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"Hydrogen som en del av Igsningen i nullutslippssamfunnet |
- Hvilke prosjekter er pa gang?"| =

«Optimalisering og realisering av H,-produksjon og -distribusjon | |
basert pd innestengt smakraft» Dialogkonferanse, Alesund 27/9 2019

/ Steffen Mgller-Holst
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Kilder og Anvendelser

Transport Industrial applications Residential CHP Feed to electricity grid

Methanisation feed
to natural gas grid

1 ml
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Natural gas, biogas, Renewable generation,
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Ki I d e r Og A nve n d e | S e r Globalt hydrogenforbruk Initiativer for

H,-produksjon
i Norge: Berlevag
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Industri-engasjement Hydrogen Council

Originally 13 founding members (Davos): ‘

The Hydrogen Council Members:
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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

power generation regions
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Help decarbonize

e

-

Help decarbonize
) building heat and
' power

%ﬂ ‘ Serve as renewable
a5 feedstock
S

L ——

Act as a buffer

@ﬁ 1 to increase
” ,U 8
= system resilience

SOURCE: Hydrogen Council

Hydrogen Council, November 2017

industrial energy use




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

Hydrogen

w Europe
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Increasing focus on Hydrogen in Europe

Hydrogen Roadmap Europe:

* 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



Hydrogens rolle og funksjon

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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kunne spille en
ngkkelrolle innen
hydrogenteknologi

Eksportgr av H,
& H,-teknologier

SINTEF Teknologi for et bedre



Norge, fremtidig energieksport

NORWAY  EUROPE o

Hydrﬂpﬂwer 028" 33 i
Wind . | |

Gas .;:
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H,-produksjon,

Energy sources:
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Foto: Kenneth Didriksen

* @ygruppe og fiskeveer i Rodgy kommune (Nordland)
9 faste innbyggere (32 km fra fastland)
* Forsynes i dag med strgm gjennom sjgkabel (anno 1965).

* Dagens reservelgsning: Dieselaggregat (utslipp + stay)

Sol o2

* Stgrste stromkunde: Myken Destilleri e : o
(anvender propangass i destilleringen) " i}

El Destilleri

H, |

; Y Spill- "
o Lagring ' Hz. yorme "
N e . [/ I
ENOVA |~ ™™
' | €l

15 8 ‘/l i @L@l‘ L_Q

Vind eller 1
tidevannskraft
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H,- og O, -produksjon, Innhavet >

Energy sources:

Hydro power
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H,- og O, -produksjon, Innhavet >

Berlevag
Innhavet e

Glomfjord

Sentralnett Storvatnet

//\T—“\ Kraftverk:

Innhavet/Smolten AS

I Behov: 800-1000 tonn O,/ar
| 4.5-5.5 GWh strgm til varme/ar

| 22kV
= Elektrisitet S 2 : ‘ ¥
— Hydrogen T\ w .
Varme R e, ||
Rullestad

17

//' ‘\ .\ B L A W E NN
Jelsa Porsgrunn @ SINTEF



One of SINTEF's 28 EU-projects under the FCH JU-program

Berlevag

Wind - 1000 kg H,/day
* Electrolyser (2,5 MV _i‘ ed inBerlevag in 2020
* Directly connected to'Raggoviddaswig ;@r‘f ~

(avoiding grid tariff) .

—e h:m \n\

* Electrolyser exhibit fast'reSponsss s

* Stabilize grid voltageaam P _:::EE; e
o EU (FCHIU) -project: . — o ———— = e SINTEF

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

e Start January 2018, duration 4 years
HYDROGENICS N

{IFT POWER | ENERGIZE WOR

SINTEF tecnalia P kS
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Innestengt vindkraft

* Pilot-prosjekt: 2,5 MW =» 1 tonn H,/dag
* Konsesjoner 225MW =250 tonn H,/dag
* Vindpotensial 2 GW =2 500 tonn H,/dag

* Drivstoff til 2 mill. personbiler

* Anvendelser i regionen:

* Person-, vare- og lastebiler, Sngscootere
* Fiskebater, Tralere, Hurtigruten, F -
* Oppdrettsanlegg (O,&varme), Industri (NH,?)

