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Abstract

The paper announces that the Ministry of Energy and Environmental Protection of Ukraine has developed the
“Ukrainian Green Deal”, the ambitious goal of which is the transition to a climate-neutral economy, reducing greenhouse
gas emissions and decarbonizing the economy by 2070. The “European Green Deal” provides for the achievement of similar
goals by 2050. It is mentioned that the share of biomethane and “green” methane in the overall system of transmission
and consumption of natural gas is planned to increase. The process of biomethane production by biogas enrichment and
carbon dioxide separation is described. The perspective course of pure hydrogen production by water electrolysis due to the
use of excess “green” energy from solar and wind power plants is noted. The way of complex integration of biomethane
and “green” hydrogen production is suggested. The process of “methanation”, i.e. the conversion of “green” hydrogen and
carbon dioxide as a waste product in the production of biomethane is described. The readiness of the NAAU to accredit
verification bodies of greenhouse gas emission due to the introduction of the greenhouse gas emission allowance trading
in Ukraine was stated. The calculation of the combustion heat values, density and Wobbe number for natural gas when
mixed with pure hydrogen has been simulated. It is pointed that when the heat of combustion decreases and exceeds the
permissible limits, the Wobbe number does not exceed the minimum set value, which indicates the absence of the need
to replace gas-consuming equipment. It is argued that if it is necessary to increase the combustion heat of a mixture of

natural gas with hydrogen, it is necessary to enrich it with “heavy” hydrocarbon gases.
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Introduction

Supporting the initiative of the European Com-
mission, which announced the “European Green
Deal” as a roadmap for measures, which will transform
the EU into an efficient, sustainable and competitive
economy and determine the means of transforming
Europe into the world’s first climate-neutral continent
by 2050, the Ministry of Energy and Environment
of Ukraine developed the Concept project of transi-
tion to “green” energy, which was called “Ukrainian
Green Deal” [1]. The Ukrainian Concept envisages
achieving the main goal, which is reducing greenhouse
gas emissions, in order to ensure the transition to
a climate-neutral economy of Ukraine by 2070. One of
the important points is to gradual decarbonize energy
in terms of reducing natural gas production by replacing
it with energy from renewable sources, including solar
and wind energy. In particular, it is expected that the
share of synthetic “green methane” and biomethane
in pipeline systems of gas transmission to consumers
will increase. Furthermore, an important element of
the strategy is the development of a hydrogen energy
project preparing for the H2Ready programme, i.e. an
integrated approach to the possibility of transmitting
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a mixture of natural gas with hydrogen in pipeline
transmission systems, where the content of the latter
is up to 20%.

The purpose of the paper is to generalize and
analyse the courses of transition to green energy and
conduct theoretical research on the possibility of using
biomethane, “green methane” and hydrogen in terms
of their influence on the quality of “natural gas”, the
requirements for which are set in regulations.

Ukraine has the potential to increase biomethane
production capacity, which in the future may account
for a significant share of total gas consumption in
Ukraine and play an important role in balancing
gas consumption and the energy system as a whole.
Moreover, [2] states that by 2050 the consumption of
biomethane in Europe may be from 30% to 40% of
the total gas consumption by consumers. Biomethane
is a prepared and enriched biogas, from the component
composition of which carbon dioxide and other gases
are extracted, i.e. it is enriched and the methane
content is 95—97%. The recently adopted amendments
to the Law of Ukraine “On Alternative Fuels” [3] state
that “biomethane is a biogas, which in its physical
and chemical characteristics meets the requirements
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Fig. 1. Stages of the integrated production of biomethane, “green methane” and “green hydrogen”

of regulations on natural gas for supply to the gas
transmission or distribution system or for use as motor
fuel”. That is, the main advantage of biomethane
is the ability to pump it into the pipeline without
additional costs to change the gas infrastructure.
Besides, its physical and chemical parameters will be
identical to those of natural gas. Formally, biomethane
producers will be subject to similar requirements as
mining companies in terms of installation of automated
gas metering and control systems and assessment of
compliance of these systems with the requirements
of the Technical Regulation and the organization of
commercial gas metering accordingly. Biomethane will
be supplied from biogas production of agricultural and
farmland in Ukraine.

