Supply Chain Environmental Analysis Using SEAT™: Case Studies

We have compiled here several examples of supply-chain energy and emissions
analysis using the SEAT™ software offered by Surya Technologies. The examples are
for illustrative purposes only (and therefore simplified) and show how the SEAT™
software can be used in the environmental analysis and optimization of a wide range of
supply chains.

The analyses presented here focus on transportation and storage along supply chains.
Each example contains results for the original supply chain as presented in the diagram,
and then a second set of results with some of the transport modes and delivery sizes
changed. While larger delivery sizes significantly improve the environmental
performance in some cases due to more efficient transportation, they do not lead to
sufficient improvement in certain other cases because storage costs (energy costs, as
well as other inventory-related costs) increase. Changing the characteristics of a
transport link also changes inventory levels at both ends of that link, which the SEAT
software calculates automatically. SEAT can thus analyze the global environmental
impact of local changes to the supply chain.

While production processes are included for completeness, we have not modeled their
energy/emissions characteristics in these examples. The results also include the
financial cost of operating the supply chain in each case — including energy costs and
non-energy costs (transportation overhead costs and inventory carrying costs) — which
would allow any environmental performance improvements to be evaluated in the right
context.

Each of the following SEAT analysis examples includes a diagram of the supply chain,
followed by analysis results for multiple scenarios. Click on the headings below for
details. If you have any questions, e-mail us at “contact at suryatechs.com”.

» AN AUTOMOTIVE SUPPLY CHAIN (WINDSHIELD WIPERS)
» A FOOD SUPPLY CHAIN (READY-TO-EAT MEALS)

» A VEGETABLE SUPPLY CHAIN (CARROTS)

» A CEREAL/GRAIN SUPPLY CHAIN

» A DAIRY SUPPLY CHAIN

»> A PRINTER SUPPLY CHAIN

» A RETAIL SUPPLY CHAIN
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An Automotive Supply Chain (Windshield Wipers)

Scenarios analyzed:
e Baseline lean case
e Larger delivery sizes on some transport links

Key Results:
e Larger delivery size produces lower emissions, consumes less fuel/energy, and
lowers overall cost

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com



An Automotive Supply Chain (Windshield Wipers)

Inputs
Y 800 km
Midsize truck
Michigan Gamma
Steel > Stamping
(Batch size: 1920) (Batch size: 1920)
2400 km
Midsize
truck
2880 km
Midsize truck
Alpha Beta
Motors < Wipers <
(Batch size: 1920)
\ 4
Dealers and
Consumers
Demand:

1920 units/dav

Adapted from: Jones, D.T. and Womack, J.P. (2002). Seeing the Whole: Mapping the
Extended Value Stream. The Lean Enterprise Institute. Brookline. MA.
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File  Edit Run  Cukpuk  Help
. . . . Storage Total
] Delivery Batch Size | Energy E mizsions Tranzportation

MHodedLink tode Energy/Fuel [[Eﬁ_tl?me Period ar Ave. Jzed per | Generated per EE:{Q};FS? (4] Overhead Cost per E:;rhz?d EEDrSEa

(Days) lrvertory | Daw[GJ] | Day (Kg-C0OZ) pertiay Day (3] P porUay

Day (] (%]

T ol ammaStampingln ﬁ'ﬂlﬂz‘;&ﬁ“‘“ Diesel 200,00 1.00 10000 822 £04.70 175 51 120,00 295 51
ToBetawipersin ﬁ'gﬂzs‘;gﬁ“k Diesel 240000 1.00 192000 2486 1814.09 526,52 30,00 586,52
Tadlphatiotors ﬁ'iﬂz‘:gﬁ“k Diesel 288000 1.00 192000 2960  2176.91 631.83 432,00 1063.83
GammaStampingln Wwarehouze [Storage] | Mone 0.00 0.00 Q.00 Q.00 Q.00 Q.00
GammaStampingdut | wWarehouse [Storage] | Mone 0.0o 0.0o .00 .00 Q.00 Q.00
Betawfipersin Wwarehouze [Storage] | Mone 0.00 0.00 Q.00 Q.00 Q.00 Q.00
Betatwipera0ut “Warehouze [Storage] | Mone 0.0o 0.0o .00 .00 Q.00 Q.00
GammaStamping Froduction [Frocess] | Mone 1920.00 0.00 Q.00 Q.00 Q.00
Betawipers Production [Frocess] | Mone 1920.00 0.0o .00 .00 Q.00
<TOTAL: E2 48 4R55 70 133385 912.00 0.00 2248 85

(&3




File  Edit Run  Cukpuk  Help
Bl Batch B Emizzions Tiereme e Storage Total
. Diztance . Size or Generated Energy/Fuel Overhead Cost
MHodedLink b ode Energy/Fuel fKm Fl'jerlnd Ave. HSEdeF per Day Eost per Day (3] Elve[r)head$ Cost Cost per per Day
[Days] Irventorny ay (] [K.g-CO2) per Day 3] Drap [$] %]
T ol ammaStampingln H‘f::gpd;‘:ﬁ“”':k Diesel 200,00 300 E7ROO0 382 | 28088 8152 8000 16152
ToBetawipersin H?::gpd;‘:ﬁ“”':k Diesel 20000 300 B760.00 1146 | B42.65 244 57 240,00 484,57
Tadlphatiotors H‘fj:gpd;‘fﬁ“”“k Diesel 288000 300 B760.00 1375 1011.18 293.48 288,00 531,48
GammaStampingln W' arehouze [Storage) Hone 1920.00 Q.00 Q.00 Q.00 2.45 g.45
GammaStampingdut | W arehouse [Storage) MHone 1920.00 Q.00 Q.00 Q.00 3.45 3.45
Betawfipersin W' arehouze [Storage) Hone 1920.00 Q.00 Q.00 Q.00 2.45 g.45
Betatwipera0ut W arehouze [Storage] MHone 1920.00 Q.00 Q.00 Q.00 3.45 3.45
GammaStamping Froduction [Frocess) Hone 1920.00 Q.00 Q.00 Q.00 Q.00
Betawipers Production [Process] MHone 1920.00 Q.00 Q.00 Q.00 Q.00
<TOTAL: 2902 213471 F149.58 E0E.00 3379 1261.37

(&3




A Food Supply Chain (Ready-to-eat Meals)

Scenarios analyzed:
o Baseline lean case
o Larger delivery sizes on some transport links

Key Results:
o Larger delivery size produces slightly higher emissions, but lowers the overall
cost
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A Food Supply Chain (Ready-to-eat Meals)

Inputs
Y 400 km
Light truck
Farm Meat
Processor
(Batch size: 300)
(Batch size: 300)
250 km
Light
truck
1500 km
Midsize truck
Retail Ready Meals
Distribution Plant
Center
(Batch size: 300)
1000 km
Midsize truck
Consumer
Retail ~
Store " Demand:
3000
units/dav

Adapted from: Simons, D. and Mason, R. (2002). “Environmental and Transport Supply
Chain Evaluation with Sustainable Value Stream Mapping,” Proceedings of the 7" Logistics
Research Network Conference Rirminaham [IK
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File  Edit Run  Cukpuk  Help

o Bl Batch Energy E mizgions T Storage Total
NodedLink Made B iztance Period Size or IJzed Generated E nergy/Fuel Overhead Cost Overhead Cost

[K.rn] (Days] .i'l'-.ve. per Day per_D ay Cozt per Day [$] per Diap (4] Coszt per per Day

nventary | [GJ) [K.g-CO2) Drap [$] %]

