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Abstract

The purpose of this project is to demonstrate a vision of supply
chain in an Additive Manufacturing dominated world.

Additive Manufacturing (AM)

~Various industry
+Various material
«Functional/Unique
components

Developme
nt

State

<High material efficiency
+No auxilary tools
‘ +Design innovation
L L «Process decides quality
ddditrve
Manufacturing
Limited component size
+Production Scale
+Slow build rates
“High production costs
+Poor mechanical properties

The Impact of AM on Supply Chain

Additive Manufacturing
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Features of AM based Supply Chains

Product Design Prod ine Design
& Lightweight prods *  Less consumption of resources
*  Functional complexity +  Process automation
*  Freedom of design
o Limited number of materials., type of materials

Device Design Facility Design
e Laser development o Less energy us:
*  Printers with bigger build chamber Fixture less

Less setup time

and waste
. cturing
«  Less equipment costs
»  Fewer and less-skilled operators
s Lower inventories
Supply Chain Design
“New business models (sell design instead of plhysical products, New industry of production of AM equipment)
* Less number of suppliers
* Less transportation, production close to consumers
* Distribution centers that store blueprints rather than physical products

* Mass customization/personalization
* Demand variation
* Short lead time
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How will AM ¢

How will AM change Tire Supply Chain

CCONSUMER TIRE DISTRIBUTION CHANNEL

. - - T . MARKET SHARE
59 tire plants , with capacity of $310.1 million tires
PASSENGER TIRES BRAND SHARE
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TIRE DEALER MARKET SHARE

Discount Tire Co.
10%

Tire Company-

owned Stores

%
Miscellaneous

Sumitomo Co.
6%

Los Schwab Tire
Outlets Centers
2%

Warehouse Clubs.
9%

Auto Dealerships
8%

348 radial passenger tire sizes, Potential SKUs could be 10 times at least

Each independent dealer buys from at least 5 distributors, Each independent dealer offers at least
13 brands

Each type of tire need a unique mold - Thousands of Mold, Each mold cost $ 50,000 ~ 70,000
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Supplier Dealer Customer

Warehouse

Tire Industry Supply Chain

How will AM change Tire Supply Chain

One Machine, Thousands Type of Tire
Just need 3D Model, and different material proportion
Less setup time No auxiliary tool

Each mold cost $ 50,000 ~ 70,000
Each AM Machine cost $ 5,000 ~ 50,000 35,202,188
$29,955,031

14.91%

United States is the #2 largest importer of natural rubber and accounts for
13% of the import market worldwide. 89% of its import is from Asia. To
simplify calculation, suppose all import are from Asia and all cargo from Asia
getinto the U.S. via port of LA/Long Beach.

United States is the #1 largest exporter of Synthetic Rubber and accounts.
for 15% of the export market worldwide. Therefore, this part is not taken into
account.

United States is the #4 largest exporter of Carbon Black and accounts for
6.99 of the export market worldwide. For the same reason as Synthetic
fubber, this part is not taken into account either.

United States is #2 largest importer in steel wires, and 70% of its import is
from Asia, suppose all import are from Asia and all cargo from Asia get into
the U.S. via port of LA/Long Beach.

Only about 3% of these materials are from import, so for the same reason
as previous, this part is not taken into account.

:
$339,435 $311,148 $81,244,645
$282,862 $28,286 $36,718,429

$45,390,874
$6,452,250

85.79% 16.67% 90.91% 54.81%
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[ Atlanta Today

} [ Logistics Problem J

Terminus to The World’s busiest Airport

Economic hub for the entire South-East

5.5 Million people in the Metro area

Congested Roads

Longer travel distance & time

Issues with security in
downtown

Social issues

 Lack of proper public transportation
» Too many private vehicles and trucks on road

 “Suburban Spraw!”
e Longer commute time

o Crime rate of 75 per one thousand residents
e Midtown one of the least favorable locations

 MARTA is not well-adopted by more wealthy people
» Socioeconomic stigma associated with MARTA
» De-facto racial segregation within the city

Challenges }

Increasing private Capacity constraint Poor utilization of
vehicles on road on infrastructure public transport
* 6% Population » Congestion at the » Horizontal
growth junction of population
« 5% Employment interstates, _ distribution
growth Interchanges and city « Lower population
e On average 0.72 roads density

vehicles registered

per person

What needs to be done:

To reduce congestion
on the roads

To find alternative
routes and modes for
freight

Reduce number of cars

Increase utilization of public transport

Introduce smaller buses and carpools

Increase neighborhood density around MARTA

Utilize MARTA infrastructure to transport freight

Improving Georgia Navigation System for truckers

People Transportation

Current Situation: Average Daily Flow

« Reducing the number of cars on the road using Forsyth Expected Improvement for Phase 1 and Phase 2 Forsyth
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Phase 1

» Utilizing existing third party warehouses
as freight hubs located outside congested

areas

Phase 2
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 Identifying and planning for new freight pyiuth

hubs

e Campaigning hyperconnected concept

to other industries

Phase 3

» Building new freight hubs

e Executing the operation at new

freight hubs

Phase 4

» Extending the implementation to other industries

» Intermodal or cold supply chain, pharmaceutical,
chemical, and others industries with more
specific and stringent warehouse requirements
can adopt the hyperconnected supply chain

model.

Cold Storage Locations around Georgia

Sl 2 A
| location | latitude | Longitude |
Marietta 34.04 (84.57)
33.95 (84.11)
Alpharetta 34.06 (84.27)
Snellville 33.87 (84.02)
Lithonia 33.70 (84.08)
Stockbridge 33.53 (84.24)
Union City 33.58 (84.54)
Douglasville 33.77 (84.62)

Decatur

Stane
Mbunta:nri‘q

Intermodal Facilities around Georgia
Source: http:/vww.atlantaregional.com/info-center/gis-data-maps/gis-maps
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Introduction

> 800 incidents of cargo theft in 2015

The average value lost per load in 2014 was $232,924
Rose 36% in 2014 compared to 2013

Sophisticated cargo thieves; intelligent and adaptive

Cargo theft heat map

Food and beverages — most stolen (28%)
Stolen loads of nuts, seafood & meat, dairy & eggs, cookies
& shacks: > doubled since 2012

Cargo Theft by State

B Oct-Dec 2014
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FreightWatch, 2013

CA T™X FL GA IL N PA TN

CargoNet, 2014

‘Hot” commodities in the black market

Easy dissipation; tracking difficulty

Risk of contamination & reinsertion into food supply chain
Morbidity, mortality and stress on healthcare system

Sum of count Sum of count

Histogram by Incident Type
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Occurrence by Location type

Characterizing Risk

Risk highest when truck is stopped
Stop: A location at which the truck is stationary long enough for a
theft to occur.
Question: where will the truck stop?
Two cases: a) stops are known, b) stops are unknown
Risk of cargo theft depends on: geographical location, type of
stop, type of commodity, duration of stop, time of day
Location types: Parking lots, secure yards, truck stops,
warehouses/DC, side of road
Challenges:
* Not all thefts are reported.
* Total freight movement volumes are difficult to obtain

Satya S. Malladi, Prof. Alan L. Erera, Prof. Chelsea C. White II|
ISYE, Georgia Institute of Technology

Risk Calculation

Formulation of Risk
k;:i =1,...,N incidence points (from cargo theft data).

o Jmi<d <VEmi
R(x) = Y r(k;,x), where, r(k,x) = 4 K d<]mi -
. 0 d > VK

where, d(x, y) = aerial distance between two points x and y.
1<r(k,x)<K

Truck Stop: 200 Resaca
Beach Blvd. NW Resaca GA
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Risk Score: with J=1; K= 10,000,
Path Risk Calculation R(x) = ¥ r(k; x) =10488.34
When truck stops are known:

* When there are M truck stops along a path, risk of the path is calculated as: R(P) =

M
j=1 R(x;)
* Value of loss at each of the theft incidence locations may be used to compute a
weighted path risk as follows: R(x) = Yo, w; r(k;, x), w; = ZNCi —, where c; is the
k=1 “k
value of loss at the ith truck stop.
When truck stops are unknown:

* Risk zones: A i i, L . B
o Risk measure of a zone is the average of risk measures of points in the zone.
o Risk measure of a stop = risk measure of the zone

* Potential stops on a route and the likelihood of a stop

* Risk measure of a route: weighted sum of risks at potential stops

Non-dominated Paths and Scenarios

« We determine measures of cost and risk for each path (route). 4
e “less is better” for both objectives.
e Path 1 dominates Path 2 if:
. Path 1 costs less than Path 2 and *-
ii.  Path 1 is less risky than Path 2. ~
A pathis non-dominated if no other path dominates it. — >

Risk

e The most preferred path is a non-dominated path.