LLC “Regional Gas Company” (RGC) announced
that it would connect a biomethane plant to the gas
distribution networks as early as mid-2022 after the end
of the heating season. The company has introduced
a “one-stop shop”, which allows manufacturers to
enter into a direct contract for connection to gas
distribution networks on the terms of supply of the
necessary equipment from global manufacturers with
which RGC cooperates.

It should be noted that biomethane is classified as
a climate-neutral gas, because the cycle of its formation
involves the amount of carbon dioxide absorbed
by plants during their growth, which is identical to
the total emissions from burning biomethane to the
final consumer without changing the overall balance
of harmful emissions. Thus, biomethane produc-
tion should become one of the key elements of the
strategy of transition to a climate-neutral economy
of Ukraine.

The next element of the strategy is the production
and transmission of pure hydrogen. In the course of
implementing this element, Ukraine has been identified

as one of the priority partners in the supply of
hydrogen to Europe. Ukraine has successfully launched
the Hydrogen Project, which provides for two stages.
The first stage is the production of pure hydrogen
(“green” hydrogen in the electrolysis of water with
renewable energy, “black” hydrogen in the combustion
of coal, “yellow” hydrogen in the electrolysis of water
from nuclear power plants, “blue” hydrogen from
natural gas). The second stage is the transmission of
hydrogen through pipelines. In addition, the issue of
this transmission studied in two directions: the supply
of pure hydrogen to the pipeline and mixing hydrogen
with natural gas in the ratio of 20% / 80%. The most
promising is the production of “green” hydrogen, which
is a priori environmentally friendly and meets all the
requirements of the green course strategy. A separate
component of the implementation is manufacturing
and testing of gas equipment, which must work and
come into direct contact with hydrogen. Currently,
the equipment that has successfully passed all stages
of testing is identified as H2Ready.

However, in order to fully implement the green
strategy in Ukraine, it is advisable to apply an
integrated approach, which involves attracting surplus
energy from renewable sources (wind farms, solar
power plants and others) and biomethane plants for
production synthetic “green methane” and “green
hydrogen”. Thus, it is possible to significantly increase
the efficiency of both processes, in particular, the use
of carbon dioxide, which is actually a “waste” product
in the enrichment of biomethane [4]. Currently,
such an integrated approach differs from the road-
map of the European Green Course and is the result
of practical experience in Ukraine. Fig. 1 schematical-
ly shows an integrated approach to the produc-
tion of biomethane, “green methane” and “green
hydrogen”.
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Technologically, the process will be as follows:
during the peak surplus of electricity from wind and
solar power plants, it will be consumed for the process
of water electrolysis to produce “green hydrogen” H,.
Moreover, the produced hydrogen will be used in
three ways. Firstly, it will be transmitted for methane
production. Secondly, the part of the hydrogen will
be sent to the gas transmission system for mixing with
natural gas in a limited proportion, not exceeding
80% /20%. Thirdly, pure hydrogen will be pumped
into cylinders for storage and sale in various types of
chemical processes and for replacement of technical
hydrogen, which is currently produced from natural
gas. What is more, “green hydrogen” will be added to
natural gas in pipeline transmission systems to reduce
carbon dioxide emissions from its combustion to the
consumer, i.e. decarbonization will be promoted.

The raw materials of the biomethane plant are:
biomethane (55%) and carbon dioxide (40%), the
remaining 5% are technological losses of the initial
volume of biogas. Biomethane, with the methane
content of 95—97%, will also be supplied directly
to gas distribution networks. Thus, the extracted
carbon dioxide CO, can be effectively used in the
“methanation” reaction, i.e. in the conversion of “green
hydrogen” and in the production of synthetic “green
methane” accordingly. The reaction of “methanation”
has the following form [5]:
4H, + CO, » »T< > CH, + 2H,0 — 164 kJ/mol. (1)

In addition to hydrogen and carbon dioxide for
the reaction to take place, catalysts are required, the
most common of which is nickel. Furthermore, the
reaction is exothermic and requires creating condi-
tions of high overpressure and high temperature.

45

It should be noted that to achieve climate
neutrality in the framework of decarbonization, the
European Commission aims to introduce a carbon
tax to be paid by producers and exporters who will
use fossil energy sources. That is, manufacturers will
have to prove that their products are made using
green energy. In addition, it will protect consumers
from carbon footprint products, i.e. the production has
been moved to a country where greenhouse gas emis-
sion requirements are not regulated.

