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AGENDA

10.00 Coffee

10.30 Welcome

10.45 Introduction Gas for Climate
11.30 Presentation of pathway results
12.00 Questions & Feedback

12.30 Lunch

13.15 Break-outs

14.45 Recap & Closure
15.00 Drinks & Bites

GAS FOR CLIMAVE
) A path to 2050
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MAINTAINING A ROLE FOR GAS AND GAS INFRASTRUCTURE IN THE 2050 ENERGY SYSTEM

HAS IMPORTANT BENEFITS

gaSuHe

CONSORZIO
ITALIANO

BIOGAS

PARIS2015

UN CLIMATE CHANGE CONFERENCE

COP21:-CMP11

The Paris Agreement The debate on the energy = However, renewable
increases the sense of  transition focuses on gas and gas ENCRGINET
urgency and raises the  electrification, gas seen infrastructure have

bar on climate action as transition fuel important benefits The Gas for Climate group was established
to develop and communicate a vision on the
benefits of using renewable gas and gas
infrastructure in meeting the Paris Agreement
climate change target and supporting a net
zero carbon EU energy system by 2050. The
group consists of nine major gas TSOs plus
two biogas associations
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GAS FOR CLIMATE: ANALYSIS, VISION, ACTION

Since 2017, Gas for Climate has analysed the role of gas and gas infrastructure in a net zero emissions EU energy system
by 2050. Gas for Climate also outlined what needs to happen before 2030 to scale-up renewable gas production.

ECOFYS

GAS FOR CLIMATE
A path to 2050

. Action Plan 2030
GaS fOI’ CI|mate How gas can help to achieve the Parls

How . Agreement target in an affordable way

the

Gas for Climate 2018 study Gas for Climate Action Plan

NAVIGANT

Gas for Climate 2019 study

NAVIGANT

A Guidehouse Company

Gas for Climate

Job creation by scaling up renewable gas in Europe

Prepared for:
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CURRENTLY UNDER DEVELOPMENT: 2020 — 2050 PATHWAY

Going
CLIMATE-NEUTRAL
by 2050

NAVIGANT

EUROPE 2020

Currently under development: “Pathway 2020 to 2050”

This study explores how to achieve the net zero emissions energy system as described in the Optimised Gas Scenario
(explained on next slides), developed in the 2019 Gas for Climate study.
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A smart combination of renewable gas and electricity,
/ | \ together with existing gas grids, will be the optimal way to decarbonise
| he EU energy system, wit n wable

Buildings 230 TWh ; \
+ 250

'En fecee
Industry 700 TWh —+ 200
Renewable methane iron & steel, ammonia, methanol
1,170 TWh
= (S €217
>— billion
Pog%rrgc}ggeTWh - 100 in optimised
508 TWh electricity gas scenario
compared to
’ @ U minimal gas
scenario
=
Electricity 4815 TWh Transport 845 TWh Lo
road, shipping, aviation Savings
o o (€ per MWh)
Total electricity and gas use in 2050 J

in optimised gas scenario

This quantity of renewable and low carbon gas equals .

INFOGRAPHIC: STREEFF.NL

FOR
A path to 2050

272 bcm of natural gas equivalent (energy density).
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THREE PATHWAY SCENARIOS 2020 - 2050

A NET-ZERO EMISSIONS ENERGY SYSTEM BY 2050

Vision
: ACCELERATED
Scenarios CURRENT EU TRENDS GLOBAL ACTION
DECARBONISATION

How can the renewable and low How does a plausible 2030 and 2050 How does a plausible 2030 and 2050
carbon gas pathway develop between pathway develop within the context of pathway develop if globally a similar
today and 2030 and towards accelerated decarbonization effort as in the Green Deal will happen
achieving the Gas for Climate 2050 efforts enabled by the EU Green Deal leading to technological and
optimised gas scenario in the context and its gas decarbonisation commercial breakthroughs
of current EU 2030 climate, energy package? in the eight sub-pathways?

and agricultural policies?

