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Executive Summary

To achieve the Paris Agreement target of limiting global temperature increase to well below two degrees, a major
redesign of the energy system is required. This study by Ecofys, a Navigant company, explores the role of gas in a
fully decarbonised energy system by 2050. We conclude that it is possible by 2050 to scale up renewable gas
(biomethane and renewable hydrogen) production in the EU to a quantity of 122 billion cubic metres by 2050. We
also conclude that using this gas with existing gas infrastructure, smartly combined with renewable electricity in
sectors where it adds most value, can lead to €138 hillion societal cost savings annually compared to
decarbonisation without a role for renewable gas.

This study has been commissioned by Gas for Climate, a

consortium of seven gas transport companies (Enagas, Use Of re newable gaS
Fluxys, Gasunie, GRTgaz, Open Grid Europe, Snam and Can Save €1 38 b|”|on

Teréga) based in six EU Member States plus two ”
renewable gas producing organisations (European Biogas per year by 2050 .
Association and Consorzio Italiano Biogas). The group

shares the vision that renewable and low carbon gas,

transported, stored and distributed by the existing gas infrastructure, can help to achieve a net zero carbon
European energy system by 2050 in a cost-effective way.

This study starts from the perspective that all gas consumption in Europe must, by 2050, be net zero carbon. This
means that it is produced from renewable sources and that any remaining natural gas consumption will be combined
with carbon capture and storage or capture and permanent utilisation. Ecofys analyses how much renewable gas
Europe can produce and what the societal value is of using this gas in existing gas infrastructure in various sectors
of the economy. Based on conservative assumptions, we conclude that it is possible to greatly increase the
production and use of renewable gas in the EU. Keeping the existing gas infrastructure in place to enable the
transport, storage and distribution of this renewable gas significantly lowers the total EU energy system costs.

Gas can play a significant role in a fully decarbonised energy system. This is possible through the large-scale
implementation of sustainable biomethane production produced from a range of agricultural and woody biomass
types. A prudent estimation of a truly sustainable production potential of biomethane within the EU shows that it is
possible to produce at least 98 billion cubic metres (bcm), i.e. 1,072 TWh of energy annually by 2050. By focusing
on EU production, the security of Europe’s energy supply will improve and the rural economy will be strengthened. In
addition, we see the potential to produce 24 bcm of renewable hydrogen by converting low cost wind and solar
electricity into hydrogen.

* For CCU to qualify as a decarbonisation measure, the products that are produced with CO, must have a sufficiently long lifecycle. Ideally the carbon is never
released back to the atmosphere, but also with very long lifecycles (decades) and a cycle of CO. use and release, significant amounts of CO: can be kept out of
the atmosphere.
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This leads to a combined renewable gas potential of 122 bem of renewable gas per year. Imports may further
increase this renewable gas potential. For example, Ukraine and Belarus could supply an additional 20 bcm of
biomethane annually.

The 122 billion cubic metres of EU produced renewable gas is allocated over those economic sectors where we
anticipate the highest societal cost savings, which are the heating of buildings and electricity generation. We also
allocate a quantity of gas to heavy duty transport. In addition, we allocate a quantity of 45bcm renewable gas to
industry that should, according to the IEA B2DS scenario, be sufficient to decarbonise that sector by 2050, although
the cost savings from using gas in industry are not modelled in this study. The figure below shows this allocation of
gas over various sectors.

I Biomethane
Il Power to Gas

7 Industry
I Transport
M Buildings and Power generation

&

Allocation of renewable gas over various sectors in billion cubic metres of gas

Not taking into account renewable gas allocated to industry, Ecofys modelled the societal cost savings that can be
achieved by using just 77 out of the 122bcm of renewable methane and hydrogen in existing gas infrastructure to
heat buildings, produce electricity and fuel heavy transport. Of this, 5bcm allocated to transport is cost-neutral
compared to biofuel, while providing a sustainable and scalable alternative to decarbonise heavy transport. The
remaining 72bcm of renewable gas used in buildings and electricity generation and leads to societal cost savings of
€138 billion per year by 2050 compared to a decarbonised energy system without any role for renewable gas. These
cost saving is equivalent to about €600 per EU household per year. They are achieved mainly by avoiding the costs
associated with building and running the necessary generation capacity to meet high peaks in electricity demand, as
well as through substantial savings on insulation costs for buildings to accommodate full-electric heat pumps.