In Ukraine, the emission trading will be introdu-
ced in 2021 as one of the requirements of the Asso-
ciation Agreement with the EU, according to which
the Directive 2003/87/EC on the establishment of
a scheme for greenhouse gas emission allowance trading
should be implemented [6]. This Directive introduces
a system of selling a limited number of allowable
permits (“caps”) for greenhouse gas emissions in order
to stimulate the reduction of greenhouse gas emissions
from large stationary sources in a cost-effective and
low-cost way. That is, for some sectors of the economy
the requirements will be set to reduce CO, emissions.
To carry out appropriate supervision at the legisla-
tive level, the National Accreditation Agency of Uk-
raine (NAAU) accredits bodies for verification of
greenhouse gas emissions in accordance with the
DSTU ISO 14065:2015 [7] under the Law of Ukraine
“On Principles of Monitoring, Reporting and
Verification of Greenhouse Gas Emissions” [8].

The next stage will be a study on the possibility
of using a mixture of natural gas with hydrogen and
the compliance of its physical and chemical parame-
ters with the requirements of current regulations in
Ukraine. According to the GTS Code [9], higher
and lower heat of combustion are standardized
for natural gas, in particular the range of values
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Fig. 2. The results of simulating the influence of the hydrogen on natural gas: Max H, Min H are the maximum and minimum normalized
value of the combustion heat for natural gas; Min W is the minimum normalized value of the Wobbe number for natural gas
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Fig. 3. The results of simulating the effect of hydrogen on the natural gas density

of lower combustion heat is from 32.66 MJ/m? to
34.54 MJ/m?. The range of natural gas density values
is not standardized, however when calculating the
compressibility coefficient according to [10], it is
indicated that the scope of calculation methods is
limited from 0.66 kg/m? to 1.05 kg/m?. In addition, the
Wobbe number, which is a complex indicator because
it is determined taking into account the analytical
dependence connecting two separate indicators: the
heat for gas combustion and its relative density [11],
and its range is from 41.2 MJ/m? up to 54.5 MJ/m?.
The Wobbe number is in its physical nature a cri-
terion for the similarity of gases and determines their
possibility of interchangeability and characterizes the
constancy and stability of thermal energy coming from
the gas as a result of its combustion, regardless of
component composition. That is, gases with the same
Wobbe number under equivalent overpressure and
combustion conditions can usually be replaced without
additional replacement or adjustment of burners or
gas injectors of gas-consuming equipment.

It is currently suggested to add hydrogen to natural
gas with a maximum content of up to 20%. It should
be noted that the normative document [12] concer-
ning the testing of gas-burning appliances sets the
reference gas type G 222 “saturated gas for flame
leakage”, the component composition of which pro-
vides CH,= 77%, H, = 23%.

Based on the above data and limit ranges, si-
mulations of combustion heat values and the Wobbe
number values for gas with the methane content from
100% to 80% and the hydrogen content from 0% to
20%, respectively, were simulated. Fig. 2 shows the
simulation results.

According to the results of the analysis of Fig. 2,
the value of the combustion heat with the addition of
the hydrogen decreases and releases when the hydrogen

content is more than 3% beyond permissible limits.
The situation is similar with the value of density, which
according to the simulation results is from 0.55 kg/m?
to 0.66 kg/m? and immediately exceeds the limits
normalized for the calculation of the compressibility
coefficient (Fig. 3). However, the calculated values of
the Wobbe number do not fall below the minimum set
value, which indicates that the gas with such a com-
ponent composition will be burned in conventional gas-
consuming appliances without additional replacement
of injectors.

However, [9] normalizes the maximum content of
other components of natural gas, particularly ethane,
propane, butane, etc. Thereafter, to ensure the value
of combustion heat at the level of the minimum
permissible value of 32.66 MJ/m?, it is necessary to
add “heavy” gases with a higher value of combustion
heat to the composition of natural gas. According to
the simulation results, it is calculated that the following
component composition of the gas will meet the above
requirements for combustion heat and gas density:
CH, = 74%; H, = 20%; C,H; = 3%; C,H,, = 2%;
CH,, = 1%, the combustion heat is 32.82 MJ/m’.
Moreover, the Wobbe number is also within permissible
limits and is 44.8 MJ/m?. That is, with the addition
of the hydrogen to the maximum amount of 20%, it
is possible to achieve the regulated values of combus-
tion heat, density and the Wobbe number by enriching
the gas by adding “heavy” hydrocarbon gases.

