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Hydrogen Refuelling Infrastructure, Oslo Region
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On-site electrolysis (3x), trucked-in H2 (3x) (as of 2017)
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UneX Hydrogen AS
20stationswithin2020

Joint VenturevithNEL Hydrogen and Praxai
Firstupcomingstations
Bergen, Akershiug01718

Southern Norway majbes& corridors
coverage 2020 Oslo, Trondheim, Stavanger, Hamar, Kristiansand

New HR#&frastructumrogrammauncheffomEnovay summer 2017
Cofinancingf3 stationsn 2017 5 stationsn 20187? ®
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Hydrogen activitiesf&strdev.
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FolgvedtathydrogenstrateBnergimeldingest.pr. 25, 2016 o ﬁ

£
. 7 (2
2017 _ _ Uno-X ) ,»1"(. @ Stations & activities
6 stations In operation Asko ) © Station in operation
20192020 P .; ~ Station under planning
. . . O ® o @ Strategic locations

Approx. 15 stations In operation % e z ® R&D ffeasibility activities
; EQ%(P Uno-X ,‘;;’. — "
1 Air Liquide (for buses) ®
1 ASKO (NEubconiy Uno-X

1 Ferry demonstration?

Energy need given national coverage (road tran
10TWHor cars
20TWHfor full scale el. &fitation P @
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Nasjonal Transportplan 2229
Klimastrategierkép 4, s 38 vedtatteklimamal transp.sektoremnen2030:

A Klimastrategi: Halvering av utslipp fra transport innen 2030

A Innfaring avav-og nullutslippsteknologi
I Alle bil/passasjerferger skal bruke baerekraftig biodrivstoff/nullutslipp
I Store havner skal Handstraminnen 2025gvt hydrogenbasert «flytendetandstr
I Etter 2025 skal nye privatbiler, bybusser og lette varebiler vaarsikjgretay

I Innen 2030 skal nye tyngre varebiler, 75 % av nye langdistansebusser, 50% av n\
lastebiler vaere nullutslippskjaretay

I Innen 2030 skalaredistribusjon de stgrste bysentra vaere tilnaermet utslippsfri
i Utslipp fra bygging av infrastruktur skal reduseres med 40% innen 2030

I Utslippene fra drift og vedlikehold skal reduseres med minst 50% innen 2030
I Potensiale for bruk ogsa innen luftfarten
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Brenselcellag kraftverket | kjgretgyet

COMPONENTS OF THE FUEL CELL HYBRID SYSTEM

w =

ydrogen Storage

A/C Unit
Fuel Cell Cooling

Fuel H2
(Hydrogen)

Energy Storage
System

Motor Controller

Maotive Drive System
(Inverter)

(Drive Motors/Gearbox)

Used Fuel

Recirculates

Flow Field
Plate

Gas Diffusion
Electrode (Anode)

Catalyst

ELECTRIC CIRCUIT
(40% - 60% Efficiency)

[w== 02 (Oxygen)
from Air

Heat (85°C)
Water or Air Cooled

== Air + Water Vapor

Flow Field
Plate

Gas Diffusion
Electrode (Cathode)

Catalyst

Proton Exchange Membrane @
Se informasjonsfilm om virkemate pa www.hydrogen.no
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HydrogenbH

# HondaClarityg GM Colorado ZH?

Honc ! tVl kl | N g @ Piekup-2016

“Audi A7-2020 | LULC I S

Les mer pavww.hydrogen.no/kjoretoy
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Brencelcelleutviklingemnen transportsektoren

DELIVERED FUEL CELL MEGAWATTS IN . . . L
Vehicles included in statistics:

TRANSPORT 2
-  Forklifts PowerCell S3 brenselcelle
* Buses 20-100 kW
* Trucks 30% mer kompakt enn FC i
« Cars ... Toyota Mirai

Preview 2016: Toyota Mirai
roll-out alone more than 200
MW

Kilde:
2010 2011 2012 2013 2014 2015 The Fuel Cell Industry Review 2015

Produksj.kostn beregnet av DOE basert pa dagens tekn.
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ANNUAL PRODUCTION VOLUME
Source: DOE: "Fuel Cell System Cost - 2015" Ahluwalia et al.
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Blir hydrogenbilen allemannseie?

