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H2 APPLICATIONS & USE IN
VARIOUS SECTORS

Transport (Light & Heavy Duty Vehicles, Ships,
Trains...)

Industry (Hard to Abate Sectors)
Fuel Cells - Use in ICEs




From H2 Production towards an H2 Ecosystem
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Intensification of effort is neede

FIGURE 1 - THE SCALE OF EUROPE'S DECARBONISATION PROBLEM (MtCO,e)
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Source: 2016 National Inventory Submissions (Common Reporting Format) for EU, Norway and Switzerland.

urce: Poyry point of view, fully decarbonising europe’s energy system by 2050, May 2018




Power-to-Gas
From electric energy to gaseous fuels

Integration of
renewables
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Hydrogen is key for the unification of the energy sector

Enable the renewable energy system —— Decarbonize end uses

Enable large-scale Distribute
renewables energy across
integration and sectors and
power generation regions

Help decarbonize
building heat and

~Actas a buffer
to increase
system resilience

Serve as renewable
feedstock




Gas network / pipelines:
A basis for carbon independence processes in energy

North
Atlantic Ocean




Opening the market via a series of appropriate initiatives

A “coalition” needed for
40 GW Electrolysers!

——

Europe is among the world leaders in this tec




EU Regulatory Framework: Fit for 55

European climate law sets the reduction targets for net
greenhouse gase emissions

> Ultimate goal: climate-neutrality by 2050

> Intermediate goal: reduce net GHG emissions by at least 55% by 2030, compared
to 1990 levels

Fit for 55
> Proposals to revise and update EU legislation
> Framework for achieving the climate targets

—New cars and vans on the market as of 2035 should have zero-emissions. Creation of a
new, separate emissions trading system for road transport and building sectors

—Hydrogen filling stations on main roads at least every 200 km (end of 2030) — denser
network expected in urban areas




EU Regulatory Framework: AFID - Alternative Fuels Infrastructure Directive

> Adopted in 2014, on the development of alternative
fuels’ infrastructure in Europe for transport networks
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> Implementation of AFID at the federal level (poor
results)
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AFIR! (Regulation) proposed in July 2021

TEN-T-comprehensive network & TEN-T-core network until
2030:

> Hydrogen dispensers (700 bar): max. 150 km distance
in both driving directions

> Hydrogen dispensers for liquid hydrogen: max. 450 km , Z
distance in both driving directions  Source: IHK-Nord Transeuropaisches Verkehrsnetz

10n 19 October, the European Parliament adopted in plenary session its position on the Alternative Fuels Infrastructure regulation (AFIR) proposal




Hydrogen for transportation / car industr
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1 Medium to large cars?,
fleets and taxis
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Average mileage per day/trip

1 Battery-hydrogen hybrid to ensure sufficient power
2 Splitin A- and B-segment LDVs (small cars) and C+-segment LDVs (medium to large cars) Km
based on a 30% market share of A/B-segment cars and a 50% less energy demand

Source: Toyeta, Hyundai, Daimler




The FC-Vehicle market: Overview

Type Pass;“rger LD-Truck | HD-Truck Gi:zzlfe
Range [km] 400 - 650 Ca. 400 Ca. 400 Ca. 400 (- Ca. 500 Ca.6h
1200)
Pressure [bar] 700 350 700 ?Ifqolf 1380 350 / 700 350
Fuel capacity [kg] 4-6 35-40 4-5 > 35 10-20 1,5-2
Fueling time [min] 3-5 Ca. 10 3-5 Ca. 10 Ca. 10 <3

Fuel consumption

[kg/100km] Ca. 1 6-10 1-15 7-10 7-10 0,3 kg/h

source: 2020;



http://www.faun.com/
http://www.still.de/
http://www.auto-motor-und-sport.de/

Fuel Cell Vehicle Technologies

> Full electric drive, no hydrogen
combustion

fuel cell

<l
l

— \

recuperation
high-voltage
battery

> Additional low-capacity high
voltage battery for recuperation

> CGH, (350 bar / 700 bar) is
standard, future utilization of LH, is clectric

open motor
> Hydrogen pressure tanks type 3

(standard in mobility) and type 4
(lighter/newer) are the most used

> Tanking times from approx. 5 to 15
minutes




Fuel Cells

»Electrochemical Equipment operating similar to
Batteries
» Consume Hydrogen and Oxygen to produce:
=Electrical Energy
=Heat
=\Nater
»They are not RES, but a conversion equipment for
power which has been stored in the form of a fuel
(Hydrogen, Methane, Natural Gas, Methanol)
» Capital Cost between € 2,000 — € 5,000 / kW
» When the fuel is “green” hydrogen, the only
emission is water
»When hydrocarbons are used FCs emit CO, but in
significantly lower quantities compared to ICEs (ca.
1kg CO, per m3 H,)

trough it, but is not perme
electrons



Fuel cells may keep the value chain in Europe!

Ion Exchanger Fuel Cell Control Unit
Air Compressor

Air Filter

Hydrogen Recirculation
Loop

Fuel Cell DC/DC-
Converter

Exhaust Piping

Fuel Cell Stack in

Cast Enclosure Air Humidifer
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Fuel cells in vehicles

T

Reversed process of electrolysis. Here hydrogen
reacts with oxygen to produce electricity and wa

Electricity is then used to power an electric motor
FCEVs* are essentially electric vehicles

FCEVs and BEVs** are not always competing
technologies

FCEVs can be considered complementary to BEV



Fuel Cell Vehicles: Types of hydrogen tanks

Compressed hydrogen gas container assembly Type 3 tank

70 MPa Composite Foam Domes In Tank Regulator
Tanks (Handling Safety Feature) with Solenoid

www.emcel.com CC-BY-SA

www.smilla-dankert.de

Vent Line Pressure Sensors

Ports Stone
Shield

Vehicle Electrical Thermally |

Interface Connector | activated |
PRD \| Fill Line
/ Check Valve
Defueling Port Refueling Port I
(optional) Pressure Sensors ;
Vehicle Interface Bracket

Source: Quantum




WHAT IS A FUEL CELL VEHICLE (FCEV)?

