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Carbon Footprint Study for the Asia to North America Intermodal Trade Methodology

1 Executive Summary

This study provides estimates of the greenhouse gas emissions from the delivery of a cargo load of
containers from four different size vessels (4,500 TEU, 6,500 TEU, 8,500 TEU, and 12,500 TEU)
originating in the ports of Shanghai, Hong Kong, and Singapore and traveling to the North
American ports of Seattle, Prince Rupert, Los Angeles / Long Beach, Houston, Savannah, Norfolk,
and New York / New Jersey and progressing onward via Class | intermodal trains to the cities of
Chicago, Columbus, and Memphis. The analysis was performed using an emissions analysis
methodology which estimates the mass of carbon dioxide, methane, and nitrous oxide. Emission
factors, vessel and locomotive data, publicly available sea and rail routes, and assumptions based
on previous emission studies are utilized to estimate carbon dioxide equivalent emissions.
Methane and nitrous oxide emissions are converted to carbon dioxide equivalents so that their
overall impact on climate change can be assessed.

A comparison of the emissions of oceangoing containerships and domestic rail service shows that
marine transportation emits about 1.5 to 2.25 less carbon dioxide equivalent emissions (CO,e) per
TEU-km than rail transportation. This relationship favors shipping over rail transportation when
travel distances are comparable. However, the ocean distance from Asian ports to the West Coast
ports and in particular the ports of Prince Rupert and Seattle are so much shorter than the
distances to the East Coast ports that this more than offsets the detrimental impact of the longer
rail distances from the West Coast ports.

Shipping via the port of Seattle provides the lowest overall carbon emissions from all three Asian
departure ports evaluated in this study, when the cargo continues to the inland container facilities
at Chicago and Columbus. With comparable ocean and rail distances, Prince Rupert has a very
similar emissions footprint. The ports of Los Angeles / Long Beach and Oakland have the lowest
emissions when shipping containers to Memphis. West Coast ports have lower emissions than
East Coast ports for all but one of the cases investigated in this study.

The carbon footprint advantages of the West Coast ports can be quite significant. For example,
carbon emissions expressed in terms of emissions per TEU moved are approximately 41% lower
when moving a container between Shanghai and Chicago via the port of Seattle on a 8,500 TEU
containership, as compared to moving the same container between Shanghai and Chicago via the
Panama Canal and the port of New York / New Jersey on a 4,500 TEU Panamax containership. A
4,500 TEU containership, with its 32.2 meter beam, is the largest size vessel that can transit the
Panama Canal at this time.

For Far East to U.S. East Coast voyages, lower carbon emissions per container moved are
realized for Post-Panamax vessels traveling via the Suez Canal as compared to Panamax vessels
traveling via the Panama Canal. Recognizing that efforts to expand the Panama Canal are now
underway, a supplementary analysis, located in Appendix B, of Post-Panamax vessels transiting
through the Panama Canal has been carried out. This analysis indicates that Post Panamax
vessels departing from Shanghai and Hong Kong will have reduced carbon emissions when
heading to East Coast ports by way of the Panama Canal rather than the Suez Canal. Routing
through the Suez Canal continues to be the more CO,e efficient alternative per TEU for voyages
originating in Singapore. Even after the expansion of the Panama Canal enables transit of larger
vessels, the total carbon emissions associated with shipments moving through West Coast ports to
the inland facilities remain below those levels attained when transiting the Panama Canal to East
Coast ports. For example, total CO,e emissions per TEU moved between Shanghai and Chicago
via the port of Seattle on a 12,500 TEU containership are approximately 31% less than if the
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Carbon Footprint Study for the Asia to North America Intermodal Trade Methodology

container is carried on the same vessel via the Panama Canal to the port of New York / New
Jersey, and then by rail to Chicago.

