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Outline

 What is ‘Light absorbing Carbon’ and why do we
care?

 How is it measured? Mass and Optical

« Emission Factors




Measuring “Light Absorbing Carbon”

Black Carbon, elemental carbon, soot,

graphite, organic carbon, organic
matter, light absorbing carbon, secondary
organic aerosol, brown carbon, non-refractory
carbon etc. etc. etc.

« LAC and air quality / health




Measuring ‘Light Absorbing Carbon’ - LAC

e Common:

— Filter-based absorption
— Measure change in filter transmittance
— Uncertainties/corrections

— Aerosol can be physically altered — not
measuring atmospheric aerosol

* Newer Technology:

— Photoacoustic technique measures

visibleearth.nasa.gov
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Converting Optical Absorption to Mass

« Mass absorption Coefficient (MAC)
« Absorption per mass of LAC aerosol

 MAC varies with particle size, composition and aging

« Bond & Bergstrom (2006) carefully reviewed MACs to
find freshly emitted LAC (from fossil fuel combustion)




Measuring Mass - Filters

— Gravimetric analysis
* collect for many hours
» other aerosol present.

— Thermal analysis
 heat and oxidise aerosol to release CH,
« gas evolution regimes
« conversion of measured CH, to ‘elemental’ or ‘organic’ carbon mass.
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Emission Factors

« What is an EF?
— g kg-1

 Used to build emission inventories.

* For Global Shipping:




Emission Factors

 \We need Emission Factors to know how

much LAC there is!
— Locally, regionally and globally.




1979 SSMI Compoasite Data ( By FirstPeople.us

UCAR.edu

2003 55MI Composite Data



Shipping during TexAQS/GoMACCS

* Over 1100 individual plumes.
— 116 where full data available for this study.




Calculating Emission Factors
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Uncertainty in EF| 5.
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Precision of the EF |, Method
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LAC Emission Factcor (g kg'1)

TexAQS LAC Emission Factors

* 116 individual vessel plumes (15 yet to be identified)
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EF, ,c vs Vessel Speed
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LAC Emission Factor (g kg'1)

EF Ac Vs Gas Phase EFy oy

d o
3.2 % Tug Boats
] @ All Other Vessels
2.8 x
2.4 x x
2.0 - * x
1 % ¥ xx
1.6 x x
i x
| % X
12 = L "
il x x
0.8 - a ox W% X " oo
i % = x
acP

100 120
NO, Emission Factor (g kg'1)

140



LAC Emission Factor (g kg'1)
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EF Ac Vs Gas Phase EF 4,
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Comparisons to Other Fuels and
Consumption Types

Biomass Burning

Diesel - Railroad |
Shipping - Inventory |
Tug Boats - This Study |
Diesel - on Road |
Tanker Ships - This Study
Passenger & Bulk Ships - This Study
Aviation |
Gasoline - on Road |

Brown Coal |

Black Coal Bond et.al. 2004

| Natural Gas
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LAC In the Houston Area

2004 Fuel Usage : 013 Tg (from Eric Williams)
Average EF ,. = 0.85 g kg

LAC emissions for 2004
— 0.11 Gg
— Compares to 140 Gg LAC for global shipping

Highly uncertain calculation - fuel usage numbers




Summary

 Correlations of EF ,- with SO, could have
Important air quality implications.

» Correlations of EF ,- with CO for Tug
Boats reveal a relationship between
engine efficiency and LAC emission.




Summary

« 116 EFs over 5 vessel classes compared to 1 direct and 1 indirect EF.
— With some more work this could increase to over 200!

— Previous Direct EF |, =0.18 £0.02 g kg
— This Study (excluding Tugs) =05 +0.3gkg"
— This Study — Tug Boats =095 £0.73 gkg"

 Will contribute to:

+ Global LAC emissions — global climate impacts
— We calculate global LAC from shipping to be 2% of total.

« Regional LAC emissions in high traffic areas — climate effects in regions like
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