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Summary

This is Norwegian Energy Partners

Norway is a country with fantastic energy resources.
For more than a century we have built our country
on developing energy solutions in a sustainable way Tass fiy
within a wide range of areas, from upstream and ' :
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midstream oil & gas to energy systems, offshore §j oty - st
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We are promoting Norwegian energy capabilities in ‘ L AR ;'
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international markets.

Norwegian Energy Partners - providing solutions for
global energy needs.




Technologies & Solutions

Making Norwegian competence, experience and technology available. Search and find
world class innovative Norwegian technology and solutions for our future energy needs.
Find your perfect energy match from more than 800 solutions.

Technologies & Solutions - Norwep



https://www.norwep.com/technologies-solutions

Key figures Norway

» Capital City: Oslo
» Population: 5,3 million
 Area: 385,155 square kilometres

* Coastline: Norway’s coastline stretches
over 25,148 kilometres.

* Large producer of oil & gas

* Oil and gas produced from 119 fields
since 1971

» About 50% of the energy consumption
in Norway is renewable

» About 98% of the electricity is from
renewable energy

 The viking Leif Erikson discovered
North America about 1000 CE
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Norwegian gas resources

The figure below shows the expected volume
of sales gas from Norwegian fields, 1995-2035
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Future gas infrastructure
from Norway




Norwegian service and supply industry - petroleum

Yards/fabrication, engineering
(platform decks, jackets)

Service and supply in Norway (2019): N W

« Second-largest industry in terms of
turnover

» More than 1250 companies

» Total turnover of NOK 397 billion
(USD 45 billion)

* 30% in international market

» 50 years of offshore petroleum
activities

www.norskpetroleum.no



UN sustainable development goals
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* Norway has committed to cutting greenhouse gas emissions by 50-55 percent by 2030

* Norwegian Shipowners’ Association — cut climate emissions by 50% per unit by 2030, new
ships zero-emission technology from 2030, climate-neutral fleet from 2050, international ban on
non-climate-neutral fuels from 2050

* Equinor — The goal is to achieve carbon-neutral global operations by 2030 and reduce net carbon
intensity in produced energy by at least 50% by 2050. November 2020 - Net zero emission by
2050.
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Norway’'s ammonia and hydrogen history

Norsk Hydro (Yara)
* First fertilizer production 1905 - Notodden
« Ammonia produced from H2 (electrolysers) 1929 — Notodden and Rjukan




Hydrogen strategy — Norwegian Government
“On the Way to the Low-Emission Society”

Focus areas in the report (June 2020)

1. Safe use and production of hydrogen with low
emissions

* Hydrogen with low emissions - from production to consumption
 Safety and regulations

2. Hydrogen in Norway
 Transportation (maritime, onshore, infrastructure)
* Industry
» Power sector
* National R&D

3. Norway and Hydrogen Internationally
» European ambitions
* International cooperation

- Hydrogen
Roadmap
‘I Summer 2021

Regjeringens
hydrogenstrategi
pé vei mot lavutsiippssamfunnet




Norway — developing a comprehensive hydrogen value chain @

ENERGY SUPPLY ENERGY CARRIERS USER APPLICATION

Gaseous Road
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Norwegian involvement - ),

i ¥2Barents Blue

PrOJect types:

* Renewable/H2 production
* Low-carbon H2
production/CCS
Infrastructure/distribution
EU open grid
Ammonia
Power to X/efuel
End users (process industry,
transport, maritime, power
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Timeline for development

Viking Energy
first LNG-
powered supply
vessel. 2003

2015

2000
Ampere/Norled

Glutra —
First LNG ferry

Electricity

World's first electric car and
passenger ferry

Torghatten Nord — Contract two H2 ferries
Operation: 2025

@
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MF Hydra. First | 4 " 'ng Energy

ferry. F . supply vessel with
Fuel cells, batterG @SSR g~ =« cnx 2ee. - snonia and SOFC
2021/2022 cells 2023

2023
First LH2/fuel cell
cruise ship planned

Ferry Norled/Finngy
100% hydrogen and fuel
cells,CGH2

2021




Fuel and volume

* The different fuels compared to each other, energy

wise.

« The maintenance space around the tanks etc. is

not included.
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Different concepts -
Low and zero emission solutions for all type of vessels

« Combustion engines

* Fuel cells

« All electric

* LNG

« Hydrogen, ammonia, synthetic fuel

 Hybrids
* Diesel and battery
* LNG and battery
* Hydrogen and battery

D N v first hydrogen ferry.
Operation 2021
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B The Aurora project will provide emission free LH2 to the
maritime transport sector in Norway.

B The hydrogen will be produced by electrolysis based on hydropower.

B Partners are global industrial gas supplier Air Liquide, Norwegian energy
major Equinor and regional hydropower company BKK.

