
Chapter 7
Biogas Production from Kitchen Wastes:
Special Focus on Kitchen and Household
Wastes in Egypt
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Abstract Pollutants are released into the atmosphere due to production and con-
sumption energy especially from fossil. However, not only the environmental con-
cerns but also the increase in energy demand promotes the researchers to develop
new and current energy alternatives that cause zero- or low-negative environmen-
tal impact. Anaerobic fermentation can be used for the treatment of organic wastes
(OW) such as kitchen waste, municipal solid waste, industrial organic waste, ani-
mal manure, and agricultural residues. The fuel produced from anaerobic digestion
is environmental friendly. Kitchen wastes (KWs) are easily biodegradable organic
material with high moisture, carbohydrate, lipid, and protein. The use of KW only in
anaerobic digestion reduces the activity of methanogenic bacteria as a result of rapid
accumulation of volatile fatty acids followed by a pH drop in the reactor, thus, adjust-
ing C/N by some additives to accelerate the growth of methanogens and methane
formation is necessary. The favorable pH for methanogens’ growth range of 6.5 to
7.2. Furthermore, the key factors controlling the production of volatile fatty acids
during fermentation for methanogenesis represented in pH, temperature, C/N ratio,
and hydraulic retention time.
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7.1 Introduction

The common use of fossil fuels in the present energy infrastructure is the main
source of anthropogenic emissions of carbon dioxide (CO2), which is considered the
largest reason for global warming and climate changing. Realizing solutions to the
environmental problems that we meet today needs possible long-term solutions for
sustainable development [10]. Increasing world energy demand and the incoming
depletion of fossil fuels has increased concern in the development of renewable
energy resources [17]. Renewable energy resources, such as solar, wind, geothermal,
hydropower, and biofuels such as biogas, biodiesel, and bioethanol seem to be one
of the most effective and effectual solutions. [10].

The amount of global waste production has increased in the past decade from 0.68
billion tons to 1.3 billion tons, and it is expected to be 2.2 billion tons by 2025. In
addition to the increase in population, changes in lifestyle, industrialization, rapid
economic growth, and grown rate of urbanization in lots of developing countries are
some other reasons for the increased production of waste [11].

The treatment of organic wastes (OW) which includes industrial organic wastes,
municipal solid wastes, animal manure, in addition to agricultural wastes by anaer-
obic digestion (AD) can be utilized as vehicle fuel or as co-generator of electricity
and heat, and accordingly, can reduce greenhouse gas emissions (GHGs) [30].

Kitchen waste (KW), as organic waste, is an easily biodegradable organic mat-
ter with high-moisture, protein, carbohydrate, lipid contents. However, the major
restraint of AD of KW alone is the rapid collection of volatile fatty acids then the
pH drop in the reactor, which hinders methanogenic bacteria [7, 28]. To avoid such
inhibition, using waste activated sludge to adjust C/N [5], and employing two-stage
or three-stage systems [26] is very helpful.

7.2 Biogas Definition

Biogas, a mixture consisted mainly of methane (CH4) and CO2, is a renewable
and cleaner type of energy that could partially offset the conventional petroleum-
based energy sources. (i.e., oil, natural gas, and coal). Furthermore, it is not only
alternative source energy but also an appropriate solution to environmental issues
as well it is depleting faster [10, 32, 42]. Biogas production by the AD is gaining
significant attention as an advanced sustainable energy technology [2]. Attention in
biogas production has changed during the time from a source of energy production to
a mean of waste management, nutrients delivery, and GHGs reduction and currently
back to energy production through new perspective toward centralized plants [39].
Globally, much knowledge is currently available for the large-scale management of
biogas production in controlled reactors. However, under conditions in developing
countries, our knowledge is relatively lowbecause of few studies of biogas production
[33].
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7.3 Advantages of Biogas Production

Globally, the consumption of renewable energy is growing. Concerns of energy
security, efforts of mitigating the environmental impacts of conventional fuels, and
improvements of the standards in living and renewable technologies are the com-
ponents of sustainable energy usage. Therefore, bioenergy is known as a potential
source, which can lead to a key role in indorsing renewable alternatives [44]. In the
prospect of sustainable development, the role of biogas is becoming crucial. Indeed,
recently, the worldwide bioenergy demand is greatly rising, and the anticipating indi-
cates an additional rise to 2035, due to increasing the support strategies, by several
governments over the world for reducing air pollution [29].

