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Energy Crisis?

World Population: 1250-2050

Source: U.S. Census Bureau, International Data Base, August 2006 version.
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THE HUBBERT CURVE
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Global demand grows by more than half over the next quarter of a
century, with coal demand increasing most in absolute terms
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Environmental Crisis ..... before!

Global Fossil Carbon Emissions

1800 1850

temperature will increase nearly in
progression.

“On the Influence of Carbonic Acid in the Air
of the Ground”, Philosophical Magazine

Svante Arrhenius still valid in the simplified expression
(1859-1927)
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Environmental Crisis

The debate on global warming is over.
ntergovernmental Panel on Climate Change, 4th Assessment Report (IPCC - AR4),

Present levels of carbon dioxide-nearing 400 ppm in the earth's
are higher than they have been at any time in the past 650,000
could easily surpass 500 ppm by the year 2050 without radical int

Recorded in ice cores from Vostok, Ant
Understanding and responding to climate
MARCH 2006 NATIONAL ACADEMY OF S
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Measurements at meteorological stations
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Understanding and responding to climate change
MARCH 2006 NATIONAL ACADEMY OF SCIENCES




Global Surface Temper

80—-1920 Mean

ature Relative to 18
1 I

Temperature Anomaly (°C)

i
o o

e

-2

1880

(SR N

——— 12—month Running Mean
e | 32—month Running Mean
= January—December Mean
Best Linear Fit (1970-2019)
(0.18°C/decade)

I
Super
El Ninos

| | |
1900 1920 1940

|
1960

|
1980

|
2000




Daily temperature anomalies

Global daily average temperature anomalies relative to a preindustrial baseline, C
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Atmospheric CO; at Mauna Loa Observatory
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Sea Surface Temperature

ERSST V5 SST Anomaly (°C) [1971-2000 baseline] ClimateReanalyzer
Ann 1854 Climate Change Institute | University of Maine

ERSST V5 SST Anomaly (°C) [1971-2000 baseline] ClimateReanalyzer

Ann 2022 Climate Change Institute | University of Maine

https://climatereanalyzer.org/clim/sst_monthly/




Daily / annual sea surface temperature variation

Temperature (°C)

Data Source: NOAA OISST V2.1 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine

https://climatereanalyzer.org

/clim/sst_daily/
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Hydrogen as Energy Carri




R SPECIAL REPORT

) TOP 10
EMERGING
TECHNOLOGIES

a collaboration between Scientific American and OF2017

s the World Economic Forum SeiitfeAnericanand
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1. Water Made by the Sun - Technologies that pull moisture from the air are now solar-powered
2. Fuel from an Artificial Leaf - Technology that mimics photosynthesis converts carbon dioxide
to fuels in a sustainable way

TOP 10 EMERGING TECHNOLOGIES OF 2017

3. Al that sees like humans - A deep-learning tool for visual tasks is changing medicine, security
and more

4. Precision Farming - Sensors, imaging and real-time data analytics improve farm outputs and
reduce waste

Mapping Every Cell - A global project aims to understand how all human cell types function
Liquid Biopsies — Ultrasensitive blood tests promise to improve cancer diagnosis and care

Hydrogen Cars for the Masses - Reducing precious metals makes fuel-cell catalysts affordable

® N o w

Genomic Vaccines - Vaccines composed of DNA or RNA could enable rapid development of
preventives for infectious diseases

9. Sustainable Communities — Instead of “Greening” individual houses, entire blocks of homes
are retrofit into a single efficient unit

10. Quantum Computing - New algorithms and Techniques open the door to innovative
applications
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» Age of coal.
+ CCCCCCC
» Age of oil.
 CHCHCHCH
» Age of gas.
- CH4

» Age of hydrogen ?

AS WE MOVE TO A 100% RENEWABLE ENERGY LANDSCAPE, A KEY CHALLE
IS TO DECOUPLE SUPPLY FROM DEMAND IN RENEWABLE ENERGY IN OR
TO ACHIEVE ENERGY BALANCE.

THIS BECOMES IMPOSSIBLE TO MANAGE WITHOUT SIGNIFICANT STORAG
CAPACITY.
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H, + 1/20, > H,O + energy

y far the most abundant element in the universe (75%). However, ¢
not found practically free (but in compounds like water, hydrocarbo
v'The highest energy content per unit mass compared to any other knc

(120.7 kJ/g, almost three times larger than gasoline).

v'Clean combustion, produces water and electricity / heat
v'Safety compared to gasoline, diesel or natural gas.
v'Decentralized energy production systems (can be produced in

anywhere).
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The Hydrogen Cycle

Transport
Storage

Dissociation
of water

Photovoltaics
&
Hydropower

Combustion

ENERGY

auron, A. Ziittel, "The Challenge of Hydrogen Storage”, STORHY - Train In, 25th - 29th September 2006, T



EU Policies




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




Decarbonisation - EU level

EU CLIMATE AND ENERGY FRAMEWORK

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

0-95% CO2 REDU
)%AIR POLLUTIOI

I 2050

% CO2 REDUCTION
%REN. ENERGY SOU
% ENERGY EFFICIENC

% CO2 REDUCTION
% REN. ENERGY SOUI
%ENERGY EFFICI 2030

urce: European Commission




GLOBAL CO2 EMISSIONS BY SECT

Key targets for 2030 in the E.U.:

At least 40% cuts in greenhouse
gas emissions (from 1990 levels)

At least 32% share for renewable
energy

At least 32.5% improvement
in energy efficiency

E.U. targets for Transportation
Sector

* 30% decrease of CO2
emissions by 2030

* 60% decrease of CO2
emissions by 2050

MT CO2
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“Water will be the coal of the future” - Cyrus Harding, 1874 - hero
novel
«The Mysterious Island»

150 years later, hydrogen economy is about to become a reality...