2 Methodology

The methodology used in this analysis is an emissions estimate method similar to what is detailed
in the Puget Sound Maritime Air Emissions Inventory®. The same basic equation is applied both to
the container ship engine emissions and the locomotive engine emissions. The primary equation
used to estimate emissions is:

Emissions = MCR x LF x A x EF (kg)

Where:
MCR = Maximum Continuous Rating of the combustion engine in use (kW)
LF = Load factor
A = Activity time (hours)
EF = Power based emission factor (kg/ kW-hr) for the greenhouse gas

The emissions of carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) are calculated
from published power based emission factors available for each greenhouse gas. Emissions of
methane and nitrous oxide are then converted to Carbon Dioxide Equivalents (CO,e) by multiplying
the emissions by the Global Warming Potential values found in the latest Fourth Assessment
Report of the IPCC?.

Table 1: Global Warming Potentials (100 years), expressed as Carbon Dioxide Equivalents
(COze)

Global Warming Potentials
CO, 1
CH, 25
N.O 298

2.1 Container Ships

Container ships were selected such that they represent common operational characteristics from
modern 4,500 TEU, 6,500 TEU, 8,500 TEU, and 12,500 TEU ships. The container ship particulars
are shown below:

! Puget Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007

2 Intergovernmental Panel on Climate Change Fourth Assessment Report (AR4), 2007
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Carbon Footprint Study for the Asia to North America Intermodal Trade Methodology

Table 2: Vessel Characteristics

Vessel #1 | Vessel #2 | Vessel #3 | Vessel #4
Vessel Capacity (TEUS) 4,444 6,402 8,214 12,500
Propulsion Rated Power (kW) 43,920 57,100 68,640 80,080
Auxilary Rated Power (kW) 7,140 8,500 12,200 14,000
Propulsion Fuel Consumption (g/kW-hr) 175 175 175 175
Auxiliary Fuel Consumption (g/kW-hr) 197 190 190 190
Transit Speed (kts) 23.94 2411 24.33 24.04
Inport Time (hrs) 33 52 50 60

A representative vessel was selected for each size category. Power, engine type, and transit
speeds were obtained from available vessel details.®**® Fuel consumption data was taken from
manufacturers’ data®’ for the engine in question and adjusted from I1SO conditions to account for
use of heavy fuel oil in normal operating conditions. Transit speeds were calculated by adjusting
given 90% MCR design speeds to 80% MCR speeds by using the propeller law relationship.
Maneuvering speeds were approximated from port emission inventories.®° In-port times were
estimated by the Port of Seattle. It is assumed that each ship carries a full container load with 90%
utilization.

2.1.1 Maximum Continuous Ratings of Propulsion and Auxiliary Engines

MCR engine power data was obtained from specific vessel information. The MCR represents the
maximum power output of the engines and is seldom used in the actual operation of the vessel.

2.1.2 Load Factors for Container Ships

Load factors used in this study are the same as found in the Puget Sound Maritime Air Emissions
Inventory®. Load factors represent a percentage of maximum power used in the at sea,
maneuvering, and in-port operational modes.

Table 3: Load Factors for Ship’s Main Propulsion and Auxiliary Machinery

Load Factors At Sea Maneuvering In-port
Propulsion 0.80 0.03 0.00
Auxiliary 0.13 0.50 0.17

® Significant Ships 2003, Royal Institution of Naval Architects
* Significant Ships 2004, Royal Institution of Naval Architects
® Significant Ships 2005, Royal Institution of Naval Architects

® Man B&W website and 2008 Programme

& Puget Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007
° Port of Los Angeles Inventory of Air Emissions CY 2005, September 2007

% Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007
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2.1.3 Activity Time in Mode

The activity time for the propulsion engines was calculated by dividing the ocean distance from the
ports of Shanghai, Hong Kong, and Singapore to the North American port in question by the
assumed transit speed. Ocean route distances were obtained from Distance Between Ports™. The
4,500 TEU vessel is a Panamax ship that is capable of transiting through the Panama Canal to
North American East Coast ports. The Post-Panamax ships (6,500 TEU, 8,500 TEU, 12,500 TEU)
were directed through the Suez Canal on westbound routes to East Coast ports. East Coast
bound vessels using either the Suez or Panama Canal were assigned a factor to account for
changes in the operations when transiting through the canals. The factor was developed by
calculating the greenhouse gas emissions from reduced transit speeds in the canal and the
average canal waiting times outside the canal using appropriate load factors to represent the
vessel in each of these modes. Specific canal data was obtained from the canal authorities***2.