Scenario 1: Given: origin, destination, routes by the TM

* For each route:
o Determine potential stops and their likelihood
o Calculate risk measure of the route
o Calculate cost measure of the route

e Determine non-dominated set of routes
Scenario 2:Given: origin, destination
Generate K-best cost routes

For each route:
Determine potential stops and their likelihood
Calculate risk measure of the route
Calculate cost measure of the route
 Determine non-dominated set of routes

Route Determination for Mitigating the Risk of Cargo Theft

Scenarios

Example of road network
Source = 0, destination = 10

(8, 10)

e Dominance Check: (6,12), (5,5), (8,10), (8,4), (5,10)
* Non-dominated: (5,5), (8,4)

5
“— o .
2 e Dominated

8 o o _

® Non-dominated
L ] [ ]
6 9 L
9 [ ]
4 °

2 - b 8 10 12

Cost

Risk vs Cost plot: 24 dominated and 3 non-dominated

Scenario 2 would usually result In more non-dominated
paths (better also).

Summary Comments

. Zones — already provided

. Zone risk — computed offline

. -inding the zone of any given point — simple look up

. Determine potential stops — user input

. Determine likelihood that a stop will occur — user input
. Software development and debugging

. Integrate with CRISTAL
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'PROBLEM STATEMENT

Design an innovative hyperconnected last-mile

distribution strategy that strengthens Atlanta’s
logistics network while mitigating congestion
and environmental externalities

'OUR DESIGN

» 3 Truck Consolidation Hubs: Receiving Parcels from Other Cities

» 33 MARTA Station Hubs: Parcel Consolidation
* 94 Bike Hubs: Last Mile Delivery by Bike

On average, 24,000 parcels arriving in Atlanta every day; 91 parcels arriving

per hour at each MARTA station

Workforce Management:

» Consolidation hubs: 30 employees

* MARTA hubs: 109 employees

» Bike hubs and MARTA hubs: 555 bikers

- SOCIOECONOMIC ANALYSIS

Facts

 Atlanta is a major freight transportation and
distribution center.

Atlanta’s population increases around 66%
during the daytime.

« Commute times are the 10t longest in USA.

» The Atlanta region is served by 5 regional
transit system providers. i.e. MARTA

 Georgia ranks 8t in terms of CO2 emissions.

Supported Tools

Barcode
System

Screen Panel

Automated
Locker

Smartphone
Application

> Investment Cost: Initially $36 Million »Funding

SDC : Cloud-based Supply Chain Operation System

~ Incoming \‘\
\_ Trucks /
= -
/ Consolidation \‘\
= Hubs /

-
Intra-city — e ~
Parcels E\ MARTA Hubs |

Inbound = o =
Parcels ‘

| Homes
=

Parcel Flow

Consolidation Hubs

Advertisement

Bike & Marta Hubs Partners
SDC Government
Bikes & Lockers Loans
» Operational Cost: $28 Million/year > Income
Bikers Minimum Charge at $5/Parcel
Administrators vs. UPS Ground $6.94/Parcel
Overhead
Leasing MARTA rail car
Yearly Cashflow
«» $40
S $30 : Breakeven
= Target yearly profit: $15.5M 2.35 years
S $20 :
$10 ROI: 42%
$0 ;
-$10 0 0.5 1 1.5 24l Hiiol5 3
-$20 ‘
-$30
iad Year

GHG Emission
Fuel Consumption
Less Traffic

Noise Pollution

Employment Rate

Public Participation
Sustainability Awareness
Community Morale
Improved Lifestyle

SUMMARY

* Smart Data Center (SDC) | ‘
1 Crowdsourcing Online System ]

« Parcel Consolidation Hubs | ‘
2 Receive Parcels from other cities

* Exploiting current MARTA Service | W
3 Parcel Transportation ]

- MARTA Station Hubs | 1
4 Transport Parcels to Bike Hubs

- Bike Hubs | ‘
5 Last Mile Delivery by Cargo Bikes




Smart Public Transportation Design Georgia
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Commuting in NYC What defines a good T

fransportation system?

