
Chapter 17 
Valorization of Animal Waste 
for the Production of Sustainable 
Bioenergy 

Mehnaz Hashim, Ali Akbar, Sher Zaman Safi, Muhammad Arshad, 
and Zareen Gul 

Abstract The alarming rise in our dependency on fossil fuels like coal, oil, and 
natural gas has put these resources in a state of depletion. Due to the rapid industrial-
ization and population growth, there is also an enormous growth in energy demand. 
Access to clean and green energy is crucial for the sustainable growth of human 
society in order to meet this steadily increasing demand. A possible alternative 
source for producing clean energy is biomass. One of the highly promising renewable 
energy options that lead to a more sustainable energy system is the use of animal 
waste (blood, bone, sludge, manure, lipids, and meat effluent). These wastes are rich 
in carbohydrates, proteins, and lipids. Animal wastes can contribute significantly 
to an appropriate waste management system since it does not endanger food secu-
rity and minimize environmental impacts. The generation of bioenergy from animal 
waste is linked to reducing the generation of solid waste and its disposal on the 
land, specifically minimizing all risks and negative effects in all sectors during waste 
disposal. A sustainable bioenergy industry that improves fuel security covers the 
difficult issue of climatic change as well. In order to meet domestic demand and to 
export, intensification of animal waste conversion strategies to bioenergy (biogas, 
biodiesel, bio-alcohol, and bioelectricity) production is established. The energy-rich 
bioenergy is produced by the anaerobic digestion and fermentation processes, which 
also reduce pollution and global warming. In this chapter, we have explored the 
applications of animal waste as potential source to be used for sustainable energy 
production.
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Graphical Abstract 

Overall plan for producing bioenergy from various biowastes 
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17.1 Introduction 

Manure and other byproducts of meat processing are produced in massive amounts 
worldwide, especially on dairy and poultry farms in third-world nations (Zhu 
and Hiltunen 2016). The quantity of waste collected from farms typically varies 
depending on several factors including its type, size, age, diet, feeding, and repro-
ductive practices (Khalil et al. 2019). For instance, estimates place the daily yields of 
animal manure from cattle (10–20 kg), sheep (2 kg), and chickens (0.1 kg), respec-
tively (Kaygusuz 2002; Omrani 1996). Additionally, the above parameters can also 
affect the quantity of blood and rumen material. The average weight of large and 
small ruminants and poultry is 250 kg, 40 kg, and 1.5 kg, respectively (Abdeshahian 
et al. 2016; Afazeli et al. 2014). Blood and rumen usually make up about 8.4% 
and 12% of large ruminants (cattle and buffalo) body weight while small ruminants 
(goat and sheep) account for 3% and 25%, respectively. Numerous applications, 
including fuels, internal combustion energy generators, microturbines, fuel cells, 
etc., can directly utilize it. The animal waste from the meat processing industry is 
comprised of animal fat waste, bone, feathers, hair, meat, and skin, and these include 
a lot of organic stuff that generate odors and, if not treated, can serve as a medium for 
the growth of several pathogenic microorganisms. Its management is a significant 
issue for livestock producers. Animal farms frequently store it in a lagoon for future
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use as manure (Mathias 2014). Methane, one of the most dangerous pollutants to 
air than CO2, is produced as a result of the natural decomposition process. Animal 
waste storage tank runoff has the potential to contaminate groundwater by penetrating 
the water table. Over the past decade, there has been an increase in the conversion 
of animal waste into biofuel, although this practice is still limited by the expense 
and maintenance of digesters (Gebrezgabher et al. 2010). The waste digestion capa-
bility, the amount of protein and fibrous matter, all affect the quality of animal feces. 
Garbage that contains between 20 and 25% solids is treated as such and is simple to 
stack and pick up with a loader, whereas semi-solid waste is processed as a liquid. 
Animal excreta makes an excellent starting point for the production of biogas since it 
already includes the majority of the necessary bacteria in a waste-to-energy technical 
process. 

