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In the energy partnership between Russia and Germany, hydrogen and new gaseous energy carriers can be a means of 

further evolution in energy generation, transport and consumption patterns. They will eventually supersede the current role 

of oil, natural gas and coal in the decades to come. With this in mind, this study provides an outlook, a review of status and 

future scenarios of these countries’ energy systems. It provides an overview of hydrogen production technologies and 

hydrogen policy in Germany and Russia. Most importantly, it highlights the technical potential of hydrogen production in 

Russia and investigates areas for potential cooperation in this field between Germany and Russia in the coming years. 
 

Transformation of the energy system: Developing long-term cooperation scenarios 
 

Both countries are closely tied together by energy trade. Russia not only accounts for about 40 per cent of natural gas 

imports to Germany, but also for a similar fraction of crude oil and coal imports. This dependency is mutual however, as 

Germany is the largest buyer of Russian gas, accounting for roughly 30 per cent of the gas purchased. Against this 

backdrop, the Russian Energy Strategy plans to increase gas production further until 2035. Yet this seems to be at odds 

with ambitious climate targets in Germany and beyond, where there is a large focus on energy efficiency and a switch 

towards renewables. While demand in Asia could make up for part of the declining gas demand abroad, it implies that 

Russia needs to establish strategies to compensate decreasing export volumes from fossil-based energy carriers. 

The energy policies of Germany and Russia have in recent years taken fundamentally different paths in terms of 

development. Germany aims to reach net-zero greenhouse gas (GHG) emissions by 2045 and is committed to taking the 

necessary actions to meet these targets. It is pursuing this ambitious energy transition with a combination of renewable 

energy, energy efficiency and low-carbon energy carriers. While being a signatory of the Paris Agreement, Russia, on the 

other hand, currently has less ambitious climate targets. The country is less concerned with deploying renewables, and is 

instead aiming to maximise the efficiency of its fossil fuel-based energy system and plants to continue and expand 

the export of its fossil energy resources. 

These differing policy priorities translate into individual yet not incompatible approaches to hydrogen and new gaseous 

energy carriers. Russia emphasises export opportunities abroad as well as the domestic benefits of hydrogen in technology 

development, local emissions in the transport sector and energy access for remote communities. Germany views hydrogen 

as an enabling technology essential for reaching climate targets in all sectors of the economy. It has also stated a clear 

preference – at least in the long term – for green hydrogen, which is produced by water electrolysis using renewable 

electricity. 

In this context, while Russia offers significant potential for both green hydrogen as well as natural gas-based low-emission 

hydrogen, which includes blue hydrogen produced from natural gas in combination with carbon capture and storage (CCS) 

and turquoise hydrogen produced by methane pyrolysis, timing is an issue. As Germany ultimately aims for green hydrogen, 

investment cycles of 20–30 years for natural gas-based, low-emission hydrogen pose a risk. This is because deploying these 

technologies to enable export to Germany would have to be realised in the next decade, and may face economic risks in the 

longer-term beyond that. Therefore, further analyses should be carried out to define mutual long-term scenarios and 

timeframes regarding respective energy carriers for future energy exports from Russia to Germany. 

Technological advancement: Building on expertise in both countries 
 

Both countries possess excellent equipment manufacturing and engineering expertise, strong industrial sectors and 

recognised academic communities. They can contribute to the development and deployment of key technologies. After 

reviewing the status quo of the global landscape in this study, several hydrogen technologies have been identified as proven 

and mature. In particular, these include electrolysis to produce green hydrogen as well as steam reforming and auto-thermal 

reforming to produce blue hydrogen. The other technologies identified require further development. In addition, all of the 

technologies still need to be optimised in terms of costs. 

 

In hydrogen production, bilateral research and development efforts should give special priority to electrolysis to produce 

green hydrogen. Another priority could be methane pyrolysis, which is a promising, but not yet mature technology to 

achieve a scalable supply of low-emission fossil hydrogen. Methane pyrolysis may avoid the need for a dedicated hydrogen 

infrastructure between both countries. Gaseous capture and storage of carbon dioxide is another available technology for 

low-emission fossil hydrogen, but is not yet widely deployed. In the Russian-German context, it may be limited to 

deployment in former gas deposits and aquifiers in Russia, as the German public remains sceptical of it.  

Executive Summary 
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In order to support the collaboration between both countries, the harmonisation of technical and environmental standards 

should be prioritised to ensure safety and allow further commercialisation. This holds especially true for finding a common 

methodology for greenhouse gas (GHG) emissions, as they vary strongly amongst existing hydrogen production 

technologies. Lifecycle emissions of natural gas-based processes are strongly dependent on methane leakage during 

extraction and transport, meaning the GHG effect of natural gas-based low-emission hydrogen is currently 2–10 times that 

of green hydrogen. 

 

In the context of the German-Russian cooperation, pipelines offer the cheapest way to transport hydrogen. Hydrogen can be 

transported in pipelines dedicated exclusively to pumping hydrogen or mixed with natural gas in existing pipelines. The 

latter option requires further testing before it can be deployed on a larger scale. However, the existing pipeline routes in the 

Baltic Sea, Nord Stream 1 and 2, might offer technical advantages over other existing pipeline routes from Russia if the 

necessary tests to be carried out by the operator go well. The documented parametres, which support the assumption that 

the pipelines could be compatible with blending hydrogen and a potential conversion to pure hydrogen transport, include the 

homogenous material composition, the absence of intermediate compressors as well as the position on the seabed.  

 

Market framework: Creating incentives 

 

On the demand side, the domestic Russian market currently lacks strong incentives for larger-scale deployment of low- 

emission hydrogen and new gases. Therefore, low-emission hydrogen is not yet competitive compared to unabated 

hydrogen from natural gas (so called grey hydrogen) as well as to natural gas as final energy. This lack of low- emission 

hydrogen off-takers will constitute a barrier for the development of low- emission hydrogen export potential. Germany, on 

the other hand, has put an ambitious hydrogen strategy in place and is currently designing mechanisms to create strong 

incentives for hydrogen in a number of applications. These incentives are supported by a total of €9 billion of funding in the 

national hydrogen strategy, of which €2 billion are designated for international hydrogen projects. From the Russian 

perspective, this can be seen as an opportunity. 

 

In terms of low-emission hydrogen production costs, blue hydrogen still comes at the lowest costs. While the data regarding 

the current cost of production is limited, techno-economic analyses estimate €1.2–2/kg for blue hydrogen, €2.6–3.2/kg for 

turquoise hydrogen and €2.4–7/kg for green hydrogen. For the latter, generation costs are expected to halve by 2050, driven 

largely by the declining cost of renewable electricity. Green hydrogen can then prove more economical than fossil blue 

hydrogen, if emissions are accounted for. At typical current lifecycle emissions of around 5kgCO2eq/kgH2, a €1.5/kg cost 

difference between both green and blue hydrogen is offset by carbon prices of less than €300/tCO2eq. This leads, for instance, 

to €3/kg green hydrogen being price competitive with €1.5/kg blue hydrogen when carbon prices reach 300€/tCO2eq. Therefore, 

trade opportunities arise beyond fossil energy. While in Germany the potential of renewable energy is limited compared to 

national energy demand, at 14,000 TWh per year, Russia, due to its large land area, has one of the largest, but largely 

untapped, technical potentials for green hydrogen from wind and solar electricity in the world. 

 

Outlook 
 

In its hydrogen strategy, Germany has outlined a significant import demand of around 85 TWhH2 of low-carbon hydrogen in 

2030. In contrast, following a conservative renewable energy path trajectory for Russia, Skolkovo Energy Centre and ERI 

RAS estimate a lower resource potential of 24 TWh green hydrogen in Russia in 2040. In this case, Germany's import 

demand for low-carbon hydrogen will likely not be met by Russia alone. More optimistic RES trajectories from the IEA, 

however, result in a potential of 241 TWh green hydrogen for Russia by 2040. Nevertheless, the significantly greater 

technical potential for RES in Russia hides a plethora of opportunities. In addition, there are resources to produce at least 

250 TWh of blue hydrogen, which could be a cheaper and more scaleable option in the short term. 

 
Decades-long energy supply agreements, along with extensive investments in infrastructure, have proven to be beneficial for 

both countries, enabling German-Russian trade with natural gas. Investments into hydrogen could similarly benefit from 

long-term contracts. Especially with the required additional investments for hydrogen production, such contracts would 

provide the necessary certainty for producers. Existing bilateral contracts, which will increasingly expire in the mid 2030s, 

should be replaced by offtake agreements for hydrogen in order to secure additional mutual business opportunities. 
 

A review conducted within this study shows that there is already a wide range of stakeholders active in hydrogen both in 

Germany and in Russia at the level of science, business and government bodies. The establishment of meaningful 

dialogues can foster bilateral discussions and enable setting up successful joint pilot projects. This concerns the 

aforementioned production technologies in particular. Further analysis needs to specifiy mutual scenarios, develop a 

roadmap and devise a clear strategy for bilateral energy cooperation. This report shows how hydrogen can serve as an 

enabling energy carrier for bilateral energy relations, and translate the decades of well-established partnership into a 

climate-compatible future.



 6 

 

1.1 Purpose of the study 

This study aims to provide a concise overview of the 

current status and potential of hydrogen in the German 

and Russian energy systems. It outlines the pre- conditions 

of the potential development by analysing the energy 

systems and the current guiding scenarios for the future 

development of both energy markets. Contributing to the 

discussion on various production routes for hydrogen, it 

further assesses the availability of various current and 

future hydrogen technologies. The study estimates the size 

of Russia’s potential for hydrogen production from 

different sources and highlights relevant stakeholders. In 

this way, key areas for future 

cooperation between both countries are defined. 

 

1.2 Context 

Germany and Russia have a decades-long relation in 

energy. Natural gas has played a key role in the German 

and European energy system since the 1970s. While 

German companies invested in domestic infrastructure 

and ensured the construction of pipelines, Russian 

enterprises invested in the upstream development of its 

natural gas resources. 

 

The environment surrounding this long-term partnership 

between the two countries is perpetually changing. 

Concerns about global climate change have resulted in an 

ambitous transition of the German and European energy 

system. Europe’s largest economy now aims to transform 

its economy to reach net-zero greenhouse gas emissions, 

providing a guideline for bilateral energy relations. Faced 

with limited domestic resources, Germany is exploring a 

range of opportunities for low-carbon energy supply. Green 

hydrogen is set to play a major role as a versatile and low-

emission energy carrier, yet it faces challenges in 

production, transport and storage, as well as in some of the 

targeted, but not yet proven applications. 

 

In this context, Russia may be able to leverage its 

hydrocarbon resources, but also its equally generous 

potential of renewable energy sources (RES). Combined 

with its decade-long expertise in gaseous and liquid energy 

carriers, Russia is well positioned to explore opportunities 

to develop a low-carbon energy system domestically and 

abroad, and may take on a major role in the growing 

international market for renewable energy.

1  Introduction 
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Energy system models are accepted as the main tool for assessing the long-term energy market 

developments. A common approach is to include various sectors, technological innovations and 

infrastructural needs to develop scenarios that meet the energy balance between supply and demand, 

while reaching political goals of renewable energy usage, higher energy efficiency and, in particular, 

GHG emission reductions goals within a specific timeframe in the future. This section provides an 

overview of both the German and Russian energy systems. It outlines key targets of relevant energy 

scenarios for each country. More specifically, the section highlights the existing gaseous energy 

infrastructure, as this will constitute a reference point for the future development of hydrogen. It also 

provides a quantification of the hydrogen potential in Russia. 
 

2.1 Germany: Energy system scenarios 

The results of previous meta-analysis have been used to 

provide a brief overview of the long-term German energy 

system models, starting with the results of the study The 

role of clean hydrogen in the future energy systems of Japan 

and Germany (dena, 2019b). The meta- analysis covers 18 

existing scenarios for Germany, based on six studies 

published from 2015 onwards. All of the scenarios use a 

system-wide approach considering the interplay between 

various sectors, technological innovations and 

infrastructural needs. In addition, they take into account 

policy targets set by the German government, such as the 

shutdown of all nuclear power plants by 2022 and GHG 

emission reductions between 80 per cent and 95 per cent 

in comparison to 1990 by 2050. 
 

This analysis focuses on three prominent studies that 

make different forecasts with regard to technology choices 

as addition to the direct use of electricity, including the 

use of hydrogen and synthetic energy carriers. The main 

scenarios or basic assumptions applicable to any scenario 

within the following studies have been chosen: 

 

A.    dena-Leitstudie Aufbruch Klimaneutralität (dena 

2021) 

B.     Kopernikus-Projekt Ariadne - Deutschland  

         auf dem Weg zur Klimaneutralität 2045 

        Szenarien und Pfade im Modellvergleich  

        (Ariadne 2021) 

C.     KLIMAPFADE 2.0. - Ein Wirtschaftsprogramm für  

         Klima und Zukunft (BDI 2021) 

 
All of the scenarios are targeting time horizons in 2030 

and 2045.

2 Energy systems: Status quo and outlook 
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2.2 Key assumptions of German energy scenarios 

 

To provide an overview of the key assumptions in the 

assigned scenarios, table [1] highlights the GHG reduction 

goals, technology choices and the emissions pricing 

indicators. 

 

   Table 1. Key assumptions of relevant scenario studies for Germany 

 
Study Scenario GHG- 

reduction 

goal 

(compared to 

1990) 

Technology choice Emissions pricing 

A KN1001
 2030: 65% 

2040: 88% 
2045: 90% 

 

 Use of CCU/S as of 2030 in industry, thereafter also in 

district heating generation and waste incineration 

plants. Total of 17 Mt CCU/S in 2045, plus 17 Mt 

negative emissions via BECCU/S 

 9.1 million e-cars in private motorised transport by 

2030, 31.8 million by 2045 

 4 million thermal heat pumps by 2030, 9 million by 

2045 

 Greatly reduced demand for natural gas makes 

conversion of natural gas pipelines to hydrogen 

possible. 

