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The development of markets for low-carbon energy sources requires reconsideration of issues related to extraction
and use of oil and gas. Significant reserves of hydrocarbons are concentrated in Arctic territories, e.g., 30% of the
world’s undiscovered natural gas reserves and 13% of oil. Associated petroleum gas, natural gas and gas
condensate could be able to expand the scope of their applications. Natural gas is the main raw material for the
production of hydrogen and ammonia, which are considered promising primary energy resources of the future, the
oxidation of which does not release CO2. Complex components contained in associated petroleum gas and gas

condensate are valuable chemical raw materials to be used in a wide range of applications.

hydrogen production methanol production ammonia production storage of hydrogen

hydrogen transport development of the Arctic sustainable development

| 1. Introduction

Despite the existing trends of transition to renewable energy, a complete elimination of hydrocarbon raw materials
is not possible in a near perspective because of constant growth of energy consumption. Simultaneously, the

problem of climate change, especially in Arctic and other ecologically fragile regions, starts to be more and more
acute (2,

Therefore, use of hydrogen starts to attract attention as an alternative way to reduce greenhouse gas emissions 2,
The European Union (EU) prognosis to create a hydrogen economy recognizes the limits in satisfying the EU’s
demand for low-carbon hydrogen on the basis of its own renewable energy resources 4. Therefore, supply from
external sources is considered to be a viable option. On the other hand, according to Energy Strategy of the
Russian Federation for the period up to 2035, it is planned to export 0.2 million tons by 2024, and by 2035, 2
million tons of hydrogen [,

The growing interest in the use of hydrogen has attracted attention to a need of classification of its origin and
production methods. It is motivated by the fact that different methods of hydrogen production have their own
specific carbon and toxic footprint. One of the attempts to build a taxonomy is the color classification . The

following colors of hydrogen are identified:

Green hydrogen—produced by electrolysis of water, while electrolysis uses only electricity from renewable energy
sources. Regardless of the electrolysis technology chosen, the production of hydrogen has no carbon footprint, as
100% of the energy must come from renewable sources.
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Gray hydrogen—produced from fossil fuels, typically natural gas. It produces waste gases containing CO2 and
increases the global greenhouse effect. The production of one ton of hydrogen in this way produces about 10 tons
of CO2.

Blue hydrogen—Ilike gray hydrogen, but during the production process CO2 must be separated and buried (Carbon
Capture and Storage, CCS) or used for the production of fuels or chemical raw materials (Carbon Capture and
Utilization, CCU) &,

Turquoise hydrogen—produced by the thermal decomposition of natural gas (methane pyrolysis). Instead of CO2,
the process releases solid carbon (soot). At the same time, the use of renewable energy for the operation of a high-
temperature reactor, as well as the long-term binding or storage of solid carbon, is a necessary condition for the

CO2-neutrality of the process.

In the future, gray hydrogen will not be used at all due to its highest carbon footprint. The potential for obtaining

green hydrogen is limited due to high energy consumption in the process of water electrolysis.

The cost of turquoise hydrogen obtained by pyrolysis of methane, according to experts in the field of simulation and
computer modeling, is much lower than that of hydrogen produced by electrolysis of water (green hydrogen). This
is due to the fact that part of the energy is lost due to the efficiency of the electrolyzer 70—-80%. Whereas pyrolysis
of methane requires several times less energy than electrolysis. In addition, water used in electrolysis has no free
energy, whereas methane has the potential to release energy during oxidation. When separating a methane
molecule, hydrogen has a greater energy potential for further oxidation than that the energy spent on pyrolysis. In
this case, the cost of hydrogen will depend on the cost of gas, which is minimal in the places of its production.
According to our preliminary estimates, the cost of turquoise hydrogen may be lower than the cost of hydrogen
produced by traditional steam reforming of natural gas with the capture of greenhouse gases (blue hydrogen). This

is due to the fact that there is no need to build and maintain a CSS and CCU infrastructure for turquoise hydrogen.