The figure below shows the annual societal cost savings in the energy system from the use of renewable gas. The
study does not estimate a certain consumption level of natural gas with CCS, given high uncertainties related to
technical availability (long distance transport and storage within the EU) and societal acceptance.
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The estimation of cost savings associated with a quantity of 132bcm of natural gas with CCS is included (based on
the IEA B2DS scenario extrapolated to 2050) as an illustration that also the use of low carbon gas leads to societal
cost savings compared to an energy system without any gas.

Cost savings
€ per cubic metre

25

[ Biomethane
Il Power to Gas
M Natural gas + CCS

2.0 €102 bn
15
1.0

0.5
€0 bn, 5 bcm

24bcm | 132 bcm €20 bn / Annual gas volume
0 25 50 75 100 125 150 175 200 billion cubic metre

0.0

Annual quantities of renewable and low carbon gas and associated societal cost savings associated with using this gas
in the EU energy system by 2050

Sometimes it is argued that to meet the Paris Agreement climate change target, Europe should abandon the gas
grid, stop the use of gas and focus on an all-electric energy system. Besides the notion that it will be challenging to
implement this (e.g. in specific industrial processes), our analysis shows that the optimal energy transition combines
renewable electricity with renewable gas, using existing gas infrastructure. Assuming further growth of renewable
electricity and electrification of energy demand, we demonstrate that the right combination of electricity and gas is
more cost-efficient while bringing additional societal benefits (e.g. improved security of supply, stronger rural
economy), and is therefore closer to the socio-economic optimum. The energy transition remains an enormous
challenge, and it is uncertain which combination of existing and future technologies will provide our energy services
in 2050. Therefore, we should not exclude upfront any technology from playing a long-term role, and especially not
existing gas infrastructure that has been paid for and is capable of transporting large volumes of energy efficiently
over long distances. Europe does not have to stop investing in gas infrastructure but it must be ensured that these
investments fit the long-term role of gas in the energy transition.

We recommend to further explore how the vision as described in this report can be achieved in practice by
identifying the steps that are required from the gas sector, from policy makers and other stakeholders today and
tomorrow to scale-up renewable gas production and to ensure its best use in our energy system.
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1 Introduction

In the Paris Agreement, 195 countries have agreed to keep global warming well below 2°C above pre-industrial
levels. This requires strong greenhouse gas emission reductions, especially from the developed, generally high-
emitting, countries. The European Union has committed to reduce its emissions by 80 to 95% by 2050 compared to
1990 levels. This target was set prior to the Paris Agreement and

it seems likely that the target will move towards the upper end of

this range. This requires a transition towards a zero-carbon

energy system. “There will be a

There is consensus that achieving a zero-carbon energy system g rOWIng need for
will only be possible with forceful efforts to increase energy ﬂ exi b | | |ty IN th e

efficiency in all sectors including buildings, industry and transport, . .
combined with a rapid scale-up of renewable energy and low eIeCtrICIty SySte m.
carbon technologies. In addition, Europe’s energy supply should

also remain reliable, secure and competitive, which are crucial

elements to ensure public acceptance of the energy transition. The threefold aim of sustainable, secure and
competitive energy forms the core of Europe’s energy policy.

Europe has made important steps towards a more sustainable, secure yet still competitive energy supply. The share
of renewable energy has greatly increased in recent years, mainly renewable electricity from wind and solar, driven
partly by EU regulation centred around the Renewable Energy Directive. This large-scale implementation caused
renewable electricity technologies to further mature, resulting in cost reductions. The costs of wind and solar have
dropped by an impressive 40%? (onshore wind) to 80%? (solar PV) during the last 10 years. At the same time, the
role of coal as a very carbon intense energy source slowly starts to dwindle, with coal gradually being replaced by
renewables and natural gas, with a lower carbon intensity.

Renewable electricity provided 30% of the total EU electricity supply in 2016, which equals 17% of total gross final
energy consumption in the EU*. With increasing levels of wind and solar power and increasing demand for electricity
for heat pumps and electric vehicles, there will be a growing need for flexibility in the electricity system. The
electricity system is designed in such way that supply and demand are in constant balance, without much possibility
to store energy in the electricity network. Constantly changing electricity demand following changing weather
conditions and differences in demand between day and night and between summer and winter needs to be met.
Today, this function is performed by coal, oil and gas, all of which can be stored in large quantities at low prices. All
provide flexibility in the energy system. The large additional benefit of natural gas is that it has a much lower
greenhouse gas intensity compared to oil (-23%) and coal (-41%)°.