“... In developing a
clean hydrogen value
will become a global fre

retain its leadership in

A Hydrogen Strategy
for a climate neutral Europe
#EUGreenDeal

8 July 2020

that 30% of the €750 billion

“l want Next Generation EU to create new European #NextGenerationEU budget will

hydrogen valleys, to modernise our industries, to power be raised through green bonds.
our vehicles, and to bring new life to our rural areas” And 37% funding will be invested

in European Green Deal
objectives, including ‘lighthouse’
European projects — hydrogen,
green building and 1 million
electric charging points.

23




EU Position on Hydrogen

The path towards a European hydrogen eco-system step by step :
/ ETH
PRONEY: Ha %%fﬁ}gL lﬁl%l%
- 0.0, ——
Y T Rk
How can hydrogen be promoted in Europe?
( Today - 2024 )—»—( 2025 - 2030 )—»—( 20:

sustainable industrial value chain.

lﬁq’ + The production of clean hydrogen needs to be increased by creating a

From now to 2024, we will From 2025 to 2030, From 203(

suppoart the installation of hydrogen needs to become renev 0 + We should boost the demand for clean hydrogen coming from industrial
at least 6GW of renewable an intrinsic part of our hydrogei E@ applications and mobility technolgies.

hydrogen electrolysers in integrated energy deployed :

the EU, and the production system, with at least 40GW scale ac - Clean hydrogen needs a supportive framework, well-functioning
of up to 1 million tonnes of of renewable hydrogen hard-to-de ’ﬂ Eg‘@ markets and clear rules, as well as dedicated infrastructure and a logistical

renewable hydrogen. electrolysers and the sect network
sl ) - Promoting research and innovation in clean hydrogen technologies is
10 million tonnes of @ . v
renewable

hydrogen in the EU.

countries and regions of the EU and work to establish a global hydrogen

@ + Europe we will secure coop ion opportunities with neighboring
Bad
. . . market.
European Commission “A Hydrogen Strategy for a Climate-Neutral Europe”,
2020. https://ec.europa.eu/energy/sites/ener/files/hydrogen strat%%"{@m European Clean Hydrogen Alliance will help build up a rabust pipeline

of investrments.



https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf

Clean Hydrogen Joint Undertaki

EU Institutional Public-Private Partnership (IPPP)

.

m Hydrogen

Europe

m Hydrogen Europe
&/

Research

European

Commission
I

Industry
More than 350 members

Research community
over 103 members

To facilitate the transition to a greener EU society through the development of hydrogen technologies




Joint Undertaking on Hydrogen & Fuel Cells - Industry & Resea

m Hydrogen Europe
L

Industry

m Hydrogen Europe
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Research

European Union represented by the
European Commission
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Clean Hydrogen JU Objectives

Support a sustainable hydrogen economy, contributing to EU’s climate goals

Support the
implementation of

the Commission’s oy
Hydrogen Strategy b

Contribute to the EU
ambitious 2030 and
2050 climate
ambition




EU Hydrogen Strategy launched on 8" July 2020

Objectives in 3 phases with the Hydrogen Alliance to support the investment agen

Phase 1: 2020-2024 Phase 2: 2025-2030 Phase 3: 2030-2050

- Hz technologies matured and
deployed at large scale in hard to
abate sectors.

- Expansion of hydrogen-derived
synthetic fuels

- EU-wide infrastructure network
- An open intemational market

. - 40GW renewable H; electrolys:
B EG\::.M rtene\.able Hf* - 10 million tgnnes renewable Hp
] lel_mrj 00ES HE\ ducti - New applications in steel & transport
= RERED G L LT - H2 for electricity balancing purposes
- Requlation for liquid H; markets - Creation of *Hydrogen Valleys”
- Planning Hz infrastructure - Cross-border logistical infrastructure

Clean Hydrogen Alliance to support the EU investment agenda




Research and Innovation priorities in Clean Hydrc

/" PILLAR H2 PRODUCTION *// PILLARH2 DISTRIBUTION PILLAR H2 END USES

SO05 Transport vehicles
10. Building blocks

. Trucks & large vans

. Maritime (inc. ports)
13. Aviation

14. Rail

15. Coaches

SO1 Low carbon H2 production SO3 Storage & delivery of H2

1. Electrolysis . Large scale storage 11
2. Other modes of production . Pipeline transport (grid) 12
Liquid carriers
Non-pipeline transport
Key technos for distribution

SO2 Integration of renewables

3. Role of electrolysis in the energy S04 Refuelling infrastructure
system 9. HRS for multiple applications

SO6 Heat & Power
16. Stationery H2 fuel cells
17. H2 burners and turbines

SO7 Industry
18. H2 in industry

SO8 Hydrogen Valleys

Integrated HZ ecosystems combining multiple applications (ports, industrial hubs, cities, etc.)

$10 Cross-Cutting
Regulations, Codes, Standards, Training, Safety, social, ete.

S09 Supply Chain
Manufacturing & scale-up

Safety Knowledge Comms

Int’l coop.



Research & Innovation Activities

Turbines,
Boilers,
Burners

Hydrogen
Rgfuel?ing Stationary
Stations Applications

Distribution and Storage Horizontal Activities

[ ]
Large Scale ‘ @
Storage
g Building Blocks *
L]
Hydrogenin °
natural gas °
L) H .
Y, - grid ﬁ
(k) ‘
Liquid .@ \ y
, Hydrogen Transport ‘
Electrolysis Carriers Applications
EE—— °
Hydrogen Transport @ Aeronautic
° Stationary
. . Fuel Cells
Other Routes Compression,
Purification, Metering
[ ]




