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Klimagassutslipp fra transport 1 Norge

Totalt: 54 millioner tonn CO,-ekvivalenter per ar
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- Aviation, shipping, fisheries etc — Agriculture — Other sources
- Energy production — Heating
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Alternativer for null-utslipp
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Motivasjon for hydrogen — energitetthet

8.9 Potential ZEV Storage Systems
9 -1 KWhike (Comparison does not include different drive train efficiencies)
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Nullutslipp | transport

Ulike anvendelsesomrader — Ulike lasninger

 Electromobility

* Hyppig start/stop

« Bykjaring (light duty, kortkjgring)

- Landevei (light duty, langkjaring)
 Lastebiler (heavy duty, langkjaring)
« Jernbane (intercity)

« Maritimt (naerkysttrafikk)

* Fly

 Shipping (interkontinentalt)

Batterier

Hydrogen

Biodrivstoff
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Fakta om hydrogen

« Hydrogen er en gass ved standard atmosfaere

1 elektron + 1 proton

- lkke-qiftig (fargel@s, ingen lukt eller smak)
* Brennbar (usynlig flamme)

 Lav volumetrisk tetthet (lettere enn luft)
* Hagy gravimetrisk tetthet (3 x bensin)
« Kokepunkt: -253°C
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1 m3 =90 gram
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» Reaksjon: H, + %2 O, = H,0O
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Hydrogenproduksjon
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Distribusjon av hydrogen

1500 kg H, / day - Lette komposittanker
| * Fleksible & moduleere systemer
500 kg GHzltraiI.er: 3 times a day - 500 kg H2 (500 bar)

Kilde: Hexagon

Kilde: BMW
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Hydrogendrevne brenselcellekjgretgyer

Kjarelengde: > 450 km

Hyundai ix35 FCEV Mercedes-Benz GLC F-CELL Plug-in
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Energitetthet — batterier & hydrogen

p
Hydrogen
Today yeres ] H,-tank (700 bar): 5.5 kg/100 kg x 33 kWh/kg = 1815 Wh/kg
storage
Fuel Cell :| Fuel Cell: 400 — 2000 W/kg
2035 A 1000 Wh/kg metallic lithium / oxygen cell ‘
2025 600 Wh/kg metallic lithium / sulfur cell .
i-C /
2020 450 Wh/kg Si-C / sulfur cell l 4 >
[ ]
2018 280 Wh/kg Si-C / HE-NMC pouch cell
i 200 Whkg C / NMC pouch cell +
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Brenselcellemoduler — Dimensjoner

State-of-the-art: Mindre stacker — Lettere stacker

Supplier Fuel Cell Power Power Densit
PP Module Capacity y
Model name KW kW/liter kKW/kg
Ballard HD7 150 0.23 0.37
Hydrogenics HyPM HD180 |198 0.24 0.42
Toyota Miral 114 3.1 2.0

IF2



Brenselceller — kostnader

State-of-the-art: 20,000 enheter/ar — 280 USD/kW

Production Volume 1k | 10k | 30k | 80k | 100k | 500k
System Cost (S/kWnet) 216103 | 84 | 62 | 60 53
$200 Stack Cost ($/kWhnet) 154 61 | 49 | 31| 30 26
g $150 = System Cost
i === Stack Cost
+ 2100 80 kW Automotive PEM Fuel Cell
S §
$50 + ;
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Kilde: US DoE (2015)
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Brenselceller — kostnader

Neste generasjon: 100,000 enheter/ar — ca. 50 USD/kW
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Hybride systemer med batterier

Batterier — Enabling Technology

Hybrid Bus
..D A Ai_i‘
‘ # xw—‘ A‘ .'7 "’_;
b ( ‘;-lj}-\-
Modular concept
Fuel Cell Bus
1 Ai A ’ :' ..4“ DU

Kilde: Daimler
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Batterier — kostnader

Stort marked — Lavere kostnader— Storre marked

($/KWH)
10,000

EV LI-ION BATTERYPACK
PRICES HAVE FALLEN
43% SINCE 2010

100 Cost-competitiveness 2000 2005 Tesla's
(by total cost of ownership) Gigafactory
10
100 1,000 10,000 100,000 1,000,000 10,000,000
—Consumer LiB experience curve —BNEF EV LiB cost forecast Cumulative prod.
A Historic consumer LiB prices A Historic EV battery pack prices  capacity (MWh)

Kilde: Bloomberg
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MoZEES

Mobility Zero Emission Energy Systems

Forskningssenter for miljgvennlig energi (FME)
* Forskning pa batteri- og hydrogenteknologi

- Utvikling av sikre, palitelige og kostnadseffektive
null-utslipps transportlgsninger for vei, bane og sj@

http://ife.no/mozees
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MoZEES

Mobility Zero Emission Energy Systems

Forskning & Utvikling

- Batteri- og hydrogenteknoloqgi:
- Materialer, komponenter, systemer og integrerte lgsninger

Fokusomrader

« Heavy Duty transport for vei, bane og sj@
« Nye verdikjeder for batteri- og hydrogenteknologi

: Batterier &
> Materlaler>> Komponenter >> Brenselceller>> Moduler >>Systemer>

http://ife.no/mozees
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Null-utslipp | transport

Kan det satses pa hydrogen?

* JA, men...
...det bgr satse pa bade batterier og hydrogen

OG

...det bgr satse pa heavy duty transport
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IFE Hynor Hydrogen Technology Center e

NORWEGIAN FUEL CELL
AND HYDROGEN CENTRE L




