
 

 

Abstract— The anaerobic digestion of organic matter is 

now a widely-used technology, to address both energy and 

environment challenges. Biogas can be produced by landfill gas 

(LG), or produced at sewage treatment plant, in anaerobic 

digestion of industrial, municipality and agricultural 

treatment. Biogas contains 50  ̶ 70% methane and 30  ̶ 50% 

carbon dioxide as well as small amounts of other gases, 

nevertheless, the quality of biogas composition is dependent on 

the substrate type and technology used. Thus, this paper 

reviews the methane yield from various feedstocks. Sewage 

sludge has shown positive methane yield, nevertheless its 

conversion may be optimized by applying co-digestion process 

with organic fraction municipality waste (OFMSW) as a co-

substrate. Although pulp and paper mill sludge has high 

methane potential, the amount of methane yield is dependent 

on the pulp and paper process used and activated sludge plants 

(ASPs). Generally, methane yield from AD of slaughterhouse 

range between 160m
3
/ton kg VS- 500 m

3
/ton kg VS, depending 

on the amount of blood presented and processes used.  

 

 
Index Terms—Anaerobic digestion, biogas, feedstock, 

renewable energy. 

 

I. INTRODUCTION 

NERGY  is a critical factor in overall efforts to 

achieve sustainable economy and social development 

of South Africa [1]. More than 90 % of SA energy 

comes from fossil fuels, however, the dependency on the 

fossil fuels are anticipated to be the major contributor to 

local and global environment problems, resulting in  climate 

change [2].  

Renewable Energy Sources (RES) can be the answer to 

the problems created by fossil fuels [3], due to their 

renewability and environmentally friendly characteristics in 

comparison to fossil fuels [4], [5], [6], [7]. RES are regarded 

as those that can be replaced naturally, clean, low risk and 

inexhaustible [8]. Renewable energy sources include 

biomass, hydropower, geothermal, solar, wind and biomass 

[9], [10], [11]. Biomass energy is produced from woody 
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materials, herbaceous materials, agricultural crops, residues 

and organic wastes [10].  

These resources can either be directly combusted for 

energy production or processed into energy products such as 

bio-diesel, bio-ethanol and biogas which can be used as 

production of electricity, transport fuel and heat [12]. Biogas 

production technology is increasing rapidly, partly, due to 

their renewability, sustainability and cost effective.  

 

Biogas is the end product from degradation of organic 

matter by micro-organism by anaerobic process, referred as 

anaerobic digestion [13]. Practically, biogas is produced at 

sewage treatment plant, in anaerobic digestion of industrial, 

municipality and agricultural waste. Biogas is also produced 

in landfills [14]. Biogas consists mainly as a mixture of 

methane (CH4) and carbon dioxide (CO2), as well as trace 

amount of other gases [13]. The composition of biogas 

differs based on the type of substrate used, type of 

technology used and environmental condition at which the 

process is operated. Table I shows the biogas composition. 

Biogas that contains above 45 % methane content is 

flammable with the caloric value range of 20-25 MJ/m3 (5.5-

8 kWh/m3) [13]. Biogas can be recovered and transformed 

into heat in gas turbine or into combined heat and power 

(CHP). It can also be compressed for vehicle fuel and for the 

supply via the natural gas grid. The residue from the digester 

may be further treated and used as soil amendment in 

agriculture.  For all biogas applications except for heating, 

carbon dioxide must be removed in order to recover higher 

value of bio-methane [12]. 

 
TABLE I 

 BIOGAS COMPOSITION [13] 

Component  Dimensions   AD digester  

Methane (CH4) % 50-80 

Carbon dioxide (CO2) % 15-50 

Hydrogen sulfide (H2S) Mg/m3 0 - 5000 

Ammonia (NH3) Mg/m3 0-450 

Caloric value  MJ/m3 20-35 

Caloric value  kWh/m3 5.5 - 8 

       

II. ANAEROBIC DIGESTION 

Anaerobic digestion involves four stages in three phases: 

hydrolysis phase (hydrolysis stage), acid phase (acitogenesis 

stage and acidogenesis stage) and methane phase 

(methanogenesis stage) (Fig 1)[14]. These stages are inter-

dependent, therefore the balance in each stage is very 

important for the effectiveness of the process [15].  
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Fig 1. Schematic figure of biogas production via anaerobic digestion [13]. 

