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The energy landscape




99,9% ELECTRICITY 90% OF HOUSES 85% OF PRIMARY
PRODUCED FROM HEATED WITH ENERGY COMES FROM
RENEWABLES GEOTHERMAL RENEWABLES




Government of Iceland
Ministry of the Environment, Energy and Climate

With geothermal space
heating:
Reykjavik in 2008, almost
same view but without

Before geothermal space
heating:

Reykjavik in 1933 covered
with smoke from coal
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Three energy transitions
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15%
18%
51%
34%
67%
Hydropower Geothermal
Hydropower = Geothermal = Qil = Oil a Renewable fuels

1970 2020
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Top countries by plug-in electric car market share of new car sales
compared with top selling markets by sales volume (2022)

Plug-in electric car market share in 2022

§

Netherlands
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Iceland’s Emissions Profile - Comparison

A. Total greenhouse gas emissions per capita B. Greenhouse gas emissions by source
2020
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GHG emissions in Iceland by sector (ex.

LULUCF)

Comparison
/au GDP +4.0%

7000 -\ CAGR 1990-2020
Population +1.2%
6000 | B CAGR 18902020 6,362 kt
' @ GHG Emissions +0.7% 4,820 kt

CAGR 1990-2020

5,000

3,923 kt

3,000

1,000

1990 1995 2000 2005 2010 2015 201852020

Metal industry
B Domestic road transport
P Domestic aviation
Domestic navigation
B International aviation
I International navigation
M Fishing
M Agriculture
B Geothermal
B Waste
I Other industrial®”
Other energy™

Other stationary™
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Emission intensity - comparison

CO, emissions per capita [t]
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Energy and Climate Goals

2040 2040
2030 )
: Iceland’s Iceland Independent
The Paris Agreement _ _
Carbon Neutrality of Fossil Fuels

= |celand takes part (with Norway) in the EU climate goal
for 55% overall emission reduction (ETS, Effort sharing,
LULUCF).

» |ndependent target of 55% cut in non-ETS emissions
by 2030

= 10% renewable energy share for marine applications

2030



Energy is the drivir

Sustainable Ei

of a diverse e

Energy

Energy security

Public energy needs
met at all times

Infrastructure sound
and resilient

Energy system
diversified

Energy transition

Measures taken for energy
transition to make Iceland
independent of fossil fuel
for transport on land, on
the sea and in the air

Futura

+  Energy efficiency improved
and waste minimised

+  Multi-use of resources

The nation reaps the ben-
efits of its energy resourc-
es

Efficient and competitive
energy market

Equal access to energy
countrywide

Nature conservation taken
into account in energy use
Minimisation of
environmental impact

Sustainable use
of energy resources

Values

Pillars

Knowledge
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The final energy frontier




Energy transition in all transportation

sectors by 2040
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Challenges

* New power development with long lead times

* Energy security and competing demand (public,

transition, industry)
* Infrastructure upgrades
e Public acceptance

e (02 sources limited or expensive
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Required energy for a full energy transition, 2020-2040

TWh
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[ HD Road Transport Marine Other road transport [l Aviation
1} 91% is assumed as capacity factor for electrolyzer and 52 kWh/kg required energy for the road and aviation sector and 59 kWhikg for the
ght- and medium-duty vehicles as well as the share of heavy-duty vehicles which can not be fuelled with alternative hydrogen-based fuels
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Initiatives for energy transition

-Doubled every year — past 3 years

- From charging stations to more diverse fields
- Marine
- Aviation
- E-fuel producers

-Additional measures
- Sector engagement

- Masterplan 3™ phase adopted by the Parliament
- Enlargement of current production facilities
-New energy sources (wind, waste heat, heat pumps, solar)
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erla.sieridur.eestsdottir@urn.is

https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-
skrar/ANR/Orkustefna/201127%20Atvinnuvegaraduneytid%200rkustefna%20A4%20EN
%20V4.pdf

https:/ /www.government.is/lisalib/getfile.aspx?itemid=71e9cb85-4579-11ed-9bb1-
005056bc4727



mailto:erla.sigridur.gestsdottir@urn.is
https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/ANR/Orkustefna/201127%20Atvinnuvegaraduneytid%20Orkustefna%20A4%20EN%20V4.pdf
https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/ANR/Orkustefna/201127%20Atvinnuvegaraduneytid%20Orkustefna%20A4%20EN%20V4.pdf
https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/ANR/Orkustefna/201127%20Atvinnuvegaraduneytid%20Orkustefna%20A4%20EN%20V4.pdf
https://www.government.is/lisalib/getfile.aspx?itemid=71e9cb85-4579-11ed-9bb1-005056bc4727
https://www.government.is/lisalib/getfile.aspx?itemid=71e9cb85-4579-11ed-9bb1-005056bc4727

The Swedish Energy Politics

Maja Lundback
Advisor Energy
Ministry of Climate‘and Enterprise
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Sweden’s energy supply

¥
1+

Energy systems — electricity Climate target — net zero
system 2045

* Increase electricity

 Nuclear: 6900 MW demand

* Hydro: 16 300 MW « Hydrogen
* Wind: 14 300 MW
 District heating: 6800 MW
e Sun: 2300 MW

- ¢ Limitation between

.o ) bidding zones
» Electrification and J

affordable prices Hydro power

i Nucl
 Sectors coupling uclear power

Wind power

Underskott Overskott

Yearly energy consumption almost
140 TWh

Higher dependency on District heating

the electricity system

@ Regeringskansliet _ _ _
Klimat- och néaringslivsdepartementet



Development of the electricity prices over time

Electricity prices from 1996-2022 (monthly value of day-ahead prices)
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@ Regeringskansliet Klimat- och naringslivsdepartementet



Transmission system capacity

6000

4000

MW

2000

0

Marknadstilldelad overforingskapacitet, day-ahead

w—— SE2->SE3
= SE3->SE4
we SE1->SE2

""" Arsmedelvarde

Kalla: Nordpool
Energiforetagen Sverige
2023-03-02

2016 2017 2018 2019 2020 2021 2022 2023

@ Regeringskansliet

6000 MW Max kapacitet
N
4000 PRIy
3000 — bov s W LA
2000 /
Kapacitet tilldelad marknaden
1000
0
jan feb mars april maj juni juli aug
2021

Tilldelad éverféringskapacitet fran SE3 till SE4. Den 27 juli 2021 togs Sydvastlanken
antligen i bruk. Den utbyggda 6verforingskapaciteten fran SE3 till SE4 steg med det betydligt,
men den overforingskapacitet som tilldelades av Svenska kraftnat sjonk.

Klimat- och naringslivsdepartementet



Declining production capacity in south of Sweden

Installed MW of Nuclear (MW) District heating in SE3 and SE4 (MW) (no hydro)
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@ Regeringskansliet Klimat- och naringslivsdepartementet 5



Sweden's power supply

: -
1] ¢

Capacity System operation

« MW vs MWh « Congestions and operational
security limitations
« Hard to connect new
industries — challenging fore Volatile electricity prices
the green transition

@ Regeringskansliet

Power system construction
10 000 MW more power

production today then 2013 — but
what about the performance?

