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Natural gas demand

2 tviklingen i kraftsektoren fra i dag til 2050 (TWh) i Lavutslippsscenarioet
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Statskraft — Low emission scenario 2020

IEA — Natural gas demand in the Stated Policies a
Scenario in the World Energy Outlooks 2021, 2020
and 2016
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Equal split between fossil and non-fossil energy in 2050
DNV — Energy Transition Outlook 2021

World primary energy supply by source
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Hydrogen in the global race to net zero

Countries with national
hydrogen strategies

Countries with unofficial
national hydrogen strategies

Countries with national hydrogen

strategies through EU membership ||

Countries known to be working on
national hydrogen strategies

Sowrce | Recharge analysis

Hydrogen used in:
* Industry

* Power

* Transport

strategies
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Country with Hydrogen

1) Hydrogen imports transit to other countnes (e.g. Germany) considered
2) For Norway, hydrogen is not targeted for direct export, but indirectly through the export of NG with local CCS.
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LNG — The big picture

* Natural gas is the cleanest burning and fastest growing fossil fuel

* LNG demand will almost double by 2035 (US, Mozambique, Russia, Canada and
Qatar)

* Natural gas/LNG will be an important premise for the green shift.
* Increased trading of LNG require massive development and create opportunities

* Norway's advantages are established maritime/onshore supply chain for LNG and
offshore competence

* Alternative to coal is LNG and small-scale LNG solutions
* LNG projects are typically EPCI contracts, module deliveries and assemblies on site

* LNG projects are more than cryogenic equipment!



Hydrogen — The big picture

* A booming market - High focus on hydrogen as the energy carrier of the future
* Many countries with hydrogen strategy and road maps. Europe- Japan, Korea, Australia etc.

Large funding are allocated - requirements for local content
High focus on green hydrogen - Blue hydrogen will play an important role in the transition to renewables

* Nobody wants to talk about it, but forecasts show that this is the reality

Costs need to go down, especially on green hydrogen. Scale up solutions!

Large dynamics in the markets and many project are planed, but large uncertainty about the timeline and
realism

* Uncertainty about what will be the fuel of the future in long-distance transport,
marine, power production, etc. Hidroden
* Ammonia will probably play an important role in the future 7




Green shift - Norway/Europe @

PrOJect types:
* Renewable/H2 production
* Low-carbon H2
production/CCS
 Infrastructure/distribution
* EU open grid
* Ammonia

n Barents Blue

NORWAY
CLUSTER

Power to X/efuel

b/ | ; End users (process industry,
Y, tran)sport, maritime, power
Y LH2Maritiméd etc. : :
: v * Value chain/Supply chain

NGl’thernLight c n{;’f‘ Clean Hydrogento Europe
} HyDEMO -

Office Online Frame

A Not only hydrogen
, UK competence/technology
* Support Energy transition required for the green shift

UK Hydrogen Strategy (Aug-21)
UK Net Zero Strategy (Oct-21)
Scotland’s Green Hydrogen Plan (Nov-21)

Many projects as Hynet North-West, East
Coast Cluster, Milford Haven: Energy
Kingdom, Acorn and Humber project 8



2021 Hydrogen Projects in Scotland

End User
01 Cloverhill’s Aberdeen
Hydrogen First

02 Eden Mil distilery

03 Glasgow Hydrogen Gritters

04 HECTOR project

05 HyDIME

06 HyFyer

07 HySeas Il

08 Hy3pirits

0% Hytranst Project -
Aberdeen Hydrogen Busses

10 Hytrac

11 JWE 2 - Dundee
Hydrogen Transport

12 Eirkwall Airport Decarbonisation

13 Liguid Organic Hydrogen
Carriers ([LOHC) for the
transportation of hydrogen

14 Project Hyloddie

15 Scoftish Hydrogen Train project

14 TimberLIMK

17 Uist Distilling Company

Multi-vector

18 Aberdeen Hydrogen Hub

1% Aberdesn Vision

20 BIG HIT

21 East Meuk Power fo Hydrogen

22 GEMCOMM - AD

23 ITEG - Infegrating Tidal Energy
info the Buropean Grid

24 Morth of Scotland Hydrogen
Frogramme

25 OHLEH - Outer Hebrides Local
Energy Hulb

26 Oron Project

27 FITCHES

28 ReFLEX (Responsive Flexibility)
Project

29 SWIFTH2

30 PURE Energy Cenirs

31 Flotia Hydrogen Hulb

Froduction
32 Aberdeen Hydrogen Centre

|ACHES)
33 Acom CCS @

3 Acorm Hydrogen
35 Caledonia Clean Energy Project
34 Chapelcross Initiative

37 Dolphyn Project
38 Edinburgh Intfermational Festival
decarbonisation project

3% Green Hydrogen for Glasgow

40 Hammars Hill Green
Armmaonia project

41 Kittybrewster Refueling Stafion

42 Skelmonae Green Hydrogen

43 “Surf 'n” Turf’

