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Abstract

Nowadays, many logistics managers confront tradeaffamong keeping costs low, delivering
goods on time and reducing carbon footprint. In shipping finished goods from a manufacturing
plant in Asia to a distribution center in the eastern United States, how should a logistics manager
define and choose his prierred route and modes of transportation, taking into account the
potentially conflicting priorities?

This study explored a case of REI, an outdoor apparel brand/retailer, facing such a decision
making question regarding its inbound logistics from the Porbf Shanghai to its distribution center
in Bedford, Pennsylvania and approached it as a multiple objective problem. 15 possible intermodal
freight transportation routes with different attributes in terms of shipping costs, transit time and
greenhouse gas missions were identified and associated data were collected. The preferred route
was derived by employing a simple additive model of preferences, using a pricing out method to
assess tradeoff weights and computing the overall utility of each alternative.

TEEO EOAI AxiT OE NOAT OEEZEAA AT A OEOOAI EUAA ET x O
his preferences and the tradeoffs he is willing to make, thereby demonstrating its potential as a
practical aid for decisionmaking at the intersection of business ath the environment. Accuracy of
the model used in this study could be improved by addressing uncertain data and omitted scope.
Furthermore, a versatile platform loaded and maintained with accurate and consistent data on
shipping costs, transit time and GH@missions, covering multipointto-multipoint intermodal
freight transportation routes, could benefit shippers widely by enabling informed decisiormaking

to enhance their business and environmental performance.
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Executive Summary

This study applied a muliple objective analysis approach for decisiomimaking on the
intermodal freight transportation routes were identified to ship one full 40foot standard containe
load of a pant product from the Port of Shanghai to the distributionenter in Bedford, Pennsylvania
On all routes, the freight is transported from the Port of Shanghai to a US marine port via ocetine
routes can be broadlydivided into four groups based on the location of their landing portin
particular, Routes 1 through 3can begrouped as the Pacific Northwest group, Route4 through 10
the California group,Routes 11 through 13the South Atlantic group, and Route$4 and 15the Mid
Atlantic group. All groups but the Mid Atlantic use rail from the landing port to one of the
intermodal rail terminals within 36 0 miles from the Bedford distribution center. Theremaining
segmentsof the routes use truck.With such variation in transportation modes anddistance, the 15
alternatives present different attributes in terms of shipping coss, transit time and GHGemissions

Table ES1 summarizes the attributesfor eachroute.

Route Costs Transit Time GHG
Emissions
(US$) (d:hh:mm) (kg CQ)
1 7,902 23:04:08 2,110
2 7,949 23:10:43 2,154
3 8,029 22:23:33 2,199
4 8,149 24:20:56 2,250
5 8,196 25:03:31 2,294
6 8,276 24:16:21 2,338
7 8,547 19:01:28 2,281
8 7,782 19:18:17 2,086
9 7,862 18:22:26 2,165
10 7,903 13:13:06 2,171
11 7,337 28:09:04 2,521
12 6,616 28:20:15 2,430
13 6,492 29:14:22 2,429
14 5,999 32:04:14 2,412
15 6,573 41:14:26 2,339

TableESL1: Routes and Modes of Transportation for Analysis
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The objectives of this decisionmaking question on inbound transportation route selection
are tokeepthe three attributes of costs,transit time and emissions all low Overall utility of each
route was computed using the followingsimple additive modelof preferences
Y 0606 00 0 o6
For this purpose, outcomes of attributes described iifable ES1 were converted to utilities

on a scale of 0 to 1 proportionatelywith the best outcome of the attribute uder consideration

being a 1 and the worst being a (Table ES2 lists the converted utilities.

Route Costs Transit Time GHG
Emissions
1 0.25 0.66 0.95
2 0.23 0.65 0.84
3 0.20 0.66 0.74
4 0.16 0.60 0.62
5 0.14 0.59 0.52
6 0.11 0.60 0.42
7 0.00 0.80 0.55
8 0.30 0.78 1.00
9 0.27 0.81 0.82
10 0.25 1.00 0.81
11 0.47 0.47 0.00
12 0.76 0.45 0.21
13 0.81 0.43 0.21
14 1.00 0.34 0.25
15 0.77 0.00 0.42

TableES2: Utility Scores of Attributes
Assessmenbf tradeoff weightsused the pricing out method.Table ES3 presents the weight

assignments derived with the given assumptions

Costs Transit Time GHG
Emissions
Weight ™ @ T C @ I

TableES3: Weights of Attributes
Overall utility of each route was computed by substituting the converted utilities and
derived weight assignments into the simple additive modedf preferencesequation. Table ES4

presents the results.
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Route Costs Transit Time GHG Overall Utility | Overall Rank
Emissions

1 0.14 0.15 0.20 0.49 8
2 0.13 0.14 0.18 0.45 9
3 0.12 0.15 0.15 0.42 10
4 0.09 0.13 0.13 0.35 12
5 0.08 0.13 0.11 0.32 13
6 0.06 0.13 0.09 0.28 15
7 0.00 0.18 0.12 0.29 14
8 0.17 0.17 0.21 0.55 4
9 0.15 0.18 0.17 0.50 7
10 0.14 0.22 0.17 0.53 5
11 0.27 0.11 0.00 0.37 11
12 0.43 0.10 0.04 0.58 3
13 0.46 0.10 0.04 0.60 2
14 0.57 0.07 0.05 0.70 1
15 0.44 0.00 0.09 0.53 6

TableES4: Weighted and Overall Utility Scores and Ranking
Route 14 scored the highest overall utilityTherefore, this is logically thebestroute to ship
one full 40 foot standard container load ofthe pant product from the Port of Shanghai b the
Bedford DC,based on the given assumptions.
Sensitivity analyss of thetradeoff weight assessment was performed by increasing the
weight of one attribute while holding all other variables constantFigure ES1 illustrates how the
overall utility scores vary as the weight on the emissions attribute is increase@he preferred

alternative shifts from Route 14 to Route 8.
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Figure ES.: Sensitivity Analysis by Increasing Weight of Emissions Attribute
The same wa done on the transit time attribute.Figure ES2 illustrates the results. The

preferred alternative shifts from Route 14 to Route 10 as the weight on transit time is increased.
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Figure E: Sersitivity Analysis by Increasing Weight of Time Attribute
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Glossaryof Key Terms andcronyms

BNSFE BNSF Railway.
BSR Business for Social Responsibility.

Carrier : A firm that transports goods or people via land, sea or a{iThomas Publishing Company,
2012).

Class | Railroad: A Class | railroad in the United States, or a Clagsilway (also Class | rail carrier)

in Canada, is one of the largest freight railroads, as classified based on operating revenue. The exact
revenues required to be in each class have varied through the years, and they are now continuously
adjusted for inflation. The threshold for a Class | Radad in 2006 was $346.8 million(Canadian
National Railway Company, 2012)

Class | Railway: SeeClass | Railroad.

CN Canadian National Railway.

CQ: Carbon Doxide.

CQe: CarbonDioxide-Equivalent.

CPR Canadian Pacific Railway.

CSXT CSX Transportation.

DC. Distribution Center z The warehouse facility which holds inventory from manufacturing
pending distribution to the appropriate stores(Thomas Publishing Compay, 2012).

Drayage: The service offered by a motor carrier for pickup and delivery of ocean containers or rail
containers (Thomas Publishing Company, 2012)

EPA Environmental Protection Agency.

FEC Florida East Coast Railwa

GHG Greenhouse Gas.

GHGProtocol : The Greenhouse GaRrotocol Initiative .
ICTFE: Intermodal Container Transfer Facility.

