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This study investigates how the European gas infrastructure can support 
the green transition and its role in a future sustainable energy sector.

Europe’s extensive natural gas infrastructure is the backbone of the 
current energy system. With more than 270,000 km transmission grids 
and 1.4 million km gas distribution grids, the infrastructure connects gas 
imports and production sites with demand centres across Europe.

We find that natural gas plays a key role in reducing emissions in the 
short run and that the gas infrastructure is a significant opportunity for 
Europe’s green transition: 

Long-term, the gas infrastructure can facilitate sector coupling 
between electricity, gas and heating through its capacity to transport 
and store energy efficiently. By retrofitting the infrastructure to carbon-
neutral gasses such as biomethane or hydrogen, the gas infrastructure 
can support a cost-effective phase-out of natural gas.

We identify the following policy recommendations:
⦁ Keep developing the gas transmission system and gas storage. 

Such infrastructure is very likely to be necessary independent of 
which energy forms will become dominating in the future.

⦁ Investigate the potential for large scale biomethane in 
combination with methanation because this would be the least 
radical change to the energy system.

⦁ Test the possibilities for converting part of the gas transmission 
system to hydrogen since hydrogen is likely to become part of the 
future energy system.

⦁ Test the possibility of converting gas storage to hydrogen storage 
as gaseous energy storage is likely to be needed for seasonal 
storage of electricity.

Furthermore, in the short term, the gas infrastructure can support an 
early phase-out of coal-fired power plants.

EXECUTIVE 
SUMMARY
__
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INTRODUCTION
__

For many years, natural gas has played a key role in 
the EU energy supply. However, natural gas is by 
definition a fossil fuel and if the EU sticks to the target 
to be fossil free, natural gas will be phased out.

Replacing natural gas is not the same as shutting 
down gas infrastructure. In this report, we investigate 
how the natural gas infrastructure can play a role in 
the green transition.

Report structure

1
The green transition of the energy system
In this section, we outline the radical changes to the energy 
system required to meet the Paris Agreement.

2
The energy sector of the future
In this section, we describe three different scenarios for the 
future of the energy system.

3
Gas infrastructure and the road to a new energy system
In this section, we analyse the potential for re-using the 
existing gas infrastructure in the three scenarios.

4
Emission reductions from coal-to-gas switch
In this section, we show that replacing coal-fired electricity 
production with gas can provide significant upfront emission 
reductions.
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In this section, we outline the scope of changes to the energy system 
that are required to meet the Paris Agreement.

The main findings are the following:
⦁ Renewables are still only a fraction of the energy mix today. Hydro, 

bioenergy and other renewables made up 15% of total primary 
demand and 23% of electricity production in Europe in 2018. 

⦁ Decarbonisation of the EU energy system requires more than 
decarbonising electricity generation. Electricity is only 24% of 
energy consumption, and fossil fuels dominate transport, heating 
of buildings and industrial energy use.

⦁ EU electricity generation today is far from renewable. In the IEA’s 
Sustainable Development Scenario, the renewable generation 
capacity needs to increase by 300%.

⦁ Although the energy system has changed several times during 
history, for the first time decarbonising means that existing energy 
forms have to be replaced by carbon-neutral alternatives.

The green transition 
of the energy 
system 
__
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Meeting the objectives of the Paris Agreement requires 
fundamental changes to the energy system

Total energy-related greenhouse gas 
emissions equalled 33 billion tons of 
CO2 in 2019. Emissions from 
developed countries have been 
relatively stable, but economic 
growth in developing countries 
means that total emissions have 
increased 62% since 1990. 

The aim of the Paris Agreement is to 
keep the increase in the global 
average temperature well below 2 
°C above pre-industrial levels and to 
pursue efforts to limit the 
temperature increase to 1.5 °C 
above pre-industrial levels.

The IEA’s World Energy Outlook 2019 
shows a Sustainable Development 
Scenario which illustrates the 
dramatic changes to energy-related 
CO2 emissions that are necessary to 
achieve the objectives of the Paris 
Agreement. 