No specific provisions were made for ships utilizing onshore power systems, or cold ironing, in any
of the ports. While there are significant plans for shore power infrastructure for container vessels,
few berths (and ships) are equipped with this technology today. Typically, vessels will have a total
of 3 to 4 hours of power on shipboard generators while the shore power equipment is being
connected and disconnected.

In addition, the influence of cold ironing on the total emissions of the entire supply chain is quite
small. Itis understood that it is quite important for emissions in the local area. Its impact was
determined by conservatively assuming that a particular ship had no emissions while connected to
shore power, omitting connection and disconnection times and emissions from shore powerplants.
With this assumption, the overall emission reduction for a 12,500 TEU vessel would only be
approximately 0.6% of the total emissions from the supply chain.

In addition to cold ironing, another major initiative taken by the Port of Los Angeles and Long
Beach is the Green Flag Program. This program rewards vessels that call the area to reduce their
speed to 12 kts when they are 20 nm seaward from the entrance to harbor. As a large percentage
of vessels are operating accordingly, the calculations for vessels bound for Los Angeles take into
account the change in speed with the corresponding reduction in load factor from vessel speed
reduction.

! «pyplication 151 - Distance Between Ports.” National Imagery and Mapping Agency, 2001

12 Monthly Canal Operations Summary 2008-2009, Autoridad Del Canal de Panama
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Table 4: Distance Between Ports

Origin Port  |Destination Port Canal Nautical Miles

Seattle 5,067

Oakland 5,399

Los Angeles 5,699

Prince Rupert 4,607

Savannah Panama 10,172

Shanghai Savannah Suez 12,915
New York Panama 10,582

New York Suez 12,357

Norfolk Panama 10,391

Norfolk Suez 12,520

Houston Panama 10,149

Houston Suez 13,939

Seattle 5,768

Oakland 6,047

Los Angeles 6,380

Prince Rupert 5,286

Savannah Panama 10,801

Savannah Suez 12,162

Hong Kong New York Panama 11,211
New York Suez 11,604

Norfolk Panama 11,020

Norfolk Suez 11,767

Houston Panama 10,778

Houston Suez 13,186

Seattle 7,062

Oakland 7,356

Los Angeles 7,867

Prince Rupert 6,683

Savannah Panama 12,111

. Savannah Suez 10,708
Singapore New York Panama 12,521
New York Suez 10,150

Norfolk Panama 12,330

Norfolk Suez 10,313

Houston Panama 12,088

Houston Suez 11,732

2.1.4 Emission Factors

Fuel based emissions factors are taken from 2006 IPCC Guidelines for National Greenhouse Gas
Inventories**. These emissions factors have been used as the basis for numerous other
greenhouse gas emission studies and inventories. It was assumed that both propulsion and
auxiliary engines are operating solely on heavy fuel oil. Fuel based emission factors (kg / tonne
fuel) were converted to power based emission factors (kg/ kW-hr) by multiplying the appropriate
fuel based emission factor by the specific fuel consumption in each mode.

Fuel-based emission factors from IPCC are listed in Table 5

142006 IPCC Guidelines For National Greenhouse Gas Inventories
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Table 5: Fuel Emission Factors for Main Propulsion and Auxiliary Machinery

Fuel Emission Factor (kg pollutant/tonne fuel)
Propulsion Auxiliary
CO, 3,134 3,134
CH, 0.28 0.28
N.O 0.08 0.08

Fuel based emission factors based on the fuel consumption of the engine are listed in Table 6.

