Green Transportation
and Logistics




eye . /|transport

AALCTOMYIIIS ...ttt ettt ettt e bt ettt et eab e e bt e sht e e a bt e bt e baesabeeabe e bt e ebteeabeebeenbaesaeesuseenbeens 7
EXECULIVE SUMIMATY ..ottt ettt sttt et e bt st et e bt e sbeeeate st e ebeesaeesabeebeens 9
MELNOAOIOZY ...ttt ettt sttt ettt sttt e bt e see e st et e b e e et e ane 10
Chapter 1: INOAUCTION ...c..covuiiuieitiiirieie ettt sttt ettt st st bttt ate st st eneesbeens 11
Chapter 2: Road Transport and LOZISHCS ......ceueeviriirierierienieniieienieeiesie st see ettt saeens 14
2.1 OVETVIEW ..ttt ettt sttt sttt ettt et sttt bt et e st st e bt st e e e sheeat et e sanenaesaeenaesreens 14
2.2 Challenges in deploying green road tranSPOTtation .............ccecceeereeerieeneenieniennieenieeneenanens 16
2.3 Market drivers for green road tranSPOITAtiON ........ccccerterieerieenieeteeieeiee st sie e eiee e 17
2.4 Best practices in green road tranSPOTtaAtiON ........cc.eeeereerrteterierieriertentesreetenteeeesieseeneesieens 20
2.5 Technologies to redUCE EMISSIONS ...cccverveeririirieriertertenttetenteete e st e st st entenbesaeesbe st eseesreens 22
2.5.1 Overview of emission reduction teChnOlOZIES ...........ccevervieriirieniinieieneeeseeieeeen 22
2.5.2 Fuel efficient teChNOIOZIES ........ccceiiiiiiiiiiieeete ettt e 30
2.5.3 IdIINg tEChNOIOZIES ... .eeeuiiiiiiiieeieet ettt ettt ettt st ettt e 34
2.5.4 ACTOAYINAIMICS ...uveeuueeiutieieettenite et e et et eat et e sbteeate et e esbt e s bt e eubeebeesbeesabeebeenbaesaeesaneenees 37
2.5.5 AIEINALE TUCLS....ccueitiiiiieiiesie ettt ettt st 39
2.5.6 Operational MEASUTES ........ccceueruieriiriirienieetesteett ettt sttt et ettt ettt sbeebsesesneen 45

2.6 Investments in green road tranSPOTTALION .......ee.ververteriertierientirterieeeente et etenteeetesieseeneesaeens 46
2.7 Regulatory deVEIOPMENLS. ...c...oiuiiiiiiiieitieeie ettt ettt st sbt et eb e e e 50
2.8 Benchmarking VENAOTS ......c...cocuiiiiiiiiiiiiie ettt ettt st e s 52
2.9 PIOFILES ..ttt sttt st ettt st ea 64
2.9.1 Truck ManUfaCtUIETS. ....cc.eecviriiriieiiniieierieete ettt ettt ettt sbeebt e saeen 64
2.9.2 Emission Reduction Technology COmMPanies .............cceeceevuerierienienienieneeneenieeeeneenanen 75
Chapter 3: Rail Transport and LOZISTICS .....ccevueeiiriiriiirienienienieeieieetese ettt 81
3.1 OVETVIEW ..ttt ettt ettt sttt ettt et sttt bt et e b sttt st e e e sh et et satenbesatenaesreens 81
3.2 Challenges in deploying green rail tranSportation ............ccccceeeeeseeenieeneenienieesieesieenee e 83
3.3 Market drivers for green rail tranSPOTT.........cooeeruierieiiinnieenieete ettt 83

3. 4 Best practices in green rail tranSPOTIT..........eieeiererierieniienieniirienie sttt seeseesieens 84
3.5 Emission reduction technologies in Rail Transport............ccceceverveenenierienenieneneenieniens 85
3.5.10verview of emission reduction teChNOlOZIES........cc.eevuerirriiniiniiriinieereeeeseeeieeen 85
3.5.2 Fuel efficient teChNOIOZIES ........ccceiiiiiiiiiiiieetee ettt 89
353 SOTEWATE ...ttt ettt ettt et ettt ettt st et sb e eb e eneen 90
3.5.4 Alternative Fuel for RaIIWays........cocueviiiiiiiniiiiieniieesteesteeee et 94
3.5.5 Operational MEASUTES ........c.cvueruieriiriirienieetesieeit ettt sttt ettt ettt sre bt e saeen 97