TokdeatFlantin LightTruck [Transpart] G azaline 400.00 0.03 10000 AE6.55 385648 1302.05 Q.00 1302.05
ToReadykdealzPlantin | LightTruck, [Transport] [ azaline 28000 0.03 10000 535 241030 91378 Q.00 31378
ToRDC MidzizeTruck [Transport] | Diesel 150000 0.33 100000 4E.25 3401 .42 987 23 0.00 987,23
ToRetailStare MidzizeTruck [Tranzpart] | Diesel 1000.00 0.33 1000.00 3083 2267 B2 5315 Q.00 ERE.15
Farmln StdStarage [Storage] Electricity 10000 .00 .00 0.0o 044 .44
Farmut ColdStaorage [Starage] Electricity 10000 10.08 1703.18 280.00 0.44 28044
teatPlantin ColdStorage [Starage] Electricity 10000 10.08 1703.18 280.00 044 28044
b eatPlantOut ColdStaorage [Starage] Electricity 10000 10.08 1703.18 280.00 0.44 28044
ReadwtdealzFlantin ColdStorage [Starage] Electricity 10000 10.08 1703.18 280.00 044 28044
ReadyMealzPlant0dut | CaldStarage [Storage) Electricity RR0.00 16.56 2793.09 460.00 242 45242
ROC ColdStorage [Starage] Electricity Q.00 a.64 1459.87 240.00 Q.00 240.00
RetailStare ColdStaorage [Starage] Electricity 45000 1812 255478 420.00 1.98 421.98
Farm GenercProcess (Process] | Mone 300,00 Q.00 Q.00 0.00 Q.00
bl eatPlant GenencProcess [Proceszs) | Mone 30000 .00 .00 0.0o Q.00
FieadytdealzPlant GenercProcess (Process] | Mone 300,00 Q.00 Q.00 0.00 Q.00
<TOTAL: 24951 255E1.29 E001.21 0.00 E.E0 BO07.81

(£




Edit Run  CQutpuk  Help

o Bl Batch Energy E mizgions T Storage Total
NodedLink Made B iztance Period Size or IJzed Generated E nergy/Fuel Overhead Cost Overhead Cost

[K.rn] (Days] .i'l'-.ve. per Day | perDay Cozt per Day [$] per Diap (4] Coszt per per Day

rventory | [GJ] [Kg-COZ] Drap (%] [$]

TokdeatFlantin MidzizeTuck [Tranzport] | Diesel 400.00 0.33 1000.00 1233 90705 Z63.26 Q.00 26326
ToReadytealzFlartin | MidzizeTruck [Transpart] | Diesel 28000 0.33 1000.00 a BEE.90 164.54 Q.00 164.54
ToRDC oo Tk Diesel 150000 | 1.00 00000 (2148 |1579.96 45857 0.00 458,57
ToRetaiStore o ek Diesel 100000 | 1.00 10000 1432 105331 30571 0.00 305.71
Farmln StdStarage [Storage] Electricity 10000 .00 .00 0.0o 0.44 .44
Farmut ColdStorage [Storage] Electricity 550.00 1E.56 2798.09 460,00 242 462 42
kW eatPlantin ColdStorage [Starage] Electricity RA0.00 16.56 2793.09 460.00 247 462 42
b eatPlantOut ColdStorage [Storage] Electricity 550.00 1E.56 2798.09 460,00 242 462 42
ReadutdealzPlantin ColdStorage [Starage] Electricity RA0.00 16.56 2793.09 460.00 247 462 42
ReadptealzsPlantOut | ColdStorage [Storage] Electricity 135000 28.08 4744 58 780.00 h.94 78594
ROC ColdStorage [Starage] Electricity Q.00 a.64 1459.87 240.00 Q.00 240.00
RetailStore ColdStorage [Storage] Electricity 145000 2952 4937.90 820,00 £.33 226,38
Farm GenencProcess [Proceszs) | Mone 300,00 .00 .00 0.0o Q.00
b eatPlant GenencProcess [Processz] | Mone 300.00 n.0a 0.00 0.00 .00
R eadytdealzFlant GenencProcess [Proceszs) | Mone 300,00 .00 .00 0.0o Q.00
<TOTAL: 18832 26491.93 4872.08 0.00 2244 4894 52




A Vegetable Supply Chain (Carrots)

Scenarios analyzed:
e Baseline case
e Larger delivery sizes on some transport links

Key Results:
e Larger delivery size produces slightly higher emissions, but lowers the overall
cost
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A Vegetable Supply Chain (Carrots)

1400 km
Midsize truck
Wash &
Farm > Pack
(Batch size: 200)
600 km
Light
truck
800 km
Light truck
Retail Retailer’s
Store < RDC <
v
Consumer
Demand: 200
packed
units/day

Adapted from: “More than one in three organic carrots thrown away”, a case study of organic
veaetables. Food Chain Center. UK. Dec. 2005.
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File  Edit Run  Cukpuk  Help

Distance Delivery g?zt;gr Energy Erg:f:rigpjd Energy/Fuel Transpartation atw:f:lé?ﬁ:ad Egtsatll

MHodedLink tode Energy/Fuel [Km] Period Bue, Ilzed per per Day Cost per Day 4] Overhead Cost Cost per per Day
[Days] mventory | O (B ooz per Day %] Day [$] (4]

TowashdndPackln | MidsizeT ruck [Transport] | Diesel 1400.00 5.00 1000.00 288 211.64 61.43 a34.00 14543
ToRetailRDC LightTruck. [Transpart) Gazoline B00.00 0.50 100.00 B.EE 385.E5 13020 180.00 3020
ToRetailStore LightT ruck. [Transpart] G azaline a00.00 .50 10000 7.h4 81420 17361 240.00 41361
WazhandPackln ColdStarage [Storage) E lectricity 400,00 202 34064 BE.00 2h09 31.09
WashdndPackOut | ColdStarage [Storage) E lectricity a0.00 1.Mm 17032 28.00 25.M 53.m
RetailR0C ColdStarage [Storage) E lectricity Q.00 .86 14593 24.00 2h.00 43.00
RetailStare ColdStarage [Storage) E lectricity 4350 1.Mm 17003 27.96 2504 53.00
WazhandPack WF [Processz) MHane 20000 .00 Q.00 Q.00 Q.00
<TOTAL: 20.97 193851 501,20 B04.00 10014 110534

&3




File  Edit Run  Cukpuk  Help

Distance Delivery g?zt;gr Energy Erg:f:rigpjd Energy/Fuel Transpartation atw:f:lé?ﬁ:ad Egtsatll

MHodedLink tode Energy/Fuel [Km] Period Bue, Ilzed per per Day Cost per Day 4] Overhead Cost Cost per per Day
[Days] mventory | O (B ooz per Day %] Day [$] (4]

TowashdndPackln | MidsizeT ruck [Transport] | Diesel 1400.00 5.00 1000.00 288 211.64 61.43 a34.00 14543
ToRetailRDC MidzizeT ruck [Transport] | Diesel B00.00 .00 100000 1.23 90.70 26,33 36.00 B2.33
ToRetailStore LightT ruck. [Transpart] G azaline a00.00 .50 10000 7.h4 81420 17361 240.00 41361
WazhandPackln ColdStarage [Storage) E lectricity 400,00 202 34064 BE.00 2h09 31.09
WashdndPackOut | ColdStarage [Storage) E lectricity 400,00 202 34064 AE.00 204 a1.09
RetailR0C ColdStarage [Storage) E lectricity 45000 216 I64.97 G000 2h.20 ah.20
RetailStare ColdStarage [Storage) E lectricity 4350 1.Mm 17003 27.96 2504 53.00
WazhandPack WF [Processz) MHane 20000 .00 Q.00 Q.00 Q.00
<TOTAL: 18.85 203286 4E1.32 36000 100,42 921.74