Klimat- och naringslivsdepartementet



Sweden's future power supply

P p 9

More then 300 TWh
2045

* More fossil free electricity
production and grid
capacity to meet the
demand to affordable prices

@ Regeringskansliet

Security of supply

 Electricity production

and grid need to be built

at the right places with
the right qualities and
functions

Underskott Overskott

- ¢ Limitation between
bidding zones

Hydropower

Nuclear power

Windpower

District heating

Klimat- och néaringslivsdepartementet



Security of supply

— the performance of the power system

O + + W
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\Cid

Security of supply

@ Regeringskansliet Klimat- och naringslivsdepartementet



The performance of the system is already defined

Laws of physics to
deliver electricity
during different
states

‘, Normal ‘I . Blackout . . Restoration

Alert Emergency
Balancing and Outside
frequency opera_tlonal
Within Within Isfec.t‘”ty
operational operational IMItS
security limits security limits
e Voltage
More then 50
% of the
demand
Power- and energy system is
flows disconnected
Not enough :
Reserves to Activated
) reserves to
- handle N-1 handle N-1 defenceplan
Stability and
resilience

@ Regeringskansliet Klimat- och naringslivsdepartementet



The new approach for the energy politics

Energi system

\
’ ABILITIES

@ Regeringskansliet

The political policy shall
focus on the performance of
the system — to deliver
energy to affordable prices

Previous focus has been on what
type of power production that
shall be in the system

Klimat- och néaringslivsdepartementet



Stable, fossil free energy supply to affordable prices
— when we need it, where we need It

Goals and Targets

* Planning target to aim for a fossil free
electricity system of 300 TWh to 2045

» Target for security of supply, a performance
target, to make sure we expand our
electricity system with the right qualities

» 100 % fossil free energy production and
technology neutrality

* Energy planning and preparedness

@ Regeringskansliet

Example of tools and incentives

National hydrogen strategy and coordination

New inquiry for electricity market design in
Sweden

Licensing and permitting processes

Inquiry for structures and task of energy
agencies

Energy research and innovation

Klimat- och néaringslivsdepartementet



The Swedish Energy Politics

Maja Lundbéack
Advisor Energy
Ministry of Climate and Enterprise
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BalticSea

BalticSeaH?2

Demonstrating hydrogen economy withf the

largest cross-border Hydrogen Valley in Europe




‘We are all faced W|th a series of great
opportunltles brllllantly dlsgulsed as

Impossible situation SEA A
Charles R. Swindoll -~ r" (.
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BalticSeaH2 objective Ba.ﬁie:.Hz

BalticSeaH2 pioneers an innovative initiative, establishing a significant hydrogen valley
spanning across the Baltic Sea region. Focused on main valley in southern Finland and
Estonia, the project aims to revolutionize the energy landscape, fostering self-sufficiency and
minimizing carbon emissions in various industries. Results from the main valley will be
replicated in other regions of the project.

With a consortium of 40 partners from nine Baltic Sea area countries and several different
industries, BalticSeaH2 strives to build an integrated, interregional hydrogen
economy on an unprecedented scale in Europe.

Co-funded by
the European Union



D Drivers

Average hydrogen production cost of large-
scale projects (investment volume above
EUR 500 million) is between 4—6 EUR/kg,
smaller investment is between 6—8 EUR/kg

two projects even report costs below 2
EUR/kg (America, Asia).

341

BalticseaH 2

<2 EUR/kg

5

2 -4 EUR/kg 2174%

4 -6 EUR/Kg

7

b - 8 EUR/K
J 30.43%

8 - 10 EUR/kg

3

10 - 12 EUR/kg- 13.04%/
.04%

12 - 14 EUR/Kg-

> 14 EUR/KgH

https://h2v.eu/analysis/statistics/financing /hydrogen-cost-and-sales-prices

Developing the business cases for identified off-takers and establishing the right size of the valley also for scale-up
maintaining the continuity of both demand and supply and at the same time pointing towards further decarbonization.

Co-funded by
the European Union


https://h2v.eu/analysis/statistics/financing/hydrogen-cost-and-sales-prices

O Drivers gk

Hydrogen Valleys located in regions with abundant supply of renewable energy sources naturally
have a lower cost of green hydrogen.

Baltic today s offshore wind capacity 2.8 GW < 5=

The Marienborg Declaration set target of at
least seven times the current capacity (19.6 GW)
by 2030

Potential for offshore wind power in the Baltic ot
Sea basin reaching up to 93 GW —+4

o 3.82
1474
[]566

Cross-border hybrid projects will also ensure e

I 8.42

more energy security by improving electricity o
flows.

Source: WindEurope Baltic Sea Countries sign declaration for more cooperation in offshore wind,, https://windeurope.org/newsroom/press-releases/baltic-
sea-countries-sign-declaration-for-more-cooperation-in-offshore-wind,

Source: Peter Enevoldsen, Finn-Hendrik Permien, Ines Bakhtaoui, Anna-Katharina von Krauland, Mark Z. Jacobso: GoHundsid KySovacool,
Scott V. Valentine, Daniel Luecht, Gregory Oxley, How much wind power potential does europe have? Examining e ooy Epppianvilnion
enhanced socio-technical atlas, Energy Policy, Volume 132, 2019, Pages 1092-1100, ISSN 0301-4215, https://doi.or 5 enpol.2019.06.064.



https://windeurope.org/newsroom/press-releases/baltic-sea-countries-sign-declaration-for-more-cooperation-in-offshore-wind/
https://windeurope.org/newsroom/press-releases/baltic-sea-countries-sign-declaration-for-more-cooperation-in-offshore-wind/
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About BalticSeaH2

* 40 partners in 9 countries | SWEDEN
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* Coordinated by CLIC Innovation and Gasgrid
Finland
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e Main valley between Finland and Estonia:
replication valleys in Norway, Sweden,
Denmark, Latvia, Lithuania, Poland and
Northern Germany

« Total budget 33 M€, EU funding for 25 M€
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_ - ~
1
%NICPB
KBFI
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Co-funded by
the European Union




BalticSeaH2 Main Valley

Special features:
* Cross-border main Valley Estonia - Southern
» Finland with pipeline connection

* Included end-use sectors in the main Valley:
« Traffic (direct use and e-fuels)
* Chemical industry
« Energy industry (P2X with X=different products)

* Maritime: usage and hydrogen transport

» 7 connected Valleys via pipeline and maritime
connections support build-up of a full Baltic
Hydrogen Economy
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BalticSeaH 2
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Co-funded by
the European Union



Hydrogen value chain and infrastructure

Renewable
energy production

Solarstone

Helen

Viru Vesinik

Flexens

IWEN

Skyborn Renewables
Sweden AB

Energy Valley Norway
Energy Cluster
Denmark
Energiforsk

Estonian Hydrogen
Cluster

Green and Smart
Technology Cluster
(GreenTechLatvia)

Hydrogen production

Helen

P2X Solutions
Green NortH2
Energy

Vantaan Energia
Energy
PowerUp
LHYFE

Hydrogen infrastructure
and transmission

Gasgrid

Flexens

LHYFE

Borealis

Helen

VTT

Topeka
Lithuanian
Hydrogen Energy
Association
Polish Hydrogen
Cluster

Fuel cell demos

Ballard
ABB

Helen
Elcogen
Convion
Vantaan
Energia
Solar Stone
Power UP
VTT

.

Hydrogen utilization

Borealis

Green NortH2
Energy

ABB

City of Tallin
Helen

Vantaan Energia
P2X Solutions
Flexens

Solar Stone
Power UP

Viking Line
YARA

Neste

Free Port of Riga
Port of Ronne
RISE

Uppsala University
Wartsila

Highly dynamic market
model digitalization,

modelling and
digital twins

ABB
Cybernetica
Gasgrid

Helen

P2X Solutions
Green NortH2
Power UP
VTT

Aalto
Schlumberger
CLIC Innovation

—>
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BalticSeaH 2

Electricity
markets
Heat market
Hydrogen
Market

P2X markets
Transport
sector

Co-funded by
the European Union



4

Supporting the rapid growth
of cost-competitive renewable and
emission free electricity available
in the main Valley

Vision

P

[ )Q
b
d

BalticSe

South Finland- Estonia main valley:

4 a cross country valley with possibilities
to reutilize existing electricity and gas “

connections. Utilizing the abundant
clean fresh water resources

Sweden Denmark Latvia, Lithuania,
Poland & Northern Germany and
creating a share regulation and
safety framework




Use cases and industries involved in BalticSeaH2 ;.