17.2 Effects of Animal Wastes 

Wastes have a serious threat to the environment and pose a potential risk to human life. 
It leads to disease outbreaks, reduced life expectancy, and dangerous environments, 
which have an impact on both humans and animals. While some wastes might decay, 
those that do not produce methane gas, which greatly add to global warming and 
unpleasant odor. Wastes cause environmental pollution including land, water, and 
air pollution. Dust, smoke, and stink are the key elements of air pollution. Burning 
solid waste releases CO2 and N2O, which contribute to ozone layer depletion and 
the greenhouse effect (Bhat et al. 2018). Additionally, CH4 and H2S are released into 
the environment. These compounds are poisonous to living things. Polluted water is 
an additional undesirable impact of waste on the ecosystem. According to reports, 
1400 individuals each day lose as a result of water-related illnesses and disorders 
(Khan et al. 2019). Water sources, such as springs, rivers, groundwater, streams, 
and oceans, are adversely affected by wastes by reducing pH levels and posing 
health risks to aquatic life and individuals who use this water. Among these contam-
inants, some are extremely hydrophilic and less water-soluble (Varjani et al. 2017). 
The use of receiving water that has been polluted by waste from one region could 
be permitted at another. Ineffective waste management may result in soil pollution. 
Wastes that are discarded carelessly breed disease-carrying vectors and are unsightly. 
Iron-derived metals, radioactive wastes, and other substances are dangerous to organ-
isms and plants of soil habitat, which lowers crop yield (Mani and Kumar 2014). 
Mosquitoes thrive in stagnant bodies of water, clogged drains, tires where rainwater 
is collected, empty food containers, polythene bags, and other materials. The risks 
faced by the waste management force also include tissue injury, respiratory tract 
infections, wounds from glass, contaminated razor blades, and needles, in addition 
to parasitic diseases brought on by interaction with the waste on the skin (Alam 
and Ahmade 2013). Although workers wear safety gear including gloves and nasal 
masks, modern automated methods should be promoted to reduce the risk of waste 
treatment-related injuries to refuse workers. Langdon et al. (2019) conducted research
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on the risk evaluation of organic pollutants in composted solid municipal waste in 
Australia. Based on the potential effects on health, they can classify the risk levels in 
their study into low, moderate, and high priority. As a result, steps are taken to ensure 
that each of the waste’s harmful components is disposed of safely and effectively. 
The study of the electronic waste impact on public health by Ayilara et al. (2020) 
revealed that the discharge of numerous toxic metals into the air causes air pollution 
and affects human health and the environment badly. 

17.3 Protein from Animal Source 

Furthermore, the meat industry consistently produces large amounts of byproducts 
that are unavoidable, such as wastewater that is frequently highly contaminated with 
chemicals and organic debris, as well as blood, skeletons, epidermis, hair, feathers, 
viscera, and hoofs. According to reports of Abdilova et al. (2021), Jayawardena 
et al. (2022), the worldwide production of meat byproducts is estimated to be at 52.6 
million tons per year or 20% of total meat production. Although some metabolites 
are eatable and rich in nutrients including polypeptides, vitamins, essential amino 
acids, and minerals. Their consumption as human food for nourishment is waning 
and is still confined to a small number of limited regions (Baysal and Ülkü 2022). 
The improper disposal of meat byproducts potentially pollutes the surroundings and 
endanger human health by spreading encephalopathies. Its disposal is both difficult 
and expensive (Jayawardena et al. 2022). Due to these factors, considerable work 
has gone into creating procedures to effectively revalue some of these byproducts, 
which are highly proteinaceous, such as cartilage, blood, epidermis, and skeletons. 
A wide variety of products for human nutrition, bird and pet food, animal feed, and 
composts, as well as for the chemical, biomedical, and pharmacological uses, were 
developed as a result of these processes (Arvanitoyannis and Ladas 2008; Lynch 
et al. 2018; Shirsath and Henchion 2021; Toldrá et al. 2016, 2021). 