&3




A Cereal/Grain Supply Chain

Scenarios analyzed:
e Baseline case
e Larger delivery sizes on some transport links
¢ Note that all the grain harvested at the farm is transported to the warehouse
during one week out of each year, and then supplied from the warehouse to the
downstream production and distribution centers

Key Results:
e Larger delivery size produces lower emissions, consumes less fuel and reduces
overall cost

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com



A Cereal/Grain Supply Chain

200 km
Heavy-duty truck —
Deliveries during
one week out of
each year at

harvest time
Farm > Warehouse
(Cereals Coop)
100 km
Light
truck
1000 km
Light truck
Biscuit
Factory < Flour Miller <
(Batch size: 100)
1000 km
Light truck
v
Distribution o
Center " Retail Store
400 km
Light truck

v
Consumer

Demand:
300 units/day

Adapted from: “Smoothing the flow of cereals through the chain”, a case study of United
Biscuits. Food Chain Center. UK. Oct. 2005.
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File  Edit Run  Cukpuk  Help
Bl Batch B E mizsions Toeree e Storage Total

. Digtance . Size or Generated E nergy/Fuel Qverhead Cost

MHodedLink tode Energy/Fuel [Km] E‘jen-:ud] Ao, HSEEEGDﬁ per Day Eost per Day (3] Elve[r)hea[%]linst Cost per per Day
s [reventony a [K.g-COZ) pertiay Dap (4] %]

Towarehause H‘f::gp‘j;‘:ﬁ““k Diesel 200,00 014 0000 03 2802 213 11.97 2010
Takdiller LightTruck [Transpart] Gazaline 100.00 025 100.00 1.88 12823 4329 h9.85 10314
T oBizcuitF actamln LightTruck [Tranzpart] Gazaline 1000.00 0.25 100.00 18.80 128228 43293 R358.50 1031.43
ToDigtibutionCenter | LightTruck [Transport] Gazoline 1000.00 033 100.00 14.14 964,12 32651 450.00 77551
ToRetailStore LightTruck [Tranzpart] Gazaline 400.00 0.33 100.00 h.6E 38565 13020 18000 3020
Warehouze Wharehouze [Storage) Electricity F2AIe02 009 14.60 240 1.61 4.01
killer StdStarage [Storage] E lectricity Q.00 4.32 72994 12000 2h.00 145.00
BizcuitF actomln StdStorage (Storage] Electricity .00 432 72994 120.00 26.00 145.00
BizcuitF actom Ot StdStarage [Storage] E lectricity Q.00 4.32 72994 12000 2h.00 145.00
DistnbutionCenter StdStorage (Storage] Electricity .00 432 72994 120.00 26.00 145.00
BiscuitF actory [E‘F'.fgé‘gséfduc“c'” Mare 10000 000|000 0.00 0.00
<TOTAL: hE.23 A722 64 1422 47 130032 101.61 2a24.40

(£




File  Edit Run  Cukpuk  Help
Bl Batch B E mizsions Toeree e Storage Total

. Digtance . Size or Generated E nergy/Fuel Qverhead Cost

MHodedLink tode Energy/Fuel [Km] E‘jen-:ud] Ao, HSEEEGDﬁ per Day Eost per Day (3] Elve[r)hea[%]linst Cost per per Day
s [reventony a [K.g-COZ) pertiay Dap (4] %]

Towarehause H‘f::gp‘j;‘:ﬁ““k Diesel 200,00 014 0000 03 2802 213 11.97 2010
Takdiller MidzizeTruck [Transport] | Diesel 100.00 251 1000.00 04 a6 a7h 11.97 2072
T oBizcuitF actamln MidzizeTuck [Tranzport] | Diesel 1000.00 251 1000.00 410 301.59 a7.h3 118,70 20723
ToDigtibutionCenter | MidsizeT ruck [Tranzport] | Diesel 1000.00 333 100000 303 22676 B5.32 90.00 166,82
ToRetailStore MidzizeTuck [Tranzport] | Diesel 400.00 333 1000.00 1.23 90.70 26.33 36.00 6233
Warehouze Wharehouze [Storage) Electricity 213029 009 14.60 240 1.60 4.00
killer StdStarage [Storage] E lectricity Q.00 4.32 72994 12000 2h.00 145.00
BizcuitF actomln StdStorage (Storage] Electricity 450.00 432 72994 120.00 2599 14593
BizcuitF actom Ot StdStarage [Storage] E lectricity 450.00 4.32 72994 12000 2h99 14593
DistnbutionCenter StdStorage (Storage] Electricity .00 432 72994 120.00 26.00 145.00
BiscuitF actory [E‘F'.fgé‘gséfduc“c'” Mare 10000 000|000 0.00 0.00
<TOTAL: 26.57 3611.53 B7E.96 269.64 10358 105218

(£




A Dairy Supply Chain

Scenarios analyzed:
e Baseline case with daily deliveries
e Larger delivery sizes on some transport links
¢ Note that the delivery by truck from the dairy to a retail store and other customers
follows a specific route

Key Results:

o Larger delivery size produces increases emissions, fuel/energy use, and cost.
Since the product (milk) is perishable and requires refrigeration, it is actually
better to deliver smaller quantities more frequently and synchronize the deliveries
with the daily production schedule.

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com



A Dairy Supply Chain

Milk Producer 3

A 4

Milk Link Depot

(Batch size: 15) 150 km 400 km
Light Light
truck truck
A
- Newlands
Milk Producer 1 " Bodulgate Dairy
(Batch size: 15) 100 km Farm 200 km (Supplier ratio
Light Light 1:1:2)
truck truck i
Milk Producer 2 >  Other Farms
(Batch size: 15) 125 km 300 km
Light Light
truck truck
1000 km Return trip
1000
km
Midsize
truck
A
300 km 240 km 200 km
Segment Segment Segment
v A v A 4
Customer 3 Customer 2 Customer 1 Helston Store
(Demand: 6 (Demand: 6 (Demand: 6 (Demand: 42
units/day) units/day) units/day) units/day)

Adapted from: “Building a new milk brand”, a case study, Food Chain Center, UK, June

2005.
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File  Edit Run  Cukpuk  Help

Distance Delivery E;t;t;r Energy EFQESEF;EI Energy/Fuel Transportation gﬂ?ﬁ:ﬂd Egtsatll

MHodedLink tode E nergy/Fuel fKm Period Ave, |zed per per Day Eost per Day (3] Overhead Cost Cost per per Day
[Days| Inventory | D% B oz per Day 3] Day ($] (4]