The growing demand of European countries for hydrogen could create an opportunity for hydrogen production in
the Russian Arctic region and its transport using new trunk pipelines. However, it should be noted that building
trunk pipelines for transportation of pure hydrogen is economically unprofitable due to the high capital (use of
special types of steels and coatings) and operating costs of installing and maintaining the infrastructure. The use of
the existing gas transportation infrastructure is possible only when natural gas is transported with the addition of
maximum 20% of hydrogen. These circumstances require the rebuilding of existing gas transportation

infrastructure or the use of other means of transport 2!,

The above-mentioned limitations related to production and transport of hydrogen lead to the idea of situating
hydrogen production in an area with a nearby well-established transport system, and not to build transport
infrastructure of remote green field. The Northern Sea Route for transportation of the Russian Federation
production to the countries of Western Europe and the Asia-Pacific region, Figure 1, is considered as a perspective

due to the following factors 19:
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» The presence of the Northern Sea route (product-distribution routes, both to the countries of the EU and to the

countries of the Asia-Pacific region);

« possibility of bound hydrogen transport in a solid form using dry cargo vessels and in liquid form by tankers.
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Figure 1. Product transportation routes of the Arctic zone of the Russian Federation to the countries of the

European Union and the Asia-Pacific region.

In consideration of the foregoing, the task of considering new concepts for the production, storage and transport of

hydrogen at the facilities of the Arctic region corresponds to actual global needs.

For this, the article attempts to revise the existing approaches to the development of Arctic oil, gas and gas

condensate fields in order to focus on the emerging markets for low-carbon products.

First of all, we will consider promising methods of hydrogen production that can be integrated into Arctic industrial

production.

| 2. Promising Methods of Hydrogen Production

More than 100 existing and proposed technologies for the production of hydrogen are described 11112 More than

80% of the described technologies are based on the steam conversion of fossil fuels and over 70% among them on
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the conversion of natural gas. However, to reduce carbon dioxide emissions from remote Arctic oil and gas
facilities, a broader range of hydrogen production technologies needs to be considered, including methane

pyrolysis and seawater electrolysis using renewable energy sources.

2.1. Blue Hydrogen

The main industrial technology for hydrogen production is steam methane reforming (SMR) 23I4], The autothermal
reforming (ATR) is the most common production method [4ISILEIATISIIN  Also popular is dry reforming of

methane (DRM), partial oxidation (POX) and their combinations.

In recent years, the technology of production and purification of synthesis gas has attracted much attention from
both researchers and industry 19, Since its development, it has become one of the main directions for more

efficient, sustainable and environmentally safe use of hydrocarbon resources.

The reference X2 presents the topic of hydrogen-based fuel cells and energy, and addresses important trends in

the contemporary energy industry, in particular, how to integrate fuel reprocessing into modern systems.

According to 181 it is important to remember that the route of hydrogen production and the choice of a specific
technology depends on the type of energy and available raw materials, as well as on the required purity of the final

product.

POX technologies were originally proposed by Texaco and Shell L4128 They are widely used in industry, and at

present there are over 300 operating installations 1],

In Russia, many research centers have carried out theoretical and experimental investigations of the process of
hydrocarbon partial oxidation (81291 However, there are no industrial POX installations. The source 2% describes in
detail a method for producing synthesis gas for low-tonnage methanol production based on partial oxidation of
natural gas in original three-component (hydrocarbon feedstock—oxidizer—water) synthesis gas generators (SGG)

(hydrogen, carbon monoxide and carbon dioxide, water steam and ballast gases).

To carry out POX, it is possible to use chemical reactors based on power plants with high productivity and relatively
low energy consumption for conversion and small weight and size characteristics. It favorably distinguishes them
from any other partial oxidation devices 1820211 The source [l considers the physical model and the design of
the SGG. A method for calculating the nominal geometric dimensions of the SGG is proposed, which makes it
possible to assess the mass and size characteristics of the SGG already at the stage of implementation of the

basic project.

The recent research [22 found that in the case of synthesis gas production by POX of natural or associated
petroleum gas, the estimated cost of hydrogen production is 1.33 euros / kg H2. The cost of large-scale production

of H2 varies from 1 to 1.5 euro / kg H2. It is worth remembering that the decision on the economic feasibility of
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using natural or associated petroleum gases for the production of H2 should be made in the context of transport

infrastructure or the use of hydrogen directly at the site of oil or gas production.