Economic growth in developing countries are driving global energy-related CO2 emissions

1: The Paris Agreement, signed in 2016 by all 196 members of the United Nations Framework Convention on Climate Change (UNFCCC).

IEA: Dramatic emission-reduction is required to meet the targets of the Paris Agreement
SDS: Illustrative trajectory of energy-related CO2 emissions

Source: IEA (2020).
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Today, European energy consumption is dominated by fossil fuels
European energy demand, TWh (2018)1
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Today, the majority of EU energy consumption is based on fossil 
fuels …

The total energy demand in Europe 
amounted to approx. 16,400 TWh in 
2018.

In recent years, the growth in 
renewable electricity generation 
from wind, solar and biomass has 
attracted significant attention. 
However, electricity only accounts 
for around 24% of all energy 
consumption.

European energy consumption 
continues to be heavily dominated 
by fossil fuels. Reducing energy-
related CO2 emissions therefore is a 
challenge across both consumption 
sectors and fuel types.

Industry Transport Buildings

Coal

Natural gas

Oil

Bio energy

Electricity

Heat

Other fuels

Other renewables

1: ”Other sector” (1.721 TWh) is excluded because it is not split on fuel types. Coal/oil/gas does not include use in power generation.

Source: IEA (2019).
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Coal and natural gas remain the main sources of electricity generation today
EU electricity generation, TWh

… and the EU electricity sector is still a long way from running 100% 
on renewables

EU electricity generation mainly uses 
nuclear energy, coal and natural 
gas as fuels.

The focus on offshore wind, onshore 
wind and solar PV in the past two 
decades has resulted in solar and 
wind generating 13% of the total 
electricity volume in 2018.

In 2019, the IEA released a study that 
showed that the EU has a very large 
potential for offshore wind 
generation. Provided that the EU 
finds ways to secure balance 
between consumption and demand, 
there is a large potential for solar and 
wind to replace coal and natural 
gas at the power stations later.

The IEA also highlights that the 
quickest way to reduce CO2
emissions from electricity generation 
is to use capacity on existing gas-
fired powerplants to phase out coal-
fired powerplants.

Source: IEA (2019).
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IEA SDS: Changes in consumption pattern reduces fossil fuel use1

Changes in energy consumption in the IEA’s Sustainable Development Scenario

A scenario for a sustainable energy system 2050: IEA SDS outlines a 
major shift in energy consumption patterns …

The IEA’s Sustainable Development 
Scenario (SDS) outlines a 
transformation of the energy system 
aligned with the Paris Agreement:

⦁ Transportation is converting from 
oil to bioenergy and electricity on 
a large scale.

⦁ Natural gas consumption for 
building heating declines from 
improved energy efficiency.

⦁ Electricity consumption increases 
from electrification of transport 
and building heating.

⦁ Bioenergy and biofuels increase 
but are limited by the availability 
of renewable resources.

⦁ Hydrogen and power-to-X only 
play a minor role with some 
penetration in transportation.

A major element in the SDS is 
improved energy efficiency. The total 
European energy consumption 
decreases by 26%, mainly from 
improved energy efficiency in 
buildings and more energy-efficient 
vehicles. 

Source: IEA (2019) and Incentive.

Example: Transforming aviation energy use
• Emissions from aviation totalled 918 MT in 2018 

or around 2.5% of global energy-related CO2. 
• Total emissions have grown 32% from 2013 to 

2018. Passenger transport constitutes 81% 
hereof.

• ICAO2 has committed to reducing CO2
emissions by 50% from the 2005 level by 2050.

• This is reflected in the SDS by anticipating that 
biofuels reach 10% of aviation fuel demand by 
2030 and ~20% by 2040.