Energy 0 )
Supply G

VARIABLE RENEWABLE
ELECTRICITY

BIOMETHANE HYDROGEN

Energy
Demand

HHHE Infrastructure - G

BUILDINGS TRANSPORT INDUSTRY
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Accelerated Decarbonisation Pathway
towards an optimal role for gas in a net-zero
emissions energy system

Policy Recommendations

Sl S S

Binding target for 10% renewable gas by 2030
Facilitate the creation of a European hydrogen backbone infrastructure

B

Buildings 230 TWh

fe

Industry 700 TWh

iron & steel, ammonia, methanol

i

Power 1108 TWh
to produce
508 TWh electricity

o

Tra nsport 845 TW

1ppPINg, aviation

Standards, regulation and/or policies that enable the reuse of natural gas assets for hydrogen

Facilitate increased cross-border trade

Increased reduction of the EU ETS emissions ceiling to ensure an increase of the carbon price

combined with carbon border adjustment

What is needed per sector?

=

=

Hybrid heat pumps
Mix of shallow and deep
renovation

Ambitious CO, price
Hydrogen and CO,
infrastructure

Financial support for
investments in
breakthrough technologies
and effective carbon
leakage protection

Gas-fired generation

CO, performance targets
road transport

ETS for shipping and
aviation

Obligatory bio/synthetic
kerosene blending
CNG/LNG

International road fueling
infra development (LNG,
BEV, FCH)



AN ACCELERATED DECARBONISATION PATHWAY TOWARDS A NET-ZERO EMISSIONS
ENERGY SYSTEM BY 2050

Preparing for Transition

Strategic, technical and policy
planning to enable renewable

renewable ele
transition to n

Long-term
strategy for conversion of
existing pipelines to hydrogen

GAS CONSUMPTION

2020

Facilitating Connections

Scale-up in biomethane
plants that are close to the
gas grid

Start first hydrogen projects

Energy efficiency
improvements'in all sectors to
enable electrification and the
uptake of renewable and low-
carbon gases.

Kick-starting Supply

First hydrogen projects
integrated with carbon
capture, utilisation, & storage
(CCUS) and anchored by
baseload consumers, likely
from Industry.

Continuing seale-up of
biomethane supply

Develop regional hydrogen
infrastructure.

2030
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Broadening Demand

Hydrogen use extends to
commercial and residential
consumers around first

hydrogen proje€ts. Blending
(up to 20%) ses initial
demand fast, p the way
for hydroge

Consumers in other regions
continue to receive natural
gas with rising blends of
biomethane.

(100%).

Increasing Renewable and
Low Carbon Gases
Greater volumes and
diversification of renewable
and low carboen,gas supply as
more production methods
mature technieally and
economically.

Hydrogen infrastructure
develops from regional to
transmission via an EU-wide
backbone

100% Renewable and Low
Carbon Gases

Renewable and Low carbon
gases fully integrated across
the EU energy.system.

All gas end‘users-are
supplied with-hydrogen
and/or biomethane, principal
type varying by region.
Natural gas is'helonger used,
unless abated with CCUS for
blue hydrogen production.
Net-zero energy system
achieved in 2050.

2050
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MASSIVE CLIMATE ACTION SUPPORTED BY TARGETED POLICIES

To reach a cost-effective net-carbon energy system, policies are needed that enable the private sector to scale-up the deployment of renewable and low
carbon gas while driving down cost levels. Both changes and extensions of existing policies (e.g. strengthening the EU ETS, allow imported renewable gas
to count towards the RED Il target), as well as new policies (e.g. binding target for the greening of the gas grid) are needed.