3.6 Regulatory DEeVEIOPIMENLS. ......cocuiiiuieiiiiiieiee ettt ettt ettt st esaeens 101
3.7 Benchmarking VENAOTS ......c.c.coiuiiiieiiiiiieee ettt ettt et sae e 102
BB PIOFILES ..t 105
Chapter 4: S€a TTANSPOIL ......eovuiiriiiiiiriirie ettt ettt ettt ettt sttt e bt e sre e ate s et esne et e sneens 109
4.1 OVETVIBW ..ttt ettt ettt ettt st et s bt ea et s bt et s ae et e sbe e bt et e ebtenbesbe et e seeebeenee 109
4.2 Challenges for green sea tranSpPOTTAtION .......cc.eeeerterieeterierieieneeee st eiteteeite e s e reeseeereenee 112
4.3 Market drivers for green sea tranSpOTtation ..........cccueecueerierierieeieenieeseeneeeseeeieeseesaeenns 113
4.4 Best practices in reen S€a tranSPOT.........cevueerueereeritieiieeriteniteeteeteenteesteeseeeseeebeesaeesneens 114
4.5 Emission reduction t€ChNOIOZIES .........cevueiiiiiiieiieiiieie ettt ettt 116

©Copyright 2007 eyefortransport, First Conference Ltd. All rights reserved.