1: The IEA does not split gas consumption, natural gas and low-carbon gasses for Europe. They note that ”over 15% of total gas supply in China and the European Union is low-carbon gas in 
2040”. 
2: International Civil Aviation Organization.
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IEA SDS: Fundamental changes in electricity generation
Changes in electricity generation in the IEA’s Sustainable Development Scenario

… and a very large change in electricity generation

The IEA’s SDS includes a very large 
change to the electricity generation 
system:

⦁ Coal is almost completely 
phased out.

⦁ Wind generation grows by more 
than 300% and becomes the 
main source of electricity.

⦁ Solar PV also grows 300% but 
comes from a lower starting 
point.

⦁ Natural gas consumption 
declines. This reflects that in the 
IEA’s SDS scenario, gas-fired 
power plants mainly serve as 
peak load and reserve load 
capacity.

Overall, the SDS entails that the 
renewable share of electricity 
generation increases to 73%.

It is worth noting that SDS does not 
incorporate power-to-X. A successful 
establishment of a green hydrogen 
energy sector could therefore 
increase the share of renewables 
even further.
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EU gas infrastructure can play a key role in the green transition 
both short-term and long-term 

Natural gas can play a key role in 
the EU green transition by facilitating 
a phase-out of coal-fired power 
plants.

Furthermore, the EU has a very 
extensive natural gas infrastructure 
which can potentially play a key role 
in the green transition of the energy 
system. 

In the long run, the natural gas 
infrastructure may provide solutions 
for:

⦁ Supplying non-electrifiable 
sectors with green gasses

⦁ Seasonal storage of green 
energy

⦁ Transportation of green energy 
between producers and 
consumers

In the short term, natural gas 
infrastructure can facilitate phasing 
out of coal-fired power plants. This is 
an important first step in the green 
transition.
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In this section, we describe three different hypothetical scenarios for 
the future of the EU energy system. The scenarios are used to describe 
a potential future for the gas infrastructure.

The main points are the following:
⦁ A number of studies describe different scenarios for the future of 

the EU energy system. In this study, we focus on three scenarios 
that illustrate a broad range of futures. 

⦁ The three main alternatives are full scale electrification, 
biomethane, and hydrogen and power-to-X. Each scenario has 
different advantages and weaknesses in relation to producing, 
transporting and storing sustainable energy.

⦁ In a full scale electrification scenario, electricity will replace fossil 
fuels, but 60% of gas volumes (biomethane and hydrogen) remain 
to provide seasonal storage and fuel for hard-to-electrify uses.

⦁ In the biomethane scenario, gas volumes are either increasing as 
biomethane replace liquid fuels

⦁ Finally, in the hydrogen and power-to-X scenario, gas volumes are 
relatively stable since hydrogen (blue or green) is more energy 
efficient in transportation.

The energy sector 
of the future
__
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The scenarios: Electricity, biomethane and hydrogen are the three main 
opportunities for replacing fossil fuels with carbon-neutral energy

To evaluate how the current natural 
gas infrastructure can be used in the 
future, we look at various scenarios 
for the future energy system. 

Many stakeholders have presented 
analyses with different future energy 
scenarios.1 In the following, we use 
the three scenarios developed by 
Trinomics since they represent three 
very different scenarios for how the 
energy system could potentially 
develop.

In general, Trinomics’ scenarios 
agree on the future role of gas 
infrastructure to store energy across 
seasons, to efficiently transport 
energy at a large scale and to 
supply hard-to-electrify industries with 
an energy carrier. Apart from that, 
the three scenarios illustrate very 
different futures for the energy 
system.

Source: Trinomics (2018).

1: See Frontier (2019), Navigant (2019) or TYNDP 2020 by ENTSOG and ENTSOE. 

Sector coupling 
with gas

Full electrification

1. Full Scale 
Electrification

2. Biomethane

3. Hydrogen and 
Power-to-X

Sector direction Future scenariosEnergy sector today
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1. Full Scale Electrification: Renewable electricity become the 
main energy source in most sectors

In the Full Scale Electrification 
scenario, renewable electricity 
becomes the main source of energy 
in heating and transportation and 
only hard-to-electrify cases use 
hydrogen as their energy carrier.

