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Hydrogen role in a low carbon future 

•  Considerable effort has been expended over the last 
decades 

•  Potential environmental benefits of hydrogen  

•  Decline in excitement in policy circles about hydrogen  

•  Hydrogen remains an important option for deep 
decarbonisation of the transport sector and for diversification 
of energy sources 



The challenges of a long-term and large-
scale socio-technical transition  

•  The introduction of new transportation fuels is an infrequent, 
uncertain, and slow process 

•  Major changes in the social and economic systems  

•  Petroleum-based fuels dominate the transportation sector 

•  ‘‘Chicken and egg’’ problem 

•  Uncertainties of the wider energy system (oil price, shale gas, 
power markets)  



Why is important to look at hydrogen and 
fuel cells in shipping 

•  “cost of introducing hydrogen can be reduced by selecting a 
mode that uses a small number of relatively large vehicles that 
are operated by professional crews along a limited number of 
point-to-point routes”  Farrell at. al. 2003 

•   A single mode as a protected niche 

Cost-effectiveness of technical and operational measures for 
reducing CO2 emissions from shipping, through the 
development of an evaluation parameter called the Cost of 
Averting a Tonne of CO2-eq Heating, Source: (Eide et al 
2009) 

SINAVY PEM Fuel Cell for submarines. Source: Siemens 
Marine solutions.  



The shipping landscape 

The consensus in the shipping industry is that a switch to 
“alternative” fuels and higher energy efficiency technologies 
could be the response to the new environmental regulations and 
higher crude oil prices  

Fuel sulphur content limit. Source IMO MARPOL Annex VI Existing and possible future ECA . Source: DNV 2011, Greener 
shipping in North America  



Fuel cells and hydrogen in marine 
applications 

•  Fellowship and METHAPU projects 

•  Drivers: 
–  Potential higher efficiency 
–  Low emissions(Sox, Nox, Noise) 
–  Potential low maintenance and 

operating cost  
–  Use of cleaner fuels 

•  Barriers:  
–  Capital cost 
–  Lifetime fuel cells stack 
–  Slow innovations adopters 

Wärtsilä's fuel cell unit WFC20 

The Viking Lady uses MCFC as APUs 



Alternative fuels in shipping 

Options: 
•  LNG 
•  Methanol 
•  Biofuels 
•  Hydrogen 
•  Wind power 
•  Solar 

An assessment of the potential saving of CO2/tonne-mile using 
LNG as fuel in international shipping has estimated a range 
between 5% and 15% (IMO Study 2009) 

2010	  

2015	  

2020	  

2025	  

2030	  

2035	  

Hydrocarbon	  fuel	  

Hydrogen	  

Adopted from Fuel Cells for Marine and Rail Applications – Webinar - 
Edward Fort - Lloyd's Register: Sustainable Marine Power - Fuel Cell 
technology, The Challenges, what we’redoing and crystal ball gazing. 

Fellowship project 
METHAPU project. 

FC Marine units LNG, 
biogas, methanol <1 MW 

FC Marine HYBRID units LNG, 
biogas, methanol <2 MW 



The approach 

•  Using scenarios and models to examine possible transition 
paths (roadmaps) 

•  Aim is to reveal, test and examine assumptions and their 
implications  

•  It is not a prediction of which would be the next marine fuel 
but it is a test of possible scenarios using model 

•  Through the analysis and interpretation of the results, model 
assumptions can be re-assessed 



Scenarios 

Raucci, C., Smith T.W.P. Sabio, N. Argyros, D., 2013, Evaluating scenarios for alternative fuels 
in international shipping, Conference paper, Low carbon shipping 2013, London 

Scenario Characteristics  

Status quo Business as usual, economic growth at the 
current rate, short term solutions, rapid 
regulatory change. In this scenario, shipping 
will develop but at a controlled rate  

Global 
Common 

More economic growth, more international 
cooperation, regulation harmonisation, 
international trade agreements, emphasis on 
environmental protection and climate 
change, expansion of globalisation. Shipping 
will be greatly favoured in this scenario.  

Competing 
Nations 

Dogmatic approaches and regulatory 
fragmentation, protectionism, local production 
and consumption, trade blocks, brake in 
globalisation. Shipping will suffer in this 
scenario.  

1. Oil price trajectory 

2. Gas price trajectory 

3. Trade scenario 

4. Technology scenario 

5. Economic 
assumptions 

6. Regulation scenario 
  
7. Bio energy (2050) 



The model GloTraM 

Simulating the evolution of the global fleet 



Fuel/machinery capital cost assumptions  
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Concept design hydrogen fuel cells system  

~4000 $/kW  

Assuming an unit cost of liquid hydrogen storage system of 1.86 $/kWh  



Fuel price assumption in global common 
scenario 

Global Commons fuel price forecasts  



Fuel mix and CO2 emissions trajectories 

Adapted from Raucci, C., Smith T.W.P. Sabio, N. Argyros, D., 2013, Evaluating scenarios for alternative 
fuels in international shipping, Conference paper, Low carbon shipping 2013, London 

Competing Nations 

Global Common Status quo 

Annual CO2 emissions 



Sensitivity analysis 

•  Hydrogen price results to 
be the main sensitive 
parameter 

•  Carbon price, capital cost, 
fuel cells efficiency also 
have a significant impact 

 
•  Fuel cells efficiency seem 

to have different responses 
on their respectively 
positive and negative 
variations  
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Relative impact of  parameters' variations on hydrogen take up over 2010-2050 
Relative impacts on hydrogen take up over 2010-2050 



Main conclusions 

•  The system is extremely sensitive to small variations and 
change occurrences so even small changes in input 
assumptions can create large changes in the fuels mix  

•  Under specific  assumptions hydrogen seems to be a valuable 
option for international shipping 

•  What may be the possible paths to the introduction of 
hydrogen as fuel for ships needs further research 



Next steps 

1) Include other on board hydrogen 
storage technologies 
 
2) Development of a accurate 
bunkering model  

–  Refuelling stations at ports 
–  Storage 
–  Barges, trucks 

 
3) Link to energy systems models  

–  Bottom-up energy system models 
•  (TIAM-UCL)  

Hydrogen infrastructure in TIAM-UCL. Source: 
Anandarajah et al 2011 ECONOMICS OF HYDROGEN: 
Applying global technology learning in TIAM-UCL  

Example of result from the H2INVEST model. 
Source: Rosenberg et. al. 2010 Market 
penetration analysis of hydrogen vehicles 
in Norwegian passenger transport towards 2050 
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