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Increasing political engagement
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Industry engagement Hydrogen Council

—_— Originally 13 founding members (Davos): ‘

The Hydrogen Council Members

@airLiquide ALSTOM (B Avgloamerican gk‘g{,p

* |[nvestment 1,4\B€/a in H2—technologie§
* Pledges 10,7 B€ next 5'years"

J—

DAIMLER @ENGiec HONDA @& & HYUNDAI Press release:
September 7t 2017:

@ THE unDE GROUP o Tora. TOYOTA 11 new members

\"
(including © 'l Y Statoil )

Collectively representin jm//
* total revenues of 1.3 trillion
* and > 2 million employees

« 2018: O nele

COMPOSITES
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Hydrogen Council, "Hydrogen - Scaling Up"

Exhibit 3: Hydrogen can play 7 roles in the energy transition

Enable the renewable energy system ——— Decarbonize end uses -

Help decarbonize

Enable large-scale Distribute
renewables energy across transportation
integration and sectors and

r gener regions )
power generation g Help decarbonize

industrial energy use
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_— B hO. %ﬁ\ Help decarbonize oo
5" ) building heat and Wee®
S ‘ " power
T Act as a buffer —\
@*-‘,. “5i) to increase %ﬂ Serve as renewable
system resilience a5 feedstock

SOURCE: Hydrogen Council

Hydrogen Council, November 2017



Climate Neutral Europe 2050

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) ({3) (CIRC) (COMBO) (1.5TECH) (1.5LIFE)
Hydrogen in E-fuels in Increased Cost-efficient Based on
Main Drivers | Electrificationin industry, industry, _PUSUMB IR ocurceand  combination of e COMBO and
all sectors transport and transport and lnrgl sectovscy material options from 2°C BECCS. CCS CIRC with
buildings buildings efficiency scenarios % lifestyle changes
GHG target 800 GHG (excluding sinks) -90% GHG (incl. -100% GHG (incl. sinks)
in 2050 21l below 2°C" ambition] sinks) [“1.5°C* ambition] >
- Higher enefy efficiency post 2080 « Market coordination for infrastructure deployment iion) w
Major Common « Deplo ed biofuels = BECCS present only post-2050 in 2°C scenarios
Assumptions * Moderate drcular economy medsures = Significant learning by doing for low carbon technologies
« Digitilisatio = Significant improvements in the efficiency of the transport system.
Power sector Power ifinearly decarbonised by 2050. Strong penetration of RES facilitated by system optimization
(demand-side fBsponse, storage, inferconnections, role of prosumers). Nuclear still plays a role in the power sector and CCS deployment faces limitations.
Higherrecycling
Hlactitication it Use of H2 in Use of e-gas in Reducing energy Fo mataal CIRC+COMBO
Industry targeted targeted demand via g but stronger
processes applications applications Energy Efficienc By Eoap o of
ppl 8y Y circularmeasures most Cost-
efficient options
fseasee Deployment of Deployment of '"cre.ased Sustainable from “well below COMBO but CIRC+COMBO
Bulkings deviayment of H2 for heatin, as for heati el buildi °C* but stronger
heat pumps eating e-g Ing and depth ngs 2°C" scenarios stronger stronge!
F Wi Sareced CIRC+COMBO
aster application " +
H2 deployment E-fuels pp
electrification for Increased Mobility as a (excluding CIRC) but stronger
Tanspors sector all transport sfor H?::Laun\t/’s de;:" Y modm for modal shift service = Alternatives to
modes e = air travel
Limited « Dietary changes
Other Drivers Hzinges Egasingas enhancement = Enhancement
distribution grid § distribution grid 2
natural sink natural sink

Brussels, November 2018
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Increasing focus on Hydrogen in Europe

: \
Hydrogen Roadmap Europe: co“p\

* Hydrogen is required to achieve the energy transition in Europe
1\

e Hydrogen may close up to ~ 50 % of the gap towards a 2°C target

Points at import of H, from regions with abundant wind energy

Concludes that the most cost optimal decarboniztion solution

include both water electrolysis and reforming of natural gas

Asks for immediate and concerted action to establish a
masterplan for decarbonization for the European Union