Battery electric vehicles (BEV) and 
electric heat pumps see rapid 
commercial expansion, which allows 
for a quick substitution with fossil 
fuels.

The direct use of electricity enables a 
highly efficient distribution and use of 
energy but requires massive 
investments in infrastructure. 

Seasonal storage of electricity will 
take place through conversion to 
hydrogen. 

Hydrogen is used as an energy 
carrier in applications that cannot be 
converted to electricity for technical 
and/or practical reasons.

Source: Trinomics (2018).

Electricity production Transport

Heating Industry

Public road transport and 
private cars: Electric

Heavy goods transport, 
commercial vehicles: Electric

Rail: Electric

Maritime and 
aviation:

PtX

Electricity produced from renewables

Hydrogen used for seasonal storage 
(power-to-hydrogen-to-power)

Main heating source: Heat pumps
Direct electrification

Hydrogen used for hard-to-electrify 
purposes
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Natural gas is replaced by biomethane and hydrogen between 2030 and 2050 

1. Full Scale Electrification: Electricity, hydrogen and biomethane 
replace natural gas, but 60% of gas volumes remain

Source: Trinomics (2018).

Today, virtually all gas consumed in 
Europe is from fossil fuels. By 2030, 
about 90% of the gas consumed will 
still be natural gas. Between 2030 
and 2050, natural gas is phased out 
completely.

In the full electrification scenario, 
biomethane and hydrogen play a 
key role, though total gas volumes 
are reduced from app. 4.000 TWh to 
2.500 TWh. 
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2. Biomethane: Sector coupling between electricity and gas 
infrastructure with focus on biomethane

An alternative approach to reducing 
CO2 emissions is the replacement of 
natural gas with renewable 
biomethane.

Biomethane is produced from 
organic waste in combination with 
methanation so renewable 
hydrogen also plays a role.

In addition to electrification, in this 
scenario Trinomics assumes that 
biomethane replaces natural gas in 
heating and industrial uses. 

Furthermore, Trinomics, in this 
scenario, assumes that biomethane 
replaces fossil fuels in the transport 
sector.1

In many ways, this scenario is the 
least transformative for consumers. 
The main difference is the need to 
source the vast biomethane 
feedstock.

Source: Trinomics (2018).

1: Trinomics construct the scenario with all road transport converging to biomethane usage. Given the growth of BEVs in recent years, this seems unrealistic. In the event that methane ICE 
becomes prevalent, it seems more likely to happen for heavy goods transport and commercial vehicles.

Electricity production Transport

Heating Industry

Public road transport 
and private cars: Biomethane1

Heavy goods transport, 
commercial vehicles: Biomethane

Rail: Electric

Maritime and 
aviation:

PtX

Main heating source: Biomethane

Electricity produced from renewables

Biomethane used for seasonal 
storage 

Biomethane used for industrial 
purposes
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Natural gas is replaced by CO2 neutral biomethane between 2030 and 2050

2. Biomethane: Gas volumes increase and switch from natural gas 
to biomethane

Source: Trinomics (2018).

In the biomethane scenario, total 
gas demand increases by 25% 
between 2040 and 2050. The 
increased gas demand within 
transportation overcompensate 
reductions within heating and 
industry. 
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3. Hydrogen and Power-to-X: Sector coupling between electricity 
and carbon-neutral hydrogen and power-to-X

A third alternative is the use of 
hydrogen as the main energy carrier 
in the system.

In this scenario, hydrogen has 
replaced methane in industrial use 
and heating and has become the 
main fuel used in road transport.

Hydrogen is produced with both 
centralised and decentralised 
electrolysis or other carbon-neutral 
technologies. Similarly to the full 
electrification scenario, hydrogen is 
used for seasonal storage of energy.

Source: Trinomics (2018).