B odulF armT ol aing LightTruck [Transpart] Gazoline 200.00 1.00 15.00 034 G427 21.70 24.00 4570
QtherFarmsTalairy LightTruck [Tranzpart] G azaling 300.00 1.00 15.00 1.4 9511 3255 36.00 G355
Fill:LinkDepotTalainy | Light Truck, [T ransport] Gazoline 400.00 .50 15.00 377 25710 8620 96.00 18280
ToHelztanStare MidzizeTruck [Tranzpart] | Diesel 1000.00 1.00 4200 B J68.26 106.38 121.80 228.68
ToOtherCuztomerl MidzizeTick [Tranzport] | Diesel 200.00 1.00 6.00 072 52 B1 16.27 17.40 3267
ToOtherCustonmer? MidzizeTruck [Tranzpart] | Diesel 240.00 1.00 G.00 072 52 B1 16.27 17.40 3267
ToOtherCustonmer3 MidzizeTick [Tranzport] | Diesel 300.00 1.00 6.00 072 52 B1 16.27 17.40 3267
TaBadulF arm LightTruck [Tranzpart] G azaling 200.00 1.00 15.00 094 G427 21.70 24.00 4570
ToOtherFarms LightTruck [Transpart] Gazoline Za0.00 1.00 15.00 118 a0.a4 2713 3000 A713
ToMilkLinkDepot LightTruck, [Transport] Gazoline 300,00 0.50 15.00 283 19282 E5.10 72.00 137.10
B odulF arm StdStarage [Storage] Electricity .00 Q.00 Q.00 Q.00 10.00 10.00
QtherFarms StdStarage [Storage] Electricity .00 Q.00 Q.00 Q.00 10.00 10.00
bilk:Lirk.[r epot StdStorage [Storage] Electricity Q.00 Q.00 Q.00 Q.00 10.00 10.00
MewlandszD airy ColdStorage [Starage] Electricity 7.h0 11.34 1916.08 35.00 1330 328.30
bilkProducer Qut ColdStorage [Storage] Electricity Q.00 8.64 148987 240,00 10.00 280,00
kill: Producer20ut ColdStorage [Starage] Electricity .00 3.64 1459.87 240.00 10.00 Za0.00
kill Producer30ut ColdStorage [Starage] Electricity .00 364 1453.87 240.00 10.00 Za0.00
illPraducer Mill:Praduction [Process] | Naone 15.00 Q.00 Q.00 Q.00 Q.00
kil Producer? il Production [Process] | None 15.00 Q.00 Q.00 Q.00 Q.00
illPraducer3 Mill:Praduction [Process] | Naone 15.00 Q.00 Q.00 Q.00 Q.00
<TOTAL: 55 49 FRFEm 144268 45E.00 3,30 1971.98

&3




File  Edit Run  Cukpuk  Help

Distance Delivery E;t;t;r Energy EFQESEF;EI Energy/Fuel Transportation gﬂ?ﬁ:ﬂd Egtsatll

MHodedLink tode E nergy/Fuel fKm Period Ave, |zed per per Day Eost per Day (3] Overhead Cost Cost per per Day
[Days| Inventory | D% B oz per Day 3] Day ($] (4]

B odulF armT ol aing LightTruck [Transpart] Gazoline 200.00 1.00 15.00 034 G427 21.70 24.00 4570
QtherFarmsTalairy LightTruck [Tranzpart] G azaling 300.00 1.00 15.00 1.4 9511 3255 36.00 G355
kill:LinkDepotTalainy | MidsizeTruck [Transport] | Diesel 400.00 5.00 150.00 naz G047 1756 20.00 3766
ToHelztanStare MidzizeTruck [Tranzpart] | Diesel 1000.00 1.00 4200 B J68.26 106.38 121.80 228.68
ToOtherCuztomerl MidzizeTick [Tranzport] | Diesel 200.00 1.00 6.00 072 52 B1 16.27 17.40 3267
ToOtherCustonmer? MidzizeTruck [Tranzpart] | Diesel 240.00 1.00 G.00 072 52 B1 16.27 17.40 3267
ToOtherCustonmer3 MidzizeTick [Tranzport] | Diesel 300.00 1.00 6.00 072 52 B1 16.27 17.40 3267
TaBadulF arm LightTruck [Tranzpart] G azaling 200.00 1.00 15.00 094 G427 21.70 24.00 4570
ToOtherFarms LightTruck [Transpart] Gazoline Za0.00 1.00 15.00 118 a0.a4 2713 3000 A713
ToMilkLinkDepot LightTruck, [Transport] Gazoline 300,00 0.50 15.00 283 19282 E5.10 72.00 137.10
B odulF arm StdStarage [Storage] Electricity .00 Q.00 Q.00 Q.00 10.00 10.00
QtherFarms StdStarage [Storage] Electricity .00 Q.00 Q.00 Q.00 10.00 10.00
bilk:Lirk.[r epot StdStorage [Storage] Electricity E7.50 Q.00 Q.00 Q.00 39,70 39.70
MewlandszD airy ColdStorage [Starage] Electricity G000 3024 R109.55 340.00 3640 a76.40
bilkProducer Qut ColdStorage [Storage] Electricity Q.00 8.64 148987 240,00 10.00 280,00
kill: Producer20ut ColdStorage [Starage] Electricity .00 3.64 1459.87 240.00 10.00 Za0.00
kill Producer30ut ColdStorage [Starage] Electricity .00 364 1453.87 240.00 10.00 Za0.00
illPraducer Mill:Praduction [Process] | Naone 15.00 Q.00 Q.00 Q.00 Q.00
kil Producer? il Production [Process] | None 15.00 Q.00 Q.00 Q.00 Q.00
illPraducer3 Mill:Praduction [Process] | Naone 15.00 Q.00 Q.00 Q.00 Q.00
<TOTAL: 71.44 10573.85 1893 42 380,00 126.10 2404 52

&3




A Printer Supply Chain

Scenarios analyzed:
o Baseline case with
e Larger delivery sizes on some transport links
o Air freight added to expedite 5% of the shipments on one link

Key Results:
e Larger delivery size produces lower emissions, consumes less fuel and reduces
overall cost.

o Air freight increases both emissions and cost, but larger delivery sizes on other
transport links can compensate for this.

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com



A Printer Supply Chain

IC
Asia Suppliers » Manufacturing
300 km -- Asia 10729 km
Mid- Ship
size
truck A
Printer
. q Assembly
US Suppliers | Factory --US
1000 km (Batch size:
Midsize 1721)
truck y
Japan | Printer
Suppliers > Mechanism
300 km Manufacturing 7990 km
Mid- -- Japan Ship
size
triirlk
7990 km 16029 km 1000 km
Ship Ship Heavy-duty
truck
\ 4 v \ 4
Far East Europe Us
Distribution Distribution Distribution
Center Center Center
1000 km 1000 km 1500 km
Heavy-duty Heavy-duty Heavy-duty
truck ‘ truck ‘ truck |
\ 4 \ 4 v
Far East Europe us
Customers Customers Customers
(Demand: 64 (Demand: 770 (Demand: 887
units/day) units/day) units/day)

Adapted from: “Hewlett Packard Company DeskJet Printer Supply Chain”, a case study,
Stanford University. 1994 (published bv Harvard Business Review).
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NodeorLink

Tolemigin
Toprimerassyint
ToPriterassyin2
Tolecnhiigh
ToPriterassying
oUsDe.
ToEuropeDe.
ToFarEasiDe
TousCustomers
ToEurof
ToFarEastCustomers

Prinerassy

ToTAL

Mode

MidsizeTruck (Tanspor)
Stip (Transpor)
MidsizeTruck (Tanspor)
WidsizeTruck (Transpor)
Stip (Transpor

9
HeawyduyTruck (Transpor)
oi

Stip (Transpor)
Stip2 (Transport)

o
HeauyduyTruck (Transpor)

HeawyduyTruck (Transpor)

HoauyduyTruck (Transpor)
N

Iehig (Proce
Mecnhiy (Process)
Printerassy (Process)