BalticseaH 2
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Co-funded by
the European Union



Cross-border Hydrogen Valley
around the Baltic Sea
(BalticSeaH?2) : | FINLAND

« BalticSeaH2 project creates a large-scale, cross-border - m
hydrogen valley around the Baltic Sea e ‘N°"H Frexens [t srs [

« The main Valley is between southern Finland and 2 i §
Estonia 0;\9 -

-4 SELOMATIC

* Included end-use sectors for hydrogen in the main
VaIIey (green):
Traffic (direct use and e-fuels)
« Chemical industry
 Energy industry (P2X with X=different products)
 Maritime: usage and hydrogen transport

= Ta|||nn

« 7 connected Valleys via pipeline and maritime | w RUSSIA
connections (blue) support build-up of a full Baltic '
Hydrogen Economy

* The consortium includes 40 partners from nine Baltic
Sea region countries: Finland, Estonia, Latvia,
Lithuania, Poland, Germany, Denmark, Norway, and
Sweden. Total project volume is 33 M€.

BELARUS
» The project started in 6/2023 and lasts five years

GERMANY



oJ¢-41e
Follow the project! it

e X: @BalticSeaH2
 LinkedIn: BalticSeaH2

» Website: https://balticseah2valley.eu

» Contact person: Dr. Francesco Reda , VIT, francesco.reda@vtt.fi

Research Manager Industrial energy and Hydrogen



https://twitter.com/BalticSeaH2
https://www.linkedin.com/company/balticseah2
https://balticseah2valley.eu/
mailto:francesco.reda@vtt.fi
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Challenges and Opportunities when hydrogen
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Ty Net Zero Emissions by 2050

Emissions have to come down and many are
committed to reach this target

European Green Deal: The first climate-neutral
continent by 2050 through boosting the economy,
improving people's health and quality of life,
caring for nature and leaving no one behind

REPowerEU is about rapidly reducing our dependence
on Russian fossil fuels by fast forwarding the clean
transition and joining forces to achieve a more resilient
energy system and a true Energy Union.

Fit55, Netzerolndustry act, etc




Can we do this? Yes we can!
Technologies are ready.
It will cost less than 0,5% of GDP

GLOBAL WARMING -SION POSSIBLE CARLON EMISSIONS

WELL BELOW

DNV

THE COST TO CONSUMERS OF DECARBONIZING HEAVY INDUSTRY
AND HEAVY-DUTY TRANSPORT WILL BE SMALL

2°C ':;222’:‘&:’;";"{%?2"%*%‘&‘:’ 5Y MID-CENTURY -O THE END CONSUMER

Installed capacity

3 3 A = - 30 - .
pe e g 20 = S =i
10 . ! . l »
Massive electrification, !

2010 2021 2030 2040 2050 2010 2020 2030 2040 2050

3
z
[

usand GW
i
i |

leading to an electrical power e —y "
. . n ] w
g ceceeessss = demand increase in Europe o Boariorpy and okt = Other renewables dedr:ar
CO00000DD 2% Tl M Hydrogen and ammonia 1 Fossil fuels with CCUS M Coal unabated
by a fac_tor 4 to 6 and ¥ Natural gas unabated mOil M Batteries
internationally by a factor of 7 IEA. cCBY 40

Total electricity generation nearly triples o 2050, with a rapid shift away from
uvnabated coal and natural gas fo low-emissions sources, led by solar PV and wind

Increased demand requires Source: Energy Outlook 2022
increased power production
and increased transmission

Source: Energy Transitions Commission 2018 and
IEA Energy outlook 2022




{5} oy European Electricity Grid planning

e
en t S 0@ Home Scenarios  Systemneeds  Europeanprc e N 2 03 O
Planning the future grid EI | . '
. . S
Discover the TYNDP, Europe's Network Development Plan to 2025, 2030 and 2040 { 2 =. »
¥
gl p - &
3 kS
L ESER. = 2040
v \* % e pog A
o p< e | r,’ "
e ) - - ¥
- ! ¥
‘ & . / PN o “.’. >
50GW 170+
cross-border capacity transmission and storage - ==
increases needed by 2030 projects to be assessed in the T
TYNDP 2020 -

Adresses challenges and solutions for adding:

« Significant more and other type of production and consumption
« Large and/or many storage facilities, flexibility

* New technologies

It will take time to build a grid ready for a carbon free energy system,
but it is a prerequisite! Source: ENTSO-E TYNDP 2020




oy Some history —a simple power system

* In 1891 Hammerfest became the first town In Norway with public street lighting.
* In 1912 Froland—Bergen was the first overhead line in Norway

» Power System was simple: Generation, Transmission, Load

-

Photo: Hammerfest Energi Photo-' NVE

2023-11-13



That simple power system developed into a

o SO
{E VETENSKAP %

ot DNV 'more complex power system

* It comprises

— Multiple generators of different types: Nuclear, hydro,
wind, solar, geothermal, coal, gas...

~ Load centers distributed all around AN
— Transmission lines to transport energy 7YY ¥
— Interconnection between countries for import and export
— Different markets, different rules and regulations

— Different tax systems

— Communication and control systems

In the mean time the physics remain the same:

One main rule for a whole grid:
Total power production = total consumption + losses

One main rule for a portion of a grid (e.g. one country, like Norway):
Total power production + imports = total consumption + losses + exports
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DNV

International power production
+ Wind, solar og fhermic__~"

Floatin
solar 9 D) Climate friendly Energy smart
— airport neighbourhood
Qg T/ Distributed energyproduction
Hydro storage s @Q gg\g%?%
&
. &
Energy - @@
storage "3" -
Farming

Microgrid
Green hydrogenproduction

Z
> waloenergy

' %”2, ) and biofue! i “
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. S Geothermic "ﬁﬁ

energy. District

Climate friendly
energy stations

Future nuclear power

Energy .
island
90 Smart cities

Off shore energy
infrastructure Climate friendly indust

= Incl. CO2-handl

o
-

o -:-7"‘1‘-\.
& 1 Wave and tidal power
8.7
| s\
Climate and environmental friendly maritime transport
- Hydrogen, amonia and elecfric

Electrified off-shore platforms

CO-transport

Source: Energi2l

Our future integrated energy system
will be even more complex

Our electrical power system is
already complex and hard to
comprehend and will only be more
complex and more difficult to
comprehend

We need to build new
infrastructure while at the same
time using the infrastructure we
have even better

We need to implement smart
solutions such as smart grids,
smart protection and control. We
need new market solutions as well
as better insight for which sensors
and digital and better
communication is needed.

Digitalization, automation,
optimization, Al, 10T,
Cybersecurity, open source, are
the new buzz words




ff%% So what are the challenges and opportunities when

38 OCH KONST 2%

Korar DNV hydrogen meets the electrcity grid?

« Simplified: It is about keeping the lights on and this has become more and more difficult.

— The supply and demand need to be in balance every single moment Vecteezy
W
— More actions are needed with less time to act . ﬁﬁ
«  The (market) system will change maybe 2 times /D

— from a system where the production follows the consuptiom
to a system where the consumers will need to follow e e ety et i e
the consumption and then maybe change again back i

* Renewable electricity will be produced at a time it is
not needed and a place where it is not needed

* Hydrogen meeting the electricity grid is both a
challenge and an opportunity

— The plants/valleys need to be connected, new load centres

— They can play a big role for the flexibility needed, local, regional,
national, international, short term to long term

— They can play a role for alternative transportation and maybe
prevent wrong long term infrastructure investments

2023-11-13 8



What is there to learn from the electricity grid?