Electricity production Transport

Heating Industry

Public road transport and 
private cars: Hydrogen

Heavy goods transport, 
commercial vehicles: Hydrogen

Rail: Electric

Maritime and 
aviation:

PtX

Electricity produced from renewables

Hydrogen used for seasonal storage 
(power-to-hydrogen)

Main heating source: Hydrogen Hydrogen as the main energy source
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Natural gas is replaced by hydrogen between 2030 and 2050

3. Hydrogen and Power-to-X: Green or blue hydrogen replace 
natural gas, but volumes are relatively constant

In the hydrogen and power-to-X gas 
scenario, demand is reduced slightly 
in 2050. This is because hydrogen-
powered fuel cell electric vehicles 
have an efficiency that is relatively 
higher.

Source: Trinomics (2018).
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In this section, we analyse the potential for re-using the existing gas 
infrastructure and assess the changes necessary to support the future 
energy system.

The main points are the following:
⦁ The gas infrastructure’s capacity for strategic and seasonal storage 

as well as long distance transport of energy are relevant in all 
scenarios. 

⦁ The EU’s current natural gas infrastructure is a major opportunity for 
the green transition by reducing the cost of replacing natural gas 
with carbon-neutral gasses (hydrogen/biomethane).

⦁ The production of sufficient and cost-effective energy is the main 
challenge for the spread of carbon-neutral gasses, while the all-
electric scenario must tackle challenges with efficient storage of 
energy and high costs of transportation via HV-systems.

⦁ Depending on the scenario, various upgrades of the infrastructure 
are necessary. A continued flow of biomethane in the pipes 
requires limited adaptation, while a hydrogen energy sector would 
require upgrading of several components.

Gas infrastructure 
and the road to a 
new energy system
__
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The European gas infrastructure connects gas production sites and LNG import entry 
points to demand centres across Europe.

The EU’s extensive natural gas network supplies 25% of EU energy 
consumption

Gas infrastructure is currently used to 
transport and distribute ~425 bcm of 
natural gas yearly. This equals 4,500 
TWh or 25% of the EU’s primary 
energy consumption.

The EU gas grid consists of 270,000 
km high-pressure transmission 
pipelines and about 1.4 million km 
gas distribution grids.

The gas network has been 
developed over many years and 
provides a resilient and stable 
energy infrastructure.

Gas storage is an integrated part of 
the infrastructure and the total 
storage capacity exceeds 550 TWh.

Source: Navigant (2019), ENTSOG.
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Gas infrastructure: Supplying the EU with energy through imports, 
transmission, storage and distribution

The gas infrastructure ties together production, storage, transmission and distributionLong-distance gas transport occurs 
through large, high-pressure 
transmission pipelines, while the final 
delivery to consumers takes place 
through a dense network of low-
pressure distribution grids.

On the following pages, we show 
which parts of the current gas 
infrastructure that are relevant in 
each scenario. We also show 
changes or upgrades that are 
necessary for the infrastructure to be 
compatible with either biomethane 
or hydrogen.

Gas distribution grid

Imports

EU production

Electricity 
generation

Heating

Industry

Natural gas transmission

Seasonal storage

UsageTransportProduction
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1. Full scale electrification: Gas infrastructure is mainly used for 
seasonal storage and long-distance transport

With full-scale electrification, the 
importance of gas as an energy 
carrier is reduced.
This means that large parts of the gas 
distribution grid are closed and LNG 
import terminals and gasification 
plants are decommissioned.

The current gas infrastructure will 
likely be split into two separate 
systems for biomethane and 
hydrogen respectively.

Biomethane: In areas where 
biomethane is abundant, the 
infrastructure will continue to 
connect local production and 
consumption. 

Hydrogen: Large parts of the 
infrastructure is upgraded to 
transport hydrogen used for:

⦁ Seasonal storage

⦁ Uses that are hard to electrify

⦁ Long-distance transport

The latter is relevant if the cost of 
converting electricity to gas for 
transportation (including re-
electrification) is lower than direct 
transport of electricity. 

A strong electrification of Europe could make the gas distribution redundant

UsageTransportProduction

Source: Trinomics (2018) and Incentive.