eye . /|transport

4.5.1 Overview of emission reduction techNOlOZIeS........cceecverieruieiinirienierteneesieeienieeens 116
4.5.2 Fuel efficient teChNOIOZIES .......cc.erviriiriiiniiriieietirteeeteee ettt 126
OpEratioNal MEASUIES ......cocueeiutiiiieiieite ettt ettt ettt st e et e st e sbtesbe e bt e bte st e enbeenaeesaeens 131
4.6 Investments in Sreen SEa traANSPOTT....c..eeruueittertieriieriteeteerttenttesteeteesbeesteesateeseeebeesaeesaeens 132
4.7 Regulatory deVEIOPIMENTS. ....cc.ceiuiiiiiiiieiie ettt ettt ettt st ettt ettt e et e e e saeens 133
4. 8 Benchmarking VendoOrs .........cccceveruieieniinienie sttt sttt ettt st s e 135
4.9 PIOTILES ..cueiieie ettt sttt et s h e ettt s et s ebe e 137
Chapter 5: Air Transport and LOZISTICS ..ccvevveeieriirieniirieriereeieieeee ettt 143
5.1 OVETVIBW ..cciniiiiiiieitertt ettt sttt ettt st et b ettt st e sa e sae et e be e ae bt st ennesmeenne 143
5.2 Challenges in deploying green air tranSPOTt .........cec.eerueerrieerieereesterieesieenteseeebeeseesaeens 145
5.3 Market drivers fOr Sreen air tranSPOTL.........cceeierieeriierie et eieereesteee et eee et et e e e saeens 145
5.4 Fuel efficient teChNOIOZIES ......cc.evueiriiriieiiiiirieet ettt e 146
541 KeY FINAINES ..eoveiiiiiiiieieeeeeee ettt et sttt e st et s e 146
542 OVEIVIBW ..ttt sttt ettt sttt st ettt et st et st ebt et e bt e e s bt s tesaeebeenee 147
5.5 Cost DENETIt ANALYSIS ..eeueeiutiiiieiieiie ettt et sttt et sttt et e st 148
5.6 Benchmarking fuel efficient technologies ............cooeeiiiiiiiiiiiiiiiiieeee e, 148
5.7 Fuel efficient technologies - Case StUAIES. .......cuevveeriierieiiiieiieie ettt 149
5.8 Alternative Fuel TeChnOIOZIES ........c.coueeiiriiriiiiriieiesieeei ettt 150
5.8.1 KeY FINAINGS ...eveeiiiiiieie ettt ettt e st e s e 150
5.8.2 OVEIVIBW ...ttt sttt ettt sttt sttt et st st ebt et bt e be st et e saeebeenee 151
5.9 Cost DeNETit ANALYSIS . eeoueeiuiiiiiiiieiie ettt ettt sttt 153
5.10 Regulations in air tranSPOTtaAtion ............eerueerteriieerteeriie e eiee e siteebe e bt eiteseeesbee e e saeeans 154
5.11 Operational MEASUIES .......cccueertieruieiieeieeriee et eeie et eite sttt et esateebe e bt e satesteenbee e e saeens 157
5.12 Investment by companies in teChnOlOZIES ..........cecvevueriererieiniinienieeree e 160
5.13 Benchmarking VEndOTsS ........cccieerieririiniinieiereetesiceei ettt st s 161
ST PIOTILES ..ttt ettt e b bbb st e 162
Chapter 6: Warehousing and Distribution Center NEtWOTK..........cccueveiieierrieeniinieinieeieeneeeeenns 165
6.1 OVETVIEW ...ttt ettt sttt ettt st et bbbttt st she et e bt e sae s bt et ennesueenne 165
6.2 Challenges in green warehouse teChNOIOZIES .......ccc.eeruieriiieiiiiiieiiere et 165
6.3 MATKEt DIIVELS ...ouviiiiiiiiiiciiiteeeees ettt ettt st e e 166
6.4 Best practices in warehousing and DC network ...........c.ccocevenirieninienienneneeeeneeenne 166
6.5 Energy Conservation SIrat@@ICS ........cceeueruerieruerieertentietenteeienieseestesseessesseeeesseseeseesneenee 167
6.5.1 Key FINAINGS ...cutiiiiiiiiiieeeee ettt st ettt st s 167
6.6 Overview of Energy Conservation Strat@ies..........eeruerrieeriienienieniieenieenieeeeeieeneesieens 168
6.6.1 Benchmarking of energy saving strategies in warehousing and DC network ........... 170
6.6.2 Cost benefit analysis of electric forklifts an internal combustion forklifts................ 171
6.6.3 CaSE STUAILS. ..ueeveeurinieriiesie ettt ettt sttt et e bttt st et st sbt e bt sbt e besae et e saeebeenee 173
6.7 Technology Based Strateies ........cooereeiiriirieniereeiesieetettee ettt st 174
6.7.1 KeY fINAINES ...ceiutiiiiiiiiee ettt ettt sttt ettt st et e e e sbee 174
6.8 OVETVIEW ...ttt ettt sttt sttt ettt sttt sb et ettt st e sa e sbe et e bt e e s bt st e nnesueenne 175
6.9.1 Voice-based teChNOIOZIES .........coouiiiiiiiiiiiiieeeee ettt 176
6.9.2 Electronic Advanced Ship NOtiCeS (ASNS) ...cccierierriieriierieeieeieesieesreeeeeieeseesenens 176
6.9.3 Software CONSIAETAIONS ......cevuervieiiiirieie ettt sttt st s ebe e 176
6.9.4 Benchmarking of technology based strategies in warehousing and DC network...... 177

©Copyright 2007 eyefortransport, First Conference Ltd. All rights reserved.