2 |RENA, 2016: The Power to Change

8 Agora, 2015: Current and future cost of Photovoltaics

“ http://ec.europa.eu/eurostat/statistics-explained/index.php/Renewable_energy_statistics
®IPCC, 2006: IPCC Guidelines for National Greenhouse Gas Inventories.
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Also, the combustion of natural gas reduces air pollution (e.g. NOx, SOx, small particles) compared to coal and oil. In
addition to being used to produce electricity, natural gas is used to provide energy for industry, for space heating of
buildings and also in mobility.

For the long-term however, there is a challenge. On the one hand, gas is a suitable companion of renewable
electricity, allowing back-up and storage and increasing the affordability and security of supply. On the other hand,
the emissions that are inherently related to the use of natural gas need to be reduced. All energy sources must be
decarbonised to achieve the Paris Agreement target on climate change. This means that all gas that is consumed in
the EU needs to be zero-carbon or net zero carbon, meaning that any remaining emissions have to be compensated
by negative emissions. Sometimes it is argued that natural gas should be fully phased out and replaced by
renewable electricity production.

Against this background, a group of European gas transmission system operators (TSOs) and biogas producing
organisations came together in June 2017 to explore the future of gas and gas infrastructure in a decarbonised EU
energy system by 2050. This became the Gas for Climate group. Gas for Climate fully supports the Paris Agreement
target on climate change and the resulting need for deep decarbonisation, including in the EU. Gas for Climate
asked consultancy firm Ecofys, a Navigant company, to analyse the future role of gas and gas infrastructure in the
light of ‘Paris’.

1.1 Aim and scope of this study

In this report, Ecofys analyses to what extent gas used in existing gas infrastructure can help to achieve the ‘Paris’
target to limit global temperature increase to well below two degrees Celsius. We assess to what extent renewable
gas (defined in this report as hydrogen and methane produced from renewable electricity as well as biomethane)
can be scaled up. We subsequently assess how renewable gas and low carbon gas (defined as natural gas
combined with CCS or permanent CCU®) can be used in three sectors, namely the heating of residential and
commercial buildings, electricity production and heavy duty transport.

We assess the societal cost saving of using gas in these sectors compared to a decarbonised energy system
without the use of gas. We assume that renewable and low carbon gas will make use of existing gas transmission
and distribution infrastructure.

5 CCS stands for ‘carbon capture and storage’. CCU means ‘carbon capture and utilization’. In this report we include only CCU that leads to negative emissions
through (semi) permanent CO; storage, for example by producing cement or through carbonation. The potential for such (semi) permanent storage through CCU
is not expected to be very significant. CCU in the broader sense can have the benefit that it will generally have a better business case compared to CCS,
because the CO: is being used by another industry and thus can reduce capturing costs during coming decades and thereby mature to play a role in
decarbonisation. Due to the expected limited potential for CCU we expect that by 2050 CCS will have more potential to abate remaining natural gas emissions.

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 2
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We chose to analyse the role of gas to heat buildings, produce electricity and fuel heavy duty transport for the
following reasons. The residential and commercial building sector was chosen because it is possible to heat
buildings fully with electricity and the role gas can play in the decarbonisation of this sector is not well understood.
The electricity sector was chosen because an energy system with higher shares of wind and solar PV requires

sufficient storage and balancing capabilities. Often battery
storage is considered to be the most optimal solution,
while electricity from renewable gas combined with gas
storage can complement wind and solar PV to
decarbonise the energy system, specifically at times of
high demand, also called ‘peak electricity’. The heavy
transport sector (trucks and ships) was chosen because
there is currently little use of gas in transport, while there
is an opportunity to use biomethane to decarbonise this
sector as an alternative or complement to liquid biofuels.
The use of gas to produce industrial process heat is
relatively widely recognised and therefore not included in
our cost assessment. Because industrial heat also needs

“An energy system with
higher shares of wind
and solar PV requires
sufficient storage and
balancing capabilities.”

to be decarbonised, we ‘reserve’ a significant share of renewable gas to be used in industry.

The three sectors we assess in this report jointly consume a share of 57% of total final energy consumption in the

EU today. The sectors are responsible for 42% of total EU greenhouse gas emissions.