Brussels, February 2019 ﬂ Hydrogen

v Europe



Hydrogen provides increased flexibility

Future

International
Energy Agency

KEY POINT: Hydrogen can link different energy sectors and energy T&D networks and thus increase
the operational flexibility of future low-carbon eneray systems.
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Trends and Activities in Europe - mobility

e \ @ Scandinavian Hydrogen
/ Highway Partnership

W Hydrogen
W= mobiity grouping

‘ \2 =

MOBILITY BELGIUM

H, Maobility =

N/
i

UK

s

» Mobility

Mobilité Hydrogéne France

Source: TEN-T-network
Trans-European Transport Network

113 | mobilitah2.it @) SINTEF


https://ec.europa.eu/transport/themes/infrastructure_en

Trends and Activities ing ~ ‘r&pe - mobility

|

Press release 4 ' ‘ First H,-powered

27t September 2018: , ’ passenger train 49 new stations @
74 commercial operation

"H2busEurope” : . (Alstom/Hydrogenics) > 1400 cars & vans

-
-

R
* 600 hydrogen buses G,

M€ 170 total cost

e Connecting Europe M€ 67 funding

Facility (CEF) program

> 40 organisations

e 40 M€
Viable business case for

n el e : ek fs N m| 1600 H,-fuelled (FC)
: =" ' N Heavy Duty Trucks
» in Switzerland
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Trends and Activities in Europe - energy

Hydrogen is an energy vector
facilitating an increased share of RES

'.“:h Operating strategy
EEX price
day-ahead
c:‘;o“ \ / M N
] 1
g : E 1 : ional : E
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' Potam vl 5 | §V e\ V4 oent Vi
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WY R Czech Republic 75 time
‘.‘ ‘% v ——Wind —— Electrolysis = Power price —— Threshold price |
LS ' y { r’\\-‘
% d]:og Jores - et ; 819 ludwig bolkow
Grld H¥ en k Y « \' 5 ""&'"}'\.muw (._. gyg[pmtednﬂk
10 MW PEM-electrolyser g e
‘”m|n|amef|n@y’ S -\ d"‘"'"'"‘ mf«& “ ™ Water electrolysis (PtG) Hydrogen storage
Wesselin rmany - ; - High power (MW-GW) - Underground storage
- \ . ﬁ - Coupling w/intermittent - Solid state storage
11 ! : k‘ IETMS POWER energy sources - LH, @ SINTEE
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Trends and Activities in Europe - gas grid

Admixture of H,

* Business cases
* Injection system
* End user equipment

' * Regulating authorities

@ SINTEF
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Trends and Activities in Europe - energy

VATTENFALL

GASUTHE
A

equinor

Vattenfall’s gas power plant Magnum. /.
Plans to convert it to hydrogen. ¥
Three 440 MW CCGT, the plant

today emits 4 Mtonnes CO,/annum.
(Photo: Koos Boertjens/Vattenfall)
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Areas where Norway
can play a key role
internationally |
within hydrogen
and fuel cells

Exporter of H,
& H,-technologies

trans o[} &mdustry
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Norwegian energy export

NORWAY '

I
Hydropower e
Wind - . :

Gas .;:

EUROPE
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TWh/year
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Norwegian energy balance

2500 -

2000 -

1600 -

1200 -

800

400 -

$\ W Bioenergy

O Hydro- and
windpower

H Natural gas

| Oil

B Other use

@ Use of el.

B Transportation

Energy Energy
Production use

Norwegian oil & gas export:

* 2 % of global oil demand

* 25 % of Europe's natural

gas

* 50 % of total export value

» Continued high energy export
requires a low carbon & high
volume density energy carrier:

* LH,, NH,, LOHC?

@ SINTEF



H,-production initiatives

Europe’'s
largest

land-based
wind power

project

Investments
Wind Park:
11 bill NOK

Grid:
5-7 bill NOK

1000
MW

wind-power in
Mid-Norway

Produces
power to

170 000

Norwegian homes

AR

Source: Statkraft ASA

Smegla
dden

2| lesylt

L(Jg:. Meraker
I Gjevik
s ' / Sgrum

241 km

of roads to be

Dimmelsvik
Rullestad

al
% Sandvika
.\ .\ Porsgrunn
Jelsa

Berlevag — >
Innhavet \’\9”@ 5
Q

£
Glomfjord

Trondheim
Technically exploitable

Fosen wind potential in

Central Norway
(on-shore 2020):
4 GW (14 TWh/a)

.%Nittedal
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One of SINTEF's 28 EU-projects under the FCH JU-program ¥

Wind = 1000 kgH,/day |

* Electrolyser (2,5 MV _f‘ ed inBerlevag in 2020

* Directly connected'torRaggoVvidtamviRaspark /
(avoiding grid tariff) — lh,.. .
"' [ |

.*l--

g SINTEF

* EU (FCHJU) -project:...... -\

» Total budget 7 M€ (70 % public sum S g VARANGER KRAFT

e Start January 2018, duration 4 years
HYDROGENICS N

{IFT POWER | ENERGIZE

* Electrolyser exhibit fast'respongsea
 Stabilize grid voltageaam P

ae 8
5 ENEEnann
Knewtedge Esvirnrenent Secartty Sl




Replace coal-based energy in Svalbard?

