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Methanation technologies for the production of synthetic renewable methane are considered. The

methanation technologies is carried out with the efficient use of renewable energy sourcesy Thé
concept for the generation of synthetic renewable methane in different countries are co.side Some résults of
studies of methanation processes, obtained in ongoing projects, are presented. Wo

implementation of methanation technologies for the production of synthetic renew ane can be an
example for Ukraine.
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Introduction

There is a growing interest in renewable energy sources i
solar energy, wind energy and biomass energy, whic
natural gas and oil. However, a number of factor hin
wind power plants that operate unstably in

m rn world energy industry. These are
ive to traditional energy sources - coal,
ctical use of these sources. For solar and
(day—n ht, summer-winter, the influence of weather
conditions), there are difficulties in coordinating opeyating modes with electric networks. For biogas
plants, direct transfer of the resulting biogas to existi s networks is not possible due to the high (up to
50%) carbon dioxide content in biogas. Thétefore, it is necessary to transform these types of renewable

energy into a form that is compatible wit ssibilities of their use. For solar and wind power plants, this
is the accumulation of excess generat stabl® electricity by generating synthetic methane - the so-called
Power-to-Gas (PtG) process [1, 2].

The PtG technological chaiidis a stage energy conversion process. The first stage is to convert the

primary energy from the sun
electricity and biogas to pr
CO, and H, into syatheti
an accumulator of u

The purpose

in@or;biomass into electricity or biogas. The second stage uses renewable
e carbon dioxide and hydrogen. The methanation process, which converts
le methane, is the third final stage. Thus, synthetic renewable methane is
rénewable energy.

etermine the most effective technologies for implementation in Ukraine.

nclude the study and analysis of literature and other data, in particular, methanation
ille has great potential and prospects for the development of biomethane production [3], so the
rience in the implementation of the PtG concept is an important issue for our country.

There are two methods of methanation technology as the basis of PtG processes:

— in catalytic reactors in which the Sabatier chemical reaction is implemented;

— in biological reactors, where the methanation process occurs with the participation of methanogenic
microorganisms, the so-called archaea.

Studies of methanation processes in both of these directions are carried out in many countries: the USA,
Switzerland, Denmark, Germany, France, Japan, and others. Laboratory, pilot and demonstration
installations that implement the ideas of PtG are already known.
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1.1 Catalytic methanation

Catalytic methanation — is a chemical reaction in which hydrogen and carbon dioxide are synthesized
into methane. The production of methane through the Sabatier reaction (1) is an exothermic catalytic reaction
and usually takes place at temperatures from 200°C to 550°C:

C02 + 4H2 — CH4 + 2H20 + 165 kJ/mol (1)

To improve the efficiency of methanation, numerous studies have been carried out to develop catalysts
with high activity, CHy selectivity and stability under conditions of heat release during the reaction. Such
catalysts as Nickel, Ruthenium, Rhodium, Palladium, Cobalt, Iron were considered [4].

Reaction (1) is highly exothermic, so the adiabatic temperature rise associated with the reactign is quite
high. This increase in temperature leads to a decrease in the proportion of H, and CO, that havglreagted (i.e.,
to a decrease in the amount of methane generated or the rate of methanation). T%i chedse t i
methane, it is necessary to lower the temperature of the methanation process, as We!i aste increase the

n
pressure in the reactor. The search for economically feasible ways to lower the operati peratures of the
methanation process is one of the main issues in creating an acceptable technology fi process.

For catalytic methanation various types of reactors are used. In cooled (fixed-bedl reactors [1] the
working process takes place in cylindrical tubes with a catalyst, which are wash the outer surface with a
coolant of a given temperature. In this case, water can be used as a cool t 1§ main drawback is the
dependence of the boiling point on pressure, i.e. high temperatures requi ssure. Other concepts are
based on the use of three-phase reactors for methanation [5].dn susgpenSion reactors, the working zone is
filled with heat-transfer liquids, in which small particles of the cagalys into a state of suspension due to
the gas flow. The high heat capacity fluid allows almost complete, removal of the heat of the reaction,
ensuring practically isothermal operation of the methanator.

A disadvantage of fixed bed adiabatic reactors i ranc€e of high temperature and high pressure
drop zones. To overcome these shortcomings, eacfors such as monolithic reactors have been
developed [6]. The use of an internal metal stru ade it)possible to increase heat transfer in the working
area by two to three orders of magnitude.