Storage

44 Eday Fow Cel Battery Project

45 HyaAl

44 HystorFor Project

Transmission/distribution

47 H100 Ffe project

Source: Draft Hydrogen Action Plan Scot Gov: Nov-21
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First Round — IPCEI Hydrogen project Netherland

@
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IPCEI - Important Projects of Common European Interest

1
2:
3

0 NN

17:
18:
19:

20:
21:

: Air Liquide - Rotterdam - Hytrucks

Air Liquide - Terneuzen - 200 MW

: Air Products - Rotterdam - Import and

distribution for mobility

: Bosch - Tilburg - Electrolyser Stacks
: Chemgas Shipping - Rotterdam -

inland
shipping fleet

: DAF Trucks - Eindhoven- Hydrogen

Powered Trucks

: Engie - Eemshaven - 100 MW
: HBR - Rotterdam - A European shipping

corridor
HBRjBP/Nouryon - Maasvlakte - 250 MW
: HBR - Maasvlakte -
Conversionpark
: HBR - Infrastructure Maasvlakte to
Pernis
: Hydron Energy - Noordwijkerhout- PEM
electrolyser technology
: Lukoil/Total - Vlissingen - 150 MW
: GasUnie - Groningen - Backbone
: GasUnie - Zuidwending - Hydrogen
storage
: NedStack - Arnhem - Fuel Cell Giga
Factory
Nouryon/PoA/Tata - A‘dam Port - 100
MW
Province South Netherlands - Rotterdam
- RH2INE
Shell - Maasvlakte - 200 MW
Uniper - Maasvlakte - 50/500 MW
Vattenfall - Maasvlakte - 100 MW

22: VDL - Eindhoven - Energy Systems for
mobile and stationary applications

23: Vopak - Rotterdam - H, Imports in
Europe

24: Yara/@rsted - Sluiskil - 100 MW

Purple: H, Import/export
Blue: H, use in mobility
Red: H, Enabling technologies

’) Norwegian
( Energy Partners



Hydrogen Prospects — The Netherlands

. Capacity Capacity .
Name of project/place (MW) Operational REINEES

Shell

Air Liquide

Engie

HBR/Shell
HBR/BP/Nouryon
Lukoil/Total
Nouryon/PoA/Tata
Orsted/Yara/DOW
Uniper/HBR
Vattenfall
Vattenfall/[HBR
VoItH2/NS Port

Yara/Orsted

NortH2 Project
ELYgator, Terneuzen
HyNetherlands Eemshaven

Maasvlakte

H2/Fifty, Maasvlakte
H2ero, Vlissingen
H2Ermes, Port of Adam
SeaH2Land, Schelde
Maasvlakte
Eemshaven West
CurtHyl Maasvlakte
Vlissingen

Sluiskil

2,000
200
100

200

250

150

100

1,000
100-500
10-100
10-100
25

100

0.020

0.045

0.023

0.015

0.100

0.0036

2030

2024

2025

2023

2025

2026

2024

2030

2025

2024

2023

2024

2025

Expansion to 5 GW by 2040
170 million m3 /yr
Potential expansion to 1 GW

FEED Study 2021

Concept phase
Feasibility Study 2021
FEED Study 2021
Dutch Flemish port
Feasibility Study 2021
100 MW by 2027
FEED study 2021
FEED study 2021

Green amonia, 0.075 MTpa



Projects — Australia

* LNG; 10 projects operating, 21 trains, 84mtpa
capacity
* 1 new train planned (Pluto2) —
* FSRU; 6 proposed projects — east coast (NSW/VIC)
and South Australia

*  Hoegh LNG secured 1 project — most advanced

* Hybrid Energy Solutions; Hydrogen

* multiple hydrogen projects announced

Bechtel EPCI (pending FID)

* small scale powering rural communities and remote mine sites —
replacing diesel fired power;

* E.g. Denham hydrogen pilot, Horizon Power (state utility
company)

* large scale (major power generation)