Distance-Km
Diesel 035 0000 884 2030 042 18878 12008 aras
fesel 1072900 697 1200000 2100 56625 154517 847 1 8463
Diesel 100000 038 0000 2948 70453 2168 2027 w025 1050
Dlesel 2000 035 5000 B8 23836 85043 18878 120, 31785
Diesel 799000 607 1200000 1564 w210 115070 Fery 38 836
Dlesel 1000 203 180000 706 19021 51905 15065 14785 20848
jesel 16029.00 1558 1200000 1404 a7as0 103284 23077 086 ey
Jesel 90, 688 300000 058 1568 a7 1282 1 1753
Diesel 150000 203 180000 1059 2532 857 2597 2175 wurne
Jesel 100000 234 180000 613 16512 5058 13078 12833 25011
Diesel 100000 m1 180000 051 172 745 1087 1067 154
one 107822 000 000 000 000 7 473
None sw271 000 000 oo 000 254 25
None 107822 000 000 000 000 474 474
None 51227 000 000 oo 000 254 254
None: su322 000 000 000 000 281 28
None 107822 000 000 oo 000 a7 ama
None: s1322 000 000 000 000 281 28
None TasaEL 000 000 oo 000 28 282
None: 00 000 000 000 000 0 oo
None 630000 000 000 oo 000 272 272
None: 180000 000 000 oo 000 752 752
one w2100 000 000 om0 000 oo
one 172100 000 000 o000 000 000
None w200 000 000 oo 000 om0
mn 02510 21073 1349 s w681



NodeorLink

Tolemigin
Toprimerassyint
ToPriterassyin2
Tolecnhiigh
ToPriterassying
oUsDe.
ToEuropeDe.
ToFarEasiDe
TousCustomers
ToEurof
ToFarEastCustomers

Prinerassy

ToTAL

Mode

HeauyduyTruck (Transpor)
Stip (Transpor)
HeauyduyTruck (Transpor)
HeawyduyTruck (Transpor)
Stip (Transpor)
HeawyduyTruck (Transpor)
Stip (Transport)

Stip2 (Transport)
HeauyduyTruck (Transpor)
HeawyduyTruck (Transpor)

HoauyduyTruck (Transpor)
N

Iehig (Proce
Mecnhiy (Process)
Printerassy (Process)

Distance-Km
Diesel 105 1800, an 1072 212 w769 805 e
e 1072900 697 1200000 2100 6. 150517 847 16 813
Diesel 100000 i 180000 1369 36908 o7 25220 2868 stz
Diesel 000 108 180000 an 1072 212 769 8605 17374
Diesel 799000 697 1200000 1564 w210 115070 ) 3 836
Dlesel 1000 203 180000 706 19021 51905 15065 14785 20848
Diesel 16029.00 1558 1200000 1404 a7as0 103284 23077 086 ey
Dlesel 90, 688 300000 58 1568 a7 1282 1 1
Diesel 150000 203 180000 1059 2532 857 2597 2175 wurne
e 100000 234 180000 613 16512 5058 13078 12833 25011
Diesel 100000 m1 180000 051 172 745 1087 1067 2154
one 167494 000 000 000 000 737 a1
None siz271 000 000 oo 000 254 25
None: 167494 000 000 000 000 757 a1
None siz271 000 000 oo 000 254 25
None: s1322 000 000 000 000 281 28
None 167494 000 000 oo 000 a1 7
None: s18322 000 000 000 000 281 28
None TasaEL 000 000 oo 000 28 282
None: 00 000 000 000 000 000 oo
None 630000 000 000 oo 000 272 272
None: 180000 000 000 oo 000 752 752
one w2100 000 000 om0 000 oo
one 172100 000 000 o000 000 000
None w200 000 000 oo 000 om0
o745 16808 208058 108402 1126 3usss



NodeorLink

Tolemigin

Toprimerassyint

ToPriterassyin2

Tolecnhiigh

ToPriterassying
e

ToEuopeCustamers.
ToFarEasiCustomers

prinernssy

ToTAL

Mode

HeauyduyTruck (Transpor)
Stip (Transpor)
HeauyduyTruck (Transpor)
HeawyduyTruck (Transpor)
Stip (Transpor)
HeawyduyTruck (Transpor)
Stip (Transport)

At (1ranspor)

Stip2 (rranspart)

e Truck (Transpor)
HeawyduyTruck (Transpor)

HeawydutyTruck (Transport) i
N

Iehig (Process)
Mechhig (Process)
Priterassy (Process)

Distance-Km
Diesel 105 1800, an 1072 212 w769 8605 e
e 1072900 697 1200000 2100 6. 150517 847 1 813
Diesel 100000 i 180000 1369 36908 o7 25220 2868 stz
Diesel 000 108 180000 an 1072 212 769 8605 17374
Diesel 799000 697 1200000 1564 w210 115070 ) 3 836
Dlesel 1000 203 180000 706 19021 51905 15065 14785 20848
Diesel 16029.00 1640 1200000 1334 057 se1.20 2078 2031 a1
Seteuel 16029.00 260 10000 3541 79423 166309 52008 1081 17390
Diesel 90,00 ey 300000 ose 1568 78 242 1 153
Dlesel 150000 203 180000 1059 2532 77857 22597 2175 an
Diesel 100000 234 180000 613 18512 as058 1078 1283 2011
jesel 100000 213 180000 051 1372 7.45 1087 1067 154
one 1674, 000 000 oo 000 a7 a7
None: s12271 000 000 000 000 284 225
None 1674 000 000 oo 000 a1 a7
None: 512271 000 000 000 000 284 225
None pres: 000 000 oo 000 281 28
None 167494 000 000 000 000 737 737
None stz 000 000 oo 000 281 28
None: 752499 000 000 000 000 311 o
None 0 000 000 oo 000 000 oo
None: 517275 000 000 000 000 276 27
None 180000 000 000 oo 000 %2 792
None: 172100 000 000 oo 000 0o
None w2100 000 000 oo 000 om0
None 172100 000 000 oo 000 000
w207 897993 260452 219329 17659 506450



A Retail Supply Chain

Scenarios analyzed:
e Total of six cases:
o Baseline case
o Larger delivery sizes on all road transport links transport links
o Above two cases repeated with increased cold storage requirements
o Last two cases repeated with smaller distances on all road transport links
o Note: Transport via rail or ship uses a relatively small portion of the transport
mode’s capacity, so these shipments are specified as the number of units
shipped (essentially a “package size”) rather than the percentage of the transport
mode’s capacity.

Key Results:
o Emissions, energy use and cost all generally decrease with larger delivery sizes
o With increased cold storage requirements (which increases energy use in
storage): emissions, energy use and cost all increase with larger deliver sizes
o With smaller distances and cold storage requirements, smaller delivery sizes
perform much better than larger delivery sizes

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com



A Retail Supply Chain

14 suppliers Distances: Distances:
14000 km; km;
Transport Transport
modes: mode: truck;
truck, rail, Shared
ship; Point- delivery
to-point route
Supplier #1 shipping supplies all
S stores in
each region
Supplier #5 Distribution
T Center #1
Distribution
Supplier#10 | Centor #2
Supplier #14

10 stores

Store #1

Store #5

Store #6

Supplier #10

Copyright © 2006 by Surya Technologies, Inc. All rights reserved. More info at: www.suryatechs.com




NodeOrLink  Mode Distance-km ] .

