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Internet Metaphor Guiding Transformation to Next-Generation Logistics

Building a Physical Internet dealing with physical objects
Learning from the Digital Internet dealing with informational objects
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The Physical Internet would move goods the way its namesake moves data
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Montreuil B. (2011)Towards a Physical Internet: Meeting the Global Logistics Sustainability Grand Chabeigfes Researciol. 3, No. B, p. 7187
Geaoraia pnysical internet Center /) /1L 774777/ CREATING THE NEXT®

B. MONTREU{PHYSICAL INTERNET ENABLED HYPERCONNECTED CITY LOBKRTGRSNIRNGEN, NETHERLANDBIE0 2/



Worldwide Next-Generation Logistics System: The Physical Internet

Hyperconnected global logisticg/stemaiming to serve efficiently and sustainably
K dzY I y deman@far physicabbject services
by enablingseamless opemesourcesharing and flow consolidation
through standardized encapsulation, modularization, protocols anterfaces

Hyperconnected:
Components and actors intensely
Interconnected on multiple layers

ultimately anytime, anywhere

Interconnectivitylayers:
digital, physical, operational,
business, legal and personal

Hyperconnected system definition by B. Montreuil, International Physical Internet Conference, Keynote Presentation, JEyd20aiion adapted by Montreuil B, R.Beller & E. Ballot, June 2015
from Montreuil B., R.DMeller & E. Ballot (2012). Physical Internet Foundations, In: Service Orientatitwianicand Multi Agent Manufacturing and Robotics, edited bsdrangiuet al., Springer.
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Physical Internet Building Blocks
Transport Containers (-Pods)

Easy to Handle, Snmart & Connected Eco-friendly

472 7 Sore & Transport AUniquely Wlentifial e Alight & thin

SN /\, ARobust & reliable A Communications capable A Reusable and/ or recyclable
Modular fit in - -certified vehicles Asnap and interlock A Sate memory A Minimal off-service footprint
12: 6; 4,8: 3,6; 2,4: 1 Meters Aoad and unload A Reasoning capabilities A Distinct structural grades

Handling Containers -Boxes) Aseal and unseal
— ACompose & A0
decomposs G T T T T T T  Endapstiaiing gooddin |
gndluonmg capable Mar; ?r modular containers; i
eanable i odular ; 5
» APanel (pub +info) ' i i
Modular fit in = -Pods | |
1,2;0,8;0,6; 0,4, 0,3; 0,2; O¢ls meters Aients ‘

. . _ (Retail shelves, Homes)
Packaging Containels -Packs)
— Products ever better
= 3 > - =, —

designed for encapsulation

va s - TRE Unified Set of Standard Modular Logistics Containers
Modular fit in ~ -Boxes
1,2;0,8; 0,6; 0,4; 0,3; 0,2; O¢ls -1 meters

Montreuil B., E. Ballot, W. Tremblay (2018@pdular Design of Physical Internet Transport, Handling and Packaging Containers
Progressn Material Handling Research Vol. 18d. J. Smith et al., MHI, Charlotte, NC,.USA
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Physical Internet Building Blocks

p-conveyors n

= |

RoadBased Crossdocking Hub Unified Set of Standard Modular Logistics Containers

Reference: Montreuil, B., R.D. Meller, E. Ballot (2010) Towards a physical internet: the impact on logistics facilities and material handling systems design and innovation,
in Progress in Material Handling Research, Edited by K. Gue et al., Material Handling Industry of America, 23 p., 2010.
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Physical Internet Building Blocks

Enabling Seamless, Trustworthy, Ubiquito

us Monitoring, Traceability and Transactions

Information flow

T:. :j,\\ Physical flow
X
Simple Links Internet-of-Things BlockChain

Open Logistics Decisional & Transactional Platfor

i Standard Logistics Protocols

gl Containerized Logistics Equipment and Technold

Global Logistics Monitoring Syster

Certified Open Logistics Facilities and Wa
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Unified Set of Standard Modular Logistics Containers