17.3.1 Source of Collagen 

The most prevalent protein in mammals and the principal component of numerous 
meat byproducts, such as skin, cartilage, and bones, is collagen. Collagen, which 
is made up of bundles of fibrillar structures, gives various bodily parts of living 
beings special mechanical strength and stability. Collagen-rich byproducts are instead 
valued for the isolation of bioactive amino acids due to collagen’s poor nutritional 
summary and deficiency of important amino acids, which are predominantly made 
up of glycine, proline, and hydroxyproline (Shoulders and Raines 2009). Several 
purification techniques have been developed to efficiently separate this protein from 
many byproducts so that it is used in food applications, cosmetics, and biomedicine 
to benefit from its technologically functional properties. This protein can also be used
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in partially hydrolyzed forms, such as in gelatin (Cao et al. 2021; Gómez-Guillén 
et al. 2011; Jayawardena et al. 2022; Lynch et al. 2018; Toldrá et al. 2016, 2021). 

Although the amount of blood produced globally is not known, this byproduct, 
estimated to be produced at 2.5 billion liters annually, contains enough protein to 
satisfy the needs of nearly 17 million people. The potential of this waste is not being 
fully realized because only 4% of these proteins are valued for human use. Different 
industrial uses of blood for value-added products include coloring agents in textiles, 
a spray adjuvant, and fertilizer. In addition, it is also utilized for animal and human 
nutritional and pharmaceutical applications. Proteins account for 35% and 8% of 
the quantities of red blood cells, which make up 40% of blood, and plasma, which 
makes up 60% of blood. Up to 60% of the protein in plasma is made up of albumin, 
which is the most common protein in the body. When purified, albumin is a valuable 
component for use in medical applications because it stabilizes vaccines, tests for 
antibiotic sensitivity, and Rh factor evaluations (Toldrà et al. 2019). 

17.3.2 Source of Keratin 

Hair, nails, hooves, and feathers are among the byproducts which are often exception-
ally rich in keratin but are hardly used as food ingredients due to their poor nutritional 
value and limited digestibility. Keratin’s filamentous structure, which is similar to 
collagen and is characterized by strong power and chemical strength, confers extraor-
dinary resistance to most physical and biological mediators (Bragulla and Homberger 
2009). Annually, 40 million tons of keratin-rich trash are generated, posing waste 
management issues due to a shortage of suitable dumping techniques (Tesfaye et al. 
2017). Conventional keratin waste incineration secrets hazardous gases which are 
ironic in sulfur because of the high level of cysteine, whereas a high amount of disul-
fide cross-linking and condensed structures causes delayed biodegradation rates, 
increasing these slow-degrading byproducts and so posing unmanageable issue for 
the atmosphere and human health worldwide (Korniłłowicz-Kowalska and Bohacz 
2011; Peng et al. 2020). 

Due to the little digestibility of keratinous constituents, hydrolysis procedures 
are employed for the creation of soluble peptides or amino acids for human and 
animal diets, or as useable fertilizer. Pure keratin extracts possess numerous uses 
in biotechnology, cosmetics, dermatology, and medicine as biocompatible materials 
such as sponges, fibers, and microcapsules after treatment. On the other hand, the 
mentioned approaches to recover the protein are expensive and unproductive till 
now, and hence, long-term solutions to valorize these byproducts are immediately 
required. Various organs and glands are counted edible in various parts of the world, 
although their use for human ingesting is still limited (Chojnacka et al. 2011; Holkar 
et al. 2018; Reddy et al. 2021). They do, however, supply valuable pharmacological 
substances in a few circumstances, like melatonin from the pineal gland, heparin 
from liver, insulin from the pancreas, and estrogen and progesterone hormones from 
the ovaries (Nollet and Toldrá 2011).
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To repurpose leftover meat parts, interpreting is used for removing fat from solid 
animal waste at high temperatures, resulting in edible fats like lard and tallow 
(Jayathilakan et al. 2012). Collagen and gelatin are isolated and extracted from 
the residual insoluble meal using diluted citric acid, hydrothermal treatments, and 
enzymes that involve high pressure and temperature; other tissue proteins, like 
myofibrillar proteins, are extracted using a base, salt, acid, and biological catalyst 
(enzymes) (Dhillon 2016; Jayathilakan et al. 2012). Process effluents not only contain 
significant amounts of solid waste, but they also contain sufficient amounts of blood 
and muscle proteins, which are possibly recovered using isoelectric precipitation 
after NaOH solubilization (Bethi et al. 2020; Lynch et al. 2018; Mokrejs et al. 2009). 