Ja, nar teknologien kommer opp i betydningsfullt volum

i Nar stasjonsstruktur dekker ngdvendig min. nivaks 100stasj nasjonalt)
i Utviklingen og hastigheten i andre lardogsa viktig

I Kraftnett ogenergitilgangviktige parametere
A Kostnader for nettoppgraderinkgnbli en barriere

I Hydrogen i transport handler om mye mer enn personbil

= Etablering av felles infrastrukturenergistasjonsanlegg hvor
flere transportoppgaver kan lgses samtidig!
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Norges farstolugin el+hydrogervarebll

REKKEVIDDE
Batteri »»» 110km
Hydrogen » 170km

Totalt »»>» 3L0km

Levert til Skedsmo kommune 11. oktober

Renaultkangocelbil +
H2-rekkeviddeforlenger
fra SymbioFCell

1. H¥YDbil i Norge med
granne skilt
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Flere H2varebiler er pa vei- SymbidRenaultNissan
) - Toyota

- Hyundali
- Magna/Daimler
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ASKO O0Eur op érét®ng -range
hydrogen powered truhlg fleet In 2018
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3 (+1 option )27 tonnes trucks ordered from Swedish
Scania Trucks, part of the VW Group

Up to 500 km range

10 forklifts from Toyota

Large solar plant at logistics hub for H2 -production
PowerCell APU, side project DistroCell
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CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

M®ZEES If2

Mobility Zero Emission Energy Systems Institute for Energy Technology

New Norwegian Research Center on Zero Emission Energy Systems - (201/-2024)

with focus on battery- and hydrogen technology for transport applications

Objectives & Goals
The main objective with MoZEES is to be a Center for environment-friendly energy research (FME) with

the goal to develop new battery and hydrogen materials, components, and technologies for existing and

future transport applications on road, rail, and sea.

Photo: Symbio Fuel Cell Photo: Alstom Transport Europe Photo: Norled

42 partners- 8 yearbudgetof approx 32mille wS | R wWhi.ME&ees.no



http://www.mozees.no/

Kraftig vekst innen maritim utvikling pa hydrogen-

UtviklingskontrésahydrogenferdgnseravVegvesenef017
A 3rederiekonkurreréHjelmelandsamband®galand)
Norled BoreabgFjord 1
A VinnereRaremestehgst testing 2020i rutetrafikR021
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«HYBRIDSk#oPilotE R&[project
Frameworkagreementfor fundingof retrofit of hydrogenferry

D eS H 2 & F u e | Ce I I S i n S h i ps o=k OO”ng i HyPM™ FC Power Racks, >100 kW, each

e '(.Q.N\ Inverter/Transformer Racks
F n k ‘.\‘- -

e

HyPM™-R120

PX) Forskningsrédet

IRl 7 FISKERSTRAND (@ SINTEF

\-/ NORSK HYDROGENFORUM
hydrogen.no



Fremtidens skipsfart_i
lllustr. fra Grgnt kystfartsprogram
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Case # 7/Grgnkystfartsprogram
Highspeed hydrogen passenger ferry, desidggredrienda

Designed for 220 km
cruising distanpeday

Hydrogen consumption:
390 kgprday

Top speed 28 knots
4
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Sjejfartsdirektoratet
/ Norwegian Maritime Authority - (NMA)
National administrative and supervisory authority in matters related to safety
Norwegian vessels. Their activities are governed by national and internationa

legislation (IMO), agreements and political dethd@riglobal) legislation to be
approved in 2024 at the latest

A NMA has involved in early assessment for H2 technology in ships, to er
that the technology is safe, reliable, ready for marine use.
A Hydrogen challenges existing prescriptive regulations
U H2 vessels will need risk based design approval process.
A The NMA makes and important contribution to international
maritime regulatory work.
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Zero emission circular economy with H2 in marine sector
Feasibility study with 4 Western Norwegian Counties

PASSASIERBAT MED HYDROGENFREMDRIFT
GHP 7 - 16YPEMELDING 12.09.16 — JAN H.NYGARD — FLORA KOMMUNE
Vision of the fjofidShip of the year 2016

Hybriebatterelectric. Pilot 1 (above) in operation
Designed and builBrgdrenAaShipyard & Design

Pilot 2 Hydrogen & FC range extender

Zero emission open water fish far

O,
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Vlklng Crwseéarge cruise ship with zero emiss

propulsion from liquified hydrogen (1

T toredninsulnks a425dgrée§3
So far, Kawasaki leads the technology development for shipping Lid@iintankeose
I Significant development work to be done
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Geirangerfjoréi2 Concept study
(Gelrange6 Hellesyltl—lydrogen Hub)




Finnmarld VarangePeninsula
HYPER Assessment for large scale export of LH2

Consessidior 200 MW wind power development. .

Study phase 2 with SINTEF, NTNU, NEL Hydrogen, Stato
VarangeKraft, Kawasaki Heavy Industries, 4
MitsubishiindeKryotechntk+ '

Supported by Research Council Norway
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Reinertser& Statoil, large scale {ifbd.%
Testing of H2 reforming from natural gas wit
CO2 capture via SINpatented palladium
membrane technology,jeldbergodden
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Hva er barrierene for a fa fart pa utviklingen?

- Lgse hgna-egget-problematikken

- Bygge en sterk naering pa H2 i Norge som favner en
bred leverandgrside

- Vage a bruke offentlige midler for a generere et
tidligmarked som gradvis kan vokse

- Sterkt int. samarbeid for a fremme nullutslipp

MNORSK FYDROGENFCRUM
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Takk for oppmerksomheten

e .Tf'ue.Norwegian
hydrogen no HYDROGEN GUIDE




