Large scale PEM electrolysis:
technology status and upscaling strategies

Denis THOMAS, Hydrogenics
8 October 2019, Brussels (BE)

N ] The HyBalance project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant agreement No 671384. The Joint Undertaking
3 Fu'l j’ - LUDP receives support from the European Union’s Horizon 2020 research and innovation program. www.fch.europa.eu. The HyBalance project has furthermore B a l a n Ce
U
Wy O

recelved funding from the Danish EUDP program, which is administered by the EUDP Board.

Energeanclogsk Ldwting og Gsmonsteston




HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

Hydrogenics in a nutshell
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Hydrogenics, a daughter company HYDROGENICS
of Cummins and Air Liquide

Cummins takes over fuel cell maker Hydrogenics
R iU | GADA | COMMINS | FUCELL HYDROGEN | WYDROGENICS CORPORATION | U5 @ aAirLiquide
o ® |
The US engine manufacturer Curmnmins has taken over the Canadian fuel cell

manufacturer Hydrogenics Corporation. However, Air Liguide will remain on
board as an investor in Hydrogenics.

Cummins announced that the company will acquire all shares of the Canadian 80% 20%
fuel cell and hyvdrogen technology developer and manufacturer, with the

exception of the shares Air Liquide acquired in Hydrogenics earlier this vear.

Cumrnins will pay $15 per share, equivalent to $290 million in shareholder value.

Further details on the deal and its impact on both companies will be announced by Cummins CEC Tom Linebarger later this Jo|nt Ve ntu re
year: “Upon closing, we will share more details about the acquisition and our strategy to offer a broad portfolio of power
solutions to meet our customers’ needs.” According to the announcement, Cummins expects the transaction to close in the Atlantis AcquisitionCo Canada Corporation

third quarter of 2019.

The US manufacturer Cummins was previously known for its diesel engines, but over the last two years has already made a

number of significant and decisive acquisitions in the field of electrically powered vehicles. After presenting the prototype of an |

electric truck in 2017, Cummins acquired the former electric motorcycle manufacturer and current battery specialist Brammo, 100%
followed in February 2018 by the acquisition of Jjohnson Matthey's UK division specialising in electric and hybrid vehicles. Just a }

few months later in July of 2018, Cummins also acquired ient Drivetrains, as well as joining the Hydrogen Council. Now,

with the acquisition of Hydrogenics, the US firm is setting itself up for rapidly growing markets in zero-emission technologies. HYD R 0 G (F
s
SNICS
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Sourcehttps://www.electrive.com/2019/07/01/cummingakesover-fuel-cellmakerhydrogenics/
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Tipping point for the hydrogen industry

From niche Tomainstream

Firstproducts and demo projects
kW market
Workshop mode
Immature supply chain
Only smallndustrialmarket is commercial
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Upscaling

Productevolution (alkaline, PEM) Productstandardization
MW market GW market
Project manufacturing Product manufacturing

Supply chain development ' Optimized and competitive supply chain
1stcommercial energy applications Full commercial marketeployment
KeLlSaaz2Ke y2d 7 eRNBISyazS +Htgleda 0StASOSR

Nations Unies
Conférence sur les Changements Climatiques 2015

ere
\We're W O

20202025

¢
2015 A

' The HyBalance project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant agreement No 671384. The Joint Undertaking
3 FcH A -‘ £ = P receives support from the European Union’s Horizon 2020 research and innovation program. www.fch.europa.eu. The HyBalance project has furthermore
'34," .“f e iaea vy carsow recelved funding from the Danish EUDP program, which is administered by the EUDP Board.
' og ovrereiraucn




HYDROGE)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

PEM water electrolysis- Key milestones

Test large stack Field test 1.5 MW electrolyser 2.5/3 MW cell stack

Small scale PEM 1,5 MW cell stack Dual cell stack design Multi MW design
electrolyser
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HyBalance project: top view

Electrolyser
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HyBalance project: PEM electrolyzer design
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