The usage of modern bioenergy has many benefits such as enhanced health
and sanitation, creating job opportunities, replacing chemical fertilizers with organic
fertilizer and reducing GHGs. Biogas production is a sustainable source of both
energy and organic fertilizer (the bio-slurry) enriches the soil. As well, it provides a
good opportunity to treat and re-utilize OW and reduces land-use problems related to
the disposal of OW [38]. Furthermore, biogas production reduces GHGs emissions
by substituting fossil fuels and diesel. It is usually produced from AD of several
digestible organic substrates like domestic wastes and resources, or from landfills to
produce renewable energy accompanied by reducing environmental risks fromwaste
products in households, agriculture, and industry [9, 12, 16, 39, 46].

As well, the collection of biogas can be utilized for generating on-site thermal
energy and electricity [9]. Chen et al. [8] reported that biogas is one of the most
highly greatly opportunities to utilize particular types of biomass to satisfy some
of the world’s energy demands. Biogas refers to a mixture of gases generated by
the biological degradation of OM in the absence of oxygen, where CH4, H2, and
CO can be combusted or oxidized with oxygen. The energy output/input can record
about 28.8 MJ/MJ under ideal conditions, providing very proficient usage of the
valuable biomass. This resulting energy allows biogas using as a biofuel for replacing
conventional fossil energy sources, such as coal, oil, natural gas, in power and heat
production, as well as a versatile renewable energy source, especially to low-price
fuel vehicles compared to diesel and petrol. As well, Matheri et al. [27] illustrated
that in combustion, CH4 is transferred into bioenergy not released to the surrounding
environments.

Nevertheless, a small amount of CO2 is released, but not affects the atmosphere
compared to released CH4 and nitrous oxide N2O to the atmosphere. The presence
of CH4 and N2O in the atmosphere has a great impact because of their greater abil-
ity to trap energy comparing to CO2. Biogas also can contribute to a transition for
a more circular and bio-based economy by supplying biomaterials and bioenergy
[12]. Generally, widespread installation and appropriate functioning of biogas pro-
duction systems can offer several advantages to users and the larger community. Of
these advantages, energy sustainability, resource conservation, and environmental
protection can be considered [8, 27].
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Furthermore, the long-term utilization of reducing fossil fuels has reflected the
unsustainability owing to their limited reservoirs and non-renewable nature. Sub-
sequently, biogas derived from different biological sources can decline the heavy
dependency on such depleting natural resources and give the attention to the energy
insecurity concerns because of its renewable, broadly applicable, and plentiful char-
acteristics. On the other hand, the valorization of the produced biogas is the energy
efficiency (a typical electrical efficiency value is 33% while thermal efficiency value
is 45%) and environmentally friendship due to the low emissions of hazardous pol-
lutants, such as volatile organic compounds [8].

In brief, biogas is a gas produced through the AD and is primarily a mixture of
CH4 and CO2 and smaller amounts of different substances. These substrates and
types of production result in several compositions of the biogas. Finally, the raw
biogas can be utilized as it is for generating electricity and heat, or purified into 97%
methane and be used in the transporting sector [12]. However, recently, bioenergy
and biogas production have faced increasing criticism, such as the effects on food
prices and hence food security [13].

7.4 Appropriate Wastes for Biogas Production

Various low-cost materials such as sewage sludge, municipal wastes, food wastes,
animal manure, and waste animal cadavers can be reacted for biogas production
[16]. Ideally, biogas can be generated from the organic fraction of some material,
such as crop residue, fruit waste, wood, industrial food waste, chicken feathers,
textile wool, and lignocellulosic waste. Though, today, biogas is usually produced
only from the easily utilizable feedstock by the microbial community responsible for
converting this feedstock into biogas. Nevertheless, if this easily digestible feedstock
(i.e., crop and livestock residues, wastewater with high-organic content, food waste,
source sorted municipal waste, etc.) is not as plentiful or readily available for biogas
production, the amount of produced biogas will be limited [31].

As mentioned before, biogas can be produced from KW, which is a simply
biodegradable organic matter (OM) with high-moisture, protein, carbohydrate, lipid
contents. Themajor limitation ofADofKWalone is the inhabitation ofmethanogenic
bacteria due to rapid collection of volatile fatty acids after a pH drop in the reactor
[7, 28]. Therefore, some material can be added to avoid this accumulation of volatile
acid such as rice straw or animal manure [41]. Thus, the development of novel tech-
nologies that aim to utilize the readily available but not easily degradable feedstocks
would develop the biogas production [31].