Power-to-
hydrogen 
and blue 
hydrogen

Hydrogen transmission

Seasonal storage

Industrial 
users

Hydrogen-
to-power

Heating
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2. Local biomethane infrastructure (where biomethane is available)

1. Trans-European hydrogen infrastructure for transportation and 
storage
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Gas storage volume is almost 1.000 times as large as electricity storage volume1

To reach 2030 targets, renewables must be deployed at twice the speed

1. Full scale electrification: Requires dramatic upscaling of green 
electricity capacity and trans-national high-voltage network

Production:
Producing enough renewable 
electricity is a key challenge in the 
green transition and especially so in 
the strong electrification scenario. To 
reach their 2030 target, EU member 
countries must double the installation 
speed of new wind, solar and hydro 
capacity in the coming decade. 

Finding suitable areas for cheap 
energy production can be an issue 
because the installation of land-
based windmills are known to be 
subject to protest from local 
communities.

Transport and storage
Additionally, building a new high-
voltage cross-country infrastructure 
for the transportation of electricity 
poses a significant challenge. Today, 
cross-border gas capacity is more 
than 6 times larger than electricity, 
while storage capacity basically only 
exists for gas.

Source: Agora (2019).

Source: Frontier (2019).
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2. Biomethane: Current infrastructure can be widely reused

Biomethane is compatible with the 
existing gas infrastructure. In sectors 
such as heating and industry where 
gas continues to play a role, it can 
be reused directly.

Carbon-neutral biomethane 
production is probably 
predominantly decentral, which 
changes the current ‘top-down’ flow 
(import to consumption) to a 
‘bottom-bottom’ structure (local 
production and local consumption).

The latter could require reverse flow 
capabilities in the grid to allow for 
effective energy trade and balance 
of available energies.

Should methane in transportation 
become relevant, a dense network 
of refuelling stations is established 
throughout Europe.

Existing LNG and pipeline import 
infrastructures may be used if an 
international market for biomethane 
emerges.

Reverse flow capabilities in the distribution grid appear to be the only upgrade 
necessary 

Source: Trinomics (2018) and Incentive.

Decentralised 
biomethane 
production

Seasonal storage

Gas Transmission

Heating

Industry

Transportation

UsageTransportProduction
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The volume of biomethane necessary to support the EU’s energy system requires 
massive upscaling of current production capacity (TWh)

2. Biomethane: A key challenge is finding organic feedstock for 
biomethane production

Biomethane can be used directly in 
the current infrastructure. The key 
challenge is whether enough 
organic feedstock can be 
produced.

In recent years, the biomethane 
production capacity has increased 
from 200 plants in 2011 to 660 plants 
in 2018. Even though the output has 
grown with an average of 20% 
annually since 2011, the total 
production is around 24 TWh. 

In the Trinomics biomethane 
scenario, around 4.000 TWh of 
biomethane is required. This is 175 
times today’s production. This 
requires the 20% growth rate to 
continue for the next 30 years.

Navigant estimates the total possible 
output of biomethane in 2050 to ~95 
bcm (~1,000 TWh).

Source: Navigant (2019), EBA (2019) and Trinomics (2019).
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3. Hydrogen and Power-to-X: Gas infrastructure is necessary, and 
converting existing natural gas infrastructure is an opportunity

In the hydrogen and Power-to-X 
scenario, the gas volumes needed to 
reach a net zero emission energy 
system in 2050 will require a separate 
regional and national pure hydrogen 
infrastructure around 2030 and trans-
EU hydrogen flows around 2040.

Such infrastructure can potentially 
be based on existing gas 
infrastructure if the infrastructure can 
cost-effectively be refitted to 
transport hydrogen.

In the Trinomics scenario, residential 
heat is supplied by residential fuel 
cells. And the scenario therefore also 
includes a refitting of the distribution 
grid to hydrogen.

A number of studies have evaluated 
the possibility of providing residential 
heat. Electric heat pumps are a 
good option but for houses without 
very modern insulation they may not 
be the cheapest solution.