Cross-sectoral policies Policy measures to enable full Policy measures to enable full decarbonisation
o decarbonisation of buildings of transport
1. Binding target for 10% renewable gas by
2030 6. Binding targets for energy renovations 8. Increase the transport renewables target, introduce a
2. Facilitate the creaton of a European of buildings enabling the uptake of specific blending targets for renewable aviation fuels and
hydrogen backbone infrastructure renewable and low-carbon gas in for renewable shipping fuels.
3. Standards, regulation andior policies that buildings 9. International coordination of fuelling infrastructures
enable the reuse of natural gas assets for 7. Propagate t.h € mstalla}thn of .hyb”d 10. Increase the ambition level of the Alternative Fuels
hvdroaen heat pumps in older buildings with gas o
ydrog connections Infrastructure Directive
Facilitate increased cross-border trade 11. Inclusion of the shipping sector and the entire EU aviation
Increased reduction of the EU ETS emissions sector in the EU ETS
g?il(l:lgg tgof:bsil#: d an \/I\::fhr eascear()t)]‘OLhe ci)zzrr%oer: 12. Stimulate the use of rail transport for intra-EU destinations
adjustment 13. Considering the long lifetime of ships, a shift to bio-LNG

and electric ships should be made as soon as possible.
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CURRENT SITUATION

RENEWABLE AND LOW CARBON GAS ARE STILL IN THEIR INFANCY

Current situation of the energy demand & supply Current Gas Demand & Supply
in TWh

KEY FINDINGS ] Buildings
Transport
. : : I |ndustry
« Significant biogas production today, mostly not Power

(yet) upgraded to biomethane

 First green and blue hydrogen investments have
been announced

» Almost no hydrogen or biomethane used in
buildings, industry, and transport today, most
biogas used for local electricity production
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RENEWABLE AND LOW CARBON GAS ARE STILL IN THEIR INFANCY

Current Gas Demand & Supply
in TWh

[ Buildings
I Transport

I ndustry
Power
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ONLY MODEST DRIVERS EXIST TO INCREASE PRODUCTION AND USE
OF RENEWABLE AND LOW-CARBON GASES

SCENARIO DESCRIPTION

The Current EU Trends scenario describes how a renewable and low carbon gas pathway develops between today and 2050 in the context of current EU 2030 climate,
energy and agricultural policies. This scenario is not a business-as-usual scenario since not all EU policies and targets have already been transposed into national
policies; with current developments the EU 2030 targets might not be reached. It assumes similar efforts in the period 2030-2050 as in the period 2020-2030, covered by
existing policies.

KEY FINDINGS Gas supply in the Current EU Trends Scenario Gas demand in the Current EU Trends
« Current energy and climate policies are insufficient to reach a net-zero (TWh) Scenario (TWh)
emissions energy system, such as the Gas for Climate 2050 Optimised Gas % Renewable and low carbon 4900
end state gases in Gas for Climate
) L. 4000 optimized gas end-state 4000
» Under current policies, we expect around 280 TWh renewable and low

carbon gas production in 2030 (210 TWh biomethane, 4 TWh green 3500
hydrogen, 60 TWh blue hydrogen).

» |If we extrapolate the deployment of renewable and low carbon gas by 2030 3000
resulting from current policies, around 750 TWh of renewable and low

3500

3000

carbon gas can be deployed by mid-century. This would be around 25% of 2500 0
the amount needed in a cost-efficient net-zero carbon energy system. 2000 2000
KEY ASSUMPTIONS 1500 1500
* The Current EU Trends scenario includes all EU policy in 2030 including
EU policies that still need to be transposed into national policies. 1000 1000
* Full implementation of the EU Climate and Energy Package for 2030
« Biomethane costs 2050: 57 € MWh (AD) and 47 €/ MWh (thermal 500 200
gasification) . 0
* Hydrogen costs 2050: 50-60 €/MWh 2020 2030 2040 2050 2020 2030 2040 2050
* EU electricity production remains stable around 3,450 TWh with increasing _ NBuidings(Methae)  WBuidngs (ytiogen)  Windustry (Methane)
share of renewable eleCtriCity towards 2030 ®Biomethane Power 1o Methane B Green Hydrogen ndustry (Hydrogen) B Other industry (Methane) B Other industry (Hydrogen)
° ETS price in 2030 35 €/t0nne C;C)2 HBlye Hydrogen ® Natural Gas B Transport (Methane) B Transport (Hydrogen) B Transport (LNG)

