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Abstract

Biogas can be produced from colourful organic waste aqueducts or as a derivate from artificial processes.
Beside energy product, the declination of organic waste through anaerobic digestion offers other advantages,
similar as the odour release and the drop of pathogens. Also, the nutrient rich digested remainders can be
employed as toxin for recovering the nutrients back to the fields. Still, the quantum of organic accoutrements
presently available for biogas product is limited and new substrates as well as new effective technologies are
thus demanded to grease the growth of the biogas assiduity each over the world. Hence, major developments
have been made during the last decades regarding the application of lignocellulosic biomass, the development
of high-rate systems, and the operation of membrane technologies within the anaerobic digestion process in
order to overcome the failings encountered. The declination of organic material requires accompanied action
of different groups of microorganisms with different metabolic capacities
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Introduction

Biogas is extensively available as a product of anaerobic digestion of civic, artificial, beast and agrarian wastes.
Its indigenous original- base product offers the pledge of a dispersed renewable energy source that can
significantly contribute to indigenous profitable growth. Biogas composition generally consists of 35 — 75
methane, 25 — 65 carbon-dioxide, 1 — 5 hydrogen along with minor amounts of water vapor, ammonia,
hydrogen-sulfide and halides. Current application for heating and lighting is hamstrung and contaminating,
and, in the case of poor- quality biogas (CH4/ CO2< 1), aggravated by mischievous venting to the atmosphere.
Consequently, innovative and effective strategies for perfecting the operation and application of biogas for the
product of sustainable electrical power or high added- value chemicals are largely desirable. Application is the
focus of the present review in which the scientific and technological base underpinning indispensable routes
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to the effective eco-friendly exploitation of biogas are described and bandied. After compactly reviewing state-
of-the- art sanctification and elevation styles, in- depth consideration is given to the exploitation of biogas in
the renewable energy, liquid energies, transport and chemicals sectors along with an account of implicit
impediments to further progress.

Biogas end-uses
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Fig 1: Biogas Production and Usage

Biogas

Effective operation of ever- adding quantities of external, artificial and agrarian wastes in order to minimize
their environmental impact is an critical necessity. Natural treatment of wastes, which can be carried out either
aerobically or anaerobically, is extensively applied in this area. Due to their several advantages the anaerobic
processes are to be preferred because they bear vastly lower installations, produce lower sludge, operate at
lower temperatures and are suited to periodic operation. Much more importantly, they induce biogas, which is
an seductive implicit source of renewable energy and/ or added- value chemicals due to its high content of
methane and CO2. Anaerobic digestion can do over a wide temperature range, from phychrophilic (10 — 20
°C) and mesophilic (20 — 45 °C) up to thermophilic (45 — 65 °C) and hyperthermopbhilic (70 °C) situations, by
means of cooperation between anaerobes and facultative anaerobe microorganisms, which consecutively
promote a sequence of hydrolysis-acidogenesis, acetogenesis and eventually methanogenesis, that lead to
biogas conformation. The quality of biogas, the digestion rate, the process stability, the uproariousness in
bacteria and the effectiveness in treating substrates containing lipids, proteins and nonbiodegradable solid
matter, are parameters that are in principle told by both the pre-treatment of the organic feedstocks and the
Announcement operation temperature. Thus, two- stage anaerobic digestion processes are frequently
considered to be the optimal combination

Depending on the source of raw biomass and the particular treatment process, the biogas composition
generally lies within the ranges CH4 = 35 — 75, CO2 = 25 — 65, H2 = 1-5, N2 = 0.3 — 3 along with traces of
water vapor, NH3, H2S, and mercaptans (e.g., CH3SH), halides and siloxanes. The quantities of these
pollutants explosively depend on the biomass source and its treatment they play a pivotal part in determining
biogas quality and its ultimate profitable value, due to problems of fouling, erosion and corrosion when used
in thermal or catalytic systems. Environmental pollution from dangerous secondary adulterants produced by
the use of a raw biogas is another important issue. Consequently, junking of pollutants is a necessary precursor
to biogas application, and if it involves the junking of CO2 as well.