A switch from natural gas to hydrogen is doable with some modifications to the 
infrastructure

Source: Trinomics (2018) and Incentive.
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All parts of the gas infrastructure are compatible with pure hydrogen with adjustments

3. Hydrogen and Power-to-X: The key question is whether natural 
gas infrastructure can be reused

Source: OIES (2020).

Most reports1 that analyse the 
possibility of converting existing 
natural gas grids to hydrogen focus 
on blending in shares below 20%. The 
consensus is that blending at these 
levels are mostly unproblematic.

Few reports focus on full-scale 
conversion to pure hydrogen. In 
general, a technical view of the 
system components in the current 
gas infrastructure shows that gas 
infrastructure is capable of 
supporting pure hydrogen, though 
most parts require technical checks 
or upgrades. 

The possibility to reuse existing natural 
gas infrastructure for hydrogen 
dramatically reduces the total cost 
of rolling out hydrogen as a 
cornerstone energy carrier, should 
production technology mature.

Production Transport Utilisation

Storage Metering and pressure 
regulation

⦁ Caverns
⦁ Surface technologies

Transmission:
⦁ Transmission pipelines
⦁ Gas turbines
⦁ Compressor stations

Distribution
⦁ Odorisation system
⦁ Steel pipelines
⦁ Plastic pipelines
⦁ Gaskets and membranes
⦁ Armatures

⦁ Gas meters
⦁ Volume correctors
⦁ Process gas chromatographs
⦁ Gas pressure reg.

⦁ Gas meters
⦁ Volume correctors
⦁ Chromatographs
⦁ Gas pressure reg.

H2 compatible
H2 compatible w/ upgrade

1: See OIES (2020), IEA (2019), Hydrogen Europe (2019) and DVGW (2013).
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Gasunie: A hydrogen backbone can be established using existing infrastructure

3. Hydrogen and Power-to-X: Testing conversion of natural gas 
grids to hydrogen

In November 2018, pipeline operator 
Gasunie started the operation of a 
12km former natural gas pipeline to 
carry up to 4.000 tonnes (around 160 
GWh) of hydrogen per year between 
DOW Benelux and Yara in the south 
of the Netherlands. This is the first time 
that an existing main gas transport 
line has been converted to hydrogen 
transport.

The H21 study in England analysed 
the possibility of converting 3.75 
million consumers from natural gas to 
100% hydrogen. The study found that 
it is doable and compared the 
transition to the conversion from 
manufactured to natural gas 
between 1966 and 1977.

Existing gas pipeline

Modification of existing 
compressor station

New hydrogen pipeline

Industry cluster

Hydrogen storage

Source: Gasunie.
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Long-term role of the gas infrastructure:
• The gas transmission system and the gas storage capacity is likely to continue to 

play a key role providing storage for renewable electricity.
• Switching to biomethane is closest to ”business as usual”, but the availability of 

organic feedstock may limit biomethane to a local or regional role.
• Hydrogen produced from electricity is a cornerstone in both full scale 

electrification and power-to-X scenarios and require both transmission and 
storage capacity.

Policy recommendations:
• Keep developing the gas transmission system and gas storage since such 

infrastructure is very likely to be necessary.
• Investigate the potential for large scale biomethane in combination with 

methanation because this would be the least radical change to the energy 
system.

• Test the possibilities for converting part of the gas transmission system to hydrogen 
because hydrogen is likely to become part of the future energy system.

• Test the possibility for converting gas storage to hydrogen storage as gaseous 
energy storage is likely to be needed for seasonal storage of electricity.

Gas infrastructure and the green transition

We have presented three very 
different scenarios for the future of 
the EU energy system.

The conclusion is that the gas 
infrastructure has an opportunity to 
play a key role in facilitating a green 
energy system.
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In this section, we highlight that replacing coal-fired electricity 
production with gas-fired production can provide significant near-
term reductions in CO2 emissions.

The main points are:
⦁ Using capacity on existing gas-fired power plants to phase-out 

coal-fired power production is a fast route to reduce CO2 emissions 
in Europe.