Inbound Logistics : The management of materials from suppliers and vendors into production
processes or storage facilitie§Thomas Publishing Company, 2012)

Intermodal Transportation : Transporting freight by using two or more transportation modes,
such as by truck and rail or truck and oceangoing vess@homas Publishing Company, @12).

kg: Kilogram.

viii
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Maersk : Maersk Linez the global containerized division of the A.P. Mollex Maersk Group(Maersk
Line).

mi: Mile.

Near-Dock: The shipto-rail intermodal container transfer configuration that extends fromthe
marine terminal and customs areao a nearby outside facilityrequiring drayage (Ashar & Swigart,
2007).

NGQ Non-Governmental Organization.

NS Norfolk Southern Railway.

On-Dock: The shipto-rail intermodal container transfer configuration that concludes within the
marine terminal and customs area requiring no or minimal drayag€Ashar & Swigart, 2007)

Outbound Logistics : The process related to the movement and storage of products from the end of
the production line to the end useThomas Publishing Company, 2012)

O-D Pair: Origin-Destination Pair.

Pallet: The platform which cartons are stacked on and then used for shipment or movement as a
group. Pallets may be made affood or composite materials(Thomas Publishing Company, 2012)

REI: Recreational Equipment, Inc.
Shipper: The party that tenders goods for transportation(Thomas Publishing Company, 2012)

Terminal : The end of a railroad or other transport route, or a station at such a poiri©xford
University Press, 2012)

TEU: Twenty-Foot Equivalent Unit.

Transit Time :4 EA OT OAl OEIi A OEAO Al ADOAO AAMwradil A
Publishing Company, 2012)

UP: Union Pacific Railroad.
US United States
WRI: World Resources Institute.

WTP: Willingness to Pay.

)
mh
—_
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1. Introduction

You are the inbound logistics manager of an American apparel brand. Spexfly, you are in
charge of transporting finished gooddrom factories in Asia to your distribution centers in the
United Sates. You hae beenstriving to achieve cost optimization targets while alsomeeting lead
time expectationsimposed byyour merchandzing colleagues. On top of @, your company
recently decided to introduce greenhouse gas emissions reduction geaand youwill soon be
tasked to manage the carbon footprint of your inbound logistics as well.

You have two distribution centers in the USone in the western regiorthat covers the retalil
stores in that half of the country, and another in the eastern regiotat covers those in the other
half. You are particularlyinterested in the inbound transportation to the easterndistribution center,
where you have the option to land your shipment from Asia on either thBacificcoast or the
Atlantic coast. How would you go about choosing the optimal inbounidgistics, taking into account

the potentially conflicting priorities?

1.1. Objective

This study ains to provide a practicalframework for addressingsuch a multiple objective
guestion of selectingthe best intermodal freight transportation route for inbound logistics,
considering shippingcosts, transit time and GHG emissiond he study ismotivated by two real-
world challenges First, while many freight carriersandNGOd £ZA O A OA A GoArhdvingA AT AOIT A
goods through transportation networks, there is not yet a de facto tool that allows entb-end
inventorying of GHG emissions for routes acrogsultiple carriers or different modes of
transportation. Secondas illustrated above Jogistics managers are virtually never rewarded for
simply reducing their carbon footprint ; rather, theyare typically confronted with tradeoffs among
keeping costs low, delering goods on time andcutting GHG emissionswhich altogether could

makethe decision-making of choosingthe optimal inbound transportation route a challenge



Case Study: Multiple Objectivanalysis of Intermodal Freight Transportation Routes 1
wo9lLQa Lyoz2dzyR [23AadGA0a

As suchthis study first identifiesthe financial, operational and environmental impacts of
inbound logisticsfor a specific origin-destination pair (i.e, transporting finished goods from the
factory in Asia to thedistribution center in the U via various routes and modes of transportation
with a particular focus on intermodal freight transpartation. Next, it attempts todemonstrate a
framework for decision-making involving suchmultiple objectives with tradeoffs. The hope is that

this study serves as a reference material for inbound logistics managers in thedtaily operations.

2. Materials andMethods

This study consists of threestages The first stagewill focus on identifying routes that are
available and suitable for analysis, througlgaining a broad understanding ofnternational
intermodal freight transportation . The second stagés spenton collecting cost, transit time and
GHG emissionslata o the routes identified for detailed analysis The third stage will be devoted to

modeling and analysis.

2.1. Preconditions

The apparel brand illustrated in the opening example is based dRecreational Egiipment,
Inc.,who agreed to support this study by sharing internal information and datal' he outdoor
apparel brand/ retailer has approximately $1.7 billion annual sales, 120 retail stores across the US,
and two distribution center s, one in the state of Wasington covering the western region, and
another in Bedford, Pennsylvania covering the eastern region. This study will concentrate REB O
inbound logistics to theBedford D& Al O A ODPAAEEAEA IiwAdsduOedbomiad DOT AOA
contract manufacturer with its factory located in Nanjing, China near Shanghai for the 2011 season.
The systems boundary of this study is therefore set at théhanghaiYangshan Deepwater

Port in China as the originanREB O AAOOAOT 53 AEOOOEAOOdnih&sthA AT OAO

final destination. The actual inbound transportation for the 2011 season pant product flowed from
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the Port of Shanghai via ocean to the Port of Baltimore on the Atlantic coast, and from there via
road to the Bedford DC Hence, this route will & used as the baselineshere necessary
Furthermore, the functional unit for the purpose of this study is assumed to be one full 400t
standard containerload, or two twenty-foot equivalent units, of the pant product.
In order to keep this study focusedand manageable, the following elements of the supply
chain are excluded from the scope:
1 Upstream supply chain beyond the origin port, due to infeasibility of data collection
1 Downstream supply chain beyond distribution centers (i.e., distribution center taetail
stores and customers) due to different characteristics of logistics
1 Inbound logistics to the western US distribution center, due to the high likelihood of
already achieving optimal state in terms of the objectives considered
1 Air freight, due to REI® current practice of using air only for irregular, expedited

inbound shipments

2.2. Stage One

The goal of this stage is tidentify intermodal freight transportation routes between the
Port of Shanghai and thé&edford DCthat are available and suitable for anlgsis, through gaining a
broad understanding of international intermodal freight transportation. Information on intermodal
freight transportation in general, as well as on marine ports, ocean freight transportation, rail
freight transportation, and road freight transportation will be collected primarily through desktop
research, and supplemented bynsights from practitioners engaged intransportation and logistics.
Types ofinformation sourcescan be generally categorized as follows:

1 Governmentorganizations

1 Environmental NGG

1 Academia
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Freight carriers and trade organizations
Ocean container ports and trade organizations
Logistics service providers

Shippers

Based on the informationcollectedand understanding gained, e deliverable of thisfirst

stage willbe a narroweddown list of inbound freight transportation modes and routesfor data

collection and analysisn the subsequent stages

2.3. Stage Two

The goal of this stage is to complete the list of inbound freight transportation routes

prepared in the previous stage by adding data for the objectives that will be considered in the

analysis in thefollowing stage. The objectives in particular aréotal shipping costs,total transit

time and total GHG emissionper route. In order to calculate shipping costs, suldata such as

volume and mass of freight, distance of route, and price schedules vii# collected. Similarly, in

order to calculate GHG emissions, sub data such as volume and mass of freight, distance of route,

and emission fators will be collected. Moreover, data will be required per transportationmode

that makes up each route.

Where possible, attempts will be made to collect primary aa from the data owner. For

example, volume and mass of freighwill be acquired from REI, and emission factos will be

acquiredfrom the carrier, and so forth. In cases which primary data is not available, secondary data

will be obtained utilizing publicly available databases and tools#/hen neither primary nor

secondary datais available, proxy data and assumptions wilbe used.