®Power (Methane) u Power (Hydrogen) m Synfuels (Hydrogen)
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HOW TO SPEED UP THE ENERGY TRANSITION TO KEEP THE EU ON COURSE FOR COST-
EFFICIENT DECARBONISATION

SCENARIO DESCRIPTION
The Accelerated Decarbonisation scenario describes a pathway that is in line with the ambition of the Paris Agreement to limit global temperature increase to well below
2°C.

Gas supply in the Accelerated Gas demand in the Accelerated
KEY FINDINGS - _ Decarbonisation Scenario (TWh) Decarbonisation Scenario (TWh)
* If we reach a 55% emission reduction compared to 1990 levels by 2030 500 4500

with the measures proposed, the Gas for Climate cost-effective net-zero

carbon energy systems will be within reach. 4000
» To reach a cost-effective net-carbon energy system, policies are needed

that enable the private sector to scale-up the deployment of renewable and

4000

3500 3500

low carbon gas while driving down cost levels. 3000 3000

* Both changes and extensions of existing policies as well as new policies 500 2500
are needed.

2000 2000

1500 1500

1000 1000
KEY ASSUMPTIONS
500 p 500

* 55% emission reduction compared to 1990 levels by 2030

* Rapid decarbonisation of the power sector (60-65% renewable electricity in 0 0
2030) that enables the production of green hydrogen 2020 2030 2040 2050 2020 2030 2040 2050
* Biomethane: 35-55 €/ MWh (AD) and 47 €/ MWh (thermal gasification) by mBjomethane Power to Methane ® Green Hydrogen " Buildings (Methane) ® Buildings (Hydrogen) ® Industry (Methane)
2050 M |ndustry (Hydrogen) ® Other industry (Methane)  ® Other industry (Hydrogen)
®Blue Hydrogen ¥ Natural Gas ® Transport (Methane) m Transport (Hydrogen) B Transport (LNG)
° Hyd I‘Ogen 44-61 €/MWh by 2040 ®pPower (Methane) = pPower (Hydrogen) ® Synfuels (Hydrogen)

» ETS price in 2030: 55 €/tonne CO,
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7))
gﬂ_! TIMELINE BIOMETHANE

2020 2025 2030 2050

O O O

First commercial scale (FOAK) bio-> Multiple commercial scale (NOAK) bio-SNG > Construction of large scale bio-SNG plants - over 200 plants of

SNG plant(s) being built plants being built 200 MW, each

Increasing digester size
From current average size of 290 Nm3/hr to 500 Nm3/hr by 2050 — over 30,000 digesters

Critical
developments

Centralized upgrading of biogas to biomethane
Average size reaching 1000 Nm3/hr by 2050

Pilot testing of sequential cropping across EU > Sequential cropping scale up mainly in Southern & Central Europe

EU ETS Innovation Fund Regional and national support for thermal gasification

Mandatory target of 10% renewable gas in final gas consumption by 2030

Clear guidelines and support incentives on sequential cropping

0
c
®)
-
(&)
@©
>
(&)
o
ol

Voluntary/certification schemes that allow for cross-border trading of biomethane

20 TWh 425 TWh 1020 TWh
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TIMELINE HYDROGEN

2020 2025 2030

2050

O O O

Retrofit all conventional hydrogen assets with CCS

)

Technology
Blue H,

Develop greenfield blue hydrogen capacity (~15—-20 blue H2 clusters)

)

Technology
Import

Upgrade Maghreb and Trans-Med. pipeline to fully
transport H, (42 bcm)

\/

Demonstrate H2 electrolysis at scale (~15-20 GW)