2.2. Turquoise Hydrogen

Thermal or thermocatalytic decomposition (cracking or pyrolysis) is one of the methods to produce hydrogen with a
low carbon footprint. The reaction of splitting methane molecules into hydrogen and carbon is carried out in a
pyrolysis reactor at temperature from 600 to 12001400 °C [23. Many studies are devoted to the search of effective
catalysts in pyrolysis. However, the problem of catalyst deactivation, highlighted in these studies, cannot be solved
by burning carbon from the catalyst surface, since in this case CO2 emissions become comparable to the
emissions in steam reforming of methane 4. The problem of coking is less acute when using carbon catalysts—
activated and black carbon, graphite, nanostructured carbon, etc. [231126]127] | this case, the reactor contains a
fluidized bed with carbon catalyst particles (24, However, all catalysts are subject to deactivation, and the formation
of solid carbon as a product can lead to reactor fouling [28l. Another method of methane pyrolysis is the removal of
these disadvantages thanks to the use of molten metal as a heat carrier and a bubble column for the extraction of
solid carbon and gaseous hydrogen. In addition, the produced carbon, as well as the liquid metal, can act as a
catalyst for the process 22. As a rule, Sn 2222 and Pb 17 are used as molten metal; however, there are studies
aimed at finding new materials, e.g., Ni-Bi melt is proposed in 18, Ni-Bi melt possesses catalytic properties
capable of increasing methane conversion, in contrast to non-catalytic Sn and Pb melt [13][301[31][32][33][34][35][36][37][38]
(391 The effect of temperature on the direct cracking of methane was studied in B9, This research confirmed that
the accumulation of carbon black in the reaction tube is the main technological obstacle in the implementation of
the process of direct thermal cracking of methane. There were also studies on the types of catalysts used for
methane cracking in order to reduce the amount of carbon dioxide generated in hydrogen production from methane
(321351 The thermochemical model for the assessment of factors influencing the process of obtaining hydrogen by
pyrolysis of methane was presented in B4, It was discovered that the temperature and residence time of the gas
have the greatest impact on the yield of methane conversion. It was also confirmed in BZE8l |n B39 there was
analyzed the process of thermocatalytic decomposition of methane in a fluidized bed reactor aimed at reducing the

amount of harmful emissions.

According to preliminary modeling, hydrogen with a negative carbon footprint can be produced by pyrolysis of
biogas, in which carbon has been captured naturally from the air during biomass formation. In addition, it is
assumed that solid carbon produced by pyrolysis of methane can be used for the production of nanostructured
materials such as carbon nanotubes and fullerenes 22, At present, the high cost of such materials limits their broad

use, e.g., in the construction of highways or cement production.

2.3. Green Hydrogen

The electrolysis of water is also a common method of hydrogen production. The electrochemical dissociation of
water into oxygen and hydrogen was studied in 2. Based on recent research, low-temperature electrolysis is used

to produce hydrogen. It allows to store electricity from renewable sources in chemical bonds in the form of high-
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purity H2 2 |ow-temperature electrolysis of water uses a concentrated potassium hydroxide solution KOH, a
proton exchange membrane (PEM), or an alkaline anion exchange membrane (AEM) as an electrolyte. The main
advantage of AEM electrolysis over other options is its cost as in this case there is no need to use platinum group
metals (PGM) as catalysts. However, the major difficulty is the instability of the alkaline method, due to the
sensitivity to pressure drop and the low rate of hydrogen production 3!, A traditional electrolysis device consists of
two metal electrodes, an anode and a cathode, placed in an electrolyte solution and separated by a membrane 44,
When a current passes through the solution, oxygen bubbles rise above the anode and hydrogen bubbles above
the cathode. To minimize the amount of energy required to liberate hydrogen from water, both electrodes are
usually coated with a catalyst. However, to produce hydrogen, significant volumes of fresh water will be required,

the reserves of which are already limited. The solution of this problem would be the conversion of seawater.

The seawater is mainly a mixture of Cl and Na ions. Unfortunately, Cl ions cause corrosion of the anode metal and
prevent the production of hydrogen. To overcome this problem, the anode is designed as a porous nickel foam pan
collector coated with an active and cheap nickel and iron catalyst 43, Moreover, there is added negatively charged

sulfate and carbonate molecules to the catalyst bed 48],

Currently, almost all the hydrogen is used in the immediate vicinity of the place of its production 2. One of the
main challenges in the construction of sustainable hydrogen energy systems is the problem of its transport.

Therefore, it is necessary to consider promising technologies for the transport of hydrogen in a bound state.

3. Concept of Transport and Storage of Hydrogen in a Bound
Form

The major issues related to the creation of the global hydrogen energy industry and the use of hydrogen as a fuel

are its storage and transport.

To ensure sustainable development of hydrogen energy, it is proposed to consider the possibility of using sea
transport, for example, bulk carriers and tankers. Their production and operation are more economical and safer
than LNG ships. In addition, at the moment there is no experience in operating tankers for the transport of liquefied

hydrogen.