The major reasons for not perfecting some feedstocks for biogas production are
representing in: (1) the inability or difficulty of digestion bymicroorganisms, (2) slow
digestion, and (3) inhibitors present in the feedstock or producing inhibitory com-
pounds throughmicrobial degradation. For these reasons, the goal of the pretreatment
(physical, chemical, physicochemical, and biological) is facilitating the digestion by
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eliminating these obstacles and making the organic content of the reacted material
easily available and utilizable by the microbial communities [31].

7.5 Mechanism of Biogas Production

Biogas can be produced widely from solid or liquid wastes through the AD process.
During the AD, several organic materials are degraded by microbial communities in
anaerobic conditions, causing the production of energy-rich biogas used for many
purposes such as vehicle fuel, electric power, or heat [10]. When the process is oper-
ated under the optimum conditions, the CH4:CO2 is around 60:40 [27]. Also, the
plant nutrients in the digested organic material are reserved in a digestate, which can
be applied as a plant fertilizer. In the AD, the rate-limiting time is hydrolysis. To
improve hydrolysis and AD performance, pretreatment technique can be used as one
possibility for that. Many pretreatment techniques can be applied (such as chemical,
mechanical, thermal, or biological treatments). Many pretreatment techniques can
be applied (such as chemical, mechanical, thermal, or biological treatments) to sol-
ubilize organic compounds and especially refractory compounds, and to make them
more biodegradable. Furthermore, pretreatment can improve the OM reduction [10].

Biogas can be produced by AD using the locally presented residual biomass from
different sources such as agricultural wastes, animal wastes, industrial wastewater,
and domestic sewage). The AD of complex OM to biogas involves four main stages:
hydrolysis, acidogenesis, acetogenesis, and methanogenesis. A balanced process of
CH4 fermentation needs individual degradation phases to be achieved by distinct con-
sortia of bacteria, namely fermentative bacteria, syntrophic acetogens, homoaceto-
gens, hydrogenetrophic methanogens, and aceticlastic methanogens. The symbiotic
relation among those microorganisms leads to efficient AD and biogas production.
The final stage, conducted by CH4 forming bacteria, is the most critical stage in bio-
gas production because the methanogens transfer their primary substrates consisting
of acetate, H2, and CO2 into CH4. There are two ways for CH4 production, in which
about 75% of CH4 production arises from decarboxylation of acetate, and the other
25% come from CO2 and H2. As well, the CH4 production stage is the most sensitive
and rate-limiting stage in the whole process since CH4-producing bacteria have a
much slower growing speed compared to acid-producing bacteria and is sensitive
to inhibitors like pH, temperature, ammonia, and other operative conditions. It is,
therefore, necessary to maintain sufficient slow-growing methanogenic bacteria and
protect active biomass fromwashing out from the fermenter and to decline inhibitory
levels [8].
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7.6 Biogas Digesters

Biogas is generated in an anaerobic digester operating in two way; mono-digestion
or co-digestion. The last one favors high production of CH4 due to the availability of
several vital trace elements provided by different substrates,while inmono-digestion,
these essential trace elements are lacking [27]. Biogas digesters realized as a green
technology for utilizing animal manure into bioenergy and reducing environmental
pollution. Therefore, millions of simple biogas unheated digesters are established
underground in many developing countries [33].

The digesters design is varied basedongeographic locations, substrate availability,
and climatic conditions. For example, a digester used in mountains is designed to
contain less gas volume to avoid gas loss. Whereas in the tropicals, it is preferred
to contain digesters underground because of the geothermal energy. Out of all the
various developed digesters, the fixed dome model in China and the floating drum
model in India have continued to operate till today. Recently, the attention is increased
toward plug flow digesters due to its portability and easy performance [34].

7.7 Kitchen Wastes (KWs) in Biogas Production

Due to the rapid growth of urban people and variations in consumption patterns, a
large amount of KW is yearly generated. Thus, KW has globally become a major
issue, if no reasonable treatment is adopted. The amount of these waste generates
many challenges (in terms of protecting the environment and public health) and
represents a huge amount of utilizable biomass [14, 23, 24]; Zhang et al. [48, 49].
Approximately, 1.3 billion tons of KW is generated yearly over the world. This
amount of KW is growing continuously [36, 37]. Li and Jin [22] also affirmed that
a great environmental challenge resulted from producing great amount of KW, and
several harmful environmental effects may result due to ineffective treatment and
disposal; such as odor pollution, water pollution, and garbage accumulation.