1. Batch type
This type of plant requires feeding in every 50 to 60 days gap. After feeding 8 to 10 days are needed to supply
the gas and continuously for 40 to 50 days till the process of digestion is completed and after occasionally it's
voided and recharged. The Battery of digesters is charged and voided one by one to maintain a regular force
of gas through a common gas holder. The installation and operation of these types of plants are capital and
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labor ferocious. They are-economical unless operated on the large scale. These types of plants are substantially
installed in European countries as they don't suit the condition in Indian pastoral areas
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Fig 2: Batch type biogas plant

2. Continuous type

This type of factory requires diurnal feeding with a certain volume of biomass. The gas is stored in a plant or
the separate gas holder and is available for farther use. The biomass when sluggishly passed through digester
gets fully digested, and digested slurry is given out through an outlet. The period in which the biomass remains
in the digester is known as retention period. This period substantially depends on the type of biomass and
operating temperature. The factory is continuously operated and stops only for junking of sludge undigested
biomass residue. The thin dry layer formed at the top of the slurry is known as proletariat. The function of
proletariat is to help the escape of gas from the slurry. The breaking down of layer takes place when the slurry
is sluggishly stirred, and it also helps indigestion process due to better mixing. The feeding pattern of similar
plants matches with diurnal waste generation and doesn't bear its storehouse
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(1)Schematic of Single stage and Double stage
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Fig 3: Continuous type biogas plant

a. Floating drum types biogas plant

Khadi Village Diligence Commission India develops a domestic biogas factory. In this factory, a mild sword
barrel is used as a gas holder. This barrel is most precious element in this factory and covered by masonry
construction with a partitioning wall that creates a needed condition for the growth of acid formers and
methane formers. This factory produces a good biogas yield
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b. Fixed dome types biogas plant

This type of plant requires only masonry work that’s why it’s provident in construction. Pressure in gas
varies depending on the product and consumption rate. A pate structure is veritably strong for outside
pressure but weaker for inside pressure. A professed masonry is needed for construction of pate as gas
exerts pressure from outside out, the pate structure may be failed. The slurry enters from the bay, and the
digested slurry is collected in relegation tank. If the raw material is crop residue than shifting is needed.
As there's no bifurcation in digester chamber, thus the gas product is kindly veritably low as compared to
floating point design. The gas stored in the pate is stored in the pate and displaces liquid in coves and
outlet, occasionally leading gas pressure as high as 100 cm of water. The gas occupies about 10 of the
volume of the digester. The complete factory is constructed underground thus temperature tends to remain
constant and is frequently advanced than in downtime. Numerous variations in introductory models are
advanced keeping in view the portability, ease of installation and conservation, original vacuity of material
and cost.
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Fig 5: fixed dome type bio gas plant

FACTORS AFFECTING THE BIOGAS DIGESTION PROCESS

1. Temperature
Methane forming bacteria works best in temperature ranges 20 to 55 °C. Digestions at advanced temperature
do more fleetly than at lower temperature, with gas yield in rates doubling at about every 5 °C increase in
temperature. The gas product decreases sprucely below 20 °C and nearly stops at 10 “C. Raising temperature
accelerates the gas product

2. Pressure
A minimal pressure of 6 to 10 cm of water column, 1.2 bar is considered ideal for proper functioning of the
factory, of the factory, and it should not exceed 40 to 50 cm of the water column. Redundant pressure leads to
masonry through microscopes and inhibits gas to release from the slurry.

3. Solid to moisture ratio in biomass
The Presence of water is essential for hydrolysis process and activity of extra cellular Enzymes. That helps in
better mixing of various constituent of biomass, movement of Bacteria and faster digestion rate. At higher
water level, gas production drops but if the water level is too low, more acid accumulation takes place, and it
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stops the fermentation process. Raw cow dung contains 80% by weight, and it is mixed with equal amount of
water to minimize solid content up to 10%.

4. Feeding Rate
In the inordinate feeding of raw material at a time, an acid will accumulate, and digestion process stops. The
invariant feeding rate in the proper interval of 50 days, quantum equal0.02 of the volume of the digester should
be maintained.

Biogas applications

Biogas is considered as traditional off-grid energy. Biogas can also be employed to induce electricity. The
colourful operations of biogas are described as follows.

1. Electricity generation

The major benefit of on- point electricity generation is to help transport losses and to increase trust ability due
to the independence from a centralized grid substantially run by traditional fossil energies. It also brings
redundant provident profit by furnishing the needed in- house power demand and dealing the redundant
electricity.

Heat generation

Biogas can be directly burned in boilers for heat generation only. It's doable to slightly modify natural gas
boilers to operate with biogas. As farm biomass is a major biogas product source, the generated heat can be
used for heating the digesters, ranch structures like casing units for gormandizers/ shambles, glasshouses, as
well as aquafarming, cooling/ refrigeration of ranch products, and drying purposes. The drying process in
agrarian businesses, similar as drying of digestate, woodchip, grain, sauces, and spices, is a remarkable added
value to the ranch frugality.

Available heat for external use, representing nearly 30 — 50 of generated heat, can be vended to a near quarter
to be used for quarter heating/ cooling like heating swimming pools. Also, an immersion bite can be a implicit
seeker to more use heat through CHP, in addition to cooling power (tri-generation). It can convert heat into
cooling power with high edge of over to 70.