L g e ‘J‘K

Ammonia plart  Hydrogen plént  Greenbouse Fish la rming with  Data stor age in  Appbed for
with haat from axygen from wind turbine  wind turbine
hydrogen plans  hydrogen plant

—— AR

e zm (9‘7

FINNMARK FYLKESKOMMUNE
FINNMARKKU FYLKKAGIELDA




Innestengt vindkraft = O-utslipp pa Svalbard?

“-—3 Statkraft %}
3 g2
’ v
@ SINTEF Prosessering N2 fra luft
M
SVALBARD ,' Synteseanlegg Elektrolyse

LONGYEARBYEN &

A g N/:

El

| Hs
< <—

Strem .
Brenselscelle P/ Raggovidda Hamnefjell
El ' vindpark (45 MW) B vindpark (50 MW)
> :
Varme Varme KIRKENES @
> & ® ALTA

2 RYrAR TR,



Flytende hydrogen

Existing
S0 000 m? 40000 m* /_&
3500t 2800t
*
JAXA, Japan NASA, USA
540 m* g0 m’

38t 270t

245m "

Kl}‘ﬁ Ih el [k‘xi&}é L 4

=20m
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Location (group): Trondheim
Required LH2 Storage (m3):
53,100

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

Location (group): Alesund (

Required LH2 Storage (m3): ' : /
107,200

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

.\ Location (group): Flors

Required LH2 Storage (m3): 39,300

Location (group): Mlsy
Required LH2 Storage (m3): 47,000

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

Location (group): Agotnes,

Bergen, Halhjem
Required LH2 Storage \
(m3):162,500
Location (group): Haugesund ‘ \ ‘ “
Required LH2 Storage (m3): 97,000 2> -
' 3 \
)
' | | \V: v‘l
Location (group): ’
Location (group): Risavika & Stavanger ‘ Egersun d(g P)
Required LH2 Storage (m3): 110,500 ®— Required LH2 Storage

(m3): 15,600



22

Flytende hydrogen

Liquefied hydroge” 5t°rage tank =

Ry

AR

‘O

: ===

Loading arm g

Double-layered

mm Vacuum-insulated pipes .

S
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Utsllpp fra transport

Passenger
vehicles,
5,3 mill tonnes

& H, initiativer i Norge

Vans and
heavy duty
vehicles

4.5 mill tonnes
co,

Domestic Othgr
maritime and mobile
fishing, sources

2.9 mill tonnes [ 2-3mil
tonnes

. Motor bikes and scooters
0,1 million tonnes

Domestic

air traffic . Railroads, 0,1 million tonnes

1,3 million
tonnes

100 passenger trains ,; srem \)J
2018-2021 _ oy

Raumabanen™
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San Francisco 10.-11.September 2019

International Workshop, H2 @Ports

* >100 delegates, Japan, Europe, North America (host US DoE/DoT)
 Steffen Moller-Holst (SINTEF) (re)presented Norway

* Workshop objectives:
* address barriers to industry commercialization,
* jdentify needed research to accelerate technology development and

* explore opportunities for cooperation and collaboration on H, maritime areas of interest.
e Panel discussions following each session
* High focus on regulatory barriers for H, and Fuel Cells

* Norway was pointed at as a front runner in maritime applications ®

24 —
hydrogen.no
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San Francisco 10.-11.September 2019

International Workshop, H2 @Ports

U.S. DEPARTMENT OF

ENERGY
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San Francisco 10.-11.September 2019 %

GHG emission reduction, maritime

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

nitiatives
o) i e

Statens vegvesen i -

Norwegian Public Roads
Administration

. SAL
] ) Caroline, Tromsg "¢ =
H,-ferries, public procurement ¥4
&

Nl
= o

S

R \ .
Havila, FC/Hybrid —@

Hybrid

|

4 ,’,‘ - Battery

o
® Hydrogen
o
([

Glutra ferry (2000 LNG

N o .
o Now 21 LNG rrie

BLUE :
MARITIME s s

CLUSTER Ampere, Norled (2015)