Strong CO2 

price needed to stimulate 

green innovation 

B  2030: 65% 
  2040: 100% 

 

 Targeted scale for the piloting of CCS and geological 

storage: 2-5 million t CO2 in 2030 

 15 million e-cars in private motorised transport by 2030 

 An additional amount of 5 million thermal heat pumps 

needed for buildings by 2030 as well as electric boilers 

in industrial steam generation  

2025: 100 €/t 

2030: 200 €/t 

2045: 500 €/t 

 

C Target 

path 

2045 

2030: 65% 
  2045: 100% 

 

 Use of CCUS necessary to achieve net zero emissions 

2045; application of CCS plants predominantly in 

cement and lime; by 2045 approx. 59 Mt CO2 negative 

emissions required through Biomass- CCUS and Direct 

Air Capture; 

 6 million thermal heat pumps needed for buildings by 

2030, 15 million by 2045;  

 14 million e-cars in private motorised transport, 39 

million by 2045; fuel cell cars will only have a niche role 

(450 thousand by 2045).  

 Partial integration of existing natural gas pipelines into 

hydrogen transport infrastructure by way of conversion  

2030: 80 €/t - 180 €/t 

BEHG2; 90 €/t ETS 

2045: not specified 

 
 

2.3 Energy demand 

A common observation from all of the energy system 

models in focus is the substantial reduction of the future 

total final energy consumption in Germany in 2045, 

ranging from approximately 41 per cent in dena’s main 

scenario (KN100) to a reduction span of 34 to 59 per cent in 

the Ariadne study. In the KN100 scenario, final energy 

consumption drops from 2,489 TWh in 2018 to 1,477 TWh 

in 2045. Key factors for this are the high efficiency gains in 

the sectors and electrification. In terms of final energy 

consumption, there is a shift from conventional energy 

sources to electricity and hydrogen. At the same time, the 

demand for oil decreases disproportionately due to the 

technology changes in the transport and building sectors. 

In 2045, almost all oil and gas demand will be met in a 

climate-neutral manner, i.e. via biogenic or synthetic energy 

sources and basic materials. The role of electricity in the 

energy system is growing steadily. In 2045, electricity 

accounts for 49 per cent of the final energy demand (see 

Figure 1). On the other hand, the structure of the future final 

energy consumption by source of energy varies significantly. 

Most significantly, renewable energies become the most 

relevant source of energy, both via the direct use of 

renewables electricity and converted forms of renewables 

electricity, such as green hydrogen and its derivatives. 

Differences between the scenarios are caused by different 

assumptions of technology choices.

  
 

1 KN stands for Klimaneutralität (English: Climate neutrality) 

   2 BEHG stands for Brennstoffemissionshandelsgesetz (English: German Fuel Emissions Trading Act)
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Figure 1: Final energy demand in Germany by source in 

TWh/a; Source: (dena, 2021; Ariadne, 2021 and BDI 2.0, 

2021) 
 

The scenarios estimate different combined demand 

shares for hydrogen and synthetic fuels including PtG and 

PtL, ranging from 22 per cent (KN100) to 17 per cent 

(Ariadne: Mix) and 14 per cent (BDI 2.0) of the final energy 

demand in 2045. In dena’s KN100 scenario, green 

hydrogen only accounts for roughly 15 per cent of the final 

energy consumption in the same year.  

 

Hydrogen (and/or other synthetic fuels) is expected to be 

deployed on a large-scale from 2030 onwards as a result. 

In the industry, hydrogen is likely to increase its role as a 

non-fossil raw material. According to the KN100 scenario, 

the industrial sector will consume 24 TWh as of 2030. In 

2045, 88 TWh of green hydrogen will be used directly as 

energy, in addition to using 103 TWh of hydrogen and 51 

TWh of the hydrogen derivative "green naphtha" for 

material purposes. In the power sector, hydrogen has the 

potential to provide flexibility and energy storage. 

Within the structure of the future final energy demand by 

demand sectors, the scale of the decrease in the industry 

sector’s demand varies between the studies (see Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Final energy demand in Germany by sector in 

PJ; Source: (dena, 2021; Ariadne, 2021 and BDI 2.0, 2021) 
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2.4 The role of gaseous energy carriers: 

the structure of generation, storage 

and transport 

 

Gaseous energy carriers play a very important role in the 

German energy market. There is a mature market of 

natural gas – Germany is a leading EU country by gross 

natural gas consumption, which covers a 25 per cent of the 

primary energy demand of the country, amounting to 

around 887 TWh (95 bcm) (see Figure 3 and Figure 4 

(BMWi, 2019b)). 

 
Natural gas supply is predominantly covered by imports, 

with domestic production decreasing and accounting for 

only 6,5 per cent of consumption in 2019. Germany also 

plays a key role as a transit country in the European gas 

system. Approximately half of the imported gas (187 bcm 

in 2019, of which 71,6 per cent is from Russia and 

Commonwealth of Independent States) is designated for 

transit to neighbouring countries (BNetzA, 2019). 

 

 
 
 

 
 
Figure 3: Structure in primary energy consumption in 

Germany in 2019; Source: (BMWi, 2019b)

 

 

 
 

Figure 4: Natural gas consumption in Germany 1990–2019, in TWh; Source: (BMWi, 2019b) 
 
 

The natural gas infrastructure is highly developed and 

consists of 38,500 km of transport pipelines (see Figure 

5, (FNB Gas, 2020, p. 72)) - operated by six transmission 

system operators and 512,000 km of distribution 

pipelines - operated by 708 distribution system 

operators. There are also 33 underground gas storage 

facilities with a total storage capacity of 296.4 TWh (25 

bcm). 

The natural gas infrastructure is largely pipeline-based. At 

the moment, there are no LNG terminals in Germany, but 

three projects are in the planning process (the proposed 

locations are Brunsbüttel, Wilhelmshaven and Stade).4

 
 
 
 

4 (German LNG, 2020; LNG Wilhelmshaven | LNG für Deutschland, 

2020; LNG - Hanseatic Energy Hub GmbH, 2020)
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Figure 5: Natural Gas infrastructure in Germany; 

Source: (FNB Gas, 2020) 
 

Besides its use in heating and electricity applications, 

natural gas is used in the mobility sector with currently 

98,463 compressed natural gas (CNG) fueled vehicles and 

835 associated refueling stations (Zukunfterdgas, 2020). 

Using Liquified natural gas (LNG) as a fuel for heavy 

mobility applications is gaining traction, with 25 refueling 

stations currently available. Other types of gases include 

biogas, which is produced locally and generally combusted 

to generate electricity (191 facilities produced 

9.6 TWh in 2019 (BNetzA, 2019)). 
 

Since 2010, Power-to-Gas (PtG) technologies have gained 

more and more interest in Germany. The Strategy Platform  

Power-to-Gas served as facilitator and incubator for the 

technology and relevant projects. Hydrogen production is  

reported for three facilities with a production of 1.4 TWh 

and for two facilities with a production of 1.1 TWh of 

synthetic natural gas (in 2019, (BNetzA, 2019)). There is 

also a large number of Power-to-X (PtX) pilot projects to  

research and demonstrate various technologies for 

converting electricity to hydrogen, methane, synthetic  

fuels, methanol and special chemicals (currently 45 

operational and 24 planned PtX projects, see Figure 6,   

(Kopernikus-Projekte, 2020))5. Further, there is a growing 

pipeline of industrial-scale projects ranging up to 100 MW 

 in electrolyzer capacity. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Types of p2x facilities in Germany, 2019; 

Source: (Kopernikus-Projekte, 2020) 
 
 

 
Infrastructure for deployment of hydrogen in the mobility 

sector is steadily being developed and there are 86 

refueling stations in operation in 2020 (see Figure 7, 

Source: (H2.LIVE, 2020). The overall target is the 

deployment of 400 hydrogen refuelling stations in 

Germany. 

 

 
 
Figure 7: H2 refueling stations in Germany (green in 

operation, blue in construction); Source: (H2.LIVE, 2020)

 
5 Research initiatives in Germany in the field of the energy 

transition, supported by the Federal Ministry of Education and 

Research
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In contrast to the well-developed infrastructure for natural 

gas, pipelines for hydrogen transport are limited to those 

cases, where hydrogen is used locally as an industry 

feedstock. These decentral hydrogen grids are owned and 

operated by the companies using hydrogen in their 

industrial processes. The total length of hydrogen pipelines 

in Germany is 390 km (in 2016, source: (Hydrogen Tools, 

2020). The potential development of a nation-wide 

hydrogen transport system using pipelines is being 

discussed and, in 2020, gas transmission operators 

proposed a concept for a visionary hydrogen network as a 

part of the ten-year network development plan for the 

national gas transmission network. This concept of a 

hydrogen network has a length of 5,900 km and also 

includes hydrogen storage. It aims to connect areas of 

hydrogen production and consumption via converted 

natural gas pipelines, envisages to connect relevant regions 

within Germany and also connect to neighbouring 

countries. (Netzentwicklungsplan Gas 2020- 2030) (see 

Figure 8, (FNB Gas, 2020). 

 

 
 
 

 
 
Figure 8: Visionary hydrogen network (schematic 

depiction of facilities); Source: (FNB Gas, 2020)



 

Energy systems modeling for Russia follows approximately the same methodological basis as described 

in the previous section on Germany. The key differences are that the energy and climate policy goals in 

Russia differ significantly from Germany’s approach. The number of models used, and therefore, related 

studies, is much smaller. For this study, the outlook uses results based on a model designed by the 

Institute of Energy Research of the Russian Academy of Sciences (ERI RAS). It is the most acknowledged 

model in Russia. 
 

3.1 Energy system scenarios in 

focus 

3.2 Emissions reduction goals: climate 

policy

 

The results of the Global and Russian Energy Outlook 2019 

by ERI RAS and SKOLKOVO, 2019, have been used to 

provide a brief overview of the long-term energy market 

system models in Russia. This outlook covers three 

scenarios: Conservative, Innovative and Energy Transition. 

 

In this outlook, all of the scenarios use the same 

methodological approach of the SCANER information 

modelling system developed by the ERI RAS. SCANER is a 

constantly evolving complex of optimisation and simulation 

models and databases describing the energy sector in 199 

geographic hubs, 135 countries and groups of countries. 

The global part of the model calculations is based on an 

iterative calculation along the entire production chain, with 

an economic and mathematical optimisation of the fuel 

markets and taking into account technological indicators, 

as well as restrictions and stimulating mechanisms 

determined by the energy policy, in each segment. (ERI 

RAS, 2011, 2015) 

 
The three global scenarios vary in terms of the speed of 

technological development and the changes of the 

regulatory framework over time. The key features of the 

scenarios are the following: 

 
 the Сonservative scenario assumes that 

technology development and transfer 

speed and the current (as of 2018) state 

energy policies around the world 

remain the same; 

      the Innovative scenario assumes that 

technology development and transfer 

speed accelerate and the current state 

energy policy around the world remains 

unchanged; 

      the Energy transition scenario assumes that 

technology development and transfer 

speed accelerate and the current state 

energy policies around the world focus on 

decarbonisation. 

 
These three global scenarios showcase the impact of 

Russia as the largest energy exporter globally. 

 

Russia’s share in global greenhouse gas emissions in 2017 

is around 5 per cent (SKOLKOVO, 2020). In the early 1990s 

(before 1998), against the backdrop of the economic 

recession, the Russian anthropogenic emission of 

greenhouse gases dropped significantly. The period was 

followed by slow growth of emissions until 2008, when the 

emissions amounted to approximately 1.5 billion tons of 

СО2 equivalent, including land use, land-use change, and 

forestry (LULUCF) (Figure 10) or about half of the 1990 

emissions (Federal Service for Hydrometeorology and 

Environmental Monitoring, 2019). LULUCF excluded, the 

reduction was approximately 30 per cent. 

 
According to 2017 data, 47 per cent of anthropogenic 

greenhouse gas emissions in Russia came from the 

electric power production and heat supply sectors. 

Another 43 per cent of emissions are generated by 

industry, fuel combustion in the transport sector and 

methane emissions from fossil fuels production. 

 
The role of LULUCF in Russia is more important than in a 

number of other major emitter countries. The managed 

land in Russia has provided a steadily increasing net 

absorption of greenhouse gases with up to 577 million 

tons CO2eq per year (27 per cent of the total emissions 

in all other sectors). 

 
Russia joined the Paris Agreement in September 2019. 

The country’s first Nationally Determined Contribution 

(NDC) under the Paris Agreement envisages 30 per cent 

emission reduction by 2030 compared to 1990, including 

LULUCF (UNFCC, 2020). Thus, this commitment was 

fulfilled in the early 1990s and has been over-fulfilled so 

far. The Government of the Russian Federation has not 

discussed any more ambitious goals so far. 

 

Russia’s low-carbon development strategy was drafted 

and published for open discussion in the end of March 

2020 (Russian Government, 2020c). The best-case 

(‘Innovative’) scenario of the draft envisages the 2050 

objective of reducing greenhouse gas emissions by 52 

per cent compared to 1990 (see Figure 9). The 

baseline scenario also does not provide a CO2 

emissions trading system roll-out.

3 Russia: Energy system scenarios 
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Figure 9: Antropogenic GHG emissions (including and excluding LULUCF) in Russia from 1990 until 2017 (current 

data) and from 2017 until 2050 (outlook according to the Low Carbon Development Strategy draft).
 
 

 
Energy efficiency improvements and reforestation are the 

main tools considered in the low-carbon development 

strategy in order to achieve its targets. Hydrogen and new 

gaseous energy carriers are not considered, as deep 

decarbonisation is not reflected either. 

 

3.3 Total energy demand through sectors 

and by energy source 

 

According to the forecast by ERI RAS and SKOLKOVO 

(2019), Russia's overall demand for primary energy 

resources will increase by 12–13 per cent from 2018 to 

2040 depending on the highlighted scenario (see Figure 

10). The electricity sector and district heating systems 

(boiler houses and thermal power plants) will consume half 

of primary energy by 2040. In the Energy Transition 

scenario, electricity consumption will increase by 36 per 

cent by 2040.       

 
 

 

 
 
Figure 10: Scenario forecast of primary energy 

consumption in Russia by sector; Source: (ERI RAS and 

SKOLKOVO, 2019)
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Figure 11: Scenario forecast of primary energy 

consumption in Russia by fuel type; Source: (ERI RAS 

and SKOLKOVO, 2019) 
 

The ERI RAS and SKOLKOVO outlook shows that the 

structure of the Russian energy mix is projected not to 

change much in any scenario, as natural gas remains as 

the dominant energy resource (around 54–57 per cent of 

total primary energy consumption) (see Figure 11). 