* E.g. Port Kembla gas-hydrogen co-fired power station, Squadron
Energy

* Hybrid Energy Solutions; Batteries
* Multiple large scale battery projects (SA, VIC, NSW)
*  Support large growth in onshore wind / solar

*  Grid stabilization and back up power

New LNG project has been approved - The Scarborough
and Pluto second train development

Prelude
FLNG
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Figure 2: Australian LNG Projects with installed capacity and operators

Source: Department of Industry, Science, Energy and Resources

Norwegian Energy Symposium: H2 & CCS Solutions and

Technology 9-10 Nov. 2022

Day 1: HYDROGEN, please click HERE

Day 2: BLUE HYDROGEN/CARBON CAPTURE & STORAGE, CCS, please click HERE.


https://www.norwep.com/Market-info/Markets/Australia/Events/Norwegian-Energy-Symposium-H2-CCS-Solutions-and-Technology
https://www.youtube.com/watch?v=jQUYDsfmpPA
https://www.youtube.com/watch?v=deBOKHDhInI

Projects — Brazil

Location map of LNG regasification projects in Brazil

Table presents the status of LNG regasification terminal projects listed
from North to South Regions which was not under commissioning
and/or operating until this document’s publication
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Capacity
Project State (million
m?/day)
CELBATerminal PA 15
AM
Uirapuru Amazonica Energy PA / -
Geramar Il thermoeletric power plant (associated MA | NA.
terminal)
S30 Marcos I/Il Thermoeletric power plants
. . MA |21
(associated terminal)
Suape PE 21
Central Port ES 20
Imetame Port ES N.A.
Norte Fluminense Terminal RJ 21
TEPOR RJ 21
TRSP SP 14
TGS SC 15

Notes: N.A. - not available; terminals already built (commissioning or in operation) were not cited.

source: EPE.
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Latin America «

Brasil - Small scale LNG project developed by ENEVA, an E&P

Green hydrogen put on the company operating in onshore fields. Natural gas will be provided
agenda, at the starting point! ~ g
by Azulao field.

Qe

Colombia
Hydrogen:

Brasil — Offshore Wind + Hydrogen — 3 states: Ceara,
Rio Grande do Norte and Rio de Janeiro.

Chile - global player (ranked amongst top 6). Target
to be global export leader. 15 projects.

Colombia and Argentina are in process of
implementing new road-maps for green hydrogen

Uruguay is already decarbonized. Hydrogen used in
transport sector.

Mexico — Growing interest, Natural gas network
could transport blue and green Hydrogen

Argentina

14



CANADA’S LEGEND
LNG Project:

OPPORTUNIT, LNG import terminal Canaport (in operation)
— * Over a long period 20 LNG facilities/ export licences are
proposed but only one real project. LNG Canada/Kitimat BC
- 50% finalized

* Now reviewing proposal of 18 LNG export facilities from
British Columbia to Nova Scotia (e.g. Jean D'Arc Basin project)

BRITISH COLUMBIA

Production i
* & ATLANTIC
Alberta Manitoba
) EN quebe o
Saskatchewan l Prince Production
End U * Edward 0N
Fnd Use —
) &'* Ontario * Island /;gq
. ® 3 2 -
=) -y () * N
" ova 3
New Scotia 5‘
| I Brunswick
* Enn ler
ALBERTA & SASKATCHEWAN MANITOBA ONTARIO QUEBEC End Use

Production Production Production Production
—m__ 70N _Fﬂ
=== ——— ¥Z4a
@ ‘ G
Eol—

End Use

End Use End Use End Use
OPODD QDO



Most relevant H2 Projects: /;
C danad d d * ATCO,Alberta — Hydrogen blending project + CCS (88 MW) (

* Suncor and ATCO, Alberta — produce clean Hydrogen (300 000 ton/year)
.
* Hydro Quebec/Thyssenkrupp project — green hydrogen

Hydrogen projects and clusters are forming across Canada

NORTHERN CANADA QUEBEC

|o| reasibjity studies for mining 20 MW hydrogen system @ Planned 20 MW

and remote communities added to Bécancour plant @airtiquide s  =—= electrolyzer in Gatineau ENBRIDGE

I “I LD H, Fueling Network and .'l r— Planned 88 MW electrolyzer A

Vehicles hydrogen station sl
BRITISH COLUMBIA :

Yukon
ER— LD H,fueling AT [T
=  network & vehicles '}"’"h‘m“
H,-ICE Truck "ll d
I‘I Demonstration ¢ ra
_——— Labrador Newfoundiand