Final energy consumption by sector in %

Emissions by sector in CO, eq.

m Buildings = Power

mHeavy duty vehicles ® Passenger cars

m Other types of transport Agriculture
Industry Other

Figure 1 Current final EU energy demand per sector
and share covered by our analysis

® Buildings m Power

m Heavy duty vehicles m Passenger cars

m Other types of transport Agriculture
Industry Other

Figure 2 Current emissions per sector
and share covered by our analysis
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Our analysis starts from the perspective that the use of electricity in the EU energy system will increase. The
European Energy Roadmap 2050 foresees that the share of electricity in final energy consumption will increase from
about 22% today to 35-40% in 2050. Yet at the same

time full electrification of the total energy system is

very challenging. For example, many (chemical)

‘ .. .
processes in industry will continue to require Com b| n I ng e|eCtI’I C|ty
combustible energy carriers. We explore in this study H

how much societal cost saving can be created by Wlth gaS Can al | OW
smartly combining renewable electricity with E uro pe to aCh leve th e

renewable and low carbon gas. Our starting

hypothesis is that combining electricity with gas can P arIS Ag reeme nt targ et
speed up the decarbonisation of the energy system at the Iowest pOSS| ble

and allow Europe to achieve the Paris Agreement
) ”
target at the lowest possible cost. COSt .

1.2 Reading guide

This report starts by setting the scope of the performed study. Chapter 2 sets out the differences and similarities
between the current gas and electricity systems. Next, Chapter 3 describes the sources of our renewable or low
carbon gas including the related sustainability criteria. Chapter 4 then elaborates on how such an increased supply
of renewable and low carbon gas can be used to create value in the future EU energy system. The main conclusions
of the study are included in the Executive Summary above. This report presents the key findings, while additional
details on our methodology and results are included in a separate Annex.

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 4
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2 Complementarity of gas and electricity

Gas and electricity share certain important characteristics. Both are predominantly grid bound, historically have
centralised production facilities and have regulated, finely mazed networks that connect many consumers and
companies.

At the same time however, differences exist that have determined their development in the past and will determine
their optimal deployment in the future. As this study aims to find an optimal deployment of gas and electricity, it is
fitting to start with a summary of the differences and similarities in terms of production, storage, transport and
distribution and use, and how these differences impact the costs of decarbonisation efforts.

Production

The production of (renewable) electricity can take place at low cost. The marginal cost of a unit of electricity from
natural gas is about €40 per MWh today’. Solar PV is below grid parity in many countries, and starting to reach
competitive wholesale prices. Required subsidies for onshore and offshore wind have dropped significantly in the
past years. Whilst wind and solar resources are near inexhaustible, local resistance to onshore wind and centralised
solar can be substantial.

Natural gas currently trades around €20 per MWh on the wholesale market currently. Renewable gas production is
still more expensive, with costs of around €100 per MWh today to produce biomethane.?* Renewable hydrogen is
not yet produced or used at commercial scale because it is currently too expensive®. In addition to production costs,
another important production-related element for biomethane — as with any energy from biomass — is the need to
ensure environmental sustainability, especially when crop-based biomass or roundwood would be used.

Storage

The European gas and electricity systems are among the most stable and reliable in the world. Even in very hot
summers or very cold winters the energy system provides the required energy. In the electricity grid, this stability is
currently guaranteed by large dispatchable generation capacity. Also, gas infrastructure has been dimensioned to
deliver sufficient energy during cold spells. The stability of the current system relies heavily on gas-fired generation
and underground storage for large volumes of gas. In future low carbon energy systems, one of the main challenges
will be to store large volumes of renewable energy.

With increased electrification, this will change. With increased wind and solar generation capacity it is expected that
storage of electricity — in some form of energy carrier — will become necessary in large volumes. It is however
expensive to store large volumes of electricity. Battery systems’ efficiencies are improving and large technology
companies have invested in scaling up battery production facilities, leading to rapid cost declines.

7 Assuming a natural gas price of €20 and an efficiency of about 50%, http://www.eex.com/en/
8 Further elaborated in chapter 3 and 4

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 5
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However, costs are not likely to reach less than €80.000 per MWh of storage capacity within the next 35 years®.
These high costs per unit of volume makes batteries unsuitable for long-term storage. Another possibility is
(pumped) hydro storage. However, a GIS!°-based study by JRC found EU-28 countries to have a limited realisable
pumped hydropower storage (PHS) potential of 37 TWh?!. This is approximately 4 days of the current EU power
consumption.