Based on the data collected, the deliverable of this second stage will be a list of inbound

freight transportation routes with attributes in terms of shipping coststransit time and greenhouse

emissions,for modeling and analysis in thefollowing stage.
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2.4. Stage Three

The goal of this stage is to select the best intermodal route for inbound transportation from
the list created in the previous section based on the data collected, through applying a multiple
objective problem approach. A Microsoft Exdebased simple additive model opreferenceswill be
created to compute theoverall utility of each route and to perform sensitivity analysis.

The simple additive model equation is:

Y 06 006 006 ,where
o} utility of route 1 on attribute G € | ©
) utility of route i on attribute 6 Q¢ Q
o] utility of route i on attribute Q& Qi i, Q¢ € i
0  weight assignment to attribute ¢ | 0
0  weight assignment to attribute 6Qd&,Q
0  weight assignment to attribute’Q & Qi i, Q¢ € i
"Y  Overall utility assigned to routei .

Outcomes of attributes in the list from the previous section will be converted to utilitypn a
scale of 0 to 1 proportionately with the bestoutcome of the attribute under consideration being a 1
and the worst being a 0Assessmentof tradeoff weightswill use the pricing out method.Weight
assignments for the three attributeswill be derived bysetting the cost attribute as the numeraire
and determining the willingness to pay to go from the worst time to best time performance, and the
WTP to go from the worst emissions to best emissi@performance. By substituting the converted
utilities and derived weight assignments into the simple additivenodel of preferencesequation,
the overall utility for each route can be computedthus revealing the best intermodal route for
inbound transportation.

Sensitivity analysiswill be performed on the weight assignments. This wilvisualize how

the results are affected by preferences and the tradeoffs tbe made.



Case Study: Multiple Objectivanalysis of Intermodal Freight Transportation Routes 1
wo9lLQa Lyoz2dzyR [23AadGA0a

3. Findings and Results

In the first part of this section,the significance offreight transportation and inbound
logistics within the context of global warmingis examined In the remainder ofthe secion, findings
and results are outlined according to the three stages of this study. Again, the first stage focused on
gaining an understanding of international intermodal transportation and identifying inbound
transportation modes and routes. The second age was collectingnput data to complete the list of
inbound transportation modes and routes withdata oncosts transit time and emissions The third
stage was modeling and analysis of the financial, operational and environmental impacts for

decision-making on the inbound logistics in question.

3.1. Freight Transportation in the Context of Global Warming

In the US in 2003, freight transportationsourcesaccounted for approximately 438
teragramsof carbon dioxide-equivalents of GHG emissions, @4.7 percentof GHG emissions from
all transportation sourcesand 6.3 percent of total GHG emissiof(fCF Consultung, 2005)A similar
trend can be seeron the globallevel: A 2009 report estimates freight transportation accounts for
approximately 2,500 megatonnesof CQe, or 5 percentof annualworldwide GHG emissiongWorld
Economic Forum, 2009)On both levels road freightwas the greatest contributor accounting for
77.8 percent of GHG emissions from freight traportation in the US and 63.8 percentf GHG
emissions from freight transportation worldwide.

Road freight being the biggestGHGemitter within the freight transportation sector doesnot
necessarilyconcludeit is the least environmentally-efficient; but it is the second least efficient
mode of transportation only after air freight. Figure 3-1 showsa comparison ofemission factors by
freight transportation modein terms of kilograms of CQ emissions per tonmile of freight moved,
adopted as default values for U&ehiclesin the GHGProtocol tool for mobile combustion (World

Resources Institute, 2012)
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Road - 0.297

Ocean I 0.048

Rail F 0.025

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
kg CO2/tonmile

Figure 31: GHG Emission Factor by Mode of Freight Transportafdforld Resources Institute, 2012)

In contrast to thedataillustrated above,somestudies and statisticspoint out that ocean
freight transportation is actually more environmentally-efficient than rail freight. For example
ocean fraght transportation is said to emit less than twethirds of GHGper weight-distance
compared with rail (Dizikes, 2010), or ocean transportation is 32 to 55 percent more efficient than
rail at typical operating conditions (Herbert Engineering Corporation, 2011) This could be true
depending onwhich sets of data are used to derive an aggregated averaghis study attempts to
addresssuchissues by employing route- and mode specific emission factors foranalysisin the
following sections.

Finally, freight transportation and inbound logistics could be a particularly interestingarea
to examinefor apparel companies hoping to reduce their carbon footprintln the case of Nike in
2009, inbound logistics act OT OAA &£ 0 ¢o DAOAAT O 1T £# OEA AOEI AOEA

GHG footprint and waghe secondlargestimpact areaonly after manufacturing (Nike, Inc., 2010)
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3.2. Stage One

3.2.1. Intermodal Transportation

GerhardtMuller (1999) AA £ZE1T AA ET OAOI 1T AAT MAEOAECEO OOAT OPI 0O
transporting freight using more than one mode of travel in such a way that all parts of the
transportation process are effectively connected and coordinatedafe, environmentally sound, and
I £FAOET C Inpradicaiekris]infeOdaldreight transportation allows moving goods over
multiple modes of transportation, in particular ocean, rail and road, without the handling of the
actual freightitself at the point of interchange.

In ocean freight, intermodaltransportation is synonymous with transporting containerized
freight by container ships, as opposed to other types of freiglitansportation such asshipping oil
and chemicalby tankers orore andgrain by bulk carriers. Generally,shipping containers, also
called intermodal containers or ISO containergre 200r 40 feet in lengthand 8 feet 6 inches in
height, hence container capacity is commonly expressed twenty -foot equivalent units, or TEUs.
Although less common, 4500t containersare also used in intermodal freight 45-foot containers
are typically 9 feet 6 inchesin height and this variant is called high cube. 4@oot containers come in
both standard and high cubevariants. While these vaiations create a range in container volumes,
40-foot standard,40-foot high cube and 45foot high cubecontainers are all considered 2 TEU.

Rail freight addsmore complexty; rail intermodal could be transporting containers on well
cars capable of doublestacking containers, containers oraflatcar or trailer son aflatcar. Further, in
the US, domestic containers are typically 48 or 53 feet longhesefactors, among others,
necessitatea distinction between international and domestic intermodal freigh transportation on

A OntabtEontainerized US rail shipments involving an immediately prior or subsequent ocean
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equipment and facilitiesare capable ohandling international intermodal freight.

With regards to the state of intermodal transportation inthe US, mtermodal freight on rail
increased from3 million containers and trailersin 1980 to 11.9 million units in 2011. Over the
same period, the share of containers rose from 42 percent to 85.6 percgiissociation of American
Railroads, 2012) Double-stacking of containers was first introduced in the US in 1984, and by 2004,
accounted forapproximately 70 percent of intermodal freight transportation on rail (Pacer

International, Inc., 2004)

3.2.2. Ports

Locations of the US top 25 contagr ports in 2009 in terms container traffic in TEUper year
areillustrated in Figure 3-2 (US Department of Transportation, 2011)The Port of New York/New
Jersey includes the Port of Newark. Thieort of Norfolk is part of the Port of Virginia,which is
sometimes referred to as Hampton Road3.he Port of Los Angeles and the Port of Long Beach are
located next to each other much like the Port of New York/New Jersey, and sometimes treated as a

combined single port.
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Figure 32: US Top 25 Container PorfdS Department of Transportation, 2011)
Next,Table3-1lists. T OOE ! | AOEAAGO Oi D ¢qu Ail OAiret AO BT 00
traffic in TEU per year(American Association of Port Authorities) Combining the traffic of the Port
of Los Angeles andhe Port of Long Beach wouldncreasethe number up to more than 14 million

TEUper year, nearly threetimes that ofthe Port of New York/New Jersey, the immediate follower.

