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}Background 

}Technology Summaries 
ƁAlternative Fuels 

ƁEngine Technologies 

ƁEngine Support Technologies 

ƁAfter-Treatment (Exhaust) Controls 

ƁAt Berth Technologies 

ƁAlternative Supplemental Power 

ƁVessel Efficiency Improvements 

ƁEnhanced Maintenance 

}Summary 
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}Large vessels designed for deep water 

navigation 

 

}Travel internationally  

 

}16 California maritime ports  

ƁOver 9,000 ship visits per year 
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}PM, NOx, and SOx emissions 
}Emissions concentrated near population centers 
}Localized &  

regional impacts 
}Contributes to: 
ƁCancer risk & PM mortality 
ƁAmbient levels & other GHGs 
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}International (IMO) 
ƁAnnex VI new engine NOx standards & fuel sulfur limits 

ƁProvision for Emission Control Areas (ECAs) 

ƁVessel Efficiency Requirements 

}Federal Regulations 
ƁNorth American ECA 

ƁNew engine NOx standards that mirror IMO 

Requirements 

}California Regulations 
ƁVessel Low Sulfur Fuel Rule 

ƁAt-Berth (Shore-side) Power Rule 
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IMO Annex VI New Engine NOx Limits  in grams/kW - hr (g/ hp - hr )1 

Date  Tier  n<130  130Òn<2000 nÓ2000  

2000 2 I 17 (12.7)  45*n - 0.2  9.8 (7.3)  

2011  II 14.4 (10.7)  44*n - 0.23  7.7 (5.7)  

2016 3 III 3.4 (2.5)  9*n - 0.2  1.96 (1.5)  
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1. Standards based on engine speed, òn.ó N<130 includes most main 
engines. N<2000 includes most auxiliary engines.  

2. Tier I standards become applicable to existing engines installed on 
ships built between January 1, 1990 to December 31, 1999, with a 
displacement Ó 90 liters per cylinder and rated output Ó 5000 kW, 
subject to availability of approved engine upgrade kit.  

3. Tier III applies in NOx ECAs, Tier II applies outside ECAs.   



Fuel Sulfur Limits (%  by weight)  

Date  California (24 nm) 1 Federal ECA (200 nm)  

July 2009  1.5% Sulfur  Distillate 2 

August 2012  1% Sulfur Fuel 3 

January 2014  0.1% Sulfur Distillate 4  

January 2015  0.1% Sulfur Fuel 3 
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1. Applies within 24 nm of the California shoreline, including islands.  
2. Marine gas oil up to 1.5% sulfur, or marine diesel oil up to 1%.  
3. Fuel does not have to be distillate grades.  
4. Marine gas oil or marine diesel oil up to 0.1% sulfur.  Exemptions available 

for nondistillate  fuels meeting 0.1% sulfur.  



}Vessel Speed Reduction Program 

}Port Clean Air Plans/Programs 

}Incentive programs for cleaner 

equipment 

ƁProp 1B, Carl Moyer 

}State/Local district funded 

demonstration projects 
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}Significant PM and SOx reductions due to 

California Clean Fuel Regulation 

}Moderate NOx reductions from new engine 

standards 
ƁSlow vessel  turnover & inability to retrofit existing 

vessels result in slow penetration of lower NOx engines 
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}Auto Carriers 

}Bulk Cargo 

}Container 

}Cruise Ships 

}Refers 

}Ro-Ros 

}Tankers 
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Main Engines  

Used for propulsion. 

Power up to 80+ MW 

Auxiliary Engines 

Used for electricity.  

Diesel electric for both 

propulsion & electricity 

on cruise ships. 

Power <1 to 10+ MW 

Boilers  

Used for steam, and 

heating of heavy fuel 

oil and water. Large 

boilers used for 

propulsion on 

steamships 

Engines and Boilers on OGVs 



}International Fleet 
ƁMost visitors are foreign-flagged 

ƁMany one-time visitors, vessel routes change 
frequently 

}Costly asset with slow vessel turnover 

}Subject to international/national/state/local 
regulations 

}Fuel is largest operating expense 

}Unique safety concerns 
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}Potential Alternative Fuels  
ƁNatural Gas (CNG, LNG) 

ƁBiodiesel 

ƁDimethyl Ether (DME) 

ƁMethanol 

ƁMany others 

}LNG appears to be most promising option 

for widespread deployment 
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}Natural gas (mostly methane) 

cooled/liquefied to minus 160º C (-260º F) 

}LNG demonstrated for full range of vessel 

types and applications  
ƁMostly dual-fuel engines to allow for diesel 

operation 

}Lack of bunkering infrastructure biggest 

obstacle to greater use of LNG  
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