Suppiert To-De1. Ship-LargeTanker (Transport) BurkerFuel 1400000 w000 20000000 272 6708 20004 01 620 sz
Diesel 80000 120 00000 59 16067 a5 11247 10000 2247
Diesel 120000 120 000, 894 2. 66173 16870 15000 2870
Diesel 160000 120 00000 19 213 88231 22493 20000 42493
Diesel 200000 120 00000 1450 017 10288 217 25000 a7
Diesel 240000 120 00000 1788 48200 132346 33740 30000 63740
Diesel 20000 120 00000 208 6233 154400 ey 3000 ey
Diesel 120 00000 2384 6iz67 176461 as087 0000 84987
Diesel 360000 120 6000, 282 72300 198519 s06.10 5000 95610
Suppier10-To.0c1 Ral (Transpor) Diesel 200000 500 3000000 05 10925 20958 7648 9000 16648
Suppiers-To-De2 Rai (Transpor) Diesel 200000 o0 3000000 aos 10025 20008 7648 .00 16648
Diesel 30000 120 500000 282 723,00 198519 50610 45000 95610
Diesel 320000 120 00000 238 64257 176451 o7 40000 sagsr
Diesel 20000 120 00000 2086 56235 39363 35000 7
Diesel 200000 120 000, 1788 a2 132346 w740 30000 e3r40
Diesel 200000 120 00000 1490 o167 110288 20117 25000 s3117
Diesel 150000 120 00000 192 ey as2a1 203 20000 a3
Diesel 120000 120 00000 894 26100 66173 16670 15000 31870
Diesel [ 120 00000 595 16067 41115 1247 10000 21247
Suppier1d-To:Dc2 Ship LargeTanker (Transport) Bunkerfuel 1400000 2000 20000000 212 6706 20904 694 630 324
DeLToStorel Diesel 0000 012 120000 1490 avv7 10288 217 25000 a7
DeLToStrez Diesel 012 120000 1490 1 110288 20117 25000 3117
DeLToStored Diesel 0000 o012 120000 1490 017 10288 217 25000 sa17
DeLTo Stores Diesel 0000 012 120000 1490 o167 110288 20117 25000 3117
DeLToStores Diesel 0000 o012 120000 1490 017 10288 217 25000 sa17
De2To Stores Diesel 012 120000 1490 167 110288 20117 25000 3117
De2Tostore? Diesel 0000 o012 120000 1490 017 10288 217 25000 sa17
De2ToStores Diesel 012 120000 1490 1 110288 20117 25000 3117
be2To. Diesel 0000 012 120000 1490 o167 10288 217 25000 sa17
De2To Store10 0000 o1z 120000 1490 o167 110288 20117 25000 En
StesiorageLarger (Transport) Elcticiy 13926200 Beat 258782 133580 235578 7852 331
oc2 StusiorageLarger (Transport) Electciy 13926200 Bene 2356782 1433584 235678 852 13831
Store-1 Elecicty 30000 an 150800 70553 0. 0050 &30
Store2 Bl 30000 an 130600 79563 13080
Sores Elecicty 30000 an 130800 70553 13080 0050 &340
Store lecticiy. 30000 a7 130800 79563 13080 50050 63140
Sores Elecicty 30000 an 130800 70553 13080 0050 &340
Stores I 30000 an 130600 79563 13080
Sore7 Elecicty 30000 an 130800 70553 0 0050 &340
Store Bl 30000 an 130600 79563 13080
Swre.s Elecicty 30000 an 150800 70553 13080 0050 &340
Store 10 I 30000 an 130800 79563 13080 50080 63140

ToTAL se161 68087.41 1402860 709260 656305 2768425



NodeOrLink  Mode Distance-km
Suppiert To-De1. - Ship-LargeTanker (Transport) BurkerFuel 1400000 000 20000000 272 6708 20054 e 620 sa24
Diesel 0000 360 1800000 27 767 20502 5227 6667 11893
Diesel 120000 360 1800000 418 11200 w753 740 100, 17840
Diesel 160000 360 1800000 554 18933 41003 10453 13333 25787
Diesel 200000 360 1800000 653 18657 s12s4 087 18657 273
Diesel 240000 360 1800000 831 22400 61505 15680 20000 35650
Diesel 20000 360 1800000 970 2613 1756 18233 2z a2
Diesel 00 360 1800000 1108 20657 82007 20907 26557 7573
Diesel 360000 360 1800000 247 . 2258 2520 0000 5.
Suppier10-To.0c1 Ral (Transpor) Diesel 200000 600 3000000 405 10925 9. 7648 9000 16648
Suppiers-To-Dc2  Rai (Transpor) Diesel 200000 600 3000000 a0 10025 2308 758 .00 16648
Diesel 30000 360 1800000 1247 33600 92259 23520 30000 53520
Diesel 320000 360 1800000 1108 20857 82007 20007 26657 as73
Diesel 20000 360 1800000 970 26135 7756 18293 2333 41627
Diesel 200000 360 1800000 Fen 22 61505 156, 200 5.
Diesel 200000 360 1800000 683 18667 12 13067 16667 29733
Diesel 150000 360 1800000 554 sz 41008 10453 ma 2787
Diesel 120000 360 1800000 416 11200 30753 7840 10000 17840
Diesel B00.00 360 1800000 277 467 2502 s221 6667 1183
Suppier14-To:Dc2 Ship LargeTanker (Transport) Bunkerfuel 1400000 000 20000000 272 6706 20094 Py 630 2
DeLToStorel Diesel 000 03 360000 0 186567 si2sa 13087 15657 273
DeLTo Store2 Diesel 0. 036 360000 683 18667 s1250 13067 16667 29733
DeLToStored Diesel 0000 03 360000 653 18657 si2sa 087 18657 w3
DeLTo Stores Diesel 0000 036 360000 683 18667 s1250 13067 16667 29733
DeLToStores Diesel 0000 03 360000 653 18657 si2sa 087 18657 w3
De2To Stores Diesel 0. 036 360000 683 18667 s1250 13067 16667 29733
De2Tostore? Diesel 0000 03 360000 5 18657 si2sa 087 18657 w3
De2To Stored Diesel 0. 036 360000 683 18667 s1250 13067 16667 29733
De2To Stor Diesel 0000 03 360000 653 186567 sizsa 087 18657 w3
De2To Store10 Diesel 0000 036 50000 693 18667 s125e 13067 16667 29733
Stestoragelarger (Transport) Elcticiy 17702933 10679 2068255 1804310 206625 85406 2031
oc2 StusiorageLarger (Transport) Electciy 17702933 10879 52 1804314 206626 854 382031
Store-1 Elecicty 000 626 174000 1058.0 17 0300 a7,
Store2 Electiciy 150000 626 174000 105841 17400 50300 677.00
Sores Elecicty 150000 625 174000 105841 17400 s0300 s77.00
Store lecticiy. 150000 626 174000 105841 17400 50300 677.00
Sores Elecicty 150000 625 174000 105841 17400 s0300 s77.00
Swres Elecic 150000 626 174000 105841 17400 50300 677.00
Sore7 Elecicty 150000 625 174000 105841 17400 s0300 s77.00
Swres Elecic 150000 626 174000 105841 17400 50300 677.00
Swre.s Elecicty 150000 625 174000 105841 17400 s0300 s77.00
Sore10 Elecic 150000 626 174000 105841 17400 50300 677.00
ToTAL 48089 6183639 152574 479260 o712 2305645