10



Case Study: Multiple Objectivanalysis of Intermodal Freight Transportation Routes 1

wOLQA Lyoz2dzyR [23AaiGA0a
Rank Port Coast Country Container
Traffic
(TEUlyear)
1 | Los Angeles Pacific Coast United States 7,831,902
2 | Long Beach Pacific Coast United States 6,263,499
3 | New York/New Jersg/ Atlantic Coast United States 5,292,025
4 | Savannah Atlantic Coast United States 2,825,179
5 | Metro Port Vancouver Pacific Coast Canada 2,514,309
6 | Oakland Pacific Coast United States 2,330,214
7 | Seattle Pacific Coast United States 2,133,548
8 | Hampton Roads Atlantic Coast United States 1,895,017
9 | Houston Gulf Coast United States 1,812,268
10 | San Juan Atlantic Coast United States 1,525,532
11 | Manzanillo Pacific Coast Mexico 1,509,378
12 | Tacoma Pacific Coast United States 1,455,466
13 | Charleston Atlantic Coast United States 1,364,504
14 | Montreal Atlantic Coast Canada 1,331,351
15 | Honolulu Pacific Coast United States 968,326
16 | Jacksonville Atlantic Coast United States 857,374
17 | Miami Atlantic Coast United States 847,249
18 | Lazaro Cardenas Pacific Coast Mexico 796,011
19 | Port Everglades Atlantic Coast United States 793,227
20 | Veracruz Gulf Coast Mexico 677,596
21 | Baltimore Atlantic Coast United States 610,922
22 | Altamira Gulf Coast Mexico 488,013
23 | Anchorage Pacific Coast United States 445,814
24 | Halifax Atlantic Coast Canada 435,461
25 | New Orleans Gulf Coast United States 427,518

Table3-.b 2 NI K ! YSNR OF Qa

¢ (ArnédricarpAsdodayion bf Poft ANforitiesNI a

Based on the findings on container ports in the US and North Ameridhis study tentatively

narrowed down the routes for analysis to those that transit througha portin Table 3-1 and is

located oneither the Pacific or Atlantic coasbf contiguous US, with the exception oMetro Port

Vancouver. Routes for analysis are further examined in conjunction with the availability of ocean

and rail carriers at the ports.

11
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3.2.3. Ocean Freight
The worl A 8 @0 dddarbcontainer carriers in terms of operated capacity in TE&b of
January 2011lare presentedin Table 3-2 (Cap-Marine Assurances & Réassurances SAS, 2011)

Maersk andMediterranean Shpping Canpany are the two big players, with more than #00,000

TEU capacity advantagahead ofCMA CGM Groughe number three

Rank Carrier Operated Capacity | Operated Capacity
(TEU) (Number of ships)

1 | APM-Maersk 2,147,831 578
2 | Mediterranean Shipping Canpany 1,863,449 450
3 | CMA CGM Group 1,209,530 400
4 | Evergreen Line 603,766 158
5 | HapaglLloyd 596,774 136
6 | APL 584,780 146
7 | CSAV Group 579,296 155
8 | COSCO Containeliries 544,857 139
9 | Hanijin Shipping 476,955 104
10 | China ShippingContainer Lines 457,162 140
11 | MOL Logistics 399,337 97
12 | NYK Line 386,838 98
13 | Hamburg Sid Group 370,851 116
14 | OOCL 353,523 79
15 | K Line 328,327 78
16 | Zim Integrated Shipping Services 322,735 94
17 | Yang Ming Marine Transport Corpration 322,091 79
18 | Hyundai Merchant Marine 286,875 55
19 | Pacific International Lines 263,558 142
20 | United Arab Shipping Company 216,799 55

Table3-2:2 2 NI RQa ¢ 2LJ un h O8&apMaringAssutarices & Réasslirahdek SASE011)
For the ocean freightsegment this studyfocusedon Maerski AAAAOOA OEA AT I BAT |
site provided richer information compared with that of other carriers, and further since
representatives from Maersk wee willing to support this study by sharing data
Maersk operatestranspacific services from Shanghai tgorts on both the Pacifc and
Atlantic coasts of North AmericaTable 3-3 lists the Shanghaioriginating services ontranspacific

trade lanes as of October 2014dMaersk Line).

12
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Service Destination Port Destination Terminal Transit Days
TP2 Long Beach, CA Total Terminals International/Pier T 15
TP3 Newark, NJ APM Terminal 32
TP3 Norfolk, VA APM Termnal 35
TP3 Savannah, GA Garden City Terminal 37
TP7 Miami, FL South Florida Container Terminal 25
TP7 Savannah, GA Garden City Terminal 26
TP7 Charleston, SC Wando Welch Terminal 28
TP8 Long Beach, CA Total Terminals International/Pier T 13
TP8 Oakland, CA International Container Terminal 17
TP9 Seattle, WA Terminal 18 13
TP9 Vancouver, Canada | Deltaport Terminal 15

Table3-3: Maersk Transpacific Servicéslaersk Line)

Based on the findings on oceafreight carriers, this study narrowed down the routes for
analysisto those that go throughthe above landing portscalled by Maersk All of the above landing
ports were included in the tentativelist from the screening conducted in the previous sectiorPorts
that were screened out from the tentative list were Tacoma, Jacksonviked Everglades

Maerskwas alsoa suitable ocean carrier to work with on this study, for its approaches to
environmental management and intermodal freight transportation First, the carrier has been a
proponent of Blow steamingbAT T PAOAOET T Al OOOAOGAcCU O O11 x 0OAOGO
adoption of new technology. According to Maerskslow steaming helped the carrier reduce CO
emissions per container by 12.5 percenbver 2007 to 2009. A study by Cariou(2011) also
estimates that slow steaming led to an 11 percent G@missions reduction in international shipping
over 2008 to 2010 Jow steaming not only cuts fuel consumptiorand thereby fuel costs and GHG
emissions, but also improves schedule reliability because it creates flexibility for ships to adjust
speed to meet delivery timegMaersk Line, 2010) In addition, in March 2012,Maerskintroduced a
seamlkss intermodalfreight service between major ports in Asia and Chicago, Dallas, Houston,
Memphis, and Northwest Ohian the USvia the Port of Los Angelesin partnership with BNSF

Railway Company, a US Classailroad . The collaboration between the ocearand rail carriers

allows faster transit and 95 percent ontime delivery (Maersk Line, 2012)

13
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3.2.4. Rail Freight

There are five Classl railroads in the USproviding freight transportation services four of
which concern this study,namely BNSF Railway, Union Pacific Railroad, CSX Transportation, and
Norfolk Southern Railway.In addition, there aretwo Canadian Class | raifays serving the

Vancouver areanamely Canadian National Railway an€anadian Pacific Railway.