DNV REDISET system model REDISET

Resilient Digital Sustainable Energy Transition

Control System

4 )

-

Social-Cultural
System

Disruption
System

Demand System
Supply System “ Market System “ y

&

Transmission / Distributi
Infrastructure System

\_ J




v 1ake aways

The electricity grid has been developed over now more than 100 years

It started as something relatively easy to understand for all and has become
now so complex that no-one understand all elements

Hydrogen meeting the electricity grid is both a challenge and an opportunity
When building the hydrogen ‘grid’ a lot is to learn from the electricity sector

When designing and building it now, design the future system and system
model first

Don’t think just local, regional and national. Think international directly.

Don’t underestimate the complexity of the final hydrogen ‘grid/system’

2023-11-13

10
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Sonja Monica Berlijn

Prof.dr.techn.ir. MBA ) prof.Sonja.Berlijn
Professor Sustainable Integrated Energy Systems - KTH

m sonja-monica-berlijn-144abla/
Senior Principal Consultant - DNV

3 @sonja_berlijn
[@) prof. Sonja Berlijn

KTH Royal Institute of Technology in Stockholm, Sweden




WHEN TRUST MATTERS @ Nordic CounCiI

DNV of Ministers

The Nordic fuel transition
roadmap and green shipping
corridor pilots

Eirill Bachmann Mehammer, Senior Consultant, DNV
Task Leader — Piloting and Collaboration Platform




The Nordic commitment

“* Declaration on Zero Emission Shipping by 2050 (COP26, November 2021)
“ Clydebank Declaration for green shipping corridors (COP26, November 2021)

% Ministerial Declaration on zero emission shipping routes between the
Nordic countries (May 2022)

% Joint Statement by the Nordic Prime Ministers on a Sustainable Ocean
Economy and the Green Transition (August 2022)

+ The 2023 IMO Strategy on Reduction of GHG Emissions from Ships

DNV



Nordic Council

The Nordic roadmap project (2022-2025) O et ot

Nordic collaboration coordinated by DNV and funded
by the Nordic Council of Ministers

Overall aim:

Reduce key barriers to implementation and establish a
common roadmap for the whole Nordic region and logistics
ecosystem towards zero-emission shipping.

Objectives:
« Gain technical knowledge and regulatory development
 Establish a Nordic collaboration platform and green S ) T I Dl
shipping corridor pilot studies
* Develop a Nordic fuel transition roadmap ?OnFaCt perjﬁ?im Byvind

Mehammer Endresen

Project

Task Leader Manager

. Collaboration
Platform & Pilots

+ owe  ovplaase log on to: https:/futurefuelsnordic.com/



https://futurefuelsnordic.com/

More than 50 partners

Contributing partners:

o Kvarken Ports @ ” MERIAURA NIB @ norsePower o ian.

Port of Ystad

4 A Umed

s te r n u I a Swed bank . Transportmlnlsterlet Umea Hamn " kommunfore‘tag

VASEK VIKINGLINE %IRDIS . €

uuuuuuuuuuuu WARTSILA

CHALMERS @ivl fuan)
Swedish Environmental MAN Energy Solutions
Research Institute
NIV LITEHAUZ AV 4
Supporting partners: AMOGY ¢1\ON G0N ) AZANE €L S5 ossres @’ @
‘ i o ColorLine
uomen Varustamo x n uuuuuuuuuuu
'?Eg?::ls[::o_lr.?GICAL ﬂDFDS E\f\?\\esrilﬂeén:alp:oi:zrst/&ssoc|at|on e mnt\s tranigort » e e s {‘ :::l‘;‘ﬂ:i Gqsum ”‘ I NAB

KYSTVER K ET
[PEVATECH PORT OF TURKU Y reirionns SAMORKA tﬂ Sjefartsdirektoratet
OSLO /4 Norwegian Maritime Authority '\

https://futurefuelsnordic.com/partners-and-contributors/

Nordic Council
of Ministers

For more information,
visit the project website:
https://futurefuelsnordic.com/



https://futurefuelsnordic.com/
https://futurefuelsnordic.com/partners-and-contributors/

Ten technical deliverables to date

NORDIC ROADMAP FOR THE INTRODUCTION OF SUSTAINABLE ZERO
CARBON FUELS IN SHIPPING

AlS Analysis of Nordic Ship Traffic

The Norwegian Ministry of Climate and Environment on behalf of the
Nordic Cox o

Future "f”uels
for Shipping

INSIGHT ON GREEN
SHIPPING CORRIDORS

From policy ambitions to realization

10RDIC ROADMAP FOR THE INTRODUCTK

1A

- SCREENING

N OF SUSTAINABLE ZENC-CARBON FUELS IN SHPPING

OF SUSTAINABLE ZERO

1 the Mosdic Councs of Mnster

e 25 N FUELS 1N 947

INFRASTRUCTURE AND BUNKERING CHALLENGES

LECTED FUEL

S

d Environment

NORDIC ROADMAP FOR THE INTRODUCTION OF SUSTAINABLE
ZERO-CARBON FUELS IN SHIPPING

State of play - status on
regulatory development for
zero-carbon fuels

The Norwegian Ministry of Climate and Environment on behalf
of the Nordic Council of Ministers

NORDIC ROADMAP FOR THE INTRODUCTION OF SUSTAINABLE ZERO.
CARBON FUELS IN SHIPPING

Fuel properties and their
consequences for safety and
operability

The Norwegian Ministry of Climate and Environment on behalf of the
Nordic Council of Ministers

Reports available at: https://futurefuelsnordic.com/project-deliverables/

5

DNV ©

@ o

CHALMERS

Life Cycle Assessment of Marine Fuels
n the Nordic Region - Task 1C

0ADMAP FOR THE INTRODUCTION OF SUSTAINABLE ZERO-
SARBON FUELS IN THE NORDIC REGION

3eima Brynolf (Chalmefs), Julla Hansson (IVL & Chalmers), Fayas Mailk
<anchiraila (Chalmers), Elin Maimgren (Chaimers), Enk Fridefl (IVL),
1kan Strippie (IVL), Pavinee Nojpanya (VL)

Jepartment of Mecharcs and Martme Scences
Wesi0n of Mortme Sluces
ERSITY OF TECHNOLOGY

Jepartment of Sustanatie society
VL. SWEDISH ENVIRONMENTAL RESEARCH INSITITUTE

Sothariur, Swedan. Sectamber 2022

DY
TCHMICAL WERD

Bars iy e e i s s b b
-

CL
= pmry wiin

@ Nordic Council
of Ministers

Intra-Nordic green shipping
corridor candidates

Nordic Council of Ministers

TR M
[T,
Aming

BT AT PR T Y
i o iy s R

DNV


https://futurefuelsnordic.com/project-deliverables/

Key highlights from our deliverables

potential green
corridors identified

Technical and
analysis for
ammonia, hydrogen and
methanol

@ Nordic Council
of Ministers

LCA for 28 green fuel
and propulsion
combinations

fuel production
assets

key bottlenecks for
fuel uptake

green corridors
short-listed

s://futurefuelsnordic.com/project-deliverables/


https://futurefuelsnordic.com/project-deliverables/

Focus for the rest of the Nordic Roadmap project

Strengthen the

Develop a ' ' '

https://futurefuelsnordic.com/projects/ DNV

Green shipping corridor



https://futurefuelsnordic.com/projects/

Nordic fuel transition roadmap

AimS to accelerate the uptake Of Preparation Upscaling Stabilization
green fuels o0
« Assumes that the fuel transition ' Zero-