 

A. Feedstock for biogas 

As mentioned earlier, biogas can be produced from 

different biodegradable materials such as:  

• Agricultural waste include, animal manure, crops 

residues (i.e wheat straw) and energy crops ( grass, 

maize, etc) 

• Organic Municipality waste include, sewage and 

organic fractions of MSW 

• Organic industrial and commercial waste such as: 

beverage/ food / tobacco processing waste, 

slaughterhouse/ rending waste and dairy waste   

Although the choice of feedstock for anaerobic digestion 

is mostly govern by its availability, the characteristics of a 

feedstock are very important for the efficiency of biogas 

production [13].  According to reference [16] total solids 

(TS), total volatile solids (TVS), moisture content (MC), 

chemical and oxygen demand COD) have a direct effect on 

biogas production.  

 

Agricultural waste  

Animal manure  

Animal manure is the biggest source of organic waste 

within agricultural sector. Animal manure contains plant 

nutrients, thus most famers used it for soil conditioning on 

their fields [17], [18]. Nevertheless, it could be instead used 

for biogas production and afterwards the digestate may be 

used as a soil conditioner. According to reference [19] the 

digestion of manure may increase the amount of available 

nitrogen that plant can recover, and subsequently resulting 

in a more efficient soil conditioner. Although animal manure 

can be beneficial in some activities, when not handled 

suitably it could be harmful to the environment [20]  ̶ [22]. 

Reference [23] reported that animal manure has a high 

concentration of nitrogen (N) and phosphorus (P), which 

may lead to nutrients imbalance and environmental 

pollution. It also contains the residue of some dangerous 

substances such as heavy metals, antibiotics and growth 

hormones. Furthermore, micro-organisms contained in 

animal manure could contaminate the environment, which in 

turn leads to the eruption of the human diseases [19]. In this 

regard, it has been discovered that the dumping of the 

animal manure has a polluting influence on the environment.   

 

Previous studies have been performed to investigate the 

potential of biogas generation from different manures [24]  ̶

[26].  TABLE II shows the potential biogas production from 

various animal manure in different countries. The results 

showed that Iran produced maximum biogas of about 

6,059,600,  573,600 and 1,966,600  m3/y from cattle, goats 

and sheep and poultry manure respectively.   

 
TABLE II  

BIOGAS PRODUCTION POTENTIAL FROM VARIOUS ANIMAL 

WASTES IN DIFFERENT COUNTRY [27]  

Region  Biogas production potential (1000 m3/y) 

Cattle Goats and Sheep Poultry 

Denmark 242,200-509,000 - 11,300-41,700 

Turkey 1,477,451 108,003 592,099 

Finland 197,600-438,000 - 6440-23,900 

Iran 6,059,600 573,600 1,966,600 

Sweden 214,100-462,00 - 8380-19,700 

 

 

 

Manure could be used in the form of liquid or solid, 

however it has been proven that liquid manure produces 

more biogas in comparison to solid state manure [28]. Each 

manure has its own properties, which makes it different with 

regards to its performance during anaerobic digestion. Table 

III shows biogas and methane potential from various manure 

with different characteristics. Although pig manure had high 

methane yield in comparison to other manures, due to better 

characteristics, such as balanced carbon to nitrogen (C/N) 

ratio, all manure produces outstanding methane.  

