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C L I M AT E  P O L I C Y  

countries are required to prepare by 2020 

2050 LONG-TERM LOW GHG EMISSION 

DEVELOPMENT STRATEGY 

COP21 DECISION 

(on adoption of the Paris Agreement on Climate Change): 

NATIONALLY 

DETERMINED 

CONTRIBUTIONS 
NEW REGULATIONS 

FUTURE OF ENERGY 
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4.3 
BMT СО2eq. 

TOTAL GHG 

EMISSIONS IN THE 

EU, 2016 

13-18 % 
25-35 % 

THE SWITH FROM COAL POWER 

GENERATION AND PETROLEUM 

MOTOR FUELS  TO NATURAL GAS 

THE USE OF METHANE-

HYDROGEN FUEL IN 

ENERGY AND TRANSPORT 

W/O COSTLY 

INFRASTRUCTURAL 

CHANGES 

Ex  LULUCF 

Rapid reduction of 

GHG emissions 

Achieving the EU's 2030 climate targets 

based on the existing gas 

infrastructure 

~80 % 

Transition to hydrogen 

energy based on 

efficient low-emission 

technologies of 

hydrogen production 

from methane 

The feasibility 

of the EU's 

challenging 

2050 targets 

https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_en?p_id=265612 

M E T H A N E - H Y D R O G E N  S C E N A R I O  F O R  

L O W - C A R B O N  D E V E L O P M E N T  
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Table 1: Overview of main scenario building blocks 

Long Term Strategy Options

Electrification
(ELEC)

Hydrogen
(H2)

Power-to-X
(P2X)

Energy 
Efficiency 

(EE)

Circular 
Economy

(CIRC)
Combination

(COM BO)

1.5°C 
Technical
(1.5TECH)

1.5°C Sustainable  
Lifestyles 

(1.5LIFE)

Main Drivers
Electrification in 

all sectors

Hydrogen in 
industry,

transport and 

buildings

E-fuels in 
industry, 

transport and

buildings

Pursuing deep 
energy efficiency

in all sectors

Increased
resource and 

material 

efficiency

Cost-efficient 
combination of 

options from 2°C 

scenarios

Based on 
COMBO with 

more BECCS, CCS

Based on 
COMBO and 

CIRC with

lifestyle changes

G HG  target
in 2050

-80% GHG (excluding sinks)
[“well below 2°C” ambition]

-90% GHG (incl. 
sinks)

-100% GHG (incl. sinks)
[“1.5°C” ambition]

M ajor Common 
Assumptions

Power sector
Power is nearly decarbonised by 2050. Strong penetration of RES facilitated by system optimization 

(demand-side response, storage, interconnections, role of prosumers). Nuclear still plays a role in the power sector and CCS deployment faces limitations.

Industry
Electrification of 

processes

Use of H2 in 
targeted 

applications

Use of e-gas in 
targeted 

applications

Reducing energy 
demand via 

Energy Efficiency

Higher recycling 
rates, material 
substitution, 

circular measures
Combination of 

most Cost-
efficient options 

from “well below 
2°C” scenarios 
with targeted 
application 

(excluding CIRC)

COMBO but 
stronger

CIRC+COMBO 
but stronger

Buildings
Increased

deployment of 
heat pumps

Deployment of 
H2 for heating

Deployment of 
e-gas for heating

Increased
renovation rates 

and depth

Sustainable 
buildings

CIRC+COMBO 
but stronger

Transport sector

Faster 
electrification for 

all transport 

modes

H2 deployment 
for HDVs and 

some for LDVs

E-fuels 
deployment for 

all modes

Increased 
modal shift

Mobility as a 
service

• CIRC+COMBO 
but stronger

• Alternatives to 

air travel

Other Drivers
H2 in gas 

distribution grid
E-gas in gas 

distribution grid

Limited 
enhancement
natural sink

• Dietary changes
• Enhancement 

natural sink

• Higher energy efficiency post 2030
• Deployment of sustainable, advanced biofuels
• Moderate circular economy measures

• Digitilisation

• Market coordination for infrastructure deployment
• BECCS present only post-2050 in 2°C scenarios
• Significant learning by doing for low carbon technologies

• Significant improvements in the efficiency of the transport system.