Rapid acceleration of green H2

D

Critical developments

Technology
Green H,

Improve efficiency, installation size and full load hours of electrolysis plants

Carbon price increase to €55/tCO2
Fair taxation of green hydrogen

Green H2 support scheme

(%)
c
o
=
(&)
@©

Mandatory renewable and low-carbon gas
target of 10%

135 TWh 135 TWh
30 TWh 35 TWh

305 TWh
820 TWh

100 TWh
1610 TWh
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l!d TIMELINE INDUSTRY

2020 2025 2030 2050
= First commercial scale H, DRI plants are Existing steel blast furnaces are being replaced by low-carbon steel making
b being built technologies with costs for hydrogen and carbon capture rapidly decreasing
]

First commercial scale steel smelting reactor is
being built

Chemicals

Use of CC for existing steam reformers in the ammonia industry > First commercial pilot for MTO >

. Direct sourcing of H, for ammonia production
ammonia

Decentralized production of green H, for >

Critical developments

Implementation of CC across the cement sector and increased use of biomass

A4

2
)
T S
£ T
[T
x

Electrification of low-temperature heat (<150°C) >

CAPEX: EU ETS Innovation Fund supporting breakthrough technologies in industry

Build up of hydrogen infrastructure

Increased ETS prices to realize the business case for breakthrough technologies while
implanting effective carbon leakage measures

Policy actions

OPEX: Mechanism to offset higher OPEX (low carbon gases)
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A TIMELINE POWER

2020 2025 2030 2050

Multiple commercial scale refurbishments of gas-fired power plants >

First commercial scale refurbishments of gas-fired power plants to hydrogen

First commercial scale hydrogen-fired >

power plants built

to hydrogen

Multiple commercial scale hydrogen-fired power plants built

Critical developments

Policy supporting refurbishment of gas-fired power plants

(%)
c
o
E=]
Q
@©

Po supporting gas-fired power plants as back-up

220 GW Methane 0.5 GW Hydrogen 270 GW Methane 120 GW Methane
0 GW Hydrogen Magnum Project 5 GW Hydrogen 490 GW Hydrogen

20 / ©2019 NAVIGANT CONSULTING, INC., N/K/A GUIDEHOUSE INC. ALL RIGHTS RESERVED OGAS F?ARC,.IMATE
_ path to 2050



il
HE TIMELINE BUILDINGS

2020 2025 2030 2050
Increase renovation rates and depth of renovation >
2
- % Scale-up of serialized/industrial renovation >
=
= 8— Cost reduction of technologies and insulation
—
O o
5 Development of unburdening approaches for building owners >
©
Scale-up of newer technologies, e.g. decentral heating and ventilation > Full implementation between >
Supp'ort sgale-up (.)f rer{nova't |o’n (T ErE! Sl away oD (e 2Ly CEmAE! Roll-out of best practices to full European building stock
Starting with buildings ‘easier’ to renovate renovation approaches

Develop and implement EU and country specific Make sure approach supports both deep and

action plans for renovating the full building stock step-by-step renovation (with end-goal in mind)

Improving financing options and knowledge Actively disseminate and monitor action plans, make sure enough workforce is available, approach building owners focusing on
sharing non-technical factors

Actively support installing hybrid heating technologies

0
c
@)
E=]
Q
@©
>
(&)
o
ol

Create a suitable market environment for dual-energy heating technologies (e.g. hybrid heat pumps)

Drive up renovation market volume by promoting stronger commitment by member states to
(increasing) number and depth of renovations.
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h& TIMELINE TRANSPORT

2020 2025 2030

2050

O O O

EU-wide deployment of LNG infrastructure > EU-wide deployment of H2 refueling infrastructure

for trucks

EU-wide deployment of EV fast charging infrastructure >

LNG available in TEN-T ports and in major non-EU ports >

Hydrogen, LNG and electric infra along internal EU waterways

Pilot-programme battery electric ships >

Critical developments

Pilot-programme bio and synthetic > Global collaboration on e-fuel development and trade

kerosene production

Inclusion of shipping and aviation in ETS

Progressive CO2 emission standards for road transport

Increased policy support for switch to rail for persons and freight

Progressive bio-LNG blending obligation for road transport and shipping

0
c
©)
=
Q
@©
>
(&)
o
ol

Progressive bio or synthetic kerosene blending obligation for aviation

Ban on internal combustion
engines sales for light
vehicles
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“.' TIMELINE PIPELINE INFRASTRUCTURE