Keratin extraction is problematic because of its resistance to disintegration via 
conventional solvents. Although tough extraction conditions involving strong acids 
and base, sodium sulfide, and reducing mediators help disturb the condensed struc-
ture of keratin and assisting dissolving, their use is limited due to the hazardous 
nature of such substances (Bethi et al. 2020; Vineis et al. 2019). Aqueous extraction 
employing catalysts, microwave-assisted extraction, reducing agents, ionic liquids, 
steam flash explosion, and enzymes are some other less harmful extraction tech-
niques that have been researched (Ji et al. 2014; Plowman et al. 2014; Pourjava-
heri et al. 2019; Shavandi et al. 2017; Sinkiewicz et al. 2017). By the process of 
high-temperature hydrolysis with base and acid or microorganism treatment, the 
marketable extraction of keratin results in keratin hydrolysates, afterward that are 
employed in hair conditioning and care products and leather bronzing (Karthikeyan 
et al. 2007; Shah et al. 2019). 

17.3.3 Source of Gelatin 

Mammalian gelatin represents more than 90% of the market share for all types of 
gelatin (Usman et al. 2022). Animal collagen is partially hydrolyzed to produce it. 
White connective tissues found in bones, muscles, and skin are primarily made up of 
collagen. It is a protein that is present in tissues and organs and makes up about 30% 
of all proteins. The primary components of collagen are found in significant amounts 
and include proline, glycine, and hydroxyproline amino acids. Water does not mix 
with gelatin, but it does with collagen. Three structural modifications are made during 
the conversion: (1) the breaking up of large peptide chains into smaller ones, (2) the 
breaking up of bonds between chains, and (3) the configuration of the peptide chain. 
To produce gelatin, unwanted materials like lipids and minerals must be removed 
because they could prevent the extraction of gelatin (Boran and Regenstein 2010). 

It is primarily connective tissue protein and is widely found in mammals, birds, 
and fishes (Eysturskarð et al. 2009). Although pigskin is the main source of gelatin, 
other sources also help to provide the necessary conditions for gelatin synthesis 
(Boran and Regenstein 2010; Sai-Ut et al.  2012). Bovine skin (29.4%) and pork, 
as well as cattle bones (23.1%), all contribute to the formation of gelatin, which 
contains around 46% porcine (23.1%) (Gómez-Guillén et al. 2011). The alternatives
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to porcine gelatin have received great demand (Morrison et al. 1999). Furthermore, 
compared to bovine and porcine gelatin, fish gelatin also has a small market share 
(Choi and Regenstein 2000). However, a sizable number of scientific research are 
already accessible that suggest gelatin obtained from aquatic sources has superior 
film-forming characteristics to that of mammals (Avena-Bustillos et al. 2011). Fish 
gelatin was also noted to have strong sensory attribute-releasing qualities with a low 
melting point (Aewsiri et al. 2009). Gelatin from Halal sources thus became a crucial 
problem. Contrarily, gelatin generated from sources such as poultry, animals (which 
are regarded as Halal and slaughtered following Islamic law), and particularly marine 
sources, are approved as Halal and might be a viable replacement for swine gelatin 
(Bhat and Karim 2009). 