: XN — i and: LH,/battery = 201 —
\ Y QRENA glc:e?n)( -
. ¢t Hyway Cluster

SeaShuttle H;/FC s & - %

3 - o Horwegian Centres of Expertise
Container Ship Project NCE Maritime statens veguesen

DL CIea nTECh Administration

Grenland, Yara Birkeland (autonomous)
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Hydrogen use in industry

Offshore [l — Metal
i aﬂeplacnng«:oa with:
e '\ in titanium production™

" (electrochemical cells)

v.‘\
- RSN
S
- .0

L o v L e | 20%

50 B€ export mf : : . - Source: SALMAR

oil & gas annuadlly V5 ray,, /chan Farming
—— d,1m,” o

TechnipFMC_H, production

@ SINTEF

[

% .= () SINTEF ,
P P X .
= Siemens SGT-750 - iDeep Purplé
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Verdiskaping i norsk industri

SUNNMOUSPOSIEN  Nyheter Sport Kultur Debatt Les e-avisa Bil abonnent

Hexagon kapret
milliardavtale med
bilprodusent

Hexagon Composites sb~"’
en verdi ~
aksje

| mal bestiite det amertk Andy -Busch 800
Inntekter pd fire milllarder kromer. Fotor Pressebiide Nikola

‘ Nikola Motor - stigei
" pa Oslo Bors |

A\l
Hydrogenselskapet Nel kan fa inntekter pa fire mill

( L2y o ‘ utstyr til ladestasjoner | USA.
o

Nyheter Bors :‘\ .’;
O Nelinngar milliardi¢=*""

®

hydrogen.no
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NORSK HYBROGENFORUM.4 '

Norges bransjeforening for aktorer thr Nn.
med engasjement innen H,-teknologi |

. "\A(ww.hyd‘r ge

Norsk Hydrogenforum har ca. 60 medlemmer fra industri og akademia:

SuUunnimare

gﬁ? agRIF-e  powWUNIT (5 vorscn  €) SCANIA ([RABYAUTO M e

i
nel ® ineson | AGA ":Q equinor D Statkraft CoMPOSITES & & &

HYUNOARI TOYOTA

OC

Uno CMIr Prototech  Ruter# HHHysTersys S 2 s, ,
X I voncecenerar WM 538 BALLARD
H O "

KUNNSKAPSBYEN -\
@) OQSINTEF U™ greensTar A
HYOP  Coweosres UiO ¢ f}SJQJfartsdlrektoratet ZERO o EECEfPOTECh / EnergiNorge NTNU ( ree

Universastet  Osio Norwegian Maritime Authority Det skapende universitet @ Mercedes-Benz
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Oppsummering

* Hydrogen vil spille en sentral rolle for a realisere et baerekraftig energisystem

» Stabiliserende effekt pa nettet nar andelen uregulerbar kraft gker, gir mulighet for utnyttelse av innestengt kraft

e Det satses stort pa hydrogen internasjonalt og ikke minst i Europa (industri, FCH JU)

* Norge kan oppna betydelig verdiskaping og klimegevinster fordi Norge har
e Sveert god tilgang pa energikilder egnet for videreforedling i form av hydrogenproduksjon & eksport
* Internasjonal ledende industri innen H,-produksjon, H,-lagring / sikkerhet og hgykompetente FoU-miljger
* Inntatt en ledende rolle innen implementering av O-utslippstransport, attraktivt tidligmarked for H,-kjgretgyer

 Offentlige stgtteordninger med fokus pa H, / CCS / flater / maritime & industrielle anvendelser, videreutvikles

* Nord-Vestlandet er i posisjon til a bidra = Regional og nasjonal verdiskaping!

®

hydrogen.no
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