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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S C E N A R I O  
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P R O B L E M S  W I T H  R E S   

1. DEPENDANCE ON RARE 

EARTH METALS EXTRACTION 
(THE SHORTAGE OF CONSIDERABLE 

RESERVES IN THE EU) 

2. DEPENDANCE ON 

ENERGY STORAGE 

SYSTEMS 

3. DEPENDNCE ON 

CLIMATE CHANGE 
MORE EXTREME 

WEATHER EVENTS 

CLIMATE CHANGE – SHAKY 

FOUNDATIONS FOR RES 

MORE BLACKOUTS 

THE NEED FOR  

AN UNMANAGEABLE  

POWER GRID SYSTEM  

(the refusal of land owners) 

NO CONTINUITY OF ELECTRICITY 

GENERATION 

COMPARABLE TO THE ELECTRICITY 

GENERATION SYSTEM 

Monopoly position of some countries 

Risks of non-compliance with environmental  standards  

Social conflicts in extraction areas 
https://readrate.com 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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A D VA N TA G E S  O F  N AT U R A L  G A S  O V E R  R E S  

CONSUMPTION OF MATERIALS 

AND VALUABLE CHEMICAL 
ELEMENTS 

GAS-FIRED POWER 
GENERATION 

IMPACT ON 
ECOSYSTEMS 

ENERGY RETURN ON 
ENERGY INVESTED 

Sources: 

RENEWABLE 
ENERGY 

22 % 

21 % 

28 

140-353 % 

61-127 % 

2 

* over the world energy balance 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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“Hydrogen is also assumed to be produced in the EU. Clearly, building the necessary 

production assets – be it for hydrogen or e-gas production and upgrading the gas 

infrastructure (in case large quantities of hydrogen are to be distributed) in the light of currently 

high costs and nascent demand would be a challenge from the industrial policy perspective. 

Studies indicate that some areas within the EU could be well suited to production of 

hydrogen/e-gas be it because of abundant production of renewables (e.g. offshore in the 

North Sea or, in general, close to grids giving access to diversified and big amounts of 

renewables) or proximity to nuclear power stations or close to industrial buyers”  

“Hydrogen has long been used by the  chemical  industry  as  a  

feedstock in  industr ia l  processes.  I ts  ro le  is  l ike ly  to  become more 

prominent  in  a  fu l ly  decarbonised  energy system ”   

IN -DEPTH ANALYSIS IN  SUPPORT  

OF THE EUROPEAN LONG -TERM STRATEGIC VISION  

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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E N E R G Y  I M P O R T S   

“The decarbonisation scenarios explored in this document assume that decarbonised energy 

carriers (electricity, hydrogen, e-gas, e-liquids) would all be produced within the EU. However, as 

it is the case today for oil, natural gas and biofuels, hydrogen and e-fuels could actually be globally 

traded commodities and imported from regions with comparatively cheaper, abundant renewables”  

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 

Source: Eurostat (2015), PRIMES 
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“Finally, it has to be noted that hydrogen is only marginally used in power generation 

(some15 Mtoe in the H2 scenario), and that e-gas or e-liquids are virtually not used in this 

sector. Hydrogen provides important services as a chemical storage”  

77 

 

in 2050, in a business-as-usual scenario. A study by FTI Energy on behalf of FORATOM
162

, the 

European nuclear trade association, sees three scenarios with installed capacities in 2050 ranging 

between 36 and 150 GW. The Shell Sky
203

 and IEA ETP B2DS
204

 scenario project the nuclear 

generation roughly stable in absolute terms and representing 11% of the total electricity 

production in the Shell Sky
203

 scenario (due to a high growth of the electricity production), 

against 25% in the IEA B2DS
204

 scenario. Studies by Greenpeace
217

 and Öko-Institut
207

 exclude 

the option to reinvest in nuclear energy and phase out the technology by 2050.  

Finally, it has to be noted that hydrogen is only marginally used in power generation (some15 

Mtoe in the H2 scenario), and that e-gas or e-liquids are virtually not used in this sector. 

Hydrogen provides important services as a chemical storage (see Figure 26).  

The overall net installed electricity capacities reach in 2050 between some 1700 GW (EE) to 

some 2700 GW (P2X) and even some 2800 GW (1.5TECH), hence almost doubling of 2015 

level (985 GW) or increasing even more. It also represents a substantial increase compared to 

2030: from 30% (EE) to 110% (P2X) and to 120% (1.5TECH). Such a massive growth will 

certainly represent an investment challenge but also an opportunity for the rejuvenation of the 

power generation infrastructure and for development of economic activity and supply chains in 

Europe.  

In addition to higher electricity needs, be it for final energy demand or for e-fuels production, the 

growth in capacity is explained by the growth in renewable energy, and most notably wind and 

solar, which display lower capacity factors than traditional generators.  

Figure 24: Power generation capacity 

 
Source: Eurostat (2000, 2015), PRIMES.  