Table 6: Power Emission Factors for Ship’s Main Propulsion and Auxiliary Machinery

Power Emission Factors (kg pollutant / kW-hr)
Shipboard Propulsion Shipboard Auxiliary
Vessels #1,2,3,&4 Vessel #1 Vessel #2/3/4
CO; 0.548 0.617 0.595
CH, 0.00005 0.00006 0.00005
N.O 0.00001 0.00002 0.00002

2.2 Locomotives

In order to estimate the emissions from locomotives, a calculation for the required number of
locomotives to transport the cargo from the ship to its destination was performed. It was assumed
that all the cargo was carried on double stack railcars where each railcar was capable of holding 4
TEUSs (4 x 20’ containers or 2 x 40ft containers). Each TEU was assumed to weigh 10 MT."® A
railcar, the Maxi-Stack 1V, was used for rail car tare weight16. A common locomotive, EMD’s SD-
70, was selected to perform the hauling duties*’. An average speed of 30 mph was selected
based on performance measures from Association of American Railroads and Railroad
Performance Measures®®. A horsepower per ton (HPT) ratio of 2 was selected for a typical
intermodal train covering a range of grades at this average speed.

In addition to emissions from the line haul locomotives, an additional factor was applied to the line
haul greenhouse gas emissions to account for emissions from switching locomotives. An
additional 10% was applied to the line haul emissions to account for necessary switching both on
and off port. The factor was determined by comparing the fuel consumptions of freight and yard
switching activities as reported by the major railroads companies in their annual R-1 Annual
Reports to the Surface Transportation Board®®. While total freight fuel consumption in the R-1
Reports includes cargo other than intermodal, it is assumed for the purposes of this study that the
relative percentage of yard switching fuel consumption is the same for all types of cargo.

'* “Interim Guidelines for Voluntary Ship CO, Emissions Indexing for Use in Trials”, MEPC/Circ.471, International Maritime Organization.

LA AR AL S
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The results of this calculation are presented below:

Table 7: Train Characteristics

Typical Train Characteristics

Average Speed 30 mph
Horsepower / Ton Ratio 2
Horsepower per Locomotive 4000 hp

Brake Specific Fuel Consumption 235 kg/kW-hr
Weight per Locomotive 207 tons
Tare Weight of Railcar 22.6 tons

2.2.1 Maximum Continuous Ratings for Locomotives

Using the HPT ratio, an estimated weight of the cargo, and the combined weight of the locomotives
and rail cars, a calculation was performed to determine the required locomotive horsepower to
move the container load. It was assumed that all track conditions exhibit similar environmental,
gradient, and curvature characteristics.

Table 8: Required Locomotive Power per Container Load for Representative Vessels

4500 TEU Vessel 6500 TEU Vessel 8500 TEU Vessel 12500 TEU Vessel
Locomotive Power (kW) 128,262 181,954 235,645 354,959
Number of Locomotives 43 61 79 119

2.2.2 Load Factors for Locomotives

The load factor used for rail operations was determined using weighted time in notch settings as
per recent port emission inventories??*. The load factor applied in this study is 0.28%. This load
value is based on operation data taken from 63 trains from 4 Class | railroads over many sections
of the country with various types of terrain.”* Since this load factor represents the emissions from
the engine operation and average speed over the entire transit, the analysis was performed on just
one ‘average’ operational mode (speed, grade, HP requirement).

To better understand the impact of the ‘average’ grade assumption on the results a sensitivity
check was performed. The concern was that the fuel consumption of intermodal trains traveling
over high grade tracks, such as areas in the Cascades, Sierras, or Rocky Mountains, may be
sufficiently higher than the fuel consumption of trains traveling over grades faced by East Coast
ports and alter key findings. To account for the higher than average grades, a 30% fuel

' puget Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007.
2 port of Los Angeles Inventory of Air Emissions CY 2005, September 2007.
= Puget Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007.

2 Locomotive Emission Standards — Regulatory Support Document, US Environmental Protection Agency, April 1998.
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consumption penalty was given to the West Coast ports while no additional factor was applied to
the East Coast ports. This 30% figure was based on EPA research comparing the fuel
consumption on zero grade routes with the consumption on the highest grades in the U.S.*® This
very conservative assumption ignores the fact that trains traveling over the Appalachian mountain
range would also experience an increase in fuel consumption over a zero grade baseline. When
evaluated on this basis, East Coast ports outperform the West Coast ports only for intermodal trips
heading to Columbus and Memphis from Singapore.

