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Decarbonization (not only) of shipping 

There is sufficient scientific evidence that Global warming does 
happen, and decarbonization is not like chasing a noble dream 
 
The challenge is particularly pronounced in six harder-to-abate sectors 
that, currently account for around 30% of global CO2 emissions. 
 
Unlike to other industries, shipping plays an instrumental but 
invisible role in most consumers’ lives.  
Lower emissions from shipping will result in additional cost, but the 
majority of charterers and other shipping customers have limited 
appetite for additional costs 
 
The challenge of Decarbonization of shipping – as well of global 
economy, is too large. 

Source : International Energy Agency, 



Pathway and boundary conditions 

Researchers at Princeton simulated an Earth on which, all CO2 emissions suddenly stopped.  
Source : Natural Climate Change, VOL.4, January 2014 
 
 
 
 
 
 
 
 
 
 

Small, incremental steps are the best way to address a challenge of this magnitude  

CO2 concentration	 Temperature on Earth	

   In 20 years	 40% was removed	 Reached a peak	

   Until 100 years	 60% was removed	 Declined and reached to 1.5oC 
above pre-industrial levels 	

   Thereafter	 80% was removed        
after 1,000 years	

After 100 years, temperature started 
to rise again	



Which number speaks best ? 

The 4th IMO GHG Study, was recently published, covering years 2008 and 2012 to 2018 
 
The study showed that : 
•  despite a significant improvement of efficiency indices 
 
 
 
 
 
•  the CO2 emissions have increased from 962 million tonnes in 2012 to 1,056 million tonnes in 2018 
 

The atmosphere is sensitive only to MT of CO2 and not to EEOI 
 

Therefore operational and technological measures alone, seem not enough for reaching our target 

Vessel	based	 Voyage	based	
EEOI	 	-	31.8%	 	-	29.4%	
AER	 -22%	 -21%	 Source : MEPC 75/7/15 



Key facts around new fuels in shipping 

The	need	to	reduce	CO2	emissions	will	
become	more	and	more	stringent	

OperaFonal	/	technological	means	need	
to	be	supplemented	in	order	to	reach	our	

target	

New	fuel	cannot	
be	avoided	

RegulaFons	have	a	certain	Fme	
frame	

Ships	are	capital	intensive,	long	life	assets,	strongly	
dependent	on	fuels	with	high	energy	density,	and	a	
very	complex	field	when	it	comes	to	electrificaFon	

There	is	no	5me	for	trial	and	error	 Wrong	selec5on	of	fuel	can	easily	render	ships	a	
stranded	asset	

q  The	fuel	of	shipping	will	be	provided	from	ashore.	Therefore	if	shipping	selects	a	fuel	of	its	own,	then	will	have	to		
bear	all	costs	related	to	both	its	produc5on	and	the	development	of	bunkering	infrastructure	
q  On	the	other	hand,	if	other	sectors	will	compete	with	shipping	for	the	supply	of	the	new	fuel,	it	is	important	that		
it	is	abundantly	available	



Hydrogen is an energy carrier, not really a fuel 

Global Use :  55 % is used for ammonia synthesis 
   25 % in refineries (for the processing of intermediate oil products)  
   10 % for methanol (used in the manufacture of many polymers.) 

 
Production :  almost entirely from fossil fuels (6% of global natural gas and 2% of global coal) 

    
Emissions :  830 million MT of CO2 emissions, comparable to the emissions from shipping as a whole ! 
 
Key role :   Hydrogen is one of the leading options for storing energy from renewables.  

   It offers ways to decarbonize a range of sectors where it is proving difficult to  
   meaningfully reduce emissions 

 
Transportation :  Gas pipes / liquid phase 
 
Ammonia is a hydrogen carrier, and can play a role only in a hydrogen based economy, which is still 
years away, although there is little evidence that other industries consider ammonia as a future fuel 



Germany's National Hydrogen Strategy 

In the fight against climate change, Germany considers that hydrogen made with renewable electricity as a silver  
bullet for sectors with particularly stubborn emissions, such as heavy industry and aviation 
The government will assess a renewable fuel quota in aviation kerosene of at last 2 percent in 2030. (!) 
 