1 emission

follows an S-curve . é shipping

» Detalls stakeholder actions to

overcome barriers
Most buyers and

market for green

* ldentifies green shipping ol

corridors as key enablers for
acceleration

Green fuel uptake

Critical for success to get input from
all players in the maritime value chain

First movers
and green corridors

Today

2030 2040 2050

The S-curve can describe the market development of many new

technologies, including up-take of LNG and battery powered ships

8 DNV ©

DNV



Green shipping corridor pilot studies

« Ongoing work to establish 3 pilot studies
(techno-economic feasibility studies)

» Public-private collaboration with high visibility

* Network of contributing partners

» Pilot owner — decides the scope of the pilot study
 Pilot facilitator financed through Nordic roadmap

@ Nordic Council
of Ministers

« Expected outcome of each pilot study:
 Established partnership
» Assessed specific corridor and relevant fuels
* |dentifying critical bottlenecks
* Preparing the ground for a real-life corridor

9 DNV ©

DNV



Suggested Selected corridor and ldentified
green fuel stakeholder group barriers

Business case and actions Learning and accelerated
to overcome barriers uptake of green fuels

(for the stakeholder group) (for diffusion and scaling)




Our next event: Webinar 8 November

11

DNV ©

Nordic Roadmap

Webinar
8 November 2023
09.00-11.00 (CET)

https://futurefuelsnordic.com/nordic-roadmap-webinar-on-future-fuels/

@ Nordic Council

of Ministers

[—
—
DNV

WHEN TRUST MATTERS

DNV


https://futurefuelsnordic.com/nordic-roadmap-webinar-on-future-fuels/

WHEN TRUST MATTERS

For more information contact:

.;: )
L

Task Leader — Piloting and Collaboration Platform
Eirill Bachmann Mehammer A

+47 40551236

www.dnv.com

12 DNVO© 03 MAY 2023 T s DNV
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RENERGY

Norwegian Renewable Energy Cluster

Powered by (FI



The Norwegian Renewable Energy Cluster RENERGY gathers over 100 businesses ) renerey
and organisations from the entire energy value chain
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The Norwegian Hydrogen Landscape @S;’L?::;i"pomm
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PROJECT | ASKO —
4 H2 TRUCKS IN OPERATION

Key points:

Norwegian wholesaler ASKO and Scania have put

in operation four hydrogen trucks with electric
driveline in Trondheim, Norway.

Four trucks have been in operation for two years.

The next (commercial) versions from Scandia is
ordered.




Hydrogen vessel and bunkering system O renenor

Hydrogen infrastructure doesn’t have to be expensive!

H2 Marine and NTE’s innovative
solution includes

* As few components as possible
e Approx. 15-20 % lower CAPEX

* Lower OPEX; approx. 5 % lower power
consumption

* Mobile combined storage
and bunkering unit

* Flexible and scalable







H2 PRODUCTION | H2 STORAGE | H2 DISTRIBUTION

One service vessel and H2 infrastructure for bunkering
under construction. Operative from 2023

_ Investment: €6 million | Production: 0,5 T/day

RORVIK - - —
N==== T ' H2 PRODUCTION | H2 STORAGE | H2 DISTRIBUTION

Funding approved. Full-scale production, storage and
distribution for mobility. Operative from 2025

Investment: €30+ million | Production: 8 T/day

— a /=<

H 2 VA L L E I 1 express boat 1 service vessel
operative from 2028 operative from 2023

MID-NORWAY

2 container ships 8 service vessels
under planning under planning

H2 PRODUCTION | H2 DISTRIBUTION

Four heavy-duty trucks, warehouse forklifts
and fuel station. Operative from 2020

Investment: €9 million | Production: 0,3 T/day

H2 R&D FME HYDROGENIi and LAB FACILITY (SINTEF
& NTNU)

Research and development

Norwegian Fuel Cell and Hydrogen Centre

. _ N
— : SaoNCHEM 3 | O MERAKER

3 bulk i 4 i I

souccariers | aservicevessee I y & / P—

P e e S Joint'irjitiotive )
fo—— %R ] - r.v..-@ Ambitions for operation from 2026

1 express boat 4 trucks operative Investment: N/A | Production: N/A

1 express boat 3 7 5
operative from 2026 © operative from 2026 fron\\ 2020

H2 PRODUCTION | H2 STORAGE | H2 DISTRIBUTION

Funding approved. Full-scale production, storage and
distribution for mobility. Operative from 2025
Investment: €30+ million | Production: 6 T/day

Large process-
Industry

H2 PRODUCTION | INDUSTRIAL

Methanolproduction. H2 use in methanolprocess 15-30 t/day.

Working on a development plan which might facilitate for

large export of blue and/or green H2 or H2 derivatives. Large process-

. Industry
Investment: €x million | Production: 15-30 T/day ++



U RENERGY

SINTEF RENERGY >HYDROGEN;
H2 MARINE SIEMENS
AS KO @M:a?';;;n
% €9 SALMAR
GEXCON .
samskIP P MOEN  equinor

Moen Marin \m Egil Ulvan Rederi AS GREENSTAT



FUNDING OF 16 SHIPS ON HYDROGEN/AMMONIA

Hydrogen
* Loran C—Traler — stoppet

* Topeka — 2 x RoRo-skip

* Egil Ulvan Rederi — 3 x bulkskip

e Thor Dahl—1 x bulkskip

e Samskip — 2 x containerskip

* Moen Marin - Salmar — 1 x katamaran

o e
g [T
ot N v

H
skarv

Ammoniakk
* Faerder Tankers — 2 x LR 2 tankskip . By, GENER ¢

el e NERAL CAR
* Faerder Tankers — 2 x bilskip =S GO VESSE|

2 e <

A_.a-..:-;_,_

* Skarv Shipping Solutions — 3 x bulkskip



Hydrogen solutions at the hubs

Compressed hydrogen, infrastructure and logistics

b i [
DN

. Container-based storage
Hydrogen production &

Modular electrolysis units
Compression to 350 bar

W A i Il

Bunkering method Container warehouse on quay

Container swapping with an Stock volume optimized with
interface to vessels regard to logistics

Container handling

When H2 production can
take place on the quay

Container distribution via
truck and possibly vessel

When H2 production does
not occur at the local quay



Some R&D challenges that must be solved Q) reneror

We are building a new energy system, and a new market for new fuels

The carrier of the energycarrier — Storage on land, on board

Bunkering systems

Safety, standards and regulations

Logistics and transport of the fuel

Public acceptance of the cost of the energy transition

thomas@renergycluster.no



AMOGY Confidential

AMOGY

Ammonia — a renewable fuel for
zero emission mobility

© 2023 AMOGY Inc.




AMOGY Confidential

ABOUT US

Company Profile

Founded: Nov 2020

Employees: 180+

Funding to date: $220M

Headquarter: Brooklyn, NY

Other Locations: Houston, TX, Norway (Stavanger & Stord) & Singapore

Want more information? Click here.



https://www.amogy.co/

AMOGY Confidential

The
Challenge

© 2023 AMOQGY Inc.




AMOGY Confidential

GHG REDUCTION
........... ~ é 1.8%

Impact

Transportation N a 7.3%
17%

GLOBAL GHG
v EMISSIONS

Power == ca e (2020)

25% .. [ Tl Power ~50 Gt CO,e

Generation
54.4% é 3%

Industrial
Materials
Production*
17%

* Metals, chemicals, etc.

Manufacturing
12.4%

© 2023 AMOGY Inc. AMO GY

Source: ourworldindata.org, climatewatchdata.org, CAIT database, International Energy Agency



AMOGY Confidential

e et A WHY THE SHIPPING INDUSTRY
STRIES IS BETTING BIG ON AMMONIA

How ammonia could help clean up global
shipping
IMO targets create an urgent need for zero-emission fuel

100% CO, reduction by 2050
Industry is ready for an efficient, proven ammonia-based solution

Green Shipping Corridors Initiatives mMnt Future NH; Demand
: 3_\ 5 ¥ g\ e 200 4 [ Existing uses - Europe
/XN .. : ) D Existing uses -Rest of the world
¥ B Power Generation
i . H2 carrier
150 Il Marine fuels

100 A

50 A

2035
2040
204

2050

. v s
© 2023 AMOGY Inc. AI IOGY
Argus Green Am

n Ammonia Strategy Report, 2021



HEAVY INDUSTRY ENERGY TRANSITION
Everyone is looking for a way to decarbonize...

