production may therefore be a profitable 

means of reducing or even eliminating the menace 

and nuisance of urban wastes in many cities in 

Nigeria (Akinbami et al., 2001). Although biogas 

technology is not common in Nigeria, various re-

search works on the science, technology and poli-

cy aspects of biogas production has been carried 

byvarious scientists in the country. Some signifi-

cant research has been done on reactor design by 

some Nigerian scientists that would lead to 

process optimization in the development of anae-

robic digesters. For instance, the Usman Danfo-

diyo University, Sokoto, designed a simple biogas 

plant (with additional gas storage system) that 

could produce 425 L of biogas per day, which 

could be sufficient to cook meals for one person 

(Dangogo and Fernado, 1986). Similarly, an engi-

neering design and economic evaluation of a fami-

ly sized plant was carried out at the Technology 

Planning and Development Unit, Obafemi Awo-

lowo University, Ile-Ife (Adeoti, 1998). Igoni et 
al. (2008) provided a synthesis of the key issues 

and analyses concerning the design of a high-

performance anaerobic digester. Ezekoye and 

Okeke (2006) designed and constructed a plastic 

biodigester and used it to produce biogas from 

spent grains and rice husk mixed together. The 

digestion of the slurries was undertaken in a batch 

operation and good biogas production was re-

ported. Many other raw materials available in Ni-

geria have been critically assessed for their possi-

ble use in biogas production by (Odeyemi, 1983).  

They include refuse and sewage generated in ur-

ban areas, agricultural residues and manure. It was 

concluded that poultry manure generated in Nige-

rian homes and in commercial poultry farms could 

be economically feasible substrates for biogas 

production. The prospects for utilising poultry, 

cow and kitchen wastes in biogas production was 

demonstrated by Akinluyi and Odeyemi (1986), 

Abubakar (1990), Lawal et al. (1995), Matthew 

(1982), Ojolo et al. (2007) and Zuru et al. (1998). 

Atuanya and Aigbirior (2002) reported the feasi-

bility of biogas production using a UASB reactor 

of 3.50 L capacity. 
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Ilori et al. (2007) investigated production of bio-

gas from co-digestion of banana and plantain 

peels using a 10-litre laboratory scale anaerobic 

digester. The highest volume of biogas was ob-

tained when the banana and plantain peels were in 

equal proportions as feedstock.  

Seeding of co-digested pig waste and cassava with 

wood ash was reported to result into significant 

increase in biogas production compared with un-

seeded mixture of pig waste and cassava peels 

(Adeyanju, 2008). Fariku and Kidah (2008) re-

ported good biogas production from anaerobic 

digestion of waste shells of Lophira lanceolata 

fruit. The potential use of local algal biomass for 

biogas production in Nigeria was recognised by 

Weerasinghe and Naqvi (1983). Odeyemi (1981) 

compared four other substrates, namely Eupato-
rium odoratum, water lettuce, water hyacinth and 

cow dung as potential substrates for biogas pro-

duction. Eupatorium odoratum gave the highest 

yield of biogas and cow dung was the poorest sub-

strate. He concluded that E. odoratum was a cheap 

source of biogas in Nigeria because of its lux-

uriant and ubiquitous growth. These laboratory 

studies demonstrated the potential of biogas pro-

duction from agricultural waste, industrial and 

urban waste and animal waste in Nigeria.  

 

3.4 Industrial application of anaerobic diges-

tion technology  
The prospects of anaerobic digestion may be 

viewed in terms of the benefits it offers to hu-

manity. A potential benefit of anaerobic digestion, 

from agricultural point of view, is that the tech-

nology does not only provide a means of envi-

ronmental control but it produces biofertilizer that 

can be applied to crops to improve their yield. 

Anaerobic digestion can also be employed to in-

crease the content of organic matter in arable soil, 

for example, by the spreading of digestate rich in 

organic matter. Increased soil organic matter can 

improve the soil structure, and the capacity of the 

soil to retain water. Improved soil structure reduc-

es the vulnerability to compaction of the soil, and 

facilitates root penetration, drainage and aeration.  

