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Quo vadis Europe and Australia

APGA
Potential of renewables — fact sheet solar @ c EPRG

* 60% of emitted sun energy or 1.08x1014 kW/s reaches the surface of the earth
* Even if only 0.1% of this energy could be converted at an efficiency of only 10% it
would be four times the world’s total generating capacity of about 3 000 GW

PHOTOVOLTAIC POWER POTENTIAL @) womosankerow  CESMAP - EXEEED)
e Total annual solar radiation falling on the T T

earth is >7 500 times the world’s total annual - \

primary energy consumption of 450 EJ a8
e Solar radiation reaching the earth’s surface in

1 year (~3 400 000 EJ) is an order of

magnitude greater than all the estimated non-
renewab|e energy resou rces byt Long-term average of photovolaic power potential (PYOUT)
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visit http://globalsolaratlas.info

https://www.worldenergy.org/assets/images/imported/2013/10/WER_2013_8 Solar_revised.pdf
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APGA
The role of hydrogen in the energy transition CCC’/ CEPRG

* Renewables share of energy supply growing, and targets suggest further rapid growth

* However, we cannot electrify everything — we need low carbon molecules

Natural and renewable gas is critical for hard or expensive-to-electrify energy uses,
incl. industrial heat, feedstock, peaking power generation, and heating

Cannot efficiently move electrons over long distances (or store in large volumes)
Building out electricity transmission grid in a timely matter has challenges
Existing gas infrastructure could be repurposed to accommodate renewable gases

An integrated clean energy system, combining both electric and low carbon gas
networks --> least-cost approach to net zero emissions i




Hydrogen demand @pGA GE\P RG

Demand for low-carbon hydrogen grows as the world
transitions to a low-carbon energy system

Hydrogen demand by sector Demand for hydrogen-based fuels
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https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2022.pdf
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APGA
Australian and European project landscape @ CEPRG
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https://h2-project-visualisation-platform.entsog.eu/ https://research.csiro.au/hyresource/projects/
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@pGA

Hydrogen supply: options and cost
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Figure 2 Hydrogen delivery costs for a simple (point to point) transport route, for Figure 1 Hydrogen delivery costs for case A. Hi and Lo electricity prices for each
1 Mt H: and low electricity cost scenario. carrier. Except for pipelines, all the transport options consist entirely of shipping.

https://joint-research-centre.ec.europa.eu/system/files/2021-06/jrc124206_assessment_of_hydrogen_delivery_options.pdf
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APGA
Hydrogen supply: future hydrogen networks CCC’/ c EPRG

b

Investment in back bone ~ 80— 143 bn EUR
Investment in H2 production value chain 300 — 600 bn EUR over 10 years.
Gasunie (NLD) will invest 5 bn EUR in the next 10 years

Recent pipeline announcements include:

* Norway to Germany

* Netherlands to Germany
* Spain to France

* North Africa to ltaly

ehb.eu}‘pagé/eu ropean-hydrogen-BackBeRe-iaps



@ €Eprc

“Australian governments will not support the blending of hydrogen in existing gas
transmission networks until such time as further evidence emerges that hydrogen

embrittlement issues can be safely addressed...

...Industry and researchers will continue to complete relevant research through
initiatives such as the Future Fuels Cooperative Research Centre.”

Transitioning safely

Australian National Hydrogen Strategy — Nov 2019
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Organisational level — Emerging Fuels MoU (@pGA < EPRG
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The basis for success
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APGA
A long history of collaboration @ c EPRG

Tri-partite agreement between APGA, EPRG and PRCI

Bi-annual Joint Technical Meetings (since early 1980’s)

International technical working groups

Joint research programs (e.g. CO2 pipelines)

CO2 Fracture Propagation Test — EPCRC 2017
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APGA |
Current Research Projects — A snapshot CCC/ C EPRG

Main topics discussed at Emerging Fuels Symposium — Orlando - June 2023
* Hydrogen material testing

* Fracture toughness, fatigue
* Full scale (fatigue) testing

* Weld hardness requirements / Hot tap welding .