Bowery Street to Rector Street Build a network, not lines At the Intersection, bogeys choose direction NYC  London
Route: Bowery Street on Brown Line — a Grlddlng enable the n-connection of a point = Each bogey has different path Cat Ves Ves
Interchange with Red Line 2-3 -— (A line Is network of 2connections point) = Travelers change bogey in-transit

_ . . . . . . o . Non-Complex Route Yes NoO
Interchange with Red Line 1 on Chamber = The travel time between each point will be similar = Bogey splits before arriving in station . .

. e . . . Operational Reliable No

Street 1-2-3- Rector Street Station = Each connection or a point is a station = Bogeys gather In station

- L, . . . Minimize Transfer Yes
e TR = The grid is a network, not just a collection of lines Time Reliable NG

Port Authu
LINGOLN TUNNEL Bus Ter ITII

T i& IJ nd =W G 1 =0U OTS/
ei Hu-ckafallar Ctr
-

Grand Central

[RErIT T L] W s FEAE o  EREE weso. m - The network is synchronized Each vehicle has n-1 bogeys Multiple Shortest Path No
e L el TR e o (A 4 Intersection will have only 3 bogeys)

Yes

L Z Z Z Z Z
O O OO OO

§ f 2 33;35 : :::j!,, | %% | | S e %: s Easy Access
‘ Suesea Y | D288 % T o Kok ' /1
! ] P [T A e High level of connectivity Yes
¥ &ACE
B % (Marcy Av &. — *
% q ‘E’ﬁf&%ﬁ :“T:'T"::;Ef P.I. fOr PUbIIC Ilqu nSpOﬂ'thn
oS ' =]
- Bunqstranﬂﬁw . . . -
N T i dowat, E E Objectives: Find an easy to understand and
Bklyn ity Hall 19 % L ropolitan Av - .
woron  d50h reliable solution
- :1 gﬁhmm Ixt:A Caﬂﬂlslt ACEm =X NAVY
e MY & 5 = (Goods — People
b i e m"!! 1o C .
x . Sy o =  Container — Bogey
- Bmamsm‘\ BARK CITY Wulgic'lérﬁaer :_lk iﬂ.}ﬁuﬁg\i? Brdge AR L H u b S St ati O n S
| Fulton Street & e o o B - - . . —
. [EEls TRRTAE — Window to switch bogey Bogey split Dispatch
h;;[fbe@ khr..“EFl acond Avs y Hﬂﬂtﬂrg v |

544/94 51 Mall via Cary Av
S46/96 Castleton Av

. E -
g'é
e s »* r
5, | St George & BATTERY = - RANSIT A
o, Staten Island Railway PARK CITY ! \L >
Hary,, NYC Transit Bus -
$40/90 Howland Hook via Richmond Tarr South Fer
$42 St Marks P
N-

S48/98 Forest Av

— * | B8 20 T+ Implementation
Commuting in London . 3 Divide City into Areas of Interest

Kensal Green to Holland Park ) T+ At v ) t Chose a gridding design
First Route: Kensal Green on Brown Line- Examples:

31 ples:
Interchange-Yellow Line or Green Line — . . . . . -

= High Density residential areas
B o 3

= High Density of business areas
- . = Touristic places

Line — Interchange — Holland Park . s T+At = Alrports

Third Route: Kensal Green on Orange or Design a Local Network

Brown Line-Interchange-Orange Line or T + At . . t Connect new network to current public

Striped Green Line — Interchange — Holland transportation facilities: train stations, airports...
Park . .

Interchange — Holland Park
Second Route: Kensal Green on Brown
Line-Interchange-Pink Line or Dark Yellow

\4

Going further

No need of transfer in station = |nfinite possibility of sub-lines We assume that the commuters travelling as
" Less waiting time in station = The network can grow at the speed of the city the cartons being shipped. The bogey
B DT BRI A N A A = = No people walting in stations = Connect this network to current public ferrying the commuters will act as the

e ] [ TN o e ) = Time synchronized transportation solutions container. And finally, the station where the
T T T = = === = Several shortest paths bogeys detach and attach themselves to
= N EV e ST ES " Possibility to exclude Station in emergency different bogeys and also commuters board

A o mEEEs == situation (reliability) Q & A or disembark from bogeys will be the hubs
~ =  ===-== = = Highaccessibility of the network from any station where exchange of cartons and containers
~ took place.