2.2.3 Activity Time in Mode

The time to deliver the cargo was determined by dividing the rail distance from each coastal port to
the cities of Chicago, Memphis, and Columbus by the assumed speed of the locomotive. Rail
distances were determined by selecting the rail mileages found in the 2006 Public Use Waynbill
File?® between the required destinations. The Public Use Wayhill File, provided by the Surface
Transportation Board, collects a sample of railroad shipment waybills within North America and
gives the information in an electronic data file. Information regarding the commodity shipped,
origin of shipment, destination of shipment, and mileage are all listed on the wayhbill. Listed
distances are the ramp to ramp distances and may vary somewhat based on the carrier, the
location of the carrier’s container terminal, and any transfers between carriers that may occur. In
several cases, shipments terminated at the extent of a carrier’s track on certain routes. In these
cases, distances were calculated by summing the mileages of the first trip to the intermediate point
and then from the intermediate point to the final destination. This primarily occurs with cargo
coming from the West Coast and terminating in Kansas City, Memphis, or Chicago without
continuing further east to cities such as Columbus. It was assumed that all major Class | rail tracks
have the necessary weight and clearance requirements for double stack intermodal shipments.

Rail distances used in this study are presented in Table 9.

Table 9: Rail Distances Between Ports and Inland Facilities

Rail Distances (Statute Miles)
Chicago Columbus Memphis

Seattle 2,200 2,520 2,710
Oakland 2,370 2,690 2,400
Los Angeles 2,100 2,420 2,100
Norfolk 1,000 660 960
Savannah 1,080 1,400 710
Prince Rupert 2,592 2,902 3,070
New York 950 760 1,150
Houston 1,100 1,250 560

2.2.4 Emission Factors for Locomotives

= Development of Railroad Emission Inventory Methodologies — Report No. SR2004-06-02, Sierra Research Inc, June 2004.

% 2006 Public Use Wayhill, Surface Transportation Board.
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Fuel based emissions factors were taken from 2006 IPCC Guidelines for National Greenhouse
Gas Inventories ?’. It was assumed that locomotives operate on standard U.S. off-road diesel.
These emission factors were converted to power based emission factors by multiplying the
appropriate fuel based emission factor by the specific fuel consumption.

Fuel-based and power specific emission factors from IPCC are listed in Table 10.

Table 10: Rail Emission Factors

Railway Emission Factors
kg pollutant/tonne fuel kg pollutant / KW-hr
CO; 3,164 0.744
CH, 0.18 0.00004
N.O 1.22 0.00029

2.2.5 Port Operations and Drayage

Marine containers require additional equipment in order to be moved from the containerships to the
intermodal line haul locomotives that will ultimately deliver them to their final inland destination.
This process is quite complex and can differ greatly depending on the specific cargo handling
equipment (CHE), location, and layout of the ports and terminals. While some ports have
extensive on dock rail capabilities and short drays to off dock facilities, other ports have minimal
port rail operations and therefore a large percentage of the containers are drayed as much as 25
miles away via Heavy Duty Diesel Vehicles (HDDV).

To determine the emissions from CHE, calculations were initially performed using available
emission inventories?®2°2° that estimated total CO,e emissions from CHE’s at container terminals.
Using this information in conjunction with TEU throughput from AAPA statistics!, an approximation
of greenhouse gas emissions during drayage operations per TEU could be determined. This, in
turn, could be applied to the amount of TEUs for each case to determine the amount of CO,e that
would be emitted by CHE in the handling of the containers. The factor was calculated to be 0.025
MT CO,e/ TEU.

To determine the amount of emissions from drayage trucks transporting containers to near dock or
off dock rail yards, a more detailed calculation of emissions per HDDV was required. This was
done because within port emissions inventories, it was difficult to separate specific data to
determine which shipments represented container traffic bound for intermodal transfer facilities and
which traffic was bound for distribution centers and local use.