B A production and liquefaction facility will be established at the Mongstad
Industrial Park, close to a Equinor refinery and close to large seaports.

B Through cooperation with Wilhelmsen'’s planned liquid hydrogen-powered
“Topeka” base-to-base vessels, the partners will distribute LH2 from
Mongstad across Western Norway.

M The project also covers the development of a distribution ;
network, multi-user terminals and ship bunkering stations. Hﬁ

M Aurora is a mature project ready to commence — " ﬁ.‘;ﬁ

cooperation with new partners immediately. - -
s S
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Topeka base-to base vessel P sercen
The zero emission seaborn alternative
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Supply and value chain for Hydrogen

Transportation,

Production End user & utilization

distribution & storage

* Equinor — Clean hydrogen with CCUS,

Northern lights project * Moss Maritime — Marine applications * Equinor — Green shipping/fuel
* Reinertsen new energy/HYDROGEN * Equinor on vessels
Mem-Tech — Production of hydrogen » UMOE Advanced Composites - storage * ABB - hybrid power system,
with CCS * TechnipFMC — Deep purple project fuel cells
* ZEG Power — Hydrogen production (hydrogen and wind) . Siemens - batteries and gas
* Siemens - Hydrogen electrolysis, * Kongsberg — Marine applications turbines
batteries and gas turbines * Kongstein - Engineering and consulting, * Sevan SSP -SSP hull. offshore
* Statkraft — Renewable solutions, propulsion solutions wind, hydrogen
energy management * LMG Marin - Design, engineering and * Yard/Vessels operating on
* NEL - Hydrogen production, storage documentation Hydrogen
and refuling solutions + Norwegian shipowners (BW, Hoegh, Golar, : Hydrogen in the process
* Aker, Aibel — EPC, complete value Knutsen OAS etc.) — Transportation of H2 industry
chain * Wirtsild Gas Solutions * Yara - Fertilizer

* Bergen engines

Other companies; DNV and Gexcon(Risk management, safety, studies), Multiconsult and Norconsult (consulting), Academia/R&D, 19



Ammonia as energy carrier

Processing N2 from air
SVALBARD ¥

Synfhesis plant  Electrolysis
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Fuel cell
vindpark (50 MW)

a5 I/
@ Heat
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Electricity E—
vindpark (45 MW)
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» Equinor, Eidesvik to test ammonia fuel
on LNG-fueled PSV

* Propulsion: 2MW fuel cell system.
* In operation from 2023




Yara’s ammonia position is unique, with leading positions across

production, trade and shipping

j-e
1. Yara got funding to a demonstration project
\. replacing natural gas with green hydrogen at

“Yara's plant in Porsgrunn, Norway

ami

® Yara production plants & infrastructure {___> Yara main trade eco-systems

®  Major bunkering hubs’ ﬁm Yara Ammonia Trade & Shipping operations

e ! Oil & LNG bunkering hubs {not owned or operated by Yara)

Production

» 8.5 mt capacity across 17 units

* Proximity to major bunkering sites

» Electrolysis can replace SMR step; rest of
infrastructure can be utilized

» Three green ammonia pilots, start-ups
scheduled for 2023-25

Trade

* Global trader with > 20% market share

» ~3.7 mt of global export capacity with multiple
downstream outlets

* Industrial solutions land logistics expertise

Shipping & storage
+200 kt maritime transport (11 ships)
= 580 kt ammonia storage capacity
* 18 marine ammonia terminals
» Connecting green supply and demand

13



Hydrogen Solutions

Renewable electricity X Fuel " Industry
ranspo
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H: electrolysis plant

HYDROMAR — Energy Terminal
- a unique marine solution for production,
storage and bunkering in city-close locations

Provider of Hydrogen
Solutions — maritime focus

Safe, feasible and cost-
effective solutions

Scalable and locally
produced green hydrogen —
proven technology

Projects in pipeline and
under development



https://skl.as/
https://liquiline.no/

Wind power and hydrogen plant

In 2004, the small island of Utsira, Norway, » Deep Purple project (TechnipFMC)

« Offshore hydrogen technologies for CO2-
free energy production

became home to the world’s first, full-scale
combined wind power and hydrogen plant

Flywheel, Synchronous
Machine, Battery
/

Wind Turbine Grid Transformer

Electrolyzer
H,-compressor

JRWAY
H-storage FueI,Cell H;-‘engine . .
n » 23 % of total CO2 emissions from Norway
Utsira wind/hydrogen demonstration plant . .
Osioe come from the gas turbines on Norwegian
UTSIRA .Q.Haugesund platforms.
Stavanger « Hydrogen from offshore wind can offer

stabile zero emission energy deliveries
s DENMARK



mossmaritime @

Hydrogen bunkering & ship transport

* In 2018 Moss developed an LH, carrier with bunkering capability

* Collaboration with Equinor, Viking Cruises, DNV and ship operator Wilhelmsen

* Cylindrical vacuum insulated tanks — 2 x 4500m3

* Suitable for short/medium distance transport and providing LH2 fuel to other ships