HUMAN
POWERED

METHANOL

NATURAL ENERGY
~1500 E

HYDROGEN

STEAM
~1920

CARBON-BASED FUELS
Today

HYBRID

ELECTRICITY

AMMONIA

© 2023 AMOGQGY Inc. AMOGY Confidential AMOGY
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FUEL

BUT ONE STANDS OUT...

Ammonia

CARBON CONTENT

VOLUMETRIC ENERGY DENSITY

(9C0O2/MJ) (MJ/L)
Ammonia —
Battery .
Hydrogen* o
Methanol
0

© 2023 AMOGY Inc.

80

20

AMOGY
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AMMONIA TODAY

Ammonia Infrastructure

Available Infrastructure
Ammonia pipeline in U.S. corn belt
Scaled Production
Ammonia production, tons

300M o
o B\ M °
: . s
210M s . . ‘ .
2 ~200 Ammonia ports worldwide
125M A Lt
‘2\:1 Sl \"’1.\'{ A/
oy e
Y& : A
e < 4 1 )
2000 2020 2030 (est.) ~ Sorc: Roya sy, 200

100+ yrs. scaled industrial use, however,
no ammonia-to-power technology available yet

© 2023 AMOGY Inc. AMO GY
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AMMONIA MARKETS

Worldwide demand projected to grow 3x by 2050

®*  Ammonia is the world's 2" most traded chemical with a
global, mature, low-cost distribution infrastructure in place
® New uses (fuel, H, carrier, power) will 3x demand by 2050

)
a. o
- P :... [}
o, 0 o
°
LA )
[ ]
@
(]
[ ]
[ ]
Source: IRENA, 2022 ® Ammonia loading

facilities

© 2023 AMOGY Inc.

: ;
<. .\., . )
..\.‘

® Ammonia unloading
port facilities

Ammonia Production (MTA)
800

B Existing markets
700

® New markets
600
500
400
300
20
10 I

2025 2030 2035 2040 2045 2050

o O O

Source: IRENA, 2022
MTA: Million metric tons annually

AMOGMOGY



AMOGY Confidential

LOW CARBON AMMONIA PLANTS

Global Production Outlook

1M+MTA

REMA -0.16 MTA

Products-12 MTA

I Fertiberia - 0.2 MTA I

I Mitsui ADNOC - 1.0 MTA I

ACME - 0.1 MTA,

Phase2-12 MTA
OClI Beaumont—-11MTA

CF Industries - 1.7 MTA
LSB El Dorado -.375 MTA
CF Industries - 0.02 MTA

ACME (Bikaren) —
~0.1 MTA (pilot),
Phase2-1.2 MTA

Map Key
°©  =1MTA

©® =complete by 2025

; »

= project announced,

completion ~2030 Unigel - 0.06 MTA, H2U, Casale - 0.04 MTA,
Phase 2 - 0.24 MTA Phase2-18 MTA

Yara - 0.03 MTA (pilot),
Phase2-0.8 MTA

© 2023 AMOGY Inc. Boxes mark mature projects (completion expected by 2025) based on the Argus Monthly Ammonia Outlook — May 2023 and Amogy'’s internal database.
Green text represents green ammonia production (electrolysis-based); blue represents blue ammonia facilities (natural gas + CCS).

IFCo Weaver -1 MTA I CIP-06 MTA I ACWA. NEOM, Alr projects by 2025

100+MTA

projects announced

AMOGY
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AMMONIA MARKETS

Decarbonization of ammonia production

Projected ammonia supply Levelized cost of CO, capture by industry

Natural gas processing

2030 2040 2050 Ammenia

Ethanol
Hydrogen (NG SMR)

Iron & Steel _
Coal PC | ]
iace —
' Nace —
I
I

Cement

BECCS

baces I
Grey ammonia B Blue ammonia [ Green ammonia 0 100 200 300 400 500 600
Levelised cost of CO2 capture by industry (US$/tnC02)

Source: Goldman Sachs Equity Research, 2022

Decarbonization of ammonia production predicted at 70-90% by 2050, higher than any other large-scale H, application:

« Blue ammonia will be a bridge between conventional and renewable production as technology develops

* >50% of ammonia demand in 2050 is projected to come from new applications, mostly as shipping fuel given the IMO emission
reduction targets

+ High CO, concentration lowers capture cost

* Near-shore production allows low-cost storage

© 2023 AMOGY Inc. AMOGY

Projected ammonia supply: adapted from IRENA and AEA 2022. Levelized cost of CO. capture by industry: Goldman Sachs Equity Research, 2022
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Technology
outlook and
AMOGY

© 2023 AMOQGY Inc.
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Energy House - Stord Norway

Energy House Test Facility

NH3 tank +
feeding sy_stem + Electrical Power generation
safety equipment Integration technology

© 2023 AMOGY Inc. AI IOG]Y
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Energy House - Stord Norway

3 key players in one location

WARTSILA

© 2023 AMOGY Inc.
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TECHNOLOGY

Ammonia (NH;) to Electrical Power

/ NH; Storage \
)

NH<
Tank

Exhaust: N, and H,O

( Reactor \ (NHZ,Adsorber\

NH
reea Modules

H2/N2
Product

- J

=

© 2023 AMOGY Inc.

Electfricity

( H, Fulel Cell \

\ 4
\ 4

— S

NH;-free
Reformate

N\ N\l J

\ 4

"

|
Amogy Powerpack
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Amogy System Module

Our Powerpack converts ammonia into a
clean energy source with zero emissions
at the point of use.

REACTOR MODULE
ADSORBER MODULE
FUEL CELL MODULE

Download our Technical Datasheet.

200 kW System Module
AMOGY

© 2023 AMOGY Inc.


https://amogy.co/products/

AMOGQGY Confidential

Learning by doing

© 2023 AMOQGY Inc.



AMOGY Confidential

Technology demonstration

Tugboat

© 2023 AMOGY Inc.
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BETWEEN RETROFIT and NEW BUILD

TIMW Tugboat

—

e R __| Pumps and sea water
- N, ||~~~ —connections
. ; = | — A | T e
Jubid d - . WEI-WER Faiad
} = Ao
. ; P07AS1E AN
) -F c l
e e :E K FUEL CELL ROOM
Ef‘;ﬁ;ﬂ L 2 H
: ., .~ —1 FCa| 1| FC2 FC3
N - — -
— B |
[ — =
1P [ Gteering s —]
il f =]
TRRK geal —

=

3

3

3

4

|

|

3

|
-

4

|

© 2023 AMOGY Inc.

AMOGY
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1MW TUGBOAT DEMONSTRATION

The World’s First Ammonia-Powered Vessel

AMOGY

EE—

2=
DNV
B som

Vessel Safety and regulatory Detailed
procurement reviews engineering & First NH,-powered
& partnerships & procurement vessel construction System install tugboat
2022 Q223 Q3 23 Q71 24

Q123

© 2023 AMOGY Inc. AI IO@
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AMOGY - IMW TUGBOAT DEMO

Partnership & Collaborations + DNV —ship classification

society
+ USCG - regulatory
agency
* Provides risk-based
Naval architect & vessel ~ guidance on design &
designer operating requirements
Designs vessel auxiliary
systems & overall
structures
Develops construction

TOP VIEW PILOT HOUSE

* Shipyard with subcontracted
pipefitters, electricians, etc.