 

The deployment of renewables is even more visible looking at power production net installed 

capacities (Figure 24). The highest increase of renewables capacity takes place in scenarios 

deploying hydrogen and e-fuels.  

Wind capacity increases in 2050 from some 140 GW in 2015 and some 350 GW in 2030 to 

between some 700 GW (EE) and some 1200 GW (P2X) in scenarios achieving 80% GHG 

reduction and 1.5TECH scenario goes slightly higher to over 1200 GW, meaning a further 

doubling to tripling compared to 2030, which corresponds to annual installation of some 30 GW 

(EE) to over 50 GW (1.5TECH) between 2030 and 2050 (see Figure 25), hence exceeding in 

most scenarios the average pace observed over 2000-2015 for the entire power capacity (31 

GW/year). Onshore wind would represent close to two thirds of total wind capacity in 2050 (92% 

in 2015): from 460 GW (EE) to 760 GW (1.5TECH). 
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In the Baseline, hydrogen use develops only as a niche application for road transport (amounting 

to a few Mtoe). It increases (to some 15 Mtoe) further in the EE, CIRC and ELEC scenarios as an 

electricity storage option to absorb higher volumes of variable renewables (see Figure 26) and in 

transport. However, large scale deployment takes place (up to some 150 Mtoe in 2050 and 210 

Mtoe in 2070 in H2 scenario and up to 80 Mtoe in 2050 in 1.5TECH) as soon as consuming 

technologies are available (i.e. fuel cell vehicles) and competitive (in final energy demand), and 

when the full portfolio of options needs to be deployed, i.e. in the 1.5°C scenarios.  

Figure 32: Consumption of hydrogen by sector in 2050 

 

Note: "Residential & services" also includes agriculture. 
Source: PRIMES. 

 

The use of hydrogen develops in industry (see section 4.5.2), transport (mostly for heavy duty 

vehicles, which do not have the option of electrification unless covering only short distances - see 

section 4.4.2) and, to a lower extent, in buildings (with heating equipment consuming hydrogen 

blended with gas).  

Hydrogen is also assumed to be produced in the EU. Clearly, building the necessary production 

assets – be it for hydrogen or e-gas production and upgrading the gas infrastructure (in case large 

quantities of hydrogen are to be distributed) in the light of currently high costs and nascent 

demand would be a challenge from the industrial policy perspective. Studies indicate that some 

areas within the EU could be well suited to production of hydrogen/e-gas be it because of 

abundant production of renewables (e.g. offshore in the North Sea or, in general, close to grids 

giving access to diversified and big amounts of renewables) or proximity to nuclear power 

stations or close to industrial buyers.  

When combining all gaseous fuels (natural gas, biogas, e-gas and hydrogen), Figure 33 shows 

two very different patterns: on the one hand, in those scenarios where the hydrogen, and the e-

gas, does not develop because of a lack of consumption market, gaseous fuels are roughly halved 

compared to today. Conversely, in a context where large-scale end-uses of hydrogen and/or a 

corresponding chain of new fuels would take place, the total consumption of gaseous fuels would 

actually be close to current levels (in scenarios H2, P2X). In the 1.5°C scenarios and COMBO, 

where energy efficiency and new consumption habits limit further energy needs, the consumption 

of gaseous fuels would lie in-between at around 200-250 Mtoe.  

Comparing total demand for gaseous fuels, these results are roughly in line with the study by 

Trinomics
206

 on the role of European gas infrastructure in the light of 2050 decarbonisation, 
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Figure 30: Consumption of e-gas by sector in 2050 

 

Note 1: e-gas does not develop in the other scenarios (Baseline, EE, CIRC, ELEC, H2).  

Note 2: "Residential & services" also includes agriculture. 
Source: PRIMES. 

 

Summing up the developments for natural gas, e-gas and biogas, in the Baseline scenario, total 

gas consumption (covering all gas types) stands at some 320 Mtoe in 2030 and declines only 

slightly thereafter (compared to some 370 Mtoe in 2015 and some 450 Mtoe at its peak, in 2005). 

In the decarbonisation cases, the total consumption in 2050 (Figure 31) varies from some 300 

Mtoe (P2X, which projects the highest quantities of e-gas) to some 150 Mtoe (EE, which reduces 

overall energy demand with energy efficiency measures). The scenarios that achieve higher 

emissions reduction scenarios lie in this range, as they see a more moderate substitution of 

natural gas by e-gas, complemented by a substantial role of biogas but also high levels of energy 

efficiency as well as circular economy and consumer choice curbing the overall energy demand 

for 1.5LIFE. The projections indicate that the development of both e-gas and biogas could play a 

key role in making the best use of the existing EU natural gas infrastructure in a decarbonised 

energy system.  