Disposal or ineffective of KW management such as disposing of open dumps
causes several adverse consequences such as the public health hazards in addition to
diseases (such as malaria, cholera, and typhoid). Thus, it not only causes polluting
surface and groundwater because of leaching and further promoting the breeding of
mosquitoes, flies, rats, and further disease-bearing vectors. It also emits an unde-
sired odor and methane (which is the main greenhouse gas causing global warming).
Also, the techniques such as incineration and pyrolysis have many disadvantages
such as it is expensive and less effective for generating energy from KW because it
contains high-moisture content [4]. Therefore, there is an urgent need for selecting
eco-friendly options for saving the environment and natural resources. Reddy et al.
[35]. Due to the environmental impacts of improper treatment of these wastes, its
management has become an environmental and social concern [36, 37]. Moreover,
with the upcoming global warming, ever-increasing energy costs, as well increasing



7 Biogas Production from Kitchen Wastes: Special Focus on Kitchen … 135

cost in crop straw disposing of, more attention should be paid to the effective biomass
disposal, such as bioconversion into methane-rich biogas [25]. Consequently, con-
verting biodegradable KW into biogas has many benefits:

– Producing a renewable bioenergy from KW,
– Reducing air pollution,
– Finding eco-friendly methods for waste disposal,
– Generating revenue and wealth from the waste, and
– Reducing global warming [35].

For this purpose, the AD will be an economic and viable option [4]. The AD is a
very promising technology for the effectivemanagement ofOWsuch asKW [36, 37].
The high biodegradability of KW, in addition to its water content, makes it suitable
for the ADwith the associated advantage of biogas production. This is an appropriate
solution for waste management because of its low cost, its low residual waste, and
its usage as a renewable energy source. Furthermore, the resulting digestate can also
be applied as a fertilizer or conditioner to the soil because it is nutrient-rich [23, 24].
Zhang et al. [48, 49] mentioned that AD, compared with any traditional landfill and
burning, is a more attractive method for treating KW because it can produce biogas.
In addition, the AD has a major advantage in reducing greenhouse gases emission
since both methane and carbon dioxide produced in a closed reactor, which avoids
its uncontrolled production and releases into the atmosphere.

7.8 Composition of Kitchen Wastes

The KW is comprised from organic rapidly biodegradable substances such as pro-
tein, carbohydrate, cellulose and lipids, and high-moisture content, which make it
an attractive feedstock for operating an anaerobic digester [45]; Sahu et al. [18, 36,
37]. Wang et al. [43] confirmed that the high-organic compounds and moisture con-
tent of KW result in numerous harmful impacts such as water pollution, garbage
accumulation, and odor pollution. Furthermore, high compositional variation in KW
recorded in different parts of the world is a challenge to develop a robust technology
for biogas production for the proper treatment and management of KW [36, 37]. Li
et al. [23] added that KW has a high lipid content ranges from 2 to 3% (wet basis).
This indicates that KW distinguished by a higher biochemical methane potential
than other types of OW. Nevertheless, high lipid content has negative effects because
of its low degradation rate, resulting in the increasing of intermediate products and
weakens the stability and continuousness methane production. Li et al. [24] also
reported that KW contents high amount of macromolecular organic matters in the
KW (such as fat, oil, grease, and crude proteins) that estimated by 30–70% of the
total content of dryly basis organic matter. This could easily result in rather longer
started-up time when applying AD, as well, causing higher acidification and inhibi-
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Table 7.1 Characterization of kitchen wastes [24]

