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Europe’s decarbonised vision & reality \QJ Eirope

EU CLIMATE AND ENERGY FRAMEWORK

“l want to reform and
reorganise Europe’s energy
policy in a new European
Energy Union.”

30-95% CO2 REDUCTI
0% AIR POLLUTION

2050

0% CO2 REDUCTION
7% REN. ENERGY SOURC
% ENERGY EFFICIENCY

% CO2 REDUCTION
% REN. ENERGY SOUR!
% ENERGY EFFICIENC

Sources: European Commission
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FIGURE 1 - THE SCALE OF EUROPE’'S DECARBONISATION PROBLEM (MtCO,e)
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Sources: Poyry point of view, fully decarbonising europe’s energy system by 2050, May 2018
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The solution for decarbonisation g Europe

Enable the renewable energy system

Enable large-scale
renewables
integration and
power generation
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Hydrogen Production >> Green & Blue GE‘E{S;,‘;&G"

Green H2:
electricity and
electrolyser

Blue H2: natural
gas, SMR, CCS

=

Hydrogen
facility

Electrolyser
facility

H, storage

N N,

e
>
-
>

Hydrogen

power plant Energy storage

—— Hydrogen — Electricity = U5 — Natural gas

Source: Equinor, 2018



Sectoral Integration = System Efficiency G oropg
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EU Politics

r\ Hydrogen

w Europe

fi Hydrogen
W Europe

gl STRATEGIC PLAN
2020-2030

sy 3318

HYDROGEN
ROADMAP
EURQPE

ASUSTAINABLE PATHWAY FOR THE
EUROPEAN ENERGY TRANSITION

The Hydrogen
Initiative

The Hydrogen Initiative



Hydrogen Roadmap for Europe @ Hydrogen

BESIDES CO, ABATEMENT, DEPLOYMENT OF THE HYDROGEN ROADMAP ALSO CUTS LOCAL
EMISSIONS, CREATES NEW MARKETS AND SECURES SUSTAINABLE EMPLOYMENT IN EUROPE

2050 hydrogen vision

AN 5 @ O 0O
&

~24% ~060 Mt  ~EUR 820bn ~19% ~9.4m

of final energy annual CO, annual revenue reduction of local jobs (hydrogen,
demand’ abatement? (hydrogen and emissions [NO,] equipment, supplier
equipment] relative to road transport industries)?
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Hydrogen Roadmap for Europe g Europe

HYDROGEN COULD PROVIDE UP TO 24% OF TOTAL ENERGY DEMAND, ORUP TO
~2,250 TWH OF ENERGY IN THE EU BY 2050

T 14,100 11,500 9,300

Final energy

demand 2% 4% 6% 8%

Thereof H, Power genera-

tion, buffering

d Ty Transportation

Industry energy

481 33
s == =

2 » New feedstock

427 427 397
Business As Ambitious Business As Ambitious Existing
Usual Usual feedstock

2015 2030 2050 *



Hydrogen Roadmap for Europe Q Hydrogen

HYDROGEN TECHNOLOGY EXISTS AND IS READY TO BE DEPLOYED

A Ambitious scenario  /\ Business as usual scenario  Start of commercialization : A Mass market acceptability!
Today 2020 25 30 35 40 2045
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Hydrogen Roadmap for Europe: Transport

ﬂ Hydrogen

w Europe

FCEVs as most efficient decarbonisation level for long-distances and heavy payloads

Bubble color representing FCEV or synfuel application of H,

Weight,
tons

1,000

100

10

Ships' %

Airplanes

Trams and
railways
Heavy-duty p—
trucks "E'
Vans/LCVs,
small trucks

. Q Buses and
—

coaches

Medium/
large cars

| I / / I

300+ 600+ 5,000+

Daily range, km

1 H,-based fuels or fuel cells

Most attractive for

( ] ) Bubble size roughly representing the annual energy consumption of this vehicle type in 2050