The strategy says that hydrogen is a multi-purpose energy carrier that can be used in fuel cells to power  
hydrogen-based mobility and serve as a basis for synthetic fuels, but also as a medium to store renewable  
energies. "Hydrogen is an essential element of sector coupling. In those areas where electricity cannot be  
used directly from renewable energies, green hydrogen and its downstream products (Power-to-X) open  
new paths to decarbonisation.” 
 
According to the strategy, "only hydrogen produced on the basis of renewable energies ('green' hydrogen) 
is sustainable in the long term.“ 
 https://www.cleanenergywire.org/factsheets/germanys-national-hydrogen-strategy 



New fuels 

NEW fuel cost =  𝑓(𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛/𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝑠𝑡𝑜𝑟𝑎𝑔𝑒, 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛) 

 
Only in US, it is estimated that the development of infrastructure for fuelling only the 40% of light duty fleet ,  
amounts to 650 billion USD 
 
Human economy today is based, and is heavily dependent on the use of hydrocarbons 
 
Although industrial products are transported to / from many places on earth, still there is way to go before one  
can consider they have developed infrastructure 
 



Fuel options 
Fossil Industrial 

Exist in earth’s crust, 
products of long term 
geological processes 

Are derived from, or 
during industrial 

processes 

Hydrocarbons 

Methane 
Diesel 
LPG 

 

 
 
 

Methanol 

Non – Hydrocarbons 
(or Zero carbon) 

Hydrogen 
Ammonia 

Plus : Nuclear 



Fuel options 
Fossil Industrial Bio Synthetic 

Exist in earth’s crust, 
products of long term 
geological processes 

Are derived from, or 
during industrial 

processes 

Are produced from 
various forms of 

bio-mass 

Are produced from 
synthesis of captured 

CO2 with H2 

Hydrocarbons 

Methane 
Diesel 
LPG 

 

 
 
 

Methanol 

Bio-Methane 
Bio-Diesel 
 
Bio-Methanol 

Syn Methane 
Syn Diesel 
Syn LPG 
Syn Methanol 

Non – Hydrocarbons 
(or Zero carbon) 

Hydrogen 
Ammonia 

With Methane we can start now , make small steps , think big and scale fast  
to a solution that can decarbonize shipping with min extra cost 

without the need to move in advance to new modes of economy, as it is required by hydrogen and ammonia 
 



Ammonia as fuel 
Ammonia as fuel has : 
•  Very high auto-ignition temperature (651 °C) 
•  Low flame speed 
•  High heat of vaporization 
•  Narrow flammability limits (16-25% by volume in air) 
 
Compression Ignition engines 
Only ammonia as fuel is not possible due to the high compression ratios needed for ignition/ combustion.  
Very high compression ratios as much as 35:1 are needed 
 
Spark ignition Engines 
Combustion of ammonia has to be facilitated in order to overcome ammonia´s reluctance to combustion 
 
Ammonia can be mixed with other fuels to overcome its disadvantages as a fuel, both for Compression-Ignition  
(diesel) and Spark-Ignition (Otto) engines => 2 fuel tanks on board 
 
It is to be verified whether engine efficiencies attained today, can be maintained with ammonia as fuel 



Emissions related to ammonia 

•  Combustion of ammonia will produce NOx, and although EGR is an option , it has several limitations 
In SCR systems, N2O formation is possible : 
 
8 NO2 + 6 NH3              7 N2O + 9 H2O 
 
4 NO2 + 4 NH3 + O2              4 N2O + 6 H20 
 
2 NH3 + 2 O2                N2O + 3 H2O 

•  As the production of NOx in diesel combustion passes through the N2O pathway, it is possible that at high  
temperatures of combustion, NO decomposes to N2O through the revers of reaction : N2O + O             NO + NO 

"Budget"	
lifespan	

Global	Warming	PotenFal	 Global	Temperature	PotenFal	
20	years	 100	years	 20	years	 100	years	