eye . /|transport

6.9.5 CaSE STUAILS. ...eevieueiteriiesie ettt ettt ettt sttt st st et st bt et s bt e e st e eesaeebeenee 178
6.10 Packaging SIrAtE@IES ......cc.evueeruerieriiriieiieteeiet ettt ettt st ebe et b e st e e b 179
6.10.1 KEY FINAING ..cutiiiiiiiiiieeeee ettt st ettt st s 179
6.11 OVEIVIEW ..eniiiiiieierie ettt sttt ettt e sa e sre et e st et enaesueenne 179
6.11.1 Reusable packaging materialS..........ccceeierriiinienieiitieiiete sttt 179
6.11.2 Benchmarking of packaging strategies in warehousing and DC network............... 180
6.11.3 CaSE STUAIES ...c.veeueintiriieie ettt sttt ettt st et st sbt et be et st st esae b enee 181
6.12 Operational SIrAtEEIES .......cc.ververeerierieeiteieriete ettt ettt st e st sbe et sbeeae st e e e seesbeenee 183
6.13 Ky FINAINES ..ottt ettt et et st et ae e bt 183
6.14 OVEIVIEW ...eniiiiiieiieste ettt sttt et sttt st sa e sae et e b e be st enaesueenne 183
LabOor Mana@emeNnt..........c.eeiuieiiiiiiiieeiiee ettt sttt ettt st e bt e st e bt et e st e ebe et e saeens 183
6.14.1 Increased flow-through .........ccccooiiiiiiiiiiii e 183
6.14.2 Optimize transportation process/SOIULION .........cccevvereerererrtenienienientere et 184
6.14.3 NetWork RedESIZN......coveriiiiiiiiiiiiiee ettt e 184
6.14.4 DC SIOTHINE ...cveevrinreriienieneente sttt sttt st ettt sttt e sresre et st st e sae v enne 184
6.16 Regulatory DevelOPmMENLS. ........coiuuiiiiiiiiieiieeeetete ettt ettt st 191
6.17 PIOTILE ... ceeiiieieect ettt s bbb e s 192
Chapter 7: Supply chain greening — Shippers PerSPECtiVE.........ccvevvererrierienieieniirieneeee e 197
7.1 INETOAUCTION ...ttt ettt st ettt st et e bt et b e ee s bt et e naeebeenee 197
7.2 ChallEN@ES ... .eeuveeeeeiiieieeeit ettt ettt ettt ettt st e sae e 197
7.2.1 COStLY MAtETIAL....coueiiiiiiieiiieie ettt sttt st st 198
7.2.2 International Standards.........c.ccoeevveririeninitinenetee e e 198
7.2.3 MATKEt DITVETS ..cvviiiriiiiiieeieitectctertee sttt st sttt e 199
7.3 Supply Chain Improvement SIrat€@Ies ...........ecereerereeieriirienieneenieereetesreeee et 200
731 OVEIVIBW ..ttt ettt st et sttt ettt st et sb e ebt et s bt e e s bt e tesaeebeenee 200
Alternative FUel VEIICIEs .......ccovuiiiiiiiiiiiiieecceee et 200
Light Fleet IMPIOVEMENTS ......cctiitiiiiiiiiiie ettt sttt ettt sttt sat et st e bt e e e saeeas 200
7.3.2 CaSE STUAIES ...enveveiniiiieierieete ettt sttt ettt st et sr e sttt st e sae e 202
7.3.4 PaCKaging STrALEZICS ...eeuueertieriieeieeiieiiee et eete et esite et e et et esateebe e bt e bt e steeabeesaeesbeeans 203
T4 CaSE STUAICS. c..eevereieieeteettet ettt ettt st sb e bbbt e b st e st e ebe et b e e e bt et e e ebeenee 205
7.5 Operational STTALEZIES ......ccuevuierieriieriirieeitet ettt st ebe et sb e te s et esee b enee 206
7.6 CaASE STUAILS. ..ottt ettt ettt b et b et e bt et et ebe et e bt e ae s bt et e naeebeenee 207

©Copyright 2007 eyefortransport, First Conference Ltd. All rights reserved.



eye . /|transport

Exhibit 1: GHG emission contribution by mode of freight transport in US FY 2006.................. 12
Exhibit 2: Europe CO2 emission FY 2000 ........cccoirviiiiriiininieiiniieieneeteste sttt 12
Exhibit 3: US and EU road freight GHG emiSSions in %0.........ccc.evereiererneeneneenienenieneneeneeniens 14
Exhibit 4: Standard GHG emission per diesel truck ..........ccccoeeeieriniininiinenieinnieseseeneeeiee 15
Exhibit 5: Technologies adoption for green transportation by T& L companies of US