When considering the role of Arctic regions in the development of hydrogen economy it is worth mentioning that

actually the Russian ship owners control 356 tankers of various size 48,

In Saint Petersburg Mining University, the possibilities of pipeline transport of gas and methane through existing

pipelines has been extensively studied 42,

In a situation where the construction of a gas pipeline or an LNG plant is not economically feasible, it is proposed
to consider an option of producing hydrogen from methane. Hydrogen can be converted into various chemical

compounds. The production, storage and transportation methods of these products must be well understood, the
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regulatory framework well structured, and the international markets for such substances well developed. It looks

that ammonia and methanol meet these requirements.

3.1. Ammonia

Ammonia can be dissociated into nitrogen and hydrogen. It is a very interesting option when considering the
development of hydrogen economy, as ammonia transport over long distances is much easier than that of
hydrogen. At the same time, unlike hydrogen, storage and transportation of ammonia does not require the use of
special expensive cryogenic containers. Ammonia can be stored and transported in standard liquid hydrocarbon

orage tanks 29,
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e e AT e SRR BT SRSISH SR04, of the equipment, it s proposed to Use the
technology of steam reforming or partial oxidation of C1-C2 components. It is important to note that in the

production of hydrogen, it is possible to implement one of several methods of utilization of CO2 released from
synthesis gas and exhaust gases of a power plant (except for injection into wells to maintain intra-reservoir
pressure and increase oil recovery). The method consists in mixing in the presence of a catalyst hydrogen and
carbon dioxide with the formation of products—water and carbon monoxide, which, when hydrogen is added, forms
synthesis gas suitable for processing to produce methanol and motor fuels 4731, The produced synthesis gas will

be next processed into methanol, Figure 4.
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Figure 4. Preparation of synthesis gas with its subsequent processing into methanol. R-1—methanol synthesis
reactor; M-1—mixer; H-1l—heat exchanger; C-l1—refrigerator-condenser; S—separator for separating liquid

products; D—flow divider; CC—centrifugal compressor.

A mixture of carbon monoxide and hydrogen is purified from impurities, compressed in a multistage compressor
CC, then mixed with unreacted gases in a mixer M-1. Next the gas enters the tubular heat exchanger H-1, heating
up to 320 °C with hot reaction products. The heated gas enters the contact synthesis reactor R-1, where methanol
is formed in the catalyst bed. The main stream of the gas mixture, heated in the heat exchanger H-1, is introduced
into the upper part of the column R-1 and enters the catalyst bed. The reaction products are cooled in the tubes of
the heat exchanger and removed through the bottom of the column. The synthesis products leaving the column are
cooled to 100 °C in the heat exchanger H-1, and then in the cooler-condenser C-1 to 25 + 30 °C. The resulting

liquid methanol is separated from the unreacted substances in the separator S and collected in the collector.

In the absence of the possibility of building a gas pipeline, hydrogen could be directed to the hydrogenation of
benzene-toluene-xylene with the production of cyclohexane, methanol and ammonia from a nitrogen-hydrogen

mixture associated petroleum gas, Figure 5.
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Figure 5. Scheme of ammonia production from a nitrogen-hydrogen mixture. R-1—ammonia synthesis column; R-
2-3—condensation column; M-1-3—mixer; H-1—remote heat exchanger; C-1-2—refrigerator-condenser; S-1-2—

separator for separating liquid products; D-1-2 filter—flow divider; CC-1—turbocharger; V-1-3—valves.

Raw gas and unreacted circulating gases enter M-1, then flow through the tubes of the heat exchanger H-1 to the
synthesis column R-1. Next, liquid ammonia, passing through M-2, mixes with the circulation gas, entering the top
of the condensation column R-3, where, due to the evaporation of liquid ammonia in the annular space, the gas
mixture is further cooled down to -10 + 15 °C. A mixture of gas and condensed ammonia enters the separation
section of the R-2 column to separate liquid ammonia from gases. The mixture from the separation column R-3 is
discharged into the external heat exchanger H-1 and, the flow enters the coolers C-1-2 The condensed ammonia is
separated in the separator S1, and the gas mixture enters the suction of the circulation stage of the CC-1
compressor, where it is compressed to pressure not higher than 24 MPa, compensating for pressure losses in the

system.

From the circulation stage of the CC-1 compressor, the circulation gas is fed to the secondary condensation

system, which consists of a condensing column R-1 and liquid ammonia evaporators R-2-3.