Methane	 12	 84	 28	 67	 4	
N2O	 121	 264	 265	 277	 234	

N2O is also known as the “laughing gas”, and is a very strong GHG agent with a very long lifespan in the 
air 



Ammonia slip 
The reductant used in SCR systems is ammonia. Even if urea is used, this is converted first to ammonia  
through a process called thermolysis 
 
The SCR process requires very precise control of ammonia injection rate, otherwise we may arrive at an  
undesirable emission of ammonia to the atmosphere = ammonia slip 
 
The ammonia slip increases with reduced temperature : 
 
Typical exhaust gas temperatures from diesel cycle  
In the order of 210 – 280oC 
 
 
High emissions of unburnt ammonia are possible also  
from engines operating with Otto cycle  
(much higher than the dosage that humans can tolerate) 
 
It is highly possible, that with ammonia as fuel we may  
need an additional oxidation catalyst  for ammonia (ASC = Ammonia Slip Catalyst) 
 
 



Carbon capture : the link to power sector 

Coal remains by far the largest fuel source for power generation, at 38%, followed by gas at about 20%. 
Power is the largest carbon emitter in the energy sector  
The global power sector is therefore expected to meet rising demand as access to electricity grows, and to  
provide for a low-carbon future where end-use activities are increasingly electrified. 
In fact, for meeting the requirements and environmental targets, the power sector has to dramatically reduce  
its carbon intensity.  
 
Meeting long-term climate goals without applying carbon capture, utilisation and storage technologies at scale  
in the power sector, requires the virtual elimination of coal-fired power generation and, eventually, that  
of gas-fired generation as well, with significant early retirements and potential for stranded assets. 
 
The young age of the global fleet of fossil-fuelled power plants means that about one-quarter of the existing fleet  
would be retired before reaching the typical 50-year lifespan. Almost one-third of all coal-fired capacity is less  
than ten years old, the vast majority of which is in Asia. Those kept in operation would likely see substantially  
reduced operating hours. 
 



The solution from Carbon Capture 
Recycled Carbon molecules from atmosphere , together with hydrogen, can be catalytically converted into  
chemicals and fuels.  
 
Due to their high energy density, high carbon products will come at high cost (problem for synthetic diesel) 
 
An indicative cost of synthetic methane is USD 800/MT, which on energy basis = that of methanol 
 
 
•  Recent study from Delft suggests that for same energy content, green ammonia has x2 the price of carbon 

neutral methane 
•  Other studies attribute the synthesis cost of green ammonia to be x3 bigger than for methane (

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5089635/) 
 
 

(45% LNG) + (55% bio/synthetic Methane) = IMO 2050 
With NO SPEED REDUCTION 

 



Concluding remarks 

§  Ship building cost and fuel consumption will not be any more the primary concerns 
§  Ship owners will be attracted by the solution that : 

ü  is readily available (in order to avoid the cost implications of GHG emissions) 
ü  meets the target 
ü  at minimum cost 

 
Ø  And although the solution will come at extra cost, the ship owners do not care how much it costs,  
as long as it costs the same for everyone 
 

The time for action, has come 
 

@ RINA, we are ready ! 



RINA & LNG as Fuel 
•  Shipyard: Meyer Werft - Papenburg  
•  Shipowner: AIDA - P&O 
•  Size: 5 × cruise ships  (183,200 gt)  

•  Shipyard: Meyer - Turku 
•  Shipowner: Costa Crociere - Carnival Cruise Line 
•  Size: 4 × cruise ships  (183,200 gt)  

•  Revolutionary “green design” 
•  The first ships in the cruise industry to be powered at sea by LNG 



RINA projects with LNG as fuel 



2007-2012 OLT(IT) 

2011 Tema  (Ghana) 
2011-2012 Uruguay, Indonesia 

2010-2011 Tahadart (Morocco) 

2011 Takoradi 

(Ghana) 

2008-2009 Monfalcone 

(IT) 

2001-2012 Rovigo (IT) 2009 Azzurro LNG (IT) 

2010 Triton (IT) 
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FSRU: A Rule Changer 



Thank you ! 
 

it –  28.07.2020 