Gas can provide the remaining storage requirements. Gas is routinely and cheaply stored in large volumes.
Investment costs for creating underground gas storage are around €25/MWh. This makes gas very suitable for
storing large volumes of energy over longer periods — for example for seasonal storage?!?.

Transmission and distribution

Transmission and distribution grids — both for electricity and gas — create value by geographically linking supply and
demand. This allows production to take place where it can at the lowest cost, and end use at places where it adds
most value.

Transmission and distribution networks for electricity are not designed to meet weather induced peak demands of
large amounts of additional electric heating. The balancing of the electricity system is delicate and requires supply to
constantly match demand to avoid blackouts. Also,

transmission power lines are often overhead lines, often

perceived negatively by local communities which therefore

often leads to opposition against the building of new lines. “The CapaC|ty Of the

Even new underground lines meet local opposition in sensitive gaS g I’IdS |S u p tO
ten-fold of that of the

The gas grid is designed to meet demand for heat, including . . "

the demand in severe winters. For this reason, in areas with elect“Clty g I’IdS .

substantial gas-fired heating, the capacity of the gas grids can

areas.

be up to ten-fold of that of the electricity grids. Also, the

balancing of the gas grid is relatively easy. Using ‘line pack’ (the volume of gas in the grid), imbalances within the
hour can be facilitated, and some imbalance between supply and demand can be bridged for multiple hours without
affecting supply to customers. This can add as much as 20 GW in flexible supply*3. Once in place, gas grids have
little impact on local residents, because they are mostly underground.

9 Ecofys et. al., 2017: Batstorm- Battery-based energy storage roadmap. Cost estimates include the full battery pack and are based on an exponential
interpolation of battery costs estimates provided by IRENA, Epri, Rocky Mountain Institute, Bloomberg, EIA, Roland Berger, Deutsche Bank, Johns Hopkins
University, Aalto University, Lazard and JRC.

10 Geographic Information System.

1 JRC, 2013: Assessment of European potential for pumped hydropower energy storage.

12 Costs based on the replacement costs of the Gasunie storage facilities.

3 See as example the average variation of line pack in the GRT Nord system: http://smart.grtgaz.com/en/stock_conduite/NordH.
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Energy use

In homes and non-industrial commercial buildings electricity can supply all functionalities. Increasingly also,
electricity is used in passenger transport. Electricity can also provide the low and medium temperature demands of
many industrial processes. For energy-intensive high temperature industrial processes, the direct use of electricity is
currently limited. However, electricity can be used to reach high temperatures and is already used in several high
temperature processes, like in electric arc furnaces that are used in certain steel production processes, and furnaces
to produce glass and in aluminium production.

In homes and commercial buildings, gas is specifically suitable for cooking, space and hot water heating, and in
some cases cooling. It is also suitable for low to high temperature heat in industry and in some industries, gas is
used as a feedstock. Gas can be used for the production of electricity, for example as back-up for wind power
generation and solar.

Transport

Gas can be used in road transport, including passenger cars, light duty vehicles and trucks. Although the penetration
of electric cars is increasing, biomethane can also be used for passenger cars and light duty vehicles, making use of
existing and scaled up technology. Hydrogen-electric vehicles are seen as a promising future solution for passenger
and freight transport. In the longer term it can be expected that the role of gas in transport focuses on heavy
transport. This will be further investigated in Section 4.3.

Other sectors

There are other sectors where renewable gas might be used. For example, there are limited electric alternatives in
agriculture. Renewable gas could be used for farming equipment and heating of greenhouses, in addition to
renewable sources of heat like geothermal energy, and as a complement to electric heat pumps during peak
demand.

Focusing the energy transition on electricity or also on gas?

Technological advances over the past decades allow us to harvest wind and solar energy more efficiently, and costs
are decreasing further as the technologies are applied globally. Decreasing cost of generation makes these
intermittent renewable electricity sources attractive. These developments have led to policy support and an
increased share of electricity generated from wind and solar. It also means that proponents of the energy transition
so far focus mainly on renewable electricity. At the start of the energy transition, renewable electricity was relatively
easily and cheaply implemented, while the produced electricity could be used in a large variety of functionalities
without end-of-pipe emissions. With the current penetrations of less than 30%, intermittency can be compensated by
the available dispatchable power generation, using the flexibility (in volumes and capacity) of natural gas and other
fuels to continuously match power supply and demand.