Conclusion

The Ukrainian economy has set itself an ambitious
goal to ensure climate neutrality by 2070, i.e. to transit
to green energy. Particularly, in terms of reducing
the number of fossil energy sources, it is planned to
increase the amount of energy from renewable sources,
including a promising area, which is a comprehensive
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solution for the production of biomethane, “green
methane” and “green” hydrogen. In addition, the
implementation of the hydrogen project involves the
production and transmission of pure hydrogen and the
addition of the hydrogen to natural gas not exceeding
20% of the content. The simulation is carried out in

the increase in the hydrogen content. It is pointed
out that the value of combustion heat and density
decreases below the normalized minimum value, while
the Wobbe number does not fall below the minimum
permissible value. It is calculated that to improve the
quality of gas, it is necessary to enrich it by adding

terms of changing the quality of gas depending on “heavy” hydrocarbon gases.
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AHoTamis

VY craTTi aHOHCOBaHO, 110 MiHICTEPCTBO €HEPreTUKMU Ta 3aXUCTy MOBKULISA YKpaiHU po3poOusio “YKpaiHCbKUIA 3eJeHUit
Kypc”, aMOITHOIO IIJLTIO SIKOTO € TepeXia 10 KIiMaTUIHO HEHTPabHOI eKOHOMIKM, 3MEHIIIEHHSI BUKHU/IiB TADHUKOBUX Ta3iB,
nekapboHizaliisi ekoHoMmiku 1o 2070 poky. Ciif Bia3HauuTH, 1110 “€BponeichbKuii 3ejeHuil Kype” nependavyae TOCSITHEHHS
a”aiorivHux 1ineit mo 2050 poky. Bim3dHaueHo, 110 TUTAHYETHCS 30iJIBIIEHHS YacTKU OiomMeTaHy, “3eJeHOro” MeTaHy
B 3arajibHili CUCTEMi TPAaHCIIOPTYBaHHS Ta CIOXMWBAaHHS MPUPOAHOTro razy. OnucaHo mpolec BUPOOHUIITBA OiOMeTaHy LIS~
XOM 30arauyeHHs Giorasdy Ta BimmisieHHs giokcuay Byrielo. [Toka3aHi nmepeBaru 6ioMeTaHy Ta Bin3zHaueHO npo rotoBHicTh PI'K
IO TIPUETHAHHS BUPOOHUKIB OiOMETaHY B Ta30pO3MONUIbYI MEpEXi Ta MoIavi HOro crioxuBayaM. Bin3HaueHO mepcrneKTUBHUI
HaIpsIMOK BUPOOHMILITBA YMCTOTO BOIHIO IIJIIXOM €JIEKTPOJIi3y BOAU 3a PaXyHOK BUKOPMCTAHHS HAIJUILKY “3eJeHO0i” eHepril
Bill COHSIYHMX Ta BITPOBUX €JCKTPOCTAHII. 3alpONMOHOBAHO LUISX KOMILIEKCHOTO 00’€IHAHHSI BUPOOHMIITBA OiomMeTaHY
Ta “3eJleHOro” BoAHIO. Bim3HaueHo Ipo miaBUILEHHST eeKTUBHOCTI 000X MpoleciB. OnucaHo Ipolec “MeraHalii”, To0To
KOHBepcii “3eJIeHOro” BOIHIO Ta MIOKCHAY BYIJIEIIO, SIK BiIXiIHOTO TMPOMAYKTY IpW BMPOOHULTBI OioMeTaHy. Bim3HaueHo
rotoBHicTb HAAY 1o akpeauTallii opraniB i3 Bepudikallii BUKUIiB MapHUKOBUX Ta3iB y 3B 53Ky i3 3alpPOBAIKEHHSIM PUHKY
KBOT Ha MApHUKOBI ra3u B YKpaiHi. [IpoBeneHo MozmeaioBaHHS po3paxyHKy 3HaU€Hb TETUIOTU 3TOPSIHHS, TYCTUHM Ta Yucia
Bo060e m1st mpupoaHOro rasy Inpu 3MilllyBaHHi MOro 3 YucTuM BoaHeM. [TokazaHo, 110 MpU 3MEHIIEHHI TeTUIOTU 3TOPSIHHS Ta
BUXOMY 3a JOMYCTUMi MeXi uncio BoO60Oe He BUXOAUTD 3a MiHIMaJIbHO BCTAHOBJIEHE 3HAUEHHS, 11O CBiTYMTH MPO BiACYTHICTh
HEOOXiHOCTI 3aMiHM ra30CMOXUBYOro o0JalHAHHS. APTYMEHTOBAHO, 1110 TPU HEOOXiAHOCTI 30i/IbIIIEHHSI TETUIOTU 3rOPSIHHS
CyMillli TIPUPOTHOTrO rasy 3 BOJHEM HeOOXiIHO 30arayyBaTu ii “BaXKKMMM”~ BYIJIEBOJHEBUMU Ta3aMu.

