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Hur ser gas- och infrastrukturbolagen pa vatgasens mojligheter?
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Examples - Hydrogen in Linde Q2/Q3 2020
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Technology and innovation in our business model:
our role across the value chain.

Producing gases Supplying gases Applying gases

- e

Driving efficiency and reliability Supporting safe, reliable and economic Creating value from gas applications

of plant operations distribution of products and services for customer processes
Including H2 Including H2
¢ On-site ¢ Combustion (H2-02)

 Cylinders/bundles/tube trailers Reduction

* Liquid * Equipment




Linde’s competence profile in Hydrogen.
Strong technology and operational competence along full value chain.
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Hydrogen in Scandinavia (Examples)

Erna Solberg varsler storsatsing pa
hydrogen

Vil ha nullutslippssone for ferjer i Norden.

Marine Sector

Heavy Transport — Hydrogen fuel-cell trucks

Process Industry

*  Together with Ovako, leading manufacturer of engineering steel, Linde has conducted a full-scale test to heat steel with hydrogen
before rolling. The test was performed with good results in one of Ovako's pit ovens at the Hofors rolling mill in Sweden.

*  Heating with hydrogen did not affect the quality of the steel, which means good conditions for introducing heating of full-scale
rolling mill furnaces. This would drastically reduce the carbon footprint of the steel industry.




Industrial Gas Use in the Steel Making Process

Scrap

Addition of energy (02)

Cutting scrap to smaller Bottom stirring (Ar,N2)
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Trials made in Linde pilot hall October 2019 heating with H2/02.
Good results resulted in full scale demo March 2020

Scope:

Steel samples from 4 different customers were heated with H,-O, and LPG-O, (as reference) in
furnace #2 at the Alvsjo Lab.

”Probably the First Fossil free
Heating In the world”

99% H,O0 in furnace atmosphere

No quality issues for any steel grades




Ovako Hofors production route

Already in use:
* CO2 free electricity ‘
« Scrap based : e A
* Hot charging of billets

e Oxyfuel in high temperature furnaces
e Electric heating in T<1000 oC

Next potential step:

* Avoiding CO2 from heating by using
H2-02 combustion
(avoids 50% of todays CO2 emission)

Oxygene
Scarfing

Billet Rolling, Stan Heavy Bar to Hallefors Billets for Tube
Billet Rolling, Stand 2 and Ring Production

Teeming

Billet Grinding
Inspection




H, supplied from e-lyser operating with CO2 free electricity by Swap bodies,
pressure regulator and tie in to LPG flow train

A Member of
The Linde Graup

Ola Ritzén 11/5/2020




Oxy-H, firing

~Zerztte

In pit before charging In Lab, flame less mode
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Charging (6*4,2 ton ingots/cell) ball bearing steel 100Cr6 (Ovako 803))

Ola Ritzén




Discharging and rolling first fossile free heated ingot in the world

11/5/2020 Footer




Taking test samples and cooling bed OVAKO /

All quality tests ok and normal, possible to use H2 in reheating! g. 2 /

11/5/2020 Footer
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