06-29-2016
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Truck Platooning | Case Study &
Application Proposal

Caline El Khoury , MS in Supply Chain Engineering
Michael Khoury , MS in Supply Chain Engineering

Faculty Advisor : Professor Benoit Montreuil

Overview . PlatoonMe Application
Platooni ngin Pl World The idea of this mobile application came up when
we were thinking about the practical
Aerodynamic Connectivity Autonomous implementation of platooning and the necessity to
Benefit Driving

] have a mean that can link the data and
can be the starting po . )
platoons preference for each stakeholder interested in

having a platooning match, whether it is an
instantaneous match or pre-scheduled platoon.

can be the physical meet up point for
potential platoons

, companies can deploy trucks at
specified timings to maximize platooning benefits

Push Effact Modern Communication Atificial Intallipance
Fuel Sovigs Wirsless No hemen fevenon PlatoonMe Systems
U SA PI atO on | n g Ca.S e Matching Algorithm
. Vehicle type, Start/End Point, Departure Time, Instantaneous or
Advantages & Disadvantages Study preschedled ’

Displaying the matches

Fuel Cost : $310 per truck per day " —
62,635,160 per 8500 trucks per day Savings Estimation and Money Transfer

2 between stakeholders

Vehicle type, Distance, Time as Platoon Leader

Make use of fixed traveling schedules, creating

Solutions

That is a lot of money

Disadvantages Advantages

Cuitural St Automatedt Hghway System Reg:n"gn:i;:mm Fuel Savings: ig‘:; p; 6:1 t:-lecrltsr;euz'J t:::c{iz::i;sapimon] “jga‘;’féf'fﬁiglgg ?\Eginm
Hacking Problam Owvartaking Right Lane Raducing Fusl 5?,2I13,?52 per 8500 trucks pervyear
Akl S Eih Consumpsan Anc 5 a lot of savings
Retrofitting Hurdle Modsin Covmenisaton

i e Fuel Savings: 50% per truck per day (2 trucks platoon)
$98,891 per 8500 trucks per day
$36,068,762 per 8500 trucks per year

Total

SUCCESS

Pilot Programs

Savings Summary

Vahvo's s Toyota's Platooning Fuel Savings/Truck
£EE y Development Work 2 Trucks Platoon 7.50%

3 Trucks Platoon 8.33%

& Daimler's 4475 for the trafing vehicles

“She Futu 109 % range for the leading vehicls r

T;;ﬁw:n: . fams;‘e:;m ading 4 Trucks Platoon 8.75% Extra Features
i 5 Trucks Platoon 9.00%

: CRIOMCHLEW N  917% | social media
. . G S nvestigate in options
fuel commumplion ings s T _ 7 Trucks Platoon [EEEEERETTAE 01 Car Platooning 02 etween same
oad space requirement s cu by half - 8 Trucks Platoon § & 38% : platoon

impraving trafic safety | . 9 Trucks Platoon

10 Trucks Platoon 03

Platoon
History of
each member

# of polar bears
04 saved

Fuel Savings Per Truck Per Year

1 Truck

Technology | Peloton
Platooning

W2 Trucks Platoon M 3 Trucks Platoon 4 Trucks Platoon M 5 Trucks Platoon

W6 Trucks Platoon M7 Trucks Platoon M 8 Trucks Platoon M 9 Trucks Platoon

100%
90%
80%
70%
60%
50%

40%
30% EIEE
20%

elaton’s cloud-based network operation center, locates every Peloton-equipped 10%
truck and notifies them of potential platooning opportunities

W10 Trucks Platoon

10,184 10373 10,507

7638 8487

Platooning system with short-range communication-based safety system

Reduces collision-related expenses and fuel costs due to
reduction in aerodynamic drag,

System controls acceleration and braking

PLATOONING % OF TIME

0%
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