CREATING THE NEXT"

CTED CITY LOBIBGRSNINGEN, NETHERLANDBNE20 6/



Physical Internet Building Blocks

sssss

Factory Fire Shuts Down 5
Major Sites in China -

e — - =1 X .‘ | Smart DataDriven Analytics, Optimization & Simulatiol

BOTTLENECK

— TANHENT PN BURD: S3% CN LA

Open Logistics Decisional & Transactional Platfor

SOURCES

Global Logistics Monitoring System

Certified Open Logistics Facilities and We

Standard Logistics Protocols

Containerized Logistics Equipment and Technold

Unified Set of Standard Modular Logistics Containers

Apps and Situation Room blementum.com
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Physical Internet Building Blocks

Certified Open Logistics Service Provide

y \nternet
P\\'\ynns\{-‘c\\?e\ur\ah\a e
Ethch

Smart DataDriven Analytics, Optimization & Simulation

Open Logistics Decisional & Transactional Platfor

Global Logistics Monitoring

System

B. Montreuil & CThivierge 2011

Enabling Efficient, Sustainable, Smart, Agile,

Adaptable, Scalable, Resilient,
Hyperconnected Supply Chains

Certified Open Logistics Facilities and Wa

Standard Logistics Protoco

S

Containerized Logistics Equipment and Technold

Unified Set of Standard Modular Logistics Containers

Logistics Infrastructure: Shared assets enabling logistics to support supply chains

Georgia :
T e ST A el

B. MONTREU{PHYSICAL INTERNET ENABLED HYPERCONNECTED CITY LOBKRTGRSNIRNGEN, NETHERLANDBIE0

CREATING THE NEXT"

8/



Hyperconnected Transportation: A Simple Case

Hyperconnected Transportation

/Manufacturer A\

/Manufacturer B\

o e

Dedicated Transportation

O
T A
-

@
so [ (saxse) (@i ! 4
\_ Reailerl / ~ / ’ | : 1 |
<--- Qustomer Order —> Physical How @ Plant Retail stores (St Dedicated Distribution Center 4 Openhub
. . Retail stores dicated Distribution Ce & EDrive
@D Pant & EDrive (S#) Dedicated Distribution Center —  ShysicalHow - Roadway

Qurrent Conceptual Networks

Adapted from: Hakimi D., B. Montreuil & E. Ballot (2012), Simulating a Physical Internet Enabled Logistics Web: theaGsBeswibMtion in FrancelSER2012, 2012/5/1923
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Travelled distance: -27%
Fuel Consumption: -19%
Average delivery time: +2%
Maximum delivery time: -36%
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Hyperconnected Distribution: A Simple Case

Dedicated distribution Hyperconnected distribution

Manufacturer A\

“I @

i
Ll

Transposing Cloud Storage & Computing
Concepts, Practices & Businddsdels
from IT to Logistics and Supply Chains

anufacturer B

S ——— |

| D -42%; -44%
| - 19%; -27%
Hyperconnected Transportation Fuel - Trav el

> -29%; -23%

Hyperconnected Transport + Distribution

Reailer 1

<--(ient order

— Physical flow @& Pant Q) Eéralu\llztore (=) Dedicated distribution center v Ope

> >
. N
+16%; +15% [ >
L 4 4
[ Average; Max] %

Delivery-Time-to-Sore -382%; -74%:>
-79%; -71% | >

<--(ient order

& Plant Q) Retail store () Dedicated distribution center v Open distribution center
—> Physical flow EDrive

/-\dapled from: Hakimi D., B. Montreuil & E. Ballot (2012), Simulating a Physical Internet Enabled Logistics Web: theaGsBeswibtion in Francel SER€012, 2012/5/1923
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Hyperconnected Transportation: Large Scale Experiment in France

Simulation Experiment with Top Retailers Carrefour & Casino and their top 100 suppliers