 
TABLE III 

BIOGAS AND METHANE POTENTIAL OF VARIOS 

MANURE WITH DIFFERENCE CHARACTERISTICS [29] 

Manure  TS(%) VS(%) C/N 

ratio 

Biogas yield 

( M3 kg/VS) 

CH4 

content 

Pig slurry  3-8d 70-80 3-10 0.25-0.50 70-80 

cow slurry  5-12d 75-85 6-20 0.20-0.30 55-75 

chicken 

slurry  

10-30d 70-80 3-10 0.35-0.60 60-80 

 

According to reference [30] mono-digestion of animal 

manure does not yield sufficient gas to make anaerobic 

digestion feasible. Furthermore few livestock farms have 

been reported to keep the cattle indoors all year, resulting in 

lack of feedstock to keep the digester going oversummer 

[31]. Therefore, in most commercial plants, manure is 

normally mixed with other substrates. Methane yield was 

increased from 0.23 to 0.45 CH4/gVS when chicken manure 
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was co-digested with fruit and veggie at an organic loading 

rate (OLR) of 3.19-5.01 kgVS/m3d under mesophilic 

condition (35 ºC) for 21 days [32]. Reference [33] also 

reported methane increase of 16 ̶ 65 % when cattle manure 

was co-digested with grass silage, sugar beets tops and outs 

straw at the organic loading rate of 2 KgVS/m3d at 35 ºC.  

 

 

Energy crops  

Energy crops and crops residues represents an important 

source of biomass that can serve as a substrate for biogas 

production. Among energy crops, grass is considered more 

suitable feedstock, hence its availability is not limited to 

season change. Moreover, according to reference [34] 

methane from grass has revealed to be suitable for vehicle 

fuel. Reference [35] reported methane content of about 70 ̶ 

80 % from grass silage stream. According to the South 

Africa Biogas Industry Association (SABIA), the energy 

that can be produced from Giant Grass is excellent at 7900 

BTU per bone dry pound (4400 kcal per kilogram or 18.4 

MJ per kilogram) [36], [37]. 

 

The biogas and methane potential from energy crops have 

been evaluated [38]. Reference [39] evaluated the potential 

of biogas production from maize grains and maize silage. 

The authors reported maximum biogas production of about 

0.72 m3/kg of volatile suspended solids (VSS) (nonacidified 

maize) (at 35ºC) and 0.770 m3/kg VSS (acidified maize) 

during anaerobic digestion of maize grains. The authors 

further reported maximum specific biogas production of 

about 0.655m3/kg from maize silage.  Methane yield of 

about 5 ̶ 181 Nm3/tonfm was observed during anaerobic 

digestion of difference types of sugarcane [40].  Although 

energy crops shows positive methane potential, its 

biodegradability is limited due to that energy crops are 

lignocellulosic biomass. For example, average grass 

composition ranges between 10  ̶ 30 % of lignin, 15 ̶ 50 % 

hemicellulose, 24  ̶40 % cellulose [41]. Thus, energy crops 

with feebly lignified cell walls are degraded easily, while 

crops with vastly lignified walls may restrain degradation 

[42]. In this regard, pre-treatment of energy crops prior AD 

is recommended for enhanced biogas production.  

An increase methane production (from 8 % to 19 %) was 

observed when sorghum was pretreated with sodium 

hydroxide (NaOH)[43], prior anaerobic digestion. 

Moreover, reference [44] also reported an increase in the 

first order kinetic constant when NaOH dosage was increase 

by 40 %, 61 %, 64 %, 54 %, and 40 % for sorghum.  
 

Municipal waste  

Municipal solid waste (MSW) is the waste produced in a 

society with the exclusion of agricultural waste and 

industrial wastes [45].  MSW comprises of residential waste, 

institutional waste and commercial waste. South Africa 

generates millions of tons of MSW per year and normally 

collected as mixed stream and disposed on the landfill sites. 

This act is considered as a waste of energy and nutrients, 

hence most of organic fraction has a potential to be used as 

substrate for AD. MSW is normally comprises of about 65 

% of biodegradable (33.9 % paper, 12.9 % yard trimming, 

12.4 foodscraps, 5.5 % wood)  food waste from the kitchen. 