According to the literature, 15% of edible gelatin comes from bovine hides and 
80% comes from pigskins. Bovine and porcine materials, such as pig bones, pigskins, 
bovine bones, and hides, are the main raw materials used to manufacture gelatin on a 
large scale. These constituents are employed in the production of gelatin-based prod-
ucts on a large scale, including gelatin sheets, granules, and powder (Peters 2006). 
Gelatin’s foaming, emulsifying, setting, and water-holding capacities are some of its 
further useful properties. Having it is unique gelling, stabilizing, healing, ointment, 
capsule, and coating properties, gelatin is also the most widely utilized biodegrad-
able ingredient in the commercial food processing, pharmaceutical, and photography 
industries (Rakhmanova et al. 2018). Tons of gelatin are reportedly utilized yearly 
in bread goods, ice cream, meat, candy, and desserts (Djagny et al. 2001; Poppe 
1992). Additionally, during cold storage, the gelatin prevents lactose sugar from 
recrystallizing (Jamilah and Harvinder 2002). A survey claims that the pharmaceu-
tical business uses about 6% of all gelatin produced. It is used in the pharmaceutical 
business to create hard and soft capsule shells, tablets, granulation, and syrups since 
it acts as a natural coating material (Hidaka and Liu 2003). Gelatin is a crucial ingre-
dient in energy drinks and plays a significant role in the synthesis of these beverages 
for athletes in the sports field (Phillips & Williams, 2011). After applying gelatin to 
a glass plate containing the sensitizing agent, it was first employed in photography 
in 1871. It is frequently used in the formulations of shampoo, lipstick, conditioner, 
cream, and fingernail products cosmetics industry. 

17.4 Bioenergy Generation from Animal Wastes 

17.4.1 Biogas Production via Animal Waste 

One of the best choices for addressing the growing worldwide energy consumption is 
the conversion of waste into energy by different technologies, such as the generation 
of biogas. Biogas is among the alternative renewable energy resource that are utilized 
to replace other nonrenewable fuels in countryside regions, notably in developing 
nations in Asia and Africa, to conserve energy. It is a clean, effective, and sustainable
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source of energy. In the year 2006, biogas production was approximately 62 billion 
kWh in Europe, whereas Germany produced about 4300 plants producing 1600 MW 
of power (Rohstoffe eV 2009). The two leading Asian nations utilizing biogas tech-
nology are India and China. In the majority of emerging Asian and African nations, 
biogas production is mostly used for home applications (Sorathiya et al. 2014). 

The production of biogas is also desired; subsequently, the solid waste product 
(digestate) is able to be utilized as a natural fertilizer or a substrate for growing plants 
in greenhouses. Anaerobic digestion (AD), often known as the production of biogas, 
is this process in which organic materials are broken down by microorganisms in an 
anoxic environment (Adekunle and Okolie 2015). This procedure often results in the 
creation of biogas mixes that primarily contain CH4 (60%) and CO2 (35–40%), with 
the presence of other gases like H2, NH3, and H2S (dependent on the composition and 
source of used organic matter) (Zupančič and Grilc 2012). Approximately, 0.75–0.8 
m3of biogas can provide 1 unit (1 kWA) of power and a 10 kVA generator, which, if 
run for 8 h, may produce 80–90 units. It has been reports that the Biogas-based Power 
Generation Program (BPGP) is the primary strategy in India for generating biogas 
power, with 73 projects established with a total capacity of 461 kW (Buragohain 
2012). Germany possess 7320 electricity-generating biogas plants with a combined 
capacity of 2997 MW, accounting for 13% of all renewable energy sources (Markard 
et al. 2016). Indonesia can produce 684.83 Mw of power from biogas like other 
Asian nations (Widodo and Hendriadi 2005). Although China has started to establish 
biogas-based power plants, just 3% of them were producing electricity as of 2012. 
They have tested biogas power units with a day-to-day capacity of 18,000–60,000 
kWh based on chicken and calf waste (Fig. 17.1) (Chen et al. 2012). Many nations 
have already begun using biogas to generate electricity. 