Composition of KW Characteristics of the KW

Parameters Percentage (%) Parameters KW

Cooked bone 2.7 ± 0.9 pH 6.5 ± 0.2

Cooked eggshell 1.0 ± 0.6 Total solids (%) 18.7 ± 0.4

Pasta and rice 29.1 ± 2.1 VS (%, dry basis) 93.2 ± 0.5

Fruit peeling 23.3 ± 1.2 Carbohydrate (%, wet basis) 11.8 ± 0.4

Cooked vegetables 19.5 ± 1.8 CP (%, wet basis) 2.5 ± 0.2

Vegetable peeling 23.0 ± 2.2 FOG (%, dry basis) 3.5 ± 0.1

Others 1.4 ± 0.2 Carbon (%, dry basis) 46.1 ± 1.7

Hydrogen (%, dry basis) 6.9 ± 0.2

Oxygen (%, dry basis) 37.8 ± 0.1

Nitrogen (%, dry basis) 3.2 ± 0.3

tion of nutrients transport, thus the undesired condition for sustaining and stabling
degradation during the digestion process. Wang et al. [43] also added at present,
intensively research on the AD of KW has been performed since the OM in KW is
suitable for anaerobic microbial growth. Thus, AD of KW could be not only highly
effective for degradation of OM but also be able to supply renewable biomass energy
and organic fertilizer. Although, the high-volatile solids of KW cause the fast hydrol-
ysis during the digestion bringing about a severe acidification due to a drastic drop in
pH followed by serious inhibiting to the methanogenesis. Li et al. [24] characterized
KW as in Table 7.1.

Sahu et al. [36] explained (in Fig. 7.1) that complex carbohydrates (i.e., starch
and cellulose) are degraded. During hydrolysis and acidogenesis into sugars that
are consequently converted to fatty acids. On the other hand, fats are converted to
glycerol and fatty acids, while proteins are converted to amino acids that are con-
verted by deamination process into fatty acids and ammonia/amines. Fatty acids are
exhausted by acetogens to generate acetic acid, which is used by methanogens for
methane production. The rapid breakdown of KW results in high-volatile fatty acids
and ammonia production. The accumulation of both compounds affects adversely
the process of the biomethanation process. Thus, as mention by [1], AD is a highly
sophisticated process that includes four stages: hydrolysis, acidogenesis, acetogen-
esis, and methanogenesis. However, they mentioned that many reports revealed the
advantages of separating the breaking down the process into two stages optimized
each either for acidification or methane production. In the first one, biopolymers are
broken down into monomers such as various volatile short-chain fatty acids, while
in the second stage, generated acids are converted into CH4 and CO2.
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Fig. 7.1 Overview of biogas production from kitchen wastes [36]

7.9 Anaerobic Digestion for Biogas Production

The AD is the process of breaking down OM of wastes for producing biogas and
biofertilizer, resulting in efficient resource recovery along with conserving non-
renewable energy resources [36, 37]. Ye et al. [45] also reported that AD has become
a recognized and established technology for the treating the organic wastes such as
agricultural residues, animal manure, municipal solid waste, and industrial organic
waste. Producing a vehicle fuel or co-generating of electricity and heat is the main
benefit of this process, and thus reducing the greenhouse gas emissions.

Therefore, the AD, as one of the most credible commercial solutions for biogas
production [47] and one of the biological treatments for organic wastes (OW), is
getting growing attention because of its high valorization value for waste. AD of
OW provides good opportunities for energy regeneration and nutrient reclamation
which needless requirement of space and input energy for operating than composting,
landfilling, and incineration [6]. However, the AD is a complex process for bioenergy
production since the included biochemical and physical mechanisms are not yet
obviously understood, which make bioreactor design, set-up and control not yet fully
optimized [21]. Sahu et al. [36, 37] stated that KW is contained of organic substances
such as protein, carbohydrate, cellulose, and fats (which are rapidly biodegraded and
making it an attractive feedstock for running the AD). However, the AD plants meet
difficulties in getting clean feedstockwhich leads to technical problems. Furthermore,
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there were found significant compositional variations in KW worldwide, posing a
challenge to the developing production technology.

Furthermore, the AD is a very sensitive process including diverse microorganisms
with ultimate functioning environmental conditions.Aswell, the type and structure of
substrates influence the efficacy of biogas production. However, the AD is a suitable
and effective technology formanaging organicmaterials, as well it is expected to play
a vital role in the forthcoming renewable energy production [15]. As well, Patinvoh
et al. [31] emphasized also on that biogas production through AD technology has
advanced greatly over time. Currently, due to high energy demand and environmental
concerns because of increasing the world’s population, the drive for AD anaerobic
digestion technology is receiving momentum within research and the industry for
generating sustainable energy resources. They also added, although the previous
advantages of the AD, many challenges such as high retention time, the existence
of some toxic compounds (that can inhibit the process), low biogas product, and
high investment cost obstruct the highest performance of biogas production in AD
systems. These bottlenecks are highly reliant on the availability, composition, and
degradability of the digestedmaterial for biogas production. However, the abundance
of such low-cost materials (i.e., organic wastes) confirm that there is an urgent need
for finding new approaches for better utilization of these wastes [31].

