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Abstract

With the increase in energy consumption and the production of waste, anaerobic digestion, the technology that converts
waste into bioenergy, has received more attention in the world. Biogas is a renewable, clean and relatively mature energy,
but most commercial biogas power plants still require a lot of financial incentives. In addition, the lack of very cheap
local digestible materials reduces the productivity of biogas, especially for large biogas plants (larger than 1 MW).
Therefore, innovations that can improve the cost efficiency and affordability of biogas energy technology resources are
needed. Over the past few years, a number of potentially innovative processes for biogas technology have been proposed
and investigated. However, most of these new concepts have had little impact on the development of technology.
Therefore, review reports that regularly compare, analyze, and evaluate the appropriateness of these emerging methods
are needed, emphasizing their technological superiority and real commercialization potential. In this paper, the latest
innovations, inventions and articles related to biogas production have been reviewed and an attempt has been made to
analyze the selected methods and their limitations and perspectives. It also provides ideas for new innovations by
identifying future research needs.

Keywords: biogas, renewable energy, biogas production, nanoparticles

the volume of pretreatment units [2].

Although chemical pretreatment methods such as
concentrated acids, wet oxidation, metal complexes and
solvents were effective, they were economically very
expensive [3]. The proposed priority is as follows:

1- (AFEX) Ammonia fiber explosion 2- Ammonia
recycle percolation (ARP) 3-Dilute acid. 4- Flow

1. Introduction

Although biogas technology seems to be relatively
mature and complete, it is not yet fully economically
viable and requires financial incentives to compete with
fossil fuels [1]. The three main factors that limit the use

and adoption of biogas technology are 1- High costs of i
digestible raw materials. 2- Limited local access to raw through pretreatment. 5- Lime. 6- PH control methods

materials. 3- Limited innovations that make biogas [4]. Low-intensity chemical pretreatments such as
technology more economically attractive. In general, mechanical, biological, high pressure, and sound wave
the purpose of this research is to highlight and evaluate degradation often only increase the amount of
as much as possible the potential innovations of the anaerobic digestion. IfIigh.-intensi.ty pretreatment, such
biogas production process that have recently been as thermal hydrolysis, is required to increase the

influential in scientific writings and patents.

2. Lignocellulose biomass pretreatment to
increase digestion

Lignocellulose biomass pretreatment can reduce cell
crystallinity. As a result, the lignin content is reduced,
which makes it easier to access microorganisms.
Pretreatment includes various physical, chemical and
biological methods. Biological pretreatment methods
are very slow. Pretreatment methods are optimal
require low Capital expenditures, and operating and
maintenance costs and are also fast enough to reduce

conversion rate and kinetics of anaerobic digestion [5].

3. Enhanced Anaerobic Digestion
3.1. Enhanced Anaerobic Digestion
processes

Improved anaerobic digestion is achieved using
improved bacteria, fungi and enzymes. Genetic
engineering and nanotechnology are the two main ways
to provide enhanced anaerobic digestion. Techniques
such as heat treatment, process monitoring and control
are other upgrade methods that can potentially generate
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more profit in terms of cost-effective anaerobic

digestion.

3.2. Enhanced Anaerobic Digestion
Reactors

Reactors such as up flow anaerobic sludge blanket
(UASB), fixed bed or fluidized bed, textile, and membrane
were developed to increase microbiological reactions in
return. In addition, reactor operating techniques such as
multi-stage operation or recirculation of the effluent can
further improve anaerobic digestion reactors [6].

In recent years, Kubota Submerged Anaerobic
Membrane Bioreactor (KSAMBR) has been fully
implemented in the food and beverage industries. This
digestion consists of two main parts: (1) a solution tank
and (2) a thermophilic anaerobic digestion reactor
consisting of immersed membranes. The invention of an
enhanced membrane anaerobic digestion reactor
(EMBADR) in which biogas escapes as a bubble through
the membrane surface and prevents fouling was made by
Hong et al [7]. Biofilm reactors (BR) have the benefits of
providing high cell density, increasing productivity,
reducing the risk of leaching, eliminating inoculation
operations, resisting long-term fermentation and
increasing the resistance of microorganisms in severe
conditions [8].

3.3. Solid-state Anaerobic Digestion

Conventional anaerobic digestion, which operates at solid
concentrations between 0.5%wt and 15% wt, is called
liquid anaerobic digestion. Solid concentrations above
15% wt to about 40% wt are called solid-state anaerobic
digestion (SSAD) [9].

3.4. Two-stage Anaerobic Digestion

when AD is split into two stages: (1) hydrolysis and
acidogenesis in which the organic matter is decomposed
into liquid phase organic acids and other intermediates and
(2) acetogenesis and methanogenesis in which methane
gas is produced from the liquid phase intermediates, the
resulting two AD reactors can be independently optimized
and thus biomass conversion efficiency can be
improved[10]. In a study by Castro et al. using a two-stage
system, the organic charge was reduced by 50% and
biogas was produced with a higher methane content than
the single-stage reactor, resulting in a 20% increase in
methane.