In order to understand the range of emissions from drayage trucks transporting containers bound
for intermodal facilities two extreme assumptions were considered: 1) 90% of containers required

" 2006 IPCC Guidelines For National Greenhouse Gas Inventories
% port of Long Beach Inventory of Air Emissions Inventory - 2006, Starcrest Consulting Group, June 2008
» puget Sound Maritime Air Emissions Inventory, Starcrest Consulting Group, April 2007

% port of Long Beach Inventory of Air Emissions Inventory - 2007, Starcrest Consulting Group, Jan 2009
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drayage, and 2) 10% of containers required drayage. It was assumed that one truck carried one
container (or 2 TEUs). The average dray distance and average idling time was selected to be 10
miles and 1 hour, respectively. This drayage calculation utilized emission factors for HDDVs in
running and idling modes presented as g/mile drayed and g/hours idling®. Given a certain amount
of containers departing for off-dock facilities with the HDDVs having assumed distances and idling
times, the amount of emissions could be estimated.

The result for the case with 90% drayage was 0.012 MT CO,e/ TEU. For the case with 10%
drayage, the corresponding emission was calculated to be 0.001 MT CO,e/ TEU. Doubling the
average dray distance to 20 miles nearly doubles the MT CO,e/ TEU. A range from 0.001 MT
COe/ TEU to 0.025 MT CO.e/ TEU could be possible depending on the characteristics of the port
being evaluated.

Total emissions from drayage, considering both CHE and trucks, are projected to be, on average,
no more than 0.037 MT CO.e/ TEU. This is less than 3% of the total carbon footprint of even the
shortest intermodal trip. If we consider that deviation from this average value is no more than a
1.5% added benefit or cost, it can be said that drayage and CHE considerations have little if any
noticeable impact on key conclusions. For the calculations presented herein, the average value of
0.037 CO,e/ TEU is applied for all trips and port combinations.

%2 port of Long Beach Inventory of Air Emissions Inventory - 2006, Starcrest Consulting Group, June 2008
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Calculations

3 Emission Estimate Calculations

Summaries of CO,e emissions for the various combinations of ship size and route configurations
are provided in Appendix A (Table A-1 through Table A-4). Analyses for four different
containerships of sizes 4,500, 6,500, 8,500, and 12,500 TEU capacities are presented. The matrix
includes containership departures from Shanghai, Hong Kong, and Singapore going to Chicago,
Columbus, and Memphis through the various North American ports. The summary tables provide
CO,e emission figures for containerships including the voyage leg plus in-port emissions (identified
as Ocean COye), for locomotives covering rail movements between the container port and inland
facilities (identified as Rail CO,e), and the total CO,e emissions. Total emissions include the
ocean and rail contributions plus a factor for drayage.

Emissions are given for East Coast bound vessels transiting through both the Panama Canal and
the Suez Canal for all Asian departures. Currently, the Panama Canal size restrictions do not
permit the passage of containerships larger than about 4,500 TEU. The figures for Post-Panamax
vessels are provided for informational purposes. It should be noted that vessels traveling to East
Coast ports from Singapore have shorter ocean distances via the Suez Canal than by going
through the Panama Canal.

Appendix B (Table B-1 through Table B-3) gives CO,e emission figures with the assumption that
larger containerships are able to transit the Panama Canal. Work to expand the Panama Canal to
accommodate these larger vessels is currently underway, with expected completion in 2014. Once
this work is completed, containerships up to approximately 12,500 TEUs in capacity will be able to
transit the canal. This will significantly reduce ocean distances for vessels departing the ports of
Shanghai and Hong Kong heading to North American East Coast ports. East Coast ports have
been preparing for the upcoming expansion by improving their current port infrastructure so that
the ports have enough navigable depth, crane reach, and capacity to handle the potential new
traffic.
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4 Key Facts and Findings

1. West Coast ports have a distinct advantage in total mass of greenhouse gas emitted as
compared to East Coast ports, when considering single intermodal shipments from Asian ports
to internal U.S. cities. This finding is consistent over all four container ship sizes. The primary
reason is that the West Coast port ocean distances from China are considerably shorter than
the East Coast distances.