Microchannel reactors [7] are a modification of structured reactors. The advantages of such reactors are
compactness and good thermal control. Compactness is ensured by an increased ratio of the surface of the
metal microstructure to its volume. Ru-TiO%msh powder form was used as a catalyst. The application of a
catalyst to a metal structure, as well@ removal of the used catalyst, make it difficult to operate such

reactors.
1.2 Biological methanat

The process of biologi¢al’ méthanation is carried out using archaea of the genus Methanothermobacter
as catalysts capa co g hydrogen and carbon dioxide into synthetic methane. Biological
methanation takes pl robic conditions at atmospheric pressure and temperatures from 20 to 65°C.
There are two co biological methanation process:

— In_situsethanagion, i.e. in a biogas reactor, where hydrogen is directly supplied from some external

S

ethanation in a special reactor - a methanator, where biogas (a mixture of 50-60% methane
bon dioxide), hydrogenotrophic methanogens, and hydrogen are supplied separately.
Alternative JO, can also be supplied here.

During in-site methanation, hydrogen from an external source (electrolyzer) is fed into the lower part
(bottom) of the reactor, blown through the fermentation liquid, where with the help of archaea, it methanizes
CO,, which is released in the process of anaerobic fermentation of biomass. Intensive stirring of the
fermentation liquid activates the process. As the conducted studies have shown, it is extremely difficult to
achieve complete conversion of CO, released during the fermentation process.

Within the framework of the BTU-FESPE project of the Brandenburg University of Technology, the
process of biocatalytic methanation in an anaerobic trickled-bed reactor was investigated [8]. Such a reactor
contains a packed bed as a surface on which microorganisms can be immobilized. A three-phase system is
formed on the carrier surface (biofilm—liquid—gas). Thus, in the anaerobic trickle-bed process, methane with
a concentration above 98% can be obtained [8].
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An article by research organizations in Ireland [9] published the results of studies on in-sifu and ex-situ
biological methanation to produce synthetic renewable methane that can be fed into existing gas networks.
The work [9] proposes a sequential combination of several ex-situ blocks, as well as a hybrid model for
combining in-situ and ex-situ blocks, taking into account the advantages and disadvantages of each of these
concepts. The paper [10] also considers various systems and technologies for biological methanation, such
as in-situ and ex-situ. The main parameters that determine the cost-effectiveness of each technology, as well
as ways to optimize them, are noted.

1.3 Comparison of biological and catalytic methanation

Comparison of biological and catalytic methanation technologies was carried out in many works. In
particular, in a review [2] these comparisons were made according to the following indicators:
The volume of the reactor required to ensure the same productivity;
— Resistance to the influence of impurities;
Dependence of the methanation process on the load; ®
Energy efficiency.

The results of these studies showed that: \
gical methanation

— The volume of the catalytic methanation reactor is less than the volume o
h

reactor required to provide the same productivity;

— Biological methanation is more resistant to impurities. Contamina sulfur and oxygen do
not affect biological methanation, while in catalytic methanators sulfugand its fompounds are harmful to
nickel catalysts; ° Q

— Fixed-bed reactors are the most sensitive to load changes, due atalyst temperature fluctuations.

%rs the effect of load changes;

a Jstirrer and can use waste heat, this

The liquid phase present in biological and three-phase methanation

technology is more efficient.

2 Implementation of the PtG concepti monstration and laboratory plants

In [11], a detailed review of PtG projects i ed in different countries is made. The largest
number of projects during 2009-2019 was carried out in Germany and concerned both catalytic and
biological methanation. Among other countries, the leadership is held by Great Britain, Denmark,
Switzerland, the USA, Austria, Japan and

2.1 PtG projects with catal thanation

One of the largest PtG ts ermany with a capacity of 5 MW Audi e-gas uses catalytic
methanation technology in 1 rmal fixed-bed reactor [12]. Renewable electricity for electrolysis
comes from four wind tur@d CO, is generated in upgrading process at nearby biogas plant. The
efficiency of the P& prcessW % without taking into account additional thermal energy produced. The
a biogas plant, is not used permanently, but according to the power supply

alified for participating in what is known as the electricity balancing market

wind power plant its
scheme. The pla
[13].

asing the efficiency of PtG technology by thermally integration of high-temperature
catalytic methanation at high pressure was implemented in the project HELMETH [14]
ect brings together partners from Germany, Italy, Greece and Belgium.