Most confined livestock operations handle manure 

as liquids, slurries, semi-solids, or solids that are 

stored in lagoons, concrete basins, tanks, and oth-

er containment structures. These structures are 

typically, designed to comply with local and na-

tional environmental regulations and are a neces-

sary cost of production. Anaerobic digestion tech-

nology can be a cost-effective, environment 

friendly addition to existing manure management 

strategies. Anaerobic digestion technologies anae-

robically digest manure, producing biogas and a 

liquid, low-odor effluent that can be used as bio-

fertilizer. By managing the anaerobic digestion of 

manure, biogas technologies significantly reduce 

biochemical oxygen demand (BOD) and pathogen 

levels; remove most noxious odors; and convert 

most of the organic nitrogen to plant available 

inorganic nitrogen. The principal benefits to be 

considered in installing an anaerobic digestion 

system may include: production of on-site farm 

energy; reduction of odors and pathogens; produc-

tion of high quality fertilizer; and reduction of 

surface and groundwater contamination.  

Methane is a potent greenhouse gas, and the emis-

sion of one kg of methane leads to the same global 

warming effect as the emission of 21 kg of carbon 

dioxide, calculated for a period of 100 years 

(Baumann & Tillman, 2004). The difference in 

effect of these greenhouse gases is largely due to 

their varying capacity to absorb heat radiated by 

the Earth. Therefore, maintaining low losses of 

CH4 is essential to minimize the emission of 

greenhouse gases from anaerobic digestion sys-

tems. The digestate newly removed from the di-

gester contains CH4 and the microorganisms are 

still producing CH4. The biogas produced during 

storage of digestate is equivalent to 10–15% of the 

biogas produced. It is therefore important to store 

the digestate in covered tanks and to collect the 

gas produced. Loss of CH4 can also occur during 

upgrading of the biogas, from leakages in the bio-

gas plant, and from the emission of un-combusted 

biogas to the air during occasional excess produc-

tion of biogas. The amount of biogas that can be 

released to the air before biogas systems become 

worse than their alternatives, regarding the emis-

sion of greenhouse gases, depends largely on the 

raw material digested, the fuels replaced and the 

alternative treatment of the raw material.  

Methane is the energy carrier in both biogas (50-

60%) and natural gas (about 98%), they can be 

used in the same applications. To be distributed on 

the natural gas grid and to meet the quality stan-

dards set, biogas must be upgraded. This includes 

the removal of carbon dioxide to increase the 

heating value, and the removal of particles, water 

vapour and corrosive components, mainly hydro-

gen sulphide. Odorants are added to make leakag-

es traceable, and heavy hydrocarbons are added to 

increase the heating value of the biogas to natural 

gas quality. There are several upgrading technolo-

gies available, most of which entail adsorption or 

absorption of CO2 (Persson, 2003). Biogas can 

also be used for combined heat and power produc-

tion (CHP). There are many technologies availa-

ble for CHP, for example, diesel engines, gas tur-

bines and Stirling engines. The conversion effi-

ciency is generally high, and may correspond to 

about 30–40% of electricity and 50% of heat, de-

pending on plant size and conversion technology. 

The pre-treatment demands are often higher for 

CHP than when the gas is used for stand-alone 

heat production. In addition to the removal of wa-
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ter vapour, the pre-treatment should include re-

moval of particles and corrosive components such 

as H2S and chlorinated hydrocarbons (SBGF, 

2004).  

A lot can be achieved if anaerobic digestion tech-

nology is integrated into a trigeneration system. 

The term trigeneration describes an energy system 

with combine heat, power and cold generation 

(CHCP). The system consists basically of a CHP 

(combined heat and power) module generating 

electricity and heat, and a thermally driven chiller, 

generating cooling. The chiller is driven with the 

heat delivered by the CHP. Depending on the de-

mand, the generated heat is either used for heating 

or cooling purposes or both. Trigeneration sys-

tems are used wherever there is demand for heat, 

cooling and power. This means that the applica-

tion area is very vast ranging from small residen-

tial to large commercial (office, hotels, schools, 

sports, entertainment centres, hospitals, airports, 

etc.) buildings and from small trade to industry 

facilities. In buildings, the CHCP system produces 

heat for domestic hot water, space heating or de-

siccant dehumidification and cold for space cool-

ing or air-conditioning. While in trade and indus-

trial business (e.g. in food industry), heat and 

cooling is additionally needed for production 

processes (heating, steam generation, drying, 

cooling, freezing, etc).  