2. Amongst the West Coast ports, Prince Rupert has the shortest ocean distance with the
distances increasing as the ports move south with the Port of Los Angeles having the longest
ocean trip. For example, the voyage from Shanghai to Seattle is about 632 nautical miles or
about 11% shorter than the voyage from Shanghai to Los Angeles. East Coast ports have
longer ocean distances and shorter rail distances than any of the West Coast ports. For
example, the distance from Shanghai to New York via the Panama Canal is about 5,515
nautical miles further, or more than twice the distance, when compared to the voyage from
Shanghai to Seattle. As the Asian departures move further south from Shanghai to the ports of
Hong Kong and Singapore, the difference in ocean distance between East and West Coast
ports becomes less significant.

3. A comparison of the emissions of oceangoing containerships and domestic rail service shows
that marine transportation emits about 1.5 to 2.25 less COe per TEU-km than rail
transportation. As an example, a 12,500 TEU containership at 90% utilization emits
approximately 0.07 kg / TEU-km while rail would transport the offloaded containers with
emissions of 0.17 kg / TEU-km. This relationship favors shipping over rail transportation, all
things being equal. However, the ocean distance from Asian ports to the West Coast ports
and, in particular, the ports of Prince Rupert and Seattle are so much shorter than the ocean
distances to the East Coast ports that this more than offsets the detrimental impact of the
longer rail distances from the West Coast ports.

4. The mileage benefit offered by West Coast ports is amplified with Post-Panamax vessels since
they are currently unable to transit the Panama Canal, thereby increasing their ocean distances
by as much as 2,500 nm when departing from northern Asia ports. Post-Panamax
containerships are significantly more CO2e efficient per TEU than the smaller Panamax
containerships, which are constrained by the beam and draft restrictions of the Panama Canal.

5. While West Coast ports have a significant CO2e over the East Coast ports, the differences
among the West Coast ports are smaller. The ports of Seattle and Prince Rupert offer the
shortest shipping distances to the Far East ports and therefore offer lower carbon footprints for
specific origins and destinations. As a consequence, Pacific Northwest ports have the lowest
amount of CO,e emission over all the shipments to Columbus and Chicago. For example, total
CO.e emissions per TEU moved between Shanghai and Chicago via the port of Seattle on a
8,500 TEU containership is estimated at 1.52 MT/ TEU. The corresponding figure for total
CO.e emissions per TEU moved between Shanghai and Chicago via the Panama Canal and
New York on an 8,500 TEU containership is estimated at 2.57 MT per TEU. For this scenario,
the Pacific Northwest option offers a 41% reduction in overall CO,e emissions.
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Carbon Footprint Study for the Asia to North America Intermodal Trade Findings

6.

10.

Although the Prince Rupert has smaller ocean distances than Port of Seattle, correspondingly
longer rail distances to inland destinations more than offset the lesser ocean emissions. The
differences between these two ports are quite small and neither port has a distinct advantage
over the other with regards to combined COe emission from ship and rail. Sensitivity analyses
demonstrate that small changes in assumptions can change the relative ranking between these
ports.

Los Angeles generally has the lowest emissions for container shipments to Memphis. Los
Angeles is closer to Memphis by rail by as much as 600 miles when compared to the North
West Coast ports due to its southern location in the US. For a few scenarios, Oakland has the
least amount of emissions to Memphis. This occurs in the cases of 4,500, 6,500, and 8,500
TEU ships departing Singapore. With rail transport being less efficient (MT CO.e/ TEU / mile)
as compared to ocean shipping, any ocean route advantage held by the northern West Coast
ports is eroded during the rail leg of these shipments.

In one scenario, a 12,500 TEU shipment that originates in Singapore bound for Columbus
shows lower emissions when transiting through Norfolk than West Coast ports. In this case,
the West Coast ports are at a disadvantage because a higher volume of containers are
traveling a relatively longer distance via rail while the ocean distance advantage is lower for the
southern Asia ports. Vessels leaving from southern Asian ports traveling to North East Coast
ports through the Suez Canal have ocean distances that are within 4,000 nm of the closest
Pacific Northwest ports. The reduced ocean distance differential, short rail distances, and
large container payloads may give the North East Coast ports the carbon footprint advantage in
these particular cases, especially in instances of large container loads.

Terminal operations and drayage emissions are not a major contributor to total intermodal
transport emissions.