3.2.4.1. BNSRailway

BNSFmainly serves the western USegion. Figure 3-3 presentsthe BNSF system maplhe
Classl railroad has 25 intermodal facilities with international capability acrossits territory (BNSF
Railway Company, R12). Of the landing portswhich Maersk calls, BNSF hamn-dock capability in
Seattleand Long Beachand neardock capability in Oakland In Seattle, the Seattle International
Gatewayz" . 3 &ferthodal facility z is locatedjust a half a mile from theport. At Long Beach,
".3&60 ,10 'TCAIAO (1 AAOO ET OAOI T AAT ZEAAEI EOU EO
connected by the Alameda Corridor, a dedicated cargo rail expressway operated jointly by BNSF
and UPIn Oakland,although the Oakland hternational Gatewayz also” . 3 &8 O ET OA QI T AAI
is a neardock facility, it islocatedless than a mile away from the terminal

Among therail carriers that lack coverage in the eastern US region, BNSF is the only one
that publishes regular schedles for interline international intermodal services, implying a steel
wheel-based seamless interchangwith eastern US railroads From the Pacific coast to th8edford
DCarea, such routes ardrom the BNSH.os Angeles Hobarfacility to CSXTacilities in Cleveland,
Ohioand Northwest Ohio, Ohig and to NSfacilities in Columbus Ohioand Harrisburg, Pennsylvania
International intermodal interchanges for other O-D pars are alsoavailable, althoughthey seem to

require individual arrangements

14
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Figure 33: BNSF System Majikipedia, 2009)

3.2.4.2. Union Pacific Railroad

UP mainly serves the western U&gion and competes with BNSH-igure 3-4is a
representation ofthe UP system mapThe Classl railroad has 27 intermodal facilities with
international capability acrossits territory (Union Pacific Railroad Company, 2012f the landing
ports which Maersk calls, UP hasn-dock capability in Seattle, and neadock capability in Oakland
and Long Beach5 0 é@rmodal facilities are located just a mile from the porin Seattleand on
port in Oakland At Long Beach the Intermodal Container Transfer Facilityz5 08 O ET OAOI T AAI
facility serving both the Port of L@ Angeles and the Port of Long Beagtis located5 miles from
both ports, however,containers are drayed from the porsto the ICTF by truck

In order to deliver international intermodal freight from the Pacific coast facilitiedo the
Bedford DCarea, UPinterchanges with CSXT and NS via the Chicago facilities, although such
interchanges seem to require individual arrangements. Within the UP systemmternational

intermodal service is available fromSeattle tothe Chicago Global I, Chicago Global 11l ahicago

15
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Global IV intermodal facilities; from Oakland tahe Chicago Global 1V intermodal facility; and from

the Long BeachHCTFto the Chicago Global 11l and Chicago Global IV intermodal facilities.

Figure 34: UP Systems MafWikipedia, 2009)

3.2.4.3. CSXransportation

CSXTmainly serves the eastern U&gion. Figure 3-5 presentsthe CSXTsystem map.The
Classl railroad has 43 intermodal facilities with international capability acrossits territory (CSX
Transportation, Inc., 2012) Of the landing portswhich Maersk calls, CSXThasnear-dock capability
in Charleston Savannaland Miami, as well as ondock capability in SavannahThe neardock
intermodal facilities are located approximately 14 miles from the port in Charleston/ miles from
the port in Savannah and 4 miles from the portin Miami, respectively, and containers are drayed
from the port to the intermodal facility by truck at all three locations. The Miami facility belongs to
and is operated byFlorida East Coast Railway,raexclusiverailroad for ports in South Floridawhich
interchanges with CSXTin Jacksonville, Forida. As of October 2012a project to connect FEGo an

on-port rail facility at thePort of Miamiis underway (Florida East Coast Railway, 2011)
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In order to reach theBedford DCareafrom SouthAtlantic ports, the CSXT intermodal
facility with international capability that allows the shortest dispatchvia roadis the one in
Baltimore, Maryland. ®rvice is available to the Baltimore facilityfrom the three near-dock facilities
in Charleston, Savannah and Miamipwever, not from the on-dock facility in Savannah

Aspreviously discussed CSXTprovides seamless international intermodal interchange
from the BNSF Los Angeles Hobart facility to CS¥kilities in Cleveland and Northwest OhioCSXT
also providessteel wheelbasedinternational intermodal interchangefrom BNSFand UP facilities
in Seattle, Oaldnd, Los AngelesandLong Beachto CSXTfacilities in Cleveland,Columbus and

Northwest Ohiovia Chicaggalthough such interchanges seem to require individual arrangements

Figure 35: CSXT System MdjVikipedia, 2009)
3.2.4.4. Norfolk Southern Railway
NS mainly serves the eastern U®gion and competes withCSXTFigure 3-6 is a
representation ofthe NS system mapThe Class | railroad has 51 intermodal facilities with
international capability acrossits territory (Norfolk Southern Corp., 2012)Of the landing ports

which Maersk calls, N&ilsohasnear-dock capabilityin Charleston Savannatand Miami, and on

17
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dock capability in SavannahHowever, no international intermodal service is available fromthese
four facilities to NSfacilities in Maryland or Pennsylvania, which provide similar or shorter access
compared with the CSXT Baltimore facility téhe Bedford DC

As previously discussedNSprovides seamkss international intermodal interchange from
the BNSF Los Angeledobart facility to NSfacilities in Columbus and HarrisburgInformation on
availability and schedules of otheiinternational intermodal interchanges from westernUS

railroads to the Bedford DCareacould not be obtained

Figure 36: NS System MafWikipedia, 2009)
3.2.4.5. CanadianNational Railway
CNmainly servesCanadaand parts of USFigure 3-7 presentsthe CN sysem map.Of the
landing ports which Maersk calls,CNhason-dock capabilityin Vancouver(Canadian National
Railway Company, 2012)The CN Vancouver intermodal facility is locateth Surrey, British
Columbia,approximately 28 miles from the port. International intermodal service is available from
Vancouver tothe CN Chicago facilityn Harvey, Illinois. An agreement withCSXTto provide steel

wheel-based interchangan Chicago was announced in April 201however, information on start of
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serviceand schedulesould not be obtained Prior to this agreement, CN an€SXTexchanged

container traffic in Chicagoonly by truck (Canadian National Railway Company, 2012)

Figure3-7: CN System MafWikipedia, 2009)

3.2.4.6. CanadianPacific Railway

CPRmainly serves Canadand parts of USand competes with CNFigure 3-8 is a
representation ofthe CPRsystem map.Of the landing portswhich Maersk calls, CPRhason-dock
capability in Vancouver(Canadian Pacific, 2012)The CPRVancouver intermodal facility is located
in Pitt Meadows, British Columbiaapproximately 35 miles from the port.International intermodal
service is available from Vancouver tthe CPRChicagofacility in Bensenvillg lllinois, however,
information on availability and schedules of interchanges to eastern US railroads could not be

obtained.
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Figure3-8: CPR System &p (Wikipedia, 2009)
3.2.5. Road Freight
The destination terminals from where the international intermodal freight is dispatched via
road to the Bedford DChave beenidentified from findings in the previous sectiors. Table 3-4

summarizes the terminals, their location and distance to th8edford DC

Terminal Location Road Mles
NS Harrisburg 3500 Industrial Rd., Harrisburg, PA 17110 104
CSXTBaltimore 4801 Keith Ave, Baltimore, MQQ 21224 148
Port of Baltimore 2700 Broening Hwy., Baltimore, MD 21224 149
CSXTCleveland 601 E 152nd St., Cleveland, OH 44110 239
Port of Newark 5080 McLester St., Elizabeth, NJ 07207 262
CSXTColumbus 2351 Westbelt Dr., Columbus, OH 43228 285
NS ColumbusRickenbacker 3329 Thoroughbred Dr., Lockbourne, OH 43217 289
CSXTNorthwest Ohio 17000 Deshler Rd., North Baltimore, OH 45872 357

Table3-4: Terminal Locations and Distance to Bedford Distribution Center
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Figure 3-9 is a mapof the selectedterminals relative to the Bedford DC
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Figure 9:Map f Terminal Locations and Bedford Distribution Center