However, with higher penetration levels of wind and solar power, the difficulty of the intermittency of renewable
electricity production will increase. Hour-by-hour, additional intermittent capacity will add supply at times when it is
not necessarily needed, and create times of oversupply. To eliminate carbon emissions at all hours, climate neutral
dispatchable back-up generation is highly valuable for the energy system.

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 7
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With increasing intermittent supply, the need for back-up capacity will increase as well. At the same time, running
hours of this capacity will decrease. This means the costs for building such capacity (capital costs) must be low
while the variable costs for using such capacity can be higher without being detrimental to its business case.
Batteries are an option for diurnal storage (short term peak storage), but they are very expensive per unit of energy
stored and therefore it is unlikely that large-scale battery storage will be the preferred option for long-term storage.
Pumped hydro power also helps, but the capacity is restricted by rainfall patterns and geographical limitations.

Running back-up generation capacity for longer periods requires storage of gaseous or solid fuels. In multi-year
periods, there will be weeks in which electricity demand is exceptionally high while wind and solar supply is
exceptionally low. To bridge these periods, a certain volume of energy must be stored.

All'in all, as the energy system progresses towards full decarbonisation, a mix of technologies will be necessary to
keep the energy system sustainable, i.e. secure, reliable, affordable, socially acceptable and environmentally
friendly. To find the optimal mix, all possibilities must be investigated to the fullest. This report studies one of the
possibilities in particular - the potential for renewable gas and the value it can add in a decarbonised energy system.

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 8
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3 Renewable and low carbon gas in the EU by 2050

This study starts from the perspective that all gas consumed in the EU energy system by 2050 will have net zero
greenhouse gas emissions. This could either be renewable gas or natural gas combined with CCS/CCU, also called
low carbon gas.

Renewable gas is defined in this report as all gas produced from renewable sources. This includes methane and
hydrogen produced from renewable electricity (Power-to-Gas) as well as biomethane. A scale-up of renewable gas
can play an important role in the decarbonisation of gas supply. In this study, we focus on renewable hydrogen and
biomethane as the two most important sources of renewable gas.

This chapter describes the potential production and production costs of renewable gas in the EU energy system by
2050. It also describes scenarios for future consumption levels of low carbon gas. We start with an overview of the
overall potential. Subsequently, we discuss the sustainability of the assumed quantity of renewable gas, both in
terms of greenhouse gas saving as well as wider sustainability impacts associated with biomethane production.
Then we discuss biomethane and Power-to-Gas potentials and costs in more detail. And finally, we describe the
viewpoints and possible future application of CCU and CCS in combination with natural gas.

This study does not estimate the future volumes of natural gas in the EU energy system. Section 3.6 describes
potential scenarios for future natural gas consumption.

3.1 Total potential of renewable gas by 2050

Production of renewable gas is limited by the availability of low cost wind and solar power to produce renewable
hydrogen and the availability of biomass resources to produce biomethane.

We estimate that it is possible to produce 122 bcm renewable gas by 2050 within the EU, while imports could further
increase the potential. This is a prudent estimate of possible production within the EU within strict sustainability
criteria. It consists of 98 bcm of biomethane plus 24 bem of renewable hydrogen. The quantity of biomethane is
much larger compared to renewable hydrogen because the production of renewable hydrogen is dependent on the
availability of low cost renewable electricity. It is possible to increase the potential for renewable hydrogen by adding
renewable electricity capacity on top of the very large increase in wind and solar PV that is assumed already.
However, in our modelling this leads to an increase in the system costs. The 98 bcm of biomethane consists of

63 bcm of biomethane based on biogas from anaerobic digestion and 35 becm of synthetic natural gas from thermal
gasification, as will be further explained below.

Gas for Climate. How gas can help to achieve the Paris Agreement target in an affordable way 9
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3.2 Sustainability

Renewable and low carbon gas can only be scaled up in Europe if it is produced without adverse sustainability
impacts, while environmental and social co-benefits would help its scale-up. In calculating the potential for
renewable gas, we have carefully taken sustainability aspects into account. In this section we first explain how we
ensure the sustainable production of biomethane including high greenhouse gas savings. Subsequently we discuss
methane leakage and how it can be minimised.

