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GHG-emissions in Norway

* 54 million tonnes of CO,-equivalents per year — 30% from Transport

Million tonnes CO2-equivalents

20

15

10

/

—

Near coastal transport: 8%

't____'__,—'--____\______-———-‘_____

e

e

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

— Oil and gas — Manufacturing Road traffic

—— Aviation, shipping, fisheries etc — Agriculture
— Energy production — Heating

Source: SSB (2015)

— Other sources

MOZE

ES

ay System

&




GHG-emissions in Oslo

* GHG-emissions — ca. 50% from Heavy Duty Transport
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Zero Emission Alternatives for Transport

Norway: A balanced approach

=@-Hydrogen
-@=-Battery
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How to reduce GHG-emissions in Private Sector?
e Use a mix of options \ ;
e Prioritize wrt. application '
. Example: N Eewie
— Food distribution company -

Bioetanol

Biogas

" Biodiesel

‘,Diesel F

Source: ASKO (2017) M@Z E ES @“




MOoZEES — A Research Center on Zero Emission Mobility

FME MOZEES - 1 of 8 National Centers Heavy Duty Transport
— New Areas for Innovation & Value Creation

Bragdrene Aa

lllustration: NFR
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MOoZEES — Battery Value Chain
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260 MNOK (2017-2023), 40 partners
13 PhDs +, 5 postdocs ++
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MOoZEES Research Areas

RA 1: Batteries (NTNU) RA 3: Systems & Applications (IFE)
*  Materials & components for battery: anodes, cathodes, electrolytes Battery and fuel cells systems; hybrids —
* Increased performance, capacity and rate capability *  H2 production& supply systems; g
*  New fabrication methods B water electrolysis - |
*  Lower costs of production c:tec:_lramance Battery & H2 safety; battery & fuel cell life-time "E 7
'u-_f *  Optimization of system design & operation o E
[T . . - - w0
— = Design specifications of selected applications - o
= RA 2: Hydrogen (SINTEF) Efficient (case studies) @ ss
o) *  Materials & components for water electrolysers, fuel cells components =53
-I&; 5 and membranes: anodes, cathodes, electrolytes Q g o
- 5 * High performance catalysts \na g
== ; N B SO
RLIs * Durable bipolar plates ) g O -5
£ 8 +  Lower costs of production Desiss Applications 35
£ o Guidelines & System L] =
= C o=
T = a o a SN O E 2
<5 RA 4: Policy & Techno-economic Analysis (T@I) S S S
8 *  Screening of new concepts and business models 8 _S T
E * New concepts and business models (case studies) =] ‘é .r%
E *«  Transport & energy methods; models with supporting ICT solutions B § E
* Integration into a common framework of analysis
o *  Roadmaps on policy, business, and technology o 0
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RA1 — Battery Materials and Components

 Objectives:

— Develop new battery technology with improved battery
performance and reduced production cost

e Focus areas:

— Li-ion batteries: Silicon anodes, high energy cathodes,
electrolytes and binders with high stability

— NiMH batteries: High voltage
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RA2 — Hydrogen Components and Technologies

 Objectives:

— Develop new hydrogen technology with improved
performance, higher efficiency, and lower cost

e Focus areas:

— PEM and alkaline fuel cells and water electrolysis:
Improved electrocatalysts and coating materials for
bipolar plates

— High pressure composite hydrogen storage tanks
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RA3 — Hydrogen & Battery Systems

 Objectives:
— Design and controls of battery / fuel cell systems
— Develop safe battery and hydrogen systems
— Improve water electrolysis systems wrt. costs

e Focus areas:

— Heavy duty hybrid battery fuel cell system:
Improved lifetime and lower overall costs

— Li-ion battery cell lifetime and system safety
— PEM fuel cell lifetime
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RA4 — Policy & Techno-economic Analysis

 Objectives:
— Identify market potential, business cases, policy
prerequisites for innovative, energy efficient transport
concepts, based on electricity or hydrogen

* Focus areas:
— Markets supported by demanding national climate and
transport policy goals
— Applications where Norwegian industries, technology
companies can take a lead
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Li-ion batteries: From Land to Sea

24 kWh/34 kW

653 kWh/1600 kW

THINK Q
® ZEM Energy




Maritime Battery Safety

Qualification of Batteries on a
System Level (NMA)

— Propagation tests
— @Gas analysis
— Deflagration simulation
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MoZEES Battery Days 2018

e Workshop (Day 1)

Material Synthesis & Characterization
NTNU, UiO, Cerpotech

Battery Lifetime
IFE, ABB, ZEM Energy

Battery Safety
USN, FFI, DNV GL, ZEM Energy

Battery Testing Protocols
SINTEF, DNV GL, IFE

Battery Course (Day
Elkem ++
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Maritime Hydrogen Case Study — High Speed Passenger Ferry

Profile view

Lloyd’s Register
DNV GL

NEL Hydrogen
Hexagon

ZEM Energy
Selfa Arctic

Maritim Forening Sogn &
Fjordane (Brgdrene Aa)

IFE, SINTEF, USN
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Pre-HAZID Workshop & Concept Risk Assessment Report

E

Lloyd's Working together
Register for a safer world

MOZEES

Memo

Pre-HAZID October 31, 2017 - Maritime case study GKP7H2 MoZEES

Tex

From:

MoZEES RAZ Ce

Uoyd’s Regrster Date: 14 Nevember 2017 CONFIDENTLAL

Projectno; 108575
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Introduction

A pre-HAZID for the hydregen systerrs of te GRPTHL high speed passenger ferry was held at
Sintef Oslo on October 31. The purpose of the event was to identify any potential major hazards
refated 1o the hydrogen systems on-board that could represent a ek 10 life of people on the
vesssl o in the sumcundings.
Faliowing this workshop a concept risk analyss will be performed  Since the progect s in a very
warly phase, and kots of deugn eptions are unclea, some Post-HAZID refllections and suggestions
g deugn and dimensioning have besn added at the end of this document. The purpose
of this is to limit the deferent options 1o be evaluated in the risk ssissment
The draft document i distributied for comments among the participants (deadline for comments
0 be considered in the risk assessment is November 10), thereafter a final version s issued and
the risk assessment work initiated

Confidentiality.

Plaase note that any information provided a5 input 10, or decussed, dunng the workshop, which
iz noit yes in the pulblic domain, is to be considered confidential mformation and shall not be
shared outside the MOZEES RAZ consortium and workshop participants, all bound by the MoZEES
confidentiality contract

Lloyds Working together
Register for a safer world

1R

GKP7H2 high speed passenger ferry

Concept Risk Assessment

Report for:
MoZEES project
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Hydrogen Maritime Case Study — Risk Assessments

e Worst Case: Tank Rupture * Possible Incident: Fire in Pipe

e Conclusion: Risk with hydrogen and fuel cell is on the same level as

conventional systems based on carbon based fuels
MOZEES m
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