In this case, associated petroleum gas for the synthesis of ammonia is obtained from the waste gases of the
methane reforming unit. There is used the method of partial oxidation and conversion of steam with subsequent
removal of CO2 by amine purification. In addition, according to the presented scheme, the other gases, e.g.,

exhaust gases from turbine electric generators operating on methane, can be purified by the removal of CO2.

At the same time, benzene-toluene-xylene is a valuable chemical raw material; in addition, aromatic hydrocarbons

can be used as an intermediate product for the transport and storage of hydrogen by hydrogenation. Additional
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hydrogen for benzene-toluene-xylene hydrogenation can be obtained by reforming natural gas.

This arrangement will ensure a low carbon footprint of the products, and the produced oil, condensate and
produced hydrogen, ammonia, cyclohexane and methanol will be classified as blue. In addition, hydrogen can be
released in close proximity to the consumer in the process of dehydrogenation of ammonia and cyclohexane, and

reduced nitrogen and aromatic hydrocarbons could be sold on local markets as an independent product.

It is important to note that it is possible to implement one of the several methods of utilizing CO2 released from
synthesis gas and exhaust gases of a power plant, e.g., CO2 injection into the well to increase the oil recovery
factor by 5-40% 76,

The proposed schemes for the development of remote gas condensate and oil and gas fields will ensure a low
carbon footprint of the products. In addition, hydrogen can be released in close proximity to the consumer in the
process of dehydrogenation of ammonia and cyclohexane, and the reduced nitrogen and aromatic hydrocarbons
could be sold at the local markets. The produced oil, condensate and hydrogen, ammonia, cyclohexane and

methanol will have a low carbon footprint.

4.2. Low Carbon Hydrogen Bound in Hydrates

Another option for converting hydrocarbon gas into pure hydrogen can be based on combining pyrolysis of
hydrocarbon gases and formation of metal hydrides. In this case, in the process of pyrolysis, solid carbon is
formed, which could be collected in still bags or briquetted for transportation. The produced hydrogen could be
converted into the solid hydrides. At the same time, the products could be transported from a remote field by dry
cargo ship, Figure 6. In this case, solid carbon could be used locally and the hydride would be dissociated with the
release of hydrogen in the immediate vicinity of the consumer. The hydride-forming materials are returned to the
remote Arctic port for reuse. The produced hydrogen can be classified as turquoise when it uses a renewable

source L2,
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Figure 6. Concept of arranging a remote Arctic gas field with the possibility of producing and transporting solid

carbon and turquoise hydrogen as a hydride using a dry cargo ship.

In the absence of a source of hydrocarbon gases, it is suggested to consider the process of electrolysis of
seawater for hydrogen production. The disadvantage of this option is its high energy consumption. Therefore, there
is an argument to implement the process of electrolysis from seawater and the binding of hydrogen into hydrides,
to use low-carbon high-potential green energy sources, e.g., hydro energetics or geothermal systems as well as

nuclear power plants.

5. Extraction of Hydrogen from Ammonia, Methanol and
Cyclohexane

To facilitate the use of hydrogen by consumers, it is important to consider ways of its recovery from substances in

which hydrogen has been bound to facilitate its storage and transport.

5.1. Extraction of Hydrogen from Ammonia

A nitrogen-hydrogen mixture is created in the decomposition reaction of ammonia (6) at a temperature of 900 °C:

2NH3 -+ Nz + EHQ, MH = +4ﬁ?2kJ;’maI (6)

Ammonia in liquid form enters a high-pressure liquid evaporator heated by electric heaters, where it is transformed
into a gaseous state. From the evaporator, gaseous ammonia, NH3, enters into a cracker (dissociator), in which it
is decomposed into nitrogen and hydrogen. The use of a catalyst (Fe203, NiO) lowers the dissociation

temperature by 100 °C or more. Next, the mixture of hydrogen and nitrogen is returned to the evaporator, where
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heat is recovered, and the liquid ammonia evaporates. Furthermore, the dissociated ammonia is dried to a dew
point of -45 to -60 °C. The obtained mixture contains up to 75% hydrogen and 25% nitrogen [Z8l,

Next, the reaction mixture is sent to a membrane nitrogen recovery unit. After membrane separation, the hydrogen-
containing gas is fed to the adsorbers, where the remaining nitrogen is removed. The commercial hydrogen will be

sent to the consumer.