3.2.1 Sustainable biomethane

The use of biomethane (as well as other forms of bioenergy) has many benefits. It can be easily stored and thus
contribute to energy system flexibility and stability. Biomass production and processing contributes to the rural
economy and job creation, plus biomethane can be produced domestically and thus reduces the dependency on
energy imports. In recent years, the sustainability of all forms of bioenergy has been widely debated in the EU, with
discussion focused on the sustainability of biomass feedstocks. If biomethane is to take an increased role in
Europe’s energy system, the sustainability of the associated biomass production has to be ensured.

Biomethane can be produced from agricultural residues and crops (via biogas) or from woody biomass, as will be
further explained in section 3.3.1 below. Direct and indirect sustainability risks are mainly associated with crop
cultivation and roundwood production. These risks have been widely documented and discussed'* and will not be
further discussed here.

Sustainable biomethane must lead to high greenhouse gas savings compared to the fossil alternative while
preserving biodiversity and soil quality. Also, sustainable biomethane must not displace existing food and feed
production nor lead to unwanted direct or indirect land use change effects. A simple solution to ensure sustainable
biomethane production could be to refrain from using wood or crops for biogas. This is not the approach chosen in
this study, since we believe that if done right and approached carefully, it is possible to use crops and certain wood
types sustainably. We carefully assess which woody biomass types, which crop cultivation practices and which
residues could be sustainably used, and in which quantities, to produce biomethane in the EU. This means that we
restrict the production potential for biomethane to a relatively conservative ‘no regret’ potential produced from
biomass that can be made available without negative sustainability impacts, and can even lead to positive impacts.
On the agricultural side, we assume that residues such as straw and manure are used and no agricultural crops that
are produced as the main crop are used to produce biomethane. Instead of the main crop, we include crops that are
produced in additional to existing crop production in a ‘sequential cropping’ scheme.

4 The EU introduced mandatory sustainability criteria for biofuels and biogas in the 2009 EU Renewable Energy Directive (RED) in response to growing
concerns and the public debate on bioenergy sustainability. These sustainability criteria will be updated and expanded to woody bioenergy in the revised REDII
Directive. The positions of various stakeholders in the debate can be viewed e.g. in three EC consultations on the topic.
https://ec.europa.eu/energy/en/consultations/preparation-sustainable-bioenergy-policy-period-after-2020
https://ec.europa.eu/energy/en/consultations/preparation-report-additional-sustainability-measures-solid-and-gaseous-biomass-used
https://ec.europa.eu/energy/en/consultations/indirect-land-use-change-and-biofuels, see further:_http://task38.org/Sustainability_updated_2009.pdf
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This means that two crops are produced on existing agricultural land within a year instead of one. This concept is
not yet widely applied in Europe and is further explained in section 3.3.3 below.

On the woody biomass side, we assume that it is possible to use forestry harvesting residues, landscaping wood
and a small share of wood thinnings, i.e. younger trees that are harvested from plantation forests to create more
space and light for other trees to grow.

We assume that less than half of all agricultural crop residues and forestry harvesting residues can be collected, to
leave sufficient biomass on the land to maintain soil quality. We also take into account that a portion of collectable
residue material is used for other purposes.

This study does not assume a large-scale-up of algae biomass to be used for biomethane production. We are aware
of promising new developments in this field and if low cost, large-scale algae cultivation solutions become available,
the potential to produce sustainable biomethane in Europe and elsewhere could greatly increase'®.

Greenhouse gas emission reduction from biomethane

In international carbon accounting, biomethane has zero associated carbon emissions. The combustion of
biomethane for power and heat production results in greenhouse gas emissions similar to those of natural gas. Yet
in the process of growing the biomass feedstock, an identical quantity of COzis captured from the atmosphere. This
means that biomethane combustion emissions have a short carbon cycle and, according to the IPCC guidelines,
count as zero emissions. At the same time, emissions occur in the cultivation, processing and transportation of
biomass feedstocks. Taking these into account, the overall lifecycle greenhouse gas savings of biomethane
compared to natural gas are typically 80 to 85% today. In the future however, lifecycle emissions will be further
reduced when renewable energy is used in agriculture and processing. It is even possible to achieve negative
overall emissions if biomethane upgrading and/or combustion emissions are captured and stored. In addition,
negative emissions can also be achieved in the biomass growing phase by increasing soil carbon stock levels, for
example by leaving a proportion of biomass residues on the field to decompose and be taken up into the soil as soil
organic carbon or by either injecting biogas digestate to the soil or both.