 

However, in the Energy transition scenario low-carbon 

energy sources, including renewables, hydro power and 

nuclear power, will nearly double their share from the 

current 10 per cent up to 19 per cent by 2040. 

 

3.4 The role of gaseous energy carriers: 

the structure of generation, storage 

and transport 

Russia has the world’s largest natural gas reserves. 

According to the Gas Exporting Countries Forum (GECF, 

2019, p. 79), the proven natural gas reserves stand at 

50.3 trillion cubic meters. 

 

3.5 Production 

Major gas producing provinces include Nadym-Pur-Taz, 

Yamal peninsula, Volga region, Eastern Siberia and 

offshore Sakhalin island. 

 

 
 
 

Although Gazprom remains the dominant gas producer, 

the share of independent gas producers, primarily 

Novatek, has been growing over recent years. 

 

 
 
Figure 12: Main stakeholders of Russia’s gas industry 

(gas production in bcm in 2019); Source: (Russian 

Government, 2019, p. 74) 
 
 

 
Gazprom’s gas production strategy 

 
There is a tendency towards the gradual decline of gas 

production at legacy gas fields in Nadym-Pur-Taz region, 

which is compensated by the growth of production at 

younger fields primarily on Yamal peninsula. At the same 

time, Urengoyskoye, Yamburgskoye, Medvezhye and 

Zapolyarnoye gas fields represent about 40 per cent of 

Russia’s annual gas production. All of these fields are 

either plateauing or declining. 

 
Further production growth for Gazprom and independent 

gas producers is to be provided by greenfields on Yamal 

peninsula and in Eastern Siberia. 

 
Gazprom’s “Yamal project” implies increasing gas 

production on Yamal peninsula by 360 bcm by 2030, 

which is almost four times higher than today. Novatek is 

planning to double its production by 2030 to around 120 

bcm per year. 

 
In Russia, the production recovery rate has been positive 

over the last decade. In other words, newly discovered 

gas reserves exceeded the average annual gas 

production.
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Figure 13: Gas transport infrastructure in the western part of Russia; Source: East European Gas Analysis modified by 

Skolkovo Energy Center; (Gazprom, 2014) 
 

 
 

Figure 14: Gas production at Gazprom’s gas fields excluding joint-ventures. Source: (Gazprom, 2018a, p. 19)
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Figure 15: Natural gas production strategy of Gazprom: growth and diversification; Source: (Gazprom, 2019b, p. 7) 

 

3.6 Consumption 

After the discovery of giant gas fields in Western Siberia in 

the 1960s and 1970s, Russia has built a massive gas 

industry, second only to the USA in terms of absolute 

consumption volumes. Natural gas plays the biggest role 

in Russia’s primary energy consumption (54.5 per cent, 

according to the (IEA, 2018) and in power generation (47.4 

per cent). Since the beginning of the 2000s, there has 

been a tendency towards a higher use of gas in Russia’s 

energy balance. Most of Russia’s gas is consumed by 

power and heat generating companies, followed by 

the residential sector, the oil industry and metal industry. 

 

 
 

Figure 16: Structure of gas consumption in Russia; 

Source: (Gazprom, 2019c) 

 

3.7 Exports 

Russia has significantly increased its gas production over 

the last couple of years, mainly for the purposes of gas 

exports.  Domestic  consumption  shows  modest  growth 

dynamics. LNG is becoming an important segment of 

Russia’s exports. 

 

 

 

Gazprom has the sole right to export pipeline gas from 

Russia, which is guaranteed by the Gas Exports Law of 

2006. Numerous attempts of independent gas producers 

(Rosneft, Novatek) to get access to export gas via pipelines 

have failed (IEA, 2018). 

 
LNG exports from Russia, on the other hand, have been 

partially liberalised since 2013. Currently, two LNG plants 

in Russia export LNG. The Sakhalin 2 LNG plant is 

controlled by Gazprom (nameplate capacity 9.6 mtpa) and 

exports gas mainly to Asian customers (Japan, South 

Korea, China) (Gazprom, 2020a). 

 

The Novatek-led Yamal LNG plant was inaugurated in 2016 

and supplies LNG along the Northern Sea Route in both 

directions – to Europe and to Asia (Yamal LNG, 2020). 

 

 
 
Figure 17: Russia’s gas balance – historical and 

projected (bcm); Source: (Russian Government, 2019, p. 
74)
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3.8 Transportation and storage 

State-owned Gazprom controls the midstream segment 

(gas pipelines (almost full ownership) and storage units 

(full ownership) in Russia. The length of the gas 

transportation network reaches 175.2 thousand 

kilometers with 254 linear compressor stations and 3.788 

pumping units with a capacity of 46.8 GW. (Gazprom, 

2019a, p. 50) 

 
According to Gazprom, the export capacity of main gas 

transportation pipelines from Russia to Europe reaches 

241.9 bcm and includes four main transportation 

corridors: Nord Stream, Yamal-Europe, Ukrainian 

corridor and pipelines to Turkey (now mainly 

TurkStream and Blue Stream6. The Gas Transmission 

System Operator of Ukraine provide different figures, 

stating that the Ukrainian gas transportation system has 

an exit capacity of 146 bcm (TSOUA, Capacity, 2020). 

In this case, the aggregated capacity of Russia- 

Europe gas pipelines exceeds 280 bcm. 
 

 
 
 

 
 
Figure 18: Age of Russia's gas pipelines; Source: 

(Gazprom, 2019a)

 
Table 1: Main existing PJSC Gazprom’s export gas transportation routes 

 
Gas 

pipeline 

Design 

capacity, 

bcm/y 

Length, 

km 

Pipe 

diameter, 

mm 

Countries which and/or the territorial 

waters 

which the pipeline passes through 

Launch 

year 

Yamal — 

Europe 

32.9 More than 2,000 1,420 Russia, Belarus, Poland, Germany 1999 

Nord Stream 55 1,224 1,220 Territorial waters of Russia, Denmark, 

Germany 

Exclusive economic zones of Russia, 

Finland, Sweden, Denmark, Germany 

2011 

Urengoy — 

Pomary — 

Uzhgorod* 

32 4,451 1,420 Russia, Ukraine 1984 

Soyuz* 26 2,750 1,420 Russia, Kazakhstan, Ukraine 1980 

Progress* 28.5 3,473 1,420 Russia, Ukraine 1988 

Transbalkanski 

y* 
20 2,750 800–1,200 Ukraine, Romania, Bulgaria, Turkey 1987 

Blue Stream 

(offshore section) 

16 2 strings: 382 + 389 km 600 Russia, Turkey 2003 

Turkstream 

(offshore section) 

31.5 2 strings: 937 + 939 km 813 Russia, Turkey 2020 

Power of 

Siberia 

Up to 48 2,250.9 (Chayandinskoye 

field – China’s border 

section) 

1,420 Russia 2019 

* Gas pipelines of the Ukrainian corridor. 

Source: (Gazprom, 2019a) 
 

 
 
 
 
 
 
 
 

6 Ibid
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However, the pipelines of the Ukrainian corridor are 

between 30-40 years old and might have to be 

modernised in order to ship methane with a high 

hydrogen content. 

 
As of 2020, there are 23 underground gas storage units in 

Russia with an active capacity of around 75 bcm (Gazprom, 

2020b). Most of the storage units are located in the 

European part of Russia within the Unified Gas System in 

the Ryazan region, Moscow region, Saratov region, Samara 

region, Orenburg region, Bashkortostan, Leningrad region, 

Kaliningrad region, Tyumen region and so on. 

 

3.9 Contracts 

Supplies of methane-hydrogen mixtures or pure 

hydrogen directly from Russia via a pipeline 

infrastructure may have constraints beyond the 

technological feasibility. 

 
Gas suppliers and customers are legally bound by long- 

term sales and purchase contracts. Any change of such a 

contract (volume, price, delivery point, product 

compositions) will require a significant period of 

negotiations and will not necessarily conclude in a 

mutually-acceptable way and may proceed in arbitration. 

 

 
 

Source: (Cedigaz contracts databases, 2019) 

3.10 Conclusion 

 

A review of the Russian energy sector development 

scenarios until 2040 based on the available studies 

showed that its structure is unlikely to change 

significantly. Fossil fuels (primarily natural gas) will play a 

dominant role in the primary energy supply of 

throughout the entire horizon under consideration 

(although in some scenarios the share of RES, nuclear 

power plants and hydroelectric power plants may double 

by 2040). 

 
The main reason for this is the concentration of efforts by 

Russian stakeholders on maintaining current levels of 

greenhouse gas emissions rather than further reducing 

them to zero. Energy security and energy availability are 

the main priorities in the development of the sector 

today. 

 
Natural gas is not only the main source of energy for the 

domestic market, but also an important export 

commodity. Russia has the largest gas reserves in the 

world. In the Russian energy strategy, a great deal of 

attention is paid to the development of production, 

transport, distribution and export of natural gas. The 

Energy Strategy plans to grow in gas production (860–

1,000 bcm in the period of 2024–2035). 

 
At the same time, the decline in gas consumption after 

2035 in the key export markets for Russia is becoming a 

new challenge for energy policy. In response to this 

challenge, The Energy Strategy pays some attention to the 

hydrogen energy sector. Hydrogen export targets have 

been set at 0.2 Mt in 2024 and 2 Mt by 2035. The 

hydrogen ‘colour’ or sustainability criteria are not specified 

in the Strategy.

 
From this point of view, massive supplies of methane- 

hydrogen mixtures or pure hydrogen instead of 

conventional natural gas might be given a push by the 

expiration of long-term gas supply contracts. The first 

waves of these will expire starting in 2023, when contracts 

with the Netherlands and Norway run out. This will then be 

followed by the expiration of contracts with Norway and 

Russia at the end of the 2020s. Finally, the 2030s will see a 

massive drop in gas supply contracts with Norway and 

Russia. These three milestones will be monitored in order 

to initiate a planning process designed to kick 

start substantial transborder hydrogen or methane- 

hydrogen mix imports.
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This section provides an overview of the relevant policy measures in Germany and Russia, which are 

applied as of today. It will showcase targets of future hydrogen production capacities, expected fields of 

application and overall measures to ensure a market ramp up in both countries. Additionally, it will 

identify complementory areas of bi-national activities with regards to hydrogen. 

 

4.1 The German hydrogen strategy 

 

In June 2020, the Federal government of Germany has 

adopted its National Hydrogen Strategy to define goals 

and measures to implement hydrogen as a cornerstone 

of the energy transition. In particular, hydrogen will play a 

key role in replacing fossil fuels in the energy systems 

where gaseous and liquid energy sources will continue to 

be fundamental parts of Germany’s energy supply 

(BMWi, 2020e). Germany is aiming to become a world 

leader in the field of hydrogen technologies (BMWi, 

2020g). With an overall budget of €7 billion for national 

measures and additional €2 billion for international 

projects and activities, it aims to implement hydrogen 

as a key energy carrier of the German energy system 

and to maximise the GHG reduction towards 2050. 

Therefore, the hydrogen strategy defines 38 specific 

measures to achieve its targets, while the measures 

are clustered in three sections: Hydrogen production, 

fields of application and needs for action at European 

level. In this context, only green hydrogen is seen as 

truly sustainable and the only long-term option, 

whereas blue and turquoise hydrogen might play a 

role in the short term to enable a hydrogen economy 

ramp-up. Yellow hydrogen from nuclear energy is not 

considered at all. 
 

Two phases to be completed by 2030 aim to ramp-up the 

domestic market development by 2023 and strengthen 

efforts domestically and internationally by 2030. For that, 

5GW of installed capacity of electrolysers should be 

deployed by 2030, and another 5GW by 2035. These 

capacities should cover between 14–18 TWh per year 

each and provide a significant portion of the overall 

demand of 90–110 TWh of green hydrogen in 2030. 
 

 
 

The measures for Hydrogen production predominantly 

target the supply of affordable renewable power, as 

 

 

 

 

it bears up to 60 per cent of the overall costs of the 

production of green hydrogen. The measures aim to 

create a framework to provide efficiently used renewable 

energy, a fair market design in terms of green hydrogen 

and introduce a sufficient CO2 price. Additionally, the 

government will investigate, how an adaptation of the 

EEG can support the market ramp for green hydrogen 

production. Green hydrogen will also tie the power and 

gas grid closer together, meaning the investigation of new 

business models will be fostered to bring gas and power 

grid operators together. The strategy also puts high 

emphasis on improving the market environment for 

domestic offshore wind production: specific areas and 

additional auctions designated for hydrogen production 

aim to increase production capacities and reaching 

development targets (see Table 1). 
 

The hydrogen strategy is embedded within the energy 

transition and complements the measures of renewables 

electrification of the energy system and also the efficient 

use of energy overall. Therefore, hydrogen is supposed to 

be applied in the so-called hard-to- decarbonise sectors 

and the section fields of application outlines this with 25 

out of the 38 measures. The predominant focus of these 

measures is to expand the range of use cases quickly and 

increase the number of implemented applications 

rapidly to ensure a widely distributed and functioning 

infrastructure. The fields of application cover the areas 

transport, industrial use, heating and cooling, 

infrastructure and supply as well as research, education 

and innovation. 
 

Hydrogen is set to be a future energy carrier, which will be 

traded nationally and internationally. Consequently, the 

hydrogen strategy acknowledges the global character with 

measures on a specific European level as well as on 

global scale. Key actions on a European level are to 

ensure sustainability and quality standards 

for a hydrogen market as wel as the examination to set up 

an Important Project of Common European Interest 

(IPCEI) for hydrogen technologies. Furthermore, additional 

effort will be made towards implementing the European 

hydrogen strategy, aligning it with the European Green 

Deal whilst exploring the potential for a European 

hydrogen company for production capacities and 

infrastructure.