Modular Container;Open Crossdockingubs; Multimodal Multi-Party, InterHub Routing

® Warehouse [
o Distribution Center 7

o Route PI-Hub ;i
/ o Rail-Route PI-Hub

e Warehouse

o Route PI-Hub
o Rail-Route PI-Hub

Current: Trucks

Current flows Hyperconnected flows .
P Hyperconnected: Trucks & Rail

Economical: Up to 32% overall cost saving
Environmental: About 60% reduction of greenhouse gas emissions
Truckers return home every day: Helping reduce trucker turnover and shortage

Project lead by E. Ballot, B. Montreuil & R. Glardon: PREDIT Best International Project
Ballot E., B. Montreuil, R. Meller (2015), The Physical Internet: The Network of Logistics Networks, Documentation Frangaise.
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Hyperconnected Distribution & Fulfillment: Current Large-Scale Models

Dynamically deploying products for rapid etlemand fulfillment
Exploiting Physical Internet principles, Beyond client dedicated facilities and services

Amazon.com

105 fulfillment centers in the USA,
70 others across the world

15 B$in FC investment

Hyperconnected Distribution

o
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FLEXE connects you to
warehouse capacity when,

reho ce
uctuation drivers

P Ilets/ week

e shippe! s/ day T /\

P pi i @
gl Bulk buying
» 1 Lead time variability \
Multi- © 1 =
- where, and how you need it. =
ir book Customer First Supply Networks

—~

Phase 1: Amazon stock only
Phase 2: Open to vendors
for their stock sold on
Amazon
Phase 3: Open to any vendor

The ES3 Model The ES3 Model

The Fulfillment-By-Amazon Model

Openly shared automated DC

Multi -manufacturer: full load inbound
Multi -retailer full load outbound
Enables Directo-store

Medium-to-LongTerm Commitment

Georgia

OnDemand Warehousing
Assetfree platform
Multi -warehouse, MulttUser
AirBnBlike shared economy model
Pay-per-Use

First Open Larg&cale AsseBased
Storage and Fulfillment Service Provider
Assetintensive: US fulfillment center network
Open to any vendor, selling or not on Amazon
LYaLIANBR o0& !YIT2yQa Kd
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Towards Smart Hyperconnected Omnichannel Logistics and

Hundred of thousands of suppliers, distributors & (e-)retailers
Millions of facilities and vehicles, billions of customers

Parts Distribution |
Factory/ Qupplier Center
T Ship-From-Sore-to-Home (SF2H)
Product (D Point-of-Sale
Factory/ SJpleer Sore (O  Ship-Fom-Sore-to-Me (SF2M)
A T Pick-at-Sore (P@
— Mixing : Pick-at-Drive (P@D)
Center Drive Physical
O Store
Materials r () Fulfillment
Factory/ Qupplier N h 4 Center ()
Pick-at-Locker (P@L)
KL I Ship-to-Me (M)
Our
> Stores

Production capabilities () _SnE N

Plant: Core manufacturing & assembly 7 . V . Ship-to-Home (S2H)

Complex packaging, personalizing & 3D printing () e Fe Pro packaging, personalizing & 3D printing
. MC Complex packaging, personalizing & 3D printing (O Drive & Sore: Smple-Pro 3D printing ® Qrossdocking Hubs, depicted conceptually, not meaning that visiting them is mandatory ‘ P:; '::r
© Home: Consumer manual assembly or 3D printing —
Store

Bven though a single instance of each type of facility/ entity is drawn, a networked combination of them may engaged in producing and flowing an order E
All lines are bilateral to emphasize the flow of purchased and returned goods
All linesindicate a flow that may be instantiated using multiple modes and being crossdocked/ transshipped through multiple hubs BM
Blurred Facility Roles A Web of Hyperconnected Facilities, Modes and Actors

oP
ESt Shop

Expected Delivery or Pickup with Minutes, Hours, maybe a few Days
With Minimal Stock Smartly Flowed and Deployed Between Suppliers and Customers