The organic reacted materials are mainly consisting of proteins, carbohydrates,
and lipids which can be broken down into simple composites by microorganisms in
an oxygen-free (anaerobic) environment with the subsequent process stages: hydrol-
ysis, acidogenesis, acetogenesis, and methanogenesis [15]. As AD is a multistage
microbial process, production rate and proficiency largely depend on some factors
such as substrate temperature, pH level, hydraulic retention time (HRT), and sub-
strate solid content. Temperature, as one of the most effective factors, controls the
microbial growth rate and its activities inside the digester. Recently, mesophilic tem-
perature regime (25–40 °C) is operated in most digesters for many reasons such as
lower energy requirements and higher stability than thermophilic treatment (>45 °C)
[47].

The microbial communities in an AD reactor contain three typical popula-
tions (i.e., fermentative bacteria, acetogenic bacteria, and methanogenic bacteria).
Methanogenic bacteria is the most sensitive to environmental changes due to their
slower growth than fermentative and acetogenic bacteria [25].

Energy conversion efficacy is the most critical issue for energy production. Both
theADbiogas production and biogas upgrading depend on chemical scrubbing needs
additional thermal energy in their stages. In an ideal AD biogas plant, about 10–15%
of the generated energy is internally utilized for heating substrates. While, in other
chemical scrubbing processes such as the amine-based process, the thermal produc-
tion of CO2 rich solvent, for releasing captured CO2, uses a large amount of heat
and concurrently with producing a large amount of waste heat that is generally not
allowed in the cooling system [46].
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7.10 Affecting Factors on Biogas Production

Biogas production is affected by the added amount of organic materials, the digester
pH, toxic substances, and anaerobic condition C:N ratio. Additionally, biogas pro-
duction is influenced by the characteristics and chemical composition of the primary
organic materials which lead to significant effects on the efficiency of decomposition
of the anaerobic organic materials and methane production. The ratio in the compo-
nents of organic wastes varies based on seasons and regions, and the performance of
the AD differs accordingly [19]. Stefaniuk et al. [40] reported that in the fermentation
process, the use materials are in various proportions as well at various temperatures
(i.e.,mesophilic, thermophilic).Abendroth et al. [1] stated that high temperature from
200 to 300 is required for increasing the accessibility of lignocellulose. However,
they also reported recent studies to suggest that low temperatures (such as 120 °C) or
even 70 °C can already considerably increase degradability. Stable reactor function-
ing has been stated even for hyperthermophilic digestion circumstances up to at least
65 °C, however, at such temperatures, microorganisms require very long adaptation
periods.

In addition, Wang et al. [43] reported that during the AD, volatile fatty acid deter-
mines pH which considers one of the most important factors affecting AD. The seri-
ous, volatile fatty acid inhibition on the methanogens activity results from a pH drop
in reactors,whichmay cause the activity loss of acid-sensitive glycolytic enzymes.As
well, high levels of undissociated acids will damage macromolecules. The fermenta-
tive bacteria pH ranges from4.0 to 8.5 (they are not sensitive to changes in pHvalues),
while a limiting range of 6.5–7.2 is desired for methanogens’ growth. Improving
volatile fatty acid content and its suitable component are required for methanogen-
esis. Therefore, pH, temperature, C:N ratio and hydraulic retention period had been
stated to be the essential factors controlling volatile fatty acid production during
fermentation. Stable pH conditions around neutral were required for protecting the
methanogens and its growth.