Columbia  Alberta Manitoba ° MARITIME PROVENCES
® Québec Pﬂnce (NB, NS, PEI)
- rslond
o ALBERTA e @ I‘I Maritimes Hydrogen
Feasibility Study
New

Quest CCUS Project

SASKATCHEWAN

AZETEC Pilot Project DANA
~ Pilot demonstration of H2 —
I I produced in-situ in well C

For Saskatchewan
Blending Project ATC0

Carbon Trunk Line _ H2 Production, Liquefaction, Metrolinx Hydrail
) 'eah MANITOBA = AIR . | xi
CO, Pipeline Project W oenent =—— Pipelines in Sarnia PRODUCTS 1= I‘I Feasibility Study
Commerciol Fuel Cell Markham 2.5 MW Pan-Canadian H, FCEB
l’l Electric Bus Development wew :\.vnn =-. Power-to-Gas Project @ Airliquide + I‘l Demonstration

==
*
o=

=
*
=2

>30 active hydrogen related projects, demonstrations and sRIErEEEEiERE

LD = Light Duty

studies are currently taking place across Canada V= Fust ol i etice 16




LNG Facilities
on the
U.S. Coasts

Tellurian Driftwood LNG
Energy Tranfer Lake Charles
MagnoliaLNG

M Sempra Cameron LNG

Golden Pass LNG
Sempra Port Arthur __.\.
M FreeportLNG -®

B Cheniere Corpus Christi 9

T

NextDecade Rio Grande
AnnovaLNG

Venture Global Plaquemines

*Cheniere Sabine Pass
Venture Global Calcasieu Pass

B 2019-2020 Startup Reached FID

W Operating

Jan Eckhoff, May 19, 2021

® * Dominion Cove Point

® B Kinder Morgan Elba Island

200

300

700

300 - flows

500

100

300

200 { "%

100

0
2000 2005 2010 2015 2020 2025 2030

Awaiting FID



USA - Hydrogen

Major markets - California, Louisiana,
and Texas

H2 utilization - refining petroleum,
treating metals, producing fertilizer, and
processing foods

Lack of H2 policy framework

Blue H2 linked to oil & gas industry
Public push to find cleaner energy
sources

Investors are looking for opportunities

Projects & prospects:

Electrolysis

Clean hydrogen production

Fuel cell and similar solutions

H2 supply chain components and refueling
technologies.

Analyses to assess the cost and performance
H2 gas turbines

Blue H2/CCS

Infrastructure 18



China:
Zero emission 20607 6
Japan and South Korea: large energy importer (LNG)
. .. equipment, modul, ship supplier
A Sia * zero emission 2050 large domestic market
* large import of LNG

large investments
* large ambition for green shift and hydrogen

LNG solutions
green shift solutions

Malaysia:

* LNG plant capacity about 31 mtpa + 2
regasification terminals

* The next FLNG Tiga is under planning

Indonesia:

* BP Tangguh LNG expansion project — Train 3,
3,8 mtpa, start 2022

* [INPEX Abadi LNG project, 9,5 mtpa onshore
LNG, start 2027

India: "f

» Kakinada LNG terminal/Crown LNG, GBS, 7.2 MTPA,

rakhstan

Singapore:
* LNG bunkering projects (hub)
e ambition for green shift and hydrogen

FID 2022 Myanmar ¢ Brunei
* Petronet LNG, 4MTPA FSRU + onshore terminal, no v ‘
timeline Indonesia "
* GAIL launched tender for 10 MW electrolyser, 4.5 Ton
H2/day

* NTPC, Technip 5 MW electrolyser contract 19



Vietnam HEET LNG to Power Project Map (

Development (LNG terminals)
Plan VIII (PDP

Gas infrastructure development Vi)

Cat Hai LNG Terminal (Hai phong)
Capacify: 1-3 MMTA, 2031-2035

FSRU LNG Terminal (Thai Bink)
Capacifv: 0.2 - 0.5 MMTA. 2026-2030

Khanh Hoa LNG Terminal
Capacify: 3 MMTA, 2030-2035

Ca Na FSRU LNG Termimal (Ninh Thean)
2026 - 2030

Tien Hai:
1981,20 km,8 / ke B

Dung Quat |
(CCGT 750MW)

Son My LNG Terminal (Binh Thuan)
Capacity: 6 MMTA, 2023-2025

Long Son LNG Termunal (BR-VT)

Dung Quat il 2026 - 2030
(CCGT 750MW)

Tan Phuoc complex

Dung Q(lat -

JJ (2 x 1500MW) ¢ Quang Ngai
& ) [ «,/,.»;13 My Giang
\' Y \ (CCGT 4 x 1500MW)
! Van Phong—
O Mon 1l Khanh Hoa

..... (CCGT 1050MW) Tan Phuoc = Cai Mep Ha LNG Terminsl (BR-VT)
; Twen G|ang i .