Montreuil B. (2017)Omnichannel Businegs-Consumer Logistics and Supply ChaliesvardsHyperconnected Networks and Facilifisogress in Material Handling Research Vol, Ed. K. Ellis et al., MHI, Charlotte, NSA.
CMO Innovation, 20:89-02, http://www.enterpriseinnovation.net/sponsearticle/art-and-scienceomni-channetretailing http// www.wilsonperumal.corntblog/can-97-of-retailersbe-wrong-aboutomni-channelcommerce/
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City Logistics: Its Main Goals

Toreduce the negative impact of freightehiclemovements oncity-living conditions
particularly in terms of congestionmobility and environmental impact
while not penalizing its social and economic activitiaad

fosteringan efficient and sustainable transportatiogystem
(e.g., Taniguchi et al. 2003, 2013)

A Toreduce and control thaurban presenceand motorization of freight vehicles

A To improvethe efficiency of freight movements& their environmentalfootprint

A To reducethe number of empty vehicles getting in, through and out of tlogy
(e.g. Benjelloun et al., 2010, Dablanc, 2007)
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City Logistics Concepts

Access and Parking Regulations

Zoning Access Regulations

City Distribution Center

LastMile Delivery Service Providers

Gompany : Prune Inc. a8 et e
. AT e ® 2227
P

-
ee®
------
=¥

@ Qustomer
' Distribution center

_______ .
__________ X <> Qty Distribution Center

’ Majar flo s

=Y, Qtyroutes

Company : Violet Inc.

@ Customer
' Distribution center

<> Last-Mile Provider Hub

’ Majar flo s

-y, Gty routes

Adapted from: T. GCrainicand B. Montreuilf K@ aA OF f Ay GSNYy Si Syl 6t FRnspodatidd RaSehyPyobethiivel.R2, ppA3BB98.f2018.A 4 1 A Oa X ¢
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City Logistics Concepts

Two-TierHub & Satellite Network

Displayed at
sometime T

Company : Red Inc. #2%

& s
& Gty Freighter

&G Urban Truck

Long-Haul Vehicles

Satellite Qrossdock
Qustomer

Distribution center

Gty Distribution Center

Company : Violet Inc. ' Majar flo s
. Hrst-tier routes
27", Second-tier routes

Adapted from: T. GCrainicand B. Montreuilt K& 2 A OF f Ay dSNY S Sy ot FRnsporaliod RadeaydyoSetiivelR2, pph 3BBIS.{ 20184 4 ik
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TierrAdapted Ecofriendly Vehicles

Posteitaliane

Source
ttp://commons.wikimedia.org/wiki/F
ile:Poste_taliane_Ducati_Free_Du

_X6LATY_04.JP)

ttp://gegreen.aelgreel
620largesty R0
=
- —

ourie gent_street_profi, e

er, green, active oelectricalvehicles

Mostly small
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Core Hyperconnected Qty Logistics Concepts
Cities asNodes of the Worldo kogistics Web

Cities by Systems Standardization

The Multi-Faceted Activities of City Logistics

City Logistic Networksin a City Web Architecture
Interconnect | The Multiplicity of Urban Logistics Centers

City Logistics Stakeholders into an Open System
Goods Through Modular Logistics Containers
People Mobility and Freight Logistics in the City
City Logistics with Urban Planning

OO N|O|OIPBR|WIN]|F-
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Interconnect Cities as Nodes of the World’s Logistics Web

A Do not focus only on the city by itself .\-“"i
A Inter-City Flows: inbound and outboune %‘

S
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Interconnect Cities by Worldwide Systemic Standardization

Mexico Moscow ' Atlanta Beijing

MbiTULLM

Groningen Québec Louisville Bordeaux Porto

Each city thinks it is unique and requires custom logistics solutions,
yet the last thing large retailers, ¢ailers, manufacturers and the likes want
is for each city to have distinct interfaces and protocols
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