TECO 2030 ASA | COMPANY PRESENTATION

FLEXIBLE FUEL APPROACH

By partner able to provide full or partial turnkey projects

Compressed hydrogen (CH,)

Can operate on pressure
ranges up to 700 bar

Liquid hydrogen (LH,)

Maintains high efficiency with
low H2 input pressure
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Methanol / Ammonia

Pre-

treatment

Active research on pre-
treatment

@
ny®

Metal Hydride hydrogen storage

Liquid organic hydrogen
carriers (LOHC)

Eliminates the need for
compression and makes it safer

Unique fuel tank-fuel cell
heat regulation system
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Hydrogen replacing coal

« To be climate neutral by 2050, TiZir Titanium & Iron (TTI) will replace coal with hydrogen at the
smelter in Tyssedal.

» Developed technology for a full-scale plant where they replace 85 percent of coal consumption
with hydrogen

« CO2 emissions reduced by approx. 235,000 tons of CO2 per year - a reduction of more than 82
percent.




Expertise in Hydrogen safety

TO MITIGATE CONSEQUENCES
TO UNDERSTAND CAUSES Limit The Impacts Or Damage To Plant And

Increase Knowledge & Understanding Of Environment Due To Incidents Occurring
The Physical Phenomena Which Result In
Occupational Accidents

TO PROTECT HUMAN LIFE

TO PREVENT Develop Standard of Safety Practice To

) ) Prevent Any OSH Accident To Happen
Procedures, Material Properties,

Correct Choice of Equipment To

Prevent Accidents From Occurring



Northern Lights project/Longship - CCUS 7,

The carbon dioxide value chain from capture, transport to storage or utilization

Phase 1: 1.5 mtpa CO2
Phase 2: Additional 3,5 mtpa CO2

B Norwegian full-scale CCS Project
M 3rd party volumes of CO,

B Alternative storage projects

Cooperation between Equinor, Shell and Total and the Norwegian Government



Fortum Oslo Varme AS
Energy recovery plant

Norcem AS, Brevik
Cement factory
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The Norwegian full-scale
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CCB Energy Park - @ygarden

CCB Energy Park

@

The planned facility
at CCB Energy Park
will be able to store
huge amounts of
CO2 under the
seabed.

Kollsnes is also home
to a natural gas
processing plant, and
the area could be
used to produce
hydrogen in future.

Photo © CCB EH



Value Chain — CCS/CCUS
i re e

Carbon Capture Carbon Transportation Carbon Storage
coz capture te(:hnalugv options
Post-combustion CO, capture ‘ Oiland gas fields ‘
technology
Pipeline
Pre-combustion CO, capture Saline formations
technology
Coal seams
Oxy-fuel combustion
Ships
Direct CO, capture Key supply chain components of a
technologies storage system
Onshore Offshore
facilities pipelines
CO, compressor unit e
Umbilical Subsea
systems facilities
‘ Subsea injection well
Note: The above-mentioned technologies/components/building blocks are only representative and are not exhaustive

Source: Global Status of CCS 2020, Global CCS Institute; IEA, EY Research

e
=5)

Carbon utilisation

CO, uses being explored

Chemicals and
petrochemicals

Construction materials

Food and food
ingredients

Fuels and energy




Value Chain — CCS/CCUS @

End user &
utilization

Transportation,

distribution & storage

* Sevan SSP — SSP hull. CCUS,

* Aker Carbon Capture - Just Catch" * Moss Maritime — Marine offshore wind, hydrogen
concept for CCUS applications « Smart Feature — CO?2

* HYDROGEN Mem-Tech — * Kongsberg — Marine applications storage/reservoir
Palladium membranes for- * LMG Marin - Design, engineering « NORSAR Innovation - CO2
hydrogen and carbon dioxid and documentation storage
separation e N : ;

. orwegian shipowners (BW, « Nordic Blue Crude

* NOV - Amine technology Hoegh, Golar, Altera, Larvik

» Aker/Kvaerner — EPC, Carbon Shipping etc.) — Transportation of
capture facilities and CCUS COo2

* Aibel - design and construction * Wartsila Gas Solutions
TCM/Mongstad)

Other companies; DNV, Gexcon, Academia/R&D

* 3C (Compact carbon capture) (SINTEF, NORCE, IFE), Equinor, Gassnova



Norwegian competence 7,
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CO2 Value chain