The production of algal biomass is achieved by thermo-chemical transformation 
procedures from livestock waste (Cantrell et al. 2008) and anaerobic digestion (Vijay

Fig. 17.1 Biogas production process 
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Table 17.1 Biogas 
generation from different 
animal wastes 

Substrate Biogas I/Kg Methane I/Kg 

Anaerobic digestion 

Cattle slaughterhouse waste – 641 

Animal waste 0.45 – 

Chicken manure 1.08 – 

Cattle manure 12.1 184 

Swine slurry – 394 

Poultry slaughterhouse waste – 595 

Chicken droppings 4.6 438 

Anaerobic co-digestion 

Cattle excreta 1.1 179 

Cattle manure 2.4 620 

Sheep dung – 199 

2011), both of which require carbon dioxide as a primary constituent of the produced 
gases. In addition to producing algal biomass and intracellular oil, algae possibly use 
carbon dioxide 10 times more effectively than land plants (Miao and Wu 2006). The 
growth of algae offers several advantages, including quick biomass production rates 
of about 50 metric tons per acre per annum (Demirbaş 2001), a high accumulation 
of fatty acids and hydrocarbons, and the potential to contribute to waste treatment. 
Bio-oil is one of the many products with added value that are made from these 
algal products. Therefore, it is a very potential non-crop-based raw material for the 
manufacturing of biofuel. In a pond nourished with biogas slurry that included 200 
gm3 of total nitrogen and 2.5 gm3 of total dissolved phosphorus, 6.83 gm3 of algal 
biomass productivity per day was noted (Table 17.1; Fig.  17.1) (Chen et al. 2012). 

17.4.2 Biodiesel from Animal Fat Waste (AFW) 

Three long-chain fatty acids and glycerol combine to form the triacylglycerol (TAG) 
that constitutes AFW. Due to their high viscosity, these fats cannot be used as motor 
fuel directly. Pretreatment is essential because AFW contains free fatty acids from 
the leather industry, meat processing industry, and slaughterhouses that affect the 
transesterification process (Adewale et al. 2015). Similar to the technique used to 
make biodiesel from fat from other feedstocks, transesterification is used to process 
the derived fat further. Numerous research organizations have provided evidence of 
the successful production of biodiesel from a variety of animal fats, including beef 
tallow, pig lard, chicken, fish, and sheep (Alptekin et al. 2014; Mata et al.  2014). 
Kwon et al. (2012) recorded a unique technique for producing biodiesel from animal 
fat utilizing charcoal, and CO2 at ambient pressure achieves a biodiesel conversion 
efficiency of 98.5% in one minute at 350–500 °C. Free fatty acids (FFAs) affect



440 M. Hashim et al.

biodiesel production and transesterification, therefore, Shi et al. (2013) designed an 
integrated catalytic process to convert chicken fat into biodiesel. Using a membrane 
catalytic reactor, biodiesel is created from the free fatty acids in chicken fat via ester-
ification with methanol, and the resulting oil is then put through transesterification 
with sodium methoxide. Animal cells require additional pretreatment because of 
their high levels of protein and phosphoacylglycerols, therefore, using animal flesh 
as feedstock has certain drawbacks as well. 