4 Policy goals for hydrogen 
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Table 2: Overview of demand focus measures of the German hydrogen strategy 
 

 
 

Transport 
 

Industrial use 
Heating 

and  cooling 
Infrastructure 

supply 

Research, education and 
innovation 

Defined        Implementation of        Support        Continue        Initiate        Develop a roadmap for 

measures Renewable Energy mechanisms for the efficiency stakeholder the German H2 

 Directive II switchover to measures dialogues to industry as joint 

        Strengthen hydrogen as base  develop undertaking 

 National substance        Investigate future H2        Conducting research on 

 Innovation        Install a programme H2 ready grid–gas international supply 

 Program HFC for contracts for installations operations, chain 

        Support for difference to under storage        Executing cross- 

 power-based provide reliable combined facilities, end ministerial research 

 liquid fuels investment heat and users, etc. campaign “Hydrogen 

 European Level conditions power act  technologies 2030” 

        Establishment of a        Investigate potential         Investigate (support for NIP) 

 supply industry for new green products  improved        Assessment for 

 fuel cell systems and enabling  interlinks innovative and 

        Target-driven mechanisms (e.g.  between pragmatic measures 

 development of quotas for green  electricity, for policy 

 Clean Vehicle steel)  heat and gas implementation on 

 Directive   infrastructure national and 

        Carbon-based        Stakeholder   European level 

 differentiation of 

truck toll 

dialogues to develop 

long-term strategies 
  

       Increase the 

       New funds for 

Germany’s flight 

        International with  network of research programme 

 harmonisation of        chemical  H2 fuelling (€ 24 mil. until 2024) 

 standards (RCS) industry  stations        Continue Maritime 

         steel industry   Research Programme 

         logistics   (€25 mil. until 2024) 

         aviation          Educational 

         other sectors   programme on H2 

 

Beyond the European dimension, the hydrogen strategy 

acknowledges the need of hydrogen imports (dena, 2018) 

as well as that hydrogen will play an incremental role to 

reach climate targets. The expected import demand for 

hydrogen will reach between 76 and 96 TWh in 2030. 

Therefore, the H2 strategy embeds various policy fields to 

support the international market ramp-up, such as 

economic policy, actions of climate change mitigation and 

foreign policy. Germany can build upon strategic 

international dialogues and partnerships (BMWi, 2020d) 

and will integrate hydrogen into these activities to 

develop import potentials for green hydrogen, generate 

markets for OEM’s of hydrogen equipment and also 

foster conversation about the energy transition, 

specifically for the substitution of fossil fuels by hydrogen 

and its derivatives. These measures are accompanied 

with efforts in relevant multilateral dialogues, e.g., IPHE, 

IRENA or IEA. 

With an overall funding of €2 billion for international 

activities, the major part of these funds is dedicated to a 

support scheme to fund green H2 pilot projects around 

the world. The scheme aims to support investments into 

the production facilities for green hydrogen and its 

derivatives, which aims to have a long-term component 

and ensures the long-term off take of such products. 

These products shall not compete with domestic 

renewables energy demands and a sustainable water 

supply needs to be ensured. 

 
The efforts of the national hydrogen strategy are aligned 

with the EU strategy on hydrogen, adopted in July 2020. 

Both are supporting the 2050 target of climate-neutrality, 

announced within the European Green Deal. (European 

Commission, 2019)
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Table 3: Expected market development for hydrogen, in TWh 
 

 
 
 

2251 
 

 
 

1458 
 
 

 
481 

339 

 

665                    630,5 
 

 
 
245 

780  
 
 
266,6* 

 
 
380

55                        90 6,66 
110 

0** 
100 66,6                      0** 

110 
0**

 

Actual                     BAU                 Ambitious                 BAU                 Ambitious                 BAU                 Ambitious 
 

2020                                      2030                                                    2040                                                    2050 
 

Germany       EU       Russia 

 

 
* - Estimation of blue hydrogen with reference to the low blue H2 mentioned in section of Potential for Hydrogen in Russia, 

which assumes a potential conversion of 40 bcm of “spare” gas to hydrogen 

** - No projected estimation available so far, the technical potential for green hydrogen from North-Western and Central 

Federal Districts of Russia is about 14,114 TWh (or 423 Mt per year) 

Sources: dena & SKOLKOVO Energy Centre analysis based on German H2 Strategy, Russian Energy Strategy, Hydrogen Roadmap 

Europe (BMWi, 2020e; Russian Government, 2020b; FCH JU, 2019) 
 

 
 

4.2 The context within the EU hydrogen 

strategy 

This section will specifically review the European 

Hydrogen Strategy under the lense of relevant aspects 

towards hydrogen imports from outside of the EU and 

more precisely for hydrogen exports from Russia. 

 
The German economy as well as policy are strongly tied and 

embedded within the European Union. Therefore, this 

paragraph will highlight relevant aspects that build upon 

the German Hydrogen Strategy and that are essential to 

establish a European hydrogen market. These measures are 

aligned with the Energy System Integration Strategy and of 

course, with the recently published European Hydrogen 

Strategy. Therefore, 26 member countries have signed the 

“Hydrogen Initiative” and included plans for hydrogen in 

their national energy and climate plans (Linz declaration, 

2018). 

 
The EU seeks to support the development of an 

international hydrogen trade market. Drivers of that 

development are reflected in acknowledging the potential 

of renewables in neighbouring countries and regions of the 

EU, which are current natural gas suppliers of the EU and 

also in considering that existing physical interconnections 

offer an opportunity to import clean hydrogen to the EU. 

The strategy envisages a prominent role for hydrogen in 

regional, bilateral and international diplomacy efforts of 

the EU. These efforts will be flanked 

by developing technical standards and definitions as well 

as market regulations for hydrogen. A European-wide 

certification for carbon contracts for difference (CCfD) can 

be one instrument to enable the hydrogen market 

development. It provides the opportunity to bridge the 

current cost gap between conventional and low-carbon 

hydrogen production (see Section 4) and ensures the 

emission reduction. 

 
The development of a hydrogen infrastructure is crucial to 

the market ramp up. The required planning processes will 

be addressed within the Ten-Year Network Development 

Plans (TYNDPs) and includes the Trans-European network 

infrastructure and potential refurbishment of existing 

natural gas infrastructure and also different types of 

refuelling stations for various end users. 

 
In conclusion, the EU has put in place a comprehensive 

strategy for the development of a hydrogen market. 

Various mechanisms strengthen the demand side for 

clean hydrogen applications, define reliable regulations 

and standards as well as enable the development of 

required infrastructure. A reliable and renewable energy 

market is clearly outlined and underpinned with specific 

measures.
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4.3 Russian energy policy goals: key role of 

natural gas, export goals for hydrogen 

 

The Energy Strategy of the Russian Federation for the 

period up to 2035 (Russian Government, 2020b) was 

approved and published in June 2020. The Energy 

Strategy is based on the principles of ensuring long-term 

economic development and energy security of Russia, 

taking into account external challenges and outlook and 

forecast of technological development in the energy 

sector. 

As energy security and affordability are set as main 

priorities, this is reflected in the fact that the structure of 

the energy sector throughout the entire strategy’s horizon 

does not undergo significant changes, and natural gas 

continues to remain a key segment in it – the cheapest 

and most affordable energy resource in a country with 

huge natural gas reserves. 
 

Accordingly, in the Energy Strategy, a great deal of 

attention is paid to the development of production, 

transport, distribution and export of natural gas. The 

established key indicators for improving the domestic gas 

market are: maintaining world leadership in gas export (#1 

or #2 globally by 2035 – export of 255,4–300,6 bcm via 

pipelines and 108–189 bcm of LNG by 2035); development 

of LNG production and consumption; development of 

compressed natural gas production and consumption (13 

bcm by 2035); main gas transportation infrastructure 

development (including between Russia and the EU – 325 

bcm by 2035); growth in gas production (860-1,000 bcm in 

the period of 2024–2035). 
 

The Energy Strategy pays some attention to the hydrogen 

energy sector. Hydrogen export targets have been set at 

0.2 Mt in 2024 and 2 Mt by 2035. The hydrogen ‘colour’ or 

sustainability criteria are not specified in the strategy. 

 
The hydrogen ‘action plan’ was published in October 2020 

(Russian Government, 2020a). This document consists of 

important steps and milestones to be passed in 2021, such 

as the elaboration of hydrogen energy development 

concept, the first steps towards establishing a project office 

and interdepartmental hydrogen working group within the 

government; development of support measures; 

determination of the circle of potential 

‘hydrogen clusters’, priority pilot projects and hydrogen 

engineering centres. Low-carbon hydrogen certification 

system is also in the list of future activities. 

about 7 million tons (3.5 times more than the goal set in 

the Energy Strategy). As deep decarbonisation is 

currently not a priority in long-term strategy, that could 

limit development of the internal hydrogen market to a 

number of demonstration pilot projects. The most likely 

potential off-takers of low- emission hydrogen in Russia 

are exporters of certain goods (metals, fertilisers, 

chemicals) working with the EU market and affected by 

"Fit to 55" regulation initiatives such as the Carbon 

Border Adjustment Mechanism (CBAM). 
 

Another potential demand for low-emission hydrogen in 

Russia would come from the mobility sector – public 

transport in big cities concerned about air quality. 

 
Therefore, low-emission hydrogen is not competitive in 

Russia compared to unabated hydrogen from 

conventional fossil energy sources such as natural gas (so 

called grey hydrogen) as well as to natural gas. This lack 

of low- emission hydrogen off-takers can constitute a 

barrier for the development of low- emission hydrogen 

export potential. 

 
However, much will be determined by the national 

hydrogen strategy, the low-carbon development strategy 

and measures to support both the domestic hydrogen 

market and export projects. At the time of publication of 

this study, a hydrogen strategy is under development.

Policymakers and other stakeholders in Russia tend to 

consider the hydrogen economy as a possibility to 

diversify the country’s future energy export mix and to 

boost development of Russian-based hydrogen-related 

technologies. Judging by some of the public statements 

made by policymakers, the goal is to reach a 20 per 

cent share of the global hydrogen market by 2030, 

which in the high scenario could amount to
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Different pathways for the production of hydrogen and their respective sustainability criteria are 

important factors for the Russian-German cooperation in the future field of hydrogen trading. Hydrogen 

can be produced in a variety of production processes. This section aims to give an overview of the 

different production processes, which are also known as the various "hydrogen colours". Furthermore, 

this section compares the properties of the different “hydrogen colours”, as well as giving a short 

introduction into the discussion on sustainability criteria. 

 

5.1 Overview of hydrogen production 

processes 

There are a variety of processes for the production of 

hydrogen (see Table 4), with each process being given a 

specific colour code depending on the used feedstock 

and the energy source. The colour allocation enables a 

clear separation of the production processes, including 

their feedstock and emission balances. Additionally, Table 

5 gives a brief assessment of the technological 

development of the specific hydrogen production 

technologies using the Technology Readiness Level (TRL) 

as characterisation. The TRL provides an overview of the 

technological development of a regarded technology, 

ranging from TRL 1 (new technology on a small laboratory 

 

Table 4: Overview of various hydrogen production processes 

 

 

 

scale with no market development) to TRL 9 

(mature technology with broad and long-term 

market applications).  

 

This section gives an overview of the different 

"hydrogen colours" based on the known 

production processes and compares relevant 

process parameters. First, the manufacturing 

processes are presented and the most 

important technological characteristics are 

outlined. Afterwards, the processes are 

compared in terms of economic efficiency and 

emission balance. 

 
.

 

 
Process 

 
Colour code 

 

Estimated GHG emissions 
gCO2eq/kWhH2,LHV 

 
Feedstock 

Technology 

Readiness 

Level (TRL) 

 
Conventional 

 
Grey hydrogen 

 
2701 – 3892

 

 
Natural gas/ coal 

 
TRL 9 

 
Conventional with CCS 

 
Blue hydrogen 

 
301 – 2182

 

 
Natural gas/ coal 

 
TRL 7–8 

 
Methane pyrolysis 

 
Turquoise hydrogen 

 
1833 – 4133

 

 
Natural gas 

 
TRL 3–4 

 

Electrolysis 

with renewable energy 

 
Green hydrogen 

 
01 – 262

 

 
Water 

 
TRL 6–9 

 

Electrolysis 

with nuclear power 

 
Yellow hydrogen 

 
244

 

 
Water 

 
TRL 3–4 

Sources: [1] (IEA, 2019b, p. 53), [2] (Bukold, 2020, p. 11), [3] (Timmerberg, 2020, p. 9), [4] (EDF Energy R&D UK Centre, 2019, p. 20) 
Other references: (Collodi et al., 2017; Frauenhofer ISI, 2019; García, 2015, p. 83; Schneider et al., 2020)

5 Hydrogen production technologies and 
sustainability criteria 
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Conventional hydrogen production: grey 

hydrogen 
 

 
 

Figure 19: Scheme of grey hydrogen production 
 

Grey hydrogen currently dominates the global market by 

some distance. It is usually produced from natural gas, 

while in coal- rich countries such as China or South Africa, 

coal could also be used as a feedstock. In the process of 

gasification, the coal is crushed and mixed with water to 

form a suspension. Other hydrocarbons could also be 

used for gasification processes. The most established 

processes to produce hydrogen from natural gas are 

steam methane reforming (SMR) and autothermal 

reforming (ATR). Today, GHG emissions from hydrogen 

production based on fossil fuels are not captured and 

thus contribute significantly to global climate change 

(García, 2015) (Ferreira‐ Aparicio, Benito and Sanz, 2005). 

 
The currently least expensive process is steam reforming, 

in which natural gas reacts with steam in an atmosphere 

of around 800–900 °C and 15–30 bar. Hydrogen as well as 

carbon dioxide are formed within the two process steps 

of steam reforming (García, 2015, p. 87). This method of 

hydrogen production has already been tested and 

matured for a long time, so that large plants are already 

available. 

 
Auto-thermal reforming (ATR) is a combination of steam 

reforming and partial oxidation (POX) with the goal of 

optimising the overall process efficiency. In ATR, the 

conversion of natural gas into hydrogen (reforming) is 

carried out using a mixture of air and steam. 

 

Conventional hydrogen production with CCS 

blue hydrogen 
 

 
 

Figure 20: Scheme of blue hydrogen production 
 

Hydrogen, produced using conventional processes with 

the additional capture of most portions of the occurring 

CO2 emissions, is called blue hydrogen. CO2 capture 

plants, which are integrated into the production 

processes are able to capture up to 90 per cent of the 

produced 

CO2 (Collodi et al., 2017). The captured gaseous CO2 can 

then be stored in a process called Carbon Capture and 

Storage (CCS). Long-term storage options for CO2 can be 

found in geological formations, such as underground 

saline caverns under the sea or empty oil and gas 

deposits. This requires a fully developed transport chain 

for CO2 handling. Various storage options have been 

tested, but only on a small scale in the scope of pilot 

projects. Further use of the captured CO2 is also possible. 