electrolyzers and low-pressure catalytic methanation) to 85% and higher at pressures up to 30 bar and a high-
temperature electrolyzer on the base of SOECs. The heat of the exothermic methanation reaction was used in
the process of high-temperature electrolysis under pressure, which increased the efficiency of the PtG
process. To achieve a high methane yield, the HELMETH project tested and optimized various nickel and
ruthenium catalysts, which ensured the content CH, in the methanation product at a level of more than 97
vol.-%, and hydrogen concentrations below 2 vol.-%.
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Fig.1. HELMETH PtG concept [14]

2.2 PtG projects with biological methanation

Gas project. It was started in 2013 and implemented in 2015 in Allend rmany). Viessmann group
subsidiaries provided equipment for this plant [15]. Before the imple of the project, laboratory
studies were carried out that confirmed the viability of the corféept idlogical methanation (the methane
content in biogas increased from 60 to 95%). Thus, biological mefhanation*of pure CO, and H, was realized
in this project.

A significant recent event (April 28-29, 2022) w; inauguration of Europe's first industrial
PtG plant in Switzerland. Based on biological methahation;Qthis plant is the first in Europe and is an
for HZI Schmack (a subsidiary of Hitachi
Zosen Inova AG), which proposed the innovativéptechnology [16]. The new PtG plant uses renewable
electricity from a wastewater treatment plant to split into oxygen and hydrogen using electrolysis. In
the second stage of the process, this hydrogenlis fed to the HZI Schmack methanation reactor together with
the waste water gas. In the "BiON" proce e\microorganisms in this bioreactor convert hydrogen and CO,

contained in wastewater gases into biometha der anaerobic conditions. The biomethane is then purified
and can be fed into the local gas net CO;-neutral substitute for natural gas.

The first biomethanation-based PtG concept to reach commercial statugdim, t rld is the Bio Power 2
G
&

Conclusion &

In modern conditions, production of synthetic renewable methane, which are an alternative to
expensive and sometim rce)natural gas, is of great importance. The current PtG system can be
considered as a of synthetic renewable methane. Today, in many countries of the world
(Germany, Great Brit ark, Switzerland, USA, Austria, Japan, the Netherlands and others), active
work is underwa rea
demonstratie jects¥have already been carried out, confirming the viability and promise of the PtG

fforts of researchers are aimed at increasing the efficiency of hydrogen generation and
methanatior
for adiabatic/catalytic methanation reactors, the main problem is ensuring the optimal reaction temperature
due to cooling. However, for instance, a three-phase reactor is devoid of this disadvantage. For biological
methanation reactors, the main problem remains the low level of mass transfer of hydrogen, which limits the
productivity of the process.

The PtG concept involves the production of synthetic renewable methane by catalytic or biological
methanation, i.e., combining hydrogen with carbon dioxide using surplus energy from renewable energy
sources to generate hydrogen in certain electrolyzers.

Comparing the results of the implemented PtG projects with catalytic and biological methanation
processes, we can draw the following conclusions:
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— Medium to large PtG projects (over IMW) are being implemented using catalytic methanation
technology due to their scalability and the ability to increase process efficiency by using the heat of
methanation.

— Small-capacity projects should be implemented using biological methanation, because
biomethanation requires the use of reactors with a large specific volume. However, its increased resistance to
such harmful impurities as sulfur and oxygen compensates this direction of biomethanation.

— Both biomethanation concepts of PtG — in-situ and ex-situ — have found their practical
implementation. The hybrid model in-sifu + ex-situ takes advantage of each of these concepts.

The world experience of implementing the PtG concept should become an example for Ukraine. A
separate task of this study was to determine the most appropriate methanation technologies for the
production of synthetic renewable methane in Ukraine. It should be noted that in recent years therg has been
an increased interest in biogas technologies in Ukraine. To date, more than 70 biogas plants avg already
been built in the country. Therefore, it is quite logical and economically justified t&

technologies for the production of synthetic renewable methane. For example, such @ pla ay combine a
biogas reactor as a source of carbon dioxide, which is an integral part of the resulting bidgas, Wi X-Situ
methanation process, where either biological or catalytic methanation is used. W f developing
bioenergy can be a powerful incentive for the construction of solar and wind nts as sources of
electricity for producing renewable hydrogen used in the methanation proc However, to get a final
answer to the question - which of the technologies can be recommended ntation in Ukraine, is
possible only based on a feasibility study of synthetic renewable methan @n technologies.
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