Combined heat and power (CHP) generation

Concurrent generation of heat and electricity by CHP system is a operational approach to upgrade the energy
conversion efficiency of biogas. When only converting biogas to electricity or heat, just a minor fraction of
energy contained in biogas is used. Characteristically, in these types of systems, associated power conversion
productivity is somewhere in the region of 30 to 40%, while it is diminished by employing biogas as an
alternative for refined and purely natural gas.

CHP plants offer the advantage of high-temperature exhaust gas from the electricity generation subsystem
(ICEs or GTs) as a source of valuable heat for many heating purposes already discussed before. Although the
electricity generation efficiency of simple plants is only 20-45%, a larger portion of energy (around 60% of
the utilized energy is converted to heat that is reused by heat recovery systems; making it more attractive when
there is a high heat demand. This considerably enhances the system efficiency and improves the payback
period of plants, making the distributed generation the most common biogas application. The extra electricity
could be supplied for the national grid and the extra heat can be sold to the local district utilization.

A CHP cycle has sufficient productivity that has an efficiency up to 90%, while it can produce 35% and 65%
of the generated electricity and heat, respectively. In this case, some thermal energy is used to heat the process
and about 2/3 is used for external uses. In some proposed models for biogas-based power plants, the use of
generated heat is ignored and the focus is only on generating electricity. Without any doubt, this approach has
no economic justification and must use all its thermal potential.
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There are three common ways to produce heat and power from biogas including Gas-Otto engines, Pilot-
injection gas motor, and Sterling motors. In EU, four-stroke engines and ignition oil diesel engines contributed
roughly the same in CHPs at somewhere in the vicinity of 50%, each.

CHP plants offer the advantage of high-temperature exhaust gas from the electricity generation subsystem
(ICEs or GTs) as a source of valuable heat for many heating purposes already discussed. Although the
electricity generation efficiency of simple plants is only 20-45%, a larger portion of energy (around 60% of
the utilized energy is converted to heat that is reused by heat recovery systems; making it more attractive when
there is a high heat demand. This considerably enhances the system efficiency and improves the payback
period of plants, making the distributed generation the most common biogas application. The extra electricity
could be supplied for the national grid, and the extra heat can be sold to the local district utilization. Also, an
absorption chiller can be a potential candidate to better use the extra heat through CHP, in addition to cooling
power (tri-generation). It can convert heat into cooling with high efficiencies of up to 70%.

A CHP cycle has sufficient productivity that has an efficiency up to 90%, while it can produce 35% and 65%
of the generated electricity and heat, respectively. In some proposed models for biogas-based power plants,
the use of generated heat is ignored and the focus is only on generating electricity. Without any doubt, this
approach has no economic justification and must use all its thermal potential.

Upgrading to biomethane

If biogas is upgraded and purified to biomethane, it can be fed into natural gas grid to be used for heating
purposes, power generation, or to provide fuel for compressed natural gas (CNG) and even natural gas vehicles
(NGV). A significant benefit of biomethane is that it can be stored to meet peak demands. The two major steps
to produce biomethane are upgrading methane content up to 95-97% followed by a cleaning process to
eliminate water vapor, hydrogen sulphide, oxygen, ammonia, siloxanes, carbon dioxide, carbon monoxide,
hydrocarbons, and nitrogen. Biogas upgrading is performed by physical and chemical technologies such as
adsorption, absorption, cryogenic and membrane separations, and gas separation membranes as well as
biological technologies. Although biological methods are emerging, suggesting an enormous technological
potential, they are not widely used in industry since they are generally much slower, have low rates of
reaction/synthesis, and require long start up period that made them less economically feasible, while
physicochemical methods are common due to technological advancements and implementations.

Upgrading biogas to biomethane or renewable natural gas (RNG) is on a hot trend in developed countries
especially in North America among oil and gas companies for decreasing GHG emissions and using the carbon
credit. There are also other environmental and economically benefits in smaller scale to farmers,
municipalities, and counties for waste management and profitable contracts with gas utility companies.

Transportation fuel

Biogas converted to biomethane (through upgrading and cleaning) can be readily used in natural gas-powered
vehicles as another option for fossil natural gas. Using biomethane as transportation fuel results in remarkably
low GHG emissions that make it a suitable source of renewable fuel. Biomethane turns out to be a great fit to
replace fossil-based fuels in terms of environmental and economic considerations. However, the overall
efficiency is extremely improved when biomethane is utilized in advanced hybrid or fuel cell vehicles (FCVs)
in comparison to current biodiesel or ethanol-powered ICE vehicles.