 

Methane pyrolysis: turquoise hydrogen 
 

 
 
Figure 21: Scheme of turquoise hydrogen production 
 

The production of hydrogen via decomposition of 

methane (also called methane pyrolysis) is one way of 

separating the hydrogen contained in natural gas while 

retaining the carbon content as a solid-state material 

(so-called carbon black) at the same time. The primary aim 

of the process is to produce hydrogen, while carbon black 

is produced as a by-product that potentially could be 

used commercially as a feedstock for industry (for 

example car tyres or steel production). Since then in the 

pyrolysis process, no gaseous CO2 is produced, it can be 

considered as locally CO2-neutral. However, the upstream 

emissions, especially for the natural gas provision, can 

account for up to 96 per cent of the GHG emission 

balance of turquoise hydrogen (Timmerberg, 2020). For a 

local, emission-neutral balance of the pyrolysis process, 

however, a regenerative energy source for the 

high-temperature reactor is a prerequisite. 
 

Methane pyrolysis has been used for decades for carbon 

black production, thus reaching a high technological 

maturity of TRL 8 in this specific application, but it has not 

yet been commercialised specifically for the production of 

hydrogen. For the analysis of existing plants with 

hydrogen as main product, the technological maturity is 

estimated to be between TRL 3–4. (Schneider et al., 2020). 

Compared to the other hydrogen production processes 

mentioned in this overview, methane pyrolysis is the least 

mature one. 

For methane pyrolysis, three relevant process approaches 

exist: thermal decomposition, plasma decomposition and 

catalytic decomposition. The technical challenges within 

these process approaches are in achieving the highest 

possible conversion rates at high process temperatures 

while maintaining a good product gas purity. 

Furthermore, the handling of the solid carbon produced 

in the reactor is problematic, as these can lead



27  
 

 
 

to deposits or even blockages. A scaling of the technology 

is not yet foreseeable at present, but the technology has 

moved into the focus of research in recent years 

(Sánchez‐ Bastardo, Schlögl and Ruland, 2020). 

 

Green hydrogen: Electrolysis with renewable 

energy 
 

The future carbon-neutral energy system in Germany 

relies on the intensive expansion of renewable energies. 

In this energy system, emission-neutral green hydrogen 

produced by the electrolysis of water with renewable 

electricity will be essential for the complete 

defossilisation of all sectors. In Germany, renewable 

electricity sources mainly comprise wind and 

photovoltaics; nuclear energy is not included by 

definition. 

 
On the one hand, green hydrogen can be used within the 

energy system to store the volatile renewable energy. In 

addition, green hydrogen can act as a chemical energy 

carrier for renewable energy. The capacities for 

renewable energy production within densely populated 

countries such as Germany are limited and often 

insufficient. Green hydrogen makes it possible to import 

renewable energy from countries with sufficient space 

and high renewable energy potentials. 

 
In the process of electrolysis, water is separated into its 

components hydrogen and oxygen while being 

supplied with electrical energy. 

During this process, electrical energy is converted into 

chemical energy. 

 

 
 
Figure 22: Scheme of green hydrogen production 
 

The individual electrolysis cells can be connected in 

series, the so-called stacks. This allows electrolysers to be 

scaled. In electrolysis, around nine litres of water are 

required to provide one kilogram of hydrogen, producing 

eight kilograms of oxygen as a by-product, which can be 

discharged to the environment or can be stored for 

further processes. For offshore electrolysers or in water 

stressed areas, freshwater can be provided by 

desalination using reverse osmosis. The impact of the 

desalination plant on total cost and energy consumption 

of hydrogen production plant is minor. (EDF Energy R&D 

UK Centre, 2019) 

 
Today there are three relevant electrolysis technologies 

that are suitable for industrial hydrogen production. 

These technologies are briefly described and compared in 

Table 5 and the following section.

 

Table 5: Characteristics of different electrolysis technologies 
 

  
Alkaline electrolysis 

 
PEM electrolysis 

 
SOEC electrolysis 

 

Operating temperature 
60 – 80 °C, low temperature 

electrolysis 

50 – 80 °C, low temperature 

electrolysis 

650–1,000°C, high 

temperature electrolysis 

 

Operating pressure 
 

1–30 bar 
 

30–80 bar 
 

1 bar 

 

Electrical efficiency (LHV) 
 

63–70% 
 

56–60% 
 

74–81% 

 

Technology Readiness Level (TRL) 
 

9 
 

6 – 8 
 

4 – 6 

 

Stack lifetime 
 

60,000–90,000h 
 

30,000–90,000h 
 

10,000–30,000h 

Load range (relative to nominal 

load) 

 

10–110% 
 

0–160% 
 

20–100% 

 

Plant footprint (m2/ kWe) 

 

0.095 
 

0.048 
 

 

Electrode material 
 

Nickel, copper 
 

Platinum, iridium 
 

Solid oxide ceramic 

Sources: (IEA, 2019b, p. 44; ISPT for HyChain 3/ Hydrohub, 2019, p. 22; Frauenhofer ISI, 2019, pp. 12, 13)
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Alkaline electrolysis (AEL) Solid Oxide Electrolysis Cells (SOEC)

Alkaline electrolysis is considered the most common 

electrolysis process today. The process temperature is 

between 60–80°C with an electrical efficiency of up to 

70 per cent. It is classified as a mature technology (TRL 9), 

as it has been used for almost 100 years in the chemical 

industry for hydrogen production and has been applied 

on a large scale (up to 200 MW). At present, the 

technology is the cheapest and most proven variant of 

electrolysers. The electrodes work in a liquid alkaline 

electrolyte solution of potassium hydroxide (KOH) or 

sodium hydroxide (NaOH) (Millet and Grigoriev, 2013, p. 

25 ff). Compared to the other technologies, alkaline 

electrolysis plants require more space, because the H2 

output is lower and the treatment of the electrolyte 

solution requires additional space. Alkaline electrolysers 

are characterised by the ability to produce between 10 

per cent and 110 per cent of the nominal output of the 

plant (load range). The cells have to be kept at approx. 30 

to 40°C during standby to allow an immediate reaction. 

 

PEM Electrolysis (PEMEL) 

 
PEM electrolysis is considered to be a younger 

technology, thus still has been used commercially and on 

a smaller scale in niche applications for about two 

decades (TRL 6 to 8). The technology has undergone an 

intensive development phase over the last decade. In a 

PEM electrolyser, the anode and cathode are separated by 

a proton exchange membrane (PEM), which acts as 

electrolyte (Millet and Grigoriev, 2013, p. 29 ff). The 

oxygen ions recombine at the anode to form gaseous 

oxygen, while the hydrogen ions pass through the 

membrane to the cathode, where they can be separated 

as gaseous hydrogen. The process temperature is 

50–80°C with an electrical efficiency of up to 60 per cent. 

Depending on the use of the hydrogen, a gas drying 

system must be added after the PEM electrolysis. 

 
Compared to alkaline electrolysis, PEM electrolysers are 

able to work in partial load operation in a larger range of 

their nominal capacity and handle dynamic current 

fluctuations. They are ready for operation directly from 

the cold state and have the ability to produce up to 

approx. 160 per cent of the nominal capacity of the plant 

at short overload periods. The technology is therefore 

showing a promising potential for the use with fluctuating 

renewable energy sources. A PEM electrolyser can 

operate under pressure, the hydrogen produced can be 

delivered at pressures from 30 to 80 bar. Additional 

compression for hydrogen transport can be partly 

omitted and reduces the energy demand of the whole 

process and increases the system efficiency. 

 
It is expected that the investment costs of PEM 

electrolysers will approach those of alkaline electrolysers 

within the coming years. 

High-temperature electrolysis with a solid oxide 

electrolysis cells works at high temperature levels 

between 650 and 1,000°C. It is currently estimated at a 

development level of TRL 4 to 6. By operating at high 

temperature with steam, a part of the energetic 

expenditure for water splitting can be covered thermally 

and the electrical energy consumption can be reduced. 

Connected to a heat source (for example waste heat from 

industrial processes) it achieves the highest electrical 

efficiencies of up to 81 per cent. The relatively young 

technology is currently in the commercialisation phase 

and the first companies are bringing corresponding plants 

onto the market. As the electrolyser operates at 

atmospheric pressure, a subsequent compression is 

necessary for the transport of the hydrogen. Connected 

to a heat source, high-temperature electrolysis convinces 

with the highest electrical efficiency of all electrolysis 

processes. 
 

Yellow hydrogen: Electrolysis with nuclear 

power 

In addition to renewable energies, nuclear power can also 

be used as an energy source for electrolysis. Since 

Germany has decided to phase out nuclear energy, this 

type of hydrogen is not promoted and is not being 

considered for future energy supply (including imports). 

For the energy systems of countries that continue to use 

nuclear energy (this includes Russia), yellow hydrogen 

could play a role. From a technical point of view, however, 

there could be some advantages to this type of 

production. 

 
The stable output of nuclear generation could lead to a 

high utilisation factor of the electrolyser, which can be 

beneficial from an economic point of view. However, this 

depends on the type of operation mode. Furthermore, 

the use of process heat from the nuclear plant for high- 

temperature electrolysis can lead to a higher overall 

process efficiency. 

 

5.2 Economic assessment of production 

technologies 

 

The economic viability of most production processes and 

forecasts of their development can currently only be 

estimated. However, the production costs of hydrogen 

are heavily dependent on the location of production. 

Germany will require large quantities of low-emission 

hydrogen, while most of it will have to be imported from 

countries with favourable production conditions. 

Therfore, import costs have to be considered as well. In 

addition, the future production costs are made up of a 

large number of factors which can be interpreted in 

different ways, depending on the assumptions made. This 

brief assessment focuses on the comparison of 

production processes, while other factors affecting
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production costs will be considered in the following 

sections on CO2 emission balance and sustainability 

criteria of hydrogen. 

 
Grey hydrogen is currently one of the cheapest 

production processes. With approximately 2.5 to 

4.5 ct/kWhLHV (€0.8 to 1.5/kg) (IEA, 2020a)7, it is about one 

third cheaper than blue hydrogen and about a factor of 

four cheaper than green hydrogen. However, CO2 pricing 

schemes are expected to lead to a strong price increase 

in the future. 

 
In order to provide more robust cost forecasts for blue 

hydrogen, further experience in the large-scale 

application of CCS technologies would be required. By 

now, no larger scale CCS value chain has been 

commercially established, which leads to estimates being 

only available on the basis of forecast values. According 

to IEA estimates, the cost range for blue hydrogen 

production with CCS ranging from 3.7 to 6.1 ct/kWhLHV 

(€1.2 to 2/kg) in 2019 (IEA, 2020a)7. In general, IEA, IRENA 

and others assume, that the CCS adds around 50 per cent 

to conventional production costs (Petroleum Economist, 

2020). There are currently only 21 operating large-scale 

CCS facilities in the world, with only two being dedicated 

specifically to the production of blue hydrogen (Global 

CCS Intitute, 2021). Therefore, there have been no 

universal metrics yet, and each case is individual to a 

greater extent. 

 
In the case of the less mature technology of methane 

pyrolysis (turquoise hydrogen), technological challenges 

must first be solved before the technology can be scaled 

up and commercialised. There are initial estimates of the 

economic viability: Machhammer et al. listed production 

costs of 7.8 to 9.6 ct/kWhLHV (€2.6 to 3.2/kg) in 2016, 

depending on projected revenues for the carbon 

produced as a by-product (Machhammer, Bode and 

Hormuth, 2015). 
 

BASF estimates the development of the production costs 

of turquoise hydrogen to be more favourable compared 

to green hydrogen and assumes a similar cost 

development as for blue hydrogen (BASF, 2019). In 

addition, the price range of turquoise hydrogen is 

considered to be wider, as  there is a market for the by- 

product carbon black. However, the carbon black market 

is highly specialised and hydrogen focused methane 

pyrolisis produces carbon black in qualities that make 

achievable prices highly speculative. 

the production of emissions-based hydrogen becomes 

unprofitable. In the literature, forecasts of production 

costs within Germany show a considerable range, 

between 7.2 and 21.5 ct/kWhLHV (€2.4 to 7.2/kg) (dena, 

2019a). The fluctuations are mainly based on different 

assumptions for CAPEX of the electrolysers, electricity 

costs and full load hours. It is expected that these costs 

can be almost halved by 2050. Despite the very wide 

range of forecasts, production costs are expected to fall 

significantly in the longer term. The supply costs for 

German end users of imported hydrogen from the MENA 

region are estimated to be between 11 and 17 ct/kWhLHV 

(€3.6 to 5.6/kg) in 2050 (Prognos, 2020). 

 
Électricité de France (EDF) recently started the Hydrogen 

to Heysham (H2H) consortium, which published a study 

concluding yellow hydrogen has the potential to be 

scaled-up from a planned demonstrator project at its 

Heysham 2 nuclear power station in northwest England. 

Their report estimated a future total electrolyser capacity 

of about 550 MW, being able to produce about 

220,000 kgH2 per day by 2035, with a levelised cost of 

hydrogen as around 6.3 ct/kWhLHV (€2.1/kg)7 depending 

on power price and falling technology costs over a 20- 

year project cycle (EDF Energy R&D UK Centre, 2019). 

However, it should be noted that a precise, forward- 

looking economic analysis of yellow hydrogen should take 

into account the costs of final, long-term storage for 

nuclear waste as well as the risks of nuclear power 
 

5.3 GHG emission balance of hydrogen 

production technologies 

 

For the consideration of the GHG emission balance for 

different hydrogen production pathways, the scope of 

assumptions is very important. In order to achieve a 

consistent consideration of all greenhouse gas emissions, 

the entire value chain must be examined. This includes in 

particular taking into account upstream emissions such 

as methane leakage during natural gas production and 

transport. The following section compares the GHG 

emissions based on their CO2-equivalent, which also 

includes other GHGs such as methane. 