PPy Long Son complex Cavacifv:
" Ria Vung Tau (CCGT 4 x 1000MW)

O Mon - Can Tho

Bach Ho - Dinh Co

O Mon IV
1995, 117 km, 16inch, | (CCGT 1050MW)
70bcf/yr

3_ /
e, s ‘ j Source: EVN | South West LNG Terminal (ca Man)
== [ pwscamau: SngEons Capacity: 1 MMTA, 2026-2030
. < 2007;310';/’"' 18", 1 2003, 370km, 26 inch & ‘ Not
F s offyr ] 30km,30",247 bef/yr otes: Source: Vietbid
E Vo \\-\’\' : / s / Ca Voi Xanh (Blue Whale) Bl Under construction
A s = - | * Gas-condensated offshore Su Tu Trang (White Lion) — i .
gl ) Already approved in Block 114, Song Hong Basin
q Innovation Block B * FID expected: 2023 Phase 2B Master Plan Offshore gas project
| Norway . e P : . i Bl Being proposed/
otential Startup: 2026? Offshore gas project g prop _
Offshore gas project P gas proj under consideration * Potential startup: 2023%

+ Potential startup: 2028? * Gas to power plant (3000 MWel) * Potential startup: 2025?



. Artic LNG-1:
o Artic LNG-3:
Russia . Start: 20307 ° Capacity: 13 mt 6
 Status: FID 2023/24
Pronaakipmant comp e Start: 2026/ 27 -
Baltic LI\!G train 1/2: = @ 06 A @
* Capacity: 13 mtpa+local @ YamalLNG ArcticLNG 2 . in Kamehatka
: —> ’ RUSSIAN sioev;mlou

gas/polymers 2
* Status: Construction -~
110

+ Start: 2023/2024, ” i

N9 W0

Far East LNG train 1/2:
* Capacity: 6,2/10 mtpa
 Status: Proposed

N e AR é » Start: 2027/2035
145 1 POA T VIETNAM
TR
Hyd NN B e Sakhalin-2 expansion (train 3):
yarogén. == X e  Capacity: 5,4 mtpa
* Driving force for H2 is Government T moones . Staprt- 22)126’? P
(Strategy/road map) : ' '
* Gazprom and Rosatom important ; 8
player e.g. Sakhalin) . 7% I
* Low cost Hydrogen v

* Target 10-15% of the global H2 marked

21



Middle East - LNG

Saudi Arabia:

big shale gas development
use extracted gas to produce hydrogen

Qatar:

Ras Laffan - world's largest LNG export
terminal
QE North field expansion from 77 mtpa

to 126 mtpa

USS 50 billion for 6 new LNG trains
onshore and offshore solutions
100-150 new LNG carriers

UAE:

Most important gas discovery since 2005
Jebel Ali reservoir/ADNOC

use extracted gas to produce hydrogen
80 trillion cubic feet of gas




Middle East - Hydrogen

UAE/Abu Dhabi/ADNOC —
Intention to be a leader in
green H2, but also blue

Oman - 20% of power
generation from
renewables by 2030, and
40% by 2040. H2

production
Afghanistan
Qatar — Decarbonizing the ?

LNG export, but no signal
of blue H2 production

Saudi Aramco/Saudi
Arabia has committed to
converting LNG to
hydrogen. Ambition world
largest and cheapest H2
supplier. Saudi king
pledges 50 per cent clean
energy by 2030.

23




North Africa: Egypt, Algeria 6
Africa - LNG

Uganda:

* oil and gas resources in
the Lake Albert
region/Tilenga/Total

Ghana, Nigeria, offshore
Mauritania and Senegal etc.:
 Gasand LNG

Opportunities in Africa: |

* New projects

* LNG to power

* LNG
infrastructure/distribution

a Mozambique LNG

Yara — Fertilizer plant?
Cabo Delgado province

South-Africa
* Renewable Energy (Solar, wind
* Gasto power 3000MW

* FSRU/LNG distribution

24



solutions for global
energy needs

Contact

Eirik Melaaen, Ph.D.
Director Midstream & LNG
and East Africa
Eirik.melaaen@norwep.com
Mobile: +47 95 96 73 77
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