Hydrogen production

Hydrogen displays many promising potentials for renewable energy and the chemical industry due to its high
potential for energy production. Hydrogen offers the biggest share of energy per unit mass (121.000 kJ/kg).
The hydrogen council suggests about 18% contribution of total final energy utilization by 2050. Hydrogen is
best employed in fuel cells as an emerging energy application to produce electricity, heat, and possibly water.
Furthermore, there are many applications in chemical industries for hydrogen, including food treatment,
hydrogenation methods, production of ammonia and methanol, Fischer—Tropsch synthesis, pharmaceutical
manufacturing, among others.
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Hydrogen displays several promising potentials for renewable energy and also the industry thanks to its high
potential for energy production. gas offers the largest share of energy per unit mass (121.000 kJ/kg). The gas
council suggests regarding eighteen contribution of total final energy utilization by 2050. gas is best used in
fuel cells as associate rising energy application to provide electricity, heat, and probably water. moreover,
there square measure several applications in chemical industries for gas, as well as food treatment, chemical
change strategies, production of ammonia and fuel, Fischer—Tropsch synthesis, pharmaceutical producing,
among others.

Technically, gas (H2) will be discharged from the BSR (biogas steam reforming) method. This method has
temperature flexibility within the vary of 600 to 1000° C, that additionally includes chemical process
techniques. the most distinction between BSR and SMR (steam gas reforming) is that the presence of
greenhouse emission within the feedstock. This issue will increase the sensitivity to carbon production within
the method. The created carbon will deposit within the active section of the catalyst to make deactivation.
moreover, fed gas will have an effect on the gas separation unit. during this case, protein (pressure swing
absorption) and VPSA (vacuum PSA) square measure the foremost common strategies of purifying the system
for hydrogen-rich reformate or syngas. The potential of gas production from all lowland sources within the
USA is perhaps between the full potential of sixteen million a lot of gas from raw biogas and four.2 million a
lot of gas. Biogas production systems have a capability for production from one hundred Nm3/h for small-
scaled agricultural to many one thousand Nm3/h for large-scaled municipal waste landfills; moreover,
sometimes, not all biogas could also be regenerate to the required gas and additional biogas valorization will
be within the system. Therefore, the capability thought of for BSR ought to be within the vary of fifty and one
thousand Nm3 H2/h.

Hydrogen is clean transportation fuel, while as discussed earlier syngas may be used as a feedstock for alcohol
production. With new advancements in reforming procedures, biogas can now be directly improved to syngas
by dry or steam reforming without the necessity to remove carbon dioxide.

Fuel cells

Fuel cells are probably the cutting-edge application of biogas. Also, fuel cells can be utilized in large-scale
power plants, power distribution generators, buildings, small-scaled and portable power supply apparatus for
microelectronic equipment, and secondary power components in vehicles.

Fuel cells can use the chemical energy of hydrogen and oxygen without any intermediaries to deliver electricity
and heat. In this case, there are only a small number of fuel cell-based power plants (most of which are pilots)
that generate electrical power from biogas. Fuel cells exhibit high electrical efficiency of 60% (in power
generation only mode) and thermal efficiency of up to 40% (in CHP applications), but can easily be integrated
with other power generation systems like gas turbines or micro gas turbines to further improve their
performance. Also, biogas fuelled integrated solid oxide fuel cell (SOFC)-CHP offers a modern energy system
that can address both heat and power generation demands for decentralized grids with drastically higher
electrical efficiencies. Such high efficiency compared to other common combustion technologies is a result of
not being limited by thermodynamic Carnot efficiency. SOFCs are more tolerant to fuel impurity and
flexibility; hence offering better integration with biogas systems. This highlights their key role in enhancing
the highly efficient generation of electricity from biogas, which demonstrates significant environmental and
economic merits. However, for the use of biogas as fuel in fuel cells, a cleaning procedure seems essential to
eliminate biogas impurities such as H»S, siloxanes, and other volatile organic compounds (VOCSs) that have
harmful impacts on fuel cell operation.

Furthermore, chemical element made from biogas will directly feed fuel cells. The reforming observe is
succeeded either internally using fuel cells or outwardly by a chemical action pre-reformer. The 3 chief
techniques for alkane series conversion square measure steam reforming, partial reaction (POX), and dry
reforming. Besides, mixed approaches like autothermal reforming (ATR) (mixed steam reforming and alkane
series POX) square measure applicable. during a pilot plant created in metropolis, Espana named “Biocell
project”, biogas from a WWTP was used in 2 classes of a cell. the primary was proton-exchange membrane
cell (PEMFC) that entailed exterior gas cleansing and reforming unit.
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Conclusion

This paper about biogas explains in detail about the bio gas, its types and their applications. Heat generation
types and upgrading to biomethane was discussed in depth. Biogas is considered as traditional off-grid energy.
They can also be employed to induce electricity production. Transportation fuel, hydrogen production and fuel
cells was closely explained. Recent advances in fuel cells resulting in low emissions (CO2, NOy) and high
efficiency make them suitable for power generation and transportation purpose.
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