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GHG-emissions in Norway
• 54 million tonnes of CO2-equivalents per year → 30% from Transport

Source: SSB (2015)

Near coastal transport: 8%
Road transport: ca. 20%



GHG-emissions in Oslo

Source: NFR/PILOT-E (2017)

• GHG-emissions → ca. 50% from Heavy Duty Transport   



Zero Emission Alternatives for Transport 
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Norway: A balanced approach



How to reduce GHG-emissions in Private Sector?

Source: ASKO (2017)

• Use a mix of options
• Prioritize wrt. application

Consume less fuel

Electric

Hydrogen

Bioetanol

Biogas

Biodiesel

Diesel

• Example:
– Food distribution company



Materials Components Batteries & 
Fuel Cells Modules Systems

Illustration: NFR

Battery & Hydrogen – Technology Value Chains

Foto: NFR (2016)

FME MoZEES – 1 of 8 National Centers

Brødrene Aa
ASKO

Alstom

Heavy Duty Transport
– New Areas for Innovation  & Value Creation

Sea

Rail

Road

MoZEES – A Research Center on Zero Emission Mobility



MoZEES – Battery Value Chain

Source: IFE



Public Partners

Private and Industrial Partners

Research Partners

260 MNOK (2017-2023), 40 partners
13 PhDs +, 5 postdocs ++
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MoZEES Research Areas



RA1 – Battery Materials and Components  

• Objectives:
– Develop new battery technology with improved battery 

performance and reduced production cost 

• Focus areas: 
– Li-ion batteries:  Silicon anodes, high energy cathodes, 

electrolytes and binders with high stability
– NiMH batteries: High voltage



RA2 – Hydrogen Components and Technologies

• Objectives:
– Develop new hydrogen technology with improved 

performance, higher efficiency, and lower cost 

• Focus areas: 
– PEM and alkaline fuel cells and water electrolysis: 

Improved electrocatalysts and coating materials for 
bipolar plates

– High pressure composite hydrogen storage tanks



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

• 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



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

ZEM Energy

653 kWh/1600 kW

24 kWh/34 kW



Maritime Battery Safety

DNV GL

• Qualification of Batteries on a 
System Level (NMA)
– Propagation tests
– Gas analysis
– Deflagration simulation

USNZEM and FFI



MoZEES Battery Days 2018
• 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 2)
Elkem ++



Maritime Hydrogen Case Study – High Speed Passenger Ferry

• Lloyd’s Register
• DNV GL
• NEL Hydrogen
• Hexagon
• ZEM Energy
• Selfa Arctic
• Maritim Forening Sogn & 

Fjordane (Brødrene Aa)

• IFE, SINTEF, USN



Pre-HAZID Workshop & Concept Risk Assessment Report



Hydrogen Maritime Case Study – Risk Assessments
• Worst Case: Tank Rupture • Possible Incident: Fire in Pipe

• Conclusion: Risk with hydrogen and fuel cell is on the same level as 
conventional systems based on carbon based fuels



Summary



www.mozees.no
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