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Background – Global Shipping

❑ Represents 80% of the volume and 70% of the value of international trade1.

❑ Emissions such as NOx, SOx, PM and BC contributes to air pollution in 

atmosphere. 

❑ Linked with increased mortality in coastal regions, with an estimated 60,000 

deaths from cardiopulmonary and lung cancer per year2.

1. United Nations Conf erence on Trade and Dev elopment (UNCTAD), Rev iew of  Maritime Transport 2015

2. Corbett, J. J., Winebrake, J. J., Green, E. H., Kasibhatla, P., Ey ring, V., & Lauer, A. (2007). Mortality  f rom ship emissions: a global 

assessment. Environmental science & technology, 41(24), 8512-8518. https://www.epa.gov /enf orcement/marpol-annex-v i

*Figure is obtained f rom www.marinetraf f ic.com.
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Decision

Switch to NG Engine

Switch to MGO

Bunker Prices 

($/metric tons)

HFO MGO

Global Average 477.00 758.50

Americas Average 470.00 755.00

APAC Average 510.00 794.50

EMEA Average 462.00 720.50

*Information adopted from Ship&Bunker on September 

9th, 2018

Strategies to Control Marine Emissions

NG: Natural Gas



Analysis Needed when Switching Diesel 

Fuel to Natural Gas

Air Quality

Global Warming

Health Effects

Particle

• PM2.5

• Black Carbon (BC)

• Organic/Elemental 
Carbon (OC/EC)

Criteria Gases: 

• NOx

• SOx

• CO

Greenhouse 
Pollutants:

• CO2,

• CH4

• BC

Toxics: 

• HCHO

• PM
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Approach 

Engine Information

Corbin et. al. 2019

Experiment Setup Schematics 
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Ultra-low Sulfur 
Diesel

Natural Gas 
(>92% methane)



Summary
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Air Quality (Particles)
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• When switching from diesel fuel to NG:

• Modal emission factors of PM2.5 were to >1 order of magnitude lower.

• PM2.5 and BC were reduced by 93% and 97% respectively when switching 

from diesel fuel to NG. 

• Organic carbon accounts for 87% (diesel) and 93%(NG) of total carbon.
8
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Particle Size Distribution
Corbin et. al. 2019

• Particles from NG exhaust peak at 10-20 nm at engine load > 30% and 50-60nm at 

idling.

• At 50-60% engine load, NG particle emissions above 20nm is significantly lower than 

diesel.

• Particles from NG emissions mainly composes of volatiles. 9

10-20nm

50-60nm



Air Quality (Gases)
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• When switching from diesel fuel to NG: 

• CO2 and NOx was reduced by ~20% and 92% respectively.

• CO and HCHO was increased by >4 and >6 times respectively.

• CH4 emission factor was 11.5 g/kWh while no detectable CH4 was measured 

from diesel exhaust.

Red: Diesel

Blue: NG
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Global Warming Potential

• When switching from diesel fuel to NG:

• Overall GWP from increase of CH4 outweighs reduction of CO2. 

• 100-year GWP of CH4 and BC decreased by more than 50% compared to 

20-year GWP due to shorter lifetime in atmosphere. 

• At lower engine loads, CH4 accounts for major fraction of GWP. At >75% 

engine load, GWP from NG is at similar level with diesel. 
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✓ Compounds: CO2, CH4, BC. 

✓ Time horizontal: 20-year vs 100-year. 

✓ Engine load: idle, 25%, 50%, 75%, 100% and overall average
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• When switching from diesel fuel to NG: 

• Cancer risk and chronic health risk (long-term non-carcinogenic) were 

reduced largely due to PM reductions. 

• Shorter-term health risks in local areas were increased significantly due 

to HCHO increases. (e.g. 95% remove efficiency)

2015 OEHHA Guidelines

2017 SCAQMD Risk Assessment Procedures V 8.1 
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Mitigation

1. Plugging 
in Shore-

power at idle 

2. Cylinder-
Deactivation 

3. Oxidation 
Catalyst at 

exhaust
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Conclusion

❑ Switching to NG reduced PM2.5 , BC, NOx, CO2 by 93%, 97%, 

92% and 20% respectively, however, increased CO and 

HCHO by >4 and >6 times and CH4 emission factors to >11 

g/kWh.

❑ Organic carbon account for 93% of total carbon of NG 

exhaust particles while 85% for diesel.

❑ The large increase of CH4 increase GWP from NG but at 

>75% engine load, 100-year GWP from both NG and diesel 

are comparable.

❑ The decrease of PM reduced the cancer risk and long-term 

non-carcinogenic effects but the increase of HCHO increased 

shorter-term health effects, which can be controlled 

significantly with proper after-treatment (e.g. oxidation 

catalyst).
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Health Risk Assessment

Acute 8-hr Chronic

Compounds (mg/kg-d)^-1 ug/m3 ug/m3 ug/m3

Formaldehyde 0.02 5.50 9.00 9.00

PM from diesel 1.10 0.00 0.00 5.00

Parameters

Cancer 

Potency 

REL

MICR HIA HIC8 HIC

LNG 4355.14 7.78 4.76 5.76

Diesel 133077.69 3.17 1.94 37.59

Difference -0.97 1.46 1.46 -0.85

2015 OEHHA Guidelines

2017 SCAQMD Risk Assessment Procedures V 8.1 18