17.4.3 Bioelectricity from Animal Waste 

Microbial fuel cells (MFCs) are anaerobic bioreactors where microorganisms 
consume organic waste carbon to transform chemical energy into electrical energy 
(Chen et al. 2018; Santoro et al. 2017). Additionally, MFCs are utilized to generate 
power from biowaste as a raw material. An MFC’s cathode and anode (electrodes) are 
separated from one another by a membrane or salt bridge. When microbes decompose 
organic matter for growth and reproduction, a range of intermediates is produced that 
undergo several oxidation and reduction reactions and produce electrons and protons 
(Pant et al. 2016; Roy et al. 2016). Under anaerobic conditions, microbes might 
provide a redox mediator with electrons, and the redox mediator might subsequently 
oxidize the electrons to transmit them to electrodes (Ucar et al. 2017). Following its 
passage through an external circuit, an electron is transmitted to an electrode and 
diffuses through the solution to the cathodic chamber, where it combines with oxygen 
to synthesize water (Angelaalincy et al. 2018). The anodic chamber’s potential drops 
as the substrate is being oxidized, and this causes a potential difference between 
electrodes, which produces current (Rahimnejad et al. 2015) (Fig. 17.2). 

The two primary MFC designs for electricity production are single-chamber and 
double-chamber. A single-chamber MFC contains the waste as well as the electrodes

Fig. 17.2 BioElectricity generation from animal waste 
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Fig. 17.3 Sawdust layer on compost 

in one chamber. Independent anodic and cathodic chambers make up a double-
chamber MFC. Water is present in the cathodic chamber, while wastewater is present 
in the anodic chamber. A salt bridge connects the chambers, and a multimeter is used 
to gage the current. The substrate and microorganisms utilized in the MFC affect 
the current generated (Luo et al. 2017; Oyiwona et al. 2018; Pandey et al. 2016). 
MFCs heavily rely on the electron transfer mechanism, which comes in two primary 
flavors: direct electron transfer (DET) and mediated electron transfer (MET) (Islam, 
2016; Sayed et al. 2015). While MET is carried out using an agent that can transport 
electrons, DET is carried out using nanowires or transmembrane-associated proteins 
(Fig. 17.3) (TerAvest et al. 2014). 

There have been reports of many bacterial species producing electricity in an 
MFC, including Aeromonas, E. coli, S. cerevisiae, C. albicans, Clostridium, K. pneu-
monia, and Shewanella (Bhatia et al. 2018). The effectiveness of MFCs has been 
observed to be increased by some electron mediators, including potassium ferri-
cyanide (K3Fe(CN)6) and natural redox (Sund et al. 2007). Exogenous mediators are 
used to enhance an MFC’s performance; however, they are poisonous, may prevent 
microbial development, and raise costs. To address this issue, Islam et al. (2018) 
explored a method by using palm oil mill effluent as a raw material to co-culture 
both L. starkeyi and K. pneumonia bacteria in an anodic chamber. In contrast to a 
pure culture, an electron shuttle mediator was developed by K. pneumonia (2, 6 di-
tert-butyl benzoquinone) that improved L. starkeyi performance by six times. Due 
to its limited ability to produce current, an MFC remains an impractical method 
for producing bioelectricity. Additionally, because mesophilic bacteria catalyze the 
majority of processes, this method requires a lower temperature.
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17.5 Compost 

Compost, a carbon-rich fertilizer used to enrich soils, is made from organic materials 
such as livestock manures and other organic components. A properly composted 
manure has a humus-like odor. Pathogens and weed seeds are eliminated from it by 
the heating process during the compost formation. Composting is a useful method for 
properly recycling deceased animals, but it can also leave behind feathers, teeth, and 
bone fragments that are removed mechanically if necessary. By composting dead 
birds according to a certain technique, the poultry sector in the United States has 
discovered a solution to dispose of that waste (Morrow and Ferket 1993). Due to the 
poultry sector’s success in this region, the US pig business is becoming increasingly 
interested in starting to compost its mortalities (Kashmanian and Rynk 1995). Pig 
carcasses are composted over a concrete floor in containers made of treated wood, 
concrete, or hay bales (McCaskey et al. 1996). The corpses are laid on top of a layer 
of sawdust that is one foot thick, which is then one foot thick on all sides. Layers are 
added until the bin is full. When dealing with huge sows, the carcasses can either be 
composted whole or dismembered (Morrow et al. 1995). 