7.11 Pretreatment for Enhancing Anaerobic Digestion
for Kitchen Wastes

Pretreatment is a key step to improve the substrate characteristics to increase the AD.
For this target, several pretreatment options, such as microwave, ultrasonic, chemi-
cal thermal, electrical, and freeze/thaw techniques, can be performed. The effects of
such pretreatments are highly different based on the characterization of the substrate
and the pretreatment type [23]. Li et al. [24] added that previous researches have
largely focused on optimizing the AD conditions of KW, (either single, double or
three stages, continuous/sequencing-batch digestion, retention time and temperature
and of digestion, mono- or co-digestion, etc.). As well they focused on the fac-
tors affecting inhibiting of the digestion process feedstock (i.e., C/N ratio, ammonia
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nitrogen, organic compositions, salt content, volatile fatty acid, long-chain fatty acid,
organic loads, etc.). In addition, they paid attention to the pretreatment methods (e.g.,
biological, thermal, chemical and thermochemical, ultrasonic and microwave pre-
treatment) for enhancing organic reduction and methane production. Furthermore,
the long retention period of the AD of KW is a major issue and several methods have
been developed for pretreating KW before the AD process for accelerating the diges-
tion process and enhancing the biomethane production [24]. Of the pretreatments, a
thermal method is one of the most studied pretreatments and has been successfully
used at the industrial scale. This pretreatment leads to the solubilization of organic
compounds, reducing the exogenous pollution, and disinfection by sterilization, this
favors the hydrolysis step, increases the production biogas, and reduces the retention
period. Furthermore, it also enhances phase separation, which enhances the recovery
rate of floating oil, which can be applied as the raw oil for producing biodiesel. In
addition, its removal effectively alleviates the induced biological inhibitory reactions
[23]. Abendroth et al. [1] mentioned that thermal pretreatment, that need high energy
(temperatures as high as 200–300 °C), can successfully elevate the accessibility of
lignocellulose.

As well, Zhao and Ruan [50] stated that KW is not very effective and stable
because of accumulating the volatile fatty acids. Thus, co-digestion of KW with
organic wastes, such as agricultural straw, municipal sludge, and animal manure
become more popular. Zhao and Ruan [50] also mentioned that co-digestion of
Taihu algae and KW could balance the nutrients fermentation during the digestion
process. Ye et al. [45] also states that great efforts have been spent to avoid volatile
compounds accumulation to ensure the efficiency of AD of KW; such as co-digestion
with dairy manure, applying waste activated sludge for adjusting C/N, using trace
metals to accelerate the methanogens growth and methane formation and utilizing
two- or three-stage systems. Zhang et al. [48] stated that recently, KW had become a
critical problem because of its environmental pollution. Afterward, the AD process,
the resultant digested effluent fromKWcan still severely pollute the environment due
to its high pollutants’ concentration, mainly ammonium and phosphate. However,
this effluent can be utilized in something such as applying to microalgae cultivation,
which can not only reduce the pollutants’ concentration but also can effectively
utilize the nutrients for biodiesel production. Additionally, cultivating microalgae in
this effluent would also reduce the cultivation cost.

The KW contains easily convertible carbohydrates, (such as starchy compounds),
and highly recalcitrant components (such as lignocelluloses. Lignocellulosic mate-
rials which mainly consist of carbohydrates (including cellulose and hemicellulose),
lignin, and extraneous materials. Therefore, pretreatment process is very necessary
for efficient bioconversion of these components. In this context, using diluted sulfu-
ric acid is one of the most efficient pretreatments (Fig. 7.2) which widely applied in
this purpose [18].

Recently, few studies have examined the co-digestion of black water (i.e., urine
and faecal matter) and KW in the anaerobic system. As well, to avoid the issues
raised over accumulation of ammonia, the addition of brownwater (i.e., faecal matter
without urine) to KW before the AD was also studied. Brown water can improve
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Fig. 7.2 Biogas and ethanol production from kitchen wastes after pretreatment by diluted acid [18]

the stability of the AD process by maintaining the buffer capacity and providing
additional nutrients. The advantages of co-digesting brown water and KW were
elevating biogas production in addition to the remarkable biodegradation efficiencies
after adding brown water as a co-substrate to the anaerobic breakdown of KW. This
is likely because of the adequate buffering capacity provided by brown water to KW
digestion. Subsequently, methane production by anaerobic co-digestion of KW and
brown water not only provides a greener and cheaper alternative to disposal, but may
also help to reduce the using of fossil-fuel-derived energy and, thus, the negative
impacts on global warming [20].