 
Grey hydrogen presents the largest GHG emissions of 

the considered hydrogen production pathways, with 

estimated GHG emissions of 270 to 389 gCO2eq/kWhH2,LHV 

(IEA, 2019b, p. 53; Bukold, 2020, p. 11). In this process, the 

largest portion of GHG emissions is caused by CO2 

released in the process, followed by upstream emissions.

 
Green hydrogen is currently not economically viable due 

to high investment and production costs compared to 

conventional grey hydrogen. However, it can become 

cost-competitive if carbon prices rise to the point where 
 
 

 
7 Based on an exchange rate of $1.18 = €1
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Figure 23: Origin of natural gas emissions in 2018; 

Source: (IEA, 2020b) 
 

In contrast, green hydrogen presents the lowest GHG 

emissions of the considered production pathways. 

Depending on the references, the upstream emissions 

from the manufacturing and installation of the renewable 

energy production facilities as well as the electrolysers 

itself are considered. Depending on the examination of 

these factors, the GHG emissions for green hydrogen 

range between 0 and 26 gCO2eq/kWhH2,LHV (IEA, 2019b, p. 

53; Bukold, 2020, p. 11). 

 
For yellow hydrogen, the GHG emissions for the 

construction of the electrolyser and the emission balance 

of the nuclear power plant have to be considered. 

Électricité de France (EDF) concluded that the GHG 

emissions for yellow hydrogen would be in the region of 

24 gCO2eq/kWhH2,LHV (EDF Energy R&D UK Centre, 2019, p. 

20). 

 
The GHG emissions of blue and turquoise hydrogen can 

be found in a similar order of magnitude. Blue hydrogen 

is reported to have a range of 30–218 gCO2eq/kWhH2,LHV 

(IEA, 2019b, p. 53; Bukold, 2020, p. 11). As most of the 

CO2, produced in the process is captured, the large span 

Timmerberg et al. have carried out a comparison of the 

GHG emissions caused by turquoise, blue and green 

hydrogen production, taking into account the entire 

upstream value chain (Figure 25). In addition, emissions 

generated during the construction and production of the 

plants were considered. However, emissions resulting 

from the treatment of produced carbon (CSS, carbon 

black usage or dumping) were not considered. In Figure 

25, the results of their sensitivity analysis on the influence 

of the natural gas supply chain emissions are shown. The 

values presented in their paper assumed global average 

natural gas supply chain emissions of  

17.2 gCO2eq/MJmethane,HHV, while giving a range for European 

natural gas supply chain emissions of 10.1 to 

17.0 gCO2eq/MJmethane,HHV (Timmerberg, 2020). The natural 

gas supply chain emissions thus have a large impact on 

the overall GHG emissions balance of blue and turquoise 

hydrogen. 

For the GHG emissions of turquoise hydrogen, the 

values that can be found in literature range over a large 

span. Timmerberg et al. consider the GHG emissions of 

turquoise hydrogen to be between 183 and 

413 gCO2eq/kWhH2,LHV, depending on different technology 

pathways (Timmerberg, 2020). As the process of methane 

pyrolysis is locally CO2-neutral, the upstream emissions 

play a major role in these findings, being responsible for 

up to 96 per cent of the total GHG emissions. During blue 

hydrogen production, about 90 per cent of the produced 

CO2 can be captured. However, the GHG emissions of 

both processes range on a similar level, as the natural gas 

demand for blue hydrogen is lower and therefore 

generates fewer upstream emissions (Bukold, 2020). 
 

 

As shown in Figure 24, the IEA has broken down natural 

gas GHG emissions in 2018. Emissions caused by 

extraction, processing, transport and transportation have 

a major impact on total natural gas emissions and cannot 

be influenced by the pyrolysis process or CCS. Upstream 

emissions are strongly influenced by the methane loss 

rate during transport and the designated transport 

distance. A meta-analysis study of the German Federal 

Institute for Geosciences and Natural Resources BGR 

provides an overview of various methane loss rates. 

Including upstream emissions, they range from 0.276 to 

3.079 per cent for pipeline transport from Russia with an 

estimated length of 4,000 km. LNG import methane loss 

rates range from 0.9 to 3 per cent. (Bundesanstalt für 

Geowissenschaften und Rohstoffe (BGR), 2020, p. 37). 
 

 

 

 
Figure 24: Comparison of the GHG emissions for 

different hydrogen production pathways (Data from 

Timmerberg, 2020)
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5.4 Sustainability criteria for hydrogen 

 

In European and German energy policy, hydrogen is seen 

primarily as a new energy carrier that will help to combat 

global climate change. In this regard, hydrogen (and 

energy carriers based on it) must meet the basic criterion 

of minimising the carbon footprint in end-use (certifhy, 

2020). 

 
To reach this goal, this will require the establishment of a 

transparent hydrogen certification system in the near 

future, which will guarantee its origin and compliance with 

the so-called sustainability criteria. The closest analogue of 

such a system is already working in relation to biogas and 

biomethane, while such a system for hydrogen has to be 

created. Active discussions are underway in the European 

Union and Germany on this matter. 

 
The revised Renewable Energy Directive (a baseline 

document within the EU renewable energy legal 

framework system) contains references to powerfuels, 

so-called “renewable fuels of non-biological origin” 

(RFNBOs) and refers to four sustainability criteria: 

 
      renewability; 

      temporal correlation; 

      geographical correlation; 

      additionality. 

 
The precise definitions of these criteria are still under 

discussion, but the general meaning is already clear. They 

are designed to control that: 

 
 renewable electricity is sourced from renewable 

energy such as wind and PV, not including 

nuclear energy – taking into account its 

intermittency and the fact that the electrolyser 

is connected to the grid and can consume 

electricity from another source; 
      RES and a hydrogen production plant are located 

nearby (to avoid additional costs for power grid 

construction); 

      RES for hydrogen production are created 

specifically and in addition to the volume of RES 

that are already planned in the framework of 

electricity sector decarbonisation. 
 

Although these criteria so far only concern the intra-EU 

market, it can be expected that similar criteria will be 

applied in the international hydrogen trade. Therefore, 

countries with hydrogen export potential (including 

Russia) should pay attention to this as part of their 

hydrogen strategies implementation (dena, 2020). 

5.5 Conclusion 

 

The production of green hydrogen by electrolysis coupled 

with renewable electricity production is the least polluting 

way compared to other production processes. Due to 

intensive research and development, electrolysis 

technology is certainly sufficiently developed to enable 

the scaled production of hydrogen. The different types of 

electrolysis have various properties and can be selected 

for the application case with respective framework 

conditions such as the available space, access to 

resources or direct connection to the strongly fluctuating 

renewable electricity sources. It is to be expected that a 

scaling of the plants, industrial production with a high 

degree of automation and further R&D work will be 

accompanied by a strong price degression, which will 

enable the economic production of green hydrogen. 

However, it is foreseeable that green hydrogen might not 

be able to meet the large demand quickly enough, as 

scaling up the technology, building the required 

infrastructure and production capacity will be a time- 

consuming process. 

 
Blue hydrogen has the potential to provide large 

quantities of low-emission energy carriers within a few 

years as a "transition technology" and to support the 

market take-off of hydrogen. Steam reforming and auto- 

thermal reforming are mature processes and have been 

used for decades for the industrial production of 

hydrogen, resulting in experience in plant construction 

and the most favourable production costs. By means of 

CO2 separation plants, which are integrated into the 

production processes, up to 90 per cent of the CO2 can 

be separated and stored in modern plants (CCS). 

Depending on the storage unit, however, it requires 

complex handling of the captured CO2 including its own 

multi-stage CO2 infrastructure, which has currently only 

been implemented on a small scale. According to studies, 

the economic efficiency of the production process could 

be achieved faster than with green hydrogen. 
 
 

Similar to Blue Hydrogen, turquoise hydrogen could play 

a transitional role in the planned ramp-up of hydrogen 

technology. However, pyrolysis is at a much lower stage of 

development. While steam reforming of natural gas has 

been used as state of the art for a long time, pyrolysis of 

natural gas has not yet been commercialised from the 

point of view of hydrogen production. An economic 

consideration of the turquoise hydrogen is subject to 

great inaccuracies, as the revenues of the carbon black 

and its market volume are difficult to predict, while initial 

studies and chemical companies have predicted the 

economic viability of the hydrogen.
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Before the sensible use of natural gas pyrolysis is 

evaluated, it should be noted that the technical hurdles 

must first be overcome promptly through intensive 

research so that scaling up and commercialisation can 

take place. In a short-term time window, pyrolysis could 

be a useful transitional technology for the ramp-up of 

hydrogen markets. The application of pyrolysis to 

produce hydrogen could either be used on a large 

industrial scale in the natural gas production region 

(Russia, for instance) or on a smaller scale within 

Germany (the provision of hydrogen for the industrial 

sector). However, it will become apparent within the 

next few years, whether technical challenges can be 

overcome, as these are prerequisites for a possible 

breakthrough of the technology. 

 
Due to several concerns against nuclear power (nuclear 

accidents, long-term waste disposal), the public 

acceptance for this technology in Germany is rather low. 

Combined with the German phase out of nuclear power 

by 2022, this leads to a low acceptance for yellow 

hydrogen as well as for the import of yellow hydrogen. 

For the energy systems of countries that continue to use 

nuclear power, yellow hydrogen could, however, play  a 

role. From a technical point of view, this production 

pathway could have several advantages. These 

advantages might be reflected in rather low costs for 

yellow hydrogen. However, it should be noted that for a 

precise, forward-looking economic analysis of yellow 

hydrogen, factors such as the very cost-intensive final 

storage of nuclear waste as well as the risk of nuclear 

power should be taken into account.
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6.1 Green hydrogen 

 

The electricity generation mix in Russia in 2018 includes 

191 TWh from hydro power plants and 4.0 TWh from non- 

hydro renewables (solar, wind and others), which equals 

17.2 per cent respectively 0.4 per cent from the total 

electricity generation (IEA, 2020b, p. 388). According to the 

Russian electricity market regulation, the overwhelming 

majority of hydro, solar and wind power plants are 

operated with the maximum capacity factors. A wind and 

solar renewable electricity curtailment issue has not 

occurred so far. The relatively low share of renewables in 

the electricity mix can been assumed as the main reason 

for that. Rare exceptions may be associated with specific 

Russian regions with local electricity grid bottlenecks and 

a high share of hydro in the electricity mix (like Murmansk 

region in the Northern-Western Federal District, Khakassia 

region in Siberia or Magadan region in the Far East). 
 

As the amount of ‘unused’ curtailed renewable electricity is 

currently very limited, the current potential for green 

hydrogen in Russia is not so significant and may be limited 

to individual pilot projects in regions with a large share of 

renewables and electricity grid bottlenecks. 

At the same time, the renewable sector in Russia has great 

growth potential. Russia with its huge surface has an 

enormous technical potential for wind electricity 

generation alone, which is about 17,100 TWh per year. For 

solar electricity generation, a potential of 87,747 TWh per 

year is assumed (Ermolenko et al., 2017). The total wind 

and solar electricity generation potential in Northwestern 

and Central Federal Districts of Russia (regions, which are 

relatively close to Europe) stands at 20,700 TWh. At the 

same time, this is only a technical potential that does not 

consider the long-term economic circumstances and a 

number of barriers of the growth potential of renewables 

in Russia. The most important barriers to the realisation 

are: 

 
 low cost of natural gas (prices on the domestic 

market are state-regulated), 

      high cost of capital, 

 concentration of wind potential in remote and 

sparsely populated areas in northern and 

eastern parts of Russia; 

 underdeveloped climate regulation and 

regulatory framework for investors; 

 difficulties in local technical standards and high 

local content ratio requirements that lead to 

higher CAPEX, OPEX and LCOE for renewable 

energy projects in Russia compared to 

international reference figures; lack of 

standardised business models for renewables. 

 
The use of natural gas for the production of electricity or 

heating is the cheapest and simplest option in the 

Russian Federation. That is also true in comparison with 

renewable energy. Therefore, the competitiveness of 

renewables is limited and scaling does not improve the 

competitiveness significantly. Low cost of natural gas may 

not affect the development of low-carbon hydrogen at 

first glance, but it has some domestic implications. 

Russian industry and the residential sector depend highly 

on low gas prices. A development of a competing 

technology such as hydrogen exports, which partially 

requires the use of a natural gas infrastructure, needs to 

secure additional funding and may lack of social 

acceptance. An even higher barrier is the absence of clear 

and viable market signals for high price and low carbon 

hydrogen: while the Russian economy and state budget 

are heavily dependent on the revenue streams of natural 

gas, low gas prices put the state budget under pressure 

and leave less funding for innovation, such as hydrogen. 

Additionally, to fund future large scale investment in 

production and transport infrastructure, off-taker 

securities such as hydrogen purchase agreements, are 

missing. 

 

While countries of the European Union have experienced 

a decade-long phase of low cost of capital, typical interest 

rates in Russia are around 9–12 per cent. Moreover, unit 

capital costs for investment projects in the energy sector 

in Russia are usually at least 30 per cent higher than in 

Europe, mainly due to the peculiarities of the technical 

regulation. Therefore, applied CAPEX and cost of capital 

by IEA and IRENA are not sufficient for investments in the 

context of energy capacities in Russia. 

 

The levelised cost of electricity generated by renewable 

energy sources in Russia is significantly higher than in 

Germany – a review of existing estimates carried out by 

(eclareon, 2020, p. 40) showed a range of  €0.10–0.20 per 

kWh and higher for 2019 conditions. This value has the 

potential to decline by 2040, but there are no reliable 

public research results on this issue and current energy 

policy is not set to significantly improve the market 

environment. 

 

 

6 Potential for hydrogen production in 
Russia 
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Energy outlooks on the Russian energy sector show 

significant opportunities for the development of 

renewables, even taking into account these barriers. At 

the same time, these forecasts vary greatly. 

 
The International Energy Agency, for example, estimates 

electricity generation on renewables (excluding 

hydroelectric power plants) in Russia at a level of 114–244 

TWh per year by 2040, depending on the scenario (IEA, 

2020b, pp. 388– 389). More conservative estimates show a 

production of 33–90 TWh per year by 2040, depending on 

the scenario (ERI RAS and SKOLKOVO, 2019, p. 143).  In 

both outlooks, hydro power plants account for an 

additional 200–300 TWh per year. Dealing with such 

uncertainties, a scenario approach was used for the 

purpose of this short study to estimate a green hydrogen 

potential in 2040. 

