ALEFE O S BT R FRTE 0]
Port and shipping emission inventory
and emerging issues in North America

O
s CCE

Dr. Haifeng Wang

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION




The Internatlonal Council on Clean Transportatlon

20

S 18.06

= 18

E 16 15.11

éa 15 11.77

g 8 s

S 6 4.96 2012 Summit: Brazil, China, Europe, India, Korea, Mexico, Russia, US

= 4 3.52 304
o S 2 I I o 156 104 ogs
icct o - 2
NNNNNNNNNNNNNNNNNNNNNNN China EU-27 U.S. Japan Brazil India Russia Canada South Australia Mexico

NNNNNNNNNNNNNNNNNNNNN

Korea



RN

Outline

o JESEARARRE T
= Qverview of port and shipping activities and regulations in
North America

o ELTRARANEERS B
= Emission inventory from ports and shipping
— k. ERER
— Methodology, results, and trends
—  Hj{n ]
— Emerging issues
= Hig

=  Conclusion

NNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNN



BURIL A E 8 21T 5544
Ports and shipping have a complicated industry
structure
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Container throughput in North America
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= 14 container ports with annual throughput higher than 1
million TEU; 2 in Canada, 12 in North America
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Emission inventory from ports and ships
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Methodology

o GBI R BEERR R
= Activity-based approach + Complete data
survey

E = Power X Activity X LF X EF X FCF X CF

Ui fThah ¢ HELL, R, Bnscik

Power and Activity: port, survey, marine exchange
AECREL - Hg ) OGE

Load factor: determined by speed

HERK -, PERRZBRIMN R R RELE
Emission factors, control factors, and Fuel adjustment factors:
standardized input
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Emission reduction programs in ports

= RZEGEITHE

= Most ports monitor and reduce conventional pollutants
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Trend

« RECIRHERCR B
= Significant improvement in port emission
reduction

Emissions in tons

i CCt ° NOXx SOx co HC
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Incentives to reduce port emissions
= PRSI TR B E AT LR

= Reducing emissions give ports both reputational and
economic benefits
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Methodology and inventory on OGVs

= 20044EHRANPHBGE 2, TG &R
= Shipping inventory in 2004, by census district

Fuel Used (gallons) = 2 (Pwr, x LF, x SOFC, + Pwr, x LF, x SOFC,) x Activity/3630
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Harbor craft and inland vessel inventory

B ME B BUERCR
= Activity-based approach + Complete data survey
= HZHANETE

=  More uncertainties
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Using AIS data to compile shipping inventory
« FDHAISE e ALY N B Behis o] DASE af A AR HE X

= AIS is better equipped to calculate shipping inventory
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Emerging Issues in port and shipping

inventory
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LNG as a marine fuel
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e LNG as a marine fuel reduces cost and conventional
pollutants
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Lifecycle GHG emission from LNG as a marine fuel
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= Lifecycle GHG benefits from using LNG as marine fuel varies by
pathways
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= Distillate and residual fuels
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Other Llfe_cycle anaIyS|s

= DU AR - R L S B an I PR

= Use shore power as an example: the development of shore
power also needs to consider lifecycle emissions

Germany Norway China mainland Hong Kong, SAR

uuuuuuuuuuuuuuuuuuuuuuu B Coal ®OQil " Gas Nuclear Renewable

NNNNNNNNNNNNNNNNNNNNN



HREF MR RFRTENEREEZRR

Emission factor is the single most important variable
in BC inventory

» RHCE R EEREFEENENREFEERIRX

» The marine BC inventory estimates differ significantly when a

different EF is used while keeping fuel consumption
unchanged
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Wang, H.,
Minjares, R
(2012) Global
emissions of
marine black
carbon: Critical
review and
revised
assessment.
Submitted to
92nd
Transportation
Research Board.
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Ship testing to determine BCr

JLRBAEHINIOSH /G HE A IMPROVE /5 1A H 5
The Elemental Carbon (EC) was higher for the NIOSH method as

compared to the IMPROVE method
AW A BINPIRI R ¢ 45 % IilEE,

45 % 45 HLIBH110 % o2k

The total PM composition is approximately 45% sulfate, 45%
organic and a small fraction of EC (10%).

P HHBK v~ B Dh = i S

BCcr increase as load decreases

/\ /N
m /" \NIOSH | IMPROVE
Nominal eload® Load | PM,s PA-SO\TX EC x oC / EC \ OC | MAAP2  Aeth®
Load e_kW % mg/kWh|| mg/k mg/kwWh mg/kWh |mg/kWh| mg/kWh | mg/kWh mg/kWh
Post M1 1689 58.2% 206.2 5.6 3.68 79.6 8.35 74.8 n/a n/a
Post M2 1279 44.1% 199.5 22.2 14.13 82.6 27.55 74.6 n/a n/a
PostM3~ 595 20.5% 294.4 88.2 99.09 126.9 133.15 95.5 n/a n/a
Pre M1 1602 55.2% 407.6 28.6 29.69 257.8 35.21 166.8 n/a n/a
Pre M2 1243 42.9% 373.3 32. :/ 27. 98/ 183.0 \4071/ 158.1 n/a n/a
Pre M3 603 20.8% 491.1 90. n/a 295.8 n/a 173.2 n/a n/a
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EPA Port Initiative
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=  Work with ports to reduce air emissions
o HRERHARA A Ok 5 A

= (Collaborate with other stakeholders

» S ilSmartwaylf)k 256

= Replicate the success story of Smartway

5‘\\ SmartWay-

Transport Partner
Getting There With Cleaner Air
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Port Recognition Program

«  LEDF&ME, ICCTX EE TRy v i BiAE, il
VERET TR AT H AR
=  Working with EDF, ICCT surveyed ports on their environmental

programs and provided recommendations on port recognition
metrics

I CCt CCWG Green ISO 14001 LEED Smartway Other
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Conclusion

= PHilthe L
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= Methodology has been establish and proven; data

is key

= RECIRATN IR G 22 A A e T

=  Compiling

inventory for harbor crafts and inland

ships is more challenging
= AIRAE R IR NP B 2 FiR &
= | NG and BC have become new focuses
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