» Carbon capture

» Carbon transportation
+ Carbon storage
 Carbon utilization

Offshore competence
~ + Geoscience & reservoir

____________ — | oiandgss (SRR \\Vell construction &
' ; pperations

* Subsea systems &
~ marine operations

~« Platform, floating
/' production systems &
y onshore plants

Source: Norwegian Petroleum
https.//www.norskpetroleum.no/en/environment-and-technology/carbon-capture-and-storage/



2 ‘ ' ' Horisont energi
World-scalée production of clean ammonia

POLARIS

/year
nt of annual
ions of Norway's
‘aviation and 2 million cclr’s"”

Fertilizer and
chemical

+97million
e Power sector

+30 million

Marine fuel

Project partners: SR : i g ey | - P e
Equinor : >4 :
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Stella Maris = Think Big

To get CCS costs down, large scale solutions are required!

iy
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10 Mt CO2 / year
Infrastructure will include: ﬁl
+ Carbon Collection Storage Offloading units (2-3) to be

located at key location(s) as export hubs »
+ Afleet of large CO2 shuttle carriers (up to 50 000m3) : * o ¢ "

* Offloading and continuous injection of CO2 offshore ; ’ _ g
into saline reservoir D

+ Zero emission Project

+ Scalable Worldwide

« Solution deployed for large scale emitters, clusters ’
and/or nation states in 2025 Lo 5 >

* One shop-stop from collection to storage

+ Cooperate close with industry and policy makers p ; o
nationally and internationally _ ) —_— Al
- uOEGH LNG
mos’s

MAANE




mossmaritime

CO2 ship transport — Northern Lights project

* Moss LNG experience > Moss LCO, design

e 2019: Moss engaged by Equinor, Total & Shell for
design of cargo system for the Northern Light
CO2 ships

* Ship transport by 7500 m3 ships for CO2
captured & liquefied from various sources —
storage in Norwegian continental shelf

* Moss work scope: Basic design of the ship CO2
handling systems

* Process definitions of cargo system including
operational procedures

* Layout & piping basic design
* Equipment definitions & budgetary pricing




TCM testing campaigns 5 v roma @

GASSNOVA  equinor %Y

» World’s largest and most advanced test center for developing CO, capture technologies
+ Leading competence center for carbon capture

-

Peic T8¢

¥ wsivor

Testing campaigns under
the direction of technology

providers
Aker Solutions (Norway)

Testing campaigns under Global centre of expertise

the direction of owners

Fortum Oslo Varme
HeidelbergCement Norcem
Guandong, China

OGCI-CI

DNV GL

* Mono Ethanol Amine (MEA)
Aerosolve
Align
DOCPCC
CCSI2

Alstom/BHGE (USA)

Cansolv Technologies (Canada)
Carbon Clean Solution
(UK/India)

ION Engineering (USA)

Fluor (USA)




Gassnova-expertise at every stage of the

CCS value chain

Capture

* Technology types

* Integration with sources

* Project maturation

+ Cost estimates

* Industrial application

* Building and operating of
facilities

Transport

Logistics
Transportation of ships
and piping

Material
requirements/corrosion
Design tools

Flow modelling

CO, specification
requirements

o,
( w
Transpart ===

Gassnova’s expertise represent
Norwegian supplier capabilities

@

CCS

* Project maturation

» Cost estimates

* Technological risk

* HSE related to CCS

+ Government processes

* Regulatory matters

* Overview of operators: R&D,
suppliers and end users

* National and global CCS networks

Storage

» Storage options

* Monitoring technologies

* Leakrisk

* Injection wells

* Reservoir modelling for
CO, movement

Gassnova - established by the Norwegian
authorities to development of technologies and
knowledge related to carbon capture and storage
(Cccs)



Norway - Status today and summary

* High focus on environmental solutions over the latest decades

* In the lead of the green shift — especially in the maritime and offshore segment
« Strong reference list for environmentally friendly technologies

» Supplier of green and blue hydrogen and related technologies

» Research, development and demonstration of low emission technologies

» Several incentives from the government and clear targets for the green shift:
* High pricing of emissions (e.g. CO2).
* Reduce taxes and fees for environmental solutions/vessels.

 Public procurement specifies environmental friendly requirements
» Government, industries and customers work together — creating win-win solutions

» Norway has a well-developed supply chain within the hydrogen and hybrid value chain
and CCUS value chain

40



For further information about
Norwegian suppliers contact:

-\ Norwegian
Energy Partners

Eirik Melaaen, Ph.D.

Director Midstream & LNG, East Africa and Singapore
Mobile: +47 95 96 73 77

E-mail: eirik.melaaen@norwep.com
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Norwegian
Energy Partners

Oslo
Hoffsveien 23, P.O. Box 631, Skayen,
N-0214 Oslo

Stavanger
Innovasjonspark, Prof. Olav Hanssens vei 7A,
N-4021 Stavanger

Bergen
Godvikveien 58,
N-5179 Godvik