Figure 31: Total gas consumption per gas type 

 

Source: Eurostat (2015), PRIMES.  

 

In addition, and as a complement to methane molecules, hydrogen is also expected to play a role 

in the future energy system. Although no major technological breakthrough took place over the 

last decade, the costs lowered and new pilot projects were launched, while the industry 

increasingly sees bigger role for hydrogen in its decarbonisation visions and pathways. This is 

why different deployments of hydrogen were explored in the decarbonisation scenarios.  
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Figure 30: Consumption of e-gas by sector in 2050 

 

Note 1: e-gas does not develop in the other scenarios (Baseline, EE, CIRC, ELEC, H2).  
Note 2: "Residential & services" also includes agriculture. 

Source: PRIMES. 

 

Summing up the developments for natural gas, e-gas and biogas, in the Baseline scenario, total 

gas consumption (covering all gas types) stands at some 320 Mtoe in 2030 and declines only 

slightly thereafter (compared to some 370 Mtoe in 2015 and some 450 Mtoe at its peak, in 2005). 

In the decarbonisation cases, the total consumption in 2050 (Figure 31) varies from some 300 

Mtoe (P2X, which projects the highest quantities of e-gas) to some 150 Mtoe (EE, which reduces 

overall energy demand with energy efficiency measures). The scenarios that achieve higher 

emissions reduction scenarios lie in this range, as they see a more moderate substitution of 

natural gas by e-gas, complemented by a substantial role of biogas but also high levels of energy 

efficiency as well as circular economy and consumer choice curbing the overall energy demand 

for 1.5LIFE. The projections indicate that the development of both e-gas and biogas could play a 

key role in making the best use of the existing EU natural gas infrastructure in a decarbonised 

energy system.  

Figure 31: Total gas consumption per gas type 

 

Source: Eurostat (2015), PRIMES.  

 

In addition, and as a complement to methane molecules, hydrogen is also expected to play a role 

in the future energy system. Although no major technological breakthrough took place over the 

last decade, the costs lowered and new pilot projects were launched, while the industry 

increasingly sees bigger role for hydrogen in its decarbonisation visions and pathways. This is 

why different deployments of hydrogen were explored in the decarbonisation scenarios.  
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In the Baseline, hydrogen use develops only as a niche application for road transport (amounting 

to a few Mtoe). It increases (to some 15 Mtoe) further in the EE, CIRC and ELEC scenarios as an 

electricity storage option to absorb higher volumes of variable renewables (see Figure 26) and in 

transport. However, large scale deployment takes place (up to some 150 Mtoe in 2050 and 210 

Mtoe in 2070 in H2 scenario and up to 80 Mtoe in 2050 in 1.5TECH) as soon as consuming 

technologies are available (i.e. fuel cell vehicles) and competitive (in final energy demand), and 

when the full portfolio of options needs to be deployed, i.e. in the 1.5°C scenarios.  

Figure 32: Consumption of hydrogen by sector in 2050 

 

Note: "Residential & services" also includes agriculture. 
Source: PRIMES. 

 

The use of hydrogen develops in industry (see section 4.5.2), transport (mostly for heavy duty 

vehicles, which do not have the option of electrification unless covering only short distances - see 

section 4.4.2) and, to a lower extent, in buildings (with heating equipment consuming hydrogen 

blended with gas).  

Hydrogen is also assumed to be produced in the EU. Clearly, building the necessary production 

assets – be it for hydrogen or e-gas production and upgrading the gas infrastructure (in case large 

quantities of hydrogen are to be distributed) in the light of currently high costs and nascent 

demand would be a challenge from the industrial policy perspective. Studies indicate that some 

areas within the EU could be well suited to production of hydrogen/e-gas be it because of 

abundant production of renewables (e.g. offshore in the North Sea or, in general, close to grids 

giving access to diversified and big amounts of renewables) or proximity to nuclear power 

stations or close to industrial buyers.  

When combining all gaseous fuels (natural gas, biogas, e-gas and hydrogen), Figure 33 shows 

two very different patterns: on the one hand, in those scenarios where the hydrogen, and the e-

gas, does not develop because of a lack of consumption market, gaseous fuels are roughly halved 

compared to today. Conversely, in a context where large-scale end-uses of hydrogen and/or a 

corresponding chain of new fuels would take place, the total consumption of gaseous fuels would 

actually be close to current levels (in scenarios H2, P2X). In the 1.5°C scenarios and COMBO, 

where energy efficiency and new consumption habits limit further energy needs, the consumption 

of gaseous fuels would lie in-between at around 200-250 Mtoe.  