3.2.6. Routesand Modes of Transportation foData Collection

Based on the finding from the previous sections, 14 combinations ofalternative routes and
modes of inbound transportationin addition to the baselinewere definedfor data collection The
routes can be broadlydivided into four groups based on the location of their landing port. In
particular, Routes 1 thiough 3 can be grouped as the Pacific Northwest group, Routes 4 through 10
the California group, Routes 11 through 13 the South Atlantic group, and Routes 14 and 15 the Mid
Atlantic group. All groups but the Mid Atlantic use rail from the landing port to oe of the
intermodal rail terminals within 360 miles from the Bedford DC. The remaining segments of the

routes use truck.The 15 routes are listed in Table 3-5.
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Origin | Destination | Mode |  Carrier
Route 1
Port of Shanghai Port of Seattle Ocean Maersk
BNSF Seattle BNSF Chicago Rail BNSF
BNSF Chicago CSXT Cleveland Rail CSXT
CSXT Cleveland Bedford DC Road N/A
Route 2
Port of Shanghai Port of Seattle Ocean Maersk
BNSF Seattle BNSF Chicago Rail BNSF
BNSF Chicago CSXT Columbus Rall CSXT
CSXT Columbus Bedford DC Road N/A
Route 3
Port of Shanghai Port of Seattle Ocean Maersk
BNSF Seattle BNSF Chicago Rail BNSF
BNSF Chicago CSXT Northwest Ohio Rail CSXT
CSXT Northwest Ohio Bedford DC Road N/A
Route 4
Port of Shanghai Port of Oakland Ocean Maersk
BNSF Oakland BNSF Chicago Rail BNSF
BNSF Chicago CSXT Cleveland Rail CSXT
CSXT Cleveland Bedford DC Road N/A
Route 5
Port of Shanghai Port of Oakland Ocean Maersk
BNSF Oakland BNSF Chicago Rail BNSF
BNSF Chicago CSXT Columbus Rail CSXT
CSXT Columbus Bedford DC Road N/A
Route 6
Port of Shanghai Port of Oakland Ocean Maersk
BNSF Oakland BNSFChicago Rail BNSF
BNSFChicago CSXT Northwest Ohio Rail CSXT
CSXT Northwest Ohio Bedford DC Road N/A
Route 7
Port of Shanghai Port of Long Beach Ocean Maersk
BNSF Long Beach BNSF Los Angeles Hobart Ralil BNSF
BNSF Los Angeles Hobart NS Harrisburg Rail BNSFNS
NS Harrisburg Bedford DC Road N/A
Route 8
Port of Shanghai Port of Long Beach Ocean Maersk
BNSF Long Beach BNSF Los Angeledobart Rail BNSF
BNSF Los Angeles Hobart CSXT Cleveland Rail BNSFCSXT
CSXT Cleveland Bedford DC Road N/A
Route 9
Port of Shanghai Port of Long Beach Ocean Maersk
BNSF Long Beach BNSF Los Angeles Hobart Rail BNSF
BNSF Los Angeles Hobart NS ColumbusRickenbacker Rail BNSFNS
NS ColumbusRickenbacker Bedford DC Road N/A
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Route 10
Port of Shanghai Port of Long Beach Ocean Maersk
BNSF Long Beach BNSF Los Angeles Hobart Rail BNSF
BNSF Los Angeles Hobart CSXT Northwest Ohio Rail BNSFCSXT
CSXT Notiwest Ohio Bedford DC Road N/A
Route 11
Port of Shanghai Port of Miami Ocean Maersk
Port of Miami FECMiami Road N/A
FECMiami CSXT Baltimore Rail FEGCSXT
CSXT Baltimore Bedford DC Road N/A
Route 12
Port of Shanghai Port of Savannah Ocean Maersk
Port of Savannah CSXT Savannah Road N/A
CSXT Savannah CSXT Baltimore Rail CSXT
CSXT Baltimore Bedford DC Road N/A
Route 13
Port of Shanghai Port of Charleston Ocean Maersk
Port of Charleston CSXT Charleston Road N/A
CSXT Charleston CSXT Baltimore Rail CSXT
CSXT Baltimore Bedford DC Road N/A
Route 14
Port of Shanghai Port of Newark Ocean Maersk
Port of Newark Bedford DC Road N/A
Route 15 (baseline)
Port of Shanghai Port of Baltimore Ocean Maersk
Port of Baltimore Bedford DC Road N/A

Table3-5: Routes and Modes of Transportation for Data Collection

Routes that have been eliminated are:

1 UP routes, due taincertain availability of interchangeto eastern US railroadsand

overlap with BNSF routes

1 Port of Vancouverroutes, dueto uncertain availability of interchangefrom CN and CPR

to eastern US railroads

91 Port of Norfolk route, due to long ocean transit time and long road distance to Bedford

3.3. StageTwo

This stagefocusedon information and data collection to expand the list ofautes and modes

of transportation from the previous stagefor detailed analysis The following data were collected:

M Volume and mass
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9 Distance

1 Costs

T Transit time

1 Emission factois

Due to unavailability of sufficient data, the following components of inbounttansportation
were excluded from this study:

9 Activities at ocean ports, such as loading, unloading and customs clearing

9 Activities at rail yards and terminals, such as switching, loading and unloading

3.3.1. Volume and Mass

Based on information and data providedy REI, the pant product is packed in various
guantities into cartons, looseloadedwithout palletizing onto containers and transportedtogether
with other products to the USover multiple shipments. The product weighs 13 ounceand 40 pairs
can be packednto acarton at maximum. Cartons are 0.60 meters long, 0.40 meters wide and 0.35
meters tall, and weigh 1.1 kilograms.

Internal dimensions of a typical 40foot standard container are 12.03 metersn length, 2.35
metersin width and 2.39 meters in height.Tare weight of the container is 3,700 kilogramgMaersk
Line). For the purpose of this study, it is assumed that such a-4@ot standard container is loaded
to maximum capacity with cartons of only the pant product. It is also asmed that no pallets are
used. Based on an optimal stowage patteiof cartons on the container floor110 cartons can bedid
out per tier and stacked up six tiers The payload weight, consisting of 660 cartonsachpacked
with 40 products, is 10,456 kilogams. Adding the tare weight of the container, the gross weight
becomesl4,156 kilograms, or 15.6 tonsTherefore, the functional unit of this study is one 4Goot

standard container, or 2 TEU or 15.6 tons.
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3.3.2. Distance

Ocean distance data was acquired primdy from Maersk. Where additional data was
required, materials from the National Oceanic and Atmospheric AdministratioQUS Department of
Commerce, 2009)xand the PortWorld Web site(Petromedia Ltd., 202) were used.

Rail and road distance data were collectedsing PC*MILERa routing, mileage and mapping
software for the transportation and logistics industry developed by ALK Technologiedn particular,
the PC*MILER Rail software hosts data for variousodes of rail transport including intermodal
freight, and is adopted by Class | railroads such as BNSF, UP and CSXT for price calculation tools
based on rail distancesTrial versions of PC*MILER Version 26 and PC*MILER Rail Version 18 were
used for roadand rail, respectively.

Distancesin terms of milesby transportation mode per route are summarizedin Table 3-6.