 
In the ‘low green H2’ scenario, half of the projected 

increase in renewable electricity generation (in 2040 over 

the current period) is used to produce green hydrogen. 

The most pessimistic scenario from existing outlooks was 

used here as an initial data (‘Conservative’ of the ERIRAS- 

SKOLKOVO Global and Russian Energy Outlook 2019). 

 
In the ‘high green H2’ scenario, 100% of the projected 

increase in renewable electricity generation (in 2040 over 

the current period) is used to produce green hydrogen. 

The most optimistic scenario from existing outlooks was 

used here as an initial data (‘Sustainable development’ of 

the IEA World Energy Outlook 2020). 

 
With such assumptions, in the ‘low green H2’ scenario, 

green hydrogen production potential in 2040 stands at 24 

TWh (or 0.7 Mt) per year, and in the ‘high green H2’ 

scenario, about 241 TWh (or 7.1 Mt) per year. 

Theoretically, the technical potential of green hydrogen 

production alone in North-Western and Central Federal 

Districts of Russia could be as high as 14,114 TWh (or 

423 Mt) per year. This is due to the fact that the total area 

of these districts is 6.5 times larger than Germany area 

and accounts for about 55 per cent of the entire EU-27 

area. 

Such a difference shows that, while the opportunities in 

this field in Russia are enormous, it is crucial to work to 

overcome barriers to renewables development listed 

above to unlock the hidden potential. 
 

In terms of costs for green hydrogen production, one of 

the most important factors is the levelised cost of 

renewable electricity. Based on IEA calculations, with an 

electricity price of €0.10–0.20 per kWh, full load hours of 

1,500–2,000 h per year, a CAPEX for electrolysers of 450 

USD per kW and interest rate of 8 per cent, the levelised 

cost of hydrogen will around €6–7 per kg H2 (IEA, 2019b, 

p. 47). 
 

The potential of green hydrogen production at sites 

located close to the renewables curtailment area in the 

Northern-Western Federal District of Russia could be 

estimated at the level about 0.3–0.9 TWh (or 0.01–0.03 

Mt) per year, according to expert estimates of the Energy 

Centre of SKOLKOVO. Potential in another regions, as 

well as detailed cost analysis, are outside of this study’s 

scope. 

 

6.2 Yellow hydrogen 

 

A similar approach could be used to estimate the 

potential of yellow hydrogen, which could be important 

for Russian energy system due to the significant role of 

nuclear power plants in the Russian energy system. 

 
The electricity generation mix in Russia in 2018 included 

205 TWh from nuclear power plants, or about 18 per 

cent of the total electricity generation (IEA, 2020b, p. 

388). According to the Russian electricity market 

regulation, nuclear power plants are operated with 

maximum capacity factors. So far, the only known case of 

a ‘nuclear curtailment’ is the Kolskaya power plant 

located in Murmansk region. Due to the electricity grid 

bottleneck, this plant can produce around an additional 

3.4 TWh of electricity per year and the additional 

electricity could be used for hydrogen production. 

The considered outooks show that electricity 

generation of nuclear power plants in Russia 

could stand at the level of 253–294 TWh (IEA, 

2020b, pp. 388–389) or 270–371 

TWh (ERI RAS and SKOLKOVO, 2019, p. 143) per year in 

2040, depending on the scenario. 

 
With assumptions similar to those of the potential of 

green hydrogen, yellow hydrogen production potential 

in 2040 stands at 25 TWh (or 0.8 Mt) per year in the ‘low 

yellow H2’ scenario, and at 119 TWh (or 3.6 Mt) per in 

the ‘high yellow H2’ scenario 

 
Yellow hydrogen production could use the additional 

electricity produced by the Kola power plant, which would 

stand at 2.3 TWh (or 0.07 Mt) per year. Potential in other 

regions, as well as detailed cost analysis, are out of this 

study’s scope. 

 

6.3 Blue hydrogen 

 

Today, Russia’s maximum obligations under gas exports 

pipeline contracts with customers in Western and Eastern 

Europe reach 205 bcm per year, according to Gazprom 

(Gazprom, 2018b). Theoretically, if this amount is redirected 

to the production of hydrogen, it would translate into 41 Mt 

of hydrogen per year (INL, 2010). Natural gas is converted 

to hydrogen via an SMR-process with CCS with an input of 

3.5 kg of natural gas and output of 1 kg hydrogen. The 

author’s calculations are based on the "HTGR-Integrated 

Hydrogen Production via Steam Methane Reforming (SMR) 

Economic Analysis" by the Idaho National Laboratory of the 

US Department of Energy, 2010. This can be considered as 

a ‘high blue H2’ scenario. This calculation is done for “blue 

hydrogen” production with CCS. In addition, Russia’s Energy 

Strategy foresees 190 bcm of LNG exports in 2035 
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       10 In 2040, Russia will account for 1/3rd of EU’s gas 

imports (IEA, 2019, c); 

 Natura gas prices (‘DOE, Hydrogen Production Tech 

Team Roadmap’, 2017) 

       In 2040, EU’s gas consumption will stand at 329 bcma,  BNEF assessment that at $1.5 per MBTU NG prices H2 

domesic production at 23 bcma (Platts citing IEA, a).  can cost $1.4 per kg in Russia (Bloomberg NEF, IGU, 

Therefore, the need for imports will be 306 bcma. 
11 Autor‘s calculations based on Novatek Financial and 

 


SNAM, 2020) 

IEA’s analysis of Hydrogen production cost (IEA, 2020a) 

Operational Data Book, sheet „Production costs per unit“, 2019,  For our analysis the lowest possible price of feedstock 

(Novatek, 2020a) Total production costs before DDA of $3.28 per  gas in Russia is taken – between €0.08 and €0.5 per 

boe are divided by 5.8 to get USD per MBTU and then converted  MBTU. 

to EUR. Concerning lifting costs only, they could be as low as   
€0.08 for Novatek.   

 

(optimistic scenario), some of which may be also freed for 

hydrogen production. These figures can be considered as 

the theoretical maximum amount of hydrogen that Russia 

can transport to Europe if Russia’s western pipeline gas 

exports are fully converted into hydrogen. The analysis of 

the viability of hydrogen transportation is out of the scope 

for this study. However, it can be assumed that the 

transportation of hydrogen requires more energy for 

compression during the transport and will also result in 

higher losses of fuel gas, which is especially relevant for the 

existing pipelines that are 4,000 km in length between 

Russia and Germany. 
 

Acсording to the IEA, the EU-27 member states’ gas 

consumption in 2040 will be reduced by approximately 34 

bcm in the stated Policies Scenario (STEPS) (IEA, 2020b) 

and by 100 bcm in the Sustainable Development Scenario 

(SDS). Theoretically, this lower demand in the STEPS can 

be used to free up the relevant capacity of gas supply 

infrastructure. Given that Russia’s gas exports contracts 

largely expire in mid-2030s, but the country’s production 

capacity is likely to remain intact9, Russia can compensate 

a part of the reduction in the EU’s natural gas supply with 

hydrogen exports. Also, according to the IEA, Russia’s gas 

exports to the EU-27 will decrease from current 150 bcm 

(2020) to some 100 bcm in 204010, thus leaving at least 40 

bcm of "spare" gas for potential conversion to hydrogen. 

Therefore, these 40 bcm of natural gas converted to 

hydrogen serve in the ‘Low blue H2’ scenario for Russia’s 

hydrogen export capacity in 2040. This translates in 8 Mt 

of hydrogen potentially available for exports. That is 4 

times more than 2 million tonnes of hydrogen exports 

from Russia envisaged by Russia’s gas export strategy for 

2035. (Russian Government, 2020b, p. 47). 

Another bottleneck are CO2 storage options. According to 

the US Department of Energy’s study cited above, the 

SMR process with CCS requires requires capturing 7 kg of 

CO2 per 1 kg of hydrogen produced. Therefore, in the low 

H2 scenario of 8 mt of annual hydrogen production, some 

56 mt of CO2 are to be captured. The two large- scale CCS 

facilities attached to hydrogen production sites are located 

in the USA and in Canada (Port Arthur and Alberta). (Global 

CCS Intitute, 2021) Both projects have a capacity of 1 mtpa 

each. At the same time, maximum capacity of current CCS 

projects reaches 5–7 mtpa per unit for some projects (such 

as the Shute Creek Gas Processing Plant or Century Gas 

Processing Plant, both are in the USA). Thus, with the use of 

technologies available today, Russia might need 8–11 CCS 

large-capacity units to capture CO2. 

 

The cost of natural gas is a crucial element of the hydrogen 

value chain if hydrogen is produced from methane (IEA, 

2019a). Russia has some of the world’s lowest gas 

production costs (Gazprom’s average: €0.9/MBTU – 

€31/tcm; Novatek’s fields in the Yamal peninsula: ca. €0.5 

per MBTU – €18/tcm).11  

 

Preliminary estimations show that if hydrogen is produced 

near production sites in the north of Russia (Nadym-Pur-

Taz region, Yamal peninsula), and gas is priced at cost-plus 

basis, then there is an opportunity to get “grey” hydrogen 

via simple SMR process at as low as €0.4/per kg. The 

lowest estimate for “blue” hydrogen produced in the 

Northern regions of Russia with a CCS might be as low as 

€0.9/per kg hydrogen.12 On the one hand, this cost is about 

half the usual figure (as shown in the previous section) – 

and on the other hand, the cost of transporting hydrogen 

from remote production sites to final consumers will be a 

critical success factor.

 
 

 
 
 
 

9 Russia’s gas export strategy envisages 1 trillion cubic meters of 

gas production in 2035 

12 Calculation by Skolkovo based on: 

       Costs of H2 via SMR process as a linerar function of
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6.4 Conclusion: total hydrogen 

production potential in Russia 

 

Thus, the total resource potential for production of low- 

emission hydrogen in Russia in 2040 reaches about 

300–1,700 TWh per year, including green hydrogen - 

24–241 TWh. 

 
As an addition, the technical potential of green 

hydrogen production only in Northwestern and 

Central Federal Districts of Russia could be as high as 

14,114 TWh (or 423 Mt) per year. 

 
Blue hydrogen production cost is assumed lowest (€0.9 

per kg of H2) if the price of natural gas is low. Green 

hydrogen production cost stands at €6–7 per kg H2 due to 

high levelised cost of renewable electricity. 

 
These findings are to be clarified in future studies, taking 

into account following aspects: 
 

 revision of technical potential for renewables 

taking into account economic consideration; 
 

 potential for reducing the cost for renewable 

electricity due to technologies and business 

model development; 
 

      CCUS potential; 

 regional features (locations of hydrogen 

production plants based on access to resources 

and infrastructure) 

      logistics of hydrogen, etc. 

 
 
 
 
 
 

 
Figure 25: Total resource potential for production of 

low-emission hydrogen of different "colours" in 

Russia in 2040 – in comparison with the technical 

potential of green hydrogen in two Federal Districts

 

Green hydrogen production pilot projects could be 

located in the Northern-Western federal district of Russia, 

as there is renewable electricity curtailment there. 

 
Hydrogen production potential in the Northern-Western 

federal district could reach 0.3–0.9 TWh (or 0.01–0.03 

Mt) for green and 2,3 TWh (or 0.07 Mt) for yellow 

hydrogen.
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This section will provide an overview of stakeholders in Germany and Russia. It will indicate their 

activities and highlight public programmes and initiatives that enable and foster the development of a 

hydrogen economy. It will highlight the most prominent examples and is not supposed to cover all active 

stakeholders in both countries. 
 

7.1 Stakeholder overview for Germany 

 

As highlighted in section 3, the Federal Government aims 

to boost Germany as a centre for hydrogen production 

technologies and to build on the technological leadership 

(BMWi, 2020b). With the increasing relevance of green 

hydrogen to lower carbon emissions in various fields of 

application, a wide range of stakeholders have 

established incremental activities to actively support the 

development and implementation of technologies to 

produce, transport, store and use hydrogen in numerous 

sectors. The main stakeholders can be differentiated into 

groups of business, academia, networks and initiatives as 

well as regulators. Table 6 lists the key stakeholders. 

 
Increasing numbers of hydrogen-related business cases 

and technologies are being explored by stakeholders in 

the upstream sector. Since refineries and the chemical 

industry consume the largest shares of hydrogen in 

Germany (ENCON, 2018), several ‘green’ refinery 

projects are currently emerging. Funded by FCH JU, the 

REFHYNE consortium is the first to demonstrate 

large-scale capability of electrolysers for bulk 

renewable hydrogen production, by integrating a 10 

MW PEM electrolyser into the Shell refinery Wessling 

(Shell, 2019). In addition, BP and Orstedt are planning 

to install a 50 MW electrolyser into the refinery Lingen 

and the Westküste100 consortium will integrate a 30 

MW electrolyser into the refinery Heide. (BP, 2020; 

Eckert, 2020; WESTKÜSTE100, 2020) 
 

Only naming a few manufacturers of equipment, Siemens 

Energy provides a portfolio of PEM electrolysers, MAN ES 

offers four-stroke engine concepts and fuel gas supply 

systems, Sunfire is exploring SOEC electrolysis and 

hydrogen conversion technology as well as Ineratec is 

providing power-to-X technology. (Siemens Energy, 2020; 

MAN ES, 2020; Sunfire, 2020; INERATEC, 2020; 

thyssenkrupp, 2020) 

 
In the midstream sector, Germany’s largest natural gas 

transmission system operator OGE is involved in several 

hydrogen infrastructure projects including 

GETH2Nucleus, where the construction of a 130 km 

 

 

 

hydrogen network is planned as a first step to a 

nationwide H2 infrastructure. (OGE, 2020) 

 
Downstream, Salzgitter and Saarstahl are pursuing 

projects to use hydrogen for the direct reduction of iron 

ore (SALCOS, 2021; Saarstahl, 2019). Thyssenkrupp is 

investigating the use of gases from steel production for 

the first time to manufacture chemicals (thyssenkrupp, 

2020). 