NodeOrLink  Mode

‘Suppier1-To-Dc1 - Ship-LargeTanker (Transport)

Suppier10-To.0c1 Ral (Transpor)
Suppiers-To-De2 Rai (Transpor)

Suppier14-To.0c2 Ship-LargeTanker (Transport)
DeLToStorel

‘ColdStorageLarger (Transpor)
ocz ‘ColdStoraget arger (Transpor)

Distance-km
BunkerFuel La000.00 w0 20000000 212 6708 20034 9 2 sz
Dies 00 120 500000 59 16067 4115 11247 10000 2247
Diesel 120000 120 500000 894 1. 6173 16870 15000 2870
Diesel 160000 120 500000 19 2138 8231 22493 000 2483
Diesel 200000 120 500000 1450 016 110288 217 25000 a7
Diesel 240000 120 500000 1788 8200 1323, 33740 30000 63740
Diesel 200000 120 500000 208 se233 154408 oy 35000 ey
Diesel 320000 120 500000 2384 si267 176461 as087 000 84987
Diesel 360000 120 0.00 282 23, 106519 s06.10 25000 95610
Diesel 200000 500 3000000 05 10925 20096 648 0 166,
Diesel 200000 00 000000 05 10025 20938 7648 0 16648
Diesel 360000 120 500000 282 72300 1985. 50610 45000 95610
Diesel 20000 120 500000 2284 64267 6461 w07 a0 sagsr
Diesel 000 120 500000 2086 56233 542, 39363 35000 743,
Diesel 200000 120 500000 1788 as200 presyey 740 000 ear40
Diesel 000 120 500000 1490 o167 110288 20117 25000 s3117
Diesel 000 120 500000 1192 preec) es2a1 203 20000 a3
Diesel 120000 120 500000 894 20100 66173 16670 15000 3170
Diesel 20 120 500000 595 15087 a5 1247 10000 21247
BunkerFuel 1400000 2000 20000000 212 6706 9 9 530 324
Diesel 0000 012 120000 1490 0167 L0288 217 25000 sa17
Diesel 40000 012 120000 1490 167 110288 20117 25000 3117
Diesel 40000 o012 120000 1490 0167 L0288 217 25000 a7
Diesel 40000 012 120000 1490 o167 110288 20117 25000 3117
Diesel 40000 o012 120000 1490 0167 L0288 217 25000 a7
Diesel 40000 012 120000 1490 167 110288 20117 25000 3117
Diesel 40000 o012 120000 1490 0167 L0288 217 25000 a7
Diesel 40000 012 120000 1490 167 110288 20117 25000 3117
Diesel 0000 012 120000 1490 o167 L0288 217 25000 a7
Diesel 40000 o1z 200 1490 o167 110288 20117 25000 ss117
Electicty o262 570 11260550 ess50.42 1126055 7852 1200807
Elecricty 13926200 20570 11269550 5042 1126955 71852 1204807
Electicty 000 7 854,00 114800 .10 060 s89.00
Elecricty 000 678 188400 114600 16840 50060 68900
Electicty 30000 578 188400 114500 18800 sw080 68900
Elecricty 000 678 188400 114600 16840 50060 68900
Electicty 30000 578 188400 114500 18800 sw080 68900
Elecricty 000 678 188400 114600 16840 50060 68900
Electicty 30000 578 188400 1136, s sw080 68900
Elecricty 000 678 188400 114600 16840 50060 68900
Electicty 30000 578 188400 111500 18800 sw080 68900
Elecricy 20000 678 188400 114600 18840 50060 68900
130406 18002028 3203013 705260 856305 508578



NodeOrLink  Mode Distance-km
‘Suppler1 To-De1 Ship-LargeTanker (Transpor)  BunkerFuel 1400000 w000 0000, 272 708 20000 0 30 sz
Dies %0 360 16800000 211 7467 20507 5227 o 1893
Diesel 120000 360 0000 415 1200 w0753 7840 000 oy
Diesel 160000 360 16800000 554 14933 41003 10455 13333 23787
Diesel 200000 360 1800000 e 18667 s1254 1067 16667 2wz
Diesel 200000 360 16800000 831 22400 61505 15680 20000 35680
Diesel 200000 360 1800000 970 %13 71756 18233 23 41827
Diesel 320000 360 16800000 1108 29867 82007 20807 26667 47573
Diesel 360000 360 0000 247 33600 92258 2520 000 sis2
Suppier10-To.0c1 Ral (Transpor) Diesel 200000 500 2000000 05 10925 20098 7648 0 156
Suppiers-To-Dc2  Rai (Transpor) Diesel 200000 500 000, a5 10025 20998 7648 0 16648
Diesel 360000 360 1600000 1247 336,00 2258 23520 2000 53520
Diesel 20000 360 1800000 1108 23857 2007 20007 26667 a7
Diesel 000 360 16800000 970 26133 71756 18293 23338 41627
Diesel 200000 360 0000 a1 2 61505 15680 o0 368
Diesel 000 360 1600000 593 18667 51254 13067 16667 20733
Diesel 000 360 1800000 s 933 41003 10453 w3 277
Diesel 120000 360 1600000 16 1200 30753 7840 10000 17840
Diesel 20 360 0000 277 467 20502 s221 567 1833
Suppier1a-To.0c2 Ship-LargeTanker (Transport)  BunkerFuel 1400000 2000 20000000 212 6706 293 4694 530 5320
DeLToStorel Diesel 0000 035 00.00 659 18667 s1254 06 16667 23
DeLTo Store2 Diesel 40000 036 360000 593 18667 51254 13067 16667 20733
DeLToStored Diesel 0000 035 360000 59 18667 s1254 13067 16667 2wz
DeLTo Stores Diesel 40000 036 360000 593 18667 51254 13067 16667 20733
DeLToStores Diesel 0000 035 360000 59 18667 s1254 13067 16667 2wz
De2To Stores Diesel 40000 036 360000 593 18667 51254 13067 16667 20733
De2Tostore? Diesel 0000 035 360000 59 18667 s1254 06 16667 2wz
De2To Stored Diesel 40000 036 360000 593 18667 51254 13067 16667 20733
De2To Stor Diesel 0000 035 360000 59 18667 1254 13067 16667 2wz
De2To Store10 Diesel 40000 035 3600 0 18667 51254 13067 16667 9733
‘ColdStorageLarger (Transpor) Eectricity 17702033 stase 14296126 86960.47 12961 85406 1515038
ocz ‘ColdStorageLarger (Transpor) Electrcty 17702933 s1466 14296126 86960.47 1429613 85406 1515018
Store-1 Electicty 1500, 563 20 261025 200 0300 %500
Swre2 Elecricty 150000 1663 20 201025 46200 50300 96500
Sores Electicty 150000 1663 462000 281025 8200 0300 %500
Stres Elecricty 150000 1663 262000 201025 46200 50300 96500
Sores Electicty 150000 1663 462000 281025 8200 0300 %500
Swres Elecricty 150000 1663 20 201025 46200 50300 96500
Sore7 Electicty 150000 1663 462000 281025 8200 0300 %500
Swres Elecricty 150000 1663 20 201025 46200 50300 96500
Swre.s Electicty 150000 1663 62000 261025 8200 0300 %500
Sore10 Elecricy 150000 1663 262000 201025 46200 50300 96500
ToTAL 140032 22 3706549 79260 673812 4859620