4. Greenhouse gas mitigation in AD

Anaerobic digestion can generally be used to reduce the
intensity of greenhouse gases. In some cases, such carbon
management has the potential for added value. By adding
or recycling CO; the biomass conversion ability can be
improved and thus increase biogas production. The ability
of anaerobic digestion to utilize excess CO is clearly an
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emerging new development that needs more attention
[11].

CO; reduction was estimated for food waste (up to
11%) and for sewage sludge (up to 34%). High-pressure
anaerobic digestion has the potential to improve biogas
digestion.

5. Biohydrogen

Biohydrogen is another carrier of gaseous energy that can
be obtained from biomass and often uses techniques
similar to anaerobic digestion. There are three major
routes to produce biohydrogen: (1) fermentative (dark and
photo), (2) enzymatic, and (3) electrolysis of biocatalysts
[12].

The purity of biohydrogen may be an insignificant
parameter because biohydrogen-rich streams can be
exploited substantially in integrated biorefinery, e.g. for
injection into anaerobic digestion to upgrade biogas to
Biomethane which has high CO, and methane contents in
biohydrogen is not a disadvantage.

6. Unconventional feedstock’s for
Anaerobic Digestion

High-methane content biogas can be produced through
anaerobic digestion of coal, including coal residues or
abandoned mines (the process of anaerobic digestion of
coal). This coal-Anaerobic Digestion process might have
commercialization potential as non-thermal and thus low
energy-intensive coal gasification technology enabling
underground coal gasification to methane rich biogas [13].

7. Use of nanoparticles to increase biogas
production

Various nanoparticles are used as additives in the
anaerobic digestion process. In a general classification,
these nanoparticles can be divided into the following
three categories:

1- Zero-valent metal nanoparticles (ZVI)

2- Metallic and metal oxides nanoparticles

3- Carbon-based nanoparticles

7.1. Zero-valent metal nanoparticles (ZVI)

Zero-valent Iron (ZVI) NPs have been characterized as a
proper low-release electron donor during the
methanogenesis process leading to enhanced biogas
production yields [14]. It has been reported that ZVI NPs
were capable of optimizing the microbial population and
consequently, enhancing hydrolysis fermentation. More
specifically, the strong reductant property of iron could
facilitate hydrolysis-acidification steps [15]. Enhancement
of biogas production in the presence of ZVI NPs could
also be attributed to their influence on the physical and
chemical properties of the environment surrounding
methanogenic microorganisms by controlling pH,
ammonia nitrogen concentration, and volatile fatty acids
content.
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7.2. Metallic and metal oxide NPs

Some trace metals such as Co, Cu, Fe, Mo and Ni can play
an important role in stimulating as well as stabilizing the
anaerobic digestion of waste organic matter when in low
concentrations [16]. In fact, the presence of these heavy
metal ions is essential for enzymes and cofactors and is
essential for the various reactions that occur during
anaerobic digestion.

Unlike the metal nanoparticles and metal oxides
mentioned above, which have positive effects at certain
concentrations, nanoparticles containing Cr, Cd and Zn
interfered with biogas production. These metal species can
inhibit or kill microorganisms in anaerobic digestion, so
they can prevent the whole process [17].

7.3. Carbon-based nanomaterials

Carbon nanotubes (CNTs), graphene and fullerenes are
the most important carbon nanomaterials in various
industrial applications. Among carbon-based
nanomaterials, carbon nanotubes are in a wide range of
applications due to their remarkable thermal, mechanical,
and electronic properties. Similarly, their potential
applications in renewable energy and biogas production
have recently been investigated [18].

8. Conclusion

There were five more promising innovations in biogas
production:

1- GICON process in which raw materials are used in
a flexible two-stage digester without a stirrer.

2- The AHPD process uses the high pressure
produced spontaneously in the reactor (up to about
20 atmospheres) to reduce the amount of CO2 in
the biogas, which increases the solubility of CO2
relative to methane.

3- The EMBADR process uses an anaerobic digestion
membrane reactor that produces a small amount of
self-generating excess pressure to supply
penetration. In addition, biogas was removed from
the membrane surface in the form of bubbles in
order to prevent sedimentation of the membrane
surface.

4- Anaerobic digestion of coal wastes, including
underground microbiological coal mines.

5- Regarding nanoparticles, it should be noted that in
fact, nanoparticles show a surface-to-volume ratio
with a high reactivity potential, which makes them
suitable for different reactions.
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Abstract

With the increase in energy consumption and wastes generation due to human activities, anaerobic digestion (AD), a
technology which turns wastes into bio-energy, is receiving more and more attention in the world. Biogas is renewable,
clean and relatively mature energy, but most biogas commercial plants still need significant financial incentives. In
addition, a shortage of locally available, cheaper and digestible materials reduces biogas productivity, especially for
large biogas plants (larger than 1 MWat). Therefore, innovations that can improve the cost and efficiency of biogas
energy technology resources are needed. Over the past few years, a number of potentially innovative processes for
biogas technology have been proposed and explored. However, most of these new concepts have had little impact on
technology development. Therefore, it is necessary to review the reports that compare, analyze and evaluate the
appropriateness of these methods and the technological superiority and real commercialization potential. This article
reviews the latest innovations and articles related to biogas production. It also provides ideas for new innovations by
identifying future research needs.

Keywords: biogas, renewable energy, biogas production, nanoparticles
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