BEV FCEV
Airplanes/frgight ships — s.ynfl..nels baised on H, n/a
as only feasible decarbonization option
Passenger ships ””..
Medium and heavy truck segments,
by attractiveness for FCEV vs. BEV
Long-haul freight (coast to coast) ””-u
Mining Hu
International road masters ””_.
Regional distributor (high payload) [ Hu
Regional distributor (low payload) |—”H|
Local drop and drive H”
Medium and large car segments,
by attractiveness for FCEV vs. BEV
Off-road, utility and military vehicles HH-.
Taxis, limousine services Hu
Service fleets Hu
suvs I
D segments for private use Hm
A-C segment for private use IHH



FCEV share in respective TN Hydrogen
Hydrogen Roadmap segment Qg Europe
2030 2050
CARS ARE MANUFACTURED IN THE IFICANT
PENETRATIONS IN COMMERCIAL FLE e in respectivd
2% 22%

0% 14%

2020 25 30 35 - - S -
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Hydrogen Roadmap for Europe g Europe

—h EXAMPLE FOR TRUCKS: HYDROGEN FUEL CELL POWERTRAINS ARE A TECHNICALLY ADVANCED
ZERO EMISSION TECHNOLOGY AND COST COMPETITIVE FOR HEAVY TRANSPORT

-

FUEL CELLS
FOR HEAVY
TRANSPORT

Powertrain system cost, ‘000 EUR

FCEV powertrains for trucks 40
. BEV truck
are cost competitive 30 ~100 km
with BEV from 100 km range 20 A\ 4 _ FCEVtruck
10 :
0 l—— |

0 50 100 150 200 250 300 350 400

Energy capacity converted to range, km
Hydrogen refueling is 15 times faster than fast charging

After 10 minutes refueling/recharging time

90% vs. 10% of ~1000 km range

LT

FCEV truck BEV truck

Recharging infrastructure ...

requires creates

10-15x and  flexible

less space instead of peak load



Hydrogen Roadmap for Europe: Transport @ Crager

A HRS is able to refuel ~15 times more vehicles than a fast charging station, leading
to significantly less space requirements and offsetting the higher installation costs of a HRS

Refueling speed Investment costs per refueling
Km/15 minutes of refueling Space requirements EUR/refueling
~8 MW powerline required for
~1875 60 fast chargers to cover peak T
; load from chargers while I
hydrogen can use flexible, {*-
renewable energy. @
i A o S 1
- il s ~3.6
& [—
Petrol HRS  Fast 0e # Petrol Hydrogen Fast
Charger dispensers rep|aces refu-eling Charger
/¥ 60 fast charger station
Hydrogen refueling is 15x stations Hydrogen refueling is half as

faster than fast charging capital-intensive as fast charging
15



Hydrogen Roadmap for Europe: Transport @ Crager

THE EQUIVALENT OF ~3,740 REFUELING STATIONS WOULD BE REQUIRED BY 2030,
IMPLYING INVESTMENT NEEDS OF EUR ~8.2 BN

Required large HRS', number Current and planned HRS in Europe
- . f HRS in operation? . Number of HRS announced and/or planned
XX Cumulative investment need, EUR billions |AMBIT|OUS SCENARIO until 2025
8.9 8.2 17.0 21S £

~15,000 (5] e

~8,500 -
In total, >750
: R stations announced/
i planned for 2025
~3,700 =
~1,500
120 L]
Today 2025 30 35 2040 ek

o 16



Hydrogen Roadmap for Europe: Transport (:, Crager

EU powertrain industry as important driver of economic growth and employment rates

Employees in the EU automotive supplier industry
Number

In BEVSs, 30% of value creation lies in the

1 000 000 _ battery — an industry that is heavily dominated by
. . jobs 5 Korean, Japanese and Chinese companies and

(in-) directly related to requires very low labor force

powertrain development,

manufacturing or sales Development of fuel cells and powertrains

requires advanced engineering expertise, which is

an ideal fit to European industry structure with

many mid-sized suppliers and skill set in system

development and integration

5.000.000 people employed in

EU automotive supplier business

17
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Shift happens!
Hydrogen enable

you.

Contacts Didier Stevens

Hydrogen Europe Member of the Board

Avenue de la Toison d’Or 56-60 E-mail: secretariat@hydrogeneurope.eu
1060 Brussels Tel.: 0032 2 540 87 75

Belgium www.hydrogeneurope.eu 19
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