NodeorLink  Mode Distance-Km
Suppier1-To-De1  Ship-LargeTanker (Transport)  BunkerFuel 1400000 w000 20000000 212 5706 20094 590 530 s324
Diesel 40000 120 600000 208 8033 22058 5623 5000 10623
Diesel 60000 120 600000 as 12050 33087 8435 75 035
Dlesel 80000 120 600000 59 16067 as115 1247 10000 2247
Diesel 100000 120 600000 745 20088 s51.40 4056 125,00 26556
Diesel 120000 120 600000 894 261,00 B61.73 16870 15000 31870
Diesel 140000 120 600000 1043 117 202 19682 175,00 s
Diesel 160000 120 600000 19 3213 88231 2493 20000 2093
Diesel 180000 120 600000 1341 36150 260 25305 225,00 47805
Suppier10-To.0c1. Ral (Transpor) Dlesel 100000 500 30000, 203 5 1499 20 324
Suppiers To-De2 Rl (Transpor) Diesel 100000 500 3000000 203 & 14939 320 8324
Diesel 180000 120 600000 1341 36150 99260 25305 22500 7805
Diesel 160000 120 600000 19 3213 88231 2493 1 2493
Diesel 140000 120 600000 1043 20117 0 19682 175,00 e
Diesel 120000 120 600000 894 26100 86173 16870 15000 31870
Diesel 100000 120 600000 745 083 4 14058 125,00 558
Dlesel 80000 120 000,00 596 16067 as115 11247 10000 21247
Diesel 60000 120 600000 as7 12050 33087 8435 7500 035
Diesel 40000 120 600000 208 3 2058 5623 5000 10623
Suppier1a-To.Dc2 Ship-LargeTanker (Transport)  BunkerFuel 1400000 000 20000000 212 5706 20094 Py 5324
DeLToStorel jesel 20000 012 120000 745 20088 S51.40 14058 12500 26558
DeLTo Store2 Diesel 20000 012 120000 745 20083 S51.40 14058 125,00 26558
DeLTo Stored Diesel 20000 012 120000 745 20083 S51.40 14058 125,00 26558
DeLTo Stores Diesel 20000 012 120000 745 20083 S1.4a 14058 125,00 26558
DeLTo Stores Diesel 20000 012 120000 745 20083 S1.40 14058 125,00 26558
De2To Stores Diesel 20000 012 120000 745 20083 Ss1.40 14058 125,00 26558
De2To Store7 Diesel 20000 012 120000 745 20083 S51.40 14058 125,00 26558
De2To Stored Diesel 20000 012 120000 745 20083 S51.40 14058 125,00 26558
De2To Stored Diesel 20000 012 120000 745 20088 S51.40 14058 125,00 26558
De2To Store10 Diesel 20000 012 20000 745 20085 L4 5 125,00 558
oc1 ‘ColdStoraget arger (Transpor) Electic 13926200 0671 1129700 sor082 1120740 7852 1207592
oc2 ‘ColdStoraget arger (Transpor) Electic 139262.00 0671 11297400 sa71082 1120740 71852 1207592
Store 1 Electicty 30000 678 188400 114600 18840 50060 589,00
Sore 2 Electicty 30000 678 188400 114600 18840 50060 589,00
Stores Electicty 30000 678 188400 114600 18840 50060 689,00
Store Electicty 30000 678 188400 114600 18840 50060 689,00
Stores Electicty 30000 678 188400 114600 188.40 50060 689,00
Stores Electicty 30000 678 188400 114600 188.40 50060 689,00
Store7 Electicty 30000 678 188400 114600 188.40 50060 689,00
Store s Electicty 30000 678 188400 114600 188.40 50060 689,00
Stored Electicty 30000 678 188400 114600 18840 50060 689,00
Store-10 Electicty 30000 678 188400 114600 18840 50060 689,00
ToTAL 100637 16483931 2852926 355260 856305 364491



NodeOrLink  Mode Distance-km
‘Suppler1 To-De1 Ship-LargeTanker (Transpor)  BunkerFuel 100000 w000 0000, 272 70 2090 0 530 sz
Dies 40000 360 16800000 139 3733 10251 213 333 047
Diesel 0000 360 0000 208 5600 15376 2920 5000 o,
Diesel 000 360 16800000 217 7467 20502 5221 5667 1893
Diesel 100000 360 1800000 345 a3 25627 3 o] 857
Diesel 120000 360 16800000 16 1200 30753 10000 17840
Diesel 140000 360 1800000 pr 13087 3878 ova7 1667 2813
Diesel 160000 360 16800000 554 14933 41003 10455 13838 23787
Diesel 180000 360 0000 623 68, 5129 1780 15000 26750
Suppier10-To.0c1 Ral (Transpor) Diesel 100000 500 3000000 203 6 149,99 3024 0 320
Suppiers-To-Dc2  Rai (Transpor) Diesel 100000 500 000, 203 si6s 1930 3824 500 sz
Diesel 160000 360 1600000 523 16800 5120 11760 15000 26750
Diesel 160000 360 1800000 s pree) 41003 10453 w3 2787
Diesel 140000 360 16800000 a5 13067 35675 o147 w667 2013
Diesel 120000 360 0000 15 12 0753 7840 10000 w840
Diesel 100000 360 1600000 345 9333 25627 8533 B33 14867
Diesel 20 360 1800000 277 s 20502 s221 Be67 1853
Diesel 00 360 16800000 208 5600 15376 320 5000 920
Diesel 0.0 360 000 130 73 10251 %13 33 047
Suppier1a-To.0c2 Ship-LargeTanker (Transport)  BunkerFuel 1400000 2000 20000000 212 5706 293 694 530 320
DeLToStorel Diesel 20000 035 00.00 345 5333 25627 3 B3 14857
DeLTo Store2 Diesel 2000 036 360000 345 9333 25627 6533 8333 1485
DeLToStored Diesel 20000 035 360000 345 03 25627 3 a3 857
DeLTo Stores Diesel 2000 036 360000 345 9333 25627 6533 8333 14867
DeLToStores Diesel 20000 035 360000 345 03 25627 3 a3 857
De2To Stores Diesel 2000 036 360000 345 9333 25627 6533 8333 14867
De2Tostore? Diesel 20000 035 360000 345 03 25627 3 a3 857
De2To Stored Diesel 2000 036 360000 345 9333 25627 6533 8333 1485
De2To Stor Diesel 20000 035 360000 35 03 25627 3 ere 857
De2To Store10 Diesel 20000 035 3600 a5 9333 25627 8533 B3 14867
‘ColdStorageLarger (Transpor) Eectricity 17702033 stase 14296126 Bs960.47 1029613 85406 1515038
ocz ‘ColdStorageLarger (Transpor) Electrcty 17702933 s1466 14296126 86960.47 1429613 85406 1515018
Store-1 Electicty 150000 s 20 261025 6200 0300 %500
Swre2 Elecricty 150000 1663 20 201025 46200 50300 96500
Sores Electicty 150000 1663 462000 281025 8200 0300 %500
Stres Elecricty 150000 1663 262000 201025 46200 50300 96500
Sores Electicty 150000 1663 462000 281025 8200 0300 %500
Swres Elecricty 150000 1663 20 201025 46200 50300 96500
Sore7 Electicty 150000 1663 462000 281025 8200 0300 %500
Swres Elecricty 150000 1663 20 201025 46200 50300 96500
Swre.s Electicty 150000 1663 62000 261025 8200 0300 %500
Sore10 Elecricy 150000 1663 262000 201025 46200 50300 96500
ToTAL 130070 2090164 18501 200260 673812 4432653
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