Route Ocean Rail Road Total
Distance
1 5,851 2,734 239 8,825
2 5,851 2,756 285 8,893
3 5,851 2,706 357 8,915
4 6,971 2,846 239 10,056
5 6,971 2,868 285 10,124
6 6,971 2,818 357 10,146
7 6,537 3,308 104 9,949
8 6,537 2,555 239 9,332
9 6,537 2,596 289 9,423
10 6,537 2,524 357 9,418
11 11,210 1,162 161 12,533
12 11,676 647 154 12,477
13 11,793 545 162 12,500
14 12,221 0 262 12,483
15 12,338 0 149 12,487

Table3-6: Distance per Route by Mode of Transportation

3.3.3. Emission Factar

Ocean emission factes were acquired from Maerskwhich are service-specific,based nostly
on datafrom 2011 and partially 2010. While emission factors for freight transportation are

generdly expressed inemissionsper weight-distance units (e.g.kilogram CQ per tonne-kilometer),
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those for oceancontainer transportation are typically expressed inemissions pervolume-distance
units (e.g. kilogram CQ per TEUkilometer), and Maersk follows this practice.

Comparedwith7 2) 8 O ' (' 00T OT AT 1  OflpteViousHidiscusked, A E1 A
- AAOOGEBS O Al BEvdad Eonvertedid Ve@iftdstance unit,are much smallerthan the
default valuefor ocean freightset in the tool, in fact smaller than that of rail freight as some suggest.
Some factors that affect fuel efficiency and thus carbon emissions ageed, load, vessel and engine
type and age and capacity utilization (Herbert Engineering Corporation, 2011) Given that Maersk
has been pacticing slow steaming,it could be contributing to the variance between the emission
factors of Maersk and the GHG Protoctwol, together with the data aggregationissuespreviously
discussedIn addition, the inexactness of TEU could aldee a source offariance when converting
volume-distance emission factors to weightdistance emission factors, which could be another
causeof the different opinions regarding carbon efficiencies of ocean and rail transportatian

Emission factorsfor rail and roadwere obtained from theUS EPA SmartWay Carrier Data
(US Environmental Protection Agency, 2012Jor rail, intermodal-specific emission factors by
railroad were available. For road, average of 103 carrieés Afdk Grdy and average of 13 carrier§
datafor truck intermodal, respectively, were adoptedor the purpose of this study

Emission factors by modeof transportation are summarized inTable 3-7.

Ocean Rail Road RoadDray
Intermodal
(kg CQ/TEU-mile) (kg CQ/ton -mile) (kg CQ/ton -mile) (kg CQ/ton -mile)
0.0829-0.0898 0.0200-0.0242 0.0531 0.0866

Table3-7: Emission Factors by Mode of Transportation
3.3.4. Costs
Ocean freight rates as of November 2012 were collected from the rate search tool on
- AAOOE § O (MaeksR LinG)& O A Advaded &dcharged per container and differentates
apply for different types of container. Road freight costs were taken from the PC*MILER tool.

Default settings of PC*MILER were used, of which the major components are fuel, toll and driver

26

p2

>



Case Study: Multiple Objectivanalysis of Intermodal Freight Transportation Routes 1
wo9lLQa Lyoz2dzyR [23AadGA0a

costs. It was assumed that these costs are charged per aginer and that the same astsapply
regardless of container type.
Rail intermodal prices seem to generally consist of two components, a statito-station

price and a fuel surcharge. However, none of the rail carriers but CN publishes their intermodal

prices. For the purpose of this study, CN intermodal prices were taken as a proxy and applied to the

15 routes for analysis. For the statiorto-station component, prices of 50 sample CN-D pairs
(Canadian National Railway Company012) were converted to an average price per mile of $1.12.
#.080 AOAT OOOAEAOCA E Go-spafios mrige, ab & Ndveinbed 201 2&Ean&dEmR
National Railway Company, 2005)CN prices are per container anthe same price applis for 20-
foot, 40-foot and 45-foot containers. For the Alameda Corridor segment of the Port of Long Beach
routes, the published use fee of $21.60 per TEU wased (Alameda Corridor Transportation
Authority, 2012).

Costs in US dollars for one 4@oot standard container by transportation mode are

summarized inTable 3-8.

Route Ocean Rail Road Total Costs
1 3,907 3,594 401 7,902
2 3,907 3,623 418 7,949
3 3,907 3,558 564 8,029
4 4,007 3,741 401 8,149
5 4,007 3,770 418 8,196
6 4,007 3,705 564 8,276
7 4,007 4,363 177 8,547
8 4,007 3,374 401 7,782
9 4,007 3,428 428 7,862

10 4,007 3,332 564 7,903
11 5,557 1,528 252 7,337
12 5,525 851 240 6,616
13 5,525 717 250 6,492
14 5,585 0 414 5,999
15 6,341 0 232 6,573

Table3-8: Total Costs per Route by Mode of Transportation
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3.3.5. Transit Time

Web sites(Maersk Line) (BNSF Railway Company, 201ZCSX Transportation, Inc., 2012When
two or more transit time swere quoted for a single sevice they were averagedConcerning rail, one
additional day of transit time was added to routes that have neseamless interchange, namely
Routes 1 through3, the Port of Seattle routes, and Routes 4 through the Port of Oaklandroutes.
An assumption d 45 minutes was made fothe Alameda Corridor segment of Routes 7 through 10,
namelythe Port of Long Beach routesbased on the average speed of trains of 35 to 40 miles per
hour over the 21.6mile segment(Net Resources Internaipnal). Transit times for road were
obtained from PC*MILER.

Transit times by transportation mode in terms of days, hours and minuteare presented in

Table3-9 in d:hh:mm format.

Route Ocean Rail Road Total

Transit Time

1 13:12:00 9:12:20 0:03:48 23:04:08
2 13:12:00 9:18:12 0:04:31 23:10:43
3 13:12:00 9:05:42 0:05:51 22:23:33
4 16:00:00 8:17:08 0:03:48 24:20:56
5 16:00:00 8:23:00 0:04:31 25:03:31
6 16:00:00 8:10:30 0:05:51 24:16:21
7 12:00:00 6:23:45 0:01:43 19:01:28
8 12:00:00 7:14:29 0:03:48 19:18:17
9 12:00:00 6:17:45 0:04:41 18:22:26
10 12:00:00 1:07:15 0:05:51 13:13:06
11 25:00:00 3:06:21 0:02:43 28:09:04
12 27:12:00 1:05:42 0:02:33 28:20:15
13 28:12:00 0:23:42 0:02:40 29:14:22
14 32:00:00 0:00:00 0:04:14 32:04:14
15 41:12:00 0:00:00 0:02:26 41:14:26

Table3-9: Transit Times per Route by Mode of Transportation
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3.3.6. Greenhouse Gas Emissions

GHG emissions were calculated lsumming the products ofvolume or weight by distance
by emission factor per transportationmode. Totalemissions in terms of kg C&by transportation

mode are summarizedin Table 3-10.

Route Ocean Rail Road Total
Emissions
1 1,051 861 198 2,110
2 1,051 868 236 2,154
3 1,051 852 296 2,199
4 1,156 896 198 2,250
5 1,156 903 236 2,294
6 1,156 887 296 2,338
7 1,084 1,111 86 2,281
8 1,084 804 198 2,086
9 1,084 842 239 2,165
10 1,084 792 296 2,171
11 2,013 367 141 2,521
12 2,097 202 131 2,430
13 2,118 170 141 2,429
14 2,195 0 217 2,412
15 2,216 0 124 2,339

Table3-10: Total Greenhouse Gas Emissions per Route by Mode of Transportation

3.3.7. Routes and Modes of Transportatiofor Analysis

With the data collected the list of routes and mode®f transportation for analysis wes

completed. The list is provided inTable 3-11.
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Route Costs Transit Time GHG
Emissions

(US$) (d:hh:mm) (kg CQ)
1 7,902 23:04:08 2,110
2 7,949 23:10:43 2,154
3 8,029 22:23:33 2,199
4 8,149 24:20:56 2,250
5 8,196 25:03:31 2,294
6 8,276 24:16:21 2,338
7 8,547 19:01:28 2,281
8 7,782 19:18:17 2,086
9 7,862 18:22:26 2,165
10 7,903 13:13:06 2,171
11 7,337 28:09:04 2,521
12 6,616 28:20:15 2,430
13 6,492 29:14:22 2,429
14 5,999 32:04:14 2,412
15 6,573 41:14:26 2,339

Table3-11: Routes and Modes of Transportation for Analysis

3.4. Stage Three

The major purpose of this study was to provide a practical framework for decisiormaking
in an environment with multiple objectivesinvolving tradeoffs. Given the 15alternatives to choose
from, how should the logistics manager decide on which route to ship his pant pradt from

Shanghaito the Bedford D The following sections attempt to address this question.