AN BUTOPE ..ttt et sttt e bt bbb e bt e nbee st eeaeeenees 16
EXhibit 6: Market DIIVETS ......co.eecviriiriienieiienieniecieniteteste sttt ettt st st see sttt st st e seesneens 18
Exhibit 7: Best practices for road freight transportation.............c.eeeeevererreeneneenienenieneneeneenene 20
Exhibit 8: Benchmarking TeChnOlOZIEs.........co.eeuiriiriiiiiniiieiieieieeeet sttt 21
Exhibit 9: Preferred emission reduction technologies by trucking companies............c.cceceevueneeee 23
Exhibit 10: Cost benefit analySis .......cccueeriiriiiiiiiieiee ettt e 25
Exhibit 11: Benchmarking emission reduction technologies deployed by T&L companies........ 26
Exhibit 12: Case Studies — TeChNOIOZY ......cc.coiiiiiiiiiiii i 27
Exhibit 13: Preferred fuel efficient technologies by trucking companies..........c..ccccceevierieenenne. 30
Exhibit 14: Comparison of fuel efficiency technologies .............ccccueiviriiiniiiiinii e, 31
Exhibit 15: Benchmarking fuel efficient technologies deployed by T&L companies.................. 32
Exhibit 16: Cost and ROI analysis for idle reduction technology ..........ccccceceveevvenirrienenceenenens 35
Exhibit 17: Cost and ROI analysis of idle reduction technology by model............cccccverceenennene 36
Exhibit 18: Cost-emission reduction analysis for long haul trucks traveling 100,000

MIIES / YEAT @ OIMPEZ ....eeneeiiiiiiiiiieite ettt ettt ettt et e e st e sat et esbeesabe et e e bt e st e saneenees 37
Exhibit 19: Cost ROI analysis for aerodynamics technology...........c.ccceceeneeniinieineenienieeienee, 38
Exhibit 20: Forecast for aerodynamics strategy impact on fuel economy in US and Europe ...... 38
Exhibit 21: Preferred emission Alternative Fuel Vehicles by trucking companies...................... 40
Exhibit 22: Cost factors for alternative fUelS ...........cocvevervieriniiiinireeeecce e 41
Exhibit 23: Historical and projected VMT from gasoline and diesel elctic hybrid vehicles from

2005 10 2020 ...veeveeieetieiertertert ettt ettt b bbbt bttt se et eae bt b naen 42
Exhibit 24: Benchmarking Alternate fuel technologies deployed by T&L companies................ 43
Exhibit 25: Operation MEASUTIES ........ccuerruiertiirieiieeitienite st eieestte sttt eabe e bt e sitesabeesseenbaesaseeaseenees 45
EXhibit 26: US INVESIMENLS ...c..eeuvitiriieieiienienteetenttete ettt et et ettt st e st st entesbesatesbe st enaesaeens 46
Exhibit 27: EUrOpe INVESTMENLS . ...c..eevirierierieniietitietesie sttt sttt sttt st eseesaeens 49
Exhibit 28: Regulatory develOPMENLS. .......ccoerutetiriirienierterie sttt sttt eb et see e 50
Exhibit 29: EPA Emission standards and recommended Strategies..........cooceevvervueenieenieeneeeeenne 51
Exhibit 30: Benchmarking vendor green products/solutions............c.ccecveereeniiniieineenieneeeieene 52
Exhibit 31: US Rail freight GHC emission as % of all mobile sources ...........ccocceeveenveneeeeennne. 81
Exhibit 32: Rail emission % of total emission iN EUIOPE.........cecuerveriereriererieienieriese e 82
Exhibit 33: Preferred emission reduction technologies by rail companies...........c..ceccevereeenennene 86
Exhibit 34: Benchmarking of emission reduction technologies — rail freight companies............ 87
EXhibit 35: Case StUAIES ....cooveruieuiiiirieieieeneeteetete ettt sttt et sae st e seesneens 88
Exhibit 36: Preferred emission fuel efficient technologies by rail companies ..........c..cceceeeueenee. 91
EXhibit 37: Case StUAIES ....cooveruieuiiiiiieieieente ettt sttt st sttt ettt saesneens 93
Exhibit 38: Preferred alternative fuels for railways........cccoveriiieniniinieniencnccese e 95
Exhibit 39: Cost Benefit ANalYSiS........coceeeiiririiiiiniirierieneerest ettt 95