The methane yield from anaerobic digestion of organic 

fraction of municipality waste (OFMSW) has been studied 

in lately, for example, reference [46] evaluated methane 

yield in source-sorted organic fraction of municipal solid 

waste. Methane yield of about 300-400 Nm3 CH4/ tons VSin 

were with 80 % VS-degradation were reported. Reference 

[47] also evaluated biogas production potential from 

municipal solid waste in a tropical climate. The authors 

reported 0.17 m3/ kg VS with the caloric value of +17 

kWh/cap/day. Moreover, reference [48] evaluated bio-

methane production potential from restaurant food waste in 

megacities and project level-bottlenecks in Beijing. The 

authors reported that the 2015 production of about 956,300 

tons of food waste could produce about 300 milliom Nm3 of 

CH4. 

 

  According to reference [49] individual anaerobic 

digestion of OFMSW sometimes results in low stability and 

low efficiency of operation due to its low C/N ratio. Thus, 

co-digestion of OFMSW with other substrates, such as 

sludge, agricultural waste and animal manure is 

recommended. Co-digestion is the concurrent anaerobic 

digestion of a mixture of two or more substrate with 

balancing characteristics in order to enhance the 

performance of the degradation process [50]. Studies of co-

digestion of municipality waste have been reported in the 

literature. An increase of 41.1 % methane with the 

corresponding methane yield of 388 mL/gVS was achieved 

when food waste was co-digested with cattle manure [51]. 

Furthermore, reference [52]  reported an increase of 39.5 % 

and 149.7 % of methane production when food waste was 

co-digested with straw at a total loading rate of 5g VS/L 

compared to when food waste was individually anaerobic 

digested. Methane yield reached 0.392 m3/kg.VS. 

 

Fruit and Vegetable  

Fruit and vegetable wastes are generated largely in 

markets and many companies in food industry [53] ̶ [54] . 

Due to their high biodegradability their handling and 

dumping are quite critical to community acceptance [54] . 

Anaerobic digestion is suitable for wastes containing 

moisture content above 50 % than the thermo- conversion 

processes. Fruit and Vegetable wastes have very high 

moisture contents (75 – 90 %), nevertheless, the use of fruit 

and vegetable as a single substrate for biogas production is a 

challenging process , due to poor substrate composition[54]-

[58]Thus, to maximize biogas and methane production from 

fruit and vegetable different pre-treatment can be applied 

[54].   

Reference [56] evaluated methane yield potential on 

various fruits including oranges, mangosteen, bananas, and 

rambutan under mesophilic condition( 35 ºC).The level of 

methane yield from the tested fruit fractions was in the order 

of seed > pulp > peel. The methane yields from the seed, 

pulp, and peel were in the range of 504.11 ± 21.15 to 657.89 

± 63.58 ml CH4/g VS, 287.89 ± 38.79 to 468.91 ± 27.62 ml 

CH4/g VS, and 0.00 ± 0.00 to 202.75 ± 40.86 ml CH4/g VS, 

respectively.  

 Reference [57] evaluated biogas recovery from anaerobic 

digestion process of mixed fruit -vegetable wastes in a 

single stage fed-batch anaerobic digester at ambient 

temperature for 14 weeks. The wastes consist of ± 78 % 
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vegetable waste, ± 4 % tuber waste and ±18 % fruit wastes. 

The total waste weight was160 kg, mixed manually once in 

the feeding. The highest methane content was found to be 65 

% with the biogas flow of 20 ̶ 40 ml/min. 

 

The major limitation of AD of fruit and vegetable process 

was reported to be the rapid acidification. This is attributed 

to the poorer pH of wastes and the accumulation of volatile 

fatty acids (VFA), which lessen the methanogenic activity of 

the digester. In this regard, preliminary treatment is 

necessary to reduce organic loading rate [58][59][60].  

 

Sewage waste  

The management of sewage sludge is an increasing 

problem worldwide; hence sludge production will continue 

to increase as industries are increasing [58]. Sewage sludge 

is generally produced from sludge process, such as 

municipal and industrial wastewater treatment plants 

(WWTPs) [59]. Sewage sludge may be used as manure, as it 

contains similar quantities of nitrogen, phosphorus and 

organic matter. Nevertheless, sewage sludge also contains 

micro-pollutants and pathogens, which makes its 

management to be expensive and environmentally sensitive 

[59]. Among sludge treatment, anaerobic digestion is the 

best suitable and extensively applied to sludge treatment. 