. . - Emerging Fuels
* End-user equipment testing Symposium
* Capacity modelling for H2 -

* Underground H2 storage

* Biomethane impurities

* (CO2 pipeline research roadmap
c ... and much more!
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Building hydrogen testing capabilities
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APGA
Providing industry guidance @ CEPRG

Hydrogen Pipeline Systems

This document is based on knowledge and information available at the time
‘contains sound engineering practice. The use of the guidance herein is solely
users. EFRG does not accept liability for losses or damage arising from the

&2

A Code of Practice for the Australian Pipeline Industry

Future Fuels Cooperative Research Centre
Document Number: 3.2-10, Revision H

Confidential: not to be distributed without the consent of the Future Fuels Cooperative
Research Centre

EPRG Hydrogen Pipelines
Integrity Management and
Repurposing Guideline

White Paper
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Conclusions and outlook @pGA (E\P RG

* Australia and Europe have an enormous decarbonisation challenge ahead, requiring
a significant renewable energy build out

* Low carbon gas plays in important role in the energy transition

* Momentum building for the transportation and storage of future fuels such as
hydrogen and CO?2

* Research is critical to support the safe development, construction and operations of
greenfield or reused hydrogen pipelines

* Solid research needs to underpin guidance material and standards to ensure safe
and efficient industry practices

* |nternational research collaboration is more important than ever to keep up with
the pace of change in the energy system
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@pGA

Energy storage
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Quo vadis Europe APGA
The colours of hydrogen CC/ c PRG

16 October 2023

Green

Hydrogen

Production of green hydrogen is COz-free. The electricity for the
electrolysis of water comes from renewable energies.

This means that no harmful greenhouse gases are released.
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Turquoise
Hydrogen

Turquoise hydrogen is produced by the thermal splitting of methane
pyrolysis). Solid carbon results as a by-product. The prerequisites for
e process’s COz-neutrality are heat from a high-temperature reactor
j renewable energy sources and a permanent bonding of the carbon.

During natural gas and methane exploration and transport,
methane [known as gel

Grey

Hydrogen

Grey hydrogen is produced using fossil energy sources such as
natural gas, which is converted into hydrogen and COz at high
temperatures (steam reforming]. In the process, the C0z is relea:
into the atmosphere, increasing the greenhouse gas effect.

n Grey hydrogen is therefore not COz-neutral.
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Blue
Hydrogen

Blue hydrogen, like grey hydrogen, is produced from hydrocarbons
lespecially natural gas]. However, the CO: is captured and stored
underground (known as carbon capture and storage, CCS).

For blue hydrogen, no additional C0z is released into the atmosphi
Methane escapes during natural gas and methane exploration an¢
transport [known as methane leakage].




Quo vadis Eutop'e GPGA
Mobility and e-fuels

Audi A3 Sportback g-tron Audi

06/13

Windenergie
Ausgangspunkt fiir das Audi e-gas project
ist regenerativ erzeugter Strom.
A Stromnetz
‘,-‘ Die Windenergie wird in das
",-' affentliche Stromnetz eingespeist.
3 -
'
PLid [
o ir
o o Gasnetz
2* _,,v' Das e-gas wird im &ffentlichen Casnetz gespeichert
3 und kann so auch Haushalte und Industrie mit

Energie aus erneuerbaren Quellen versorgen.

Elektrolyse
Die mit Windstrom betriebene
Elektrolyse-Anlage spaltet Wasser
in Sauerstoff und Wasserstoff.

Methanisierung
Der Wasserstoff reagiert in einer

Methanisierungsanlage mit Kohlendioxid.
Ergebnis: e-gas (kiinstliches Erdgas).

CNG-Tankstelle

Nar ctainands Antail an a-nac fardart

E-fuels: CNG
https://www.audi-technology-portal.de
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Quo vadis Europe

European funded project landscape
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Project name Project promoters
-
Retrofitting/repurposing existing infrastructure 86 2G's CHP fleet 2G Energy AG
retrofit
Integrated H2 project (production, transport, u... _ 84

H2 at end-user level 72

Aberdeen Vision SGN /NG / PBDE /

Funded project landscape

https://h2-project-visualisation-platform.entsog.eu
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Country

Germany

United
Kingdom

Timeline

NA-NA

NA-NA

Project maturity

Project

Project

Scope & goal A

Existing natural gas CHP plants can be easily retrofitted
for the operation with hydrogen by moderate costs; by
this means millions of tons of CO2 can be saved each
year

The focus for the Aberdeen Vision project is the
transport and use of hydrogen produced from reformed
natural gas from StFergus in North East Scotland. Outline

22
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Quo vadis Europe APGA 0
Industrial applications CC’ ?E\P RG

Techno-6konomische Betrachtung zu CO -freie Produktions-
prozessen am Beispiel Stahlindustrie

CO,-Vermeidungspotenzial [%]

PEM- Hochtemperatur-
Elektrolyse Elektrolyse

B CO,-Vermeidungspotenzial EEl CO,-Vermeidungskosten
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