“-—3 Statkraft

@ SINTEF Prosessering N2 fra luft
M
SVALBARD 1 Synteseanlegg Elektrolyse
LONGYEARBYEN "R . 1B

A g N/ 13

lNH 3

<« ) — XN

Strem .
Brenselscelle = ) Raggovidda Hamnefjell
El ' vindpark (45 MW) B vindpark (50 MW)
q
Varme varme KIRKENES @
> @ ® ALTA
19 @ SINTEF
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Stranded wind power

* Pilot-project: 2,5 MW  =» 1ton H,/day
 Concessions 225MW  =»100 ton H,/day
* Wind potential 2 GW =» 1000 ton H,/day

i ‘ ' 1|.r.|.“!‘ ~\

* Enough fuel for 1 mill. passenger cars (40%

* Applications in Finnmark region:
e Passenger cars, light & heavy duty trucks, Snow mobiles

* Fishing vessels, Trawlers, Coastal 'steamers' (Hurtigrut )
* Fish farming/Agriculture (O, & heat), Industry (NH,?) .

L g e ﬁﬁ

Ammonia plant  Hydrogen plant Greenhouse Fish 'a ming with Cﬂ:}h orage in  Apphed for
with haat from axygen from wind turbine  wind turbine
hydrogen plans  hydrogen plant

FINNMARK FYLKESKOMMUNE
FINNMARKKU FYLKKAGIELDA



Hydrogen as energy carrier

Energy sources for hydrogen production in Norway

PAV .
120 Land based + offsht}!rewa,g,d power ;-
160
& 140
(]
o
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©
£ 100
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&80
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e )
W wind @ Ce“t'%?N 3 A P
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Hydrogen as energy carrier

Energy sources for hydrogen production in Norway

200
.Q‘“- Fuel for 20 million
fuel cell
160 passenger vehicles % A

140

B4 Kawasaki
11 0000 tons H,/ship

3

B o~ -
— g _ ——

>

—
e —

170 TWh/a in 2050
5 ship loads/week—>Japan?

40 | A Natural gas (central %/CO,-storage)
" By-product from industry (distributed) N

~|

20 ¥ m New renewable energy (distributed)

= =

2015 2025 2035 2045 2055 2065 2075 2085 2095 2105 2115
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Norway's domestic GHG emissions

—Qil and gas extraction

Million tonnes —— Manufacturing and miningindustries
CO; equivalents — Energy supply
25 ——— Heating in other industries and households
— Road traffic
——— Other ransport and motor equipment
— Agriculture e e .
20 R Current GHG-emissions by sector:

* Oil & gas extraction ~ 28 %

15

10

* Transport by > 30 %

> = ::s:Egetricity production by 1,7 %

1990 1995 2000 2005 2010 2015
Source: Statistics Norway 2015

0

@ SINTEF



GHG emissions & H, activities in Norway

Passenger
vehicles,
5,3 mill tonnes

co,

Domestic
maritime and
fishing,

2.9 mill tonnes

Domestic
air traffic
1,3 million
tonnes

. Motor bikes and scooters

Il Railroads, 0,1 million

Vans and
heavy duty
vehicles

4.5 mill tonnes

co,

Other
mobile
sources
2.3 mill
tonnes

0,1 million tonnes

tonnes

Passenger trains, 5 srom

‘ @ SINTEF
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Next Wave

Next Nordic Green Transport Wave — Large Vehicles

Co-financed by:

Duration: 2019 - 2021
Budget: 3,8 mill. NOK (50% funding from Nordic Innovation) @ Nord|c
Program:  Nordic Smart Nobility and Connectivity
Innovation
Accelerate decarbonisation of the heavy-duty transport sector with fuel
cell vehicles. The project will analyze large-scale transport of hydrogen, Partners:

action plans for business potential for roll-out of hydrogen buses and
trucks in the Nordic region, stimulate demand side and analyze potential '

for other heavy-duty equipment. Scandinavian Hydrogen

Highway Partnership

contribute to National and Nordic hydrogen strategy processes
- providing input to a possible Nordic Hydrogen Strategy.