KomouoBi ciioBa: GiomeraH; “3ejieHMIA” MeTaH; BOAEHb; TEIUIOTAa 3TOPSIHHS; TYCTHHA; yuciio BobOoe.

ACHIeKTBI BHEJPEHHSI AJTbTEPHATHBHBIX I'a30BbIX
TOIUIMB M UX BJMSHHE HA KAaYeCTBEHHbIE MOKA3aTe/H
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AHHOTaIMS

B craTbe aHOHCHpPOBAHO, YTO MUHUCTEPCTBO HEPTETUKU YKpauHbI pazpadoTtano “YKpauHCKUIA 3eJIeHbI Kypc”, LebIo
KOTOPOTO SIBJISIETCS MEPEeX0 K KIMMATUIeCKM HEUTpaibHON 3KOHOMMKe. OTMEUYEeHO, YTO TUIAHUPYETCS YBEIMUEHHUE YacTH
6uoMeTaHa, “3eJleHOT0” MeTaHa B CHCTeMe TPaHCIIOPTUPOBKM MPUPOIHOTO Ta3za. OmucaH Mpolece IPOn3BOICTBA OGOMeTaHa
myreM obGoramieHus1 6uoraza. OTMEUEHO TMEPCHEKTUBHOE HaIlpaBJcHUE TMPOM3BOACTBA BOAOPOIA 3a CUYET MCIIOJIb30BaHUS
nU30bITKA 3eJIeHoi 3Hepruu. [1penoxeH myTb KOMILJIEKCHOTO OObeAMHEHMS MPOU3BOACTBAa OroMeTaHa U Bogopona. OTMeueHa
roroBHocTh HAAY K akkpeauTaluuy OopraHoB 10 BepuUKallMyi BLIOPOCOB MapHUKOBBIX ra3oB. [IpoBeneHo MopelInpoBaHue
pacyeTa 3HAUYCHUI TEIUIOTHI CTOPaHUs, IUIOTHOCTH M 4Kciia Bo66e MpUpomHOro ra3a Mpu CMEIIMBAHUU €TO C BOIOPOIOM.
[lokazaHo, YTO MpPU YMEHbBIIEHUM TETUIOTHI CTOpPaHMSI M BBIXOAE 3a JOMYCTUMBIC Mpeneabl yucio BoOOe He BBIXOAUT
3a MMHUMAJIbHO YCTAHOBJICHHOE 3HaUEHME, YTO CBUICTEILCTBYET 00 OTCYTCTBUU HEOOXOAMMOCTH 3aMEHBI Ta30IOTPEOJISIONIETO
000pyn0oBaHUsl. APrYMEHTUPOBAHO, YTO MPU HEOOXOAMMOCTHU YBEJIMYEHHUs TEIJIOThl CTOpaHUsI CMECU MPUPOJHOro rasa
C BOIOPOIOM HEOOXOIMMO 00OraImaTh ee “TsoKeJbIMU~ YIIEBOOOPOIHBIMU Ta3aMu.

KimoueBsie ciaoBa: 6momeTaH; “3eJIeHBIII” MeTaH; BOJOPOI; TEIUIOTa CrOpaHUs; IUIOTHOCTh; ynciao BobOoOe.
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