Once the Panama Canal expansion project is completed allowing larger ships to transit the
canal, oceangoing distances for Post Panamax size ships departing the Asian ports of
Shanghai and Hong Kong will be significantly reduced for voyages to East Coast ports. West
Coast ports still retain their carbon emission advantage, however, especially for North Asia
originated shipments. Ocean distances to the East Coast ports via the Panama Canal are
nearly double the distances to the Pacific Northwest ports when departing from Shanghai.
Analyses demonstrate that the COe efficiencies gained by moving the larger containerships
through the Panama Canal are still not sufficient to offset the benefits of the shorter ocean legs
to the West Coast ports. For example, total CO,e emissions per TEU moved between
Shanghai and Chicago via the port of Seattle on a 12,500 TEU containership is estimated at
1.32 MT per TEU. The corresponding figure for total CO,e emissions per TEU moved between
Shanghai and Chicago via the Panama Canal and the port of New York on a 12,500 TEU
containership is estimated at 1.73 MT /TEU. For this scenario, the Seattle option offers a 31%
reduction in overall CO,e emissions.
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A.1 4,500 TEU Container Ships
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Appendix A

Figure A-1: Total CO,e Emissions per 4,500 TEU Intermodal Delivery from Shanghai
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Figure A-2: Total CO.e Emissionsper 4,500 TEU Intermodal Delivery from Hong Kong
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Figure A-3. Total CO.e Emissions per 4,500 TEU Intermodal Delivery from Singapore
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Figure A-4: Total CO.e Emissionsper 4,500 TEU Intermodal Delivery from Singapor e (East
Coast Bound Ships Through the Suez Canal)
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Carbon Footprint Study for the Asia to North America Intermodal Trade

A.2 6,500 TEU Container Ships
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Figure A-5: Total CO.e Emissions per 6,500 TEU Intermodal Delivery from Shanghai
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Figure A-6: Total CO.e Emissionsper 6,500 TEU Intermodal Delivery from Hong Kong
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Figure A-7. Total CO.e Emissionsper 6,500 TEU Intermodal Delivery from Singapore
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A.3 8,500 TEU Container Ships
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Figure A-8: Total CO.e Emissionsper 8,500 TEU Intermodal Delivery from Shanghai

CO,e Emissions, MT/TEU

3.000

2.500 -

2.000 -

1.500 -+

1.000 +—

0.500 +—

0.000 -+

Chicago

Columbus

Memphis

@ Seattle

m Oakland

O Los Angeles
0O Prince Rupert
B Savannah

= Norfolk

m New York

O Houston

Figure A-9: Total CO.e Emissionsper 8,500 TEU Intermodal Delivery from Hong Kong
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Figure A-10: Total CO,e Emissions per 8,500 TEU Intermodal Delivery from Singapore
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A.4 12,500 TEU Container Ships
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Figure A-11: Total CO.e Emissions per 12,500 TEU Intermodal Delivery from Shanghai
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Figure A-12: Total CO,e Emissions per 12,500 TEU Intermodal Delivery from Hong Kong
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Figure A-13. Total CO,e Emissions per 12,500 TEU Intermodal Delivery from Singapore
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Appendix B: ANALYSIS WITH PANAMA CANAL
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FigureB-1: Total CO.e Emissions per 6,500 TEU Intermodal Delivery from Shanghai
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Figure B-2: Total CO.e Emissions per 6,500 TEU Intermodal Delivery from Hong Kong
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Figure B-3: Total CO,e Emissions per 6,500 TEU Intermodal Delivery from Singapore
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FigureB-4: Total CO,e Emissions per 8,500 TEU Intermodal Delivery from Shanghai
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FigureB-5: Total CO,e Emissions per 8,500 TEU Intermodal Delivery from Hong Kong
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Figure B-6: Total CO,e Emissions per 8,500 TEU Intermodal Delivery from Singapore
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FigureB-7: Total CO.e Emissions per 12,500 TEU Intermodal Delivery from Shanghai
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FigureB-8: Total CO.e Emissions per 12,500 TEU Intermodal Delivery from Hong Kong
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Figure B-9: Total CO,e Emissions per 12,500 TEU Intermodal Delivery from Singapore
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