The compost is churned manually or automatically after three months, and then, 
the process is finished after another three months (Imbeah 1998). The compost is 
not turned constantly when static-pile composting is utilized. Within 24 h of death, 
animal corpses are placed in a compost pile and covered with a significant amount 
of solid manure or dirt. Composting technique is carried out to prevent unpleasant 
smells, flies, and other animals (Morrow and Ferket 2001). On the other hand, this 
technique should not be done with deceased animals which are previously infected 
with neurological disorders such as cow-made disease, anthrax, and other ailments 
that are isolated in restrain (Belay et al. 2002). In India, pile composting is the 
most used method. The NADEP method is another composting technique that has 
been shown to provide more significant nutrients than the traditional method (Yadav 
2012). In Japan, composting is primarily used for livestock waste. Composting was 
used to treat about 50% and 25%, respectively, of the solid waste produced by pigs 
and cattle. Additionally, in Japan, liquid composting was applied to 2.1% and 6.9% 
of the waste from pigs and cattle, respectively (Haga 1999). In Japan, there are 
primarily five different types of composting systems in use: piles, boxes, rotary 
kilns, closed vertical types, and open elongated types with turning devices. The open 
elongated and pile type are primarily used for large ruminants. In affluent nations, 
since a lot of water is used to collect pig feces, making composting is a challenging 
procedure. The manure’s composting qualities will be improved via solids separation. 
It has been effective to compost separated pig manure containing 79% moisture (Lo 
et al. 1993). Composting high-moisture manure was proposed to be done with low-
moisture bulking materials such as straw, sawdust, peat, peanut shells, and rice hulls 
(Georgacakis et al. 1996).
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17.6 Conclusion and Future Perspectives 

According to estimates, the millions of tons of animal waste produced worldwide 
have the potential to harm the environment by emitting CO2. As a result, the conver-
sion of animal waste can reduce greenhouse gas emissions, which in turn helps to 
prevent global warming and climatic change, and control environmental pollution. 
The use of animal waste does come with some challenges that call for additional 
research to develop trustworthy, widely used, and efficient conversion procedures. 
These challenges are brought on by high-moisture content, complicated combina-
tions of changeable compositions, and poor waste management. It was discovered 
that anaerobic digestion was the most developed technology for processing manure 
into renewable energy. However, the overall growth of this technology in rural 
parts of developing countries was hampered by problems such as high capital costs, 
poor working conditions, manure transportation, and digestate management (Khosh-
nevisan et al. 2021). Literature indicated that to address the aforementioned issues 
and manage liquid and solid livestock wastes following the objectives of the circular 
bioeconomy and sustainable development principles, biorefinery is the best option. 
The implementation of biological treatments is fairly easy and requires little upfront 
investment. Their drawbacks include a lengthy (15–30 day) processing period and 
a tendency for bacterial inhibition when exposed to pollutants found in food waste. 
Additionally, these treatment procedures could need a pretreatment. Biological treat-
ments are very easy to adopt and need little upfront investment. They do, however, 
have drawbacks, such as a lengthy (15–30 day) processing period and a propensity 
to restrict bacterial growth when exposed to toxins found in waste. Additionally, 
pretreatments are necessary for various procedures. The bacteria used in anaerobic 
digestion are extremely sensitive to pH, temperature, and salts. Hazardous chemicals 
formed during the reactions, mandating policies concerning control measures, and 
process condition optimization (Pham et al. 2015). Without any additional cleaning, 
biogas is often utilized to generate heat and, ultimately, electricity. Biogas must be 
upgraded if it is to be utilized for other purposes, such as fuel for cars and fuel cells. 
The conversion methods that can transform biogas into high-value compounds are 
focused on by many researchers. These chemicals could be produced by converting 
methane (from biogas) into syngas, which could then be utilized as a raw mate-
rial to produce other chemicals with a high value-added. Future study is required 
to ensure the successful application of animal manure management from a tech-
nological, ecological, agricultural, commercial, and interpersonal safety point of 
view.
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