The short-term goal of the project is fourfold: @ e ﬂ RKA.
1. To perform thorough analysis on large-scale transport of hydrogen hydrogen.no wossen e
2. To develop and design an integrated hydrogen infrastructure roll-out plan for HD

vehicles m Brlntbranchen
3. To encourage Nordic industry to join forces in delivering such hydrogen equipment v e,
4. To stimulate Nordic companies to demand and use hydrogen for heavy-duty -

transport VATGAS Supporting partner:

SVERIGE £ oy EF
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GHG emission initiatives, maritime transport

Trondheim Sept 3", 0-emission High speed passenger boat concepts

- e Berlevag,
% - 1 3 fishing boats
(. b ]
Statens vegvesen i -
Norwegian Public Roads R 4 i

ini i . Pah

Administiation. Caroline, Tromsg

H,-ferries, public procurement ¥4
R

- .
\g ) ¢

® Hybrid
® Hydrogen
® Battery
C 5 i Glutra ferry (2000 g : ® LNG
W, < e Now 21 LNG rrie

——— < -

A R - Grenland, Yara Birkeland (autonomous)
MARITIME e s I -
CLUSTER Ampere, Norled (2015)

ALOWAL TEATAN CF KCOWNTINS
WY

021 —— 1
Statens vegvesen

Norwegian Public Roads
Administration

Hjelmeland: LH,/batteg

T Nu:umeqlmi:emresfll E:merﬂse
H# % NCE Maritime
.- CleanTech

A

SeaShuttle H;/FC
Container Ship Project
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Liquid hydrogen?

Existing
Location (group): Alesund
50000 20000 m? Required LH2 Storage (m3):
—= s 107,200
! JAXA, Japan NASA, USA
\ 540 m* 800 m’
¢ 38t 270t =
A0 0 V(N AN W] [~asm i Location (group): Maley
\ [i:./f N [ & DA L”‘ A A |.20m Required LH2 Storage (m3): 47,000
\ BN [\ RIZEN R | KJX* I 12m mxx}t |

ViV

ulf

cimsenysEquinor

Location (group): Mongstad & Slevag
Required LH2 Storage (m3): 67,100

Location (group): Haugesund
Required LH2 Storage (m3): 97,000

Location (group): Risavika & Stavanger

57 Required LH2 Storage (m3): 110,500

Location (group): Trondheim
Required LH2 Storage (m3)
53,100

Location (group): Kristiansund
Required LH2 Storage (m3): 61,400

Location (group): Fosnavag
Required LH2 Storage (m3): 1,800

|
.\ Location (group): Flors

Required LH2 Storage (m3): 39,300

Location (group): Agotnes,
Bergen, Halhjem
Required LH2 Storage

(m3): 162,500

Location (group):
Egersund
Required LH2 Storage
(m3): 15,600
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Hydrogen use in industry

Offshore ')i'\ = — “:"'"J _' RS Mdrogen, f
%\ Replacing coal witl
\\* in titanium productio

TS, ochemical cells)

-

ere

205
Source: SALMAR
$ ray,, / Ocean Farming

TR d
T mil 4o,

50 B€ exportji?' '
oil & gas annuadlly _
- "}!“@SINTEF

Frocess in
turbine

TechnipFMC
@ SINTEF

column iagal |
o ;

= () SINTEF
- Siemens SGT-750
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H,-refueling station for:

* High Speed passenger boats
* HD Trucks and Buses

* Car ferries

* Train?

Fuel cells

N
8 Deep Purple

This document and all the information contained herein are the confidential and exclusive property of TechnipFMC, and may not be reproduced, disclosed, or made public in any manner prior to express written authorization by TechnipFMC.



30

Slllllllllnrspnﬁltll Nyhotor Sport Kultur Debatt Les e-avisa Bli abonnent

Hexagon kapret
milliardavtale med
bilprodie~—-

@ SINTEF



31

Summary and Conclusions

* The contour of a H,-oriented economy is eventually emerging in Europe

 Stronger alignment in Europe's energy & climate policies, H, for Sector Coupling

* Hydrogen as feedstock for industry and a key solution to decarbonize the heat sector

* Multiple H,-mobility initiatives, increasing focus on heavy duty trucks, trains & maritime applications

* Norway is actively preserving its role as energy nation and front runner

 Stranded renewable and abundant fossil resources suitable for H,-production
* Increased focus on CCS in industry and attention at governmental level (value creation)

* Continued strong incentives for low and zero emission transport, new deployments @ road & sea

* High potential for closer & increased volume of Nordic cooperation

@ SINTEF



Areas where Norway
can play a key role
internationally |
within hydrogen
and fuel cells

Exporter of H,
& H,-technologies

e

trans 0 o[} &mdustry
:-"Q S—

SINTEF