⦁ In Germany, coal-fired power generation has accounted for a 
large part of electricity generation until 2018.

⦁ The increase in CO2 certificate prices since 2018 combined with 
declining gas prices does not mean that the marginal costs of gas-
fired power generation is significantly lower than the marginal costs 
of coal-fired power generation.

⦁ Gas-fired power generation has increased its market share in 
Germany since 2019 and has the potential to increase further in 
2020. 

Emission reductions 
from coal-to-gas 
switch
__
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Potential CO2 savings from coal-to-gas switching in the power sector 

CO2 savings from coal-to-gas switching in selected regions compared to 2010

Emission reductions from coal-to-gas switch

In 2019, the IEA released a report 
arguing that switching electricity 
production from coal-fired power 
plants to available capacity on 
existing gas-fired power plants can 
significantly reduce CO2 emissions in 
the near future. 

The IEA calculates that since 2010, 
coal-to-gas switching has saved 
around 500 million tonnes of CO2
globally. They also find that there is a 
potential in today’s power sector to 
reduce up to 1,200 million tons of 
CO2 emissions by switching from coal 
to existing gas-fired plants – if relative 
prices and regulation support this 
potential.

The majority of this potential lies in 
the United States and in Europe. 
Doing so would bring down global 
power sector emissions by 10%

Source: IEA (2019).
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Coal-to-gas switching in Germany: Hard coal and lignite was a 
major source of electricity in 2018

1: As recommended by The Commission on Growth Structural Change and Employment.

German electricity generation by source, 2018In 2018, coal (lignite and hard coal) 
was the largest source of energy in 
total primary energy supply (TPES) 
and the largest source of electricity 
production in Germany. It 
accounted for 40% of energy-related 
CO2 emissions.

As part of its efforts to halve energy-
related carbon emissions by 2030, 
Germany plans to phase out coal-
based power. 

The current plan is to completely 
phase out coal power by 2038 and 
possibly by 2035.1 As the sub-targets, 
12.5 gigawatts (GW) of coal-fired 
power plants should be 
decommissioned by 2022 and 25.6 
GW by 2030.

Source: IEA (2020).

Coal

Wind

Natural gas

Nuclear

Bioenergy and waste

Solar

Hydro
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Direct marginal costs of gas-fired power generation is now lower than coal-fired 

EU ETS CO2 certificate prices have increased substantially since early 2018

The increase in the price of EU CO2 emission allowances has made 
gas-fired power production cheaper than coal-fired generation…

The 2017 changes in EU ETS in 2017 
has resulted in a substantial increase 
in CO2 certificate prices.

Gas-fired power generation emits 
around 50% less CO2 than coal-fired 
generation.

The increase in CO2 certificate prices 
combined with declining gas prices 
has resulted in gas-fired power 
generation becoming significantly 
cheaper than coal-fired generation.

Source: Energy prices from ICE.com. Note: Marginal costs calculated using 42% efficiency for coal-fired power plants and 56% efficiency for gas-fired power plants.
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The relative share of gas-fired generation has increased since 2019

… which is now beginning to show in the relative market share of 
German gas-fired to coal-fired power generation

Until mid 2019, the power production 
from coal-fired power plants in 
Germany was 3-5 times the 
production from gas-fired power 
plants.

From the beginning of 2019, gas-fired 
power plants have gained market 
share. The increase in volatility in gas-
fired production is also an indication 
that gas-fired power plants are 
responding to short term market 
conditions resulting from variations in 
wind and solar production.

The gas-fired capacity in Germany is 
around 30 GW, which is far from a 
restriction on gas-fired production. 
The limitation on switching from coal 
to gas will therefore probably be how 
much coal-fired combined heat and 
power production can be reduced.

If relative marginal costs continue to 
be in favour of gas-fired production, 
the market share of gas could 
increase outside the heating season. 

Source: Frauenhofer ISE (Energy-charts.de).
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