3.4.1. Multiple Objective DecisiorMaking

The objectives of this decisiormaking question on inbound transportation route selection
are tokeepthe three attributes of costs,transit time and emissions all low The study applied a
simple additive model of preferencesto address this multiple objective problem. As previously
discussed, the goalvas to compute the overall utility of each routeusing the following equation:
Y 006 00 0 0

Procedures to reach this computation are presenteih this section step-by-step.
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3.4.1.1. Ranking and Dominance Check

First, outcomes of eacht#ribute were convertedto rankings aslisted in Table 3-12.

Route Costs Transit Time GHG
Emissions
1 8 6 2
2 10 7 3
3 11 5 6
4 12 9 7
5 13 10 9
6 14 8 10
7 15 3 8
8 6 4 1
9 7 2 4
10 9 1 5
11 5 11 15
12 4 12 14
13 2 13 13
14 1 14 12
15 3 15 11
Table3-12: Ranking of Attributes

Figure 3-10illustrates the attribute rankings in a chart format.It can be observed that
Route 8 dominatesRoutes 1 through6. At this point, the three Port ofSeattle routes andhe three
Port of Oakland routes can be eliminated from further consideration, since the Long Beach to CSXT
Clevelard route is superioron all three attributes. However, dominance does not hold for the
remaining nine alternatives. It is visually and theoretically confirmedthat there aretradeoffs

among the threeobijectives.

31



Case Study: Multiple Objectivanalysis of Intermodal Freight Transportation Routes 1

wo9lLQa Lyoz2dzyR [23AadGA0a

1 =¢—Route 1

2 == Route 2

3 ==t ROUtE 3

4 == Route 4

5 —=Route 5

6 =0 Route 6

< 7 == RoOute 7

§ 8 = Route 8

9 Route 9

10

11 == Route 10
12 == Route 11
13 Route 12
14 Route 13
15 Route 14
Emissions Route 15

Figure 310: Ranking of Attributes

3.4.1.2. TradeOff Weight Assessment

Next, a range of best and worst levelsere defined for each attribute. Thdevels could

simply be set atthe bestand worst outcomesof the alternatives under considerationor chosen

otherwise. For the purpose of this studythe former was employed as describedh Table 3-13.

Costs Transit Time GHG
Emissions
(USD) (d:hh:mm) (kg CQ)
Best 5,999 13:13:06 2,086
Worst 8,547 41:14:26 2,521

Table3-13: Range of Attributes
Using the defined rangesputcomes of attributes described inTable 3-11 were converted to
utilities on a scale of 0 to 1 proportionatelywith the best outcome of the attribute under

consideration being a 1 and the worst being a.0rhe converted utilities are listed inTable 3-14.
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Route Costs Transit Time GHG
Emissions
1 0.25 0.66 0.95
2 0.23 0.65 0.84
3 0.20 0.66 0.74
4 0.16 0.60 0.62
5 0.14 0.59 0.52
6 0.11 0.60 0.42
7 0.00 0.80 0.55
8 0.30 0.78 1.00
9 0.27 0.81 0.82
10 0.25 1.00 0.81
11 0.47 0.47 0.00
12 0.76 0.45 0.21
13 0.81 0.43 0.21
14 1.00 0.34 0.25
15 0.77 0.00 0.42

Table3-14: Utility Scores of Attributes

The next stepwas to assess the tradeff weights using the pricingout method. First, the
logistics managemeeds todetermine the maximum cost he is willing to payf he wereto improve
his transit time from worst performanceto bestperformance. For the purpose of this studyijt was
arbitrarily assumedthat he is willing to paythe averagecost of all the outcanesunder
consideration which is $7,574. Conceptually, this is sayinghat if the costof the expensivefastest
route is at this level the logistics managemould be indifferent between that route and the
inexpensive,slowestroute. In mathematical terms it is expressed as:

VO o OO TP V6 XWXT V6 pdp drTo

The WTP of &,574is converted to a utility score of 038 using the costutility curve from the

attribute range. By substituting utilities, the above equation becmes:
O X VMBI VLT Y L P&t TT
And by solving for 0 , the equationbecomes:

0 ® Wo
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The same is done for themissionsattribute. For the purpose of this study,tiwas arbitrarily
assumedthat the logistics manager $ willing to pay the second highestcost of all the outcomes
under considerationwhich is $8,276, to improve hisemissionsperformance from worst to best

VO Xwox 06 chvgp VO Ut VO cmye

Utility for WTP of $8,276is 0.11 from the cost utility curve.

0@ X OB VTP O PSLT
And by solving for0 , the equation becomes:
0 T Qup
Finally, the sum of the thiee attribute weights must equal 1. Therefore:
b 0 Vv p
0 TWo T p
P o P
The weights for the three attributes can be derived:
O pPiPX QP @Y
0 T word Y & ¢ O
0 T QYU @ P T8 Tw
With the weights derived per above the overall utility for each route can becomputed.

Results arepresentedin Table 3-15.
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Route Costs Transit Time GHG Overall Utility | Overall Rank
Emissions

1 0.14 0.15 0.20 0.49 8
2 0.13 0.14 0.18 0.45 9
3 0.12 0.15 0.15 0.42 10
4 0.09 0.13 0.13 0.35 12
5 0.08 0.13 0.11 0.32 13
6 0.06 0.13 0.09 0.28 15
7 0.00 0.18 0.12 0.29 14
8 0.17 0.17 0.21 0.55 4
9 0.15 0.18 0.17 0.50 7
10 0.14 0.22 0.17 0.53 5
11 0.27 0.11 0.00 0.37 11
12 0.43 0.10 0.04 0.58 3
13 0.46 0.10 0.04 0.60 2
14 0.57 0.07 0.05 0.70 1
15 0.44 0.00 0.09 0.53 6

Table3-15: Weighted and Overall Utility Scores and Ranking
Route 14, the Port ofNewark route, scoredthe highestoverall utility. Therefore, this is
logically the bestroute to ship one full40-foot standard container load ofthe pant product from the
Port of Shanghai tathe Bedford DChased on the ranges of the attributethat were defined and the

amounts of WTPthat were determined.

3.4.2. Sensitivity Analysis

Two types of sensitivity analyss were performed. First,how the best route is affected by
varying the weights of attributes was tested. Next, the assumption made for the uncertain station

to-station price for rail was examined.

3.4.2.1. Sensitivity Analysis of Weighting Assessment

Sensitivity analysis of the weighting assessmentvas performed by increasing the weight of
one attribute while holding all other variables constantFigure 3-11 illustrates how the overall
utility scores vary as the weighton the emissions attributeis increasedfrom the base case weight of
0.209. 1t is observed that Route 8, the Long Beach to CSXT Cleveland route, becomes the preferred

alternative as the weight on emissions is increased.
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