* Legacy equipment removal & full .
retrofit construction

* Provides practical guidance on
vessel construction & operation

TOP VIEW MAIN DECK

11010 1 drawings for the W
shipyard to execute veae e Omacrotek
3 + VS| -tank & feed system
> R i
<'|> * Macrotek — scrubber
Tanner Industries, Inc. vendor
I - Othervendors for
Y 109 W 0L o6k Ammonia fuel subsystems, nitrogen,
- Fr IS .
'\£ SEAM T provider etc.

Bunkering operator

AMOGY

* Power provider
+ 3 x200kW

powerpacks AMOsz

* Electrical &
controls integrator
* Supplies electriqal
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The role of hydrogen research and
innovation in decarbonization of the Nordics

Sigrid Leedre, SINTEF Nordic Hydrogen Valleys Conference October 4t




suss Hydrogen on everyone’s lips

€3bn Europe Hydrogen Bank :
Announced Q REFHYNE

£9 September 14,2022 # Add comment @ 2 min read _ e v

nel Electrolysers | Fueling stations

French trio TotalEnergies, Air Liquide and
Vinci to create $1.7 billion hydrogen fund

In-cepth

Biden's Inflation Reduction Act is great news for green
hydrogen

, OFFSHORE

NEWS v PREMIUM EDITORIALS v PARTNERS

~ . ENERGY

< _Back to overview

Home > Clean fuel >

New hydrogen projects
achieve record numbers; - ENERGY.GOV SCIENCE & INNOVATION ENERGYECONOMY  SECURTY & SAFETY © sweenerovsmewoney Q)
investments must triple to
$700 bin by 2030 to hit net-
zero target, report shows

Department of Energy

Biden-Harris Administration Announces

$750 Million to Advance Clean Hydrogen ‘-
Tec h no I (o) g i es Myriad new tax credits make the USA one of the world's

most promising markets for electrolyser and hydrogen-

fuelling technology — and set the country on course to

|||||||||| H m C C e | e r‘O 'I:e MARCH 15, 2023 reduce COZ2 emissions by 40% compared to 2005 levels.
e Technology for a better society
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EU

SINTEF

Detailed assessment supported by scenario analysis

Energy Circular 1.5°C 1.5°C Sustainable
Electrification Hydrogen Power-to-X Efficiency Economy Combination Technical Lifestyles
(ELEC) (H2) (P2X) (EE) (CIRC) (comBO) (1.5TECH) (1.5LIFE)

Hydrogen in

Dri industry,
Main transport and

buildings

CLIMATE NEUTRAL g

GHG target

in 2050
#EU2050
efficiency post 208
- i e g Brussels, November 2018
Power sector ponse, storage, |
Use of H2 in
Indust targeted
& applrf:atlons European
Green
Deployment of
Buildings H2 for heating Deal
H2 deployment
Transport sector for HDVs and
some for LDVs.
ke HZ ingas H d
VRS distribution grid y o g en
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sl Hydrogen’s role in the energy transition

Today Future

Hydrogen can link different energy sectors and thus increase the operational W« Sec“.o
flexibilility in future low-carbon energy systems

Source: https://www.iea.org/reports/technology-roadmap-hydrogen-and-fuel-cells Technology for a better society



miisl A global hydrogen market under development

() Exporter Exporting region m—— MNew routes in Molls in place
place or under establishing
) Importer Importing region development trade routes

| Asia Pacific

Potential trade route
explicitly mentioned in
published strategies

Technology for a better society



B/ Business =
I Norway e Menu —=

Renewable energy flows
e through Norway
SINTEF Hyd rogen in Norway

however, also developing other renewables and the technology to make them

work.

kter mottar

Tre industriprosje
milliardstette

™ HYDROGENi
S HyValue

ENOVA

sHydrogeninsight
Enova supports hydrogen projects in the e By RECHRTEE
maritime sector with NOK 1.12 billion

23.6.2022 12:01:00 CEST | Enova

~ ARERER

Hydrogen can be a key climate solution in tomorrow's Norway. This is especially true for
the maritime sector and industry.

SVERIGE

© NORGE Norway and Germany announce plan to
build hydrogen pipeline between the
sl . T two countries by 2030
- Stockholm
o Thor Dahl Shipping hydrogen-powered bulk carrier is one of the vessels that receive fundings from Enova. (Ill:

T b Technology for a better society



Areas where the
Nordic countries can
take a leading role |

-
Early users of hydrogen in

industry and transport

Export av of H,
& H,-technology




wil Hydrogen as an energy carrier, synthesis

Production Distribution Use

Fuel Cell

Compression Storage Transport
Renewable Water P g P

energy elertrolysis

Gas

Tever e fer

Gas turbine

Piston engine

Reforming @:’}
H 5 Pipeline
H?E D I
Hia B —— Industry

l «
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H,-technologies — TRL along the value chain

Production Storage Distribution End use

ié gl Alkaline
S5 clectrolysis m m m. X m m
[ Stationary Stationary

(el )
e |
dﬁ PEM R _ +Vehicles 'o-a
/ electrolysis  Reforming —_— o h
with CCS Vehicles I

Industry
axx®

“TRL &

)).

L @ High temp.
d/@ electrolysis

TRL 5 e i
- Storage in salt carverns Underwater storage P
" New pipelines Re-use of existing
offshore pipelines offshore

a4
2
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il SINTEF's EU-project portfolio (2010-2021)

RVIEW OF SINTEF'S
@ INVOLVEMENT IN THE
FCH JU PROGRAM

©

: L'_l__m.. L] S

L CSIC MmO e

24

Banse goLARD d WEITEON SRR, M e

25 26 >7 = o - )
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SINTEF

@
- fofl From 10 to 100 MW in REFHYNE2 ~ IEFHYNE
a U p il — worlds largest PEM electrolyser
e t Q REFHYNE  clean Refinery Hydrogen for Europe
+ > 300 MNOK EU funding
+ ¢Sl Energy and ChemicalsPak n Cologne; Germany
d eve + Production up to 40 tons hydrogen per day, from 2024

i + Hydrogen for industrial use (refinery) and as fuel

One of SINTEF's 28 FCH JU-projects . s o, * Also use of oxygen and heat, balancing of internal/external grid

10MW using different Generations
of Stacks -

[~

e}

e 4

) REFHYNE

ate rla Wind = 1000 kg H,/day

« Electrolyser (2,5 MW) installediiniBerlevag in 2020

= Directly connected to:Rag|

Stack design for a Megawatt scale PEM Mkl (avoiding grid tariff)
electrolyser

EFHYNE®

Technology for a btter society

\/: MEGASTACK
= « Electrolyser exhibit TASE et

Total budget + stabilize grid voltage and freguc. ITMPOWER  ()sphera”  elementenergy @ sinNTeR
B H Coordnatedy § + EU (FCHIU)-project;
L} Magnus s Thom: ( yen

Novel materials and system designs for low cost,
efficient and durable PEM electrolysers

« Total budget 7 M€ (70 % public SUppOrt) _
‘ ; =

Total budget Q.