Comparing total demand for gaseous fuels, these results are roughly in line with the study by 

Trinomics
206

 on the role of European gas infrastructure in the light of 2050 decarbonisation, 
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T H E  S E L E C T I O N  O F  L O C AT I O N  F O R  H Y D R O G E N  

P R O D U C T I O N   
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D E C A R B O N I S AT I O N  O F  G A S  S U P P LY   

11 

Russia  

(Nord Stream 2) 

 

 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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D E C A R B O N I S AT I O N  O F  G A S  S U P P LY   

NORD  STREAM  2 (L > 1220) 

BOVANENKOVO GREIFSWALD L = 4166 bcm per year 

55 

8.94 

223.38 

Mt of СО2-eq. 

More than ICELAND + MALTA or CYPRUS 

A M O U N T I N G  T O  A N N U A L  E M I S S I O N S  

More than the NETHERLANDS or 

THE WHOLE TRANSPORT SECTOR OF GERMANY 

Calculated according to GHGenius 4.03 DIFFERENCE 
IN GHG EMISSIONS 

ANNUALLY 

IN 25 YEARS 

BOVANENKOVO-UZHGOROD-BAUMGARTEN 

BOVANENKOVO WAIDHAUS 
L = 6051 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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D E C A R B O N I S AT I O N  O F  G A S  S U P P LY:   

M E T H A N E  E M I S S I O N S  M A N A G E M E N T  

GREENHOUSE  
GAS 

TOXIC  GAS  
(since 1989)  

PERMITTING 

MONITORING  

FEE  COLLECTION 

SUPERVISION 

Methane  emissions  monitoring 
and  detection 

Guiding  principles 

Prevention  of gas  venting 

«Reducing  methane  emissions  

across  the  natural  gas  value  

chain» 

in accordance with the legislation of post-Soviet countries 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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D E C A R B O N I S AT I O N  O F  G A S  S U P P LY :   

M E T H A N E  E M I S S I O N S  M A N A G E M E N T  
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R E N E W A B L E S   I N   G A Z P R O M  

TELEMECHANICS SYSTEM UNIT FOR THE 

GROUP OF WELLS AT YAMBURG GAS-OIL 

CONDENSATE FIELD 

MODULAR PACKAGED ENERGY SAVING UNIT 

USING SOLAR MODULES AT GAS DISTRIBUTION 

STATION 

RENEWABLE  ENERGY SOURCES (EXAMPLES)  ALTERNATIVE ENERGY SOURCES  

Source: PJSC «Gazprom» 
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RENEWABLE  AND ALTERNATIVE  ENERGY  IN  GAZPROM, 2015-2017 

37% 

18% Gazprom bank financed the 

construction of solar power 

plants and windmills in Russia:  

109.6 billion rubles, 

1199 MW capacity 



16 

E U R O P E A N  I N I T I AT I V E S   

91 g CO2eq./MJ H2 

(10.9 t CO2eq./t H2) 

36.4 g CO2eq./MJ H2 

(4.37 t CO2eq./t H2) 

Benchmark emissions intensity threshold 

- 60 % 

1 t CO2eq./t H2 = 8.33 g CO2eq./MJ H2 

Grey H2 

Low carbon" defined as a 60% reduction compared to a BAT emission benchmark 

HYDROGEN 

INITIATIVE  

launched by the 

Austrian presidency 

and signed in Linz in 

September 2018  

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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Supply of construction material and manufacture of power stations, 

electricity transmission lines, fuel production plants, and vehicles 

not taken into account 

SMR onsite: 100% natural gas Electrolysis onsite: 100% renewable 

S Y S T E M   B O U N D A R Y   F O R   L C A  

 greatest contribution is not taken into account 

 greatest contribution is taken into account 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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S Y S T E M   B O U N D A R Y   F O R   L C A  

GUIDANCE  DOCUMENT  FOR  PERFORMING  LCA  ON  HYDROGEN  PRODUCTION  SYSTEMS 

H2 H2 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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S Y S T E M   B O U N D A R Y   F O R   L C A  

NATURAL 

GAS 

DECOMPOSITION 
             !!! 

Potential of natural gas decarbonization: Russian view of the cross-border gas value chain 
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T h i n k s t e p  S T U D Y  
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H Y D R O G E N  C O O P E R AT I O N  
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