An EV drive train that’s refuelled rather than recharged

+ Refuel in 3 mins POWER CONTROL UNIT

. Manages the fuel cell
2 Range >300 mlles stack and battery,

Storas energy from
deceleration.

MOTOR - "FUEL CELL STACK HYDROGEN TANK
Runs on electricity from the Generates electricity Stores nydrogen fuel under
fu=! stack and the battery. from hydrogen fuel, high pressura

FUEL CELL VEHICLES )
ENERGY STORAGE | CLEAN FUEL {0 Sty



TOYOTA MIRAI

First mass produced

MHAENIKEZ EKMOMIMEZ PYINON ZYNOANIKOZ XPONOZ FrEMIZMATOZ ANOZITAIH ANATEMIZMA




EARLY MARKETS- SPECIAL TRANSPORTATION
APPLICATIONS

Fuel cell powered forklift

* An early market for hydrogen vehicles is the

* Already entered the market by being used

* Value proposition of productivity gains

* In order for hydrogen to get traction in

forklift market

in warehouses, ports and industrial zones

different segments there are several
alternative routes



The case of Fuel Cell Buses

Advantages
© Approx. 400 km range and short refueling times

© Route planning as for diesel buses

< Flexible to use
£» No local emissions, low global emissions

CC-BY-SA

Disadvantages
@ Acquisition costs (as of today)
@ Establishment of own hydrogen infrastructure (start-up costs)

Consequence /possible solution
> Shared use of hydrogen refueling stations, also public



http://www.emcel.com/

The FC-Bus market: 20 years of proven technology
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http://www.emcel.com/

Buses: A flexible competitive clean solution

Europe is world leader

Achieved
* >5,000,000 km driven since projects started
* > 300,000 h of operation
* >159 tn of H, consumed only in 2016

Pre-commercialisation phase
25,000 h lifetime reached
Availability proven but with teething problems
650,000 €/bus offered
Average 9.86 kg/100km (very dependent on city)

Challenges
* Mature supply chain to ensure availability
* Continue reducing the price of the bus
* European fuel cell supplier

"
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The case of Fuel Cell Trucks

Advantages

¢ Approx. 600 km range and short refuelling times
€ Flexible use

€ No local emissions, low global emissions

Disadvantages

@ Acquisition costs (as of today) ‘

© Establishment of hydrogen infrastructure necessary (start-up costs)

Consequence / possible solution
> Shared use of hydrogen refueling stations, also public
> Hydrogen filling station in operator mode




Fuel Cell Vehicles: H, ICE

Advantages

o Approx. 450 km range and short refuelling times
9 Known engine technology

] Vehicle investment costs could be lower than FC

truck (short term)

Disadvantages

& Higher operating costs than fuel cell

@ Noise (possibly louder than trucks with electric drive)

& Possible NO, emissions (however lower than diesel
engines)

Consequence / possible solution
> Adaptation inworkshop necessary
> Vehicles still in development / testing phase




Hydrogen Trains

World premiere: Alstom’s hydrogen trains
enter passenger service in Lower Saxony

"This is a revolution for
for the #FutureOfMobility.

The world’s first #hydrogzen 0
train is entering passenger ser

ready for serial production” em
Henri Poupart-Lafarge, Chairma
of Alstom

16 September 2018



https://twitter.com/Alstom
https://twitter.com/hashtag/FutureOfMobility?src=hash
https://twitter.com/hashtag/hydrogen?src=hash
https://twitter.com/hashtag/fuelcell?src=hash

Switzerland: 1000 hydrogen trucks ordered for
the 5 coming years



Hydrogen vehicles available in the market

Renault HyKangoo: 300 km range, plug-in-battery
with 5 kW range extender, ca. 200 pcs

Toyota Mirai: 650 km range, market introduction
in Japan in 2015, > 4,000 pcs by now

| H;unnn| .
Sz — | BN

Mercedes : starting 2019, fuel cell wi
battery, 500 km range (50 km by battery)

pLug-1n-




Hydrogen buses / trains

FC bus hotspot at RVK Cologne

= Today: 16 FC buses in Germany in operation,
80 in Europe

= Additional 140 FC via EU project JIVE and
150 via JIVE 2 by 2020/21

= “JIVE hotspot” NRW: Cologne (45) and
Wuppertal (20)

Source: RVK

Prototype of Alstom FC train

11 B
RG]
(R

About 100 FC trains in Germany by 2021
on non-electrified railway tracks

CO, mitigation: 40 %
(H2 from natural gas compared with diesel)

Suppliers from NRW

Application of FC trains in NRW under
preparation
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INDUSTRY KEY APPLICATIONS
SECTOR

H2 Demand By Sector

«  Ammonia

CHEMICAL * Polymers

* Resins

* Hydrocracking
REFINING « Hydrotreating

* Annealing
IRON & STEEL » Blanketing gas
* Forming gas

* Semiconductor

* Propellant fuel
GENERAL * Glass production
INDUSTRY Hydrogenation of fats

* Cooling of generators

m Chemical
M Refining/Iron & Steel
M General Industry




Green Steel - role of EU

The EU evolved starting with coal and steel

European Coal and . ,,Green Steel“ redefines
Steel Community Treaty of Rome Treaty of Maastricht Europe's global role

20207
1992