Coordinated by =

ooty ! - fecnalio )] FES)

design and up-scaling

Next generation PEM Electrolyser for Sustainable
NEXPEL Hydrogen Production

Totalbudget Main objective: + Model validation through high speed image capture and processing
o Coordnatedby SIt . .
e Magnus.s Thomas and durable PEM watere + Lehanalysis

\I

+ Systemdesign and optimi
uneseale)* Increased understanding

andcourea Tl degradation issuesin PEN 17 («)ITMPOWER 2 Fraunhofer @ siNTer
Main objective: e e 5t

Develop and demonstiate
electrolyserintegrated wit
fficency (LHV), H, produ
consrctonmatrias | €5,000/ NmPh, target

40000

9 SINTEF

il

cas «28ENE0  HELION % fraunhofer

Zraunhofer | HELION marecn B @ sinTer

Reading

Technology for a better society



ikl Research, standardization and CFDs

Sammenhengende verdikjeder for hydrogen

En utredning pd oppdrag for Olje- og energidepartementet, mai 2023

The technologies are available, but there is still a need for
technology development within several sectors

Standards need to be developed
Public funding for research and implementation is necessary

Hydrogen will compete with other sustainable solutions due
to scarcity on electrical power, work force and land area

osloeconomics GREENS!GHT) @ SINTEF

Norway has resources and competence we can use to take
a leading role in Europe's hydrogen industry

Need similar incentives as those launched in EU and USA _

Incentives like Contracts for Difference (CFDs), support for
building of infrastructure and increase in CO, taxes

Forslag fra LO og NHO til
en norsk hydrogenstrategi

o A

Technology for a better society



gl |nnovation through co-operation and expertise
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education contract research

P
&
Business

Product development and
use of research results




SINTEF

Public authorities
Entrepreneurs

Research

Investors

.\.

COLLABORATION IN AN ECOSYSTEM OF INNOVATION

- where new businesses play a bigger part



SF Applied research projects

Solar powered Hydrogen heavy duty
trucks & forklifts

T —

() REFHYNE

Safe hydrogen fuel handling and
use for efficient implementation

SKIO

— vi forsyner Norge med mat

VIRTUAL & physical platform for Fuel Cell
System development

BATTERY

FUEL CELL

ONTROLLEI

12 million Euro for building of
Fishing boats

EMS -

LFC
Pe.
add
1
0
)
DRIVING POWER

t - .
DRIVING LOAD E

Aquaculture vessel+ hydrogen production
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Hydrogen can play an important role in the
decarbonization of Nordic countries,

But only if governmental incentives are
strengthened, and further research is
supported

Technology for 4 better sEt%\ =



	Bild 1: The Icelandic Energy Transition Challenge
	Bild 2: The energy landscape
	Bild 3: Energy mix
	Bild 4
	Bild 5: Three energy transitions
	Bild 6: Iceland's primary energy use
	Bild 7
	Bild 8: Iceland’s Emissions Profile – Comparison
	Bild 9: GHG emissions in Iceland by sector (ex. LULUCF)
	Bild 10: Emission intensity - comparison
	Bild 11: Energy and Climate Goals
	Bild 12
	Bild 13: The final energy frontier
	Bild 14: Energy transition in all transportation sectors by 2040
	Bild 15: Challenges
	Bild 16: Required energy for a full energy transition, 2020–2040
	Bild 17: Initiatives for energy transition
	Bild 18: Thank you  erla.sigridur.gestsdottir@urn.is  https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/ANR/Orkustefna/201127%20Atvinnuvegaraduneytid%20Orkustefna%20A4%20EN%20V4.pdf  https://www.government.is/lisalib/getfile.aspx?item
	Bild 1: The Swedish Energy Politics 
	Bild 2: Sweden’s energy supply
	Bild 3: Development of the electricity prices over time
	Bild 4: Transmission system capacity 
	Bild 5: Declining production capacity in south of Sweden
	Bild 6: Sweden's power supply   
	Bild 7: Sweden's future power supply 
	Bild 8: Security of supply  – the performance of the power system 
	Bild 9: The performance of the system is already defined 
	Bild 10: The new approach for the energy politics   
	Bild 11: Stable, fossil free energy supply to affordable prices  – when we need it, where we need it
	Bild 12: The Swedish Energy Politics 
	Bild 1
	Bild 2: We are all faced with a series of great opportunities brilliantly disguised as impossible situations. Charles R. Swindoll
	Bild 3: BalticSeaH2 objective 
	Bild 4
	Bild 5
	Bild 6
	Bild 7: About BalticSeaH2
	Bild 8: BalticSeaH2 Main Valley
	Bild 9: Hydrogen value chain and infrastructure
	Bild 10: Vision
	Bild 11: Use cases and industries involved in BalticSeaH2 
	Bild 12
	Bild 13: Follow the project!
	Bild 1: Challenges and Opportunities when hydrogen meets the electrical power system
	Bild 2: Net Zero Emissions by 2050
	Bild 3: Can we do this? Yes we can! Technologies are ready. It will cost less than 0,5% of GDP 
	Bild 4: European Electricity Grid planning
	Bild 5: Some history – a simple power system
	Bild 6: That simple power system developed into a more complex power system
	Bild 7: Our future integrated energy system will be even more complex
	Bild 8: So what are the challenges and opportunities when hydrogen meets the electrcity grid? 
	Bild 9: What is there to learn from the electricity grid? REDISET system model
	Bild 10: Take aways
	Bild 11: Questions?
	Slide 1: The Nordic fuel transition roadmap and green shipping corridor pilots 
	Slide 2: The Nordic commitment 
	Slide 3: The Nordic roadmap project (2022-2025)
	Slide 4: More than 50 partners
	Slide 5: Ten technical deliverables to date
	Slide 6: Key highlights from our deliverables 
	Slide 7: Focus for the rest of the Nordic Roadmap project 
	Slide 8: Nordic fuel transition roadmap
	Slide 9: Green shipping corridor pilot studies   
	Slide 10
	Slide 11: Our next event: Webinar 8 November
	Slide 12: For more information contact:
	Bild 1
	Bild 2
	Bild 3
	Bild 4
	Bild 5: National hydrogen hubs
	Bild 6: PROJECT | ASKO
	Bild 7: Hydrogen vessel and bunkering system
	Bild 8
	Bild 9
	Bild 10
	Bild 11: Funding of 16 ships on hydrogen/Ammonia
	Bild 12: Hydrogen solutions at the hubs
	Bild 13: Some R&D challenges that must be solved
	Slide 1
	Slide 2: ABOUT US Company Profile
	Slide 3: The Challenge
	Slide 4: GHG REDUCTION Impact
	Slide 5: INDUSTRIES – FIRST MARKET Shipping
	Slide 6
	Slide 7: BUT ONE STANDS OUT… Ammonia
	Slide 8: AMMONIA TODAY Ammonia Infrastructure
	Slide 9: AMMONIA MARKETS Worldwide demand projected to grow 3x by 2050
	Slide 10
	Slide 11: AMMONIA MARKETS Decarbonization of ammonia production
	Slide 12: Technology outlook and AMOGY 
	Slide 13: Energy House – Stord Norway Energy House Test Facility
	Slide 14: Energy House – Stord Norway 3 key players in one location 
	Slide 15: TECHNOLOGY Ammonia (NH3) to Electrical Power
	Slide 16: Product Amogy System Module
	Slide 17: Learning by doing
	Slide 18: Technology demonstration Tugboat
	Slide 19: BETWEEN RETROFIT and NEW BUILD 1MW Tugboat
	Slide 20: 1 MW TUGBOAT DEMONSTRATION The World’s First Ammonia-Powered Vessel
	Slide 21: AMOGY - 1MW TUGBOAT DEMO Partnership & Collaborations
	Slide 22: Technology demonstration Amogy - NH3 KRAKEN
	Slide 23
	The role of hydrogen research and innovation in decarbonization of the Nordics
	Hydrogen on everyone’s lips
	 EU
	Hydrogen´s role in the energy transition
	A global hydrogen market under development
	Hydrogen in Norway
	Et globalt Hydrogenmarked 
	Hydrogen as an energy carrier, synthesis
	 H2-technologies – TRL along the value chain
	SINTEF's EU-project portfolio (2010-2021)
	PEM Water Electrolysis @ SINTEF
	Research, standardization and CFDs
	Slide Number 13
	Slide Number 14
	Applied research projects
	Slide Number 16