©Copyright 2007 eyefortransport, First Conference Ltd. All rights reserved.



eye . /|transport

Exhibit 40: Benchmarking of alternative fuel vehicles — rail freight companies ...........c..cccc...... 96
EXOibit 417 CaSE StUAIES ....eevervieuiiiiriienieiteste ettt sttt ettt st st st e sb et s e sbe st eseesaeens 97
Exhibit 42: Investments in green rail tranSpOrtation............coceeveeruerieesieenee s et 98
Exhibit 43: Emission standards for locomotives (g/bhp-hr)........cc.cccocieiiiiiiniiniiiniiieeeees 102
Exhibit 44 :Directive 2004/26/EC on amendments to Non-Road Mobile Machinery (NRMM)
DiIrective O7/O8/EC ......ooueiieeiiieeieeteeteee ettt sttt ettt s be st st sbe et nbe et 102
Exhibit 45: Technologies adoption for green transportation by shipping companies of US and
BUIOPC ..ttt ettt e et e st te e et te e ettee bt ee e ba e e e teeenes 111
Exhibit 46: Best practices for sea freight tranSportation..............ceeeeveeeeieereenienie e 114
Exhibit 47: Benchmarking teChNOIOZIES ........ccouiiiiiiiiiiii ittt 115
Exhibit 48: Emission reduction by implementing shore power Strategy ...........co.cceeeevveeneeneenns 119
Exhibit 49: Cost benefit analysis of emission reduction technologies ..........cc.cceceevererreenennnene 120
Exhibit 50: Emission reduction technologies cost effectiveness for cruise..........ccccevveeveenuennene 122
Exhibit 51: Emission reduction technologies cost effectiveness for docking...........cccceceevuenneene. 122
Exhibit 52: Preferred emission reduction technologies by shipping companies ...........c..ccc...... 124
Exhibit 53: Preferred alternative fuels...........cecvevuerieiiniieniinieiinceeeeeeeeeee e 128
Exhibit 54: Benchmarking of alternative fuel technologies for sea transportation .................... 129
EXhibit 55: CaSe STUAIES ....veviriiiiiiriieierieetesieet ettt st sb et st sae b 130
Exhibit 56: US Airfreight Emissions fOr€Cast ..........evevieriririieninienereeresteieieee et 144
Exhibit 57: Preferred fuel efficient technologies by air Carriers..........cocceveeeevienerieneeseenenneenn 149
Exhibit 58: Alternative fuel cost and benefits...........cccceceevirieiininiinienieneneeeee e 153
Exhibit 59: Research and development status of aviation alternative fuels..............ccccceereeeniens 154
Exhibit 60: Comparison of Electric and IC forklift.............coccooiiiiiiniiiiiiii e 169
Exhibit 61: Comparison of Fluorescent and Metal Halide lamps..........cccoceveevieniriienenneenennenne 169
Exhibit 62: Preferred energy saving strategies by major retailers and logistic companies ........ 171
Exhibit 63: Cost benefit analysis of fluorescent fixture lighting retrofits and High Intensity
DiSCharge (HID).......coiiiiieeiee ettt ettt sttt e sbe et ettt e esaeent 172
Exhibit 64: Preferred technology based strategies in warehouse and DC network by major
retailers and 10ZiStIC COMPANIES .....cccueeruiiiiiiiieiieite ettt ettt ettt saeea 177
Exhibit 65: Comparison of reusable plastics vs. wooden and cardboard materials.................... 180
Exhibit 66: Preferred Packaging strategies in Warehouse and DC network by major retailers and
JOZISHIC COMPANILS. ....euveerenteeieeteeteeitenteeit et et st e st eat et eatesbesatestesbeeasebeestesbesatestesbeensensesnnens 181

©Copyright 2007 eyefortransport, First Conference Ltd. All rights reserved.