Reference [60] evaluated the biogas generation from sewage 

in four public universities in Ghana. The authors reported 

the estimated population for the four universities to be 

100,313 when in Session and 20,903 on vacation and the 

estimated daily sewage generated was1379.9 m3 and 327.8 

m3, when the universities were in session and on vacation 

respectively. This study further shows that an annual biogas 

potential of about 815,109 m3 could be obtained which is 

equivalent to about 4,891 MWh of energy or can replace 

about 4532 tonnes of firewood or 326.4 tonnes of LPG 

which can reduce the pressure on the forest and the use of 

LPG. 

 

Although anaerobic treatment of sewage sludge is 

traditionally implemented in municipal wastewater 

treatment plants operational data have indicated possible 

reserves of the digesters’ capacity, frequently as much as 30 

% [61].  Thus, biogas from sludge is usually optimized, by 

mixing sludge with one or two substrates under the process 

referred as co-digestion [61]. The most suitable co-substrate 

for sludge treatment is OFMSW, as sludge supplies 

sufficient moisture content, micro/macronutrients, and 

alkalinity, but a low carbon–nitrogen (C/N) ratio. While 

OFMSW is characterized by its high solid concentration and 

high C/N ratio [45]. Reference [62] observed an increase of 

methane yield between 110 % and 180 % when OFMSW 

(fruits) were introduced in the digester.  
 

 

Industrial waste  

Industrial waste is the waste resulting from manufacturing 

and industrial plants, including pulp and paper, slaughter 

house, grain mills, and dairies. AD is a widely-used method 

of industrial residues treatment. Among industrial waste 

mentioned, pulp and paper and slaughter house waste have 

been evaluated for the biogas and methane potential [63]. 

According to reference [64] utilizing sludge from pulp and 

paper mill in biogas plants provides several benefits. Hence, 

pulp and paper mill sludge has high organic content, thus 

making its easily biodegradable.  

Large amount of sludge are produced from point sources 

and therefore it is not essential to combined material to 

achieve feasible quantities for AD. Moreover, AD of pulp 

and paper mill sludge provides economic benefits to mills, 

including low cost of transport, the potential to co-ordinate 

operation and maintenance with the existing organization 

[64]. The pulp and paper process and activated sludge plants 

(ASPs) used have significant impact on the methane yield 

produced during anaerobic digestion process [65] i.e. 

methane yield for bleaching kraft pulp and paper mill 

secondary sludge was reported to be 50 m3/ VS add. Range 

between 89-197 m3/t VS added was observed for  secondary 

sludge of thermo-mechanical pulp mill, 159 m3/t VS added for 

secondary sludge sulphite pulp mill, 145 m3/t VS added for 

secondary sludge kraft pulp mill and 97-199 m3/t VS added 

for chemo-thermomechanical secondary sludge pulp and 

kraft pulp mill [66]. Pre-treatment of pulp and paper sludge, 

prior AD can be applied to decrease the necessary retention 

time to produce biogas from pulp and paper mill.  

 

According to reference [67] slaughter house waste 

contains similar chemical characteristic as those of 

household sewage, nevertheless are significantly more 

concentrated. Slaughter house waste is wholly organic, 

which make it more suitable feedstock for biogas 

production. The success of anaerobic digestion of 

slaughterhouse is generally dependent on the effective 

removal of BOD (Biochemical oxygen demand) [68]. 

Generally methane yield from AD of slaughterhouse range 

between 160 m3/ton kg VS- 500 m3/ton kg VS, depending 

on the amount of blood presented and processes used [69].  

 

III. CONCLUSION 

This paper reviewed various feedstocks for the biogas 

production by anaerobic digestion. All feedstock have 

shown to have biogas and methane potential. Sewage sludge 

has high methane production in comparison to other 

feedstocks. Individual anaerobic digestion of several 

feedstocks including animal manure, energy crops, fruit and 

veggies and food waste has been reported to result in 

process instability and low process efficiency, thus co-

digestion process has been recommended for enhanced 

process performance.  
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