Trigeneration systems can operate in a range of 

configurations. The most common system is de-

centralized trigeneration. In this case heat and 

cooling are generated and consumed onsite, while 

power is either consumed onsite or fed into grid. 

Another option is to generate heat and power in 

centralized CHPs and distribute it to end-users, 

where thermally driven chillers generate cold de-

centralized. Furthermore, concepts of centralized 

CHCP systems exist, where heat, cold and power 

are generated centrally and then distributed to 

end-users.  

 

4. CONCLUSION 

 

Anaerobic digestion and the use of biogas are age-

old processes as evidenced by this study. The 

technology started as a waste management activity 

and developed to energy production technology. 

This development was facilitated by ever chang-

ing human demands for improving living stan-

dards. The chronology of the events that mark the 

evolutionary development of anaerobic digestion 

technology is summarized by the author of the 

current paper (Table 2). 

 

Table 2: Dateline of anaerobic digestion technology 

DATE EVENT 

4000 BC. Summerians discovered fermentation process 

10
th
 Century Asserians used biogas to heat water  

17
th
 Century Jan Baptita Helmont observed the release of combustible gas from decomposing organic biomass 

1800 Louis Mouras (France) - Patent on sealed cesspool 

1808 Sir Humpry Davy confirmed methane as a product of anaerobic digestion of manure 

1858-68 Bechamp conducted fermentation experiments and determined products of anaerobic digestion; de-

velopment of biogas plant in India 

1864 Pasteur scientifically explained fermentation process 

1876 Herter established the biomass-methane model; development of the first internal combustion engine 

1880 Development of internal combustion engine fueled by producer gas 

1895 Development of a septic tank in England from which the biogas obtained was used to light streets of 

Exeter town 

1900 Installation of biogas plants in almost all major cities of England 

1904 First dual-purpose tank (sedimentation and sludge treatment) installed in Hampton, England 

1906-1911 Anaerobic digest of sludge in a lagoon in England (successful in 1911) 

1907 Imhoff (Germany) - Patent issued for Imhoff tank (Imhoff, 1938) 

1930s Developments in microbiology identified the anaerobic bacteria and conditions needed to promote 

methane production;  

1939-1945 Increased digestion of manure for methane in France and Germany around World War II  

1960s Intensification of anaerobic digestion aimed at manure treatment for 

1970s Energy crisis encouraged funding: plug-flow digester for dairy manure was developed 

1980 Many digester papers at 4th International Symposium on Livestock Waste 

1980s Anaerobic digester interest declined because of low-cost fuels and digester problems 

1990s. Renewed interest for energy and waste stabilization. EPA AgSTAR Program resulted in about 75 

dairy and swine digesters. Majority plug flow digesters for dairy and remainder a mixture of covered 

lagoon and complete mix systems for dairy and swine 
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2000 to Date Utilization of biogas as fuel for internal and external combustion engines; development of biogas-

fueled co-generation and tri-generation systems.  

Source: Developed by the author 

 

The study reveals that 20
th

 and 21
st
 centuries are 

characterized by the existence of sophisticated 

anaerobic digestion technologies that may be used 

for waste management, production of biofertilizer, 

heat, power and cold. 

After cleaning and upgrade, biogas can be fed into 

natural gas grid and can then be used for heat, 

power and cold generation without an emission 

problem. However, the cleaning and upgrading 

technology is still expensive and challenging to 

the competitiveness of its application. Maximizing 

farm resources in such a manner may prove essen-

tial to remain competitive and environmentally 

sustainable in today’s livestock industry. In addi-

tion, more widespread use of anaerobic digestion 

technology will create jobs related to the design, 

operation, and manufacture of energy recovery 

systems.  
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