2020 2025 2030 2050

' O O O O—

425 TWh 525 TWh 575 TWh ‘
2100 TWh 400 TWh

0 n
(]
o c
i
2a
gc 20 TWh
o 3920 TWh 3395 TWh
T o
é = Increasing renewable methane inflow in pipelines
: =
E Decreasing total use of (natural) gas in pipelines
=
GC) £
o
o
el s
Ol 53
[5]
% @% . 150 TWh 1300 TWh 1710 TWh
S c . T . . .
q>) =3 r Increasing blue and green hydrogen supply in pipelines around industrial clusters and in Scale-up of hydrogen
sl - southern Europe supply
©
3]
=
=
O

Changes to the

“ gas grids

3 TWh 415 TWh 720 TWh 595 TWh

(bio)-LNG transported via Truck & Ships
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IF DEVELOPMENTS CATCH ON GLOBALLY, RENEWABLE AND LOW-CARBON GASES CAN PLAY
A ROLE AT LOWER COST

SCENARIO DESCRIPTION

The Global Climate Action Scenario describes how a 2030 and 2050 pathway develops if globally similar effort as in the Green Deal will happen leading to
technological and commercial breakthroughs. Global climate policy leads to accelerated technological development. As such, the developments in

the Global Climate Action scenario are technology driven and in addition to the Accelerated Decarbonisation scenario.

Gas supply in the Global Climate Action Gas demand in the Global Climate Action
KEY FINDINGS PRy . ' ' '
Scenario (TWh) Scenario (TWh)
If the main countries around the world indeed start to work towards 000 000
meeting the Paris Agreement goals, high shares of renewable energy will
play a major role all over the world, and so will electrification. 4500 4500

4000 4000

* Increased climate mitigation actions in other continents can be beneficial
for the speed, scale, and cost of renewable and low carbon gas 3500
developments in the EU’s energy transition.

3500

3000

* Technology costs will decrease faster on the demand side (e.g. hybrid 2500
heat pumps and hydrogen trucks) and the supply side (e.g. in biomethane
from gasification and imported green and blue hydrogen). This provides a 2000
major upside compared to the Accelerated Decarbonisation Pathway 1500
Scenario.

3000

2500
2000
1500

1000 1000

500 500

KEY ASSUMPTIONS
Worldwide efforts in line with the EU Green Deal 0 0

« Technologies are poised to decarbonised the energy system at higher 2020 2030 2040 2050 2020 2030 2040 2050
speed, with lower cost, and with higher renewable gas volumes compared ®Biomethane Power to Methane ® Green Hydrogen =Buidings (Methane) ®Buidings (Hydrogen) ~ ® Industry (ethane)

H H H = ndustry (Hydrogen) ® Other industry (Methane)  ® Other industry (Hydrogen)

to the Accelerated Decarbonlsatlon .Scenarlo . . ®Blue Hydrogen ~ ®Natural Gas Grey Hydrogen m Transport (Methane) m Transport (Hydrogen) ® Transport (LNG)

* Biomethane costs are the same as in the Accelerated Decarbonisation =Povier (Methane)
Scenario

» Hydrogen price: 35 €/ MWh in 2030

* Global carbon price in 2030: 55 €/tonne CO,

= Power (Hydrogen) ® Synfuels (Hydrogen)
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DAAN PETERS

Associate Director | Energy
+31 30 662 3710 Direct | +31 61186 9801 Mobile | daan.peters@guidehouse.com

Guidehouse.com

NAVIGANT

A Guidehouse Company



mailto:daan.peters@guidehouse.com

