Hydrogen Technologies — from the Lab to the Market
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[1] IEA PV trends 2016
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& Should the current trend
1000 - continue, the installed peak PV

power will equate the global

100 power consumption of today

(incl. oil, gas, coal) in less than 10
years.

Installed PV Power [GW]
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This creates a huge opportunity
for energy storage technologies.
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STOCKAGE

Energy storage in

ENERGIE .
hydrogen is a three-
step process:

ELECTROLYSE 1. Electrolysis

2. Storage
3. Combustion

ENERGIE

COMBUSTION
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Metal Hydrides: Concept
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Factor 16.6 in Distance = Factor 2300 in Volume
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Ph. Mauron, M. Bielmann, A. Zittel EMPA, Switzerland
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Business Strategy: Seize Potential where it is

Technologies

Commoditized
supply chain/ +
great economic
significance

2027

Small industrial
supply chain /
limited economic
significance

2022

Few industrial
suppliers /
Strategic
economic
interest

2017

Entrepreneurial

No industrial Potential

suppliers /
no economic
justification

Supply Chain / Market Readiness

|
Research
laboratories

| »

|
Specialized Industrial Commoditized
applications applications energy storages

Application
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Business Strategy

Technologies

Commercial Storage Unit

Pilot Projects

Laboratory Products

2017 2018 2019 2020 2021 2022
| |
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Business success: AGAS Mano & HyCo

(AGAS Mano

* Advanced Gas sorption Analysis System
* Integrated data analysis system

e First sales: December 2017

e |[P: FTO and Patent for sample holder
\_

J
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Metal hydrides hydrogen compressor for the
safe use of pure (6,0) hydrogen in the
laboratory

Safe & Fast
First sales: January 2018
IP: FTO and Patent on operating principles
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Pilot Project: Dix Hut

Technologies

Monte Rosa hut,

First fully autonomous mountain hut
Altitude: 2928 m

Storage capacity H,: 3 MWh
Realization: August 2019
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Small-Scale Demonstrator Sion
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e Full Solar to Synthetic

Hydrocarbons conversion
displayed in a single
installation

Many components

developed in-house gives a
high flexibility and

modularity of the
installation

Intermediate size allowing
testing of new materials
and components under real
conditions at moderate
costs
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Hydrogen Storage in Hydrides
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FC HyMove FC canal boat, MH storage FC vehicle MH storage
2.5 kg H,, 1.0 mass% 0.5 kg H,, 1.2 mass%
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IC snow truck, MH storage
5 kg H,, 1.0 mass%

SELF: Autonomous Living Unit
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Metal Hydrides vs. Complex Hydrides
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Van’t Hoff Plots
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Case Study: Autonomous House o i
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Conventional H,
Highly reduced Storage:

volume (factor e Unsafe: placement

25)0 - = ’ : outside house
* 100% safe inside e Large volume

building increases cost

http://www.umweltarena.ch/uber-uns/energieautarkes-mfh-brutten/
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Case Study: Tesla Model S L L
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Tesla Model S 85 MH Storage TODAY (as built) MH Storage FUTURE
Battery Pack: 85 kWh, 540 kg e 2.05kgH,, 81 kWh, 255 kg e Design optimization: 20%
Density: 0.16 kWh / kg Density: 0.32 kWh / kg weight reduction, 50% volume
Estimated volume: 570 L Volume: 206 L reduction (within 12 Months)
Estimated price: USD 20-25k COGS (Prototyping): < USD 20k New materials: 50-80% weight
No optimization carried out yet reduction (until 2022)

https.//en.wikipedia.org/wiki/Tesla_Model S
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