5.2. Extraction of Hydrogen from Methanol

Dehydrogenation of methanol can be carried out with the formation of formaldehyde in a heterogeneous process

that occurs in the gas phase on a solid catalyst according to reaction (7):

CH3;OH — HCOH +3, AH = +84.0kJ /mol. @

The process takes place in a reactor with a fixed bed of catalyst. The degree of conversion increase is controlled
by a gas flow distributor. Reactor for the oxidative dehydrogenation of methanol is proposed in 2. Formaldehyde
formed during the reaction is an intermediate product of the organic industry. It is widely used in the production of
synthetic resins and plastics, and in the synthesis of drugs and dyes. Thus, in the process of methanol
dehydrogenation, hydrogen will be obtained, and the carbon-containing component, formaldehyde, will be bound in

the target product.

5.3. Extraction of Hydrogen from Cyclohexane

Cyclohexane is a product for obtaining a wide range of chemical raw materials, such as caprolactam, adipic acid
and cyclohexanone. It is also used as a solvent. The release of hydrogen from cyclohexane occurs in the
dehydrogenation reaction (8), with the formation of an additional intermediate benzene, which is widely used in
industry and is a feedstock for the production of drugs, synthetic rubber and dyes. Based on the kinetics of the

process, a simplified reaction mechanism is given as:

CeHiy — CgHg + 3Hy, AH = +239.13kJ /mol. ®)

The substances considered are raw materials used in the production of many compounds used in the production of
fertilizers, plastic, resins, etc. If needed, they could be decomposed with the release of hydrogen as an energy
resource. Carbonaceous substances can be used for obtaining the products binding CO2 for a long time and

preventing it from entering the atmosphere.

| 6. Discussion and Conclusions
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The role of hydrogen as an energy source is constantly growing amid trends to reduce greenhouse gas emissions.
In this context, the exploitation of oil and gas deposits in Arctic regions starts to be confronted with new tasks. They
are related to development of new methods of hydrogen production and transport under sever climatic conditions,
strict environmental rules and lack of appropriate infrastructure. The described above factors were considered in
the development of the Gas-To-Chem concept for the development of oil and gas fields in the Arctic region with the
production and transport of bound hydrogen. Preparation of natural or associated petroleum gas, reduction of
carbon footprint of produced products, as well as production and transport of bound hydrogen, would require

implementation and the improvement of several key processes:

1. The most important are aromatization of C3+ hydrocarbon gases and unstable gas condensate to obtain

benzene-toluene-xylene, as well as hydrogenation of benzene-toluene-xylene to produce cyclohexane.

2. The conversion of C1-C2 hydrocarbons for the further production of hydrogen, ammonia and methanol must

combine processes with the addition of methane, water steam, oxygen and even carbon dioxide.

3. All production chains must be harmoniously linked into one production process, achieving a synergistic effect.

This effect can be achieved for the combined hydrogen-methanol-ammonia production.

4. Due to the lack of fleet for shipping of compressed or liquefied hydrogen, it is suggested to use tankers and dry
cargo vessels for the transport of bound hydrogen in liquid and solid form. For the existing gas transportation
systems and port infrastructure, it is proposed to use C1-C2pyrolysis to obtain turquoise hydrogen and solid

carbon from renewable energy sources and to ship the compressed carbon and hydrogen bound into hydride.

Some of the processes described above are well known. However, they are practically not used in oil and gas
fields, despite the fact that the development of gas chemical plants directly at the place of hydrocarbon production
will reduce the cost of production. Such an oil and gas facility may be more efficient and more environmentally
friendly than existing ones since it will have high-tech equipment and systems for the utilization of industrial

wastewater and gases into absorption wells.

This article introduces conceptual Gas-To-Chem solutions for oil, gas and gas condensate fields taking into
account the current trends to reduce carbon footprint of energy and chemical raw materials, as well as efforts
towards the creation of low-carbon economics based on hydrogen. A low-carbon economy creates several
opportunities for the use of products originating in the discussed regions: in the energy sector (hydrogen and
ammonia burnt without CO2 emissions), chemical industry (cyclohexane and methanol binding carbon in chemical
compounds), production of food and biomass (nitrogen from ammonia as the basis for fertilizers). The concept is
based on modern gas chemical technologies with an emphasis on the production of substances with high added
value and low carbon footprint. Ammonia, methanol and cyclohexane are considered as sources of a clean energy
resource of hydrogen. In the article, the methods to increase production efficiency due to the complementary

nature of each other gas chemical process and to ensure selling flexibility through diversification of production are
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presented. Such diversification will reduce investment risks and maintain profitability amid the transformation of

international markets.

The concepts presented in the article could be the starting point for the transformation of the oil and gas sector in

Arctic regions, considering the actual global environmental and climate agenda.
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