The greenhouse gas saving potential of biomethane may be reduced, if its production causes land use change in
the form of direct or indirect displacement of agricultural production and if this leads to the conversion of forests or
other high carbon stock lands to new agricultural land elsewhere. In this study, we include only biomethane which
does not lead to direct or indirect land use change, to ensure a high greenhouse gas saving from biomethane.

3.2.2 Methane leakage

In the gas production and use cycle, methane leakage is a great concern. In the World Energy Outlook 2017, the
|IEA investigated the methane leakage rates in the full natural gas chain and concluded that this rate is currently
about 1.7% of the total amount of gas consumed. A kilogramme of methane, when released without combustion, is

15 For example, Dutch engineering firm Inrada develops large-scale algae production solutions with the specific purpose to convert it to biogas that can be
processed into biomethane. See http://www.inradagroup.com/seatech-energy/. Other promising projects are: http://www.seafarm.se/, and http://seagas.co.uk/.
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estimated to be around 28 times more potent a greenhouse gas than a kilogramme of carbon dioxide®. This
methane leakage rate therefore increases the global warming effect of natural gas by another 17%, relative to its
CO:2 emissions. The IEA also concludes that the natural gas industry can reduce its methane emissions
considerably, often by applying relatively simple and cheap measures. To fully realise the environmental benefits of
gas, the industry must continue their efforts to avoid methane leakage in the near and long-term future. This section
sets out the implications of moving to a renewable gas supply for the efforts around reducing methane leakage.

Methane leakages can occur across the entire gas chain, from extraction and processing to transmission and
distribution. Extraction and processing of natural gas, together with transmission over long distances, accounts for
the lion’s share of methane leakage of the current gas supply (approximately 60% to 80%). This means that
replacing natural gas with EU produced renewable gas would reduce the sources of the current methane leakages
significantly.

Keeping methane leakage within the EU as low as possible requires continuing efforts of gas infrastructure
companies to monitor and reduce methane leakage in their systems. Gas companies have individual programmes
and best practices to reduce methane emissions. Operational rules can be adapted, after a case by case
assessment, for example:

e TSOs can, where feasible, recompress gas during interventions that require emptying a pipeline, avoiding the
release of methane emissions into the atmosphere;

e For gas pressure control systems: use of “auto-piloted” valves instead of “external pilot systems” enables
pressure regulation without any gas emissions. Instead of natural gas, compressed air is used for pneumatic
actuators. The compressors are electrically driven, in some cases by renewable sources or by cleaner-burning
CHP (combined heat and power);

e Closed loop systems for truck transport of liquids to wells and treatment facilities, combined with
recompression of natural gas flashing out of produced liquids on production sites and using these fuels for
combustion (gas heater, glycol regeneration);

e Usage of hot taps for in-service pipeline connections, replacement or removal of unnecessary old equipment,
lowering gas pipelines pressure before maintenance, replacement of pneumatic controls with air/electrical
actuators.

Biogas and biomethane production also carries the risk of methane leakage. This leakage can be reduced to zero
with the right industrial technologies:
e Using a closed digestate storage system to avoid methane leakage at the production stage;
e Equipping the upgrading module with an off-gas combustion system to avoid methane leakage during the
biogas upgrading processes;
e Using high pressure pumps and regular maintenance of the sealings at the injection point to avoid methane
leakages in grid injection.

16 |PCC, 2015: Fifth Assessment Report (AR5)
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There are also natural (non-anthropogenic) sources of methane emissions. Biomass used by the industry to produce
biomethane will not contribute to these natural sources of methane emissions.

3.3 Biomethane potential

Two main technologies exist to produce biomethane: anaerobic digestion and thermal gasification'”. The first is
currently widely used to produce biogas from agricultural biomass that can be upgraded to biomethane. The latter is
an up and coming technology to produce biomethane from woody and lignocellulose biomass. As indicated in the
previous section, it is well possible that further potential could emerge from, for example, large-scale cultivation of
algae.

3.3.1 Two technologies to produce biomethane

Anaerobic digestion

This technology performs a series of biological processes in which microorganisms break down biodegradable
material in the absence of oxygen. The process results in biogas and digestate. Biogas contains around 50%
methane, the rest being mainly (short carb