 
In the transport sector, H2 MOBILITY establishing a 

nationwide hydrogen infrastructure of hydrogen refilling 

stations (H2 Mobility, 2020), The Audi e-gas project in 

Werlte was on one of the first demonstration plants to 

produce synthetic methanol, which draw the hydrogen 

content from an electrolysis in 2013. Intially, synthetic 

methanol was used in the form of CNG, and since 2019 

hydrogen can be directly fueled into any type of vehicles 

(Audi, 2013). Daimler provides a small fleet of fuel-cell 

SUV and a fuel-cell concept truck (Daimler, 2020). 

 
Within the German-Russian context, relevant academic 

research focuses on the production of blue and turquoise 

hydrogen. However, a great deal of funding by the 

Federal Government is allocated to research on green 

hydrogen (BMWi, 2020g). 
 

In the area of methane pyrolysis, the Karlsruhe Institute 

of Technology (KIT) is currently leading several joint 

research projects, investigating the processing of 

methane into hydrogen and solid carbon. One project, 

funded by the ministry of education and research, BMBF, 

aims to build a pilot production plant to scale the 

technology and explore potential use case of the solid 

carbon. Project partners are BASF SE, the Ruhr-University 

Bochum, ThyssenKrupp Industrial Solutions AG, the 

Technical University Dortmund and the VDEh- 

Betriebsforschungsinstitut GmbH. The project runs until 

May 2022 (BMBF, 2020). A similar project is ongoing in 

cooperation with the industry partner Wintershall Dea 

(KIT, 2019). 

 
The DBI - Gastechnologisches Institut gGmbH Freiberg is 

a research institute, which participates in various projects 

regarding hydrogen technologies (DBI, 2020). One is the 

lighthouse project Energiepark Bad Lauchstädt 

7 Overview of hydrogen stakeholders 
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(Energiepark Bad Lauchstädt, 2020) and it concerns the 

large-scale production of green hydrogen via electrolysis 

with up to 35 MW capacity. The project combines aspects 

of production, transport, storage and industrial use of 

hydrogen and is part of the Reallabor-initiative funded by 

the BMWi. The project is embedded in the project 

consortia HYPOS – an interdisciplinary network with 

partners from science, SMU’s, companies from the power 

and gas sector as well as the chemical industry to develop 

a regional cluster for green hydrogen. (HYPOS, 2020) 

 
Fraunhofer-Gesellschaft is one of the world’s leading 

applied research organisations and its hydrogen activities 

cover topics that range from scaling hydrogen production 

facilities from a material science perspective, to 

climate-neutral industrial processes, to the issues of a 

carbon-neutral and balanced energy system, as well as 

safety and reliability standards. Consequently, about 27 

institutes of Fraunhofer have formed the Fraunhofer 

Hydrogen Network. (Fraunhofer-Gesellschaft, 2020) 

 

Regulatory stakeholders provide frameworks for 

technology development and implementation. The 

Federal Ministry for Economic Affairs and Energy 

supports research and development via a well-established 

funding structure. In 2006, the "National Hydrogen and 

Fuel Cell Technology Innovation Programme" (NIP) was 

launched. The programme will continue through 

2016–2025 as NIP2 in order to develop innovations that 

are not yet ready for the market, to build up the 

corresponding infrastructure and to support the market 

launch of technologies that are on the threshold of 

being introduced to the market with suitable 

instruments and measures (BMWi, 2020b). 
 

Hydrogen and ptX technologies are also in focus of the 

“regulatory sandboxes for the energy transition”, a new 

funding mechansim of the Federal Government’s Energy 

Research Programme. The concept was layed out in 2018 

and aims to link innovation and regulation closely, so that 

innovative concepts can develop quickly and if successful, 

a fast and efficient adoption within industry and the 

required legal framework is ensured (BMWi, 2020f). 17 of 

20 announced and supported sandbox projects are 

investigating and developing various aspects of a 

hydrogen economy. (BMWi, 2020a, 2020c)

 
Segment Stakeholders 

Academia DECHEMA, DBI - Gastechnologisches Institut gGmbH Freiberg, DLR – the German Aerospace 

Center, Fraunhofer-Gesellschaft, Helmholtz-Zentrum, Karlsruhe Institute of Technology, RWTH 

Aachen, Kopernikus-Project P2X, TU Bergakademie Freiberg, TU Munich, German Aerospace 

Center (DLR) 

Business – Upstream (equipment 

manufacturers) 

Siemens Energy, MAN ES, Sunfire, Ineratec, Thyssenkrupp, Enapter 

Business – Upstream (renewable 

power producers, grey hydrogen 

producers) 

REFHYNE consortium (Shell Refinery Wesseling), BP & Orstedt (Refinery Lingen), Westküste100 

consortium (Refinery Heide), Audi (e-gas project, Werlte), OGE (H2morrow project), Uniper, 

Enertrag 

Business – Midstream (H2 

transport and storage) 

Open Grid Europe, BASF, Gasunie, Linde AG, Uniper, Ontras, VNG, Wintershall Dea 

Business – Downstream (potential 

off-takers) 

Thyssenkrupp (Carbon2Chem), Salzgitter (SALCOS), SHS SaarStahl Infrastruktur GmbH, Audi e-gas 

project, Daimler with a small fleet of fuel-cell SUV, H2 Mobility (operator of hydrogen refilling 

stations) 

Network and initiatives AHK Russia, German Russian Resource Forum, German Eastern Business Association, 

Global Alliance Powerfuels (initiated by the German Energy Agency (dena)), German Hydrogen 

and Fuel Cell Association (DWV), ZukunftErdgas 

Regulators, federal and regional 

level 

Federal Ministry for Economic Affairs and Energy (BMWi), 

Federal Network Agency (BNetzA), 

National Hydrogen Council & Coordination office (organised by GIZ, dena, NOW and ZUG), 

NOW (National Organisation for Hydrogen and Fuel Cell Technology), 

Energy dialogues and partnerships with distinguished countries (BMWi, 2019a), 

Regulatory Sandboxes (BMWi), 

Regional Hydrogen Clusters in Germany (e.g. Energieagentur.NRW) 

Table 6: Key German stakeholders in the field of hydrogen
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7.2 Stakeholder overview for Russia 

 

Hydrogen and related technologies have been used in Russia for decades in the petrochemical and space industries as well 

as for military applications (SKOLKOVO, 2019). Some areas of hydrogen energy development have long been a priority for 

the state, and in some areas during the Soviet period, Russia was among the world leaders (for example, in 

electrochemistry). This determines a composition of stakeholders in different economy segments. The table lists the key 

stakeholders. 
 

 
Table 7: Key Russian stakeholders in the field of hydrogen 

 
Segment Stakeholders 

Academia Members of ‘Hydrogen Technology Valley’ consortium initiative: Institute of Problems of Chemical 

Physics of Russian Academy of Sciencies (RAS), Tomsk Polytechnic University, Boreskov Institute of 

Catalysis of Siberian Branch of RAS, Topchiev Institute of Petrochemical Synthesis of RAS, Samara 

Polytech 

 
Others: Joint Institute for High Temperatures of RAS, Central Research Institute of Ship Electrical 

Engineering and Technology (Krylov State Research Centre), Kurchatov Institute, Institute of High- 

Temperature Electrochemistry of the Ural Branch of RAS, Autonomous Energy Centre of the Moscow 

Institute of Physics and Technology, ERI RAS, Institute of Physical chemistry and Electrochemistry of RAS 

Business – Upstream 

(equipment manufacturers) 

Uralkhimmash, Geliymash, Cryogenmash, Rosatom TVEL fuel company (including the Electrochemical 

Converters Plant, Centrotech), United Engine Corporation 

Startups like BMPower, InEnergy, Prometeus R&D 

Business – Upstream 

(renewable and nuclear 

electricity producers, grey 

hydrogen producers) 

RusHydro, TGC-1 (Gazprom Group), Enel Russia, Fortum Russia, Novavind (Rosatom Group) – 
renewables 

Rosatom – nuclear 

Gazprom, Rosneft, NOVATEK, Irkutsk Oil Company, TAIF and other oil&gas companies – grey hydrogen 

Business – Midstream (H2 

transport and storage) 
Oil and gas and chemical companies such as Gazprom, Rosneft, NOVATEK, Lukoil, Irkutsk Oil 

Company, Tatneft, Gazprom Neft, TAIF, Subur, etc. 

Business – Downstream 

(potential off-takers) 
Steelworks companies like NLMK, Severstal, Metalloinvest, EVRAZ 

Train supplier TransMashHolding 

Railway monopoly RZD (Russian Railways) 

SakhaEnergo 

Network and initiatives National Hydrogen Energy Association (technical standards), 

National Technological Initiative (NP Energy and EnergyNet) 

Hydrogen working groups / advisory boards in Ministry of Energy, State Duma Comitee on Energy, 

Russian-German Mineral Resource Forum 

Regulators, federal and 

regional level 

Interagency Hydrogen Working Group (to be created in Q1 2021) 

Ministry of Energy (and Russian Energy Agency), Ministry of Economic Development, Ministry of 

Industry and Trade 

 
Regions: Sakhalin Region, Republic of Sakha (Yakutia), Saint Petersburg 

 

Business stakeholders continue to explore technologies 

and business cases related to hydrogen, both in Russia 

and internationally. Gazprom is investigating methane- 

hydrogen fuel for gas-pumping units of its gas 

transmission system and methane pyrolysis technology 

(turquoise hydrogen). 

Rosatom considers hydrogen as one of the priority areas 

of R&D and one of the promising areas of business 

development: there are mid-term tasks for the 

development of electrolysers, hydrogen storage tanks, 

fuel cells production, methane conversion technology, 

and feasibility studies are ongoing in the areas of blue 

hydrogen (Sakhalin Region) and yellow and green 

hydrogen (Northwest Russia).
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NOVATEK also considers blue and green hydrogen as an 

opportunity to reduce CO2 emissions within the 

company; in December 2020, the company signed a 

strategic partnership and cooperation agreement with 

Siemens, with hydrogen as one of the topics involved in it 

(Novatek, 2020b). There are also some pre-feasibility 

study activities by potential off-takers (steelworks 

companies, railway companies and train manufacturers, 

etc.) 

Academia stakeholders are traditionaly active in the 

fields of electrochemistry (fuels cells / electrolysis 

technology) and petrochemistry (methane pyrolysis) in 

particular. In November 2020, five leading institutes and 

universities made a statement and MoU on the new 

‘Hydrogen Technology Valley’ consortium, which 

could be officially registered in 2021. 

From a regional perspective, proposals were made in 

2020 to concentrate on developing hydrogen pilot 

projects in some specific regions, such as Sakhalin (Far 

East) and St. Petersburg. Sakhalin is also considered as a 

pilot region for testing the future Russian carbon 

regulation system, so hydrogen can get an additional 

impetus for development there (EastRussia, 2020). 

 
The Russian governmental Interagency Hydrogen 

Working Group will be created in 2021, and the Hydrogen 

Strategy is expected to be adopted in 2021 as well.

European stakeholders 
 

On a European level, numerous stakeholders and 

initiatives are advocating and supporting the market 

development of hydrogen. The mentioned organisations 

display the European-wide acknowledgment of hydrogen. 

 
While the Fuel Cells and Hydrogen Joint Undertaking 

(FCH JU, 2020) is a European initiative including the 

European Commission, industrial stakeholders are 

represented by Hydrogen Europe, and stakeholders from 

the research sector represented by Hydrogen Europe 

Research. This public-private partnership focuses on 

supporting R&D and demonstration projects in fuel cell 

and hydrogen energy technologies. 

 
The European Clean Hydrogen Alliance (EU Commission, 

2020) was announced in March 2020 as a part of the new 

industrial strategy of the European Union. It aims to 

ensure, that incremental investments for a hydrogen value 

chain will take place according to defined targets in the 

European Hydrogen Strategy. 

 

7.3 Conclusion about current activities of 

relevant stakeholders 

 

Many Russian stakeholders have long-term experience in 

working with hydrogen and hydrogen technologies – 

primarily in the petrochemistry and space industries and 

for certain defense needs. The accumulated experience 

and competencies could allow Russian companies to create 

technologies and solutions with good potential for 

commercialisation in the global market and start research 

related to low-emission hydrogen production (for example, 

methane pyrolysis). At the same time, while the demand 

for hydrogen inside Russia is limited, support policy 

measures are not in a place yet. Therefore, at present, 

Russian stakeholders are mostly focused on single small-

scale projects, almost all of which have not 

yet gone beyond the R&D or pre-feasibility study phase. 

At the same time, interest in the hydrogen economy 

 

 

among Russian stakeholders is gradually growing – in 

particular, among oil and gas, electric power, steelworks 

companies, federal authorities and heads of certain 

regions. Nevertheless, Russian activities with regards to 

low-carbon hydrogen are just at the beginning and could 

benefit and learn from existing knowledge, active 

networks and support programmes in Germany. 
 

Germany has over a decade's worth of multi-level 

expertise, knowledge and stakeholder activities with 

regards to low-emission hydrogen and new gaseous 

energy carriers. Industrial innovators, initiatives and 

networks, some of them state-funded, have built a 

positive environment towards low-carbon hydrogen as an 

essential cornerstone of the energy transition over recent 

years. The environment is supported by wide-ranging 

expertise, an active community and pilot projects. Major 

industry companies such as Siemens, thyssenkrupp, MAN 

as well as start-ups such as Sunfire, Ineratec and others 

are well positioned to provide equipment. Leading 

researchers from the Fraunhofer Gesellschaft, KIT, DLR 

and others providing research and investigating into the 

blind spots. Yet, there is a lack of a significant number of 

off-takers and relevant use cases, which can create a 

demand pull for hydrogen producers. 
 

For the time being, the German government has 

acknowledged this gap with the National Hydrogen 

Strategy in June 2020 and supports stakeholders' 

manifold in their activities. 

 
Among Russian stakeholders, the hydrogen economy is 

viewed primarily in the context of diversifying energy 

exports from Russia, as well as an opportunity for 

technological development. The Russian hydrogen 

strategy will be developed in 2021; specific steps to 

develop the market will be clear after its adoption. But it 

is already obvious that German and Russian stakeholders 

have topics for meaningful discussion at the level of 

science, business and government bodies.
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