7.12 Digestate and Plant Nutrition

Digestate is the residual product of the AD process and contains a lot of essential
nutrients for plant growth. Thus, it can be applied as biofertilizer [12]. Such fertilizer
is rich in nutrients and organic matter. It also integrates the characteristics of slow
and quick acting fertilizers. These fertilizers are distinguished by consuming low net
energy compared to chemical fertilizers, and consequently, this biofertilizer produces
more CO2 to the atmosphere [38]. Stefaniuk et al. [40] also state that there is another
product of anaerobic fermentation apart from biogas, this product fermentation is the
post-fermentation digestate (RBP), this digestate is often separated into two phases
(i.e., liquid and solid). RBP can be composted, or landfilled, but it is mostly used as
an agricultural fertilizer. Nevertheless, the studies show some disadvantages of the
direct application of RBP to soils which makes it limited to soil application. These
disadvantages are represented in the probability to contain some harmful things such
as heavy metals, seeds of weeds or infrequent parasites and polycyclic aromatic
hydrocarbons in addition to the high mobility of its nutrients which causes leaching
of the nutrients from the soils to groundwater and increases the eutrophication of
water.
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7.13 Proposed Roadmap for Egypt

In Egypt either in rural or urban areas, tons of KW are produced yearly. According
to the ministry of environment in Egypt, there are thousands of tons from collected
yearly from garbage (Table 7.2). These wastes present a challenge in terms of elim-
inating and disposing of them. However, as mentioned above, these wastes are a
potential source of wealth. Thus, each household (or group of households) can bene-
fit from this potential source in generating biogas, especially with raising the energy
costs. Installing biogas units will be more effective and mostly more beneficial in
case of utilizing the kitchen wastes from group of households as well animal manure
for more AD efficiency. According to Amigun and von Blottnitz [3], there are several
small/medium biogas digesters (>100 m3) in Egypt and few large ones (≤100m3)
with a high technology level.

In a primary experiment for unpublished work for the authors of this chapter,
kitchen wastes 6 kg of kitchen wastes +1.5 kg cow manure +30 L water was mixed
in a large plastic tank connected by tire frame (as a storage for produced biogas)
such as presented in Fig. 7.3. This means that the percentage of KW to animal
manure was 4:1. After 20 days, remarkable amount of gas was noticed (the tire
frame became swollen). This is affirmed the above-mentioned statement that animal
manure is working as an activator for the anaerobic digestion of KW to improve
biogas production in addition to utilizing digestate as a fertilizer. Therefore, it is very
important to enhance the methods of biogas production from KW, especially these
wastes equal to approximately 30% of all household wastes yearly.

Fig. 7.3 Biogas digester diagram (WWW.PAKSC.ORG)

http://WWW.PAKSC.ORG
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Table 7.2 Garbage weight and quantity by authority which get rid of it by governorate 2017 (http://
www.sis.gov.eg)

Governorate Authority which get rid of garbage
aGarbage collectors
(Ton)

Garbage gathering
companies (Ton)

City council district
(Ton)

Cairo 1065 264 2331

Alexandria 55 714 2051

Port-Said 453 43 284

Suez – – 30

Damietta – 20 691

Dakahlia 6 124 685

Sharkia 1 31 782

Kalyobia 163 484 870

Kafr El-Sheikh 1 14 141

Gharbia 98 49 516

Menoufia – 9 423

Behera 2 12 308

Ismailia 4 106 370

Giza 282 199 587

Beni-Suef 1 1 101

Fayoum 103 – 1730

Menia – 9 262

Asyout 15 – 158

Suhag 40 – 191

Qena – 1 117

Aswan – 25 41

Luxor – 3 22

Red Sea – 244 –

ElWadi ElGidid – – 83

Matrouh – – 96

North Sinai 40

South Sinai 8 2 20

Total 2297 2354 12,932

aGarbage collection from house

http://www.sis.gov.eg


144 A. A. Mostafa et al.

7.14 Conclusions

Kitchen wastes are increased day by day because of increasing world population.
This will pose many impacts on the environment in case of an appropriate disposing
burning, or wasting potential resources. Biogas production from kitchen wastes will
solve many of such environmental problems, especially with elevating the energy
price in all over the world. Anaerobic digestion after some pretreatments will be very
effective method in utilizing these easy digestible wastes and generation biogas. It
is supposed that this method will help many households either rural or urban ones
not only to benefit from KW as a potential source of wealth and saving many in
purchasing energy, but also to contribute in solving environmental problems from
accumulating wastes. Thus, this method is promising in biogas production.

7.15 Recommendations

The authors highlight the following recommendations:

1. Investigating new methods and pretreatments to minimize the problems of uti-
lize kitchen wastes in biogas production for households and improve the biogas
generation from such valuable wastes, and

2. Supporting the decision makers and governments to the households for installing
biogas units with low cost.
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